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Abstract: In response to the difficulty of improving the accuracy of cantilever roadheader pose measurement
in coal mine roadway construction under complex geological conditions, this paper proposed a kind of roadheader
pose detection algorithm based on laser projection and machine vision. This algorithm focused on overcoming

the instability of pose measurement in high dust and strong vibration environments, and ensured accurate
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navigation and control of the roadheader. The measurement system integrated a laser emitting device with an
industrial grade explosion-proof camera, and the camera captured a sequence of laser line images, then the
heading angle of the roadheader was calculated through image processing technology to achieve real-time
correction of the travel direction. Inclination angle sensors was used to measure the inclination angle of the
camera, and the triangulation method was used to accurately measured the horizontal displacement of the
roadheader. The images were randomly sampled during excavation, which was took as the design strategy
to effectively suppress strong vibration interference ; meanwhile, the high dust environment actually enhanced
the brightness of the laser line, which could improve the measurement performance. A simulated tunnel was
built to make to simulation test. The results show that theheading angle error of the technology is less than
or equal 0.5 in horizontal displacement measurement. The robustness and effectiveness of the algorithm under
real working conditions is verified by analyzing the mine data provided by Keda Automation Company.
Compared with current technology, this algorithm not only maintains considerable detection accuracy, but also
simplifies implementation steps, and enhances the safety and efficiency of mining operations.

Key words: cantilever roadheader; pose measurement; triangulation method; machine vision; characteristic
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Fig. 2 Laser line images of the roadheader

1.2.2 {wEshEe

A HE AL AT 7 00 o8 GE ), AR B 3 1153 A
R, B 3 T, A, BRAEHENLEAEHLEY T
B, ERABRh S, MMt A, BHIEE TH
I, DABOLL TS MRS, A DHS
AR TR A RS AB SER R sE AT R C.
K 3(b) H, WINT A BHSKFEHEET, GH
WOt & A BAE N LIERE , GF MO TEm
N B8R, CHA. BEEKL S GF A& .

29 LA TR0 RS B, AR B AR SO Bk
RIBECKEE, 188 dee,, MIRIEHLG 3h— B[]

() IR (e HrArAbpE



826 b K2 A ICAARREERD 2024 445 6 1
Ja, AR L3 O 5% AR R R 2E AL R AE , SRS PR .= 1, 1000sin 0, o)

AW ECKE, i8N dpe,, XA ECKJE
F14 2 BRI D B LS

M D

.

(a) IEMA
N o F
P (o] S C
Il B
A E B
pf
(b) IFRLE

3 R b
Fig.3 Deviation distance measurement diagram
2 HEAE

FEF bR R AT LAAS RO L R R,
WO G BRMIE 2(0) fin. SHEOCLEG T
R AR M S, R AR S A% O 2y Rk Ak bR
(01,01), (02, 0,)0 B XL (01, 0,) BEFT 40
M, B (2o, y) 2 BOLE E—1 5, o B H
SRR B, AR S (D AT RIS B (2o, y0) B9 A
PE.

{1‘0—p109561, .
Yo=p:51n0,

AR T 1) ) o b R R R R
BEGXHEIE 10000, LAHHRIRZEScREE 2 35 1
EIE AT IX A, A (2) Fn =l (3D 15545 21
A i s Y AR AR o

{1‘1 =x,— 1000sin 4,

2
y1 =2y, 1+ 1000cos 0,

v2=1y,— 1000cos &,
*Eﬁﬁ/l\fﬂ%)ﬁéléﬁ(xnyﬂ N (-1"2,)/2), FEEMEY)
RSB0 R £

p=22 0 4

Xo— X
AR (D~ (L), a] LIAGE] 5 — ROt
(02 02) RV oy, PRI L 2 O THEAL H 0 HEHIL Y Pl
Ao

o kl_k3
go—arctan(1+/€lkz)o (5

AR Ot 28 #0084 E MLEA T IR 8, A5 48 2 HL
(s ) e 0, AR S A = A vk o S LA T
HE R ) R B RS deeo Bl 3(a) Y AE L EB,
ABWIREE dap des. dap THL, a. y AT AR AL 2R
wakte, AR B R, R 5

_ d(‘n
tan a = 4.
BC
(6)
tany = dev
dac’

:Et':':' d(‘r), dH(‘a dué—l\%uw CD\ BC\ ACE/‘J{(JE,
= (6)H

dpctan a =dctany 7
1%7 dac—=digtdpe, Fﬁ‘w\ﬁ
dyctan @ =(d s+ dye ) tany, (8)

