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Abstract— Multibeam and beam-scanning capabilities of meta-
surface (MTS) antennas using multiple feeds are investigated.
The MTS synthesis is performed by direct inversion of an
electric field integral equation (EFIE) obtained after expanding
the unknown equivalent impedance profile into Fourier-Bessel
basis functions. Two approaches are explored. The first one
assumes a priori a discrete azimuthal symmetry in the impedance
profile, so as to constrain the solution to a subspace which
automatically provides multiple beams when illuminated with
feeds regularly arranged along azimuth. In the second approach,
there are not a priori assumptions on the impedance profile, but
the systems of equations corresponding to each beam are stacked
and solved simultaneously in the least-squares sense. This second
approach can also be used to obtain polarization diversity. More
importantly, it also enables continuous beam scanning. The latter
functionality is achieved through the generation of two embedded
patterns in a common azimuthal window with opposite phase
slopes, followed by a continuous phasing of the two feed points.
Various designs are presented in this article. All the results are
validated with the method of moments (MoM).

Index Terms— Basis functions, beam scanning, impedance
boundary condition (IBC), leaky-wave (LW) antennas, metasur-
faces (MTSs), multibeams.

I. INTRODUCTION

APERTURE antennas with multibeam and beam-scanning
capabilities are required in several applications, including

radar [1]–[3], terrestrial [4]–[7] and satellite [8], [9] commu-
nications, and radio astronomy [10]–[12]. In general, beam
reconfigurability is obtained by changing the antenna prop-
erties electrically, optically, mechanically, or using a tunable
material (such as liquid crystal) [13]. Metasurface (MTS)
antennas have emerged in the last few years as a new class of
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Fig. 1. Illustration of a surface impedance implemented with sub-wavelength
patches, assuming a local periodicity.

leaky-wave (LW) antennas with a unique pattern shaping capa-
bility [14]–[21]. This characteristic makes them intrinsically
amenable to reconfigurability. Furthermore, those antennas are
low profile by essence, since the basic mechanism relies on the
perturbation of a surface-wave [22] excited by a coplanar feed
on a planar and very thin substrate. MTS antennas also exhibit
very low power losses and can be easily manufactured with
standard PCB techniques [15], [16]. In practice, those antennas
implement a spatially varying surface impedance by means
of sub-wavelength scatterers. The surface impedance, thus,
describes the MTS in the homogenized limit. Such impedance
should be tensorial (also denoted as anisotropic) to allow a
better control of the antenna polarization and anti-Hermitian
to avoid losses in the antenna [15]. The implementation of
the impedance boundary condition (IBC) is usually carried
out with a dense array of sub-wavelength patches printed on
a substrate, considering a local-periodicity approximation (see
an illustration in Fig. 1).

Recently, González-Ovejero et al. [23] also demonstrated
the alternative of implementing the MTS IBC using metal
only, thus avoiding possible losses that can appear in the
substrate, especially at high frequency. This article is not
dealing with the IBC implementation process, which has been
already treated in several publications [24]–[26]. The focus
here is put on the IBC synthesis. Generation of multiple beams
using an MTS antenna fed at multiple points has already been
demonstrated in [27], where it has been shown that assum-
ing a certain orthogonality between the beams, the required
modulated impedance corresponding to each excitation can
be superimposed. Each impedance modulation is computed
analytically based on the flat optics theory proposed in [28].
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Fig. 2. Equivalent transmission line circuits for (a) impenetrable (opaque)
IBC and (b) sheet transition IBC [30].

The first goal of this article consists in extending the
synthesis of multiple beam MTS antennas with multiple feeds
to shaped beams, which are here not necessarily orthogonal.
The methods proposed are built on the synthesis technique
described in [20]. This technique relies on the direct inversion
of the electric field integral equation (EFIE) after expanding
the surface currents, as well as the sheet impedance, in terms
of Fourier-Bessel basis functions (FBBFs). In this article,
multiple beams are created either by exploiting, when avail-
able, the symmetry among objective patterns or stacking the
equations corresponding to each beam. This also allows, as a
particular case, the generation of two radiation patterns with
the same amplitudes and polarizations but with opposite phase
slopes. A proper phasing of the feeds then allows continuous
beam steering over an angular range equal to the 3 dB
beamwidth. Another particular case leads to the generation
of two beams with different polarizations.

