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Feedforward control of a piezoelectric micro-positioning stage based on
threshold-optimization hysteresis model

SONG Lin, CUI Yu—guo*, WAN Guang-ji, ZHAO Yu-jie, LIU Er-chun, FANG Fan
( Faculty of Mechanical Engineering & Mechanics, Ningbo University, Ningbo 315211, China )

Abstract: In order to reduce the hysteresis error of the piezoelectric micro-positioning stage, the feedforward
controller is designed. Firstly, the threshold of the hysteresis model of the stage is optimized and the minimum
number of operators satisfying the model accuracy is obtained, so as to make the established hysteresis model
meet the requirements of precision and the accuracy remains the same at each threshold point. Secondly, a PI
(Prandtl-Ishilinskii) hysteresis model of the stage is established. Lastly, the feedforward controller of the stage is
designed by the inverse calculation of the hysteresis model. Thus, under the feedforward control, the response
time of the stage is 0.01 s at an ideal step of 5 um, and the variation range of the central line of steady state error
is 0.40~0.50 pm. Furthermore, when the desired output of the stage is the triangular wave with maximum
displacement amplitude of 17 pum, the variation range of the measured displacement is -1.15~-0.05 pum
comparing with the error central line of the ideal displacement. The designed feedforward controller can reduce
the hysteresis error of piezoelectric micro-positioning stage effectively.

Key words: piezoelectric micro-positioning stage; hysteresis modeling; threshold optimization; feedforward
control



