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Geometry Method of Camera Self-Calibration Based on a Rectangle
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Xi'an, Shaanxi 710038, China)

Abstract A new camera self-calibration approach is proposed based on the property of the vanishing points and the
aspect ratio of the rectangle’s two groups of opposite sides. This method can calibrate the camera’s intrinsic
parameters and identify the aspect ratio of the rectangle, whether known or unknown the character of camera's
sensor, according to twice or triple imaging for the same rectangle, respectively. The equations of the camera’s
intrinsic parameters are established via three properties: the first one is that the lines which connect finite points and
the same infinite points are parallel; the second one is the harmonic division which consists in the complete
quadrilateral; the third one is the identity length-width ratio of the rectangle which imaged sometimes. A correction
method of the camera distortion, utilizing which the accuracy of self-calibration correspond to the no distortion
situation, is proposed via iterative between the optimization of nonlinear distortion parameters and solving of linear
intrinsic parameters, based on constructing a cost function of lines’ imaging. Simulations prove that the calibration
algorithm can converge sharply, and the results are not sensitive to image noise. Real imaging tests prove that,
comparing with traditional calibration by flat surface drone, this method can reduce foreknowledge conditions, as well
as promoting both precision and efficiency of the calibration results.

Key words image processing; machine vision; camera self-calibration; vanish point; complete quadrilateral;
distortion correction
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Fig. 2 Geometry relation of rectangle image points
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Table 1 Calibration of camera parameters and re-projection

Sn. Pr. Proposed method Zhang's method in Ref. [16]
[708.2468 532.19227" [664.9373 441.53167"
Intrinsic fu [2129.388 2127.9547]" [2112.649 2110.6597]"
k [0.377445 0.1614127" [0.256382 1.3860337"
0. 9834 0. 0097 —0.1812 0. 9800 0.0136 —0.1984
R {0. 0267 —0.9799 —oO. 1979:[ {O. 0345 —0.9709 0.2371:{
Image 1 —0.1794 0.1994 —0.9633 —0.1958  0.2392 —0.9510
T [—11.045 5.8404 49.2637" [—10.031 7.9584 48.8317]"
€ 115. 4768014 130. 69604741
0.7718 —0. 1803 0. 6098 0.7842 —0.1764 0. 5949
R {—O. 0310 —0.9685 —O. 2472:{ {—O. 0056 —0.9607 —O. 2774:{
Image 2 0.6352 0.1719 —0.7530 0.6205 0.2142 —0.7544
T [—8.8011 7.1648 35.6457" [—8.0649 8.7137 35.2257"
e 87.45466715 111. 11590722
0. 8568 0.0149 0.5154 0.8675 0.0079 0.4974
R {O. 1548 —0.9461 0. 2846 :[ {O. 1342 —0.9591 0.2493 :[
Image 3 0.4918 —0.3236 —0.8083 0.4791 —0.2830 —0.8309
T [—9.3554 8.1850 41.6327" [—8.5010 9.9706 41.1917"
€ 64.39525750 117.90131310

1R IR
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Fig. 17 Imaging of characteristic target and validating by reprojections of characteristic points
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