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Abstract A three-dimensional coordinate extraction method for the circle center, based on the random Hough transform,
is proposed, aiming at the problem that the central three-dimensional coordinates of the circular target cannot be obtained
directly from the two-dimensional image. The random Hough transform method can quickly detect and locate the feature
points of the collected circular target image’s circular center. Further, according to the binocular vision algorithm, the two-
dimensional coordinates of the obtained feature points are stereo matched, and finally the three-dimensional coordinate
information of the center of the circular target is obtained. The proposed method is mainly used in the field of oil drilling for
an intelligent single drill pipe positioning joint operation. The experimental results for drill pipe joint image positioning show
that, when compared with the traditional Hough transform method, the calculation time of the random Hough transform
method 1s greatly reduced and the efficiency of feature point detection can be significantly improved. Simultaneously, when
combined with a binocular vision algorithm, it can accurately extract the three-dimensional coordinates of the center of the
circular target with high precision and good stability.

Key words image processing; random Hough transform; circle detection; binocular vision
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Fig. 6 Circular targets detected by two Hough transform methods. (a) Original image; (b) circle detection by traditional Hough

transform; (c) circle detection of random Hough transform
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Table 2 Parameters of binocular camera

Parameter Value
Camera resolution 1280960
Sensor size /inch 1/3
Pixel size /(pm X pm) 3.75X3.75
Frame rate /(frame+s ') 60

extrinsic parameters
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Position relationship between binocular camera and

Fig. 10
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Table 3

T2 R 5 S BRE R A

Comparison of calculated results and actual results

Calculated coordinates

Calculated coordinates

Calculated coordinates

Actual Calculated coordinates ) . o ) ) o .
i . (normal brightness (insufficient brightness)  (insufficient brightness
No. coordinates /cm  (normal brightness) /em ) ] ) ) )
image with noise) /cm /cm image with noise) /cm
X,Y.Z X, Y. Z X.,Y.Z X,Y.Z X.,Y.Z
1 0,—11.3,62.7 0.22,—10.97,63.08 0.15,—10.86,62. 83 0.15,—11,63.33 0.22,—11.04,63.08
2 20.8,—21.5,62.7 20.72,—21.46,63.08 20.64,—21.44,62.83 20.64,—21.4,62.83 20.64,—21.37,62.83
—10.4,—21.5, —10.62,—21. 33, —10.87,—21.45, —10.82,—21.43,
—10.7,—21.3,68.91
69.2 68.91 69.53 69. 22
4 20.6,—1.4,69.2 21.07,—1.36,69.22  20.98,—1.36,68.91 21.05,—1.36,68.91  21.09,—1.75,69.53
5 0,—11.2,47 0.32,—11.32,46.84 0.27,—11.31,46.98 0.16,—11.3,46.98 0.22,—11.32,47. 26
6 21.2,—1.4,47 21.38,—1.66,47.41  21.38,—1.71,47.41 21.32,—1.65,47.26 21.41,—1.67,47.69
7 0,9.1,47 —0.25,8.87,47.12 —0.3,8.92,47.12 —0.25,8.89,46. 98 —0.35,8.97,47.12
8 10,—11. 3,47 10.01,—10.98,47.12  9.96,—10.82,47.12 9.99,—11,47. 26 9.98,—10.84,46. 98
9 19.8,1.5,53. 1 19.64,1.34,53. 39 19.65,1. 35,53. 57 19.71,1.41,53.57 19.72,1.29,53.76
10 21,1.4,37.8 21.28,1,37.97 21.19,0.95,37. 88 21.24,0.96,37.97 21.24,0.96,37.97
11 20,1.5,83.7 20.16,1.56,83. 66 20.26,1.56,84.11 20.26,1.47,84.11 20.28,1.39,84. 56
1.0 _mnormal brightness image
_m— normal brightness image 1.0 —e—normal brightness image with noise
0.8 F —e normal brightness image with noise —A—insufficient brightness image
g —a— insufficient brightness image 0.8} ~v-insufficient brightness image with noise”
R3] 0.6 —v insufficient brightness image with noise
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Fig. 13 X-axis error distribution of central coordinate points
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Fig. 14  Y-axis error distribution of central coordinate points

of circular object

Fig. 15 Z-axis error distribution of central coordinate points

of circular object
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Table 4

Comparison between actual distance and calculated distance of circular object center

Normal brightness

Normal brightness image

Insufficient brightness Insufficient brightness

Actual . . . . . . .
No.  distance / image ‘ with noise . image - image with n01sc‘
Calculated Relative Calculated Relative Calculated Relative Calculated Relative
o distance /em  error /%  distance /em  error /%  distance /em  error /%  distance /em  error /%
1 63.71 64.03 0.50 63.76 0.08 64. 28 0.89 64. 04 0.52
2 69.47 69.78 0.45 69. 52 0.07 69. 51 0.06 69. 50 0.04
3 73.21 72.91 0.41 73.57 0.49 72.92 0.40 73.26 0.07
4 72.21 72.37 0.22 72.05 0.22% 72.07 0.19 72.68 0.65
5 48.32 48.19 0.27 48.31 0.02 48.33 0.02 48. 60 0.58
6 51.58 52.03 0. 87 52.04 0.89 51.87 0. 56 52. 30 1.40
7 47.87 47.95 0.17 47.96 0.19 47.81 0.13 47.97 0.21
8 49. 36 49.41 0.10 49. 35 0.02 49.54 0. 36 49. 24 0.24
9 56. 69 56. 90 0. 37 57.08 0.69 57.10 0.72 57.28 1.04
10 43. 26 43.538 0.64 43.41 0.35 43.52 0. 60 43.52 0. 60
11 86. 07 86. 06 0.01 86.53 0.53 86.53 0.53 86.97 1.05
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