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Simulation of Vibrating Intrinsic Reverberation
Chambers Using an FDTD Conformal Mesh

Florian Mahiddini, Guillaume Andrieu , Senior Member, IEEE, Nicolas Bui ,
and Christophe Guiffaut , Member, IEEE

Abstract—This article presents an original simulation procedure
devoted to the simulation of arbitrary-shaped reverberation cham-
bers especially well suited for the analysis of vibrating intrinsic
reverberation chambers (VIRC). The described method is based
upon conformal finite-difference in time-domain (FDTD) model-
ing in order to model the rough surface geometry of the VIRC
walls. On this point, we take full advantage of the performance
of our in-house numerical FDTD code called TEMSI-FD and of
its associated conformal mesher. First, uncorrelated geometries of
the VIRC under study have been generated in order to analyze
its performance as a RC from the computed S11 parameter of
a log-periodic antenna. Second, correlated geometries have been
generated in order to consider the continuous movement of the
VIRC walls with a straightforward algorithm, each geometry being
associated to a given instant. In both frequency and time domains,
numerical outcomes demonstrate excellent agreement with exper-
imental results available in the literature in similar conditions.

Index Terms—Conformal mesh, electromagnetic compatibility
(EMC) testing, finite-difference in time-domain (FDTD), rever-
beration chamber (RC), S-parameter, vibrating intrinsic rever-
beration chamber (VIRC).

I. INTRODUCTION

R EVERBERATION chambers (RC) are oversized metallic
cavities providing a homogeneous and isotropic electro-

magnetic (EM) field if a certain number of independent config-
urations are considered, for instance with the use of a mechan-
ical mode stirrer. RCs are commonly used for electromagnetic
compatibility (EMC) tests but also for other applications, such
as characterization of antennas, shieldings, wireless devices, or
materials. For different purposes, researchers have tried over the
last years to model numerically a RC with a full-wave software
solving the Maxwell equations. Although it is a difficult task to
handle numerically such oversized metallized cavities, different
numerical techniques, such as finite-difference time-domain
(FDTD) [1], [2], transmission-line matrix (TLM) [3], image
theory [4], and method of moments (MoM) [5], [6], have already
been proposed.
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To overcome the constraints of classical RCs (costly, not
movable, requirement of a mode stirrer and its associated motor),
a new kind of RCs has been proposed in the early 2000’s, the
so-called vibrating intrinsic reverberation chamber (VIRC) [7],
[8]. It consists in a metallic tent whose vibrating movement
ensures time-varying boundary conditions, thus avoiding to
insert a rotating stirrer. This facility is assumed to be low cost
(with respect to a conventional RC of same volume), presents the
advantage to be installed (and uninstalled) in a limited amount
of time and is, therefore, movable in order for instance to realize
in situ tests.

In the field of numerical modeling, one understands that the
simulation of a VIRC is somewhat difficult in reason first of the
complex geometry of the metallized canvas at a given instant and
second to its continuous movement all along the time. However,
several attempts have been made in the past using the FDTD
method and a staircase mesh of the tent [9]. First, Kouveliotis
et al. [10], [11], [12] proposed to model the VIRC with a unique
simulation considering successively a given number of different
geometries. More recently, Hara et al. [13], [14] proposed to
perform an analysis after the full simulation of several indepen-
dent VIRC geometries. One can considered that the staircase
mesh of the VIRC used in these studies does not respect the
real time-varying shape of the metallized canvas. Moreover, the
small-dipole antennas considered in these papers are quite basic
and do not represent a real configuration used in RCs.

In this article (which is an extension of [15]), we are presenting
the process we have implemented in order to simulate a VIRC
with the FDTD method using for the first time (to the best of
our knowledge) a conformal mesh [16], [17] in order to model
a realistic VIRC geometry. Moreover, in order to reproduce as
faithfully as possible a real experimental setup implemented in
VIRC, the antenna considered in the simulations is a log-periodic
one, an antenna typically used in RC. Finally, the process used to
generate the VIRC geometry has been improved in order to take
into account the movement of the canvas, i.e., the geometry of the
VIRC generated for a given instant is dependent of the geometry
considered at the previous instant. Performance of the simulated
VIRC as a RC are, therefore, characterized (for various quality
factors) using the “well-stirred (WS) condition” method [18],
[19], [20], a method that has been used recently to characterize
in both frequency and time domains the performance of a real
VIRC [21].

The rest of this article is organized as follows. In Section II,
each step of the process implemented to simulate a VIRC using
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Fig. 1. Workflow illustrating the different steps of the simulation process.

an FDTD conformal mesh is detailed, from the generation of
uncorrelated and correlated geometries to the application of
losses during the postprocessing. Section III is devoted to the
analysis of the results obtained first in the frequency domain
for uncorrelated geometries and second in both frequency and
time domains for correlated ones. It is shown in particular that
the results obtained are perfectly in line with previous experi-
mental results [21] that validates the relevance of the proposed
simulation process. Finally, Section IV concludes this article.

