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High-Precision Camera Calibration Method Based on Subpixel Edge Detection
and Circularity Correction Compensation

Kang Chaohai, Hong Li, Ren Weijian', Huo Fengcai
School of Electrical and Information Engineering, Northeast Petroleum University,

Dagqing 163318, Helongjiang, China

Abstract During camera calibration process based on a circular calibration board, when the lens distortion is large, the image
quality decreases, and the circular projection edge becomes blurry, resulting in calibration errors. Accordingly, a high-precision
camera technique based on subpixel edge detection and center correction compensation is proposed. First, the Canny-Zernike
moment method was used to extract subpixel-level circular feature contour points. Moreover, edge point chains were used to
connect independent contour points to obtain closed-loop accurate feature contours, enhancing the ability to extract fuzzy edge
contours. Second, the inner and outer contours were sampled separately, and points were taken to fit the ellipse. The mean of
the two centers was used as the feature points, and an ordered feature point set was obtained through the three-point judgment
sorting method for rough calibration. Finally, the rough calibration parameters were used to calibrate the sampling point set of
the contour, and the center coordinates were reobtained before backprojection onto the image for precise camera calibration,
achieving center correction compensation calibration under distortion. The experimental results show that the proposed method
effectively improves the accuracy of camera calibration when the lens distortion is large.
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Fig. 5 Schematic diagram of sorting simulated feature points
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Fig. 13 The image of the checkerboard and the center calibration plate in the case of large distortion. (a) Checkerboard image under

distortion; (b) effect picture of circle center extraction
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Table 1 Comparison of calibration results

Checkerboard Traditional Sampling fitting without center Proposed
Parameter . .
method fit method compensation method
/. /pixel 2035. 2773 2029. 1668 2036.0971 2037.0731
Focal length )
/, /pixel 2035. 6585 2027.7686 2034. 1494 2037.1021
o ) u, /pixel 932. 3056 936. 8316 933. 6352 931. 8365
Principal point )
v, /pixel 478.8474 463.6108 465. 0632 464.9431
13 —0.3622 —0.3703 —0.3841 —0.3855
ky 0. 1504 0.0964 0.1758 0.1754
Distortion P —0.00241 —0.00028 —0.00028 —0. 00029
P —0.00095 —0.00137 —0.00112 —0.00115
ky —0.1263 0. 0544 —0. 0982 —0.1041
Reprojection error /pixel 0.3828 0.2801 0.1723 0.1349
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Fig. 14 Reprojection error scatterplot. (a) Zhang’s method; (b) traditional circle fitting method; (¢) proposed algorithm
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