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1 | INTRODUCTION

Reverberation chambers (RCs) are used in electromagnetic com-
patibility for immunity and emission tests. In particular, the
measurement of power radiated by equipment under test (EUT)
inside an RC has been studied since 1976 [1].

Inside a well operating RC, the electromagnetic field is
statistically uniform and isotropic, thus so making the EUT
directivity meaningless [2,3]. Therefore, radiated emission
measurements in an RC [4] are based on the estimation of
the equivalent directivity (D) of the EUT as a function of its
geometry [5,6].

In 2013, a new method, based on the Rician K factor,
for estimating the directivity of radiating devices in a rever-
beration chamber was proposed [7]. One year later, using an
improvement of this technique, an antenna radiation pattern
was obtained by performing only one measurement per angle
under study, taking advantage of the real-time Doppler effect
[8], therefore making radiation pattern retrieval very competi-
tive compared to traditional anechoic chamber methods.

In 2016, a free space antenna radiation pattern estimation
from intensity measurements made in reverberating environ-
ments was investigated [9], examining, in particular, the scenatio
where the field statistics deviate from the ideal ones.

In the literature, many research activities were also addressed
for predicting the emissions of an EUT located in an open
area test site (OATS) from measurement done in other envi-
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This paper presents a general and quasi-analytical method aimed at reconstructing the elec-
tric field radiated by equipment under test (EUT), in free space through the knowledge of
the values of the electric field sampled on the walls of a rectangular metallic enclosure. The
algorithm is based on a set of equivalent magnetic and electric currents, regularly placed in
a sub volume of the chamber, whose values are determined to reconstruct the electric field
due to the EUT on the samples. Results show that the method is general because it can be
applied to a wide set of EUTS, but it is also flexible because it is able to exploit some a priori
knowledge of the source to improve its accuracy and efficiency.

ronments. In addition to the correlation with free space
measurement [10], typically reproducible in a fully anechoic
chamber, these activities also aim at formulating a set of equiva-
lent sources able to replace the EUT in computing its radiation.

As regards measurement sites alternative to OATS in con-
junction with the use of equivalent sources, transverse electro-
magnetic (TEM) cells were first investigated. In particular, an
electrically small radiating source of atbitrary nature placed into
a TEM cell was modelled by an equivalent-dipole system con-
sisting of three orthogonal electric dipoles and three orthogo-
nal magnetic dipoles, each excited with arbitrary amplitude and
phase [11].

In [12], the author reviews the basics of the multipole model
as it relates to TEM cells, details various measurement schemes
appropriate to single-port TEM cells, and presents examples of
measutred emission data, both in near field and in far field.

A review of dipole models for correlating measurements
made in various electromagnetic compatibility test facilities was
presented in [13]: a fully anechoic chamber, an open area test site
(OATS) or a semi-anechoic chamber (SAC), a transverse electro-
magnetic (TEM) cell or stripline, and a reverberation chamber.

GTEM cell measurements of an EUT were also proposed for
predicting the equivalent OATS radiated field [14,15]. The EUT
is modelled by equivalent sources and the algorithms used are
based on several a priori assumptions on amplitude, phase and
position of the multipoles and their influence on the simulated
OATS field.
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Successively, the paper [10] presented a time-domain trans-
mission line to model the GTEM cell. The advantages of this
method include high accuracy and the ability to model differ-
ent materials. The model of a realistic EUT was also included
in the GTEM characterization and a good agreement between
the experimental measurement of radiated emissions and simu-
lations was obtained.

Later, in [17] the procedure to convert total radiated power
measurements data to equivalent electrical field data, which
might be obtained on a standardized test site, was discussed.
The proposed algorithm is based on two parameters, the geo-
metrical factor and the directivity of the equipment under test.
Both parameters are unknown for unintentional radiators, and,
in particular, the directivity depends on the effective size of the
EUT, described by the radius of a sphere containing it.

More recently, in [18] an improvement for the standard algo-
rithms used to correlate the radiated emission measurements
performed in a GTEM cell to measurements performed in an
OATS was proposed. The improvement was achieved by using
non-linear regression models in order to estimate the ampli-
tudes of a multipole model, assuming equally phased dipole
moments.

