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Research Progress and Challenges in Operation and Maintenance Technologies for Power
Transmission Lines
Zengyue Song
Ningxia Power Transmission and Transformation Engineering Co., Ltd. of State Grid Ningxia Electric Power Company

[Abstract] The construction of new power systems is driving the digital and intelligent transformation of
transmission line operation and maintenance. This paper reviews global advancements in transmission line
operation and maintenance technologies, systematically analyzing key technologies from four aspects:
environmental adaptability, intelligent sensing, fault diagnosis, and decision optimization. Research on
environmental adaptability focuses on material improvements and anti—interference techniques, with novel
composite materials enhancing line durability. Intelligent sensing technologies integrate IoT sensors, drones, and
satellite remote sensing to achieve multidimensional monitoring, though challenges remain in data transmission
and edge computing efficiency. Fault diagnosis combines Al algorithms with digital twin models to enable
precise localization and prediction, yet model transferability requires further improvement. Decision
optimization leverages big data and optimization algorithms to shift strategies toward proactive prediction, but
data fusion accuracy and algorithm robustness need enhancement. Studies indicate that multi—source data fusion
and interdisciplinary method integration are pathways to overcoming operation and maintenance bottlenecks,
with the construction of full-lifecycle digital twin systems emerging as a future research direction. Finally,
recommendations are proposed, including establishing an "air—space—ground" collaborative monitoring
network and developing self—healing transmission equipment, providing theoretical references for intelligent
operation and maintenance and contributing to enhanced reliability and security in energy internet systems.
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