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Abstract:
The increasing penetration of nonlinear loads, distributed generation, and renewable energy sources connection have brought many challenges to the power quality in modern electrical networks. This review paper summarizes recent advances in Active Power Filters (APFs), which are used to improve power quality in modern electrical networks by mitigating harmonics and balancing reactive power. The paper covers advances in APF topologies, including modular and reduced-switch designs, and control algorithms, such as Model Predictive Control, Repetitive and Resonant Controllers, and Adaptive Observer-Based Methods. It also explores the application of artificial intelligence techniques for adaptive tuning and optimization.
The paper also show cases hybrid APFs, their coordinated operation with grid-tied converters in microgrids, and the use of wide-bandgap devices (SiC/GaN) for improved efficiency. It identifies challenges like achieving cost-effective and reliable solutions that meet grid standards, and outlines future research directions, including scalable modular topologies, robust adaptive control, and standardized performance evaluation methods. This survey serves as a comprehensive reference for recent advancements in APFs and a guide for their practical application.
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