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Abstract: This paper presents a repetitive control system structure and a parameter optimization design method based
on the equivalent input disturbance (EID) compensation approach, which aims to estimate and compensate for the effect
of aperiodic disturbances in real time and achieves high accuracy tracking for the time-varying periodic reference signal.
Firstly, a time-varying time-delay operator is used to construct the internal mode of the time-varying periodic reference
input signal, and a low-pass filter is introduced to construct the time-varying periodic repetitive controller. Secondly, a
proportional-integral observer is constructed to reconstruct the state of the system, and a time-varying periodic repetitive
control system based on EID compensation is established. Then, the stability and disturbance-rejection performance of
the system are analyzed, and a particle swarm optimization algorithm with stability as the constraints is constructed to
find an optimal combination of the repetitive controller gain, the feedback controller gain, the state observer gain, and the
parameter of the EID estimator. Finally, the proposed method is applied to the chuck-workpiece system. Comparative
simulations demonstrate that the proposed method has better disturbance-rejection and steady-state tracking performance
than the conventional state-observer-based fixed-period repetitive control and EID-compensation-based spatial repetitive
control methods.
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Fig. 1 Configuration of EID-compensation based time-varying repetitive control system
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Table 1 Comparison of performance indices
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