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Abstract

In modern power systems, reactive power imbalance exacerbates line losses and degrades voltage quality, necessitating intelligent
reactive power compensation solutions powered by artificial intelligence (Al). This study first examines fundamental theories of
grid reactive power compensation and Al applications, analyzing compensation principles, core Al algorithms, and monitoring data
characteristics with processing workflows. Subsequently, it explores practical implementations including reactive power demand
forecasting models, equipment condition monitoring, fault diagnosis systems, and optimization control strategies, validated through
engineering case studies. The research achieves precise and intelligent reactive power control, effectively reducing line losses and
operational costs while enhancing grid stability and economic efficiency. These findings provide theoretical foundations and practical
references for advancing intelligent reactive power compensation in next-generation power systems.
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