II. PROCESS OF THE FDTD SIMULATIONS

All the simulations have been performed using the “TEMSI-
FD” FDTD code developed in-house at the XLIM Laboratory.
This solver implements the Yee scheme [9] and conformal
techniques [22], [23], [24] to accurately model curved geome-
tries. Conformal mesh generation is done with an associated
preprocessing meshing tool. This software also implements
several interesting features potentially helpful for VIRC sim-
ulations, such as oblique thin wire modeling [25] (for instance
to model realistic antennas as shown later), several cable types
and thin conducting plate models, as well as OpenMP/MPI
parallelization.

Fig. 1 shows the workflow used in our simulation process,
each step being detailed in the following sections.

A. Generation of the Geometries

1) Uncorrelated Geometries: In this article, for the sake of
simplicity, we chose to implement a very simple but sufficiently
efficient algorithm in order to test as a first step our complete
simulation procedure (the generation of geometries matching
the ones of a real VIRC being the matter for future works).
For each face of the VIRC, a reference grid is generated with
points spaced from each other with a distance s entitled the
“grid step,” as shown in Fig. 2. The grid step can be seen as a
kind of “correlation length” of a real canvas, meaning that the
movements of two points of a real canvas spaced with a distance
lower than the grid step are most of the time correlated.

Except for the points on the edges of the surface that are set
to remain fixed, the new coordinates xn(i), yn(i), and zn(i) of
an inner point of index i are computed randomly for the nth

Fig. 2. Diagram explaining the process of the grid generation in the case of
k = 0.66. Black points are stationary points located on the edges of the VIRC
walls, whereas red ones are potentially moving. The cube shows (schematically)
the possible area for the final position of the corresponding point after the random
draw.

geometry using the following relations:

xn(i) = xg(i) + s · k · r1(n, i)
yn(i) = yg(i) + s · k · r2(n, i)
zn(i) = zg(i) + s · k · r3(n, i) (1)

where xg(i), yg(i), and zg(i) are the coordinates of the point in
the reference grid, s is the grid step, k is an empirical coefficient
between 0 and 1 related to the authorized movement in each
of the three directions, and r1, r2, and r3 (calculated for each
geometry n and each point i) are random numbers (generated
using a uniform distribution) included in the range between−0.5
and−0.5. Therefore, even if k is 1, the process ensures that there
is no overlapping between two adjacent points.

For each generated geometry of a VIRC (corresponding to the
geometry of the VIRC at a given instant), a program computes
the coordinates of each point and exports these information in
a stl geometrical format file. Each square shown in Fig. 2 is
discretized into two triangles along one of its diagonal. This file
is then treated by our homemade conformal FDTD mesher.

2) Correlated Geometries: The creation of correlated ge-
ometries means that a given geometry depends on the previous
one. After creating the first geometry with the process described
in the previous section, the new coordinates xn(i), yn(i), and
zn(i) of an inner point of index i for the nth geometry are
computed randomly using the following relations:

xn(i) = xn−1(i) + s · k/d · r1(n, i)
yn(i) = yn−1(i) + s · k/d · r2(n, i)
zn(i) = zn−1(i) + s · k/d · r3(n, i) (2)

with xn−1(i), yn−1(i), and zn−1(i) the coordinates of the same
point in the previous created geometry and d the division factor,



Fig. 3. Diagram explaining (in two dimensions) the difference between stair-
case mesh (on the left-hand side) where the real geometry of a curvilinear
structure is not well respected and conformal mesh (on the right-hand side).
Shaded cells are conformal cells (note that each shaded square contains in reality
two conformal cells, one on each side of the curvilinear structure to mesh).

which is an integer greater than 1 (k and r being defined simi-
larly as in the previous section). Therefore, the ratio k/d drives
the authorized movement between two correlated geometries
and ensures that the movement from two successive created
geometries is smaller with respect to the movement between the
reference grid and the first created geometrical (or between two
uncorrelated geometries). It is worth noting that this algorithm
is quite basic as the scope of this article is not to provide an ex-
cellent algorithm but more to prove that it is possible to simulate
(for the first time) a realistic movement of the VIRC with FDTD
conformal meshing. It has been observed that in some occasions
(if the authorized movement between two successive geometries
is too high and/or if the number of correlated geometries is too
important but not in the examples shown in this article), some
VIRC geometries may exhibit quite sharp peaks leading to con-
formal mesh problems, some conformal cells being too small.

B. Conformal FDTD Simulation

Conformal techniques [22], [23], [24] for the FDTD method
are designed to reduce significantly staircase modeling errors. In
cells crossed by conducting surfaces (i.e., the so-called “confor-
mal cells”), the integral form of Maxwell–Faraday’s equation is
applied on each face. Each free space face is a quadrilateral defin-
ing the contour path according to its four edges. A conformal
cell is a free space region delimited by the structure boundary on
at least one face and the free space regions on the other faces, as
shown in two dimensions in Fig. 3. The structure boundaries are
here considered as perfect electrical conductors (PEC), which
means that no additional unknowns are required along this part
of the contour path. Consequently, geometry data, such as edge
lengths or cell areas, are required and computed during the mesh
generation.

