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Dynamic modeling for hysteresis characteristics of piezoelectric

actuators based on T-S Fuzzy System
XIE Hui, ZHAO Xinlong
(Faculty of Mechanical Engineering &. Automation, Zhejiang Sci-Tech
University, Hangzhou 310018, China)

Abstract: A hysteresis modeling method based on Takagi-Sugeno (T-S) fuzzy system was proposed to
recognize rate-related hysteresis characteristics of piezoelectric actuators. Firstly, a novel fuzzy
C-regression model (Novel fuzzy C-regression model algorithm, NFCRMA) was introduced to divide the
fuzzy space, and initialization was completed by the fuzzy C-means clustering algorithm (Fuzzy C-means,
FCM). Then, the improved Fuzzy C-regression model (FCRM) was utilized to determine the fuzzy
antecedent. Secondly, the hyperplane membership function corresponding to NFCRMA was introduced,
and the recursive least squares method was used to identify the fuzzy post-component. Finally, the
hysteresis characteristics of the piezoelectric actuator were dynamically modeled by the above method. The
model can well approximate the hysteresis characteristic with the input frequency between 10 Hz and 200
Hz. Under the action of sinusoidal attenuation signal, the relative error of the model is less than 1%. The
results demonstrate the effectiveness and practicality of the proposed modeling technique.
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