The manuscript is organized as follows. Section II formu-
lates the problem, introduces the MTS model, and recalls
the FBBFs as well as the fundamentals of the EFIE-based
synthesis. Section III presents two techniques allowing the
design of multifed, multibeam antennas. Section IV presents
the numerical results, including the synthesis of an MTS
antenna, capable of azimuthal scanning within a limited sector.
Finally, Section V concludes this article.

II. PROBLEM FORMULATION

A. MTS Modeling

The antenna we are considering consists of a modulated
MTS of circular shape, realized through a distribution of
metallic patches over a grounded slab. It is known that a
generic MTS containing a ground plane can be described
through an impenetrable (opaque) equivalent impedance
[see Fig. 2(a)]. However, for the MTSs considered in this
article, a more accurate model is provided by the penetrable
(transparent) equivalent impedance [24]. Accordingly,
the MTS is described by a two-port sheet impedance in
parallel with a transmission line network [29], [30], which
takes into account the substrate effect [see Fig. 2(b)]. The
sheet impedance is defined as the ratio between the averaged

electric field Et and the surface current J on the MTS aperture.
The latter represents the jump discontinuity of the magnetic
field at the sheet

Et = Z
S

· ẑ × (Ht |z=0+ − Ht |z=0−) = Z
S

· J. (1)

In the following, we will assume the absence of losses;
therefore, the impedance tensor in (1) is anti-Hermitian. The
MTS is fed by a number of coplanar sources described as
vertical elementary electric dipoles. The objective here is to
determine the impedance modulation required to provide the
desired radiation patterns for given positions of the sources.
A general approach capable of providing arbitrary radiation
pattern for the case of a single central source was recently
presented in [20]. This approach is briefly summarized in the
following section.

B. MTS Synthesis Through Fourier-Bessel
(Basis Functions) Expansion

As already mentioned, MTS antennas are usually built on
a circular domain, which suggests the usage of entire-domain
basis functions for the EFIE discretization. FBBFs have been
proposed in [31] for the current discretization and further used
in [20] for the MTS impedance discretization. Those basis
functions are defined on a circular domain of radius a as
follows [31], [32]:

Rm,n(ρ) = Jn

(
λnm

ρ

a

)
e− j nφ (2)

where λnm is the mth positive zero of the first-kind Bessel
function of order n. The vector ρ = (ρ, φ) identifies each
observation point on the MTS, with ρ and φ being the
usual polar coordinates. Accordingly, the current distribution
is discretized into FBBFs as follows:

J(ρ) =
N∑

n=−N

M∑
m=1

iρmn Rρm,n(ρ)ρ̂ + iφmn Rφm,n(ρ)φ̂ (3)

where ρ̂ and φ̂ are the unit vectors along the radial and
azimuthal directions, respectively. The entries in polar coordi-
nates of the tensorial impedance is now assumed to be of the
following form:

ZρρS (ρ) = Zρρ0 + Pρρ(ρ)

ZρφS (ρ) = −(
ZφρS (ρ)

)∗ = Pρφ(ρ)

ZφφS (ρ) = Zφφ0 − Pρρ(ρ) (4)

where Zρρ0 and Zφφ0 are the average impedances, which are
assumed uniform over the surface. Pρρ and Pρφ are the
impedance modulations to be synthesized. Similar to the
currents, the IBC is expanded into FBBFs as follows:

Zρρ
S (ρ) ≈

NS∑
nS=−NS

MS∑
mS=1

[
K ρρ

S + XρρS

]
RmS,nS (ρ) (5)

ZρφS (ρ) ≈
NS∑

nS=−NS

MS∑
mS=1

XρφS RmS,nS (ρ) (6)

ZφφS (ρ) ≈
NS∑

nS=−NS

MS∑
mS=1

[
K φφ

S − XρρS

]
RmS,nS (ρ) (7)
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where K ρρ
S and K φφ

S are the expansion coefficients of the
average impedances Zρρ0 and Zφφ0 , respectively. XρρS and XρφS
are the expansion coefficients of the modulation terms Pρρ and
Pρφ , respectively. These coefficients are implicitly assumed
to depend on mS and nS . Since we are looking for an anti-
Hermitian IBC, the surface impedance modulation should be
purely imaginary, which implies that the coefficients XρρS and
XρφS (which depend on indices nS and mS) used for the
expansion of the modulated IBC in FBBF should satisfy the
following symmetry:

(X S(mS,−nS))
∗ = −(−1)nS X S(mS, nS). (8)

