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Abstract—The new continuously emerging technologies,
over the last years, increase the complexity of electromagnetic
environments as more electronic devices are implemented in
modern applications such as e.g., vehicles, aircrafts, etc. The
already applied electromagnetic compatibility standards,
however, struggle to keep up with these new age technologies
and do not always account for characteristics met in real
dynamic environments as required by the EMC directive.
Therefore, potential harmful electromagnetic interference
sources cannot always be identified and overcome. For detection
of such threats, deeper investigation towards actual
environments and existing cases is necessary. Risk-based EMC
analysis can help distinguish critical cases in a common real
electromagnetic environment as it deviates from the fixed
standardized conditions. In this paper, a real case of a scooter,
acting as a victim is represented via a simple model and macro-
scaled parameters to identify and determine significant induced
values caused by a coupling of an unknown source. Experiments
as well as simulations validate the macro-parameter concept of
the applied case and allow to perform a simplified study of its
behavior when exposed to a complex electromagnetic
environment without the necessity to run expensive and lengthy
measurements. Even though the expected precision of such a test
is expected to be relatively low, it is sufficient to be incorporated
in the macro-parameter-based model focused on rough-but-
usable EMI estimations within a complex environment rather
than exact-but-wrong solutions obtained in a perfectly clean
laboratory setup.

Keywords—Risk-based EMC, macro-parameters, scooter,
EMI, coupling

I. INTRODUCTION

For proper functioning of electronic devices or complete
platforms such as e.g., vehicles, airplanes, etc., a series of
electromagnetic compatibility (EMC) tests need to be
performed following specific EMC standards. According to
the EMC directive [1] proper operation of any system under
test (SUT) in its intended environment should be established.
However, EMC testing is conducted in fully controlled
laboratory environments [2] with defined equipment and fixed
settings without incorporating other possible influential
parameters as shown in [3]. The increasing modern
technologies and numerous new embedded devices [4] create
a very complicated electromagnetic environment (EME)
introducing, thus, new challenges in EMEs as e.g., in the
automotive [5] (Fig. 1). Additionally, as shown in [6] and [7],

The research leading to these results has received funding from the European
Union’s Horizon 2020 research and innovation programme under the Marie
Sklodowska-Curie grant agreement No 812790 (MSCA-ETN PETER). This
publication reflects only the authors’ view, exempting the European Union
from any liability. Project website: http://etn-peter.eu/.

978-1-6654-0788-5/22/$31.00 © 2022 |IEEE

Fig. 1. The increasing modern technologies create a very complicated
electromagnetic environmen introducing new challenges in EMEs such as
e.g., in the automotive.

radiated emission and immunity EMC standard test methods
show deficiency. Therefore, investigations towards real
dynamic EMEs are necessary to include, estimate and identify
potential electromagnetic interference (EMI) sources [8].

Specifically, for large systems, the risk-based EMC
approach can be implemented as shown in [9]. Risk-based
EMC analysis deviates from the strict standardized techniques
[10] as it incorporates other factors as e.g. electromagnetic
risks regarding safety aspects [11]. It accounts for unpredicted
parameters as well as it deals with real conditions. This
approach has been successfully applied in maritime [12],
hospital [13] as well as automotive [14] environments.

Previous studies have used in-detail modeling procedures
to describe specific cases as e.g., aircrafts [15]. These
procedures intend to find precise solutions using analytical
[16] as well as numerical [17] models. However, such models
describe and examine fixed specific cases that cannot be
widely implemented [18]. In real conditions, however, many
parameters are random, unpredictable and continuously
altered. For example, the case of a car on a street contains
numerous continuously changing parameters as e.g., the
number of other cars nearby. So, deterministic and full-
detailed models are very difficult to estimate such conditions
as they limit the alterability of these variables. Oppositely,
other tools, such as statistical analysis and macro-scaled
models [19] can come closer to estimating any changes
causing deviations of the intended operation of an SUT [20].

