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Abstract: The inverse source problem consists in the reconstruction of a source current
from radiated field data and can be found in many antenna synthesis and diagnostics
problems. A stable solution algorithm makes use of the spectral decomposition of the
relevant linear radiation operator (i.e. the Singular Value Decomposition), which depends
on both the source and the observation domain geometries. Analytical results are discussed
with applications to conformal arrays synthesis and diagnostics and the optimal
discretization of the near field for antenna testing purposes.
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Abstract: The aim of this contribution is to summarize some results regarding how much information can be reliably transmitted over a wireless channel, and how to use this theory in
the framework of antenna synthesis. Using the theory developed by Kolmogorov it is possible to
quantify the amount of information that can be transmitted by a wireless communication system
taking into account the physical limitations governed by the laws of electromagnetism. Starting
from the results related to the amount of information carried by an electromagnetic ﬁeld, an
example of antenna synthesis strategy that simultaneously takes into account the requirements of
information and antenna theory is shown.

1.Introduction
In the last decades there has been a dramatic improvement in the bit rate of wireless communication system. Loosely speaking, the attention in past generations of personal communication
systems was focused on signal processing. However, the fast-growing demand of videos and
other bandwidth-intensive services on cellular phones requires new technological advances at
the physical layer level. Antennas offer large possibilities of improvements, as also testiﬁed
by the interest toward active antennas and Multiple Input Multiple Output (MIMO) arrays in
5G communication systems. In particular, in modern communication systems the use of the
space resource, besides the classic time resource, is a key factor to increase the bit rate. The
approach followed in 5G is still classic, and antennas and signal processing are treated as
separate entities. However, from the wireless communication system perspective the ﬁnal goal
of an antenna is to transmit information selectively in the space. This observation suggests
to characterize antennas also by their ability to transmit information. To reach this goal it is
necessary to study the relationship between information theory and electromagnetic theory and
how electromagnetic theory limits the amount of information reliably transmissible by a wireless
system.
In order to clarify the role of the electromagnetic ﬁeld, let us introduce a trivial example. The
most successful ancient communication system was based on reliable riders on horseback. The
task of the horseman was to keep the mailed documents safe while riding the horse. The job
of the horse was to bring the horseman and the documents intact to the ﬁnal destination as fast
as possible. The question is: how many documents can this communication system carry at a
time? The horseman is capable of carrying a large number of documents, but only if the horse
can bear their weight. When the horseman’s bag is too heavy, the horse stops running.
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Abstract
In this contribution we are going to discuss the importance of array synthesis for 5G applications. In
particular, we will show that in massive MIMO applications, when dealing with mm-wave frequencies,
that provide an almost Line-of-Sight propagation condition, the use of equispaced arrays is far to be
optimal. We then discuss a method for the efﬁcient synthesis of very large sparse arrays, showing that
the use of the obtained non equispaced array is beneﬁcial for massive MIMO applications.