The EFIE discretization with FBBFs leads to a system of
equations, which can be written in compact form as follows:

ZSXS = U (9)

where XS is the vector representing the unknown coefficients
of the impedance modulation, U contains information regard-
ing the substrate, the excitation as well as the desired radiation
pattern, and ZS also contains information about the radiation
pattern. It is worth noting that, although the solution of the
problem leads to the resolution of a linear system of equations,
it does not mean that the radiation pattern or the currents
depend linearly on the impedance. Indeed, the currents appear
in U and in ZS in such a way that there is no linear link
between them and XS . The reader is referred to [20] for
the mathematical details behind the formulation and to [21]
for the extension of the method to elliptical apertures. In the
remainder of this article, we identify basis functions for surface
impedance, currents, and testing functions with subscripts S,
b, and t , respectively.

III. SYNTHESIS FOR MULTIFED MTS ANTENNA

We want now to generalize the formulation summarized in
Section II-B to the case of multiple beams and multiple feeds.
Two different approaches are presented in the following. In all
the cases, the desired radiation patterns are assumed to be of
the general form F(θ, φ), where θ and φ are the elevation
and azimuthal angles, respectively. It is provided through its
transverse magnetic (TM) and transverse electric, (TE) field
components w.r.t. z, with electric field parallel to the vectors
θ̂ , φ, respectively (see an illustration in Fig. 3).

A. Synthesis Based on Azimuthal Symmetry Assumption

Let us assume that we want to generate multishaped beams
F1(θ, φ), F2(θ, φ), . . . FQ(θ, φ) satisfying the following
symmetry Fi (θ, φ) = F1(θ, φ − 2π(i − 1)/Q), i = 1 . . . Q.
Let us now suppose that the MTS is designed to radiate the
beam F1(θ, φ) when excited at the point ρ1 = (ρ1, φ1), with
ρ1 > 0. One can easily show that, if the modulation satisfies
the same symmetry as the beams, namely

Z
S
(ρ, φ) = Z

S
(ρ, φ − 2π(i − 1)/Q), i = 1 . . . Q (10)

then the MTS automatically radiates the beam Fi (θ, φ) when
excited at the point ρi = (ρ1, φ1 + 2π(i − 1)/Q). Since
the MTS IBC is discretized into FBBFs, the azimuthal sym-
metry (10) can be imposed by simply restricting the set of

FBBFs to those with azimuthal index nS multiple of Q.
We want to stress that for higher values of Q, the subspace
in which the modulated impedance is designed is smaller [see
expressions (5)–(7)]. The algebraic system to be solved has
4Mt (2Nt +1) equations with 2MS (2(NS/Q)+1) unknowns,
where it has been implicitly assumed that NS is multiple
of Q. This means that the capabilities of shaping the beams,
the aperture efficiency, and the computation time decrease
for increasing Q. It is important to mention that for stability
reasons of the method, one cannot use more basis functions
for the impedance than for the currents (i.e., NS ≤ Nb = Nt

and MS ≤ Mb = Mt ).

B. Equations Stacking

The second approach consists of over-constraining the sys-
tem of equations. Since each system of equations corresponds
to a given excitation and a given radiation pattern, one can
simply simultaneously impose more equations to achieve the
multibeam effect. The system of equations to be solved takes
the same form as in (9), with ZS and U written as, respectively,

ZS =
[
ZS

1
; ZS

2
; . . . ; ZS

Q

]
(11)

U = [
U1; U2; . . . ; UQ

]
. (12)

Each index corresponds to a given radiation pattern and a given
excitation. Matrix ZS in (11) has the same number of columns
as the one in (9) for the single feed synthesis, which means that
we are using the same number of FBBFs for the IBC expansion
in both cases (single feed and multiple feeds). This method can
deal with more general multibeam configuration with respect
to the approach presented in Section III-A. However, one
needs to solve a system of 4QMt (2Nt + 1) equations with
2MS (2NS +1) unknowns, which means that the size increases
with the number of beams Q. Notice that it is essential to
add to the visible part of the current spectrum an invisible
part corresponding to the exciting surface wave. Omitting that
part may significantly worsen the performance and generally
yields non-realizable impedance values. The invisible current
spectrum, which corresponds to the antenna near-field, is esti-
mated from a simulation of the currents obtained with the
average reactance [20] with each feed. However, one can
iterate starting from this first estimation. This means that a
first impedance modulation can be computed and then used to
update the invisible current for each feed. The results obtained
with such a refinement are shown in Section IV-B.