In [14], a 3-point model incorporating known and
unknown sources is introduced. Via a simple case, the concept
of such a macro-scaled model in a harsh EME, characterized
by multipath coupling, variable distances to multiple sources
of unknown radiation properties, is presented. In this paper, an
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investigation of an unknown source (or EME overall)
coupling onto a scooter (acting as the victim) is made based
on the 3-point model and macro-parameters introduced in
[14]. Scooters are systems which have already proven to be
susceptible to EMI as shown in [21]. The unknown source,
here, is modeled as a field coupled onto the scooter, whose
amplitude can cause an unexpected behavior such as e.g.,
motor acceleration. Traditionally, such a case can be
examined as a pre-compliance test in specific test sites as e.g.,
anechoic chambers (ACs) [22] and/or reverberation chambers
(RCs) [23]. However, these field measurement campaigns
take a lot of time and are also quite expensive to perform.
Alternatively, a conducted susceptibility test procedure such
as the bulk current injection (BCI) method [24] or direct
power injection (DPI) method [25] can be implemented
directly to an SUT and can test its susceptibility in a relatively
time- and cost-efficient manner. Therefore, a correlation of
radiated E-field intensity with the signal induced via the DPI
method can help to detect faster and more efficiently EMC
issues and possible EMI occurrence. This is especially useful
when resources such as access to the chambers or amplifiers
needed to perform a high E-field measurements, are limited.
Furthermore, injecting the electromagnetic (EM) disturbance
directly to the critical component of the system allows to
bypass the effects introduced by the rest of the SUT, e.g.,
scooter chassis and allows to test the component exposed to
various disturbances more efficiently. DPI can also be helpful
in terms of testing different operational modes of the SUT as
e.g., different speeds with ease. To achieve that, though, the
crucial induced voltages as well as currents at the components
of the SUT due to the coupled-onto-the-victim field shall be
determined. A way to estimate these values is to calculate
them according to specific macro-parameters of the SUT
following the risk-based EMC approach as proposed in [14].
Another approach to pre-compliance immunity assessment is
based on performing numerical simulations. They can
however be just as time- and cost-expensive as actual
measurements. Not only modelling of the exact system is
often insufficient, it is often plain wrong and delivers results
that are very precise, but incorrect. Although the today’s
numerical solvers are very powerful, simulating a complex
disturbance, e.g., a multipath illumination, is also not trivial.
Since a structure such as a scooter contains numerous
parameters and it is very difficult to define its exact structure,
this paper simplifies the case to a simple model following
transmission line theory and benefits from the symbiosis
created by the hybrid usage of both numerical simulations and
measurements, while maintaining the advantage of simplicity
and good-enough accuracy. All in all, “done is better than
perfect”. Via experiments on a real scooter and simulations of
a simple model, macro-parameters are selected to investigate
a possible method for estimating crucial voltage values
induced on the SUT by illumination of an unknown source.

In Section II, the injection methods and complex EME
relation using macro-models is discussed. Section Il applies
the proposed macro-models of Section Il supported by
experimental as well as simulation results. Finally, Section IV
concludes the paper.

Il. INJECTION METHODS AND COMPLEX EME RELATION
USING MACRO-MODELS

To test a complete SUT or a certain component of an SUT
for its susceptibility against fields present in its designated
EME, pre-compliance tests can be performed in specific test

