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Circle Detection Using Its Maximal Symmetry Property
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Abstract

Circle detection has long been studied as one of fundamental image processing applications. It is

used in divers areas including industrial inspection, medial image analysis, radio astronomy data

analysis, and other object recognition applications. The most widely used class of circle detection

techniques is the circle Hough transform and its variants. Management of 3 dimensional parameter

histogram used in these methods brings about spatial and temporal overheads, and a lot of studies

have dealt the problem. This paper proposes a robust circle detection method using maximal

symmetry property of circle. The basic idea is that if perpendicular bisectors of pairs of edges are

accumulated in image space, center of circle is determined to be the location of highest accumulation.

However, directly implementing the idea in image space requires a lot of calculations. The method of

this paper reduces the number of calculations by mapping the perpendicular bisectors into parameter

space, selecting small number of parameters, and mapping them inversely into image space. Test on

22 images shows the calculations of the proposed method is 0.056% calculations of the basic idea.

The test images include simple circles, multiple circles with various sizes, concentric circles, and

partially occluded circles. The proposed method detected circles in various situations successfully.
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(a) Pairs from n points on the circle with common
midpoint. (b) All Pairs from n points on the circle.

Fig. 1.
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Fig. 2. Proposed circle detection process.
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(a) Edges of a circle (b) Parameter histogram built
n (6,p) space.

Fig. 3.

Table 1. Line Coefficient Histogram constructing algorithm.

Algorithm Line Coefficient Histogram
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Fig. 4. (a) Edges of an image (b) Parameter histogram
built in (#,p) space. (c) Extracted ridges (d) Detected
circle centers.

Table 2. Ridge Detection algorithm.

Algorithm Ridge Detection
A ¢, 1 RS HaE
T AAA

EH Color(i,j) 1 54 WEAHL Grey)
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Fig. 6. (a) 3 concentric circles detected. (b) p,[rll¢] table
for image (a).
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Il Experimental Result
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Table 3. Comparison of number of calculations.

IMG #EDG #PAIRS #RDG RATIO
Fig. 7.(a) 3,913 7,653,828 486 0.006%
Fig. 7.(b) 783 306,153 322 0.105%
Fig. 7.(c) 2,964 4,391,166 339 0.008%
Fig. 7.(d) 225 25,200 52 0.206%
Fig. 7.(e) 1,020 519,690 417 0.080%
Fig. 8(a) 1,530 1,169,685 436 0.037%
Fig. 8.(b) 1,114 619,941 325 0.052%
Fig. 8.(c) 1,887 1,779,441 395 0.022%
Fig. 8.(d) 2,651 3,512,575 360 0.010%
Fig. 8.(e) 2,902 4,209,351 444 0.011%
Fig. 9.(a) 2,404 2,888,406 419 0.015%
Fig. 9.(b) 2,211 2,443,155 202 0.008%
Fig. 9.(c) 3,267 5,335,011 312 0.006%
Fig. 9.(d) 1,463 1,069,453 304 0.028%
Fig. 9.(e) 1,116 622,170 306 0.049%
Fig. 10.(a) 771 296,835 308 0.104%
Fig. 10.(b) 373 69,378 192 0.277%
Fig. 10.(c) 1,391 966,745 368 0.038%
Fig. 10.(d) 2,017 2,033,136 328 0.016%
Fig. 10.(e) 1,126 633,375 305 0.048%
Fig. 11.(a) 1,855 1,719,585 491 0.029%
Fig. 11.(b) 1,092 595,686 406 0.068%

Fig. 7. Simple circle
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(e)

Fig. 8. multi circles with similar size

Fig. 9. Concentric circles
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