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Fig.1 Perspective projection model of arbitrary cross section
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Fig.2 Projected process of coupled contour points
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Fig.7 Comparison diagram of calculation results of tube axis projection position

i

ks §

&

B5 FNEE
Fig.5 Bent tube to be measured
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Fig.8 Reconstruction result of tube and comparing
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Table 1 Measurement result of Table 2 Result of contour centerline
our methods reconstruction method
1
Count Anglel | Angle2 R, R, Count Angilel Angolez R, R,
/° /° /mm | /mm / / /mm | /mm
1 112.28 99.80 | 25.17 | 24.82 1 112.26 99.80 | 25.18 | 24.84
2 112.26 99,78 2521 | 24.85 2 112.31 99.83 | 25.23 | 24.86
3 112.30 99.83 25.18 | 24.83 3 112.28 99.78 | 2520 | 24.82
4 112.30 99.80 | 25.22 | 24.86 4 112.30 99.80 | 25.23 | 24.83
112.2 . . . 5 112.27 99.83 | 25.17 | 24.85
5 7 99.79 | 25.19 | 24.82 15.1%
6 112.28 99.82 2517 | 24.87 6 112.28 99.82 | 25.19 | 24.82
7 112.31 99.83 2522 | 24.82 7 112.28 99.83 | 2521 | 24.84 2
8 112.26 99.83 25.17 | 24.87 8 112.27 99.83 | 25.17 | 24.87
9 112.28 99.82 2521 | 24.86 9 112.28 99.82 | 2521 | 24.87
10 11225 | 99.82 | 25.19 | 24.86 10 | 112.31 | 99.84 | 2522 | 24.88 14.5%
RMSE | 0.020 0.020 | 0.022 | 0.021 RMSE | 0.019 0.019 | 0.023 | 0.021
RMSD | 0.025 0.028 0.027 | 0.025 RMSD | 0.028 0.031 0.033 | 0.028
5 £ X
%3 WHERBARILE " o L ops
Table 3 Comparison between two methods h
Method Item Anglel/ ° Angle2/ ° R,/mm R,/mm - 2017, 25(2): 485-492.
KONG Xiaofang, CHEN Qian, GU
1 RMSD 0.025 0.028 0.027 0.025 .
Guohua, et al. GPS-based binocular camera
2 RMSD 0.028 0.031 0.033 0.028 calibration and space coordinate reconstruction
) ) [J]. Optics and Precision Engineering, 2017,
Increasing ratio 15.6% 11.2% 20.9% 10.1%
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A Stereo Vision Measurement Method for Bent Tube Based on
Accurate Projection Model for Axis

SUN Junhua, ZHANG Yue, CHENG Xiaoqi

(School of Instrumentation Science and Opto-Electronics Engineering, Beihang University, Beijing 100191, China)

[ABSTRACT]

The projection position of tube axis should be calculated accurately when the tube axis is measured using

stereo vision. Previous methods for measuring tube axis approximate the centerlines of image contours as the axis projec-
tion. This assumption exists errors. In order to obtain the exact projection position of tube axis and to improve the measure-
ment precision of tube axis, the proposed method studied the imaging characteristics of tubes. Firstly, a perspective projec-
tion model for any cross section of tube was established to explore the geometric relationship between the contour points of
the cross section and their corresponding projection points on space axis. Furthermore, a way to locate the precise projected
position on image planes of points laying on axis was presented. A binocular vision system was constructed to measure an
aerospace tube. Compared with classical approaches, the repeatability accuracy of the proposed method is same as the for-
mer, while the measurement accuracy of the presented method increased by 14.5% on average due to precisely calculating
the projection position of axis. It is shown that the proposed method is correct in calculating the projection position of tube
axis and can effectively improve the measurement precision of tube axis.

Keywords: Tube axis; Visual measurement; Perspective projection; Binocular stereo vision; 3D reconstruction
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