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In this paper, an efficient method for the prediction of radiation from shielding enclosures using near-field scan data is presented.
An Identification Block allows the location of radiation sources, regardless of their interference. It also allows to find physical models
that can be substituted to these sources, giving the same radiation pattern than the one provided by the measurement data taken as
reference. Once all the parameters of the physical model are found by an Optimized Genetic Algorithm, the Prediction Block can
predict the radiation at all space points in near/far field. This method is applied to the radiation from apertures of electromagnetic
shielding enclosures, in order to quantify the disruptive impact of the enclosures, including circuits inside, when it is inserted in a
complex environment. Numerical and experimental results are presented to demonstrate the validity and efficiency of the proposed

approach.

Index Terms—Shielding enclosures, genetic algorithm, radiated emission prediction, source identification.

I. INTRODUCTION

O CONTROL the radiation phenomena and to consider

ways for reducing electromagnetic interferences, it is
necessary to locate and identify radiation sources, and predict
their propagation in space. For this purpose, a common
proposed idea consists in characterizing the electromagnetic
emissions from a disruptive device on the basis of an
equivalent multipolar representation. This provides a
behavioral model that accounts for the sources actually present
in the device.

Indeed, in many complex systems (inside cars or airplanes),
the topology of the circuit becomes very complex; also, the
scaling ratio between shielding enclosures, electronic circuits
and components within is very important, making a full 3D
analysis too heavy for such realistic configurations. The idea
consists therefore in modeling the outgoing radiation of the
shielding enclosures through all these apertures. The whole
enclosure is then considered as a "black box" model, which
has a set of identified radiation sources, regardless the circuits
inside (Fig. 1). The enclosure is therefore replaced by punctual
sources of radiation, which can be inserted directly thereafter
into the meshing of complex structures. This allows to avoid
meshing the enclosure and all circuits inside.

Identification or prediction models were often applied to
radiation from Printed Circuit Board (PCB) in free space [1]-
[7], and at low frequency. In some methods, parameters
related to the number of dipoles and their positions are
predefined in advance [1], [3], [4] and sometimes even
manually; this requires a prior thorough knowledge of the
circuit architecture, which is not always available. Other
models [2] use extra complex processes like "image
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processing™ which is a shape recognition algorithm used to
identify the positions and the number of equivalent dipoles;
the determination of complex moments is made by the least
square method [1]-[4], which needs an accurate knowledge of
the phase [1]-[3]. These approaches lead to a parameter
identification which is not always optimal; besides the fact
that the phase measurement is a cumbersome operation,
especially at high frequencies. Also, some methods [1]-[3]
produce a high number of equivalent dipoles, which are
difficult to use in later integrations. In [5]-[7], tools were
developed that give an optimal location of dipoles and do not
require the measurement of the phase, but some are associated
with a cylindrical cartographies measurement and/or a heavy
and complex computation, which can take more than several
hours for a single frequency. The model presented by [8]
requires the measurement of the electric and magnetic field
components, and associates it with the Finite-Difference
Time-domain model (FDTD) to predict the evolution of the
field.

Optimiz_ed
Genetic
Algorithm

elementary dipoles
integrable in complex mesh

Fig. 1. Basic principle of the method.

This paper presents an efficient method to obtain an
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equivalent 3D model of the shielding enclosures at high
frequency. Using an Optimized Genetic Algorithm (OGA)
which requires only amplitude measurements of the magnetic
field radiated by the device, the optimal parameters of
equivalent dipoles are determined: total number of dipoles,
positions, orientations, and magnetic moment components.
The number of equivalent dipoles obtained is relatively small
and proportional to the number of enclosure apertures.

Il. METHODOLOGY FOR MODELING MAGNETIC EMISSIONS

A. Equivalent Elementary Magnetic Dipoles

The identification model represents the electronic device to
characterize as a set of equivalent elementary sources, which
will radiate the same electromagnetic field. These elementary
sources are a set of magnetic dipoles (Fig. 2), which are
characterized by the following parameters: the total number of
dipoles (N), positions (xo;, Yo, Zo;), Orientations (6;, ¢;),
and magnetic moments (M, = M*w; + MY, w4+ M%),
where i is the index number of the dipole.

Fig. 2. Elementary magnetic dipoles.

In the Cartesian coordinates, the magnetic field at point
P(xy,,yy,2,) radiated by an infinitesimal magnetic dipole i
placed at (xo;, ¥o;, Zo;) With arbitrary orientations can be
expressed as [9]:
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where k is the wave number and r; is the distance from the
dipole i to the measurement point P, given by:
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The other coefficients € related to H,  and H,; have similar

expressions with a coordinate transformation.

