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Abstract

In this paper, we study possible ways to improve the Rever-

beration Chamber (RC) behavior. There could be benefits

in deforming the RC rectangular geometry of the baseline

cavity by inserting spherical diffractors into the RC or by

titling the walls of the RC. We demonstrate that increased

field disorder and randomization can be achieved with both

the asymmetric structures in presence of the same mechan-

ical stirrer. It is found that the improvement is prominent

at low frequencies, with respect to the lowest usable fre-

quency (LUF), which is consistent with results obtained

by other investigators on similar RC structures. Numer-

ical Finite-Difference Time-Domain (FDTD) simulations

are performed to demonstrate the field chaoticity improve-

ment in terms of both uncorrelated excitation frequencies

and stirrer configurations.

1 Introduction

The Reverberation Chamber (RC) is an overmoded rectan-

gular cavity which is widely used in Electromagnetic Com-

patibility (EMC) tests and emulation of the Rician channel

in wireless communications [1, 2]. In order to validate the

RC operation a few performance indicators have been de-

fined and are usually measured to assess the level of mix-

ing/randomization of the chamber field [3]. The lowest us-

able frequency (LUF) is an empirical parameter that gives

the RC operator an estimate of a lower bound for over-

modedness [4]. Improving the operation of an RC at fre-

quencies below the LUF, or even reducing the LUF itself, is

an important task for the statistical electromagnetics com-

munity [5, 6]. The foundations for a physically-motivated

definition of LUF are still to be achieved, and constitute

an exciting challenge. Obviously, increasing the dimen-

sions of the baseline cavity is an easy way to reduce the

LUF. However, such a practice hampers the realization of

compact and cost-effective RCs. Furthermore, one needs

to shed light on the statistical physics of few cavity eigen-

modes. The LUF is defined as the 3− 6× f0, where f0 is

the frequency of the fundamental mode of the cavity that

depends on the dimensions of the RC. In order to create

chaotic fields within the cavity, different kind of stirring

methods can be adopted. The most used one is the me-

chanical stirrer, i.e. an irregular metallic structure. Beyond

this limit, the RC is well behaved [7] and the field is statis-

tically uniform, isotropic and depolarized within a spatial

region defined as Working Volume (WV). Another possible

way to improve the RC’s behavior, or to reduce the LUF,

is to deform the shape of the cavity. This work has been

pioneered in [12, 13, 14] with the innovative proposal of

adding spherical diffractors on the walls of an RC. Field

disorder has been evaluated by means of Random Matrix

Theory approach (RMT) [8, 9, 12, 13, 14].

2 FDTD Simulations

Simulations are done by using our reliable parallel code that

implements the FDTD technique, and runs on supercom-

puter [10, 11]. The FDTD is easily parallelizable and is

well suited for HPC facilities. Each stirrer position, corre-

sponding to a RC realization, runs on a computer node by

means MPI directives. Then in each node the code is further

parallelized by means OpenMP.

2.1 Spherical diffractors

The dimensions of the RC are 6×4×2.5 m3, we hereafter

preserve the volume of the original RC even in presence

of spherical diffractors. The frequency of the fundamental

mode is found to be f0 ≃ 45 MHz. We simulated two dis-

cone antennas in order to study the scattering parameters,

S21, over a broad frequency range. Figure 1 shows the sim-

ulated RC, the vertical z-folded stirrer and a sphere placed

between the wall and the floor. The investigated band is

Figure 1. Simulated RC, equipped by two discone antennas

and stirrer. Moreover a spherical diffractor, 1/8 of a whole

sphere was inserted. The red box represents the WV.



0.2÷ 1.0 GHz. In our simulations, the cell size is 3 cm

so the whole RC was sampled by 201 × 134 × 84 cubic

cells. We simulated 128 stirrer positions (2.81◦) and 512

frequencies in each sub-band of 31.25 kHz. Moreover, we

simulated walls, antennas stirrer and spherical diffractors

as PEC whereas losses are added in the air which a value

of σ = 10−5 S/m [11]. The chosen cell size corresponds

to λ/10 at 1 GHz and the time step is 50 ps. With in-

serting spheres, they affect behavior inside the RC, altering

the waves propagation in order to improve the field mix-

ing. The improvement depends both on the combination

Figure 2. Picture of possible placement of spherical

diffractors into the RC.

and positions of sphere, also increasing them by increasing

the radius. The insertion of spherical diffractor also affect

total volume, V , of the RC then the Q-factor, defined as
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with c the speed of light in the vacuum, V the volume of the

RC and f the frequency, S21 is the complex scattering trans-

mission coefficient, whereas S11 and S22 are the complex

scattering reflection coefficients. The antenna efficency co-

efficients ηT x and ηRx for the T x and Rx antennas respec-

tively, are ≈ 1 because simulated as PEC and well matched.

The performances are evaluated by means of the uncorre-

lated frequencies by using the multivariate approach [15].

