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The method to extract concentric ring radius and
circle center based on image inversion

OUYANG Yefeng', CUI Jianjun®, ZHANG Baowu'" , CHEN Kai®, YANG Ning’, FANG Zhenyuan'
(1. College of Metrology and Measurement Engineering, China Jiliang University ,Hangzhou 310018, China; 2. National Institute
of Metrology, Beijing 100013, China; 3. Shaanxi Institute of Metrology Science, Xi’an 710100, China)

Abstract: Aiming at the problem of accurate extraction of circle center and ring radius in non-localization interference
concentric ring image, taking point light source non-localization interference concentric rings as the object, an algorithm based on
image inversion for simultaneous caring of both dark and bright rings was proposed. The reference center was obtained using the
Hough circle transformation after the pre-processing of smooth noise reduction. Then intensity outlines with an interval of 5 pixels
in the range of [ =50, 50] pixels in its x-direction and y-direction, respectively, were taken. With the inversion of each intensity
contour line, accurate identification of dark and bright ring peak coordinates, respectively, was achieved. Finally, the accurate
extraction of the circle center and radius of the image was achieved by averaging multiple circle parameters after circle regression
fitting of obtained series circle center and radius. The results show that the center coordinates of the three bright rings and the
three dark rings are very close to each other and have good reproducibility with the maximum deviation of —3. 7 pixels to the mean
value, i.e., a maximum relative deviation from the mean is —0. 15%. The relative error of the radius-square ratio of two adjacent
rings to the actual ratio varies between —4. 18% and 0. 36% , verifying the feasibility of the algorithm. This research is helpful in
realizing automatic detection and improving measurement accuracy.

Key words: image processing; non-localization interference; Hough circle transformation ; image inversion; concentric ring
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Fig. 1 Principle of nonlocalized coherent superposition of point light sources
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Fig.2 Intensity contours in the x-direction and y-direction of the experi-

mental images
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Fig.4 Effect of smoothing and noise reduction on x-direction and y-direc-

tion of Fig. 2 contour
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noise reduction
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Table 1 Regression radius and circle center coordinates of three inner bright

rings and three dark rings of Fig. l¢

circle 1/ circle 2/ circle 3/ average overall
ixel ixel el value/ mean/
pixe pixe’ pixe! pixel pixel
bright ring x =~ 2467.0 2470. 8 2467.7 2468. 5
2468.5
dark ring x 2469. 1 2466.7 2469. 5 2468. 4
bright ring ¥y~ 2391.8 2384.9 2388.3 2388.3
2386.6
dark ring y 2389. 1 2389.3 2388. 1 2388.9
:d;’ 4.0
&
E) 2.0
5]
R
e 0.0
o
o
S
= -2.0
I
o
g -4.0
'&E -6.0
© : 1 2 3 4 5 6 7

ring number
K6 [FL.LAbREBNZ
Fig. 6 Circular center coordinate fluctuation curve
RS AR T I 5 o B — FR A 2k
R SHETF O sl E N Z BAAAEAn R R iy 6
EAEUN

R, =aN (1)
Kb .o HEEFRE, HILATH, AR A B A
T A S XN PR LB HE, B 2 PR AR E R
FRFE IR 1 s BSOS B HES ], B Se i e AR AR 157 34
JFPECZ L R (JG— B LT — AR ) SR 5 %242

F£2 MBI Z AR DT LEACR

Table 2 Relationship between the radius square ratios of adjacent rings
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