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A Concentric Circles and Wedge Grating-Based Camera
Self-Calibration Method

Xue Junpeng Su Xianyu Dou Yunfu
(Opto-Electronics Department, Sichuan University, Chengdu , Sichuan 610064, China)

Abstract A new method for camera calibration by using concentric circles and wedge grating based on the
orthogonal vanishing point calibration is proposed. This method uses the characteristics of the high-precision of the
phase extraction to obtain the feature points, thus avoiding the calibration errors caused by the traditional marker
extraction errors. The camera should capture the pattern images at least six positions. The wrapped phase of the
grating can be gained by four-step phase shifting and the zero phase intersection points coordinate of the wrapped
phase are calculated from images. The vanishing points and all the intrinsic parameters of the camera can be
calculated. According to the simulation experiment analysis results which include factors influencing the vanishing
point calibration accuracy. the concentric circles grating with seven periods and the wedge grating with four periods
are designed. In the real measuring experiment, the grating target and gray concentric circles target are used to
calibrate the camera respectively. Through comparing the reprojective errors of the two methods, it can be proved
that the method proposed improves the calibration accuracy and robustness for the vanishing point calibration
algorithm.
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circles grating; wedge grating
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Fig. 1 Grating target. (a) Concentric circles grating; (b) wedge grating; (c) wrapped image

(the dots are zero phase points)
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Fig. 2 Schematic diagram of vanishing point solution.
(a) Scene model; (b) perspective image of model
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Table 1 Intrinsic parameters of the camera

f./pixel f./pixel u, /pixel v, / pixel s
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Fig. 3 Error curve of calibration parameters obtained

when the number of rings changed
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Fig. 4 Error curve of calibration parameters obtained

when the number of camera positions changed
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Fig. 5 Error curve of calibration parameters obtained

when the image noise changed
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Fig. 6 Real images of the calibration pattern (the dots are marks). (a) Calibration pattern of this paper;

(b) gray calibration pattern
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Table 2 Calibration results with different calibration methods

Calibration pattern f./pixel f./pixel u, /pixel v, / pixel s Reprojective error /pixel
This paper 1475. 686 1527. 395 391.992 264.522 0. 409 0.262
Gray 1456. 454 1508. 604 353.590 273.140 4.527 0.410
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