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Fig. | The image of a circle captured by camera. (a) Target surface of camera, (b) Pixel value of a circle
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Fig. 2 Subpixel coordinate of the center of cirele (xo, yo). (a) Horizontal coordinate xo, (b) Vertical coordinate yo
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Table 1. The results of the algorithm for noise-free images (Unit: pixel)

the real location of the center the calculated location of the measurement error
of circle fx:: . ‘}t‘l] center of cirele (xo, vo) {r:: . ]'1.: ) = (x0, vo)
( 8. 000, 8. 000) (7.996, 7.996) (+ 0.004, + 0.004)
(7.727, 7.909) (7.725, 7.907) (+ 0.002, + 0.002)
(7.727. 7.818) (7.726, 7.817) (+ 0.001, + 0.001)
(7.727, 7.727) (7.726, 7.726) (+ 0.001, + 0.001)
(7.727, 7. 636) (7.726, 7.636) (+ 0.001, 0.000)
(7.727, 7.545) (7.726, 7.545) (+ 0.001, 0.000)
(7.727. 7. 455) (7.726, 7.4355) (+ 0.001, 0.000)
(7.727, 7. 364) (7.726, 7.364) (+ 0.001, 0.000)
(7.727. 7.273) (7.726, 7.274) (+ 0.001. — 0.001)
(7.727. 7.182) (7.726, 7.183) (+ 0.001, - 0.001)
(7.727, 7.091) (7.725, 7.093) (+ 0.002, - 0.002)
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Table 2. The results f the algorithm for noisy images (xo = 7.727, yo = 7.455) (Unit: pixel)

signal/noise ratio of image/dB 42 36 30 24

mean value of 10 measurements |[(7. 727, 7.446)[(7.726, 7.443)|(7.726, 7.456)((7.720, 7.442)
maximum error of xo 0. 006 0.011 0. 033 0. 065
maximum_error of yo 0.018 0.024 0.035 0. 081
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A Robust Subpixel Algorithm for the Center of Circle Detecting
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Abstract The part alignment is an important step for automated optical inspection of
printed circuit board (PCB). Because conventional image recognition algorithm could only
be implemented at pixel accuracy, it is not satisfied with the requirements of PCB inspec—
tion. Through the use of geometric symmeltry of a circle, a robust subpixel algorithm for
the center of circle detecting is presented. By the proposed method the measurement error
might be less than 0. 01 pixel for noise{ree images. In the meantime, experiments show
that the algorithm has a relatively small bias in the presence of noise.

Key words automated optical inspection (AOI), printed circuit board (PCB)., sub-
pixel measurement, geometric symmetry.
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