The analysis of the literature shows how the correlation
among measurements carried out in different test sites is of
great importance in EMC, from both a standardization view-
point [19] and a scientific one [20].

This paper proposes a model for estimating the radiated
emissions of an EUT in free space from the knowledge of the
field radiated by the EUT in a closed environment. The model
development is still at a theoretical level, necessary for the analy-
sis of all the parameters that can affect its accuracy. More specif-
ically, the main goal of the paper is to apply the idea to an EUT
inside an RC. In particular, the method appears to be very suit-
able for RCs that implement the multiple monopole source stir-
ring (MMSS) technique [21,22], due to the presence of arrays of
monopoles on the RC’s walls for the stirring action, and useful,
in the emission test, for sampling the electric field.

The proposed method consists in the determination of a set
of elementary equivalent electric and magnetic sources, placed
into a sub volume called equivalent source volume (ESV), and
fed with currents able to generate the same electric field values
of the EUT in the RC. Subsequently, the equivalent sources are
placed in free space, under the assumption that their radiated
field is the same field radiated by the EUT in free space. To
check the validity of the proposed method, that is, the equiva-
lence between the elementary sources and the EUT also in free
space, some EUTSs, whose radiation can be analytically deter-
mined, have been tested.

It is important to specify that the term ‘equivalent source’
is not used in the sense described by the equivalence principle,
rather, throughout the paper, the term is simply used with the
meaning of ‘good approximation’ of the reference sources.

The organization of the paper is as follows: Section 1
describes the method and the scenario; Section 2 reports results
to validate the method; Section 3 shows that by using a subset of
equivalent sources, results can be further improved and, finally
conclusions and future works are reported.
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FIGURE 1 Electric field probes on the chamber walls (black) and the
ESV containing the grid of equivalent sources (blue)

2 | DESCRIPTION OF THE METHOD

The scenario (Figure 1) consists in a rectangular cavity with
metallic walls, whose conductivity is chosen to take into account
all lossy mechanisms. An EUT is placed into the equivalent
source volume (ESV), usually close to the centre, even though
this allocation is not critical for the method application. IV, elec-
tric field samples are collected on the RC walls. The aim of this
section is to investigate theoretically if it is possible to estimate,
with acceptable accuracy, the radiated emissions of the EUT in
free space, from the knowledge of the electric field in a certain
number of sampling points collected on the walls of the RC. The
proposed method requires the definition of equivalent sources
that can represent the EUT emissions both in the RC and in free
space.

The model is based on the assumption that the emission
of the EUT does not appreciably change when passing from
the RC environment to free space. This assumption is accept-
able if we consider the EUT within a well operating RC. It is
worth specifying that the method was designed as an applica-
tion of the MMSS-RC, because the chamber is characterized by
many antennas on the chamber walls, therefore, the electric field
can be easily sampled. However, the method can be general-
ized using a set of electric field probes in a generic rectangular
cavity.

The main goal is to characterize the EUT (the reference sce-
nario) with a set of elementary sources, electric and magnetic
currents (the equivalent scenario or the equivalent sources),
whose electromagnetic behaviour inside the MMSS RC can be
analytically predicted [21].

The equivalent sources are uniformly placed in the sub vol-
ume ESV of the RC. Three electric and three magnetic dipoles,
having orthogonal directions, are placed in each node of a regu-
lar grid (Figure 1).

The amplitude and phase of equivalent soutces are calcu-
lated considering that the electric field values sampled by the
monopoles on the walls have to be the same for the reference
and the equivalent scenario. The value of the current flowing in
each equivalent elementary source is calculated according to the
flow chart shown in Figure 2.
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Step 1 - EUT radiation > E.¢/

v

Step 2: N4 equivalent sources are
placed into the ESV

v

Step 3: Computation of matrix Z,,;

v

Step 4: Initialization of residuals E;** = E;Ef

v

Step 5: Computation of d; according to (1)

v

Step 6: Storage of i* such that d;« = min(d;)

v

Step 7: Computation of residual field values (E}**)
according to (2)

Step 8: Computation of relative error err according to (3)

A
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end

FIGURE 2  Flow chart of the proposed method

In the following, the algorithm operations pertaining to each
step of the method are described:

* Step 1: the reference electric field radiated by the EUT

(E;ef, n = 1, .., Ns) is calculated in correspondence of
the N, sample points placed on the chamber’s walls.