Our conformal mesher developed in-house for TEMSI-FD
computes geometrical data from a tessellation (stl geometrical
format) of the 3-D structure used as an input. Alternative ap-
proaches exist with some specificities, such as Junkin and Parron
[16] computing additional edges inside a Yee cell, Waldschmidt
and Taflove [26] working on finite element facets as inputs, Su

et al. [27] constructing polygons from the triangular patch in-
tersections with a grid plane (which requires closed objects),
and Benkler et al. [28] addressing models merging different
ones.

All conceivable situations of PEC structure intersection can
be encountered in conformal cells. Most of the time, a cell is
splitted in two independent partitions but sometimes it may
be splitted in several ones, for example, in the case of tee or
cross shape. Conformal FDTD solving process is applied on
each of them, which slightly increases the number of unknowns
and the computational time. As conformal cells have variable
sizes, small ones may become unstable for a given Courant–
Friedrichs–Lewy (CFL) number.

Conformal techniques stabilize such cells, for example,
in [22] and [24], by modifying locally the edge length or the
cell area. Both techniques are of equivalent accuracy and are
more accurate than the original one [29]. A CFL fixed around
0.5 is a good tradeoff between accuracy and solving efficiency.
A fourth technique [23] called the enlarged cell technique is of
second-order accuracy and can operate without restriction on the
CFL. Unstable conformal region is also stabilized by enlarging
virtually unstable cells toward stable adjacent cells. However,
additional treatments reducing slightly the potential gain are
required during the time iteration resolution of the problem.
Moreover, some conformal unstable cells are really difficult to
enlarge virtually. Consequently, these ones should be stabilized
by increasing locally the conformal face area. This correction is
stronger than the usual technique [22] due to the high CFL, which
may lead to inaccurate local response of the EM field. Therefore,
in this article, the conformal method used is a simplified version
of [24].

After the conformal mesh generation process, FDTD simu-
lations are run on a high-performance computing (HPC) ma-
chine (the CALI cluster equipped of Intel Xeon E5-2650 v2
processors).

C. Postprocessing for Insertion of Losses

Since the metallic walls constituting the VIRC are considered
as perfect electrical conductors, the cavity losses are handled, in
a specific postprocessing operation, after applying an exponen-
tial filter on output data. This method described in [30] has been
proven to be experimentally relevant for RC simulations in [31].

The method consists in performing a “lossless” simulation
during a “reasonable” observation time T , the term reasonable
meaning that this time is insufficient to lead to a total attenuation
of the field within the resonating structure. This is why the
simulation is called (abusively) lossless because the only loss
factor within the RC is the 50 Ω load connected to the antenna.
When this simulation is over, the time domain response of any
output signal designated by the term U(t) (for instance the total
electric field in one point) is multiplied by a time domain filter
fQ(t) defined as follows:

fQ(t) = e−π·Δf ·t (3)

where Δf is the “average mode bandwidth” [32] (also referred
in the literature to the “coherence bandwidth”) related to the
average composite quality factor Q(f) of the cavity at a given
frequency by the straightforward relationship Δf = f/Q(f).



Fig. 4. Conformal mesh visualization of one geometry of a simulated VIRC
and of the log-periodic antenna model inserted inside.

The obtained signal Uf (t) obtained after the filtering process
(see for instance [31, Fig. 3]) can, therefore, be expressed as
follows:

Uf (t) = RT (t).fQ(t).U(t) (4)

with RT (t) a rectangular window of duration T .
It is worth noting that this method presents the great advantage

to allow various Δf values to be applied from only one lossless
FDTD modeling, this without additional computation times. In
these conditions, it is fundamental to verify that Uf (t) tends
toward zero for the smallest Δf value, i.e., when the applied
losses are the smallest ones.

III. RESULTS

A. From Uncorrelated Geometries

1) Description of the Simulations: A VIRC model of di-
mensions 4.5 m × 3.5 m × 2 m has first been meshed using
the process described in Section II-A.1 (with the parameters
s= 10 cm andk= 0.4) in order to obtain 50 different geometries,
all these geometries being, therefore, uncorrelated. An example
of created geometry is shown in Fig. 4.

The maximum frequency of the study is given by the di-
mension of the regular FDTD mesh size, which has been here
set to 2 cm. Considering the common stability criterion of
λ/10, it implies a maximum frequency fmax of 1.5 GHz. The
minimum frequency of the simulations is set to 100 MHz, in
order to correctly observe the transition frequency range where
the undermoded RC becomes sufficiently WS. The number of
cells is, respectively, 239 × 189 × 114 for each direction, which
corresponds to roughly 5.15 millions of cells.