R day WABIIKE .,
A2 (8| LIS BCHIKE R
daptan a

dy=—"""—"— 9

tana —tany °
CD KB

djptan ytan a

d(‘n:dm:tan}’: (100

tany —tana °
R, B AP TS HOE B EDKF
T B d e PTH QLD
dpe=dps +dpe=
(dap+ dpp)tan a _

tany —tana

dep(tany —tan @)

tany —tana

dept + drpt
ppltany aptan a an

tany —tana
W J TS 8 ) e, 55 1B R I 5 DR 285 )i
B dpe MW, T2 R, BT RAAS A HEAL
A7 it — B 18] g 7 A i i 25 L o
d=dpc,— dpc,o (12)



GV 218 1)

B AR HEALAL LI B T O Hi 455D 827

3 4FERREN

i 5 WOk BOA5 B 75 2RI 15 5 Ak e
PR ) I A TR AR B

HUTA I T AR R 5 IR A IR T, HORZR
SIEROCR G, FEOLIE Y, MK 4 Fis, e
AR R PO LA IR, [R5 25 B [R5
TR R, N E BOLR RIS . B 76
B, A EE P A R BEAEI, i2 HEEOL
LRI ARG, WNIEL S B, R RO G2k AR Y
AL, W] DABSCRE St HLA T — Bt [a] i, 458 AR
AR RE R AE RIS, FEIT AR SR AR LR S Rl

K4 B ETs st

Fig.4 Scenarios of light pollution in mining tunnels

B 5 HOGE T BEE B4
Fig.5 The disconnected laser line
ASCHFFIESEBOLIRUNT
D el A E 08 i 4% / (2, y) 98 EUR T 1Yy
Kb BAKIZE N

L 2 gls, 1), (13>

fla,y)=
mn  es.,

A g s, o) & A WA B R R s f (2, 9)
Sl PR TR B S S, R LA (s, 2)
DB PR R MRS, BRI R mXn,

2) RSO T RHOL s LR, LTS

W H A, A RGB B4 b iy 38 18 AL 3
HSV il J5 F b K% . e RGBHR. G. B
ZANEE I — 3] 0~1, PR (14) ~2016)
BB AR HSV e .
V=max(Vy, Vi, Vi), (14)
A max KRR KAE ; Vi, Ve, Vi HEHMR T
R.G.BfH; VNHSV#IE KA,
oV min(Vie Ve, Vi) 1/V V=0, o
0 V=0,
s min JeREURIME ; SACERHSV @ERY A,
PR AD A5, A IS EIHSV 38 @ H.
H—=
60[(Ve—Vy)/SV]
60[6+(V,— Vy)/SV

V: VR, V(;> VBs
V=Vi, Vo<V,

60[2+(V(*V1;)/SV:| V=V,
0 V=0,

(16)

3) £ HSV il & i i H — 3 25, FHK
Pt IR BEAE AT (A e 1%, AR SO 1% 0 {51 B K
B R i OB R $2 0 ok, R Canny i1 66
s, AR EGR L ZME R .

4 TR RTHRAE . ARPERE A ISR
TR AR DX, Ot 3 R B 4 R 2803
RO ZUERE, iU E EGhEOEMr ERE R,
TR T— B 2R B R B PR R B A

UG R Z A S A IS PSR, PRl
RAFHARBUENG O R AAME R, SRIF S 27y
(P FA 5 AR SR A LR M5 B S

4 SCIGMR

I i R AL, 2 ARG S0 5256 mh T A AR
BLFEAT A3 E R RIBARBL T N ARS8, AR5 RIS
FIAARPL NSNS R0 bR B FHARPLA IR A o 76 fif i
HLAL Tt IR ZS I, G AL B — sk OB 2k &
PSR E R, e = A I v A i oE
LS BOCLRIIEE . NS 315 ] BUE B EAL
BRI — WO LR P R i i 1a] ) B, 12
PN i 2k 8 RE R O S8, RSN BOR AN JE
ol e, AP T 45 94 P 1 TR B ) ARSI — 28

BRI T 25 A B R, LR I RE DL 2 R,
TR ey, LT e A A SO IR IAAT, O IR R
TR, (B A T — DR EENLA T BEAS



828 b R A s CASRBREROD

2024 45 6 )

BRI - 5 BEAT I SE 0 o 11 5 F 4 R 2
@ROE . BV T | — X5 R R DS-

2CD6425FWD-C M Z8 4815 3k . WU A% s . 28
A H i S i 4 R R R A TE R AR
3 m, MO S S ERBOH E HAEOL S,
LT EEA LI, WOt ER BN 1.5 m, i
%ﬁﬁ%ﬁ% PR AR Sk e 4% T o Wi,
[EHE 0. 5 m, ZeadG 48 48 I 4 REAH LR ) SO 2k
%fﬁ@%%?%%@% i J 308 2o ) 6% 2
SIS AR B 5 2% = I AR HU K, R AT RR A
B AT, DAILEHIE R S e L .

