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Fast ellipse detection for target images in ICF experiment

Wu Qian, Zou Wei, Xu De, Zhang Feng
Institute of Automation, Chinese Academy of Sciences, Beijing 100190, China

Abstract: Objective In inertia confinement fusion (ICF) experiments, the visual measurement accuracy and speed of tar-
gets directly affect the success rate. Since important imaging feature of several kinds of targets are elliptical, a fast and ef-
fective ellipse detection algorithm is required for the targets visual measurement. However, the vague contours and irregular
brightness of target images pose great challenges to conventional ellipse detection approaches. Meanwhile, considering the
real-time requirement, a new fast ellipse detection algorithm is proposed to solve the problems mentioned above. Method
The ellipse detection process includes two parts; extracting edge pixels of ellipses, and then extracting the ellipse parame-
ters fitting these edge pixels. In order to obtain accurate edges pixels of ellipse, a feature that edge pixels of ellipse have
large gray change rate in the direction, which connects the edge pixel and the center of ellipse, is used. The new ellipse-
edge detection algorithm is called polar coordinates edge detection (PCED). First, a downscaling target image is used to
pre-estimate the center of the ellipse with a conventional ellipse detection method. Second, a polar coordinates system is
built, and the origin point of the system is the pre-estimate center of the ellipse. Last, PCED finds the pixels with extreme
gray change rate in the ray, which starts from the origin point of the polar coordinates system, as the detected edge pixels.
Furthermore, PCED keeps the edge detection in the local region of an image to guarantee the real-time requirement and the
effectiveness. Once the edge pixels are detected by PCED, an adaptive ellipse parameters extraction algorithm based on
RANSAC is adopted to get the ellipse parameters fitted to the edge pixels. The proposed ellipse parameters extraction algo-
rithm adopts cluster analysis in ellipse parameters space to choose the optimal estimated ellipse parameters. Then, the con-

sistent pixels of the optimal estimated ellipse parameters are chose from the detected ellipse edge pixels. Finally, the results
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of the ellipse parameters are calculated by the consistent pixels using least square method. Result The resulis of comparison

experiment between PCED algorithm and Canny algorithm show that the PCED algorithm could achieve more accurate and

more effective ellipse edge pixels compared with Canny algorithm, which also makes the following ellipse parameters extrac-

ting process more easily. The experiment results of ellipse detection for practical target images show that the processing

speed of the proposed algorithm is about 110 ms for one image, which is a significantl increase compared to other conven-

tional algorithms. Moreover, the proposed algorithm also has good performance in repeatability and consistency test experi-

ments. Conclusion First, the proposed ellipse detection algorithm uses the PCED algorithm to gain the ellipse edge pixels

effectively. Then, the proposed ellipse detection algorithm adopts the adaptive ellipse parameters extraction algorithm based

on RANSAC to calculate the ellipse parameters fitting to the detected edge pixels. Taking the advantages of the two proces-

ses, the proposed algorithm could gain numerically small but effective ellipse edge pixels, and then could get accurate el-

lipse parameters fast. The comparison experiments demonstrate that the proposed method has advantages of low time con-

sumption, high accuracy, and good robustness, compared to other conventional methods.

Key words: inertia confinement fusion; targets measurement; edge detection; ellipse detection
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Fig. 6 The deviation of a sample from the estimated ellipse
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Fig.7 Target images
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Fig. 8 Edge detected images
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Fig. 9 Detection results of target images
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Table 2 Consistency experiment results

/B F
iE S x, Yo a b Ax, Ay, Aa Ab
AR 398.47 271. 61 115.95 111.26 0.85 0.67 0. 67 0.95
PCED&RED 398. 15 272. 30 117.00 111. 40 2.50 2.04 1.75 1. 65
rE Canny&RANSAC 396. 45 278. 68 130. 11 108. 61 8.00 10. 35 6. 96 5.91
Canny&RED 392.88 281.09 135.90 110.79 10. 95 12. 47 9.65 8. 44
AR 313. 80 276.03 144.12 141. 34 0.50 0.65 0.78 0.50
y PCED&RED 315.19 277. 87 144.24 138.82 1.42 2.25 2.03 1. 89
e Canny&RANSAC 313. 14 269. 62 150. 77 126. 83 6.91 13.57 11. 62 8.74
Canny&RED 313. 16 270.72 146.97 125.10 12.20 15.15 12.72 12. 89
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Table 3 Repeatability experiment results
/MEER
PIES x, Yo a b Ax, Ay, Aa Ab
VNS 398.24 271.97 115. 80 112.99 0.49 0.27 0.29 0.27
PCED&RED 399. 15 271. 84 119.03 111.98 2. 64 1.41 1.92 0. 84
B Canny&RANSAC 401.02 265. 45 114.09 108. 31 0.00 0.00 0.00 0.00
Canny&RED 404.97 272.58 132.68 123.16 0.00 0.00 0.00 0.00
Ng'g 314.54 276. 37 142. 74 141. 36 0.26 0.55 0.33 0.32
y PCED&RED 315.98 278.52 143.51 138. 48 0. 89 1. 14 0.87 1.21
e Canny&RANSAC 317.75 272. 60 145.28 139.70 0.00 0.00 0.00 0.00
Canny&RED 316.42 267.92 152. 48 131. 85 0.00 0.00 0.00 0.00
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