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This tutorial offers a comprehensive approach to modeling, circuit analysis,
design, and powerflow optimization techniques for multi-active bridge (MAB)-
based multiport power converters(MPC). It provides essential theoretical
insights into loss formulation, soft-switching constraints, and optimization of
losses, including the use of loss-optimal modulators implemented on digital
platforms. Further, since an increasing order of the converter also raises the
complexity of digital implementation, this tutorial will delve deep into analyzing
and deriving the theoretical limits to the modulation degrees of freedom for a 
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An essential part of the tutorial is the automated algorithmic framework for design and control optimization for MPC systems,
ensuring accuracy, repeatability, time efficiency, and better-quality control introduced by the team. The rapid evolution of clean
energy technologies has prompted frequent changes in converter system architectures. As a result, a highly accurate and fast
design automation tool is needed to maximize system performance, including efficiency and miniaturization, before products hit
the market. The MAB optimization automation tool box addresses these needs by generating optimal design parameters and
control variables for a wide range of power converter topologies, including both PWM-controlled and PFM-controlled converters.
The automated process uses a two-layer approach: the first optimizes converter parameters (e.g., transformer turns ratio, L-C
values) based on efficiency and volume targets, while the second determines optimal control variables (phase, duty, frequency) to
minimize losses and maximize ZVS. Designers can tailor the objective function to their application and generate optimal control
variables for final implementation. 

The toolbox also accommodates specific power device parameters, like junction capacitances and FET on-state resistances, as well
as converter non-idealities, such as inter-winding capacitances. These factors are incorporated into the optimization process to
improve the design’s accuracy. The tutorial includes a demonstration of the optimization software, showcasing the agreement
between tool-generated optimization results and simulation outcomes, verifying the toolbox’s effectiveness. 
Furthermore, the tutorial discusses challenges in implementing closed-loop loss-optimal control in real time. The team proposes
using a multivariate polynomial regression method, which requires only knowledge of converter parameters and system variables
like input/output voltage and load profiles. Finally, the tutorial explores how the toolbox can be applied to different converter
families with AC-type port voltages or varying load profiles and highlight future research opportunities in power electronics design
optimization. This software tool box is fully open source, allowing engineers to enhance system performance according to their
specific requirements

particular selection of converter switching frequency and choice of control platform. This understanding ensures the practical
feasibility and optimization of the MAB-based MPC’s performance in real-world applications by taking examples from real-world
grid-renewable integrations and power conversion in space and avionics. It helps designers optimize these converters not only
for efficiency but also for their practical realizability, considering the implementation constraints.
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“Control and Optimization of

Multiport Power Converters–A
Scalable Software Solution”

Ayan Mallik is an Associate Professor at Arizona State University. Dr.
Mallik received his MS and PhD degrees in electrical engineering from the
University of Maryland, College Park. Dr. Mallik’s research focuses on
modeling, control, and optimization of advanced power converters, EMI
noise modeling & filtering solutions, and high performance wide bandgap
power electronic systems for clean energy applications like transportation
electrification, renewable
integration, and space. He has co-authored over 120 peer-reviewed
publications and co-invented 6 US patents (issued/pending).

Dr. Mallik is a recipient of various awards and recognitions, including the
National Science Foundation (NSF) CAREER Award, ASU Fulton School
top 5% teaching recognition award for three consecutive years (2023-
25), featured author in IEEE Xplore, IEEE Transactions on Power
Electronics Prize Paper Award, first place winner in the “Help Others
ProgrammE (HOPE)” competition organized by the IEEE IES, the first
place in Dean’s Doctoral Dissertation Award Competition at the
University of Maryland (UMD), and Invention of the Year Award at UMD in
2018, among many others.
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Saikat Dey is an Assistant Professor at the University of Central Florida. Saikat received his MS and Ph.D. degrees
from Arizona State University, USA and his B.Tech. degree in Electrical Engineering from the Indian Institute of
Engineering Science and Technology (IIEST), Shibpur, India, in 2018. From 2018 to 2020, he served as a Power
Electronics Design Engineer at Tagore Technology (now part of Global Foundries). He also worked as a Power
Conversion Control Intern at Lucid Motors in the summer of 2023, where he collaborated with the Vehicle Charging
team. Saikat’s research interests include design, modeling, optimization, and control of multi-order power electronic
converters, high-frequency high-density and highly efficient power conversion solutions using wide-bandgap
semiconductors with applications in clean energy systems, transportation electrification, and extreme
temperature/space electronics. He has co-authored/co-invented one book, over 30 peer-reviewed IEEE transactions
and conference papers, and five pending US patents.
While in school, Saikat has earned various awards and recognitions, notably the IEEE TPEL Second Place Prize Paper
Award (2023), Best Presentation Award at APEC 2022, TSMC AZ Fellowship (2023), IEEE IES HOPE Prize (2022), and
the Best Bachelors’ Thesis Award from the Indian National Academy of Engineering (2018).
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