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An enhanced pigeon swarm optimization-based fractional-order control
strategy for piezo micro-motion stage

JIN Yu', WANG Xu-chen', XU Yang®, YANG Xiao-feng't

(1. Academy for Engineering & Technology, Fudan University, Shanghai 200433; 2. School of Civil Aviation,
Northwestern Polytechnical University, Taicang 215513)

Abstract: To tackle the nonlinear characteristics and multi-axis decoupling control challenges of piezoelectric micro-
motion stages, we propose a modified pigeon-inspired optimization algorithm(PIO) that incorporates a dynamic mutual
learning(DML) strategy. Additionally, an experimental study is conducted to integrate fractional order proportional-
integral-derivative(FOPID) control with the DMLPIO-FOPID control strategy. Initially, we perform a mechanical
analysis of the piezoelectric micro-motion stage to approximate its nonlinear behavior through linearization techniques.
Subsequently, a dynamically opposing learning population is established based on the dynamic mutual learning strategy
to enhance the optimization efficacy of the pigeon-inspired optimization algorithm. Furthermore, we introduce a delay
identification method utilizing sparse regression algorithms to compensate for hysteresis inverting models associated
with piezoelectric micro-motion stages. Finally, an experimental platform is developed for testing the designed
controller on piezoelectric micro-motion stages. The experimental results demonstrate that the DMLPIO-FOPID
controller outperforms four evaluation function optimization tests by an average margin of 19.28% and 20.73%
compared to fruit fly optimization and traditional pigeon-inspired optimization strategies, respectively. Moreover, it
achieves minimal mean square deviation and shortest convergence time during three-axis testing of piezoelectric micro-
motion stages, indicating that the DMLPIO-FOPID control approach significantly enhances precision in controlling
these systems.

Keywords: piezo actuated; fractional order control; pigeon-inspired optimization; sparse regression
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