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Sub-regional camera calibration based on moving light target
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Abstract: A reliable sub-regional calibration method for CCD cameras was proposed to improve the accuracy and
efficiency of industrial vision measurement. With the proposed method, a round light target was moved with the
Coordinate Measuring Machine (CMM) according to a trapezoidal shape. The images of light target were pro-
cessed with least square ellipse fitting algorithm to obtain the center positions. By 3D coordinates of CMM, a set
of accurate calibration data were obtained. Furthermore, the image plane was separated into several sections ac-
cording to the circle symmetrical structure and camera parameters in different regions were calculated with the
sub-regional theory and improved Tsai method. Comparing with the sub-regional calibration method to single cal-
ibration one, the actual calibration experiments show that the total error is decreased by 17% when the image is
separated 8 regions and the average error of single point is decreased about 20% . Experiments demonstrate that
the data collection process is automatic and simple, and the camera calibration accuracy meets the medium preci-
sion of industrial measurement, It indicates that the method proposed is suitable for the industrial vision measure-
ment, especially for the larger work piece measurement.
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Tab.1 Results for single camera calibration method

ARHIE 2 BE AR 2 BAE
f/mm 15.9116 || k/X10*  5.8823
d,/(mm)(X107) 3.450 3 || k,/X10° —5.408 8
C,/pixel  1233.1714 || p./X10°° 5.8495
C,/pixel  1016.024 4 | p,/X1077 —2.654 8
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Tab. 2 Results for sub-regional camera

calibration method (N=28)

oo d./mm ky ky b1 b2
f/mm . . ;

= (X107%) /X107* /X107° /X107° /X10°®
115.8959 3.4492 2.7115 9.4090 2.9147 —3.6560
2 15,8972 3.4497 3.0205 4.1910—0.8189 —2.2953
315.9009 3.4497 4.2790 1.3159—0.5802 —1.6720
4 15.8787 3.4497 1.1477 2.6037—0.2480 —1.2467
5 15.858 6 3.4498—0.2208 2.4439—0.0210 —0.807 4
6 15.8618 3.4497—3.9293 3.2927 0.0163 —0.823 4
7 15,8800 3.4499—0.2138 1.4191 0.1515 —0.4843
8 15.9188 3.4500 0.5957—0.5913 0.0375 —0.0369
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Tab.3 Total errors by using sub-regional calibration (mm)
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