* Step 2: the EUT is removed and is substituted by a set of
equivalent sources (ZM,]_I;[[%, i = 1,..,N,) placed into the
ESV. Their values are initially set to zero. The algorithm
provides the final values of the equivalent sources with the
desired accuracy at the end of the iterative procedure. The
choice of the value of N, will be investigated in Section 2.

* Step 3: computation of the matrix £, , being # = 1,..., 1V,

and 7 = 1,... ,Mq; each element of the matrix represents

the electric field generated by the /th equivalent source and
normalized to the current, calculated at #th sample point.

* Step 4: the reference field (Ef/ ) is stored as the residual value
(E).

* Step 5: the quantity d;, defined as (1) is calculated for each 7th
equivalent source

N, )
L ZE =2
i Ns
Zﬂ=1

(Rev 2.9, Rev. 2.13)

i = 1,..,N, (1)

E;ff

This quantity represents the error made in evaluating the field
for each equivalent source.

* Step 6: the minimum value of 4; is chosen and the corre-
sponding 7*th equivalent source /i is fixed, because its field
represents the best fitting of the EUT field.

e Step 7: (E,”) values of the electric field are updated by sub-
tracting the electric field values generated by 7+ (2), obtaining
a residual field.

E;;w = EJ;U - Zm'*]z'*’ n = 1’ ’ZVI (2)

* Step 8: the relative error is computed according to (3).

N; ”

XL 1B

err = \—W (3)
Ei 5 |Eﬂ

n=1

If it assumes a value lower than a desired threshold (7)) the
algorithm ends, otherwise the procedure reiterates from Step 5,
using the residual field as the new field to be reproduced by the
equivalent sources. According to our expetience, a value th <
0.01 assures a good level of reliability of the algorithm.

At the end of the iterations, the algorithm provides a set of
N, current values of elementary sources that generate on the
RC walls the best approximation of the reference EUT field,
and we assume that they also radiate in free space the same field
of the EUT in free space, as shown in the next sections.

3 | RESULTS

The simulations reported in this section aim to demonstrate the
capability of the proposed model to predict the radiation of an
EUT in free space.

In the proposed technique, the equivalent source spatial dis-
tribution is a key point for its accuracy. Consequently, to analyze
the effect of this parameter, the initial choice is to space the grid
nodes at half a wavelength [23], then, this distance is varied to
investigate any critical issues.

The scenario is an RC having dimensions of 80 cm X 90 cm X
100 cm, and the investigated frequency range is 1-6 GHz. The
electric field is sampled in /N5 = 120 points, irregularly placed
onto the RC’s walls. In the analytical model of this chamber, all
loss mechanisms are taken into account in terms of an equiva-
lent finite conductibility of the walls [21]. More details on the RC
characterization, including quality factor, working frequencies,
the well stirred conditions and the performances of the multiple
monopole source stirring technique can be found in [24-20].

The EUT (Figure 3) consists in three dipoles and three squate
loops with orthogonal directions. This choice is due to two rea-
sons: (1) the EUT radiation, both inside the RC and in free
space, can be analytically calculated; (2) the source structure is
quite general.

The EUT can be included in a cube with 30 cm sides. All the
dipoles have a length of 1 cm and they are fed by a current of 0.1
A. All the loops have a side of 10 cm and their feeding current is
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FIGURE 3 The EUT: Three dipoles and three loops having orthogonal
directions in a cube with 30 cm sides

0.01 A. In this way, the electric field values on the sample points
due to the loops have the same order of magnitude as those of
the dipoles.

