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Research on visual positioning technology of roadheader
body based on three laser point target

Zhang Xuhui'”  Shen Qifeng' Yang Wenjuan'>  Zhang Chao'
Mao Qinghua'”> Wang Heng' Huang Mengyao'
(1. College of Mechanical Engineering, Xi’an University of Science and Technology, Xi’an 710054, China;
2. Shaanxi Key Laboratory of Mine Electromechanical Equipment Intelligent Monitoring, Xi’an 710054, China)

Abstract: Aiming at the problem of unstable pose measurement of roadheader fuselage in a low-illumination and non-uniform dust
environment in coal mines, a vision measurement technology for roadheader fuselage with three laser spots as point features is proposed.
According to the characteristics of strong laser penetrability, the laser target image collected by the explosion-proof industrial camera is
processed. Through the combination of the smallest inscribed rectangle and the ellipse fitting of the spot area, the spot characteristics of
the three laser pointers are obtained. It adopted the P3P monocular vision positioning algorithm to calculate the spatial pose of the
tunneling machine body through the transformation of the spatial coordinate matrix. According to the posture measurement experiment of
the roadheader’ s fuselage, under the influence of dust and stray light, the error of the position information of the roadheader’ s fuselage
obtained by this method is within 30 mm, and the attitude error is within 0. 5°. Accurate extraction of laser spots and stable measurement
of body pose under complex backgrounds such as stray light, dust and water fog, basically meet the accuracy requirements of roadway
excavation construction.

Keywords : monocular vision; accurate position; laser feature extraction; visual measurement; P3P

6] A R TR o7 G I A 2 S LAY ‘H‘Eﬂc'ﬁ
0 531 & PVNIANPS S A T B ¥ - T (% Gt
%%ﬁlﬂﬁﬁiﬂ’ﬂnﬁhﬁf%ﬂlf#?fﬁ T, Hik, Eﬁ
Fe MR T IE R AAL B R R e 9T TR BEDLRLE L 2R 1 0 i, S B T/J%TBEFT?E

Wk B, 2021-11-08 Received Date; 2021-11-08
w« AT H | [FEK ARFIAEEE T AEDH (52104166,52174150) | BeMEA 24100 H (2021JLM-03) | BEPE 4 H S AF 4 %150 H (2018ZDCXL-GY-
06-04) X Bl



5 6 3]

BT = HOL AR A IR H UL B AL E L H AR BT TS - 179 -

LN iR R DRER VARSI 8 = 1Bl R (AT e 8 L ey
HHAEEEX,

H HTH 030 SELALE 7 2 B — i AR A 545k
FE SL B (UWB 8 7 1% iGPS 5 v 7 i L A i AY
SEN AL AR TR R SR 4
R R AL A 7 22, ez SR B s ma 5/ 9F H HA
A H EREIIRE 7, (002t TR S R G S R [A]
M iR 2 Bt e A B R e R, RAE
SOV R P A AS R R T R E AR A S TR
P B F B TR I T R R FUK SR, X B
AT RS C o SRR T SE A N, AR R
T—FEET UWB AR AL ARG R 58, 1% R GEH FEL
B L3 A UWB 9 s iR 16 J5 T 1Y 4 65 UWB 2407
FEUh AR, 38 3 2 07 et T A A I B I8 S A
TR SRARASF] UWB 5 S He i = 4k AR b, 3 —
A AR E UL B RS A, TR B B A, LA
R = RN R il AN N s R U &AL I
RS BEXEARAIE . P R PR T —FP 3L T iGPS 1Y
PR HERUAL LA 3R G, I 22 R A AL IS Jr B rh iy
2 B RIEEOE & Sl e S e R LML B 18 5 A7 Y
3 B IO GHCER ,  a I O R A S T S AR AR
I =LA bR , e 2 S AR DAL B A A, B
PR REA R, (EI) 2 I 5 o L T B ot L A
SEMRES, M SCHE A  R T — R T O SRR Y
B L LB B R % AR OGS
LRBFNE R R SR R LA B I R 4, e A IO
e ANy 1o P (o B L R A R A S e Ty
PE ARG RE R I B A, HLA B S, (HUJR % T TR
fHFZ I TR K S S B T30 5 BOOE 2R IE 42 B
KR TR MR = 25 AR E . 288 U DRt pL %
R J5 32 , 3 B — Bl RE AE 2400 B 2R FHOK 55 55 5 J R 8%
T, HERRIRBURRAE (5 B, I HF SR s A R0 A0 e
AR X SR R A 11 A

DRI AR SCHR T — b 356 1 = 3016 0 A S A 8 2 AL
MLE RSB I TR R 5, ZAR G L&
TE Y SO AR R 0 SRR AR SRR AR L ) AL
PR AR ST AE AR S AR bR 2R R HE S HLAIL B 7 2
, JEIT 3 AR AR AR R T SR EALBL B 7 28, ATy
BRSO MR FIK S S B R T M S URRAE 15
B, I ELAT IR A 50 I B LA ML A % 05 T
TR AR R T R N DT IR A R

