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Detection method of addendum circle of gear structure based on machine vision

Kong Shengjie , Huang Xiang,Zhou Kuai,Li Hangyu

(College of Mechanical and Electronic Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract : The gear structure is a key component of the transmission device, and the accurate detection of the addendum circle is an
important basis for subsequent assembly. In the visual measurement of addendum circle, the traditional image processing method has low
detection accuracy, and when the inclination angle of the gear structure is too large, the gear teeth will be occluded, which leads to the
poor robustness of the algorithm. Aiming at the above problems, Detection method of addendum circle of gear structure based on machine
vision is proposed. First, the sub-pixel corner detection of the gear teeth is performed based on the curvature scale space ( CSS)
technology with adaptive threshold, second, the hyper least square method is used to fit the addendum ellipse, and finally the ellipse
parameters are optimized by compensating for the quasi-eccentricity error. The experimental results show that the algorithm can not only
extract the addendum circle that contains all the gear teeth images, but also can perform high-precision detection of the occluded images
of the gear teeth. At the same time, it can compensate the elliptical quasi-eccentricity error caused by lens distortion. The measurement
accuracy of the addendum circle center is 0.056 mm, and the measurement accuracy of normal vector is 0.068°, which meets the
requirements of visual measurement of gear structure.

Keywords : addendum circle; sub-pixel corner; hyper least squares; ellipse fitting; quasi-eccentricity error
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Fig. 1 Gear structure simulation parts
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Fig.2 The flow chart of addendum circle detection

method of gear structure
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Fig.3 The input image
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Table 1 Gear vertex corner coordinates pixel
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Fig.5 Addendum circle fitting contrast diagram
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Table 2 Camera calibration results when lens distortion exists

HIHE SR EARE ARICT5 ik HIHE 5 AR E 5 ARICTr ik
fe 27 890. 00 27 889. 96 27 890. 00 27 890. 00 27 889. 93 27 890. 01
1, 27 890. 00 27 889. 96 27 890. 00 27 890. 00 27 889. 93 27 890. 01
c, 4 670. 00 4 670. 08 4 669. 99 4 670. 00 4 670. 05 4 670. 02
¢ 3522.00 3522.10 3521.98 3522.00 3522.07 3522.01
k1 -0.090 0 -0.092 0 -0.090 0 -0.350 0 -0.349 0 -0.350 0
k2 0.070 0 0.071 0 0.070 0 0.320 0 0.3210 0.320 0
pl -0.000 5 -0.000 5 -0.000 5 -0.002 0 -0.002 0 -0.002 0
P2 -0.000 5 -0.000 5 -0.000 5 -0.002 0 -0.002 0 -0.002 0
k3 0.045 0 0.044 0 0.045 0 0.900 0 0.905 0 0.900 0
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Table 3 Coordinate measurement data of addendum circle center mm
24 51 TOCER AR O A b AR STV B AL R BEB R 22 A,
1 (5.456 7, 0.621 3, 752. 112 4) (5.4582,0.623 8, 752.158 7) 0.046 4
2 (6.739 8, 1.215 3, 754. 172 4) (6.7113,1.198 5, 754.190 1) 0.037 5
3 (5.040 7, 0.125 3, 738.245 8) (4.9989, 0.123 7, 738.237 8) 0.042 6
4 (2.4365, 1.653 0, 740.542°5) (2.437 8, 1.617 0, 740.570 8) 0.045 8
5 (3.458 0, 2.651 8, 748.674 4) (3.467 0, 2.617 3, 748. 645 3) 0.046 0
6 (4.750 7, 1. 174 3, 749.443 8) (4.7127, 1.148 6, 749.438 7) 0.046 2
7 (6.156 0, 1.831 7, 742.450 1) (6.137 7, 1.868 6, 742. 440 8) 0.042 2
8 (5.347 8, 2.809 3, 742.156 7) (5.3178,2.788 1, 742. 174 2) 0.040 7
9 (4.780 7, 0.456 3, 747.428 4) (4.7457, 0.445 9, 747.415 8) 0.038 6
10 (4.8397, 1.783 8, 746.154 0) (4.8179, 1.767 4, 746. 177 6) 0.036 1
11 (3.820 61, 2.197 34, 745.866 39) (3.841 87, 2.168 14, 745.870 69) 0.036 3
12 (3.820 58, 2.197 31, 745. 866 36) (3.841 82, 2.168 19, 745.870 66) 0.036 3
13 (3.820 52, 2.197 34, 745. 866 39) (3.841 84, 2.168 13, 745.870 69) 0.036 4
14 (3.82059, 2.197 31, 745.866 37) (3.841 81, 2.168 15, 745.870 67) 0.036 3
15 (3.820 64, 2.197 38, 745. 866 33) (3.841 88, 2.168 15, 745.870 63) 0.036 4
16 (3.820 61, 2.197 32, 745. 866 36) (3.841 87, 2.168 17, 745.870 66) 0.036 3
17 (3.820 66, 2.197 34, 745. 866 35) (3.841 94, 2.168 22, 745.870 65) 0.036 3
18 (3.820 63, 2.197 36, 745. 866 37) (3.841 89, 2.168 17, 745.870 71) 0.036 4
19 (3.82059, 2.197 36, 745. 866 34) (3.841 84, 2.168 18, 745.870 61) 0.036 3
20 (3.820 64, 2.197 37, 745. 866 36) (3.84191, 2.168 19, 745.870 73) 0.036 4
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Table 4 Normal vector measurement data of addendum circle
4 51 PGB M/ mm ARSIy 1)/ mm JeffmzE Ay/ ()

