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I-based tools for translation, con-

tent summarization and generation

uch as DeepL or ChatGPT play

an increasing role in education and re-
search. TU Graz recently published a very
open guideline (perhaps too open) for use
of these tools in education, and the Ger-
man Science Foundation DFG recently
published a first set of guidelines on the
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use of these tools in research, specifically
for writing scientific articles and proposals
and their review, see https://www.dfg.de/
service/presse/pressemitteilungen/2023/
pressemitteilung_nr_39/. While the guide-
lines do not preclude the use of such Al
tools, their use is seen as “neither nega-
tive nor positive”. Since tools cannot ap-
pear as authors, instead human authors
take full responsibility for scientific integri-
ty when using such Al tools. An interesting
aspect is that human authors “must ensure
that the use of generative models does not
infringe on the intellectual property of oth-
ers and that no scientific misconduct oc-
curs, for example in the form of plagiarism.”
This raises intricate questions as the tools
are usually trained on content produced by
other human authors found on the internet
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or provided as input to the tools by their hu-
man users. Therefore, these Al tools may
easily reproduce such human input when
later used by other users. That leads DFG
also to the conclusion that “the use of gen-
erative models is inadmissible in the prepa-
ration of reviews in view of the confidenti-
ality of the review process.” For now, this
spares us from a world where Al-generated
papers and proposals are reviewed by Al-
tools. But the prospect of humans having
to review Al-generated content does not
sound any better as it will inevitably lead
to a severe bottleneck in a qualified human
reviewer workforce.

In this edition of TU Graz research, Jan
Hansen, assistant professor at the Institute
of Electronics, gives us some insights into
his research. Enjoy your read!

Using Machine Learning to Improve
the EMC of Electric Vehicles

When designing electronic systems, many — often conflicting — design parameters need to be traded
against each other. Classical multi-objective optimization (MOO) problems can be formulated. In
Electromagnetic Compatibility (EMC), computer models are complex, have long computation times,
and are often inaccurate. Machine learning could possibly enable MOO for EMC, which could ease the
optimization of the electromagnetic design of various types of electronic systems.

Electric and electronic devices are used to
solve many — if not most - of the challenges
of modern society, be it mobility, commu-
nication, computation or medicine. Devic-
es are constantly evolving towards great-
er functionality, higher integration densi-
ty, higher frequencies and lower cost. For
example, in the automotive industry, there
is the transition from combustion to elec-
tric vehicles, and a significant increase
in the used number of electronic control
units (ECUs). Today’s vehicles have up to
150 ECUs including numerous processors

to monitor the various functions such as
engine management, transmission con-
trol, interior maintenance, as well as safe-
ty measures such as e.g. brake and air-
bag control. Figure 1 shows an example of
the various electronic systems in modern
vehicles. The electromagnetic compatibil-
ity (EMC) of all components ensures that
within such a complex system, all com-
ponents operate reliably and safe, and no
component is disturbed by the electro-
magnetic emissions of any other.

In an electric vehicle (EV), the major source
of electromagnetic emission is the power-
train, which consists of the traction inverter
with switching power semiconductors and
the electrical machine (Figure 2, courtesy
of BMW). The application of silicon carbide
(SiC) and gallium nitride (GaN) power sem-
iconductors in high-voltage power elec-
tronics significantly reduces the volume of
the traction inverter (more than 200% is re-
ported [1]) while even increasing the power
density (300%), which reduces the weight
of EVs and increases their range. >
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Figure 1: A modern vehicle

contains a large variety of electronic
components, which form a complex
electronic system.

Source: Jakob Schmidt

Computational methods have contributed
significantly to this success. But SiC and
GaN semiconductors generate much high-
er emissions in particular at high frequen-
cies, more than 20 dB above 30 MHz. Cost,
size, and weight of emission filters become
a major concern. Reduced to the essential
ones, between 10 to 30 design parameters
must be traded against each other to find
the sweet spots with respect to given de-
sign requirements, such as performance,
and ease-of-

efficiency, volume, cost,

design.

Computer models to analyze and pre-
dict the unwanted electromagnetic emis-
sions and their subtle propagation paths
are complex. They suffer from long com-
putation times and inaccuracy in particu-
lar at frequencies above 30 MHz. Machine-
learned models may prove to be the way
out. So-called surrogate models are
trained by repeatedly evaluating the estab-
lished deterministic computer models (al-
ternatively, measurements can be used).
The surrogate approximates the behavior
of the physical model and has a computa-
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tion time of milli-seconds. This allows for
several millions of computations within a
single day, potentially offering a complete-
ly different approach to virtual EMC design
as seen today. A surrogate model offers
novel paths in design, be it multi-objective
optimization, the improvement of the mod-
el quality by model calibration [2], or risk
analysis.

But which obstacles do we need to re-
move when generating a surrogate? There
is a trade-off between the model’s accu-
racy, its richness in features, the number
of its parameters and their ranges, and
the number of samples required to train
it. Several studies of electronic compo-
nents and systems have been carried out
[3,4,5]. Between 30 and 500 training sam-
ples are needed to achieve an accuracy of
the surrogate better than 15% root-mean-
square error for numbers of design vari-
ables between four and fifteen, with real-
istic parameter ranges and complexity of
the model response surface. These results
indicate that the generation of surrogate
models for EMC design is in reach with
moderate computational effort.

The surrogate serves as a container of all
possible designs. Feasible designs can be
drawn from this container as a function
of given design requirements. For a com-
petitive design, the assembly elements
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Figure 2: The electric powertrain is
the heart of an electric vehicle and its
major source of emission. (courtesy
of BMW Group Steyr Plant).

Source: Jakob Schmidt

needed e.g. for emission filters or gaskets
should be as low-cost as possible. Chang-
ing from Si- to SiC / GaN power semicon-
ductors increases this cost (schematically
drawn in Figure 3) because of the higher
emission levels. The evaluation of a surro-
gate model of a simple power converter is
shown in Figure 4. The investigated design
elements are the common mode choke
and the so-called Cy-capacitors and their
parasitic inductance. Among all possible
designs, those using Si are red, and those
using novel SiC power semiconductors
are green. The green samples are admissi-
ble only for larger values of the design ele-
ments, which is equivalent to higher cost.
The evaluation of the surrogate takes a
couple of minutes, so that these impor-
tant cost-design relations are convenient-
ly studied.
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With the expected start of the Chris-
tian Doppler Laboratory “EMC-aware
robust electronic systems” in January
2024, we have the possibility to conduct
in-depth research on the application of
machine-learning in EMC. Besides electric
vehicles, we are going to study the appli-
cability of machine-learning techniques to
assess optimization, improvement of mod-
el accuracy, and risk assessment for vari-
ous electronic systems. |
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Figure 3: Multi-objective optimization results in the Pareto fronts of best-possible feasible
designs. Using SiC/GaN instead of Silicon power semiconductors, the cost for required EMC

measures increases. Examining surrogate models helps to quantify this cost.
Source: Stefan Schoder

L)

25
=
5
. 20
2
g
P s B
-3
] .
-<
- 10
2
=
= '

2 "

m

~ 0
G 5
{},%r rul P 1o = ,\u\ﬂ
i 15 A
a, '
1w 0 o
r"l"‘il & 2 ‘l';“un,,
o g C

Figure 4: Simulation results (blue dots: all EMC compliant samples) of a practical
example and typical EMC design elements. Red: using Si-, green: using SiC power
semiconductors. Red samples are EMC compliant with smaller design elements, which

means lower cost, than green samples.
Source: Stefan Schoder
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