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Abstract

The time reversal (TR) is applied to verify the capability
of a scatterer to improve the field chaos inside a resonant
environment. In particular, the capability to focus the field
in the observation point is analysed. The method is used
in the design stage of a reverberation chamber to check nu-
merically the goodness of the stirrer under design. It might
be useful to experimentally check stirrer performance if ap-
plied to the measured chamber time response.

1 Introduction

Reverberation chambers (RCs) are electromagnetic com-
patibility (EMC) test facilities [1], also employed in shield-
ing effectiveness measurements [2, 3], material character-
ization [4, 5] antenna characterization [6] and the testing
of wireless devices and systems [7, 8, 9]. An RC is con-
sidered suitable for testing if it provides a sufficient degree
of field statistical uniformity and isotropy [10, 11], accom-
plished by a proper modal stirring action. The using of ro-
tating metallic paddles is most common method to stir the
field inside a large cavity. The stirring efficiency of rotating
paddles depends on their dimension [12] positioning and
number [13]. Another way to mechanically stir the cav-
ity is to move the chamber walls, by using the intrinsic vi-
bration of flexible walls [14, 15], or using the vibration of
one rigid wall of the chamber [16, 17]. Some source stir-
ring techniques were developed to avoid moving elements
inside the cavity: the frequency stirring [18, 19] and an-
tenna positioning stirring [20, 21, 22]. The introduction
of chaotic behavior for the field has been demonstrated to
improve RC performance [23]. The generation of chaotic
fields within the cavity can be accomplished by deforming
the cavity shape inspired by the quantum chaos theory, for
example by realizing a confined geometry similar to chaotic
billiards [24, 25]. This was early explored in [26, 27], and
successively in [23], [28] by analyzing the introduction of
spherical diffractors. Also the addition of a tilted wall is
able to enhance chaoticity inside the RC [29]. Common
stirring techniques are well described in [30], and a lot
of performance indicators, typically adopted for validation,
are described in [31]. Among them, the lowest usable fre-
quency (LUF), the number of uncorrelated field states [32]
and the field uniformity are widely adopted. An alterna-
tive way to check the performance of a stirring mechanism
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Figure 1. Horizontal section of the simulated chamber.

might be based on the application of the time reversal (TR)
technique [33, 34]. It was widely used inside resonant en-
closure to achieve a focusing action both in time and spatial
domain [35, 36, 37] It was demonstrated that the presence
of reflecting walls and chaoticity is able to improve the fo-
cusing of the TR signal in biological media too [38, 39].
In this framework, the idea is to apply the TR to the RC
response to check the chaos in terms of capability to fo-
cus the time response respect to the launched initial pulse.
The RC field is computed by means of an ad-hoc full wave
FDTD code. It is parallelized for use on supercomputers,
thus providing the electromagnetic field inside the RC in all
the volume and for each state of the chamber, thus allowing
the application of spatial uncorrelation matrices to verify its
chaos [40]. The TR is applied to the camber transmission
response, computed between two point in the working vol-
ume, when different metallic scatterers are located in the
chamber. It is shown that the better the TR focusing the
better is the scattering properties of the object and conse-
quently its ability to enhance chamber chaos.

2 RC Simulations

An in-house FDTD parallel code has been used in order to
simulate the whole RC, and subsequently to perform a sta-
tistical analysis. The simulated RC, Figure 1, has dimen-
sions 6×4×2.5 m3. The chamber is excited by a transmit-
ting antenna fed by the following gaussian pulse modulated
signal

s(t) = cos(2π f0 (t − t0))e
− (t−t0)

2

tg (1)



Figure 2. Electric field amplitude plot inside the chamber.

where
tg =

12

[π ( fmax − fmin)]
2 (2)

and
t0 = 3

√
tg (3)

with fmin = 0.3839 GHz, fmax = 0.4839 GHz and f0 =
0.4339 GHz, with medium ratio 384.6. Given the impulse
response h(t) of the RC, the received signal at the cell the
signal is to be focused:

u(t) = s(t)⊗h(t) (4)

where ⊗ denotes the time convolution. Applying the well
known ordinary TR procedure, we apply the TR mirrored
signal u(−t) to the Tx achieving the reconstructed re-
sponse:

sr(t) = u(−t)⊗h(t) (5)

The response reconstructed in such a way in the original
sampling point is then analysed to check the focusing capa-
bility determined by the adopted stirrer geometry.

3 Results

The proposed method is preliminary applied to check the
improvement determined by the insertion of a scatterer
made of planar paddles. Figure 2 shows the electric field
distribution within the empty RC whereas Figure 3 reports
field distribution when the antenna was fed by the reversed
signal. In this scenario there is no focusing on the chosen
point. Then, the chamber field has been computed adding a
scatterer. Figure 4 shows the electric field amplitude when
the diffuser was added in the RC, Figure 5 shows the elec-
tric field amplitude of the same scenario when the input sig-
nal is reversed.

It is evident the capability of the scatterer to destroy the
modal regularity of the field inside the chamber.

The scatterer is able to better focus and enhance the field in
the observation point.

Figure 3. Electric field amplitude plot inside the chamber
with the reversed signal.

Figure 4. Electric field amplitude plot inside the chamber
when a diffuser is added.

4 Conclusions

The TR technique has been applied to provide a way to
check the performance of a scatterer inside an RC. In partic-
ular, it has been highlighted that the field produced by the
TR pulse is more focused in the observation point due to
the scatterer presence, if compared to the empty chamber.
This might be ascribed to the chaoticity enhancement of
the chamber field and the consequent higher modal density
able to improve the time and spatial focusing of the recon-
structed pulse. Future work will be devoted in applying the
technique to other kind of scatterers, also including spher-
ical diffractors, and to provide a suitable metric to univo-
cally interpret the obtained time response. The method can
be applied during the design stage of the RC accomplished
by numerical simulations of the whole chamber geometry.
Furthermore, it can be applied to experimentally check ex-
isting RC considering the measured time response between



Figure 5. Electric field amplitude plot inside the chamber
when a diffuser is added with the reversed signal.

two (or more) spatial points.
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