I. I NTRODUCTION
The progress in communications systems in the latest years has been, undoubtedly, spectacular.
With reference to mobile communications, we went from the ﬁrst (1G) networks with few
contemporary users, that were capable of transmissions with very limited bandwidth, to the latest
(5G) networks where hundreds of contemporary users can have a communication bandwidth with
a quality comparable to that of a good ADSL connection.
This evolution has not stopped. In order to reach the challenging performance promised by
the 5th generation communication systems, in terms of number of contemporary served users,
bandwidth, and latency [1], future antenna systems are going to exploit the use of huge antenna
arrays [2]. The use of very large antenna arrays for civil applications is going to be enabled by
the use of mm-wave frequencies, where arrays of hundreds of wavelengths could indeed have a
manageable size.
Even if a huge research effort has been focused on 5G communication systems up to now,
a minimum part of this effort has been speciﬁcally devoted to the optimization of the array
geometry in 5G environments, and most contributions are still based on simple array models
having half-wavelength equispaced geometries [3]–[14]. In most of the papers published up to
date, the physics of propagation is not considered at all, and the importance given to the antenna
array is really limited.
Actually, array geometry is an important degree of freedom in the design of 5G communication
systems, that can help to improve the overall capacity of the network. Non equispaced geometries
have already been shown to be beneﬁcial in MIMO applications [15], and recent studies show that
equispaced positioning of the elements is not optimal for Line-of-Sight (LoS) massive MIMO
systems [16], so the use of sparse, non-equispaced geometries could be of great help in these
kinds of applications.
It is well known, in the antenna community, that sparse arrays have a number of signiﬁcant
advantages with respect to equispaced ones; in particular we can avoid the appearance of grating
This paper has been supported by the MIUR program “Dipartimenti di Eccellenza 2018-2022”.
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Abstract: Antenna arrays are a key technology enabling a huge number of applications in our
everyday lives. They are used in communications, radar, navigation, remote sensing, radioastronomy, and in many other systems. Pushed by the continuous growth of wireless services,
antenna arrays have significantly evolved since their introduction. In recent years, modern
applications (e.g., 5G, satcoms, autonomous driving) are imposing more and more challenging
constraints and requirements on antenna arrays. These include the need for multiple
functionalities, large bandwidth, and high reconfigurability. These additional functions add
significantly to the cost, the complexity, and the weight of the array, but they cannot be jointly
accomplished without a careful consideration of the overall array architecture. Recent advances
in the development of high-power amplifiers, analog-to-digital converters, and artificial
materials have enabled new array architectures. Indeed, advanced array architectures, including
sparsity through thinning or adding some functionalities at the subarray level, can help to
incorporate these extra capabilities, albeit with trade-off in terms of gain or aperture efficiency
and potentially increased sidelobes as compared to conventional array solutions. This technical
report will focus on state-of-the-art and most recent methodologies for the design and synthesis
of advanced unconventional arrays, by discussing capabilities, limitations, and perspectives.
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Abstract: Leaky-wave theory has fruitfully been exploited since many decades to design
a class of frequency-scanning microwave antennas and arrays. In the last years, the role
of leaky waves in the eﬃcient description of radiation phenomena has proven to be an advantageous means to realize further innovative antenna functionalities. These functionalities involve features useful for various recent appealing applications (5-G communications,
wireless power transfer, etc.), such as far-ﬁeld pattern and polarization reconﬁgurability,
wideband broadside radiation, as well as near-ﬁeld limited-diﬀractive beam focusing. The
research advances in these contexts are reported here, with speciﬁc attention to planar leakywave radiators operating in microwave, millimeter-wave, and terahertz ranges.

