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Abstract—A numerical analysis based on the Method of Mo-
ments is conducted to study the feasibility of absorbing chambers
made of arrays of metallic elements, named here as cognitive
chambers. The array is covering the inner surface of a perfectly
conducting cylindrical shield. The analysis is so far limited to
the TMz case. Very low perturbation of the field from a device
under test, represented by a collection of axial dipoles is observed.
The non-disturbance of the incident fields correlates well with a
criterion based on the active impedance. A significant dependence
of the optimal load impedance versus azimuthal and axial modes
has been observed.

Index Terms—antenna arrays, mutual coupling, cognitive
chamber, absorption.

I. INTRODUCTION

With the high-rate production of devices devoted to commu-
nications and radar, an increased need appeared for automatic
industrial verification. Ideally, the radiated fields should be
observed in all directions, in the near-to-intermediate field,
without disturbing the fields near the device under test (DUT).
To this end, one may use dense arrays of antennas surrounding
the DUT. Such arrays may also allow source inversion as
well as the measurement of correlation between fields [1]–
[3] in arbitrary directions. Although the envisaged antennas
are metallic and are covering the surface of a shielded room,
without any absorbing material, the goal is to achieve a nearly
total absorption and virtually zero-scattering of the fields
radiated by the DUT. Given the goals announced above, such
arrays will be named cognitive chambers.

Regarding the observation of electromagnetic fields at RF
or microwave frequencies, hemispherical and cylindrical con-
figurations are very common in medical applications, given
their ability to fully scan the object. Craddock et al. used
a hemispherical 60-element antenna array devoted to breast
cancer detection. It operates as a multistatic radar system in
the 4–8 GHz frequency range [4]. Fear et al. used cylindrical
imaging systems to localize breast tumors in three dimensions
[5]. The MVG vertical arch system, generally used in vehicle
measurement applications, has been transposed to a horizontal-
axis arch of sensors, which enables 3D multi-static short-
range radar imaging [6]. However, those systems all involve
either absorbing material or matching liquid. The cognitive
chamber studied here only comprises a metallic shield and
properly loaded metallic antennas. One might expect important
challenges in terms of standing waves in the shielded space,

Fig. 1. Cognitive chamber structure. Left: perspective view. Right: cross
section. Blue: transmitting DUT. Red: receiving dipoles, part of the chamber.

but one should remember that, for instance, planar arrays are
known to be able to absorb all the incident power in a broad
range of incidence angles and frequencies, if matched in the
active impedance sense [7], [8], [9].

In order to benefit from symmetry and hence to envisage
the use of elements that are all identical, a cylindrical structure
[10] is analyzed here. It is made long in the axial direction,
such that an infinite-array approximation would be representa-
tive1. Henceforth, the structure will be named as a Cylindrical
Cognitive Chambers (see Fig. 1). In this paper, the analysis is
limited to transmitting and receiving dipoles that are parallel
to the cylinder axis, which corresponds to the TMz case.

The remainder of this paper is organized as follows. In
Section 2, the analysis technique is briefly described and in
Section 3 the optimal loading of the receiving antennas is
analyzed based on a criterion related to the active impedance
of the transmitting antennas serving as DUT (device under
test). Brief conclusions and perspectives are drawn in Section
4.

II. METHOD-OF-MOMENTS ANALYSIS

The structure to be analyzed is sketched in Figure 1. It
consists of a conducting cylinder and Na dipoles (red). The
dipoles are equally distributed, close to the cylinder edge (typ-
ically at a quarter of the wavelength λ). The Na inner dipoles
(blue in Figure 1) stand for the device under test (DUT);
they transmit either jointly or in isolation. The structure is
periodic along the azimuth ϕ, with Na antennas over 2π
radian and it is also periodic along the axis of the chamber

1Mitigation methods able to ensure absorption at the ends of the cylinder
will be studied later.
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(Z axis), with period a. It is known that isolated sources can
be represented as a spectrum of sources spread over planes,
spheres or cylinders [11]. The latter case is considered here.
That is why we allow a certain phase shift between consecutive
transmitting elements along the Z axis, as well as all integer
multiples of 2π/Na phase shifts along the azimuth. Hence,
the Green’s function used here corresponds to that of infinite
arrays aligned along ẑ, with an inter-element phase shift equal
to k0z a. In this configuration, only the z component of current
sources and electric fields needs to be considered. This hence
requires the use of the following Green’s function [12]:
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−j k◦ η
4 j a
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where k◦ is the free-space wavenumber, η is the free-space
impedance, and H

(2)
0 (.) is the Hankel function of order 0

and type 2. Each term in the summation corresponds to the
contribution of a different Floquet wavenumber kpz
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Variable ρ corresponds to the distance between transmitting
current and observed field positions, both projected in a plane
perpendicular to z.