1 (0.001 25, 0.000 23, 1.000 00) (0.003 30, 0.001 02, 0.998 87) 0.047 47
2 (0.014 36, 0.002 60, 0.999 89) (0.014 15, 0.003 01, 0.998 82) 0. 046 38
3 (0.001 34, 0.000 17, 1.000 00) (0.003 41, 0.002 35, 0. 998 45) 0. 055 61
4 (0.013 96, 0.001 75, 0.999 90) (0.009 42, 0.002 81, 0.998 79) 0.048 43
5 (0.008 49, 0.014 51, 0.999 86) (0.012 60, 0.010 14, 0.998 63) 0.050 15
6 (0.007 11, 0.012 16, 0. 999 90) (0.016 22, 0.001 59, 0. 998 86) 0. 046 94
7 (0.015 29, 0.000 30, 0.999 83) (0.012 87, 0.008 27, 0.998 61) 0.051 08
8 (0.008 88, 0.009 64, 0.999 91) (0.015 22, 0.001 59, 0.998 88) 0. 045 88
9 (0.006 72, 0.007 30, 0. 999 95) (0.021 73, 0.017 41, 0. 998 95) 0. 040 65
10 (0.008 87, 0.009 77, 0.999 91) (0.014 86, 0.001 68, 0.998 90) 0. 045 56
11 (0.015 522, 0.001 359, 0.999 878) (0.015 187, 0. 009 884, 0.998 913) 0. 043 81
12 (0.015 517, 0.001 314, 0.999 878) (0.015 177, 0.009 876, 0.998 850) 0. 045 25
13 (0.015 515, 0.001 333, 0.999 877) (0.015 175, 0. 009 875, 0.998 850) 0. 045 26
14 (0.015 506, 0.001 333, 0.999 876) (0.015 168, 0. 009 868, 0.998 820) 0. 045 95
15 (0.015 510, 0.001 306, 0.999 876) (0.015 171, 0.009 871, 0.998 830) 0.045 73
16 (0.015 529, 0.001 312, 0.999 871) (0.015 161, 0.009 861, 0.998 940) 0. 043 37
17 (0.015 541, 0.001 328, 0.999 877) (0.015 198, 0. 009 896, 0.998 930) 0.043 44
18 (0.015 519, 0.001 358, 0.999 878) (0.015 179, 0.009 878, 0.998 860) 0. 045 01
19 (0.015 518, 0.001 348, 0.999 878) (0.015 178, 0.009 877, 0.998 860) 0. 045 02
20 (0.015 538, 0.001 326, 0.999 875) (0.015 196, 0. 009 894, 0.998 920) 0.043 72
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