For both methods (based on symmetry and equation
stacking), the physical degrees of freedom offered by an MTS
of given size may become insufficient when the number of
desired simultaneous beams is increased. This is expressed in
terms of an over-constrained system of equations and explains
how the obtained patterns performance may stay behind the
requirements when more beams are demanded, as will be
shown in Section IV.

IV. NUMERICAL RESULTS

This section presents some examples of application
of the multibeams synthesis techniques discussed in
Sections III-A and III-B. The IBC design is validated with the
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Fig. 3. Circularly polarized azimuthal bi-symmetric radiation pattern.

method of moments (MoM) code presented in [31] and [33].
The chosen frequency of operation is 24 GHz. The sub-
strate’s relative permittivity is �r = 3.66 with a thickness
d = 1.52 mm. The antenna radius is fixed to a = 10 λ, with λ
being the free-space wavelength. Finally, the average reactance
is Xρρ0 = Xφφ0 = −1260 �.

A. Multiple Flat Beam Design

In the first example, the MTS is designed to radiate a flat
circularly polarized azimuthal beam in the direction θ = 30◦
and φ in the range between φ1 = 45◦ and φ2 = 135◦
when it is fed with a vertical elementary dipole placed at
(x = 1.5 λ, y = 0, z = −d/2). The radiation pattern can then
be written as FT E = cosφ− j sin φ and FT M = sin φ+ j cosφ
in the targeted direction. The impedance is designed to exhibit
a bi-symmetric pattern (Q = 2), which means that the antenna
should also automatically radiate a flat beam at θ = 30◦
and φ ∈ [225◦, 315◦] when fed by a source placed at
(x = −1.5 λ, y = 0, z = −d/2). We used for the impedance
discretization MS = 50, NS = 20. The desired radiation
pattern is represented in Fig. 3. This desired radiation pattern
is obtained by adding to the ideal visible current distribution
(linked to the radiation pattern), the invisible current distri-
bution obtained with the average impedance (as explained
in [20]), and by discretizing the overall current with FBBFs.
The obtained impedance modulation and the corresponding
simulated radiation pattern are depicted in Figs. 4 and 5(a)–(c),
respectively. In Fig. 4, as well as in the remainder of this
article, dots represent the position of the feeds, while arrows
point toward the central part of the beam in the azimuthal
plane.

We obtained an average directivity of 21.5 dBi, which
corresponds to 49% of the power density of the desired
radiation pattern. The same design has now been carried out
with the second approach (described in Section III-B). The
obtained reactance and the radiation pattern are represented
in Figs. 6 and 7, respectively.

A cut of this radiation pattern, as well as a compari-
son with the results obtained using the symmetry technique
(see Section III-A), is illustrated in Fig. 8. One can see

Fig. 4. Modulated sheet impedance for an MTS antenna radiating two sym-
metric azimuthal beams at θ = 30◦ and φ ∈ [45◦, 135◦] and [225◦, 315◦].
Dots represent the position of the point sources and arrows the direction of
the central part of the beam in the azimuthal plane (see also Fig. 3). The
synthesis is based on the method described in Section III-A. (a) Xρρ − X0.
(b) Xρφ .

Fig. 5. Circularly polarized azimuthal radiation pattern in the (u, v) plane.
(a) Copolar component for the designed MTS. (b) Cross-polar component for
the designed MTS. (c) Cut of the radiation pattern along the cone θ = 30◦.

that both methods essentially yield the same performance.
However, the second approach is much more time and memory
consuming than the first one, since the system of equations
matrix to solve is four times larger. One can also observe
from Figs. 6 and 4 that the modulations are quite similar.
However, the MTS aperture is not entirely used, which means
that one could add more functionalities by exploiting the less
modulated part of the aperture.

In the next example, we compare the results obtained with
Q = 1, Q = 2, and Q = 3. For the case Q = 1, the source is
located at (x = 1.5λ, y = 0, z = −d/2). For the case Q = 3,
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Fig. 6. Modulated sheet impedance for an MTS antenna radiating two sym-
metric azimuthal beams at θ = 30◦ and φ ∈ [45◦, 135◦] and [225◦, 315◦].
Dots represent the position of the point sources and arrows the direction of
the central part of the beam in the azimuthal plane. The synthesis is based
on the method described in Section III-B. (a) Xρρ − X0. (b) Xρφ .