We construct a correlation matrix whose entries represent

correlation coefficients between RC (total) fields obtained

at pairs of frequencies or stirrer positions (“events”). Then

the Pearson’s correlation coefficients are computed in the

following way
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where e j and ek are two random field vectors of the ma-

trix of the events at different frequency positions, j and

k respectively, and Cov(·, ·) stands for the covariance and

Var (·) for the field variance. Finally the total number of

uncorrelated frequencies are given by the number of values

in the correlation matrix greater than the threshold value of

the IEC standard

Nu =
N2

f

#
[

R > r
] . (3)

Figure 3 reports the number of uncorrelated frequencies

when a spherical diffractor is placed on a bottom corner

of the RC. There is a increase of the uncorrelated frequen-

cies beyond 400 MHz. It is worth noting that increasing

the number of diffractors within the RC causes a more re-

markable improvement of the behavior of the chamber. The

more the diffractors the more the occupied volume into the

RC. In our code, the number of inserted spherical diffrac-

tors can be varied according to the available volume for fur-

ther EMC test including devices. Diffractor shape and posi-

tioning can be varied, e.g. corner sphere (“C”), floor/ceiling

or wall sphere (“B”), between two walls of the RC (“A”) or

a mixed combination of previous, see Figure 2. Different

diffraction positions makes it different in terms of results

and occupied volume. In order to validate the chamber, the

Figure 3. Comparison of the number of uncorrelated fre-

quencies between a RC without diffractors and with one

sphere placed between two walls.
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Figure 4. Simulated standard deviation of the original RC,

and when one sphere on the corner was inserted in it. The

IEC-standard limit is reported.

field uniformity was checked [3]. The standard deviation,

reported in eq. (4), provides the values within the tolerance

accepted by the normative [3], [16]. The standard deviation

in (dB) is expressed by

σ24 (dB) = 20log

(

σ24 + 〈Ex,y,z〉

〈Ex,y,z〉

)

(4)



where the σ24 is the standard deviation evaluated on 24

probe positions, 8 for each Cartesian component, and

〈Ex,y,z〉 is the arithmetic mean of the normalized EMAX from

all 24 probe positions. Figure 4 shows the evaluated stan-

dard deviation of the original RC and the same RC when a

sphere is added as depicted in Figure 1. Values of the stan-

dard deviations meet the standard limit [3] throughout the

investigated band.

2.2 Tilted walls

The dimensions of the RC are 4× 5× 3 m3, the same vol-

ume are preserved also when walls are tilted. The frequency

of the fundamental mode is found to be f0 ≃ 48 MHz. We

simulated two discone antennas in order to study the scat-

tering parameters, S21. Figure 5 shows the simulated RC,

vertical z-folded stirrer is used and walls are tilted. The

Figure 5. Simulated RC where three walls are tilted

through the RC. There are two discone antennas and a z-

folded stirrer. The penetration through the RC is set by the

parameter d.

investigated band is 0.2 ÷ 2.0 GHz. In our simulations,

the cell size is 1.5 cm so the whole RC was sampled by

401 × 268 × 168 cubic cells. Walls are tilted by means

spheres centered very far from the RC. The penetration of

the walls through the RC can be varied. We simulated walls,

stirrer as Perfect Electric Conductors (PEC) whereas losses

are added in the air which a value of σ = 10−5 S/m. The

chosen cell size corresponds to λ/10 at 2 GHz and the time

step is 28 ps. We simulated 512 stirrer positions (0.70◦).
The number of uncorrelated stirrer position are evaluated

by using the Auto Correlation Function (ACF). The corre-

lation coefficient is calculated as

r =
1

N−1 ∑N
i (xi −ux)(yi −uy)

σ2
x σ2

y

(5)

and then compared with the IEC threshold [3]. The xi and

yi represent the received power where yi is shifted by one

w.r.t. xi for each stirrer position, whereas ux and uy are the

mean of received power, and finally σ2 is the variance and

N is the number of samples. Figure 6 reports the number

of uncorrelated stirrer position when three walls are tilted

by a penetration d = 35 cm. We can note that the improve-

ment slowly begin at about 300 MHz and it is more marked

over 1 GHz. Figure 7 reports the field uniformity of eq. (4),

Figure 6. Number of uncorrelated stirrer positions when

walls are tilted by 35 cm. A sliding average window over

400 frequency points has been used.

evaluated for the original RC and for the same one with

tilted walls, as in Figure 5. Tilting the walls of the chamber

involved some frequencies in exceed the IEC limit, espe-

cially at low frequency, below 300 MHz. These peaks are

due to the walls closer to the WV with respect to the orig-

inal RC. However, we considered more frequency points

than the required by the standard. The improvement of the

new geometries can be appreciated in terms of an increase

of the number of uncorrelated stirrer positions in frequency,

as shown in Figure 6. Now we are focusing on the evalua-

tion of eigenvalues, i.e. resonant frequencies of the RC take

advantage of the wave chaos theory. Considering ideal con-

ductive walls distribution of these eigenmodes are already

treated [17]. Another key parameter under investigation, is
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Figure 7. Simulated standard deviation of the original RC

and walls tilted by 35 cm. The IEC standard limit is re-

ported.

the inverse participation ratio (IPR) that is able to evaluate

the degree of localization of the field [18]. The IPR evalu-

ated in a regular RC is greater with respect to a chaotic one,

where regular modes are predominant.

3 Conclusions

Wall deformations or tilting improve the overal behaviour

of standard reverberation chambers. In particular deform-



ing the rectangular geometry increases the chamber field

chaoticity. The improvement is evaluated by typical param-

eters used for RC analysis, such as uncorrelated stirrer po-

sitions by means of the ACF and uncorrelated frequencies

by means of the multivariate approach. The improvement

depends on both number and positions of the sphere, or in

the case of tilted walls on the penetration depth through the

RC. This study confirms independent findings from other

investigators and are preliminary to understanding the role

of regular modes surviving the stirring mechanism.
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