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Abstract: In microassembly, zoom vision system was usually used to solve the contradiction between
measuring scope and accuracy. However, new problems of dynamic calibration and real—time automatic
focusing were also introduced as a side —effect. For this reason, the calibration and automatic focusing
technology of zoom micro—vision system were described. For calibration, the principal point of image
was determined by method of convertible magnification. Based on planar target, the linear calibration
under fixed magnification was firstly performed by homography matrix decomposition of single view.
Then the distortion model and the quantum—behaved particle swarm optimization (QPSO) were employed

sequentially to do nonlinear optimization for the linear calibration result. After nonlinear optimization, the
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maximum re —projection error was 0.13 pixel and the average re—projection error was about 0.1 pixel.

Furthermore, the calibration for magnification at arbitrary working condition was completed by Gaussian

curve fitting. For real —time automatic focusing, method of maximum gradient threshold of eight —

neighborhood and gradient threshold were used, for the traditional gray gradient function only considered

the fixed gradient direction and was susceptible to noise. Compared with other several gray gradient

focusing function, this method had good unimodality and noise immunity.

Key words: zoom micro—vision system;

automatic focusing
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Fig.2 Chessboard grid corner extraction
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Tab.1 Comparison of calibration results of two

methods under different magnifications

Parame- 1x 2x 3%

ters This Tsai This Tsai This Tsai
paper paper paper

M 1.0233 1.0249 1.9949 1.9927 3.0124 3.0253

P« -0.8512 -0.8508 -0.8661 —0.863 2 —=0.746 4 —0.841 1
Dy -0.6275 -0.6271 -0.6328 -0.6326 —0.4827 —-0.582 5
a 0.6721 0.6543 0.6564 0.6772 0.6262 0.6211
B 1.0207 1.0643 1.0371 1.0937 1.0269 1.1328
b% 1.1624 1.2063 1.1741 1.2637 1.1578 1.2562
E../pixel 0.1341 0.1362 0.1413 0.1403 0.1318 0.1332

E/pixel 0.1062 0.1235 0.0917 0.1139 0.0872 0.1029
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Tab.2 Comparison of calibration results before and

after QPSO in different magnifications
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Tab.3 Comparison of fitting errors of

three curve fitting methods

Motor position FOUI?.SI.' series E(i)i}/lrtl(())lr:i: Mult.i —pe.alfs
fitting fitting Gaussian fitting

500 0.0019 0.002 6 0.000 8
2 500 0.000 2 0.002 0 0.0029
4 500 0.005 4 0.003 6 0.001 8
6 500 0.002 4 0.000 3 0.0029
8 500 0.005 4 0.005 8 0.004 7
10 500 0.0070 0.004 6 0.003 6
12 500 0.007 3 0.006 6 0.008 0
14 500 0.003 4 0.006 3 0.002 6
16 500 0.013 7 0.0115 0.007 8
18 500 0.003 6 0.001 4 0.003 1
Mean 0.0050 0.004 5 0.003 8

Std 0.003 8 0.003 3 0.002 4
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Fig.7 Curve of focusing function for original image
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Fig.8 Curve of focusing function for noisy image
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(b) Focused image without adding noise
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Fig.9 Defocused and focused experimental and image
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Tab.4 Comparison of average amount of time

consuming for calculating a frame of image

Automatic focusing algorithm Consume time/ms

Brenner 7.68
Gradient 7.72
Laplace 10.92
Tenengard 11.23
Roberts 32.62
This paper 28.28
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Fig.10 Motor position distribution with different

magnifications at the end of focusing
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