A wire radius of λ/200 is considered, which allows the use
of Pocklington’s thin-wire approximation [14]. The shield is
made of wires with same radius as that of the transmitting
and receiving antennas, with a high density, with spacings
of the order of a λ/20. In a method-of-moments framework,
the use of the periodic Green’s function allows a spectral-
domain evaluation of the interactions between basis and testing
functions:

Z(i, j) =
∑
p

Gzz(kpz , ρij) F̃i(k
p
z) F̃j(−kpz) (3)

where F̃i(kz) is the Fourier transform of a given basis or
testing function. In this paper, the basis and testing functions
correspond to symmetrical triangles of width L along the z co-
ordinate, such that F̃ (kz) = L/2 (sinx/x)2 with x = kz L/4.

It is important to note that the spectral series (1) does not
converge well for small values of ρ. This is why a space-
domain approach is adopted when ρ is smaller than a tenth
of the wavelength [13]. This goes in several steps. First,
the Green’s function is tabulated versus z and ρ over the
unit cell. A space domain summation, vastly accelerated with
Levin’s series extrapolator [16] is used. The contribution of the
reference dipole (self-term) is excluded from the series, and
the double convolution involved in the evaluation of the Z(i, j)
elements is carried out in space domain. The contribution of
the self-term is added afterwards, based on a classical approach
including the analytical extraction of the 1/R singularity.
Details about the mathematical formulation of this near-field
case will be provided in a later publication.

The analysed structure being a discrete body of revolution,
it allows a matrix-filling time, but also a solution time,
that are simply proportional to the number Na of sectors

(a)

(b)

Fig. 2. Optimal resistances (a) and reactances (b) for orders m = 0, 2, 4, 6
and 8 azimuthal mode versus axial wavenumber.

(here the number of receving antennas along the periphery
of the structure) [15]. In the following, excitations of type
exp(j mϕ) with different indices m will be named azimuthal
modes. Likewise, different phase shifts along z, obtained
as ψz = kz,◦ a will be named axial modes2. Translational
symmetry among the basis functions defined on the shield has
also been exploited to vastly accelerate the filling of the MoM
impedance matrix.

III. VALIDATION AND ABSORBING ARRAY PERFORMANCE

Numerical consistency checks are necessary to assess the
accuracy of the numerical implementation. First, one verifies
that the field outside the cylinder is close to zero, which is
not a priori imposed by the MoM approach. The fields outside
have been observed to be typically 32 dB below3 those inside.
Second, we checked that the power fed by the transmitting
antennas is absorbed by the loads of the receiving antennas,

2Azimuthal and axial modes come in discrete and continuous spectra,
respectively

3A higher density for the wires making up the shield may bring that value
further down
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Fig. 3. Total field in presence of cognitive chamber. All transmitters excited,
m = 0, kz = 0.

Fig. 4. Total field in absence of cognitive chamber. All transmitters excited,
m = 0, kz = 0.

Fig. 5. Difference between fields in presence of cognitive chamber and
reference fields All transmitters excited, m = 0, kz = 0.

Fig. 6. Fields in presence of cognitive chamber (”total”) with source offset
of 0.5 wavelength, as well as reference (no chamber) and difference. All
transmitters excited, m = 0, kz = 0.

which is typically satisfied within 0.1 percent, despite the fact
that the MoM does not explicitly enforce energy conservation.
It is important to notice here that this must always be satisfied,
even when the chamber is strongly scattering. However, a
good design is supposed not to disturb the DUT, which is
verified by minimizing the change of its active impedance
(see below). As a third check, we also verified that, when the
loads terminating the chamber’s antennas are set to zero or
virtually to infinity, the transmitting antennas do not transmit
any real power, which translates into the fact that their active
impedance is nearly imaginary. We observed that in those
cases the imaginary part of the DUT’s active impedance is
about four orders of magnitude larger than its real part.

A minimum-scattering design supposes a sufficiently dense
array of receiving elements, with appropriate dipole lengths
and distance from the shield. This also supposes an appro-
priately optimized load. Examples are shown in this section.
They refer to a chamber with a 4 λ diameter and Na = 16
elements along its periphery, with a length of 0.488 λ and a
λ/4 distance from the shield, while the transmitting antennas,
representing the DUT, are placed either at 0.25 λ or 0.5 λ
from the center and have a length of 0.34 λ.