1 EHENISEA N ERRIE T

1.1 BREHER
AL A5 R G A E 1 TR, G

HEAL By Tl AL, B0 2l A DL K 3 5 OB HR 1743
3 AMWOGTE WA 8] I8 B = A A0 D B
FERFARIE 3 N BOETE M A E L FEATE AT BT, B8 i 2
FERE RIS J7 — e BB 0 TOURR AL | 4= o 4S04 8 A
WAL SR Z 0, FHFhrE 3 DEOEHE m OB [\
FIOLE AR E A S A AR 2R T OG0 A A A By
T ARBLE E FESRHEDILE Lo 0,-X,Y,Z, HARIE bR
AR, AR TR A T8 U 9 DA A T 2 U A A 1 T 1)
Y, [a], T s m R R M A X, |, LATE BRI
LRz, . B T AL bR RN 0,-X, Y Z, , LAFHAL
Tt R AEBRIE A I E AR DT 10l Z, LW R R
Yo 04 X, o HURARRR R E A 5% 5 o, A AR R
H0,-X,Y,Z, ,F7 5 AHL T — 8, A uh A AR AR
0,-NEZ(xyz) ,z [ AR 0,2 TS X, i —E,

A B - 7
1 BoeEA
%%’I [=gan " ]
Z
@l Oges?. "1 f1y 1Z‘H

. ﬁ Ne) |/ i
Y = ‘ 1 7 LA Y” T
) A=A Y 0/

BT A2 R G A

Fig. 1 Composition diagram of pose measurement system
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Fig.2  Principle of visual measurement

system for roadheader body pose
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Fig.3 Extraction of actual spot image by each algorithm
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Fig. 6 Diagram of coordinate transformation
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Fig.7 Projection diagram of roadheader positioning model
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Fig. 8 Experimental platform for pose

measurement of roadheader body
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Table 1 Experimental results of lower position measurement with smoke

A MREE xR DA WA AU/ BRI, ]S y B ES WAME BRME MM
B/m {H/mm {H/mm mm (°) (°) (°) fE/mm  {E/mm {EH/mm S{E/(°) FE/(°) FE/(°)

10 78.74 210. 21 9 980. 97 -8.21 -0.12 0.31 90 220 10 000 -8.01 -0.29 0. 46

20 189. 57 210.4 19 977.73 7.23 -0.13 0.27 200 221 20 000 6.93 -0.31 0.49

30 299.73  207.81 29 981.29 5.21 -0.27 0.28 318 223 30 000 5.56 -0.11 0.53

A 40 337.12  207.58 40 016.41 -5.56 -0.16 0.22 353 221 40 000 =5.12 -0.35 0.61

50 356.18  269.49 49 964. 4 5.39 -0.38 -0.34 382 289 50 000 5.03 -0.52 0.12

60 369.97  274.74 60 019.42 -5.56 -0.32 -0.31 397 291 60 000 -5.09 -0. 54 0.16

10 79. 66 211.73 9 981. 12 -8.17 -0.11 0.28 90 220 10 000 -8.01 -0.29 0. 46

20 192.17  212.24 19 978. 11 7.18 -0.13 0.26 200 221 20 000 6.93 -0.31 0.49

30 301.39  210.89 29 979. 41 5.3 -0.3 0.32 318 223 30 000 5.56 -0.11 0.53

x 40 340.77  211.66 40 012.56  -5.52  -0.19 0.23 353 221 40 000 =5.12 -0.35 0.61

50 361.38  271.48 49 970 5.36 -0.38 -0.30 382 289 50 000 5.03 -0.52 0.12

60 371.56  276.64 60 016.57 -5.51 -0.31 -0.27 397 291 60 000 -5.09 -0.54 0.16

*2 TREBRTEEMNETSEWRER
Table 2 Experimental results of lower position measurement without smoke

BT MHREE o W y Wi 2 AT, BRI, « B y B 2 HSE WAUAE BURME MHIMIE
2% B/m i/ mm B/ mm {/mm (°) (°) (°) fi/mm fE/mm {H/mm SE{E/(°) S2EH/(°) SEEH/(°)

10 77.13 207. 82 9 980. 68 -8.2 -0. 14 0.3 90 220 10 000 -8.01 -0.29 0.46

20 187. 95 207.93 19 977.52 7.2 -0.13 0.26 200 221 20 000 6.93 -0.31 0.49

30 299. 1 205. 26 29 978. 16 5.23 -0.26 0.3 318 223 30 000 5.56 -0.11 0.53

&l 40 335.48 204. 95 40 016. 36 -5.52  -0.18 0.26 353 221 40 000 =5.12 -0.35 0.61

50 359.53 269.78 49 975.43 5.4 -0.38 -0.34 382 289 50 000 5.03 -0.52 0.12

60 368. 31 271.95 60 019. 53 -5.54 -0.31 -0.27 397 291 60 000 -5.09 -0. 54 0.16

10 77.99 208. 86 9 981. 31 -8.2 -0.14 0.31 90 220 10 000 -8.01 -0.29 0. 46

20 190. 49 209. 29 19 978. 38 7.14 -0. 14 0.29 200 221 20 000 6.93 -0.31 0.49

30 299.7 207. 86 29 979.76 5.22 -0.26 0.3 318 223 30 000 5.56 -0.11 0.53

x 40 339.07 208. 55 40 012. 99 -5.53 -0.19 0.23 353 221 40 000 =5.12 -0.35 0. 61

50 359. 67 260. 29 49 970. 51 5.36 -0.38 -0.34 382 289 50 000 5.03 -0.52 0.12

60 369. 84 273.37 60 017. 16 -5.5 -0.32  -0.31 397 291 60 000 -5.09 -0. 54 0.16
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Fig. 9 The pose error of roadheader in four cases
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