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Self-calibration of precise vision-based printing equipment
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Abstract: To improve the precise of all automatic printing equipment, a simple and effective calibra-
tion method was proposed to calibrate the screen printing equipment based on a novel three-degree-of-
freedom (3-DOF) planar parallel stage. Firstly, a vision-based measuring system was analyzed and
calibrated, and its measurement accuracy was also evaluated by a laser interferometer. Then, the geo-
metric errors of the 3-DOF planar parallel stage was analyzed and the frame of the parallel stage’'s mov-
able platform, screw lead errors and some geometric errors were identified in steps based on a vision-
based measuring system in the equipment. Furthermore, the orientation interpolation and alignment
methods using a triangular area to position the alignment point were presented to satisfy the need for
different product processes in the whole workspace. For the processing mentioned above, this calibra-
tion method can calibrate the equipment itself automatically without complicated identification for all
geometric errors and the need for any background in parallel robot calibration. Experimental results
after calibration show that the maximum position and orientation errors inside the workspace have

been reduced from 161. 6 pm and 2. 232" 10 12. 3 pm and 0. 720", respectively, which satisfies the e-
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quipment requirement for high accuracy.
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Fig. 1 Block diagram of vision-based positioning system
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Fig. 2 Diagram of image acquisition system of printer
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Tab. 2 Pose errors of XY-Theta parallel alignment stage before and after calibrations

4 AL S i A HI bR E
(z2y.0) (pm," Sz (pm) 8y (pm) Sx.8y (pm) 80" bz (um) 8y (pm) b,y (pm)  50(")
(1230,1 452, —681) 13 —98 98.9 —2.052 6.2 —8.3 10. 4 —0.648
(1251,—2121,—572) 28 —127 130. 1 —1.332 —8.5 —7.2 11.1 —0.576
(—625,—1002,—325) 16 —25 29.7 —0.792 —5.0 —5.5 7.4 —0.288
(—1610,1 321,—261) —18 —132 133.2 —1.764 —6.2 —5.5 8.3 —0.468
(—2009,421,115) —21 72 75 1.116 —6.8 4.5 8.2 0.396
(—921,—1 373,481 —28 81 85.7 1. 224 4.3 —7.2 8.4 —0.432
(2131,—1521,572) —37 139 143. 8 2.052 —7.5 —6.4 9.9 —0.612
(2 010,1 275,624) —42 156 161. 6 2.232 —9.2 —8.2 12.3 —0.72
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