From equation (1), the total contribution of magnetic field is
obtained at any point P(x,,y,,z,) in space by superposing
and adding the emissions of the N elementary dipoles that
compose the model:

H(P)=2_H, ©)

B. Description of the Methodology

The proposed method supposes that the real source of
radiation will be substituted by a set of elementary magnetic
dipoles that must determine their unknown parameters. The
methodology consists therefore in measuring the cartography
of magnetic field components (Hx meas 1y 1 pus Hz meas) 8t

any height h, near the radiating structure; then, the optimal
parameters of dipoles are determined using the OGA (Fig. 1).
This resolution is based on solving an inverse problem from
the near-field cartography. The inverse problem consists in
computing a set of unknown source parameters by minimizing
an Objective Function (OF), which represents the difference
between the measured magnetic field and the modeled
magnetic field according to the searched parameters.

(... |- l)
OF, ,(X)=X| + (.. —||Hy(P)||)2 (4)
Np
A (CAW RG]
with  Nm the number of measurement points,
X =(N,xo;, Yo; » Zo; ME MY ME L0, i) oy, Which

represents the vector of unknown parameters that characterize
the N dipoles.

The method of OGA is a global stochastic optimization
process that is well suited to deals with highly nonlinear
problems [10]. It should be noted that the proposed method
based on the OGA requires only amplitude measurements of
the magnetic field radiated by the device, phase measurements
are not necessary.

The position parameters (xo,, Yo;, Zo;) and the moment

parameters (M* ,M%;,M?)) are deduced directly from the

OGA, while the orientation parameters (6;, ¢;) are calculated
thereafter from the values of the moments.

M_V
, = arctg| —

(5a)
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(5b)
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I11. RESULTS AND VALIDATION

A. Numerical results
1) Example 1: square apertures

In Fig. 3, a metallic enclosure is considered. This provides
an outgoing magnetic radiation from 3 apertures of a shielding
enclosure. This synthetic data provided by a 3D finite element
model is used here as measured cartography of the magnetic
field.

measurement plan (z,, = 25 mm)

1500

,
.
100 mm
g s

100 mm

Fig. 3. Shielding enclosure with 3 square apertures on the top face, containing
a PCB with a loop-shaped microstrip line.

The source of the magnetic field is a PCB sized 200 mm x
200 mm x 5 mm with a 1 mm wide loop-shaped microstrip
line on one side and a ground plane on the other side. The
PCB is placed inside a shielding enclosure sized 250 mm x
250 mm x 100 mm, built with a Perfect Electric Conductor
material with a thickness of 1 mm. The outgoing magnetic
field is radiated from 3 apertures on the top face of enclosure.
The apertures are square shaped and sized 5 mm x 5 mm.

Fig. 4 illustrates the results of the model application on the
radiation of the shielding enclosure apertures. The radiated
magnetic field components are located on a 300 mm x 300 mm
scanning plane, situated at 25 mm above the enclosure . From
the values of the dipoles (Table 1) the cartography predicted
on a plane located at 58 mm above the enclosure is deduced
and compared to the one obtained with the 3D model.

Fig. 4. Components of magnetic field radiated from 3 apertures at f = 800
MHz: (a) magnetic field data at the scanning plane (z, = 25 mm). (b) modeled
magnetic field by the dipoles (z, = 25 mm). (c) predicted magnetic field by the
dipoles (z, = 58 mm). (d) computed magnetic field with the finite element
model (z, = 58 mm).

Note that only one or two components of magnetic field
scanning data is sufficient to perform identification of all

dipole parameters and reconstruct the three magnetic field

components.
TABLE |
PARAMETERS OF THE EQUIVALENT DIPOLES

MR am) MYiam) M amy 0000 g0 gy
1 760e9 493e9 08el2 184,194,0 89.99 329
2 932e9 374ell 09ell 204,145,0 8994 001
3 767e9 -480e9 09el2 183,94,0 8999 -324

2) Example 2: circular apertures

In this example, the enclosure described in Fig. 3 is used,
but with a different apertures configuration on the top face

(Fig. 5).

110mm
=
h
3
3

Fig. 5. The top face of a shielding enclosure with 4 circular apertures.

Fig. 6 shows the results of the model application on the
radiation of the shielding enclosure apertures. The radiated
magnetic field components are measured on a 300 mm x 300
mm scanning plane, situated 20 mm above the enclosure top.

