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[Abstract] With the large—scale integration of new energy sources, the increasing complexity of AC—DC
hybrid power grid structures, and enhanced load—side interactivity, modern power systems are experiencing
unprecedented dynamic complexity. As the first line of defense for ensuring the safe and stable operation of
power grids, microcomputer—based protection devices (MBPRs) face multiple challenges including obscure
fault characteristics, complex transient processes, and intensified communication interference. This paper
systematically analyzes the main technical bottlenecks faced by microcomputer—based protection devices in
complex power grid environments, including reverse power flow caused by high—penetration distributed
generation integration, harmonics and non—power frequency component interference, current distortion due to
CT saturation, and the impact of communication delay on differential protection. On this basis, a series of
targeted performance optimization strategies are proposed from four dimensions: algorithm optimization,
hardware architecture upgrading, multi—source information fusion, and artificial intelligence empowerment.
Finally, the development direction of microcomputer—based protection devices in future smart grids is
discussed.
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