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[ Abstract]The proportional-resonant (PR) controller enables zero steady-state error tracking of sinusoidal reference
signals in the stationary reference frame and has therefore been widely adopted in power electronic converters. In practical
implementations, two forms are commonly used: the ideal PR controller and the quasi-proportional-resonant (QPR)
controller. The ideal PR controller can completely eliminate steady-state error but tends to exhibit relatively slow transient
response; in contrast, the QPR controller can improve dynamic performance but introduces steady-state error. To address
these limitations, this paper proposes an adaptive proportional-resonant (APR) controller whose resonant parameters are
adjusted online via a nonlinear function of the instantaneous tracking error. This control structure unifies the ideal PR and
QPR controllers within a general APR framework. To validate the performance advantages of the APR controller over
conventional PR and QPR controllers, numerical simulations and hardware-in-the-loop (HIL) tests are conducted. The

simulations are carried out using MATLAB/Simulink 2019b, while the HIL experiments are implemented on an OPAL-RT
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real-time simulation platform. The experiments cover both grid-following and grid-forming operating scenarios to provide

a comprehensive evaluation of APR performance. The results show that the APR controller achieves the same zero steady-

state error as the ideal PR controller under steady-state conditions, while delivering dynamic responses comparable to those
of'the QPR controller. Because the APR controller can adaptively exhibit PR- or QPR-like characteristics at different stages,

the parameter-design process is simplified. Both the simulation and HIL results confirm the effectiveness and application

potential of the proposed adaptive resonant control strategy QPR.

[ Keywords] Proportional resonant controller; Stationary frame regulator; Current control; Voltage control; Grid-

forming converter; Grid-following converter
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