sites such as ACs and RCs. However, these procedures can be
expensive, time consuming and cannot create the complexity
of an actual EME, especially in traditional free space (semi-
AC conditions). RCs allow to create a more realistic multipath
environment and put lower strain on the input power
requirements due to the resonant fields, yet still require a large
Faraday cage. A vibrating intrinsic reverberation chamber
(VIRC) further alleviates these requirements and is also a cost-
efficient solution, but can only be used in mode stirring mode,
which is not optimal due to difficulties in controlling the dwell
time. Such laboratory-created conditions limit the ability to
understand what the critical components are actually
experiencing. Oppositely, creating a complex EME spectrum
based on real measurements of a scooter and further
implementing it directly to the critical components of the
SUT, can result in easy and quick EMI threat estimations. So,
a complex EME can be represented and directly induced to the
victim component so that potential malfunction of the SUT
can be easily detected. Such a technique is the DPI method,
where power levels can be directly injected to the components
of an SUT. Therefore, a link between the complex fields
coupled onto a scooter with the DPI method, needs to be made.
Then, the complex EME can be linked to the experienced-by-
the-victim directly-coupled power levels and therefore to the
crucial induced voltage and/or current values. Similar concept
on this connection is given via total efficiency in [26]. This
ratio already hints the direct link between the two values. To
achieve that link and output a ratio between voltage and E-
field values in the complex case of a scooter, a simplified
study is proposed and applied in this paper, based on the risk-
based EMC approach and application of macro-models.

According to traditional EMC standards, components of
an SUT such as e.g., a controller in case of a scooter, shall pass
the corresponding compliance tests before production and
application [27]. The same applies also for the whole SUT [2].
However, in real conditions the environment is changing,
involving random and transient effects which can couple onto
the SUT and create a certain malfunction [14]. A coupled field
can create critical induced voltages or currents into the
components of the SUT, influencing thus its intended
operation. Such an example is the field coupling onto one of
the components of a scooter as e.g., a cable. Therefore, a risk-
based EMC approach can help identify and detect potential
threats. As described in [14], the 3-point model, can give a
good estimation of the causes of malfunction of the SUT by
using variability of parameters via statistics and the link-
budget analysis. Following the concept of link-budget analysis
and incorporation of macro-models modularly, three macro-
models can be created representing the applied complex case
of the scooter illuminated by known and unknown sources in
a complex EME. To incorporate the behavior of the victim,
macro-models can be created regarding its response to the
illumination of the E-field for both it’s radiated as well as
conducted characteristics. Therefore, more information can be
given resulting to the final estimation of the critical induced
values. These macro-models are shown in a block-diagram in
Fig. 2 and are discussed in the next subsections:

e Macro-model of the complex EME
e Macro-model of the victim — Radiated side

e Macro-model of the victim — Conducted side
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A. Macro-model of the complex EME

The macro-model of the EME, here, can be described as
the complex environment containing an undefined number of
known and unknown sources. The nature of them, however,
cannot be entirely known as real environments present
unpredictability as well as randomness. According to [14], a
case of unpredictable coupling can be described as the 3™
point in the introduced 3-point model. More specifically, here,
the scooter (acting as the victim) represents the 1% point, while
it can be coupled by both known (2™ point) and/or unknown
(3 point) sources. Following the concept of the 3-point
model, we can easily simplify the complex case of a scooter
to a plain model, since the 3" point already incorporates the
unpredictability factor. Attempts regarding automotive EME
characterization have proven the complexity and difficulty of
these environments to be estimated as shown in [28]. So, an
EME, here, can be characterized through measurements
without, though, including properties of the victim.

B. Macro-model of the victim — Radiated side

A certain victim can be characterized via its radiated as
well as its conducted characteristics. From the radiated side,
each SUT has a specific radiation pattern that indicates its
susceptibility profile. However, complex structures as e.g., the
scooter in this case, have a difficult-to-define radiation pattern
due to geometry, shape, etc. An example of a hypothetical
radiation pattern of a complex case such as a scooter can be
seen in Fig. 3 (continuous black line). In such cases, there is
need for a certain characterization of their radiated effects that
can be easily calculated and used. According to [29], devices
(or here whole systems) can act as unintentional radiators
since the angle of an incident field coupled onto them can not
be correlated to the maximum caused interference directly.
That is also one of the main reasons why the radiation pattern
of an SUT shall be determined. [30] predicts the maximum
radiated electric field strength of such a case while [31] applies
the theory to an actual EUT. These cases present the worst-
case scenarios, considering the extremes. Such an assumption
can also be made in the complex case of the scooter. Assuming
the worst-case scenario occurring, the susceptibility aspects of
the SUT can then be accurately determined.