The optimal impedance is obtained by ensuring that the
chamber does not scatter at the level of the transmitting
antennas, i.e. such that the active impedance of the antennas
serving here as a DUT does not change when the chamber is
added. We observe that the optimal loads have a significant
dependence on the azimuthal and axial mode indices. As
mentioned in Section 2, the radiation from a non-centered
source can be written as a double spectrum of waves along
those indices; it is hence expected that a compromise will need
to be found for the loading of the antennas. Figure 2 shows
the optimal impedance obtained versus the kz wavenumber
and versus the axial mode index m for a DUT located at 0.25
λ from the center. For clarity, only even modes up to Na/2 are
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Fig. 7. Total field in presence of cognitive chamber for one element excited,
at 0.5 wavelength from center; kz = 0.

Fig. 8. Reference field in absence of cognitive chamber for one element
excited, at 0.5 wavelength from center; kz = 0.

Fig. 9. Difference between fields in presence of cognitive chamber and
reference fields, for one element excited, at 0.5 wavelength from center;
kz = 0.

Fig. 10. Fields in presence of cognitive chamber (”total”) with source offset
of 0.5 wavelength, as well as reference (no chamber) and difference; kz = 0.

Fig. 11. Fields in presence of cognitive chamber (”total”) with source offset of
0.25 wavelengths, as well as reference (no chamber) and difference; kz = 0.

shown4). High-order azimuthal modes are denoted with dashed
lines, since they actually produce waves that are evanescent
versus radius, which do not truly reach the receiving antennas.
Given the significant dependence of the optimal load on modal
index, solutions with adaptive loading might also be envisaged
[17].

For m = 0 and kz = 0, the optimal impedance is here
150.4 − j 34.9Ω. Figure 3 shows the total field obtained
within the chamber, to be compared with the fields without the
chamber (i.e. DUT only), in Figure 4. The difference between
the fields is shown in Figure 5. It is observed that, within
the chamber, in a disk excluding the absorbing antennas, the
scattering by the chamber is very well suppressed. A cut of
the fields passing through the center is shown in Figure 6. The
sharp peaks correspond to the positions of transmitting (DUT)
and receiving (near shield) antennas.

As explained above, the optimal impedance depends on the

4Odd modes do not have a specifically different behavior; modes with index
m > Na/2 behave identically to the mode Na −m.

Authorized licensed use limited to: Univ Catholique de Louvain/UCL. Downloaded on September 19,2024 at 13:13:04 UTC from IEEE Xplore.  Restrictions apply. 



modal index. Let us now consider this dependence along index
m for kz = 0. To represent a DUT that is not centered or a
DUT of a certain size, several m indices will be necessary.
For instance, excitation at element 0 only can be represented
by the superposition of all modes with all elements excited.
This stems from the fact that the Fourier transform of a discrete
delta function is a constant. A priori, only one specific loading
of the antennas is possible. Hence such a simulation is carried
out with the optimal load referred to above, obtained for
m = 0. Figures 7 to 9 show the total, reference and difference
fields obtained in that case, for a source shifted by λ/2 from
the center and kz = 0. A larger perturbation of the fields is
observed5. This is due to the fact that the used loading, related
to the m = 0 mode, is not truly appropriate for higher-order
modes. A cut of the fields passing through the center is shown
in Figure 10. The same cut is represented in Figure 11, for a
smaller shift of the source, by 0.25 wavelengths; it can be seen
that in the latter case the obtained scattering is much smaller.

IV. CONCLUSION

A MoM software has been developed to analyze cylindrical
absorbing arrays, or cognitive chambers, so far limited to
the TMz case. Several improvements made it efficient and
a number of sanity checks, including energy conservation,
allowed its validation. We showed that, for a small DUT, the
elements distributed along the inner surface of the cylinder
allowed a nearly total absorption of power, without strong
perturbation of the fields radiated by the DUT, which radiate
almost as if it were located in free space. At the same time, it
is possible to observe and cross-correlate the fields at the level
of each receiving dipole. Further improvements of the analysis
will obviously include the introduction of a TEz component,
as well as an analytical determination of the optimal loads
and a strategy to deal with or to find a compromise for
the dependence of those loads to the azimuthal or axial
mode index. Such improvements are expected to enable the
characterization of larger DUT’s. The bandwidth of operation
of cognitive chambers remains to be studied and eventually
optimized by making use of other types of antennas along the
chamber’s wall. Such radiators may correspond to tapered-slot
antennas, as realized in [18] for inward-looking circular arrays.
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