F T i 7 o 00 5 0 IR RS A G, T
it B2 B 11 15 2 2 L IR 00 A2 SR A (4 A I RS
JE, H T D S A A SRR B, fig
g IR B BR I B 7oK o BRI, AR SC HO6H % f
HEFFIN IR 255050

& 6~& 9 H iy (a) F(b) 2 Ll P Rk A [ 454
A R A b R 2 A — 2 A E OB

(a) WOLZ 1

(b) otk 2

T I T BOCL IR, K 6~E 9 hry (o
R RBUG S MM Z JF SRR, 1
Kl 6~ 8 ] LIWLER ] EIE () B F G2
THEARFELE — A TUT- A0 R 9 7K SF-, B A4 R 35 A %
Fag s MR (b) M 7R 1 AL 28 DA 55 15 3% 4 A8
SERRaT, Bl R ST B R BE N OBZR Y S R
B AR B AR AR AL . ML R, IR 9
Hf LA B () LT 58 AN Z AN 214
FSEIR , 2 ARG 25 Ak o 3R R, T 3DG
KRR B R IR B B 0 K AR B n ok £k
WARFRIEIR ; MR (D) Z 8] T B FMINBILL T
P, 3 R Z0 A 6 R B A TR
AR

XTI 6~E 9 o B sk S R4 T 8 R AR 4 Bk
AV T DAAR B 4 210 R PR OB 2 # 1
ﬁ%ﬁ81%°5§ 8.5 M1 5.875°7, u LLA&
ARG TGS TE G 15 Yt i 2 55 () A 358 T R 1R 4
ARG AR o

(O ol

K6 EfI R AR A R 1

Fig. 6 Customized camera captured images 1

() #OEZk 1

(b) otk 2

QR RlEES

7 ERESAERRAIE 5 2

Fig. 7 Customized camera captured images 2

() HobZk1

(b) otk 2
K8 SEMRBHRAEIRE 5 3

Fig.8 Customized camera captured images 3

(c) K2R



GV 218 1)

B AR HEALAL LI B T O Hi 455D 829

(b) #oELk 2

() #WOEZk 1

(o) Krzh

B9 SE B AGARER {5 4

Fig.9 Customized camera captured images

& 10 Hrg O T ER A R T B Qi &40
B B R — s RO G RR TR
FENEBIEL Bl 451 ISR R ol . & 11
H 1 () AT (bR s T LA A I [ — 3 5
OB G, JL g BT AE ot TR T
PR PO R B 12 5813 S 2
T BT IR NSRS T O A
1% Bk, B 12 FI(b) otk e B e 2
TeE M CIRSZ IR TSRO S, B 13 A1)

1

() FoZk1

(b) otk 2

TR S S HAFAR SR W 2N S 1 e

E 10~[& 13 19 (o) Cad 5 (b) 1 7K 5t 4y 8]
BT FIE R UG B IF SR AR E . &
o B R AR e K AH N I BAF B Ay B, T AR
44~ MG 51 FR T G KOG 2R 2 8 G S £ 4 il R
68.0°, 83.0°, 83"l 4. 125°,

K 10~ 13 1 4 21 PR BRI 45 R s

D fEREDE TR MR T, #OLLH
R GERPERER BN H

(o) A&

B 10 BRABHRAUARER {5

Fig. 10 Images captured by dust removal camera

(a) otz 1

(b) otk 2

(c) Kamzh

K11 FHLAARY (R
Fig. 11 Images captured by mobile phones

(a) WOtZk 1

(b) #o'uLk 2

(o) 2R

K12 Bt FHLaasR s A 1
Fig. 12 Image taken by explosion-proof mobile phone 1



830

b R A s CASRBREROD

2024 45 6 )

(b)

(a) WEek1

2) BMETERO AR A B R R DR IR B
T ZRGKIRBEVAT BRI BN HOCL A 1E

3) TR WOCL S JE W F R | 1Lk
]I, 32 2 G844 BE 1Sl Al B2 -0 5 O 2
7 1) 28 5, DA S5 BEXTOG e 4 T S A6 I 0 1 B2
Wil

FIRESCRER T B S bR SRR, N

Hot 2

K13 BB THURBERIIEE 2
Fig. 13 Image taken by explosion-proof mobile phone 2

(o) K4k

T AR R ST, AR SCEE TS A A
W SR T P E ) 2 I 2 S, BEAT
THLEAE 20 Rl TRl B M 2285 B 25 A6, A
S0 DA I AR P, LA A% SR I - 15 1 Lk A
JE R A, R AR RGBS S S 2 AT
TXFH . 20 PRI B e 835 T SRR | K
S SARZEMFR 1 PR .