The simulated emitting antenna, also shown in Fig. 4, is a
log-periodic antenna made with a collection of oblique thin
wires [25] and designed to be satisfyingly matched on the whole
bandwidth of interest. The antenna is located in one of the upper
corner of the VIRC at a distance from the walls sufficiently large
in terms of wavelengths. The antenna excitation is done using a
Gaussian impulse signal combined with a sine wave modulation
voltage source (of 50 Ω internal impedance) centered on a
bandwidth around 900 MHz.

Fig. 5. Magnitude of S11 obtained for N = 50 uncorrelated geometries of the
VIRC and for two values of Δf . Comparison with the same result calculated in
free space (thick curve).

The output result of these simulations is the reflection coef-
ficient parameter (i.e., S11) of the antenna calculated for each
generated geometry on the whole frequency range of interest.
For each geometry, ten different values ofΔf from 0.2 to 2 MHz
(with a step of 0.2 MHz) have been considered.

2) General RC Results: The S11 magnitude of the antenna
calculated on the bandwidth 0.2–1.5 GHz is shown in Fig. 5 for
each created geometry and for two different values of the mode
average bandwidth Δf (i.e., 0.2 and 1 MHz). It is particularly
clear that the presented results look like experimental ones (see
[21, Fig. 7]). First, the S11 parameter is heavily affected by
the quality factor. Indeed, as often observed experimentally, the
variations around the average value are larger for a higher Q (or
a lowerΔf ). Second, it is observed that the reflection coefficient
is close to 0 dB with extremely small variations in the lowest
frequency band (i.e., below 200 MHz), which corresponds to
the frequency range where the antenna is strongly unmatched,
particularly within the RC. Indeed, it is difficult for the antenna
to transmit any energy to the cavity in reason of the low modal
density of the resonating enclosure.

From these S11 results, it is straightforward to compute and
analyze the composite quality factor Q, which is a fundamental
parameter driving the RC behavior. As demonstrated in [33], Q
can be calculated from S-parameter measurements and particu-
larly the S11 parameter using the following formula:

Q =
〈
|S11 − 〈S11〉|2

〉 Z0 · ω · ε · V
(λ2/4π)

(
1− |〈S11〉|2

)2

η2
(5)

where Z0 is the wave impedance, ω the angular velocity, λ the
wavelength, η the antenna efficiency, ε the vacuum permittivity,
and V the RC total volume.

The results obtained using (5) for three different values of the
Δf parameter are shown in Fig. 6. The total amount of losses in
the RC are related first to the losses added with the time-domain
filtering process as described previously but also in reason of
the antenna losses (which is connected on a 50 Ω load). The
well-known Q-factor of an antenna (defined here Qa) inserted



Fig. 6. Composite Q-factor calculated as a function of Δf .

in a RC writes

Qa = 16π2 V

λ3
. (6)

Therefore, the theoretical Q-factor (called Qt) we should
obtain as a function of the frequency f can be expressed as
follows:

Qt(f) =

(
1

Qa(f)
+

Δf

f

)−1

. (7)

Fig. 6 presents also the theoretical Qt(f) we should obtain
for Δf = 0.2 MHz. Logically, this value matches pretty well the
Q-factor obtained from the simulated results, particularly above
500 MHz. The discrepancy observed below 500 MHz cannot be
attributed to Qa(f) (which is also plotted on the figure below
400 MHz) but more probably on the limit of (5) in the case of a
strongly unmatched antenna (as shown in Fig. 5 in this frequency
range).

3) Verification of the WS Condition: In this section, the aim is
to analyze the performance of the simulated VIRC as a RC using
the “WS condition method,” as this frequency-domain method
has recently been extended to the case of VIRC [21].

The method is summarized here briefly (see [18], [19], and
[20] for a complete description of the method). For each set of
N = 50 simulations obtained for a given Δf value, the WS
condition method is applied on S11 data calculated at each
frequency, and more exactly on the stirred part of S11, i.e.,
Ssti
11 (which is computed after the removal of the S11 average

at this frequency). The method investigates the ability of the
RC to produce stirred contributions having properties matching
the ones obtained in a WS RC. The complete definition of the
WS condition given in [18] and [20] leads to consider that the
assessment of both the EM field distributions and of the sample
correlation are required to analyze the WS condition. They are,
respectively, assessed thanks to the Anderson–Darling (AD)
goodness-of-fit test [34] and to the first-order autocorrelation
coefficient r(1) [35]. Then, a polynomial curve fitting (PCF)
allows two different frequencies f1 (related to the EM field
distributions) and f2 (related to the EM sample correlation) to be

Fig. 7. Modified AD statistic A2
m and first-order autocorrelation coefficient

r(1) calculated from N = 50 uncorrelated geometries for Δf = 0.2 MHz.