E-field lllumination
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Fig. 2. Block-diagram of the three created macro-models representing the
applied complex case of a scooter (acting as a victim) being illuminated by
a complex EME.
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C. Macro-model on the victim — Conducted side

For concluding towards a good estimation between the
induced voltages and fields ratio, the behavioral model of the
victim needs to be also characterized from the conducted side.
Since a scooter is a complex system containing numerous
parameters and any malfunction cannot be directly detected, it
can be considered as a black box [32]. In such a case, the
internal structure of the system is considered unknown, giving
only an output behavior in a certain input variance. However,
the coupling to the critical component is of interest here, and
the rest of the circuit acts as a mere interface between the
radiated field and that component. Therefore, the case can be
converted to a gray-box testing case. The measurement of the
input impedance can be performed with the use of a Vector
Network Analyzer (VNA) and act as a reference to the created
simplified single-lined case. In conjunction with the
experiments, the simplified model, can then create the
behavioral gray-box model, which can be simulated. From the
simulations, the induced voltage caused by the illumination of
the E-field, and the interactions between these components
can be found. Afterwards, they can be linked to the according
power levels of the DPI method.

Scooters can be characterized as complex systems due to
their structure, geometry, and interactions between their
components. Even though different scooters show variations
in their structure, the critical interface creating a coupling path
between the EME, and the sensitive component is created by
the long cable connected to it. Therefore, the model
investigated here can be narrowed down to three important
functional units: a potentiometer, a transmission line, and a
controller. A potentiometer is an adjustable voltage divider
which acts as a variable resistor. It is directly connected to the
steering wheel of the scooter, and it alters the resistance values
changing the voltage seen at the controller side. The link
between the potentiometer and the controller is usually a cable
with the return path through the chassis or another cable,
acting together as a transmission line for the coupled high-
frequency disturbances. Although, by design, the speed is
controlled by DC voltage, and normally there should be a low-
pass filter at the input of the controller, it is not always the case
due to costs. If there is no filter present, the induced high-
frequency signals received by the cable propagate towards the
controller and can affect its performance.

According to [14], such a complex system as the scooter
can be simplified to a macro-model incorporating multiple
parameters. Following the potentiometer-transmission line-
controller link, the complex structure of a scooter can be
represented via two loads and a transmission line as seen in
Fig. 4. The potentiometer is represented as the impedance of
the source Zg (although in this particular case it is a passive
element), while the controller is set as the impedance of the
load Z; . For the potentiometer, a resistive value can be used,
while the controller is modeled as a complex impedance. The
transmission line is represented by two cables, signal and
return path, in proximity with a ground plane representing the
scooter chassis, which might have a significant effect on the
transmission line impedance due to its sheer size and
proximity. The other elements of the scooter are considered
here to be sufficiently negligible to not cause significant
changes in the coupling and are incorporated in the
impedances of the three elements.

To examine the case of the straight-line simplified model
being illuminated by a certain field as an unknown source, the
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model first needs to match and represent the real case, with
respect to the circuit element impedances. This can be
achieved by optimizing the simulation model based on the
VNA impedance measurement performed on the actual
scooter. The structure shown in Fig. 4 incorporates parameters
such as e.g., loads, lengths and radius of the cables, distance
between the cables as well as distance between the cables and
the ground plane. Oppositely, the two loads representing the
potentiometer and the controller are varied between a range of
values according to the real case so that an estimation close to
the experimental results can be made. This way, specific load
values can be selected to be used for calculation of the induced
voltages and currents.

This simplified model is created based on an actual scooter
and validated to match the VNA measured values of the input
impedance. The case aims to prove the concept of macro-
parameters by hybrid usage of numerical simulations as well
as experiments. However, such a simplified case cannot
represent the complex structure of an actual scooter
completely since it misses multiple other influential
parameters. Even so, it can come closer to an estimation using
simple and easy tools. Following such a procedure, though,
might sacrifice the precision of such an investigation, due to
the lack of real representations and incorporation of precise
parameters. Use of more parameters, however, can result to
more precise results. Overall, as it will be shown, the accuracy
of such a procedure can remain high, concluding to the fact
that presumably good results and conclusions can be made
maintaining simplicity.