Considering, for example, a dipole of length /; oriented along
the z axis, placed in (x, ), %) and fed by a current 7, the electric
field orthogonal to the RC wall located on the RC side x = 0 is

167, . .
E. (nz)= —— X |— sin(ky)sin (k) -

JwE mp abd
- sin ('éz/d) sin (&,.x;) sin ('éfﬁ’ff) sin ('éz%d) . @
k. e

2 2 2 2 ’
/%””’P 5P’épr (/%ﬂmp_’é‘lﬂl)

where

mi ni pT

knpt = kA kR, k= kA

?
2,i=0
5/“{1, i#0’

w
2 2 . mnp
’ém,m =£(1-0U-D =M |’
@ Qﬂmp

and £is the wavenumber, @,,,, is the angular resonant frequency

for the (, n,p)th mode and (}QZ; s the quality factor of the
RC related to the (m,n, p)th TE or TM mode. This expression
was detived in [21] starting from the general expression of a
cavity field in terms of modal expansion [27].

Equation (4) is also an extended and specific representation

of the general term Z,;/; appearing in (1). Similar expressions

Electric Field [dBmV/m], ¢=0, var 0, f =1 GHz
90

reference

equiv. 3x3x3
equiv. 5x5x5
equiv. 7x7x7
equiv. 9x9x9

270

Electric Field [dBmV/m], 0=n/2, var ¢, f =1 GHz

90 reference
120 60 — equiv. 3x3x3
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FIGURE 4 Polar plots of the reference and equivalent electric field,
varying the number of equivalent sources at 1 GHz

can be derived for the electric field generated by all the other
equivalent soutces. Regarding the loops, they are modelled as a
combination of four dipoles along the sides of a square.

We considered at first the frequency of 1 GHz, and we fixed
the number of equivalent sources to 27, corresponding to a grid
of 3 X 3 X 3 equivalent sources spaced half a wavelength apart.
Then, we increased the number of equivalent sources to analyze
the effect of reducing their relative distance.

Figure 4 reports the electric field intensity radiated in free
space at a distance of 10 m in two orthogonal planes, recon-
structed with our method and compared with the reference
field. Emission patterns are evaluated varying the number of
equivalent sources in the ESV. The figure shows that when the
spacing between the equivalent sources is reduced, but their
number is increased to maintain the same volume, there are no
significant changes of the results.

Table 1 shows the effect of the equivalent source spacing
on the directivity and on the maximum radiated field values.
A, represents the distance between two adjacent equivalent
sources in terms of wavelength, 1), the reference directivity,
D, the directivity due to the equivalent source reconstruction
and E.y/Es the ratio between the maximum values of the
equivalent electric field in free space and the reference value. For
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TABLE 1 Effects of the equivalent sources spacing at 1 GHz

Neq A/l Dref(dBi) Deq (dBl) Eeq/Eref(dB) Dest (dBl)
33 1/2 23 2.7 0.01 3.7
53 1/4 2.3 2.6 —0.35 3.7
73 1/6 2.3 2.8 0.01 3.7
9 /8 23 2.2 —0.39 3.7
Electric Field [dBmV/m], ¢=0, var 0, f = 3 GHz
reference
equiv. 3x3x3
equiv. 5x5x5
equiv. 7x7x7
equiv. 9x9x9
reference
—qUiV. 3X3X3
equiv. 5x5x5
equiv. 7xX7x7
equiv. 9x9x9

FIGURE 5 DPolar plots of the reference and equivalent electric field,
varying the number of equivalent sources at 3 GHz

the sake of comparison, D,; the directivity estimates according
to the standard [4], is also reported.

To explore all the frequency ranges, we simulate the same sce-
natio at the frequency of 3 GHz and 6 GHz and the results are
reported in Figure 5 and Table 2, and in Figure 6 and Table 3,
respectively.

