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Abstract

As power grids expand and the demand for intelligent transformation becomes increasingly urgent, traditional substation operation
and maintenance models face challenges in real-time performance and accuracy. Intelligent early warning systems, with their
proactive prediction capabilities, have emerged as key technologies for enhancing operational standards. This paper aims to
systematically analyze the specific application modes, implementation effects, and optimization paths of these systems in substation
operation and maintenance. Based on the theoretical framework of intelligent early warning systems and combined with their key
supporting technologies, the study delves into practical application scenarios such as substation equipment condition monitoring and
system operational safety, and evaluates the resulting improvements in operational efficiency and reliability. The analysis indicates
that intelligent early warning systems can effectively achieve early fault diagnosis and risk prevention, significantly reducing
operational costs and accident risks. However, challenges remain in data quality, algorithm adaptability, and talent reserves. Future
efforts need to further integrate advanced sensing technologies and artificial intelligence algorithms to promote the continuous
development of substation operation and maintenance towards digitalization and intelligence.
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