Fig. 3. Schematic of the simplified model with its hypothetical radiation
pattern (black line) and a hypothethical isotropic radiation pattern that it
should be corrected for (red dashed line).

= e
j=%

Potentiometer

<=

Fig. 4. Schematic of the simplified model representing a scooter based on
transmission line theory.

I1l. APPLICATION OF THE MACRO-MODELS

To apply the previously proposed macro-model concept, a
series of steps need to be made. These steps are shown in
Fig. 5 and are discussed in this section supported with some
experimental as well as simulation results. Firstly, to combine
the simplified case to the real scooter from the conducted side,
VNA measurements (Fig. 6) need to be performed to create a
gray box, representing the victim. After constructing the
simplified model according to section Il (Fig. 4), simulations
need to be run to match the VNA impedance measurement of
the actual scooter via the simulation optimization step. During
this step, selection and alteration of multiple parameters need
to be made to calculate the values of the two loads
incorporated in the model so that the simulated graph can
match the experimental results. Fig. 7 shows the simulated
plot that was the closest to match the measured impedance of
the actual scooter at 0 RPMs. As observed, the two graphs
present considerable dissimilarities. All and all, the two
graphs present two different cases: the real case and the
simplified model. However, even though they are not really
matching, they practically follow the same pattern, already
hinting a link between the real case and the simplified model.
So, it can already be presumed, that inclusion of more
influential parameters could come closer to an accurate
solution and representation of the complete complex system.
This could be achieved by adding more macro-parameters,
following the proposed modelling procedure of [14].

VNA Measurement

|

Creation of Simplified

Model
Macro-model of
the victim =
Conducted side Simulation

Optimization

|

E-field Values — Voltage
Values Relation

!

Normalization of
Radiation Pattern

Macro-model of 1
the victim —
Radiated side Correction for the

Unintentional Radiator

(Scooter)
Macro-ir;:odel of Complex EME
€ (E-field Excitation)
Complex EME

!

Correlation of Complex
EME to DPI Method

Fig. 5. Block-diagram of the steps to be followed for correlating the
complex EME to the DPI method.
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Following the conventional way for calculating induced
voltages and currents according to EMC theory, we conclude
to a depiction of the induced values as shown in Fig. 8. E-field
illuminations from three different polarizations (endfire,
sidefire, broadside), according to transmission line theory, can
give a good estimation of the induced values. However, real
environments include unpredictability as well as randomness
and can cause unexpected deviations in such “expected”
measurements. These calculations are sensitive to certain
parameters such as e.g., angle of incidence. Therefore, to
include this influence and correct for it, the radiated
characteristics of the victim shall be considered. A complex
case such as a scooter has an unknown radiation pattern
(Fig. 3), as also discussed in section Il. For comparing it to the
simulated model, both should be converted to match an
equivalent radiation pattern. To achieve that, the illuminated-
by-the-field simulated case can be corrected via its gain values
to match an isotropic radiation pattern. This way, the
significance regarding the angle of illumination can be
excluded. The link between the simulated case and the actual
case, can then be achieved via this normalized isotropic
radiation pattern as shown e.g., by the red dashed line in
Fig. 3. However, considering the complexity of the scooter,
the real case can further be corrected to match the radiation
pattern of an unintentional radiator corresponding to the
worst-case scenario by using the according gain values. Then,
excitation of a complex EME incorporating known and
unknown sources can be made, so that the actual critical
induced voltages and currents can be accurately calculated.
Following such a procedure, the E-field values generated by
the complex EME can be linked to the induced values that can
be used via the DPI method. Therefore, the critical values can
be directly injected to the crucial components indicating
possible EMI issues with ease.

