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large-range compliant micro-positioning stage driven by a voice coil motor, a compound closed-loop fre-
quency-domain inverse iterative learning control method based on data-driven frequency-domain inverse it-
erative feedforward compensation and PI feedback control with phase-lead compensation is used for high-
speed and high-precision control. First, the micro-positioning stage with a double-parallelogram flexure
mechanism driven by a voice coil motor is built, and a dynamics model is identified for different working
positions. Then, a PI feedback controller with phase-lead compensation is designed to improve the relative
stability of the positioning system. Input and output data are then used for online inverse estimation of the
system frequency response function, which can be used as feedforward compensation to further eliminate
the resonance effect. Finally, tracking experiments are conducted using the proposed control method,
which is then compared with other methods. Experimental results show that the maximum tracking error
for the triangular trajectory using the proposed control method is 0. 175%. Compared with a PID control,
phase-leading PI control, and transfer function inverse feedforward control, the root mean square errors of
tracking are reduced by 8.75, 5.43, and 2. 21 times, respectively, which can better meet the require-
ments of high tracking accuracy, fast speed, and strong anti-interference ability of large stroke micro/nano-
positioning.
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learning control in inverse frequency domain
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