Fig. 8. Modified AD statistic A2
m and first-order autocorrelation coefficient

r(1) calculated from N = 50 uncorrelated geometries for Δf = 2 MHz.

defined in order to know from which frequency each criteria is
assumed to be respected. These frequencies are obtained when
the PCF becomes lower than theoretically justified threshold
values (respectively, 1.341 and 0.28 in the case of N = 50 con-
sidered geometries). The final output of the method, i.e., the
frequency fwsc, is the maximum of both frequencies in order to
be sure that both criteria are matched above fwsc.

Figs. 7 and 8 show the outputs of the WS condition method
for two different values of Δf (note that the data obtained
below 250 MHz have been excluded of the PCF computations).
On the one hand, the analysis of the AD statistic (i.e., A2

m)
shows that the EM field distribution tends more rapidly toward
the Rayleigh distribution in the lowest part of the frequency
range when Δf increases, i.e., when the Q-factor decreases.
On the other hand, the analysis of r(1) shows, as expected,
the absence of correlation on the whole frequency range of
interest between all the generated geometries. All these results



Fig. 9. Modified AD statistic A2
m as a function of Δf in the frequency range

from 250 to 600 MHz. The value of fwsc (i.e., f1 here) is indicated in the legend
for each Δf value.

match perfectly the conclusions previously drawn in [21] after
analyzing VIRC measurements.

To go further, the polynomial curve fit of the AD statistic
plotted in Fig. 9 for all the considered values ofΔf clearly shows
the influence of the Δf variation on the EM field distributions
obtained in the VIRC (and also on fwsc which is here f1, f2
being not relevant as the results are perfectly uncorrelated).

Once again, the presented results in this subsection are highly
similar to the experimental results obtained previously in VIRC
(see [21, Figs. 9 and 10]).

B. From Correlated Geometries

For this new study, 500 correlated geometries using the pro-
cess described in Section II-A.2 have been simulated in the
frequency range 0.1 to 1 GHz (with the parameters s = 10 cm,
k = 0.4, and d = 15). Indeed, considering the large number
of correlated geometries that are generated, the maximum fre-
quency of these simulations has been decreased in order to
reduce the total computation times. The same ten values of Δf

considered previously have again been considered in the results
presented in this section.

Fig. 10 presents the magnitude of the S11 parameter of
the emitting antenna calculated for each simulation at 0.25,
0.5, and 1 GHz for two values of Δf of 0.2 and 1 MHz. As
it will be demonstrated later, the obtained results clearly show
a correlation of the results, the S11 parameter obtained at a
given instant being clearly dependent on the result obtained
previously whatever the frequency. Moreover, as often observed
in measurements, the variations of the S11 magnitude are larger
when the frequency increases and also when the quality factor
is higher (i.e., when Δf is lower).

To go further, we have calculated the autocorrelation coef-
ficient r(k) (k being the lag of the autocorrelation coefficient
in terms of the simulation number) of the real part of the S11

parameter (assumed to be here x(t)) for the same frequencies

Fig. 10. Magnitude of the S11 parameter at three particular frequencies for
each of the 500 correlated geometries and for Δf = 0.2 MHz (top subplot) and
Δf = 1 MHz (bottom subplot).

Fig. 11. Autocorrelation r(k) of the real part of S11 calculated over the
500 correlated geometries at three particular frequencies for Δf = 0.2 MHz.

using the following formula:

r(k) =

∑N
i=k+1 [x(i)− 〈x〉] · [x (i− k)− 〈x〉]

σ2
x

(8)

with σx the standard deviation of x(t).
The autocorrelation coefficient r(k) of the real part ofS11 cal-

culated over the 500 correlated geometries at the same three par-
ticular frequencies for Δf = 0.2 MHz is shown in Fig. 11. Once
again, the results are similar to experimental ones presented
in [21]. It is in particular shown that the correlation is strong
for the lower lag (in reason of the correlation of the generated
geometries) but decreases rapidly and oscillates around 0.

To obtain a metric quantifying the lag leading to obtain two
independent measurements, we have computed here the required
lag ku (called the “uncorrelated lag”) leading to an autocorrela-
tion coefficient lower than the threshold value of 0.5 [21]. It is
worth noting that this lag ku could be easily converted in a time
scale (similarly to the uncorrelation time tu defined in [21]) after
associating a time step δt between two successive simulations.

The uncorrelated lag ku obtained each 10 MHz over the
500 correlated geometries is shown in Fig. 12 forΔf =0.2 MHz.
In addition, to exhibit the general trend of ku as a function
of the frequency, a 25-MHz moving average filter has been
applied on the results. It is shown that the uncorrelated lag



Fig. 12. Average of the uncorrelated lag ku over the 500 correlated geometries
for Δf = 0.2 MHz (as well as a filtered result obtained with a 25 MHz moving
average computation). To reduce the number of points of the curve, the results
are shown with a 10-MHz step. Note that at each frequency, the uncorrelation
lag considered is the average of the one obtained from the analysis of the real
and of the imaginary parts of S11.

Fig. 13. Filtered uncorrelated lag ku obtained for four different values of Δf

and calculated over the 500 correlated geometries for frequencies shifted with
a step of 10 MHz.

decreases with the frequency as it has already been observed
in experiments [21].

