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Discussion on the Application of Key Technologies for Panoramic Perception of Wind Farms
Based on Digital Twin
Liang Chen
Liaoning Datang International New Energy Co., Ltd.

[Abstract] With the increasing scale and complexity of the wind power industry, traditional wind farm
perception systems are encountering significant challenges, including data fragmentation, inadequate information
integration, and limited prediction accuracy. Digital twin technology enables the creation of a dynamic virtual
replica of physical entities, facilitating bidirectional mapping and real—time interaction between physical and
digital domains, thereby offering a systematic solution for achieving panoramic perception in wind farms. This
paper first examines the transformative potential of digital twin technology in wind farm applications,
particularly in enabling multidimensional data integration, supporting dynamic scene visualization, and
enhancing the precision of operational status forecasting. Subsequently, it analyzes key technological
components underpinning digital twin—based systems, including comprehensive modeling, multi—source
heterogeneous data acquisition and transmission, artificial intelligence—integrated anomaly detection, and
virtual—physical closed—loop control. The findings indicate that digital twin technology can significantly
enhance refined operation and maintenance, improve power generation efficiency, and support full-lifecycle
safety management in wind farms, thus playing a pivotal role in advancing the intelligent transformation of the
wind power sector and optimizing overall operational performance.
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