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Abstract

With the accelerated development of the global energy internet, smart grids have become the core infrastructure for ensuring energy
security and promoting clean energy integration. As the “arteries” of the power grid, transmission lines directly impact power supply
reliability. Traditional manual inspection methods suffer from inefficiency, extensive blind spots, and delayed responses, failing to
meet the real-time and precision requirements of smart grids. In this context, online monitoring technologies based on IoT, big data,
and Al have emerged as a critical pathway to overcome these challenges. By dynamically monitoring operational parameters and
proactively warning of potential faults, these technologies can significantly reduce unplanned outages and support the evolution of
power grids toward intelligent capabilities including “self-awareness, self-diagnosis, and self-decision-making.” This paper first
claborates on the technical framework of online monitoring for smart grid transmission lines, then analyzes core technologies from
multiple perspectives, followed by detailed discussions on system architecture design and optimization. Finally, it summarizes
technical application challenges and countermeasures, aiming to provide valuable references for related research.
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