To go further, the filtered uncorrelated lag ku obtained as
a function of frequency is shown in Fig. 13 for different Δf

values. It is clearly shown that the uncorrelated lag increases
with the value ofΔf , and therefore when theQ-factor decreases.
This, once again, confirms that the uncorrelation time in a VIRC
increases when absorbers are inserted in.

C. About Computation Time

As already mentioned, the computations shown in this article
have been performed on the CALI HPC cluster of the University
of Limoges. At least, 15 simulations were able to run in parallel,
each one of them being distributed on four processors. The
average computation time for each of the 50 uncorrelated con-
figurations considered in section III-A until 1.5 GHz was about
12 h per simulation. As the maximum frequency considered
for the 500 correlated configurations was lower (i.e., 1 GHz),
the average computation time has been reduced nearly to 2 h
per simulation. Finally, with respect to an enclosure of similar
volume simulated with a staircase mesh, the conformal FDTD
simulation involves roughly a double computation time in reason
of the CFL number used in our simulations (0.5 instead of 1 for
staircase mesh).

IV. CONCLUSION

We have presented in this article a complete process allowing
for the first time to model a VIRC using a conformal FDTD
mesh in order to satisfyingly respect the geometry of the tent

at a given instant. The simulation of N uncorrelated VIRC has
been proven to yield results similar than measurements in the fre-
quency domain. Then, we have introduced a correlation between
two successive geometries in order to represent a continuous
movement of the canvas as a function of time. This led us to
extract the “uncorrelation lag” of the VIRC as a function of
the frequency and of the VIRC quality factor. The obtained
simulated results have matched pretty well experimental ones
previously published by some of the authors.

Future axis of work have already been identified. The canvas
generation algorithm proposed in this article being quite basic,
we will try in the future to propose processes that better respect
the geometry of a real VIRC and its mechanical motion and
then to compare experimental and numerical results. In parallel,
conformal VIRC simulations makes possible to improve our
physical understanding of a VIRC. For example, it will be
interesting to study which are the type of canvas movements
yielding to the best performance of the VIRC as a RC. Moreover,
our homemade software and its conformal mesher can also
simulate particularly well a “classical” parallelepipedic RC,
including a conformal mesh of the mode stirrer. Then, it could
be feasible to simulate the exact geometry of a RC and to
compare computational results with the experimental ones after
considering in the simulations the measured Q-factor of the RC.

ACKNOWLEDGMENT

This work was operated by the ANR, involving the XLIM
Laboratory, CISTEME, and the “Jacques Dubois” company. The
calculations presented in this article were carried out on the
“CALI” high-power computing calculator of the University of
Limoges, which was supported by the Limousin region, Euro-
pean Union, XLIM, IPAM, GEIST institutes, and University of
Limoges.

REFERENCES

[1] F. Moglie, “Convergence of the reverberation chambers to the equilibrium
analyzed with the finite-difference time-domain algorithm,” IEEE Trans.
Electromagn. Compat., vol. 46, no. 3, pp. 469–476, Aug. 2004.

[2] Y. Cui, G. Wei, S. Wang, L. Fan, and Y. Zhao, “Fast analysis of reverber-
ation chamber using FDTD method and matrix pencil method with new
criterion for determining the number of exponentially damped sinusoids,”
IEEE Trans. Electromagn. Compat., vol. 56, no. 3, pp. 510–519, Jun. 2014.

[3] A. Coates, H. G. Sasse, D. E. Coleby, A. P. Duffy, and A. Orlandi,
“Validation of a three-dimensional transmission line matrix (TLM) model
implementation of a mode-stirred reverberation chamber,” IEEE Trans.
Electromagn. Compat., vol. 49, no. 4, pp. 734–744, Nov. 2007.

[4] E. Amador, C. Lemoine, P. Besnier, and A. Laisné, “Reverberation
chamber modeling based on image theory: Investigation in the pulse
regime,” IEEE Trans. Electromagn. Compat., vol. 52, no. 4, pp. 778–789,
Nov. 2010.

[5] H. Zhao and Z. Shen, “Efficient modeling of three-dimensional rever-
beration chambers using hybrid discrete singular convolution-method of
moments,” IEEE Trans. Antennas Propag., vol. 59, no. 8, pp. 2943–2953,
Aug. 2011.

[6] M. E. Gruber and T. F. Eibert, “A cavity green’s function boundary
element method with spectral domain acceleration for modeling of rever-
beration chambers,” IEEE Trans. Electromagn. Compat., vol. 56, no. 6,
pp. 1466–1473, Dec. 2014.

[7] F. Leferink, “Test chamber,” Patent NL-1010745, 1998.
[8] F. Leferink, J. C. Boudenot, and W. van Etten, “Experimental results

obtained in the vibrating intrinsic reverberation chamber,” in Proc. IEEE
Int. Symp. Electromagn. Compat. Symp. Rec., 2000, pp. 639–644.



