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Abstract: We propose a new ellipse detection method based on ellipse fitting. This method detects ellipses
in two stages. In the first stage, we extract elliptic arcs from an input image by the effective elliptic arc
extraction method. Then we integrate elliptic arcs which lie on the same ellipse. The two methods are
already proposed by us, however, we point out the problems of those methods and propose new techniques
for improving the performance of them. By many experiments, we confirmed that the performance of the
improved methods are superior to the original methods. Then, we evaluated the effectiveness of our ellipse
detection method by comparing with existing methods.
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Fig. 1 Example of elliptic arc selection. (a) An input point

sequence and the fitted ellipse to them. (b) The signed
residual graph. If the points are located at inside of the
fitted ellipse, we show the corresponding residual val-
ues as negative values. Circular symbols indicate the

maximum residuals for each partial arc.
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Fig. 2 Classification of an elliptic arc. We divide an ellipse

into four regions by the horizontal and the vertical axis

whose center is located at the ellipse center.
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Fig. 4 Comparison of elliptic arc extraction. (a) Input points and the fitted ellipse. (b)

The signed residual graph. (c-1), (d-1) The extracted arc in the first stage by

before/after our improvement. The blue arc is selected partial arc. The green

arcs are the extended arcs from the selected partial arc. (c-2), (d-2) The final

extracted arcs. (c-3), (d-3) The fitted ellipse to the extracted arcs.
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Fig. 6 Comparison of elliptic arc extraction vs. Shao’s method.
(1) Divided partial arcs. (2) Extracted arcs. (3) Fitted
ellipse to the extracted arcs. (a) Shao’s method. (b)
Our method.
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Fig. 7 Comparison of elliptic arc extraction vs. Shao’s method.
(1) Divided partial arcs. (2) Extracted arcs. (3) Fitted
ellipse to the extracted arcs. (a) Shao’s method. (b)
Our method.
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Fig. 8 Improvement of elliptic arc integration. (a) Input arcs. (b) Fitted ellipses to

each input arc. (¢) Excluded arcs from integration. (d) Grouping result. (e)

Integration result. (f) Fitted ellipses to the integrated arcs.
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(c) PRETHE

9 FEH OB O
Fig. 9 Ellipse detection for real images. (a) Input image. (b) Our method. (c) Shao’s

method. (d) Qiao’s method. (e) Fornaciari.
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® 1 BINL7BHORELRE. LB BILEN 0o /M b &0 TRl 4 & L7k oFF

M. T B L B C & 72Kg M O A OFFARMEF3Y & Bt L 72 %/ Rl S o #g F 4

Table 1 Accuracy comparison of the detected ellipses. Upper: Average accuracy for

all targets. Lower: Average accuracy for detected ellipses. Num. of detected

ellipses/num. of target ellipses.

(1) (2) 3) (4) (5) (6) (7) (8)
PRET 0.979 0.772 0.931 0.986 0.651 0.970 0.857 0.964
(0.837, 12/16)
Shao 0.410 0.812 0.719 0.622 0.647 0.714 0.655 0.970
(0.614, 3/5) (0.862, 8/10) | (0.871, 5/7) | (0.940, 11/16) (0.765 5/6)
Qiao 5 0.532 0.631 0.376 0.310 0 0.414 0.334 0.413
(0.886, 3/5) | (0.946, 4/6) | (0.627, 6/10) | (0.559, 3/7) (0.827, 1/3) | (0.468, 4/6) | (0.826, 2/4)
Fornaciari 5 0.306 0.657 0.802 0.867 0.266 0.821 0.914 0.886
(0.919, 1/5) | (0.876, 4/6) | (0.824, 9/10) (0.761, 3/16)
F 2 MMM O I (EALIEE) SENH
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AL 7 L) ances, IEEE Trans. Patt. Anal. Mach. Intell., Vol.22,
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2014).
(4) 0.193 (0.981 16.468 0.156 0.035 (
) 0.868 ((10 415)) 86.830 0.136 0.011 [3]  Fitzgibbon, A., Pilu, M. and Fisher, R.B.: Direct least
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(6) | 0406 (5.092) | 42.337 | 0.268 0.010 Mach. Intell., Vol.21, No.5, pp.476-480 (1999).
(1) 0.387 (22.786) 174.236 2.228 0.035 [4]  Griffin, G., Holub, A. and Perona, P.: Caltech-256 object
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California Institute of Technology (2007).
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sion, Oxford University Press, Oxford, U.K. (1993).
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