TABLE 2  Effects of the equivalent sources spacing at 3 GHz

Neg A, Di(dBi)  Deq(dBi)  Eeq/Eef(dB)  Des (dBi)
33 3/2 2.8 2.8 0.10 5.2
53 3/4 2.8 2.6 —-0.20 5.2
73 /2 28 2.9 0.17 5.2
9° 3/8 28 3.0 0.35 5.2

Electric Field [dBmV/m], $=0, var 0, f = 6 GHz

920 — reference

equiv. 9x9x9
m—— equiv. 11x11x11
equiv. 13x13x13
equiv. 15x15x15

Electric Field [dBmV/m], 6==/2, var ¢, f = 6 GHz

90 = reference
120 60 — equiv. 9X9x9
equiv. 11x11x11

g 30 a: \ equiv. 13x13x13
equiv. 15x15x15
150 ﬁdwr ‘71\/@-: 3U i
20 N
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180 10 0
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0 ﬁ‘&’ 330
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240 300
270

FIGURE 6 Polar plots of the reference and equivalent electric field,
varying the number of equivalent sources at 6 GHz

TABLE 3  Effects of the equivalent sources spacing at 6 GHz

Neq A Die(dBi)  Dey(dBi)  E.q/E.(dB) Dy (dBi)
93 3/4 3.8 3.5 1.71 6.3
113 3/5 3.8 4.4 1.03 6.3
13 1/2 38 42 1.36 6.3
15 3/7 3.8 3.7 1.31 6.3

From the previous results it can observed that, as expected,
the half-wave spacing of the equivalent sources is a good choice
for assuring efficiency and accuracy.

In the low frequency range, the equivalent sources are able to
reconstruct with significant accuracy, all the investigated param-
eters, emission pattern, maximum emitted field intensity and
directivity. In the higher frequency range, the emission pattern
exhibits a highly oscillating behaviour, and this characteristic is
well predicted by the model.

The maximum field value is also estimated with sufficient
accuracy: at 1 and 3 GHz the error is smaller than 0.5 dB, and at
6 GHz the error is in the range [1,2] dB, however it provides a
slightly overestimated value.
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FIGURE 7 The EUT: Three parallel loops placed into a cube with 30 cm
sides (light blue) and the volume containing them (yellow)

4 | USE OF A SUBSET OF EQUIVALENT
SOURCES

In the previous section a completely general approach to model
emission of an EUT in a cavity has been presented. The method
is however very flexible, and one can use this characteristic to
improve its efficiency and accuracy. In fact, all @ priori knowl-
edge of the EUT can be easily exploited in order to reduce
the number of the equivalent sources required to represent the
radiated field. For example, information concerning the EUT
dimensions and shape, the presence of apertures or radiation
critical points identified after visual inspection can be consid-
ered, taking advantage of a subset of the equivalent sources.
Three cases have been analyzed:

* the EUT consists in three parallel loops;
* the EUT has an aperture on a metallic chassis;
* the EUT has a cable protruding from a metallic chassis.

4.1 | Three parallel loops

We consider a generic EUT included in a cubic volume
(30 cm X 30 cm X 30 cm), as shown in Figure 7. The EUT
in the model is made of square loops, placed on three parallel
planes spaced 5 cm apart and having the side lengths of 10 cm,
16 cm, and 20 cm, respectively. They represent three realistic
citcuits on PCBs mounted on a rack.

In this situation, we do not consider all equivalent sources
as we have done in Section 2, but the algorithm automatically
excludes all equivalent sources outside the volume occupied by
the radiating elements of the EUT (20 cm X 20 cm X 10 cm).
Figure 8 reports the electric field radiated in free space at the
distance of 10 m at the frequency of 1 GHz.

Table 4 shows the effect of the equivalent source spacing in
the sub volume occupied by the EUT on the directivity and
on the maximum radiated field values. We can observe that the
accuracy is comparable with that of the examples in Section 2,
but the reduction of the equivalent sources used in the model is

Electric Field [dBmV/m], ¢=0, var 6
90

reference
equiv. (30x30x30)
equiv. (70x70x70)

150

180

* reference
equiv. (30x30x30)
equiv. (70x70x70)

FIGURE 8 Reference and equivalent electric field radiated by three
parallel loops at a distance of 10 m, at 1 GHz

TABLE 4 Model prediction—Scenario Figure 5

Eq. sourcesplacement  D((dBi) Deq(dBi) E.q/E;f(dB) Des (dBi)

Volume 30 X 30 X 30 3.1 2.8 0.49 3.7
Volume20 X 20 X 10 3.1 2.9 0.38 3.7
Volume70 X 50 X 60 3.1 2.7 0.52 3.7

78% (75 instead of 343 grid points), with a corresponding signif-
icant reduction of CPU time. Also, the accuracy of the predicted
maximum values and emission pattern is slightly improved.