[9] K. Yee, “Numerical solution of initial boundary value problems involving
Maxwell’s equations in isotropic media,” IEEE Trans. Antennas Propag.,
vol. 14, no. 3, pp. 302–307, May 1966.

[10] N. K. Kouveliotis, P. T. Trakadas, and C. N. Capsalis, “Examina-
tion of field uniformity in vibrating intrinsic reverberation chamber us-
ing the FDTD method,” Electron. Lett., vol. 38, no. 3, pp. 109–110,
Jan. 2002.

[11] N. K. Kouveliotis, P. T. Trakadas, and C. N. Capsalis, “FDTD calculation
of quality factor of vibrating intrinsic reverberation chamber,” Electron.
Lett., vol. 38, no. 16, pp. 861–862, Aug. 2002.

[12] N. K. Kouveliotis, P. T. Trakadas, and C. N. Capsalis, “FDTD modeling
of a vibrating intrinsic reverberation chamber,” Prog. Electromagn. Res.,
vol. 39, no. 3, pp. 47–59, 2003.

[13] M. Hara, Y. Takahashi, R. Vogt-Ardatjew, and F. Leferink, “Vali-
dation of vibrating intrinsic reverberation chamber using computa-
tional electromagnetics,” in Proc. Joint Int. Symp. Electromagn. Com-
pat. Sapporo Asia-Pacific Int. Symp. Electromagn. Compat., 2019,
pp. 593–596.

[14] M. Hara, T. Yoshikai, Y. Takahashi, R. Vogt-Ardatjew, and F. Leferink,
“Numerical analysis of vibrating intrinsic reverberation chamber between
various shielding effectiveness measurement techniques,” in Proc. Int.
Symp. Electromagn. Compat., 2020, pp. 1–6.

[15] F. Mahiddini, G. Andrieu, C. Guiffaut, and N. Bui, “Conformal FDTD
simulation of vibrating intrinsic reverberation chambers,” in Proc. Int.
Symp. Electromagn. Compat., 2022, pp. 345–348.

[16] G. Junkin and J. Parron, “A robust 3D mesh generator for the Dey-Mittra
conformal FDTD algorithm,” in Proc. 2nd Eur. Conf. Antennas Propag.,
2007, pp. 1–6.

[17] N. Bui, C. Guiffaut, and A. Reineix, “Field interpolation with generalized
barycentric coordinates in conformal FDTD schemes,” in Proc. IEEE
Int. Symp. Antennas Propag. USNC-URSI Radio Sci. Meeting, 2019,
pp. 1651–1652.

[18] G. Andrieu, N. Ticaud, F. Lescoat, and L. Trougnou, “Fast and accurate
assessment of the “well stirred condition” of a reverberation chamber from
S11 measurements,” IEEE Trans. Electromagn. Compat., vol. 61, no. 4,
pp. 974–982, Aug. 2019.

[19] G. Andrieu and N. Ticaud, “Performance comparison and critical exami-
nation of the most popular stirring techniques in reverberation chambers
using the “well-stirred” condition method,” IEEE Trans. Electromagn.
Compat., vol. 62, no. 1, pp. 3–15, Feb. 2020.

[20] G. Andrieu, Electromagnetic Reverberation Chambers - Recent Advances
and Innovative Applications. Stevenage, U.K.: Inst. Eng. Technol., 2021.

[21] G. Andrieu, N. Meddeb, C. Jullien, and N. Ticaud, “Complete frame-
work for frequency and time-domain performance assessment of vibrating
intrinsic reverberation chambers,” IEEE Trans. Electromagn. Compat.,
vol. 62, no. 5, pp. 1911–1920, Oct. 2020.

[22] S. Benkler, N. Chavannes, and N. Kuster, “A new 3-D conformal PEC
FDTD scheme with user-defined geometric precision and derived stability
criterion,” IEEE Trans. Antennas Propag., vol. 54, no. 6, pp. 1843–1849,
Jun. 2006.

[23] T. Xiao and Q. H. Liu, “A 3-D enlarged cell technique (ECT) for the
conformal FDTD method,” IEEE Trans. Antennas Propag., vol. 56, no. 3,
pp. 765–773, Mar. 2008.

[24] I. Zagorodnov, R. Schuhmann, and T. Weiland, “Conformal FDTD-
methods to avoid time step reduction with and without cell enlargement,”
J. Comput. Phys., vol. 225, no. 2, pp. 1493–1507, 2007.

[25] C. Guiffaut, A. Reineix, and B. Pecqueux, “New oblique thin wire formal-
ism in the FDTD method with multiwire junctions,” IEEE Trans. Antennas
Propag., vol. 60, no. 3, pp. 1458–1466, Mar. 2012.

[26] G. Waldschmidt and A. Taflove, “Three-dimensional CAD-based mesh
generator for the Dey-Mittra conformal FDTD algorithm,” IEEE Trans.
Antennas Propag., vol. 52, no. 7, pp. 1658–1664, Jul. 2004.