F 1 SIS EIE X

Tab.1 Actual data and experimental data

G5 1 2 3 4 5 6 7 8 9 10
SEE/C) 7.000 —15.125  —29.375 10.235 15.315 —5.632 —18.218  —21.764  11.590  16.574
/) 7125 —15.430  —28.980 10.640 15.290 —5765  —17.933  —21.686  11.991  16.353

R/ —0.125 0.305 —0.395 —0.405 —0.025 0.133 —0.285 —0.078  —0.401  0.221

i 11 12 13 14 15 16 17 18 19 20
SIYGME /() 18.976 12.453 28.850 —2.782 —9.046 12.188 18.644 1.691 15.096 8.881
FEAE/C) 18.799 12.886 28.635 —2.674 —8.878 12.553 18.526 2.000 14.768 9.153

R2/() 0.177 —0.433 0.215 —0.108 —0.168 —0.365 0.118 —0.305 0.328  —0.272

N EUEA SO RRCR , X T ARSI A
At J LA 5 THLAS 0L 52 1) 4 12 L2 A6 0 5 947
[l — LBl T i 2 2R, PR E AR 2
N, R T50E TR T O 1) BRER A 53X
P PEPLALZEM i RS, Tk 2 R 2 T LG Lot
B SR E UL B O A I R 5T, Ok 3 R
B U HEDLAIL B Bt Sk o7 28 0 5 0 i AR 4
R2ERRW, ASOTTE BRI RZE B/, RETS
9 123 FH A FE AL, 23 A IR BE A 22 25 78 0. 571
TSR,

2 ZFINEMEIE R X

Tab.2 Comparison of average measurement errors of multiple

methods
W77 Tk Jrik2 Jrik3 ATk
w2/() 0.295 0.252 0.286 0.243
5 & it

ARSCEF SRR T SRRt T3R8, A5l 2
JRZ7E | ARBREAT IR PR A, Bt T — AR

PEHUOZAGINE M, & A Se MRS v (4 P 2 s
M LA RN, AR 22 ™ . i RAR G T
HOL SR EOR , 18 HOCBER 5 Rl 1508 Al
PEWOEL I, I 0 S e i S DL = 42
RO B S A, I EAZ IR T, gt
U IR N G R , 2 A ) f R 22 g
PERIAE 0. 5" LA, I B A A2 T il A B i =
SN AT TR AT A LAS A2 B B (A7 M 1
v U I A= A TR 22, FEHERRII R 22 5 T L
BB TV S ZSR B RRS I , DR 2B 4R T T it
PR i) A S I K15 2 4x i BEAB R DRI 45
Tt T P S B AR MR

SE Wk

(1 ]4m e, PR, ERE. FHEERMBHATIFRT].
B, 2018, 43(1): 1-13
QIAN Minggao, XU Jialin, WANG Jiachen. Further
on the sustainable mining of coal[J]. Journal of China
Coal Society, 2018, 43(1): 1-13. (in Chinese)



RS 218 1D B AR HEALAL LI B T O Hi 455D 831

[ 21Xk, KA. FiE M IELE REALBOARDFTT IR K

JEE[T]. T4 Az, 2019, 45(10): 23-28.
LIU Songyong, ZHANG Deyi. Research status and
prospect of intelligentization technology of roadheader
[J]. Industry and Mine Automation, 2019, 45(10) :
23-28. (in Chinese)

[ 3 ]SCHNEIDER O. Requirements for positioning and
navigation in underground constructions [C]//2010
International Conference on Indoor Positioning and
Indoor Navigation, 2010: 1-4.

[4]JSHEN XS, LUM, CHEN W, et al. Tunnel-boring
machine positioning during microtunneling operations
through integrating automated data collection with real-
time computing[J]. Journal of Construction Engineer-
ing & Management, 2011, 137(1): 72-85.

