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®| Check for updates

The use of electric vehicles
contributes to sustainability efforts by
reducing our reliance on fossil fuels
and improving air quality.
Communications Engineering is
delighted to present its first complete
Research Collection on the topic of
Battery Management Systems for
Vehicle Electrification; you can read
all the content here: https://www.
nature.com/collections/hfdifjjbha.

lectric Vehicle (EV) sales continue to
grow across the world. According to
the International Energy Agency,
more than 17 million were sold in
2024. Nearly half of new car sales in the huge
Chinese market were EVs, while in Norway,
around 90% electrification was achieved'. Bat-
tery management systems are critical compo-
nents of EVs, monitoring and responding to
battery voltage, current, temperature, and other
signals in order to optimise battery perfor-
mance. Below, we outline some key areas of
research exploration and describe how the
papers in our collection have contributed.

Battery states

Improving our understanding and measurement
of key cell parameters is critical for optimising
performance. There are exciting opportunities for
enhancing the traditional measurements of vol-
tage, current and temperature, with new sensor
types. For instance, Gu et al.> demonstrated how
cell strain measurements can help provide addi-
tional insights towards a quantitative estimation
of state-of-safety. Tracking of these states will
become more important in coming years due to
mandates such as the battery passport, which is
highlighted in the Commentary from Bilow
et al.’. The commentary reflects on how state-of-
health and remaining useful lifetime can be
practically tracked in real-world automotive
applications. This is a sentiment shared by others.
For example, Lanubile et al.* leveraged domain
knowledge-guided machine learning techniques
towards practical state-of-health estimation, as

well as Zhang et al.’, who demonstrated a data-
driven capacity estimation approach using frag-
mented charge data. Of course, capacity is not the
only metric of interest and the community should
also develop techniques for extracting other
complementary states. This is exemplified by the
work of Blémeke et al.” who explored the feasi-
bility of using balancing resistors already in place
in battery management systems as a tool to sti-
mulate cells for in situ impedance tracking, useful
for the estimation of state-of-available-power.
Finally, practical state-estimation is still hindered
by complex phenomena such as voltage hyster-
esis. Jahn et al” proposed a probability-
distributed equivalent circuit to capture this
effect, towards more accurate state estimation.

Impact of inhomogeneities

Exploring localised cell effects. A current
trend in lithium-ion batteries is the increase in
individual cell capacity and as such we cannot
assume homogeneous behaviour. The impor-
tance of localised effects on how cells might
ultimately degrade was highlighted in several
contributions. Li et al.® reported a thermally
coupled and distributed model showing that
thermal gradients of only 3 °C can result in suf-
ficient positive feedback to accelerate degrada-
tion by 300%. Lin et al.” also reported non-
uniform temperature distributions, the extent to
which they stressed is influenced by underlying
material properties such as solid-phase diffusion.

Scaling up to packs. Scaling up to practical
packs, temperature remains a key consideration
alongside configuration. For instance, He et al."”
explored how electrical connection topologies in
a pack could be optimised to minimise the
accelerated cell ageing caused by thermal gra-
dients. Similarly, Naylor Marlow etal."' explored
the impact of thermal gradients in parallel con-
nected cells, identifying convergent and diver-
gent modes of cell degradation trajectory,
highlighting the importance of the cathode
impedance. The practical challenges with battery
packs are compounded by the volume of
potential failure points, which has motivated
work in pack failure detection across modalities.

This is exemplified by the work of Naguib et al.””
who reported an integrated physics and deep
neural network-based model to detect thermal
faults in packs and also the work of Lambert
etal.”’, who reported a method to detect faults in
complex large battery packs using current
distributions.

Emerging tools

Looking to the future, two Perspective Articles in
the Collection explore emerging tools of value to
this field. Berecibar and Zeng" focused on the
variety of different sensors used for monitoring
battery systems, allowing for the generation of
new data streams, also bringing in physics-guided
methods. Meanwhile, Manashita Borah and
colleagues™ deeply explored the strategies for
integrating physics and machine learning in
future battery management systems, allowing the
extraction of more detailed insights and new
opportunities for state estimation and system
optimization in the future.

Outlook

EVs will undoubtedly dominate the future of the
automotive world. But there is still scope for
performance improvements. There is a need for
new cell formats with greater energy density,
longer lifetimes, cost efficiency, and improved
safety. Combining new understanding with
technological innovation will lead the way to
these much-needed developments. We hope that
the ideas presented in our Collection will be sti-
mulating for those working in the field, towards
these goals.
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