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Visual composite positioning for precision microassembly
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Abstract: Microfeature positioning based on machine vision is a crucial aspect of precision automated as-
sembly. External interference and differences in the parts themselves can easily cause visual guidance er-
rors and the success rate of assembly. Therefore, a composite positioning method consisting of rough posi-
tioning and fine positioning was proposed. First, the region of interest was extracted through a target-
frame-detection algorithm based on a convolutional neural network to achieve rough positioning. Based on
this, precise positioning of parts was achieved through contour geometric feature registration. A dynamic
learning mechanism assisted by automatic labeling was also adopted in the algorithm to solve the problem
of the high positioning failure rate resulting from the difference between the different batches of parts. The
method was tested on assembly equipment developed by the research group. The effects of brightness, de-
focusing, and posture changes on the robustness of visual positioning algorithms were analyzed. Further-
more, positioning accuracy and small-batch assembly experiments were conducted. The results show that
the proposed method has good robustness and repeatability with various forms of interference, with an as-
sembly success rate of 97%. Both the absolute accuracy and repetitive accuracy of visual positioning are

<2 pm, and assembly accuracy 1s< 10 pm. Therefore, the research results effectively meet the dual re-
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quirements of both accuracy and robustness of the positioning algorithm in precision microassembly.
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Fig.1 Training and application of composite positioning method
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Fig. 3 Photo of precision assembly system
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Tab. 1 Technical parameters of visual measurement
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Fig. 4 Positioning results with different light intensities

101
0.8}
0.6F
04+

Pr_ecisio_n |
0.2F Recall

mAP_0.5

[ ImAP 05:09

0.0

0 20 40 60 80 100 120 140 160 180 200
Light intensity level

P55 B 7 A X HELE {32 1) 5 Tl

Fig.5 Influence of brightness on rough positioning
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Fig.7 Positioning results with various defocus distances
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Fig. 8 Influence of defocus distances on rough positioning
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Tab. 3 Error of target detection algorithm  (pm)

TAFRHE LEN: We/ME Y5 %
No. 1 3.2 —1.6 2.0
No. 2 11.2 —8.8 10.4
No. 3 3.3 —20.8 9.2
No. 4 20.4 —18.8 14.6
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Tab.4 Error of composite positioning algorithm (pm)

F AT B RAA He/ME 05 7%
No. 1 0. 20 —0.7 0.4
No. 2 0. 30 —1.0 0.5
No. 3 0. 40 —0.9 0.5
No. 4 0.75 —0.4 0.5
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Fig. 13 Parts with different surface conditions
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