Interestingly, from Fig. 6, we can extract some more
information regarding the macro-model application and the
advantage of using a device such as a VNA. Fig. 6 shows the
input impedance measured with a VNA (Fig. 4) at three
individual speed settings (0 RPMs, 60 RPMs and 110 RPMs)
of the scooter. As it is observed from the figure, the three
curves deviate slightly from each other following, though,
mainly the same pattern. Additionally, it is easily noticed that
for the two speeds (60 RPMs and 110 RPMs), the two graphs
present smaller deviations compared to the stationary case of
the scooter. The differences between these graphs can be
explained due to the changed parameters caused by change of
the set speed. As similarly shown in [14], a slight change in
our system (change of speed) caused a noticeable deviation to
the results proving, thus, the concept of macro-parameters. As
the only parameter that was changed in these measurements
was the resistance of the potentiometer, it can be assumed that
this variable was also the reason for the deviation. Such a
conclusion, though, cannot be made, since other parameters of
the system are unknown as e.g., the impedance of the
controller, geometry of the cable, etc. Therefore, further
investigation needs to be made regarding influential macro-
parameters as also discussed in [14]. Selection of significant
macro-parameters and further investigation on their behavior,
can help come closer to describe such a case. Additionally, as
shown, via a simple and quick sweep, using the VNA,
multiple information can be extracted regarding the SUT,
resulting to the fact, that the application of such a macro-
models can be done easily and relatively fast without the
necessity of performing long and costly measurements.
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Fig. 6. Impedance measurements at the controller of the scooter at three
different speeds.
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Fig. 7. Impedance measurements at the controller of the scooter at zero
speed along with the respective calculated via simulations impedance.

Endside
Sidefire
Broadside | |

102 L

Induced Voltage [V]
3 3
S >

e
o
IS

10° 108 107 108 10°
Frequency [Hz]

Fig. 8. Induced voltages of the three illuminations of the field (endfire,
sidefire, broadside) with altered parameters calculated in Matlab.
IVV. CONCLUSION

The paper proposes and applies a study regarding random
field coupling onto a scooter following the risk-based EMC
approach. In the paper, a link between the DPI method and the
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complex EME is suggested for better detection of EMC issues.
Following the 3-point model introduced in literature, and the
concept of macro-models, a complex case is proven to be
described sufficiently by a simplified model. The importance
of incorporation of characteristics from both the source and
the victim sides of the coupling seems to be of significance.
Furthermore, use of statistical tools via simulations have been
applied via parameter alteration at the simplified case, proving
their importance. Simplifying the complex structure and
geometry of the scooter to a simplified model can result to
accurate solutions linking complexity to simplicity. Good
estimations of the induced values can be further made, and
then applied via the DPI method to create a link to real
complex EMEs.

[1]

[2]

(3]

[4]

[5]

[6]

(71

8]

(9]

[10]

[11]

[12]

[13]

REFERENCES

2007/46/EC, “Directive 2007/46/EC of The European Parliament and
of the Council of 5 September 2007 establishing a framework for the
approval of motor vehicles and their trailers, and of systems,
components and separate technical units intended for such vehicles”,
Off. J. EU, 9/10/2007, L 263, Vol. 50, pp. 1-160.

UNECE Reg10:2019, “Regulation No. 10 — Uniform provisions
concerning the approval of vehicles with regard to electromagnetic
compatibility”, Add. 9, Rev. 6, 15/10/2019.

A.R.Ruddle, and A. J. M. Martin, “Adapting automotive EMC to meet
the needs of the 21st century”, IEEE Electromagnetic Compatibility
Magazine, Vol. 8, Issue: 3, pp. 75 - 85, 3rd quarter 2019.

Z. Psenakova, D. Gombarska, and M. Smetana, “Electromagnetic Field
Measurement inside the Car with Modern Embedded Wireless
Technologies”, IEEE 21st International Conference on Computational
Problems of Electrical Engineering (CPEE), (Online Conference),
Poland, 16-19 Sept. 2020.