Fig. 7. Circularly polarized azimuthal radiation pattern in the (u, v) plane
based on the method of Section III-B. (a) Copolar component when the MTS
is fed at (x = 1.5 λ, y = 0). (b) Cross-polar component when the MTS is
fed at (x = 1.5 λ, y = 0). (c) Copolar component when the MTS is fed at
(x = −1.5 λ, y = 0). (d) Cross-polar component when the MTS is fed at
(x = −1.5 λ, y = 0).

the sources are located at (x = 1.5λ, y = 0, z = −d/2), (x =
−0.75λ, y = (3

√
3/4)λ, z = −d/2), and (x = −0.75λ, y =

−3
√

3/4λ, z = −d/2). The desired radiation pattern for the
case Q = 3 is illustrated in Fig. 9. The modulations computed
for the cases Q = 1 and Q = 3 are shown in Fig. 10. As can
be seen, the case Q = 3 uses more efficiently the aperture.
The corresponding radiation patterns are compared in Fig. 11.
As expected, the performance decreases when the number of
beams increases.

B. Dual Polarization Design

Next, we design an MTS antenna capable of radiating
two beams with the same amplitude but with opposite
polarizations. Depending on the excited feed, one can select

Fig. 8. Cut of the radiation pattern along the cone θ = 30◦ for an MTS
radiating an azimuthal bi-symmetric radiation pattern. (a) Results from the
method described in Section III-B. (b) Comparison between the results with
the method in Section III-A (solv 1) and the one in Section III-B (solv 2).

Fig. 9. Circularly polarized azimuthal tri-symmetric radiation pattern.

a given polarization. A similar functionality has recently
been proposed in [34] using holographic techniques. Here,
we feed the MTS as in Section IV-A. The IBC is designed
in such a way to provide for the first excitation, located at
(x = 1.5 λ, y = 0, z = −d/2), a flat right-handed circularly
polarized (RHCP) radiation pattern in the sector (θ = 30◦
and φ ∈ [67.5◦, 112.5◦]). When the MTS is excited with
the second feed, located at (x = −1.5 λ, y = 0, z = −d/2),
the antenna should radiate a flat left-handed circularly polar-
ized (LHCP) radiation pattern in the same sector as for the
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Fig. 10. Modulated sheet impedance for an MTS antenna radiating azimuthal
beams at θ = 30◦ based on the method described in Section III-A.
(a) Xρρ−X0 for a nonsymmetric beam (Q = 1). (b) Xρφ for a nonsymmetric
beam (Q = 1). (c) Xρρ−X0 for a tri-symmetric beam (Q = 3). (d) Xρφ for a
tri-symmetric beam (Q = 3). Dots represent the position of the point sources
and arrows the direction of the central part of the beam in the azimuthal plane
(see also Fig. 9).

Fig. 11. Comparison between the radiation patterns for MTS radiating an
azimuthally symmetric beam (Q = 1, Q = 2 and Q = 3).

first feed. The desired radiation pattern can then be written for
the first excitation as FT E = cos 4φ − j sin 4φ and FT M =
− sin 4φ − j cos 4φ. For the second excitation, one needs
FT E = − cos 4φ− j sin 4φ and FT M = sin 4φ− j cos 4φ in
the targeted direction. This beam does not satisfy the symmetry
required to apply the method presented in Section III-A. The
synthesis has, therefore, been carried out with the equations
stacking method described in Section III-B.

We now analyze the impact of iterating over the invisible
current spectrum, as explained in Section III-B. Fig. 12 rep-
resents the obtained impedance modulations. Fig. 13 shows
the simulated embedded element patterns, corresponding to

Fig. 12. Modulated sheet impedance for an MTS antenna radiating two
azimuthal beams at θ = 30◦ and φ ∈ [67.5◦, 112.5◦] with opposite
polarizations. The dots represent the sources location. Synthesis based on
the method described in Section III-B. (a) Xρρ − X0 at iteration 0. (b) Xρφ
at iteration 0. (c) Xρρ − X0 at iteration 1. (d) Xρφ at iteration 1.

each excitation taken separately. The results obtained without
iteration is compared to those obtained after one iteration.
On can see a slight improvement on the radiation pattern.
As observed, a good cross-polar level has been obtained after
one iteration. The achieved aperture efficiency (computed with
the desired radiation pattern) is near 44%. It is important to
stress that the iteration process is not necessarily stable, i.e., it
may sometimes lead to undesired amplification of the modula-
tion depth after several iterations. The authors recommend two
iteration steps and selection of the best performance among the
three obtained results.

