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Abstract: The influence of the defocus state of the optical system on the phase of structured light based
on sine grating, abbreviated as sinusoidal structured light, was analyzed. Based on the property that the
sinusoidal structured light phase is independent of the camera’s focusing state, a method of calibrating the
camera in the defocus state using a phase-shifted sinusoidal-structured-light-encoded display panel is
proposed. The Floyd-Steinberg Dithering algorithm is used to eliminate the structured light phase
calculation errors caused by the gamma conversion of the display panel. This method makes the accurate
extraction of the feature points of the calibration object under the defocus state come true. The calibration
result has a reprojection error of 0.17 pixels. The calibration error of the camera focal length is within
0.39%. The calibration accuracy was improved compared to traditional methods. A solution for the
calibration of cameras with a special imaging range was provided.
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(a) Pattern of sinusoidal structured light (b) Spectrum diagram of sinusoidal structured light and
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Fig.4 Non-linear brought by 7 correction

(a) Dithering algorithm’ s effect (b) Sinusoidal structured light after dithering
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Fig.5 Floyd-Steinberg Dithering algorithm's result
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Fig.7 Coordinate error changes with the degree of defocus
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Fig.8 Device of calibration experiment

(a) Horizontal structured light image obtained by defocus camera (b) Vertical structured light image obtained by defocus camera
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(a) Vertical phase (b) Horizontal phase
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(a) Position of feature points (b) Position of feature points calculated by this paper’ s method

A1l RAE A& E LA
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Table 1 Camera distortion parameters
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(a) Blur image of calibration plate (b) Partial enlargement of (a)
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Fig.12 Pictures that cannot find calibration plate
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Table 2 Camera distortion parameters calibrated by traditional method
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Table 3 Intrinsic camera parameters at different calibration distances

Distance/m a B Y w, v Reprojection error/pixel
0.2 3 106.98 3 107.46 —0.60 635.82 547.18 0.17
2 3 094.63 3 095.76 —0.83 630.35 552.51 0.15
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Table 4 Distortion parameters at different calibration distances

Distance/m k ks ks P b2
0.2 —0.185 2 4.719 7 —92.716 6 0.001 3 —0.001 7
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