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Abstract: Voltage source converters (VSCs) have been employed extensively in grid integration applications for dis-
tributed generation and energy storage units. Their operational reliability is critical to safe, stable system operations.
In power electronic equipment, power switching devices and passive components(e.g., inductors and capaci-
tors) undergo parameter degradation and characteristic deterioration throughout their lifecycle, significantly affecting
equipment reliability and operational performance. However, parametric faults caused by device aging are usually
difficult to observe directly. If not promptly identified and addressed, these faults may evolve into structural
failures, threatening operational safety and causing economic losses. Consequently, multidimensional data-driven
VSC state perception technology has emerged as a key approach for health status monitoring, degradation trend as-
sessment, and fault prediction, with significant implications for enhancing the operational reliability of VSC sys-
tems. This paper considers grid-connected inverters as the research object. First, the typical topological structure and

control logic framework of VSC, including auxiliary control, dual-closed-loop control, and pulse width
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modulation, are established. Second, the multidimensional data framework and classification for VSC are summa-

rized, and the characteristics of conventional feedback data, direct condition monitoring data, and perception data

are discussed. The acquisition methods and measurement techniques for each data type are compared and analyzed.

Subsequently, the paper examines the technical application framework across three levels: data acquisition,

processing and modelling, and engineering implementation. This framework enables a systematic discussion of the

application pathways and development status of state perception technology in typical scenarios, including condition

assessment, fault diagnosis, redundancy control, and lifetime prediction. Finally, this paper identifies the key

challenges faced by multidimensional data-driven VSC state perception technology in practical applications and out-

lines its future development trends, aiming to enhance the accuracy and engineering practicability of VSC state per-

ception.

Keywords: voltage source converter; multidimensional data-driven; state perception
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Fig.1 Schematic of VSC topology and collected data types
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Fig.5 Classification and typical applications of VSC multidimensional data
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