A. R. Ruddle, A. J.M. Martin, and M. Emery, “Proposals for Change
in Automotive EMC Standardization and Engineering Practices”, IEEE
International Joint EMC/SI/P1 and EMC Europe Symposium, Raleigh,
NC, USA, 26 July-13 Aug. 2021.

Konstantinos Pliakostathis, Marco Zanni, Germana Trentadue, and
Harald Scholz, “Assessment of a Vehicle's Electromagnetic Emissions
Under Dynamic Drive Conditions”, IEEE Transactions on
Electromagnetic Compatibility, vol. 62, issue: 6, pp.2411-2422, Dec.
2020.

Z. Yue, Z. Xu, C. lei, Guo Jiandong, and Fan Yan, “Research on
Vehicle Radiation Immunity Test Method Based on Actual
Electromagnetic Environment”, Joint International Symposium on
Electromagnetic Compatibility, Sapporo and Asia-Pacific International
Symposium on Electromagnetic Compatibility (EMC
Sapporo/APEMC), Sapporo, Japan, 3-7 June 2019.

A. R. Ruddle, and A. J. M. Martin, “The Need for a Risk-Based
Systems Engineering Approach in Automotive EMC Engineering”,
Proc. of the 2018 International Symposium on Electromagnetic
Compatibility (EMC Europe 2018), Amsterdam, The Netherlands,
August 27-30, 2018.

F. Leferink, Jan-Kees van der Ven, H. Bergsma, and B. van Leersum,
“Risk based EMC for complex systems”, XXXIInd General Assembly
and Scientific Symposium of the International Union of Radio Science
(URSI GASS), Montreal, QC, Canada, 19-26 Aug. 2017.

F. Leferink, “Risk-based vs Rule-based Electromagnetic Compatibility
in Large Installations”, IEEE 4th Global Electromagnetic
Compatibility Conference (GEMCCON), Stellenbosch, South Africa,
7-9 Nov. 2018.

L. Devaraj, A. R. Ruddle, A. P. Duffy, and A. J.M. Martin, “Risk
Assessment Approach for EM Resilience in Complex Systems Using
Bayesian Networks”, IEEE International Joint EMC/SI/PI and EMC
Europe Symposium, Raleigh, NC, USA, 26 July-13 Aug. 2021.

N. Omollo, Jan-Kees van der Ven, R. Vogt-Ardatjew, and F. Leferink,
“Determining the Electromagnetic Environment on Board Ships for
Risk-based Approach EMC Analysis”, IEEE International Symposium
on Electromagnetic Compatibility & Signal/Power Integrity (EMCSI),
Reno, NV, USA, 28 July-28 Aug. 2020.

M. Das, R. Vogt-Ardatjew, B. van den Berg, and F. Leferink, “Risk-
based EMC Approach in Hospital Environment”, IEEE International

(14]

[15]

[16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

[31]

[32]

Symposium on Electromagnetic Compatibility & Signal/Power
Integrity (EMCSI), Reno, NV, USA, 28 July-28 Aug. 2020.

V. Gkatsi, R. Vogt-Ardatjew, and F. Leferink, “Risk-based EMC
System Analysis Platform of Automotive Environments”, IEEE
International Joint EMC/SI/P1 and EMC Europe Symposium, Raleigh,
NC, USA, 26 July-13 Aug. 2021.

M. Bozzetti, C. Girard, A. Hoque; A. Marvin, J. P. Moreoau, J. P.
Parmantier, M. S. Sarto, and C. G. Spiliotopoulos, “HIRF Synthetic
Environment: An innovative approach for HIRF design, analysis and
certification of aircraft and rotorcraft”, International Symposium on
Electromagnetic Compatibility - EMC EUROPE, Rome, Italy, 17-21
Sept. 2012.