1. Introduction
Leaky-wave antennas (LWAs) are traveling-wave antennas, capable of producing a directive
beam of radiation that can possibly be steered by varying the frequency. Owing to their ease of
fabrication, simple feeding scheme, cost-eﬀectiveness, low-proﬁle, and straightforward design,
LWAs became attractive in the early ‘60s for microwave applications, especially in remote sensing and telecommunications [1–6]. More recently, LWAs and more in general leaky waves have
found application at higher frequencies, and various realizations are being currently proposed
at millimeter-wave frequencies up to the visible range [7], including the more exotic terahertz
(THz) range [8].
However, these relatively new applications required LWAs to exhibit unconventional radiating
features, thus stimulating novel and fascinating research pathways in the ﬁeld of leaky-wave
theory. Interestingly, just to give but a relevant example, it has recently been shown that leaky
waves can fruitfully be exploited not only to optimize the far-ﬁeld properties of LWAs, but also
to tailor their near-ﬁeld distribution to obtain focused radiation [9, 10].
Therefore, after a brief introduction aimed at reviewing the general properties of LWAs (Section 2), we will separately discuss the recent advances in the context of far-ﬁeld (Section 3)
and near-ﬁeld (Section 4) applications. Speciﬁcally, in Section 3 we will discuss the eﬀorts
made in improving the performance of Fabry–Perot cavity (FPC) LWAs (Subsection 3.1) and of
periodic LWAs (Subsection 3.2), with emphasis on the possibility of achieving wideband and
highly-directive broadside radiation, as well as beam-scanning capabilities at ﬁxed frequency.
In Section 4, we will discuss the generation of focused radiation in the near-ﬁeld regime in
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Abstract: In the related scientific literature, a metamaterial is typically considered as an
arrangement of artificial structural elements, whose dimensions, separation, and constituent
materials are properly designed to achieve advantageous and unusual electromagnetic
properties. The advent of this intriguing and prolific research field can be dated back to 19992000, when negative refractive index materials, only theoretically envisioned in 1968 by Victor
Veselago, were realized and experimentally characterized. This was followed by twenty years of
intense and still growing investigations on their fundamental properties, design concepts and
techniques, numerical and analytical modeling, and possible realistic applications. Originally
proposed at microwaves, metamaterials are now a paradigm that can be applied in different areas
of physics, such as terahertz and optical frequencies, as well as in acoustics, mechanics,
hydrodynamics and thermodynamics. Nevertheless, one of the more active and prolific
application field of metamaterials is still at microwave frequencies, where metamaterial concepts
have been used to overcome the inherent limitations of conventional microwave components or
to propose innovative systems based on new wave phenomena. Fundamental element of almost
every microwave system is the radiating element that, thus, has been subject of intensive research
by the metamaterial community at microwaves. This Chapter gives a brief introduction and
classification of metamaterial-based and metamaterial-inspired antennas. In particular, the
potentials, as well as, the challenges in metamaterial antenna engineering will be reviewed and
discussed. Particular emphasis will be given to some examples of metamaterial concepts
successfully employed to meet industrial needs in the design of radar and telecommunication
systems. Moreover, our latest insights and achievements on this topic will be provided.
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Abstract: The purpose of this work is to present some of the most recent antenna prototypes
relevant to a new class of compact and light weight antennas based on modulated metasurfaces
(MTSs). Metasurfaces technology recently opened for the possibility of implementing a variety of
new and uncommon devices; for this reason the latter assumed a growing importance as a
research topic in microwave domain and antenna community, mostly thanks to their capability of
implementing flat antennas. The key feature of modulated metasurface antennas indeed consists
in conveniently exploiting the interference phenomenon between a guided surface wave (SW)
wavefront and an artificially tailored surface impedance, which is periodically modulated and
generally assumes a tensorial form. By interference, the impressed field is thus transformed into
a series of generalized curvilinear wavefront Floquet modes, one of them entering in the visible
range. The equivalent boundary conditions provided by the MTS can easily be customized in
terms of the modulation phase and amplitude in order to reproduce a desired aperture field
profile. Due to the large variety of aperture fields that can be synthesized, this kind of modulated
apertures are eligible to comply with even peculiar and demanding constraints. The MTS
impedance surface is commonly implemented, at microwaves regime, by using patches of different
dimensions that can have various shapes; nevertheless some solutions have been proposed to
extend the MTS applicability range at Terahertz regime. In this chapter we introduce a novel
design approach for determining the requested aperture field. Next, it is treated the MTS synthesis
by sub-wavelength printed patches and aperture analysis; finally different examples of designs
and antenna implementations are shown, featuring, high gain, shaped patterns, multiple beams,
broadband and dual frequency operations.
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UHFHQWO\ SURSRVHG LQ OLWHUDWXUH ZKLFK LPSOHPHQW VXUIDFHV VKRZLQJ SHFXOLDU SURSHUWLHV LQ
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Conformal Phased Array Diagnostic
by Fast Matrix Method
G. Di Massa and S. Costanzo
Dip. di Ingegneria Informatica, Modellistica, Elettronica e Sistemistica
Universitá della Calabria, Italy
Abstract
Near-ﬁeld data are used as diagnostics tool to reconstruct the aperture ﬁeld distribution of conformal array antennas and identify defective element. The matrix method is used for the diagnosis of faulty
elements in large conformal arrays antennas. The problem of inversion
and regularization of resulting matrix is addressed. A new sampling
method is proposed and successfully compared, in terms of computation time, with other existing approaches.