[ 5 JHLOPHE K, DU PLESSIS F. Implementation of an
autonomous underground localization system [C]//
2013 6th Robotics and Mechatronics Conference (Rob-
Mech), 2013: 87-92.

[ 6 ]BARRETT J M, GENNERT M A, MICHALSON
W R, et al. Development of a low-cost, self-
contained, combined vision and inertial navigation sys-
tem[C]//2013 IEEE Conference on Technologies for
Practical Robot Applications (TePRA), 2013: 1-6.

(7 ]S, FFIEER, sknt, 4 . B8 SR BERLAL LA I
IPEWEBRT]. T A 3k, 2020, 46(8):15-20.
MA Yuan, FU Shichen, ZHANG Ziyue, et al.
Research status of pose detection methods of boom-
type roadheader [J]. Industry and Mine Automation,
2020, 46(8): 15-20. (in Chinese)

[ 8 ]SCHNEIDER O. Requirements for positioning and
navigation in underground constructions [C]//2010
International Conference on Indoor Positioning and
Indoor Navigation, 2010: 1-4.

(9] g B gg LRV e AL AR B 5l [ T].

B HLHL, 2020, 41(1): 9-12.
TIAN Yuan. Research and test on inertial positioning
technology of boom-type roadheader [J]. Colliery
Mechanical &. Electrical Technology, 2020, 41(1): 9-
12.  (in Chinese)

[10] Hs . T2 8 TE A 38 BERLIS I S0 S vk [T].

TH Ak, 2019, 45(8): 70-73.
TTAN Yuan. Inertial navigation positioning method of
roadheader based on zero-velocity update[J]. Industry
and Mine Automation, 2019, 45 (8) : 70-73. (n
Chinese)

[11] &%+, FIiER, 21 . $EBI S 50 E B2 TR
o BEPLAL A AT IR T] B S R R

2023, 43(12): 171-177.

JIN Lingzi, WANG Haoran, LI Zhenglong. Road-
header intergrated positioning method based on fusion
of SINS and binocular odometer[J]. Mining Research
and Development, 2023, 43 (12) : 171-177. (n
Chinese)

[12] B, FK, ZRIE, 5. B 50EFEEE 1

 ERURE B 0 7 i [T ], BERBLEHIR 2024, 52
(5): 236-248.
MAO Qinghua, ZHOU Qing, AN Yanji, et al. Pre-
cise positioning method of tunneling machine for iner-
tial navigation and visual information fusion [J]. Coal
Science and Technology, 2024, 52(5): 236-248. (in
Chinese)

[13] BE3CHs, M=K, SRR, 45 JETIGPS Ry

23 6] P R AL L X E A FEOF T [T ] A ARG
2016, 37(8): 1920-1926.
JIA Wenhao, Tao Yunfei, ZHANG Minjun, et al.
Research on absolute positioning accuracy of road-
header based on indoor global positioning system in nar-
row and long coal tunnel[J]. Chinese Journal of Scien-
tific Instrument, 2016, 37 (8 : 1920-1926. (in
Chinese)

(14] f1 55 . BET = ZE00 7R 35 B9 J FE AL S A7 28 21 fi 5
GELT]. BETHLBK, 2023, 44(5): 64-66.

SHI Yong. Real-time pose correction system of road-
header based on three-dimensional lidar[J]. Coal Mine
Machinery, 2023, 44(5): 64-66. (in Chinese)

[15] BGlE, 2218, 3k K. T HOGHE m R ER 1) B =X

PEAEHLAL LN R G IELT]. T A gk, 2022, 48
(7): 13-21.
XUE Guanghui, LI Yuan, ZHANG Yunfei. Research
on pose measurement system of cantilever roadheader
based on laser target tracking [J]. Journal of Mine
Automation, 2022, 48(7): 13-21. (in Chinese)

[16] T2, e, k&, % . TR INHE TR 5

R A AL E LT SE LT ). T Ak, 2022, 48
(7): 43-51.
WANG Xue, ZHOU Hongxu, ZHANG Lei, et al.
Research on the cantilever roadheader positioning
based on near-infrared binocular stereo vision[J]. Jour-
nal of Mine Automation, 2022, 48 (7). 43-51. (in
Chinese)

(178830, S RUbR, TRk, BT IS TE LR ity bi
MWFFELT]. HEBEOAR, 2016, 35(7): 279-281.
ZHAO Hao, WU Fenglin, ZHANG Lin. Application
on modular design in coal machine equipment[J]. Coal
Technology, 2016, 35(7): 279-281. (in Chinese)



