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Fractional-order PI Control Strategy for Three-phase Inverters Based on
Improved Differential Evolution Algorithm

FANG Jinchen, WANG Huan, HU Wen
(National-Local Joint Engineering Laboratory of Electrical Digital Design Technology,
Wenzhou University, Wenzhou 325035, China)

Abstract; Three-phase inverters have been widely applied in a variety of fields such as renewable energy generation, electric vehi-
cles, etc. The continuous improvement and optimization of controllers for three-phase inverters is of great practical significance. In
order to further improve the output power quality and robustness of double closed-loop controllers for three-phase inverters. a frac-
tional-order PI inverter control strategy based on improved differential evolution algorithm (IDE-FOPD is proposed. This strategy in-
troduces the fractional-order calculus theory to double closed-loop control systems of three-phase inverters and presents the mathemat-
ical models. By considering a three-phase inverter is a complex nonlinear time-varying system, the parameters turning of double
closed-loop controllers is often complex while the performance obtained by the traditional turning methods is not satisfied. Therefore,
this work firstly formulates the parameters turning issue of double closed-loop fractional-order PI controllers for a three-phase inverter
as a typical constrained optimization problem, and then this problem is solved by using an improved differential evolution algorithm
based on an adaptive multi-mutation operation and a self-adjustable parameters strategy. The simulation results have shown that,
compared to genetic algorithm (GA), particle swarm optimization (PSO), and traditional differential evolution (DE) algorithms, the
improved differential evolution-based fractional order control PI strategy has better performances such as the lower total harmonic dis-
tortion values of the output voltage, the better dynamic performances. and the stronger anti-interference ability.

Keywords: off-grid three-phase inverter system; double closed-loop control; fractional-order PI controller; improved differential

evolution algorithm; optimization
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