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Microwave and millimeter-wave sensors, systems, and tech-
niques have been acquiring an ever-growing importance in
the field of imaging and materials characterization. This
interest is primarily motivated by the many advantages
of microwaves and millimeter waves. First of all, these
systems are capable of directly measuring quantities related
to dielectric properties of inspected objects. Furthermore,
nowadays microwave and millimeter-wave instrumentation
is relatively low cost, especially with respect to other systems
(e.g., X-rays). These systems are also relatively compact,
allowing portability of the devices and consequently the
possibility of performing in-situ measurements. Moreover,
the systems are safe to the user as a result of the low
transmission energy required for performing the inspection
and the nonhazardous behavior of the radiation in the
microwave and millimeter-wave frequency bands.

In recent years, several systems and techniques have
been proposed in the scientific literature for electromagnetic
imaging and materials characterization. Several applicative
fields have been explored (e.g., nondestructive testing,
biomedical imaging, and subsurface sensing), and novel
solutions have been proposed. However, innovative appa-
ratuses still must be developed, in order to mitigate the
drawbacks of existing systems and to provide ever better
measurement capabilities. Moreover, since the underlying
mathematical model is commonly nonlinear and ill posed,
novel solution algorithms and processing paradigms are

needed for extracting key information from the measured
data and for presenting the inspection results to nontechnical
users/personnel of these assessment systems.

This special issue reports state-of-the-art contributions
to the research in this field, which consider different aspects
and problems related to sensors, systems, and techniques
applied to microwave and millimeter-wave imaging.

In the paper “Wide range temperature sensors based on
one-dimensional photonic crystal with a single defect” by A.
Kumar et al., the transmission characteristics of a one-
dimensional photonic crystal structure with a defect have
been studied. The authors analyzed the behavior of the
refractive index as a function of temperature of the medium.
It has been found that the average shift in central wavelength
of defect modes can be utilized in the design of a temperature
sensor.

The paper “Complex permittivity measurements of textiles
and leather in a free space: an angular-invariant approach” by
B. Kapilevich et al. describes a system for complex permit-
tivity measurements of textiles and leathers in a free space
at 330 GHz. The role of Rayleigh scattering is considered,
and the incidence-angular invariance has been estimated
experimentally. It has been found that if the incidence angle
exceeds the angular-invariant limit of about 25–30 degrees,
the uncertainty caused by the Rayleigh scattering drastically
increases, thus, preventing accurate measurements of the real
and imaginary parts of the dielectric properties.
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In “Buried object detection by an inexact newton method
applied to nonlinear inverse scattering” by M. Pastorino and
A. Randazzo, an algorithm for buried object detection is
proposed. The method is based on the regularized solution
of the full nonlinear inverse scattering problem formulated in
terms of integral equations involving the Green’s function for
half-space geometries. An efficient two-step inexact Newton
algorithm is employed. Capabilities and limitations of the
method are evaluated by means of numerical simulations.

In “Location and shape reconstruction of 2d dielectric
objects by means of a closed-form method: preliminary exper-
imental results” by G. L. Gragnani and M. D. Mendez, an
analytical approach for the identification of the location
and shape of dielectric targets, starting from microwave
measurements, is considered. A closed-form singular value
decomposition of the scattering integral operator is derived
and is used for determining the radiating components
of the equivalent source density. The capabilities of the
approach are demonstrated by considering real scattering
data belonging to the Fresnel database. As a result of the
closed-form solution, very short computational times have
been obtained.

Finally, the application of swarm optimization methods
to microwave imaging is reviewed in the paper “Swarm
optimization methods in microwave imaging” by A. Randazzo.
Swarm optimization methods are recently proposed stochas-
tic algorithms inspired by the collective social behavior of
natural entities (e.g., birds, ants, etc.). These algorithms have
been proven to be quite effective in several applicative fields,
such as intelligent routing, image processing, antenna syn-
thesis, component design, and, clearly, microwave imaging.
Recent approaches based on swarm methods are reviewed
and critically discussed.

We wish to thank all the authors for their important
contributions, the reviewers for their valuable suggestions,
and the Editorial Board and Publisher for their fundamental
support in the publication of this special issue.
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