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Brief description:
During the last few years, the adoption of lithium ion batteries has become well established in
mobile and stationary applications. In order to take full advantage of the superior performance
of modern lithium ion batteries, advanced management is mandatory. The major objective of
a battery management system (BMS) is to ensure the safest and optimum use of the energy
stored in the battery and to extend its lifetime by preventing any risk of damage. This goal is
achieved by monitoring and controlling the charging and discharging processes of the battery.
The tutorial aims at presenting current and future trends in the modeling, management and
design of a BMS for large-format lithium ion batteries, which consist of several series- and/or
parallel connected elementary battery cells. It first provides an overview of the current status
and possible evolutions of the battery technology with special regard to electric vehicles and
to microgrids. Then, a general view of the various BMS functions is presented. For each
function, the major modeling, management, and design challenges for its effective
implementation, the available commercial solutions and the research directions are discussed.
Commonly used indicators to define the battery state are the State of Charge (SOC) and State
of Health (SOH). However, another important indicator that hasn’t been widely discussed is
the State of Function (SOF). An overview of the concepts of SOC, SOH and SOF is provided
to highlight their importance in estimating the remaining energy stored in the battery, its ability
to power a load, and for prognosis and diagnosis. The tutorial discusses the commonly used
modeling techniques, i.e., circuit based modeling and electrochemical modeling, their
limitations and approach to estimate SOC, SOH and SOF. The speaker then describes his
research on bridging the gap between the electrochemical and the circuit based models to
develop an appropriate definition of SOH and a strategy that can more accurately estimate the
SOC, SOH and SOF of the battery. These techniques are applied for range estimation in
electric vehicles using a big data based framework.
This tutorial will then discuss the prominent architectures for BMS hardware partitioning and
implementation. In particular, it shows that a distributed hierarchical BMS architecture, which
reflects the physical structure of a battery (cell, module, and pack), can result in a very effective
partitioning of the BMS functions. This is obtained by delegating the monitoring tasks to the
local or slave units, while keeping the estimation tasks in the central or master unit. The
concept of smart cell is introduced. Moreover, in this scenario, the master unit is requested to
estimate the state of up to one hundred cells. This strongly motivates the adoption of innovative
solutions for its implementation, in which the use of an FPGA device may be beneficial. Indeed,
state-of-the-art FPGAs provide the advantage of combining high performance processors with
programmable logic resources, which may well be used for hardware acceleration of the highly
computationally-intensive algorithms, such those for battery state estimation. Fresh research

results are presented and discussed. They include the development of a hardware-in-the-loop
platform for assessing the performance of battery state estimators implemented in FPGAs
The tutorial is sponsored by the IEEE/IES Technical Committees on Energy Storage (ES TC) and on
Resilient and Security in Industrial Applications (ReSIA TC). The target audience includes graduate
students, researchers and professional engineers interested in gaining an in-depth knowledge
of current and future trends in the design of advanced battery management systems for lithium
ion batteries, which is mandatory for an effective use of these batteries.

Outline:


Tutorial introduction. Overview of battery technology for electric vehicles and for
microgrids
(Federico Baronti, Mo-Yuen Chow 10 min)



BMS functions, requirements, available commercial solutions and research directions
for their implementation (Federico Baronti, 10 min)



Battery modeling (Mo-Yuen Chow, 30 min)



Battery state estimation and its application to electric vehicle range prediction
(Mo-Yuen Chow, 30 min)



BMS architectures and hardware-in-the-loop simulation platform for the validation of
battery state estimators (Federico Baronti, 20 min)



BMS implementation examples (Federico Baronti, 20 min)
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