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Abstract The camera calibration method based on a two-dimensional dot array calibration plate with its ellipse
center directly extracted from the target image is not the real projection image point of the circle center. Thus, the
accuracy of calibration parameters is reduced by the projection deviation of the circle center. Therefore, this study
proposes an iterative calibration method for detecting the real circle center image point by re-projecting the target
image back to the spatial virtual matrix. First, planar camera calibration was achieved using the ellipse extraction
method. Second, the virtual physical target image was obtained using calibration parameters and captured images
for re-projection; moreover, the feature points of the dot center were extracted on the virtual image of the
approximate circle. Third, the virtual circle center coordinate values were converted into physical coordinate values
and projected onto the image that was used as the coordinate value of the real circle center image point for camera
calibration. Finally, high-precision camera calibration was completed via iterative re-projection and calibration.
Simulation and experimental results show that the proposed method approximately doubles the camera calibration
accuracy and provides high-accuracy camera calibration parameters for three-dimensional reconstruction and visual
measurement.
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Fig. 1 Camera imaging model
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Fig. 2 Planar target with dot array
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Fig. 4 Tterative calibration process of single circular feature point on target
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Fig. 5 Deviation between measurement and true value of feature points for the simulation picture.

(a) Left view; (b) bottom left view
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Table 1 Comparison of camera calibration accuracy between

proposed method and traditional method pixel
Traditional Proposed
Parameter
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Fig. 6 Captured images and virtual elevation projections. (a) Captured image in left view; (b) captured image in front

view; (c¢) captured image in right view; (d) virtual projection from Fig.6(a); (e) virtual projection from Fig.6(b);

() virtual projection from Fig.6(c)
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Table 2  Experimental calibration results of the proposed
method and traditional method pixel
Traditional Proposed
Parameters
method method
Focal length 1. 2793.7 2794.3
I 2793.5 2794.4
o ) wo 789.0 789.2
Principal point _
Vo 575.1 573.9
Re-projection E, 0.121 0.068
error E, 0.131 0.075
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