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Fast vision-based measurement method for coaxiality error of long-span holes

Zhang Guofeng, Yang Shuming, Hu Pengyu,Deng Huiwen,Duan Yu

(State Key Laboratory for Manufacturing Systems Engineering , Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: A vision-based measurement ( VBM ) system composed of two oppositely placed VBM units is designed to rapidly and
accurately measure the coaxiality error of large-scale parts with long-span holes. The VBM unit is a line laser scanning stereo vision
system, and two VBM units are used to obtain the point clouds of the end faces of the two holes. The two-point clouds are then used to
calculate the centers of the circles and the normal directions on the end faces, respectively, as well as the two hole axes. The calibration
method, using a specially designed target made up of four fixedly connected calibration boards whose position and orientation relations are
accurately calibrated beforehand, is proposed to realize the unification of the coordinate systems of the two VBM units. These two
independent axes are then merged into a common coordinate system. Finally, the coaxiality evaluation parameters are given. The
accuracy verification experiment shows that the RSME of the center distance of the standard ball set with 1. 15 m span is 0. 161 mm. The
proposed system is applied to measure the coaxiality of the bearing holes on both sides of the vibrating wheel of a roller, and the results
are compared with those of the CMM. Results show that the deviation of the two measurement results is less than 5%, and the
measurement accuracy can meet the needs of industrial production.

Keywords : long-span holes; coaxiality; vision-based measurement; system calibration; line laser scanning
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Fig. 1 Coaxiality measurement scheme of long-span holes
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Extraction and fitting of center line of light stripe
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Fig.3 Binocular epipolar constraint
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Fig. 6 Accuracy evaluation experiment
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Table 1 Calibration results of system parameters
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0.894  0.002 0.447 - 185.237
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Table 2 Experimental results of accuracy verification T BT 2 M A9 R B 5 2 B3R Ak d A8 4 3] 40 58 Iy
of VBM unit pm HEHUE T AR R T, TR ERER 0 A b AR, T
MR KA AR i s B3 FiR . HE— 5 40 AT, R0 A b A i
HILHT  MAE  RMSE  MAE  RMSE  MAE  RMSE 2Z/NTF 0.02 mm, 10 Y I 4 45 21 (1 BR O 85 35 (5 K
1 29.8 24.6 28.3 28.0 15.3 16.3 1 150. 089 mm’qligg@ngﬁé;jjg 0. 026 mm,ﬂ]j:ﬂﬁij’%
2 31.2 27.1 33.6 29.5 12.9 13.7 %f\j 0.161 mm,%‘%%%é}iﬂﬁﬁﬁ%é@{ﬂﬂ%ﬂ%f}?o
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Table 3 Accuracy verification results of measurement system mm
FFe Bk A Ak BK B A8 dr RO W2
1 (45.071, 30.702, 385.651) (51.619, -9.710, 1 535.137) 1 150.215 0. 148
2 (45.086, 30. 694, 385.637) (51.625, -9.705, 1 535.116) 1 150. 207 0. 143
3 (80. 440, 30.234, 386.967) (90.221, -9.195, 1 536. 143) 1 149. 894 -0. 169
4 (80.447, 30.226, 386.976) (90.204, -9.214, 1 536.128) 1 149. 870 -0.193
5 (98.593, 25.716, 318.682) (86.480, -7.673, 1 468.304) 1 150. 171 0. 107
6 (98.585, 25.733, 318.681) (86.471, -7.681, 1468.291) 1 150. 159 0. 095
7 (119.238, 26.573, 303.921) (105.504, —8.043, 1 453.240) 1 149.922 -0. 142
8 (119.237, 26.556, 303.923) (105.516, —-8.055, 1 453.231) 1 149.911 -0. 153
9 (138.303, 27.322, 288.528) (121.253, -8.139, 1438.142) 1 150. 287 0.224
10 (138.311, 27.326, 288. 545) (121.272, —8. 140, 1 438.126) 1 150. 254 0. 190
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Fig.7 Coaxiality measurement of the vibrating wheel of a roller
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