N. Moonen, R. Vogt-Ardatjew, A. Roc’h, and F. Leferink, “3-D Full-
Wave High Frequency Common Mode Choke Modeling”, IEEE
Transactions on Electromagnetic Compatibility, vol. 62, issue: 3, pp.
707 — 714, June 2020.

P. J. Riu, R. Jadregui, F. Silva, and M. Fernandez, “Transient
Electromagnetic Field Computation in Automotive Environments
using FDTD”, IEEE International Symposium on Electromagnetic
Compatibility, Honolulu, HI, USA, 9-13 July 2007.

S . Frei, R. G. Jobava, and D. Topchishvil, “Complex Approaches for
the Calculation of EMC Problems of Large Systems”, 2004
International Symposium on Electromagnetic Compatibility, 9-13
Aug. 2004.

R. Vogt-Ardatjew, “Electromagnetic fields in reverberant
environments”, Ph.D. thesis, University of Twente, Enchede, The
Netherlands, 2017.

R. Vogt-Ardatjew, F. Leferink, “Experimental plane wave and random
field coupling to uniform and non-uniform transmission lines”, IEEE
International Symposium on Electromagnetic Compatibility (EMC),
Dresden, Germany, 16-22 Aug. 2015.

D.M. Witters, and P.S. Ruggera, “Electromagnetic Compatibility
(EMC) Of Powered Wheelchairs and Scooters”, Proceedings of 16th
Annual International Conference of the IEEE Engineering in Medicine
and Biology Society, Baltimore, MD, USA, 3-6 Nov. 1994.

J. Lei, Y. Xu, T. Tian, R. Chen, M. Chen, and J. Jia, “Challenges and
opportunities on intelligent vehicle tests in anechoic chamber”, Sixth
Asia-Pacific Conference on Antennas and Propagation (APCAP), 16-
19 Oct. 2017.

1SO 11452-11:2010, “Road vehicles — Component test methods for
electrical disturbances from narrowband radiated electromagnetic
energy — Part 11: Reverberation chamber”,1st Ed., September 2010.

1SO 11451-4:2013 Road vehicles — Vehicle test methods for electrical
disturbances from narrowband radiated electromagnetic energy — Part
4: Bulk current injection (BCl).

IEC 62132-4, Integrated circuits-Measurement of Electromagnetic
Immunity, 150 kHz to 1 GHz-Part 4: Direct RF Power Injection
Method, ed. 1. 0, February 2006.

P. Besnier, F. Delaporte, T. Houret, “Extreme Values and Risk
Analysis: EMC Design Approach Through Metamodeling”, IEEE
Electromagnetic Compatibility Magazine, vol. 10, issue: 4, 4th Quarter
2021.

ISO 11452 series, “Road vehicles — Component test methods for
electrical disturbances from narrowband radiated electromagnetic
energy”.

V. GKkatsi, R. Vogt-Ardatjew, and F. Leferink, “On-Site Automotive
Environment Measurements for a Risk-based EMC Approach”,
unpblished.

B. Menssen, F. Burghardt, and H. Garbe, “Simulation Objects to be
used as Unintentional Radiators,” in 2014 Asia-Pacific International
Symposium on Electromagnetic Compatibility, Tokyo, May 2014.

B. Menssen, David Hamann, and H. Garbe, “Predicting the maximum
radiated electric field strength from unintentional radiators”, 2015
Asia-Pacific Symposium on Electromagnetic Compatibility (APEMC),
Taipei, Taiwan, 26-29 May 2015.

B. Menssen, H. Brech, and H. Garbe, “On determining the directivity
of electrically large, unintentional electromagnetic radiators —
Assessment of a real electronic equipment”, 2016 International
Symposium on Electromagnetic Compatibility - EMC EUROPE,
Wroclaw, Poland, 5-9 Sept. 2016.

S. Grivet-Talocia, and B. Gustavsen, “Black-box macromodeling and
its EMC applications”, IEEE Electromagnetic Compatibility
Magazine, vol. 5, issue: 3, Third Quarter 2016.

Accepted Author Manuscript



