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Abstract:

This lecture explores the use of real-time simulation and Hardware-in-the-Loop (HIL) techniques as critical tools in
the design, modeling, testing, and validation of modern power electronic systems. Real-time simulation differs from
offline simulation in that it relies not only on logical and arithmetic calculations, but also on the physical time at
which these calculations are produced. However, achieving high-accuracy real-time simulation and HIL for modern
power electronics remains a significant challenge due to the high switching frequency and on-off characteristics of
power electronic components. Mathematical models incorporating these components can lead to real-time simulation
problems, such as limited simulation time step size and large memory requirements for circuit topology storage.
Meeting strict time constraints requires the development of specific real-time simulation techniques.

This lecture first provides a general introduction to real-time simulation and HIL technology, followed by an
overview of state-of-the-art modeling approaches for power electronic switches and electric network formulations of
power electronic systems. Advantages and drawbacks of these approaches are discussed with commercial solution
examples. Additionally, the main hardware platforms (CPU and FPGA) for real-time simulation models are
compared. Finally, a simple example is provided to demonstrate the implementation of a Floating Interleaved Boost
Converter (FIBC) model in a real-time simulation platform for controller HIL applications using the previously
presented techniques.

Speaker’s Bio:

Prof. Fei Gao is currently the Deputy Director of the French CNRS research institute FEMTO-ST (750 researchers)
and a Full Professor at the School of Energy and Computer science of the University of Technology of Belfort-
Montbeliard (UTBM). He received from UTBM the PhD degree in renewable energy with distinguished Youth
Doctor Award in 2010. His main research fields include fuel cells for transportation and real-time simulation
technology for modern power electronics and energy systems. Prof. Gao is a Fellow of IEEE and IET. He is the
recipient of 2020 “IEEE J. David Irwin Early Career Award” from IEEE Industrial Electronics Society, 2022 “Leon-
Nicolas Brillouin Award” from SEE France, and 2022 industrial “Sustainable Future Visionary Award” from
Typhoon HIL. He is the Editor-in-Chief of IEEE Industrial Electronics Technology News, the Assistant Deputy
Editor-in-Chief of IEEE Transactions on Transportation Electrification, and an Associate Editor of 4 IEEE
Transactions. He currently serves as the Technical Activities Committee Chair of IEEE Transportation
Electrification Community, the Vice-Chair of the Technical Committee on Electrified Transportation Systems of
IEEE Power Electronics Society and the Secretary of Industrial Automation and Control Committee of IEEE
Industry Application Society.
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