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Round-Hole Profile Measurement of Thin-Walled Parts
Based on Binocular Vision

Xie Zexiao, Wang Xiaodong®, Gong Hanlei
College of Engineering , Ocean University of China, Qingdao, Shandong 266100, China

Abstract In this study, a measurement system is constructed based on binocular vision to enable round-hole profile
measurement of the thin-walled parts in the industrial field. Using a binocular camera as the vision sensor, the
brightness of light source can be automatically adjusted by detecting the gray value of the hole’s inner portion or the
part’s exterior, enabling the left and right cameras to simultaneously obtain the clearest round-hole image. Three-
dimensional reconstruction can be realized through round-hole profile detection and matching based on epipolar
restriction; further, the aperture information and three-dimensional coordinates can be acquired. The experimental

results denote that the system exhibits high accuracy and that its stability and accuracy satisfy the requirements of
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industrial applications.
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Fig. 1 Composition of visual measurement system
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Fig. 2 Model of binocular stereo vision measurement
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Fig. 3 Annular coding point target. (a) Overall image of
target; (b) magnified image of coding points
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Fig. 4 Schematic of bright-field illumination. (a) Light
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schematic as right camera is grabbing
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Fig. 6 Images of edge of round hole under different light intensities
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Table 1 Influence of light intensity on accuracy of measurement results of round-hole radius of thin-walled parts mm
Surface average gray value
Number
170 180 190 200 210 220 230 240 250

1 3.1102 3.1071 3.1035 3.0997 3.0950 3.0921 3.0832 3.0730 3.0550

2 3.1371 3.1062 3.0981 3.0972 3.0943 3.0906 3.0839 3.0692 3.0519

3 3.1230 3.1015 3.0987 3.0969 3.0954 3.0924 3.0723 3.0645 3.0429

4 3.1129 3.1063 3.1025 3.0982 3.0945 3.0904 3.0859 3.0735 3.0588

5 3.1235 3.1017 3.0989 3.0971 3.0955 3.0926 3.0732 3.0647 3.0432

6 3.1226 3.1066 3.1031 3.0986 3.0942 3.0845 3.0774 3.0648 3.0464

Average value 3.1216 3.1049 3.1008 3.0980 3.0948 3.0904 3.0793 3.0683 3.0497
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Fig. 7 Magnified image of round hole
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Fig. 10 Schematic of geometric restrictions of epipolar line
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Fig. 11 Diagrams of round-hole matching. (a) Left contour mapping of two images; (b) partial contour matching
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Table 2 Measurement results of round-hole radius

WL, 5 5

Real Measured Error / Relative
value /mm value /mm mm error /%
3.1089 0.0089 0.2871
3.1069 0.0069 0.2225
3.1034 0.0034 0.1097
3.1 3.1031 0.0031 0.1000
3.1017 0.0017 0.0548
3.0978 —0.0022 —0.0710
3.0950 —0.0050 —0.1613
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Fig. 16 System side view of rotating workpiece
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Table 3 Influence of rotation angle on measurement results

Rotation Measured Error / Relative
angle /() value /mm mm error /%
3.0979 —0.0021 —0.0678

0 3.1017 0.0017 0.0548
3.0968 —0.0032 —0.1032

3.1029 0.0029 0.0935

8 3.1032 0.0032 0.1032
3.0985 —0.0015 —0.0484

3.0967 —0.0033 —0.1065

16 3.1045 0.0045 0.1452
3.0975 —0.0025 —0.0806
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