Table 4 also reports results for an ESV having dimensions of
70 cm X 50 cm X 60 cm, the largest dimension for the consid-
ered RC in order to maintain a distance of at least half a wave-
length from the conducing walls. It is also noticeable that a great
enlargement of the ESV does not provide a more accurate pre-
diction of the radiated field. For the sake of brevity, emission
patterns for this large ESV are not reported.

4.2 |
chassis

EUT with an aperture on metallic

The analysis reported in this section is a further example of a
significant simplification of the 3D general model when a priori
information can be used.
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400.00 mm
200.00 mm

ST0.00 mm

L
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FIGURE 9 The EUT: A metallic box with a rectangular (300 mm X 1
mm) slot on one side

Let us assume we deal with the problem of an EUT having a
metallic chassis with a rectangular aperture on one side. In this
very common situation, it is evident that a simple visual inspec-
tion can identify the aperture as a possible source of electromag-
netic emission.

In order to analyze a realistic and specific situation, we
assume that the dimensions of the EUT are 20 cm X 35 cm
X 30 cm; the slot is opened on the EUT side parallel to the y-z
plane, and it has a length of » = 30 cm along the y-direction and
a height s = 1 mm along the g-direction (Figure 9).

A TE, distribution is assumed for aperture field E O =
E, cos(my/w) .

The assumed geometry allows us to analytically evaluate the
reference field inside the chamber. As an example, the electric
field on the RC wall x = 0, due to the aperture radiation is

cos(k{zﬂp) sin(/éiy)'ﬂ/)) cos(kxxap)
107 E, 2
E. (nz)=—2 X 8-(2)

abdw p

. sin(/é\,_.r) cos (@,;1//2) sin(/éj)') sin(/ézzj) (5)
2

C

2 2
& K

» +
8,9, (’égr//p_k?ﬂ?) 5]’ (kiw[)_’ézml)

where x,, 5,5 and g, are the coordinates of the aperture centre.

The reconstruction procedure is carried out at 1 GHz with a
grid step of 5 cm, and comparing three equivalent source distri-
butions:

* volumetric, choosing the equivalent sources corresponding
the EUT’s volume, with a grid of 280 points;

* superficial, choosing only the subset of the equivalent sources
corresponding to the EUT’s external surface [28]. In this case,
the number of the grid points is 112;

* ‘ad hoc’, choosing only the subset of the equivalent sources
corresponding to the slot. In this situation, the number of
grid points is 7.

Electric Field [dBuV/m] ¢=0, var 0

900 [ reference
equiv. (sup)
equiv. (vol)
equiv. (ad hoc)

reference
equiv. (sup)
equiv. (vol)
equiv. (ad hoc)

270

FIGURE 10 Electric field at the distance of 10 m radiated by an EUT
having a 30 cm slot over a metallic chassis. Reference (black) and equivalent
(red for surface, blue for volumetric and green for ad hoc equivalent source
distribution) values are reported

TABLE 5 Model prediction—Scenario Figure 9

Eq. sourcesplacement  Di(dBi) D.q(dBi) E.q/E;(dB) D, (dBi)

Volumetric 6.7 5.2 0.08 4.5
Surface 6.7 5.0 0.99 4.5
Ad hoc 6.7 6.6 0.02 4.5

Figure 10 and Table 5 show that the ‘ad hoc’ choice leads
to better results, in addition to a reduction of computational
resources.

As regards the prediction of the maximum value of the radi-
ated electric field, the three choices of the equivalent source
positioning provide similar results with a good level of accuracy.
However, the ‘ad hoc’ positioning of the equivalent sources,
deduced by a physical inspection of the EUT and resulting from
an a priori electromagnetic analysis, returns not only a good accu-
racy of the radiated field but also a good reconstruction of the
emission pattern of the EUT.

