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infrared LED characteristics, the stability of external calibration and the accuracy of infrared LED spot
center extraction have an important influence on the cutting head position detection accuracy. The existing
external parameter calibration method relies on experience to swing the cutting arm to the center position
(unknown), and the calibration results have large fluctuations. In order to solve the above problem, a
multi-point fixed external parameter calibration method is proposed. This method controls the cutting arm
of the roadheader to swing to the four known limit positions of upper left corner, upper right corner, lower
left corner and lower right corner respectively, and collects the target images. The method calculates the
value of the external parameter matrix, which can improve the stability of the external parameter
calibration effectively. The existing gray-scale centroid method uses the grayscale value of the pixel as the
weight to calculate the spot centroid. And the accuracy can only reach the pixel level, which only roughly
meets the practical application requirements. In order to solve this problem, a sub-pixel edge detection
algorithm is proposed to improve the spot center extraction method. Firstly, the gray-scale centroid
method is used for coarse extraction of the spot center. Secondly, the sub-pixel level edge detection
algorithm is used to find the sub-pixel level edge coordinates. Finally, the least squares method is used to
fit the spot center to achieve accurate extraction of the spot center. The experimental results show that the
improved spot center extraction method reduces the maximum measurement error of the target LED lamp
spacing from 3.2 mm to 1 mm, which improves the detection accuracy. The external parameter matrix
obtained by the multi-point fixed external parameter calibration method is relatively stable, the maximum
variation of displacement in the translation matrix is 15 mm, and the maximum variation of angle in the
rotation matrix is 1°. Before the improvement of the vision measurement system, the measurement error of
the cutting head swing angle was within [ —1.2°,1.77]. After the improvement, the error of the horizontal
swing angle of the cutting head is within [ —0.5°,0.5°] and the error of the vertical swing angle is within
[—0.6°,0.6°]. The results show that the improved method improves the detection accuracy of the cutting
head swing angle effectively.

Key words: cantilever roadheader; cutting head position detection; explosion-proof industrial camera;

vision measurement; external parameter calibration; spot center extraction
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Fig. 1 Composition of vision measurement system for

cutting head position of cantilever roadheader
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Fig. 3 Swing positions of cutting head
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Fig.5 Experimental platform for vision measurement of

cutting head position of cantilever roadheader
4.1 ks 3RBOEE T
RAEF| LA LED SEBE RS - |5 it i AL
Aib B 5 SR R T JB 0 125 592 B G TAE v AL B, X

(yo =y In f v+ (v — vy In f(x, 3,0+ (¥,

—y)n I(xysy,)

e HEAT IR BR s SR J5 R AR 3R G i S A i Jr 1k 5
PR320 G5 A 7 AL 5 B S 8 e/ AUl AR O BE b
L A5 B H = 4k AR FRE . D6 BE O 2 0 R
Kl 6 i o

(a) Ji[El (b) —fHfk

(o) JRPEFT L (d) uEY

(o) BGMA (D JEBEH LR IR SR
6 Septrh.e 4G &

Fig. 6 Spot center extraction process
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Table 3 Measurement results comparison of horizontal swing angle of cutting head )
W4 24 2R R 25
R FLSAH
WU et R YU et R
1 0.013 1.259 183 0.061 166 1.246 183 0.048 166
2 0.029 1. 675 658 0.260 241 1.646 658 0.231 241
3 —13.819 —12.372 800 —13. 365 700 1.446 200 0.453 300
4 —13.596 —12. 400 300 —13.134 300 1.195 700 0.461 700
5 —13.024 —11. 441 500 —13. 308 680 1.582 500 —0. 284 680
6 0.239 0.282 492 —0.115 684 0.043 492 —0.354 684
7 13.923 12.861 410 14.172 280 —1.061 590 0.249 280
8 13.408 13. 460 980 13.720 850 0.052 980 0. 312 850
9 13.590 13. 398 460 13.234 900 —0.191 540 —0. 355 100
HH % 3.3 4 AT P8 I e AR 40 el i 0 4 DA R TGRSR B A R DR BE . DL EBZ160

AR IR 2 E O [ — 127, 177 )L ek e
FSk AR MR 2ZE VB [ —0. 57, 0. 57 ], 3 B0
WREJLHE N[ —0.6%,0. 6], LA RRW, ity

L0 1) ARV K FE Ol 4. 7 o4 448 R 2
Rl A A B A Sk 7 B R 22 7E 50 mm LAY,
AR A S S e 0 R R R SR



e 6 . 5 g3 % AT K
4 HH I AR 5 S5 T
Table 4 Measurement results comparison of vertical swing angle of cutting head )
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