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Abstract

With the large-scale construction of smart grids, power systems have evolved from traditional high-proportion conventional energy
systems to complex systems featuring high-proportion new energy integration and multi-source information interaction. The
characteristics of randomness and concealment in fault occurrence have become increasingly evident, and traditional diagnostic
methods have been unable to meet the requirements for safe and stable system operation. To address the main issues of low fault
location accuracy, poor robustness in waveform recognition, and low utilization of multi-source information in power systems, a
comprehensive diagnostic system encompassing fault feature extraction, location identification, fusion diagnosis, and threshold
optimization has been established. Through theoretical analysis and simulation testing, the real-time performance and reliability of
diagnostic algorithms have been improved, breaking through the bottleneck of traditional methods in complex operating conditions
and providing technical support for rapid fault handling and safety protection in smart grids.
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