C. MTS Design for Beam Scanning

The goal of this section consists of numerically demonstrat-
ing the possibility of beam scanning using multifed phased
MTSs. The used parameters (frequency, substrate, radius,
feeding points, etc.) are the same as in the previous section.
As opposed to the dual-pol configuration, here we want to gen-
erate two embedded element patterns with the same amplitude
and polarization (TM) but with different phase progressions.
For the first excitation, the phase linearly increases w.r.t. φ and
covers a phase range of π radian. For the second excitation,
the phase linearly decreases, with the same phase range.
Exciting the first feed, the desired radiation pattern is then
given as FT E = 0 and FT M = sin 4φ− j cos 4φ in the targeted
direction. For the second excitation, we want FT E = 0 and
FT M = − sin 4φ − j cos 4φ. We now excite the two feed
points with the same magnitude and a relative phase ψ . The
global radiation pattern can then be written as

F(θ, φ) = Uφ p̂ (e jkφ + e jψe− j kφ) (13)
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Fig. 13. Comparison between the embedded element patterns obtained at
iteration 0 with those obtained after a first iteration along the cone θ = 30◦ .
(a) Feed 1. (b) Feed 2.

Fig. 14. Modulated sheet impedance for an MTS antenna radiating two
circularly polarized azimuthal beams at θ = 30◦ and φ ∈ [67.5◦, 112.5◦]
with different phase progression. The dots represent the source locations. The
synthesis is based on the method described in Section III-B. (a) Xρρ − X0.
(b) Xρφ .

where the window Uφ is equal to one for θ = 30◦ and
φ ∈ [67.5◦, 112.5◦] and 0 elsewhere. p̂ is the TM unit vector
polarization. k = (π/
φ), with
φ = (112.5◦−67.5◦) π/180.
The expression between brackets in (13) can be interpreted as
an array factor and can be rewritten as e jψ/2 cos(kφ − ψ/2),
which means that the antenna beam is linearly polarized with
a maximum directivity at φ = −ψ/(2k). Therefore, one can
achieve continuous azimuthal scanning by varying the phase
ψ of excitation at one of the two feed points. Fig. 14 shows
the obtained impedance modulation. Fig. 15 illustrates the
beam-scanning capability. One can see that a beam scanning

Fig. 15. Beam-scanning capabilities of a two-feed MTS antenna.
(a)–(d) Illustration in the u-v plane for different values of ψ . (e) Illustration
along the cone θ = 30◦ for different values of ψ equally spaced in the
range [0, 2π ].

over about 20◦ has been achieved. The sidelobe level is quite
high. Indeed, when the array is scanned, neighboring lobes of
cos(kφ − ψ/2) in the array factor start to enter into the win-
dow Uφ . For larger scan angles, the next lobe of cos(kφ−ψ/2)
appears as important sidelobes. Since there is only one degree
of freedom, the method allows a beam scanning over a 3 dB
beamwidth only. One can choose independently the beamwidth
based on the width of the radiation pattern associated with each
excitation.

V. CONCLUSION

We have presented the generation of multishaped beams
with MTS antennas. The proposed methods are based on the
EFIE discretization with FBBFs. In particular, we discussed
two techniques. The first one relies on the azimuthal symmetry
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of the impedance to naturally impose an azimuthal symmetry
on the radiation pattern. The second method consists of over-
constraining the system of equations and can be used for
more general multibeams. However, this approach is more time
and memory consuming than the first one. Finally, we have
proved that a proper control of the amplitude, phase, and
polarization of the radiation pattern can allow continuous beam
steering by phasing the MTS at multiple feed points: two
points and azimuthal beam scanning so far. To the best of
our knowledge, it is the first time that phased MTS antennas
has been proposed for beam scanning. Further research should
allow one to increase the number of feeds in order to improve
the scanning capability, for instance, obtaining the same scan
range with a narrower beam. Another point deserving further
attention concerns the a priori estimation of the antenna near-
field. In this article, the near-field corresponding to the average
impedance has first been used and we have iterated over
this first estimation to slightly improve the results. However,
a better a priori estimation of the near-field taking into account
the desired multibeams effect may allow one to achieve better
performance.
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