[27] T. Su, Y. Liu, W. Yu, and R. Mittra, “A conformal mesh-generating tech-
nique for the conformal finite-difference time-domain (CFDTD) method,”
IEEE Antennas Propag. Mag., vol. 46, no. 1, pp. 37–49, Feb. 2004.

[28] S. Benkler, N. Chavannes, and N. Kuster, “Mastering conformal meshing
for complex CAD-based C-FDTD simulations,” IEEE Antennas Propag.
Mag., vol. 50, no. 2, pp. 45–57, Apr. 2008.

[29] S. Dey and R. Mittra, “A locally conformal finite-difference time-domain
(FDTD) algorithm for modeling three-dimensional perfectly conducting
objects,” IEEE Microw. Guided Wave Lett., vol. 7, no. 9, pp. 273–275,
Sep. 1997.

[30] P. Bonnet, R. Vernet, S. Girard, and F. Paladian, “FDTD modelling of
reverberation chamber,” Electron. Lett., vol. 41, no. 20, pp. 1101–1102,
Sep. 2005.

[31] A. Adardour, G. Andrieu, and A. Reineix, “On the low-frequency opti-
mization of reverberation chambers,” IEEE Trans. Electromagn. Compat.,
vol. 56, no. 2, pp. 266–275, Apr. 2014.

[32] P. S. Kildal, X. Chen, C. Orlenius, M. Franzen, and C. S. L. Patane, “Char-
acterization of reverberation chambers for OTA measurements of wireless
devices: Physical formulations of channel matrix and new uncertainty
formula,” IEEE Trans. Antennas Propag., vol. 60, no. 8, pp. 3875–3891,
Aug. 2012.

[33] P. Besnier, C. Lemoine, and J. Sol, “Various estimations of composite
Q-factor with antennas in a reverberation chamber,” in Proc. IEEE Int.
Symp. Electromagn. Compat., 2015, pp. 1223–1227.

[34] C. Lemoine, P. Besnier, and M. Drissi, “Investigation of reverberation
chamber measurements through high-power goodness-of-fit tests,” IEEE
Trans. Electromagn. Compat., vol. 49, no. 4, pp. 745–755, Nov. 2007.

[35] O. Lundén and M. Bäckström, “Stirrer efficiency in FOA reverberation
chambers. evaluation of correlation coefficients and chi-squared tests,” in
Proc. IEEE Int. Symp. Electromagn. Compat. Symp. Rec., 2000, pp. 11–16.

Florian Mahiddini received the master’s degree
in engineering physics from Polytech Clermont-
Ferrand, Aubière, France, in 2014, and the Ph.D.
degree in physics from ISAE-SUPAERO, Toulouse,
France, in collaboration with ONERA, Toulouse,
France, in 2018.

In 2021, he was a Postdoctoral Fellow with the
XLIM Laboratory, Limoges, France. He is currently
a Research Fellow with the University of Strathclyde,
Glasgow, U.K. His research focuses on the develop-
ment of numerical models devoted to the electromag-

netic characterization of electrical wiring interconnection systems.

Guillaume Andrieu (Senior Member, IEEE) was
born in Limoges, France, in 1980. He received the
master’s degree in radio frequencies and optical com-
munications from the University of Limoges, Limo-
ges, France, in 2003, and the Ph.D. degree in elec-
tronics from the IEMN Laboratory, Telice Group,
University of Lille, Lille, France, in 2006.

In 2003, he joined the Renault Technocentre,
Guyancourt, France. In 2006, he joined the XLIM
Laboratory, University of Limoges, as a Postdoctoral
Fellow, where he has been an Associate Professor

since 2009. His current research interests include coupling on cables and
electromagnetic compatibility testing, including reverberation chambers and
bulk current injection tests.

Nicolas Bui was born in Nantes, France, in 1989.
He received the master’s degree in mathematics and
applications from the University of Nantes, Nantes,
France, in 2012, and the Ph.D degree in electronics
from the University of Limoges, Limoges, France, in
2016.

Since 2017, he has been with XLIM Laboratory,
University of Limoges, as a Postdoctoral Scientist.
His research focuses on the development of numer-
ical methods in the time domain for applications in
electromagnetic compatibility and scattering.

Christophe Guiffaut (Member, IEEE) was born
on 14 March, 1973, in Chateaubriant, France. He
received the master’s and Ph.D. degrees in elec-
tronics and telecommunications from the Univer-
sity of Rennes, Rennes, France, in 1997 and 2000,
respectively.

In 2002, he joined the CNRS Research Center,
Paris, France, and in 2002, he integrated with the
XLIM Laboratory, University of Limoges, Limoges,
France. His research interests include the numerical
methods in the time domain with various application

areas, such as EMC and radar, numerical modeling developments concern cables,
lightning and HIRF effects on aircraft and building, antennas, metamaterials,
radar cross-sectional computing, and ground penetrating radar.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


