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The rapid integration of electric vehicles (EVs) into smart grids demands
advanced bidirectional power flow control to optimize energy distribution,
boost grid stability, and support the transition to sustainable energy. This
tutorial introduces an AI-powered, adaptive, and reconfigurable control
framework for grid-connected EVs, using machine learning (ML) to optimize
charging, discharging, and vehicle-to-grid (V2G) operations. Solid-State
Transformer(SST)-based Dual Active Bridge (DAB) converters are used for
efficient medium-voltage (MV) grid interfacing, featuring fault-tolerant
conversion with SiC and GaN devices and FPGA-based real-time control for
high-efficiency, high-power-density operation. Central to the framework is
ML-based power flow optimization, positioning EVs as distributed energy
resources that adapt to grid signals to reduce congestion, peak load, and
enhance resilience. Health-conscious charging strategies are presented,
employing AI-driven battery diagnostics and predictive analytics to extend
battery life and manage energy adaptively. A cloud-based Battery
Management System(BMS) further supports V2G operations with real-time
monitoring, adaptive control, and secure, decentralized energy transactions. 
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The tutorial highlights the role of Digital Twin technology in simulating and optimizing EV-grid interactions, using virtual replicas of
EVs, chargers, and power electronics for predictive maintenance and operational enhancement. FPGA-based control ensures ultra-
fast computation, low-latency response, and real-time power electronics optimization. Advanced V2G strategies are explored,
showcasing how SST-enabled DAB converters improve power quality, reduce losses, and enable smooth EV integration with MV
grids. Fault-tolerant converters using SiC and GaN technologies offer improved thermal handling, higher efficiency, and increased
reliability—addressing the demands of high-power EV-grid systems. Comparative simulations validate the proposed AI-driven
scheduling and SST-based conversion over traditional control, demonstrating benefits in cost reduction, voltage stability, peak
shaving, and renewable energy integration. The tutorial also addresses scalability and deployment in real-world grids, covering
secure cloud-based data handling, real-time AI deployment, and compatibility with existing infrastructures. Policy and
standardization aspects for AI-enabled EV-grid systems are also reviewed. Through case studies, simulations, and experimental
data, attendees will gain deep insights into real-time AI techniques for adaptive power flow, robust power electronics, and V2G-
enabled smart grid integration. The session concludes by identifying future research directions including scalable AI architectures,
hybrid energy storage, and AI-enhanced grid resilience to advance intelligent, sustainable EV-grid ecosystems.
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Sheldon S. Williamson (Fellow, IEEE) received the Ph.D. degree
(Hons.) in electrical engineering from the Illinois Institute of
Technology, Chicago, IL, USA, in 2006. He is currently a Professor
with the Department of Electrical, Computer and Software
Engineering, and the Director of the Smart Transportation
Electrification and Energy Research (STEER) Group, within the
Faculty of Engineering and Applied Sciences, at Ontario Tech
University, in Oshawa, Ontario, Canada. His current research
interests include advanced power electronics, electric energy
storage systems, and motor drives for transportation
electrification and autonomous e-mobility.

Haitham Mazen is a Senior R&D Consultant at Soneil Electronics,
advising on product development and engineering strategies.
Since 2004, he has worked closely with Soneil’s team to advance
the company’s technological innovations in battery charging and
power electronics. With over 25 years of experience in electrical,
mechanical, and software engineering, Haitham has contributed
to product design and development in various industries. Before
collaborating with Soneil, he held engineering roles at Flash
International, Myna Corporation, and Blazie Engineering. He holds
a Bachelor of Science in Computer Engineering from Helwan
University.
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