1

Introduction

The identiﬁcation of faulty elements in large antenna arrays, that can cause
performance degradation in terms of gain and sidelobe levels, is a problem
of practical and theoretical relevance.
The most commonly adopted method to reveal faulty in an antenna array
is the Back Propagation Method (BPM) [1]. This method, because based on
the Fourier Transform relationship between the ﬁelds on the array aperture
and the measurement plane, works only with planar array and consequently
planar measurement plane. The sampling step adopted is obtained by the
Nyquist theory and in many practical cases is equal to half-wavelength.
Accordingly, the number of measurement points and consequently the time
required for data acquisition becomes large.
Recently conformal arrays have been developed to obtain the possibility
to conform to the shape of the antenna to an airplane, high-speed train, or
other vehicle. Furthermore selecting shape cylindrical, conical, spherical or
other exotic forms is possible to obtain a beam agility in direction and shape
not reachable with planar arrays.
Near-ﬁeld measurements can be used as diagnostic tools to reconstruct
aperture ﬁeld distribution of conformal array antennas and to locate their
possible defective elements.
The matrix method for array diagnosis, ﬁrst introduced in [2, 3, 4], is
based on the reconstruction of the excitation from measured near-ﬁeld data
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Abstract: A review of some research activities on array antennas diagnostics the CNIT unit
of the University of Reggio Calabria is presented. In particular, the Authors developed a
novel approach on this subject which has the interesting characteristics of being based on
amplitude-only measurements of the radiated field while exploiting the Compressive
Sensing theory. As a result, the array diagnosis can be successfully performed through a
small (and provably non-redundant) number of phaseless measurements in both cases of
linear and planar arrays, also in case where mutual coupling effects are present.
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DQWHQQDVDQGµRII¶HOHPHQWVDUHQRW WKH XQLTXHFDVH RI IDXOWVLQ DUUD\V DQG PRUH JHQHUDO LQ
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Abstract: The research activity carried out at the University of Salerno on the near-field to
far-field (NF-FF) transformation techniques using the classical scans and on the innovative
ones, wherein the NF data are acquired along spirals wrapping the traditional scanning surfaces, is reviewed in this chapter. Such an activity has remarkably improved the NF measurement systems. These improvements are based on the application of the nonredundant sampling representations of the antenna radiated electromagnetic fields to the voltage acquired
by the scanning probe. The so developed nonredundant NF-FF transformations employ an optimal sampling interpolation (OSI) expansion to accurately reconstruct the massive NF data
required by the corresponding classical transformation from the collected nonredundant
samples, thus allowing to get a remarkable measurement time-saving. A further saving of
such a time is achieved by the developed NF-FF transformations with spiral scannings,
where the NF samples are acquired on fly by continuous and synchronized movements of the
probe and of the antenna, thus making faster their acquisition. An OSI expansion is employed also in this case to recover the NF data needed by the NF-FF transformation using
the corresponding classical scan from the nonredundant samples gathered along the spiral.

1. Introduction
Chapter aim is to review the research activity, performed at the UNiversity of SAlerno (UNISA) in
the last thirty years, on the optimization of the near-field to far-field (NF-FF) transformation techniques employing the conventional scans and on the development of those using innovative spiral
scans. Such an activity, which has produced very significant improvements in the performances of
the NF measurement systems, has been carried out for a long time in strict cooperation with Professors Ovidio Mario Bucci of University of Naples “Federico II” and Catello Savarese of University of Naples “Parthenope” and is continued with this last until his dead on December 2007.
As well-known, the NF-FF transformation techniques [1-7] have been widely employed in the
last fifty years to accurately determine, from NF measurements performed in a controlled environment, as a shielded anechoic chamber, the far field radiated by antennas, whose sizes with
respect to the wavelength do not allow the fulfillment of the FF distance requirements in an
anechoic chamber. These techniques usually consider the electromagnetic (EM) field radiated by
the antenna under test (AUT) as summation of modes, which are elementary solutions of the vector wave equation in a free sources region. Plane, cylindrical, or spherical waves are generally employed. The kind of modal expansion adopted to represent the field determines the type of the NF
scanning surface, which accordingly will be a plane, a cylinder, or a sphere. From two sets of
amplitude and phase measurements of the voltage detected by the measuring probe in two its different orientations on a proper grid of the scanning surface, it is possible to determine, by exploiting the orthogonality properties of the modes on these surfaces and properly taking into account the probe effects, the modal expansion coefficients. These last, once substituted in the expansion valid in the FF region, allow to accurately reconstruct the AUT radiated far field [4, 5].
By properly applying the nonredundant (NR) sampling representations of the EM fields, radiated
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Abstract: This contribution deals with practically provable ways to enable performance
evaluations with infrastructures and/or times and costs that would not be possible
otherwise. This involves large and complex antennas, or mounted on large platforms, as
well as more conventional or simpler cases but where testing time is crucial. Typical
examples are antennas for satellite applications, automotive radars, and 5G. The
technologies involved in this report are based on adding information on the device under
test via simulation of parts of the structure, and/or use of existing measurements of parts
thereof. The methodology can be used also with non-canonical grids, and when only a
limited number of measured points is available.
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