Fig. 6. Components of magnetic field radiated from 4 apertures at f = 500
MHz: (a) magnetic field data at the scanning plane (z, = 20 mm). (b) modeled
magnetic field by the dipoles (z, = 20 mm). (c) predicted magnetic field by the
dipoles (z, = 50 mm). (d) computed magnetic field with the finite element
model (z, = 50 mm).

TABLE Il
PARAMETERS OF THE EQUIVALENT DIPOLES

M) MYiam MPamy 0000 g g

1 31le8 125e8 10ell 187,167,0 89.98 2185
2 110e8 266e9 10ell 227,167,0 89.97 13.54
3 320e8 -132e9 O09ell 187,127,0 89.98 -22.39
4 1l4e8 -271e9 09ell 227,127,0 8996 -13.33

Note that the all obtained equivalent dipoles are located in
the plane of the apertures (Oxy).

B. Experimental results

In order to model a realistic case, magnitude cartographies
of magnetic field components are required. For this purpose,
near-field scanning measurements are performed in a near-
field test bench [11] developed in IRSEEM, which consists of
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a three-translation-axis robot with a mechanical resolution of
10 um for the three components (x,y,z). A magnetic probe
with a surface of 12.5 mm? is mounted on the robot arm and is
connected to a spectrum analyzer as measurement equipment.
The probe performs a scan over a planar surface above the
device on the XY plane, with a given height (z, = h). A PC
commands the robot and records all results. All the probes
(one for H, and H,, and another for H,) are calibrated with a
wire over a ground plane.

The enclosure described in Fig. 7 shows an on-board
system, which serves to operate a three-phase motor for a
hybrid vehicle. The enclosure contains power electronics,
mainly a coil with 8 turns of 23 mm diameter, powered by a
10 dBm signal generator. The enclosure is made of aluminum
with a 3 mm thickness.

The outgoing magnetic field is radiated from an insulating
gasket which is located between the enclosure and a closure
cap screwed. Since the gasket material is non-conducting, it
acts as a rectangular radiating slot sized 53.4 mm x 0.54 mm.

Fig. 7. Geometry of an enclosure with a radiating slot

Fig. 8 illustrates the results of the methodology. The OGA
requires here XX individuals, with YY generations. The
crossover and mutation probabilities are respectively NN and
MM.

Fig. 8. Components of magnetic field radlated from slot at f =10 MHz @)
measured magnetic field data at the scanning plane (z, = 25 mm). (b) modeled
magnetic field by the dipoles (z, = 25 mm). (c) predicted magnetic field by the
dipoles (z, = 50 mm). (d) measured magnetic field at the scanning plane (z, =
50 mm).

Fig. 8(a) shows the radiated magnetic field components
measured on a 240 mm x 200 mm scanning plane, situated at
25 mm from the slot; the space between sample points is 4
mm in both x and y direction. Fig. 8(b) shows the modeled
magnetic field at the same scanning plane, with all parameters
determined (Table IllI). Thanks to the physical model
substituting the radiation sources, the Prediction Block can
predict the distribution of radiation in all points in near/far
field. The plane (z, = 50 mm) is given as an example (Fig.

8(c)). This prediction is confirmed by measurements made on

the same plane (z, = 50 mm), as shown in Fig. 8(d).
TABLE llI
PARAMETERS OF THE EQUIVALENT DIPOLES

i X 2 y. 2 7 " Xo0; 1Yo, 1204 o o
I MYam) MY am) M (A Yoy L B b

1 614e7 289e7 02e10 122,102,0 8999 2517
2 41le7 -236e7 0.1e-10  144,100,0 89.99 -29.85

IV. CONCLUSION

A full 3D numerical analysis of complex systems is often
too heavy, because of the scaling ratio between shielding
enclosures, electronic circuits and components within. In order
to avoid these constraints an improved and effective model for
identifying and predicting radiated emissions from shielding
enclosures has been presented. On the basis of near-field
amplitude measurements, the approach provides a behavioral
model that accounts for the sources actually present in the
device and radiating from apertures. These sources are
substituted by a set of magnetic dipoles whose parameters are
determined by an Optimized Genetic Algorithm. Numerical
and experimental results have shown that the proposed model
can predict with a good accuracy at any point the outgoing
magnetic radiation from the apertures of the shielding
enclosure. Also, it provides equivalent punctual sources of
radiation, easily integrable into meshed complex systems.
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