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A Vision Measurement Method for Gear Structure Assembly
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Abstract In order to solve the problems of measurement difficulty and precision in manual assembly mode of large-
size gear structure with coaxial internal meshing, a visual measurement method for gear profile structure assembly is
proposed. In this method, a monocular vision measurement system is constructed, and its spatial pose is calculated
by using its image features to realize high-precision measurement. First, based on the minimum kernel value
similarity area algorithm of adaptive kernel and adaptive threshold, the tooth tip angle points are extracted, and
Canny algorithm improved by OSTU is used to detect discrete arcs of auxiliary circle. Then, combined with the idea
of random sampling consensus, the ellipse fitting algorithm based on geometric distance and Levenberg-Marquardt
optimization is used to obtain the ellipse parameters, and the measurement model of gear profile structure and the
principle of pose calculation are given. Finally, the experiment is verified, and the experimental results show that
the measurement accuracy of this method can reach 0.050 mm, which meets the requirements of high-precision
measurement of gear structure assembly.
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Fig. 5 Extraction results of tooth apex angle of output
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input shaft; (b) tooth apex angle of output shaft
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Fig. 9 Definition of spatial circular pose
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Table 1 Laser tracker measurement data and vision system measurement data

. Laser tracker measurements Vision system measurements Difference

O ey duimm 0O e/ dafmm O/ anl(D dofmm 0/
1 1. 343 1.538 3. 159 1.327 1.519 3.171 0.016 0.019 0.012
2 1. 545 1. 354 3.018 1.563 1.334 3.032 0.018 0.020 0.014
3 1.932 1.093 2.876 1. 959 1.111 2.891 0.027 0.018 0.015
4 1. 964 1.021 2.814 1. 989 1.047 2. 800 0.025 0.026 0.014
5 2.434 0.982 2.772 2. 460 0.998 2.753 0.026 0.016 0.019
6 2.745 0. 869 2.421 2.710 0. 853 2.402 0.035 0.016 0.019
7 2.990 0.701 2.109 2.973 0.727 2.118 0.017 0.026 0. 009
8 3. 364 0.532 1. 987 3. 383 0. 547 1.976 0.019 0.015 0.011
9 3.426 0.501 1. 820 3. 454 0.524 1. 843 0.028 0.023 0.023
10 3.543 0.482 1.515 3. 564 0. 455 1.503 0.021 0.027 0.012
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