These results confirm that the method is more accurate and
efficient, the more we are able to enter information on the phys-
ical behaviour of the field source.
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FIGURE 11 The EUT: A metallic box with a cable

TABLE 6 Radiated emission—Scenario Figure 11

Eq. sourcesplacement D (dBi) D.q(dBi) E.q/Ef[dB] D, (dBi)

Volumetric 4.8 5.1 1.06 4.9
Surface 4.8 4.9 —0.90 4.9
Ad hoc 4.8 4.9 —0.22 4.9
4.3 | EUT with a cable protruding from a

metallic chassis

The last analyzed scenario is another typical situation arising in
an EMC context. We now consider an EUT having a cable of
35 cm protruding from a metallic chassis (Figure 11). In a real-
istic context the cable can be the metallic support of a noise
current, giving rise to a common mode radiation. Therefore, in
this case, after a visual inspection, the cable can be identified as
an emission source. As in the other examples, the simple geom-
etry allows us to analytically evaluate the reference field radiated
by a current flowing along the cable [29].

Simulations are carried out at 1 GHz with a grid step of 5 cm,
and comparing three equivalent source distributions:

* volumetric, choosing the largest possible ESV for the consid-
ered RC (70 cm X 60 cm X 50 cm), so as to include the cable
and its image; in this scenario, 2145 grid points are consid-
ered;

* superficial, choosing only the subset of the equivalent sources
corresponding the EUT’ external surface; in this scenario,
858 grid points are considered;

* ‘ad hoc’, choosing only the subset of the equivalent sources
corresponding to the cable. In this configuration, only 15
equivalent sources are used (only the electric dipoles directed
along the direction of the cable).

Figure 12 and Table 6 also show that in this scenario the
‘ad hoc’ placement of the equivalent sources leads to the most

Electric Field [dBmV/m] 6==/2, var ¢

""""" reference
equiv. (sup)
— gquiv. (vOl)
equiv. (ad hoc)

30

330

FIGURE 12  Electric field at the distance of 10 m radiated by a EUT
having a 35 cm cable protruding from a metallic chassis. Reference (black) and
equivalent (red for surface, blue for volumetric and green for ad hoc equivalent
source distribution) values are reported

reliable reconstruction of the emission pattern and the predic-
tion of the maximum electric field radiated in free space.

We can see that when many grating lobes are present, the
reconstruction of the emission pattern is more critical, even if
it can be improved using ad hoc equivalent sources. Neverthe-
less, the maximum radiated field value is well predicted, as in the
previous cases.

5 | CONCLUSIONS

The work deals with the prediction of the radiated emissions of
an EUT in free space from the knowledge of field samples col-
lected on the RC’s walls. Under the assumption that the power
radiated in free space and in the chamber are quite similar, as
in a well-stirred RC, the proposed method consists of replacing
the EUT with a set of equivalent sources able to reproduce the
same field within the RC.

The equivalent sources thus determined produce a free space
radiated field which is a good approximation of the one effec-
tively radiated by the EUT.

The results obtained for various practical situations show dif-
ferent levels of approximation, but the agreement is always quite
satisfactory, with a maximum difference of less than 2 dB in the
worst case.

Results are improved if we can add some « priori information
about the EUT’s electromagnetic nature and its geometry. This
means that the method is very flexible, because if we have a priori
knowledge of the dominant unintentional source characteristics,
the choice of the corresponding subset of equivalent sources is
more effective and results are more accurate both for maximum
field strength and emission pattern.

The method, tailored for an MMSS RC, has three main
advantages: for an emission test, no additional hardware is
required inside the chamber other than that requited for an
immunity test; the value of the radiated emission in all direc-
tions is directly obtained without the need for preliminary
computation of the total radiated power; nothing is moved
within the chamber.
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These preliminary results are very encouraging and suggest

continuing the analysis in order to investigate the robustness

of the method and its accuracy when field samples of only the
modulus are used. This alternative formulation of the method
would be useful in standard emission measurements, where only
the amplitude of the electric field is measured using a spec-
trum analyzer or an EMI receiver. The effect of uncertainty in

field sample positions on the accuracy of the reconstructed field
will also be analyzed for a future applicability of the proposed
method in experimental measurements.
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