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Artificial Intelligence-assisted Condition Monitoring in Power Electronics
Abstract:

Artificial intelligence (Al) has been applied to condition monitoring of power electronic systems
(PES) since the 1990s in the literature, including signal acquisition, detection, diagnostics,
prognostics, etc. Due to the limitations on computation unit, data availability, and Al tools
capability, the Al-based condition monitoring solutions are not quite competitive as expected
and their implementations in the industry field are rare. Currently, these facts have drastically
changed, considering that state-of-the-art Al tools like deep learning have been revolutionizing
industrial areas such as computer vision and natural language processing. It is believed that these
Al tools will deliver the overarching merits to power electronics as well since the PES are
developing toward data-rich systems with the increasing awareness of data collection.
Combining with the rapid development of computational platforms, they are forming solid
foundations to tackle existing challenges in the field operation and accelerate industrial
deployments. As a result, it is time to prepare for the paradigm shift to Al-assisted solutions,
which will unleash the potentials of cutting-edge Al tools for condition monitoring in power
electronics on various implementation levels including components (capacitors, semiconductor
devices, etc.), power modules, and full-scale system.

The objective of this tutorial is to provide an overview of the latest development of Al-assisted
condition monitoring on PES. As a synergy research field integrating data science and power
electronics, this tutorial will discuss three relevant aspects including the concepts, case studies,
and outlooks. The potential attendees are ranging from researchers who expect to get clicked to
start this interdisciplinary research, to advanced ones who expect to be informed with the
cutting-edge knowledge and frontiers in this field. The tutorial starts with a systematic flowchart
of data-driven condition monitoring for PES. Compared to other data-driven fields, the
observations from these case studies and other latest research will be discussed. The specific
features and requirements of PES when applying Al tools will be summarized. Finally, it will
present the outlooks on the tailored Al techniques for condition monitoring of PES, e.g., data-
light Al, computation-light Al, explainable Al, physics-informed Al. The open-access resources,
identified challenges, and emerging opportunities in this field will be provided as well.
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