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High-precision focusing method for parts image based
on improved gradient weighting
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Abstract; Taking the standard gauge block as the experimental object, to address the problems that the chamfer features of the parts are
prone to wide edges in the parts image under the illumination of ring light source, and the inaccurate image focusing is caused by manual
focusing, which lacks the objectivity of camera focusing, etc., a high-precision focusing method of parts image based on improved
gradient weighting is proposed. Firstly, the illumination method of the strip light source arranged at a 45-degree angle is adopted to
eliminate the wide edges of the chamfer features in the parts image. Secondly, the feature edge points of image are extracted by the
adaptive segmentation threshold based on the improved Otsu. Then, the gradient values of edge pixels are obtained based on the 4-
direction Sobel operator. Then, according to the grayscale distribution difference between the pixel and its 8 neighboring pixels, the
gradient weighting coefficient of the pixel is obtained. Finally, the sharpness evaluation of image is completed by the improved function of
gradient-weighted focus evaluation, thus, the accurate focus image is obtained and the high-precision measurement of size is realized.
The experimental results show that the proposed method is more accurate than the traditional high-precision measurement method, and
the relative error with the manual measurement is less than 0. 002 4%. The improved focus evaluation function in this paper is improved
by 75 times in sharpness ratio, 5 times in sensitivity factor and double in steepness on average compared with the traditional evaluation
functions.
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Table 2 Results of gauge block size

measured by two algorithms
SCHR[ 29 ) SRR A SRS AR R (E
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Fig. 8 Partial sequence images of gauge block
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Fig. 10  Focusing characteristic curves of image with noise
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Table 3 Evaluation performance metrics of focusing functions

PERELS T Tenengrad F Brenner FlK Roberts B %Zh/f}fﬂﬁ o Sof Aefs i Proposed- ' Improved- . AL Weighte}d—
PREL PR PREL Tenengrad PR%L Tenengrad PR%L Gradient PREXL
R 2.910 7.190 5.736 4.537 1. 950 3.002 29.226 593.231
Seen 0.231 0. 442 0.394 0.378 0.203 0.232 0.351 1. 924
S, 0. 097 0.131 0.128 0.123 0. 088 0. 099 0. 136 0. 236
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Table 4 Evaluation performance metrics of focusing functions under different noise
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