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High-precision position control of a gene sequencer motion stage
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Abstract: To realize high precision position control of a gene sequencer motion stage, a gene sequencer
motion stage control system was developed, and its applied methods such as mathematical modeling,
model identification, controller design, and input shaping were investigated. First, based on the dy-
namic equation of the motion stage and the voltage-force relationship of a permanent magnet linear
synchronous motor, a model of the motion stage was established. Then the method of frequency do-
main scan was adopted to determine the model parameters. Finally, a compound controller, combined
with a double closed loop controller and forward feedback controller, was designed based on the model
of motion stage to ensure stability and high precision of the motion stage, and an input shaper was de-
signed based on the dominant pole of the compound control system to eliminate oscillation in the mo-
tion stage. Experimental results indicate that the compound controller with the input shaping im-
proves the repeated positioning accuracy of the motion stage from £1.47 pm to £0. 354 ym. The
proposed design allows the motion stage to achieve the ultimate repeated positioning accuracy faster

than the conventional compound controller, and satisfies the requirements of high stability and preci-
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sion when the gene sequencer generates an image.

Key words: gene sequencer motion stage; permanent magnet linear Synchronous motor; frequency do-

main scan; input shaping; repeated positioning accuracy
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Fig. 5 Framework of motion stage control system
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Fig. 6 Three-order input track
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Fig. 7 Three-order input track after input shaping
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Fig. 8 Control system for motion stage of gene sequencer
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Fig. 9 Actual response curve of motion stage
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Fig. 10 Displacement error curves of motion stage
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Tab. 2 Results of repeated positioning accuracy
(pm)
Inputshaping+
1 +1.47 +0. 354
2 +1.45 40.352
3 +1.46 +0. 353
4 +1.43 +0. 353
5 +1.44 +0. 351
6 +1.42 +0. 350
7 +1.46 +0. 354
8 +1.47 +0.353
9 +1.44 +0. 354
10 +1.41 +0. 352
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