
Abstract: Ill-posedness and non-linearity are paramount issues to be carefully addressed 
when solving inverse scattering problems ISPs  arising in several microwave imaging 
MI  scenarios. Such issues are highly correlated to the limited amount of non-redundant 

information retrievable from the scattering data. Accordingly, reliable, robust, and 
computationally-efficient solutions can be obtained by seeking approximate guesses 
satisfying additional constraints derived from different/additional sources of information, 
when these are available. In this framework, this chapter is aimed at reviewing some of the 
most effective and innovative strategies for the exploitation of different sources to recover 
information and yield faithful and reliable ISP solutions in many practical MI scenarios. 
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Abstract: In this chapter we present an overview of the general framework we adopt in 
order to deal with linear inverse scattering problems. Founding on the spectral 
decomposition of the pertinent operator, we focus on the introduction of the Number of 
Degrees of Freedom, according to the configuration of the scattering geometrical settings, 
and on the evaluation of the Point Spread Function, defining the resolution of the inversion 
algorithm. Since it cannot be always evaluated in closed form, it is discussed how an 
approximate version can be envisaged and numerically validated. The approach is applied 
to free-space and half-spaces scattering geometries. In the latter instance a scattered field 
sampling criterion is derived, too. 

__________________________________________________________________________________________ 
CNIT Technical Report-10 --- Microwave Imaging based on Inverse Scattering

 
17



Abstract: This Chapter deals with microwave tomography as a flexible tool to image 
surface/subsurface targets from radar data collected by using unmanned aerial vehicles. 
Specifically, it is shown that microwave tomography allows modelling in a relatively simple 
way the radar signal propagation in homogenous or inhomogeneous media as well as 
handling arbitrary measurement modalities and radar antenna configurations. Signal 
processing strategies capable of accounting for the platform positions as estimated by 
differential global navigation satellite systems and designed to manage data collected 
along single or multiple lines are also considered. Experimental examples regarding single 
track data are presented as a proof of concept assessing the capability to image surface 
and subsurface targets. 
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Abstract: This chapter deals with the method of the shifting zoom, which allows the 
effective use of inverse scattering algorithms for the reconstruction of domains much larger 
than the probing wavelength. Thanks to the shifting zoom, indeed, large amount of data 
can be managed and accurate reconstruction of electrical large spatial domains can be 
achieved with an affordable computational burden.  
The method is herein exploited to process GPR data gathered in archaeological sites and 
to achieve focused images of buried anomalies by means of a regularised linear inversion, 
performed by means of the truncated SVD of the involved scattering operator. In particular, 
results relative to experimental data will be shown and compared with a more common 
migration algorithm, both in a controlled situation and in the field. 
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Abstract: In this Chapter, an overview of the results achieved by teams from the CNIT 
research units of the University of Genoa and University of Roma Tre in the framework of 
through-the-wall imaging is reported. The through-the-wall imaging problem is dealt with 
through a comprehensive approach, which considers both the solution of the forward-
scattering and the inverse-scattering problems. As forward-scattering technique, the 
Cylindrical Wave Approach is used. It allows the modeling of the response by targets in a 
trough-the-wall layout, thus providing synthetic data for the validation of imaging 
approaches. A hybrid two-step approach relying on an inverse-scattering procedure in 
variable-exponent Lebesgue spaces is adopted for data inversion. In particular, a 
preliminary reconstruction, which can be obtained through delay-and-sum or truncated 
singular value decomposition approaches, is used to build the exponent function used in 
the second step. The reconstructions on experimental data confirm the robustness of the 
imaging approach in sensing both high-reflecting and low-reflecting targets. 
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Abstract: Reliable measurement of the electron density plays a key role in plasma physics. 
In particular, it is of interest achieving information about local values of electron density 
in plasma chambers, rather than line-integrated density values currently provided by other 
diagnostics, i.e., optical emission spectroscopy, X-ray measurements, interferometric and 
polarimetric techniques. Millimeter wave imaging profilometry (MIP) is an alternative 
attractive approach to cope with this task, but requires solution of an inverse scattering 
problem, which, besides being non-linear and ill-posed, shows also severe intrinsic 
limitations about the kind and class of unknown profiles which can be actually retrieved. 
In this Chapter, the main results on the use of inverse scattering for MIP are summarized 
and illustrated, then numerical results are reported to show the feasibility of the proposed 
approach, with particular interest in plasma diagnostics in electron cyclotron resonance 
ion source (ECRIS) and possible perspectives in fusion reactors. 
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Abstract: In this chapter we present a summary and overview of the results achieved by the 
researchers from the University of Cagliari and the Italian Institute of Technology aimed 
at engineering the industrial production of a traditional food product from Sardinia, i.e., 
Carasau bread. In detail, to advance, automate and control the industrial production of 
Carasau bread, the challenge of developing innovative microwave-based devices and 
technological solutions was faced. A thorough and extensive microwave spectroscopy study 
was carried out to investigate the complex dielectric permittivity of the food products. 
Bread dough as a material is heterogeneous and dynamic, while presenting high losses and 
dielectric strength. With the knowledge retrieved from the measurements, the preliminary 
design of i) a 3D-printed, wideband double ridge waveguide sensors to measure the 
dielectric permittivity, and of ii) a moisture patch antenna sensor for the in-line assessment 
was carried out. The wideband waveguide sensor was designed numerically by shaping the 
sample holder and its deployment in order to perform transmission measurements. 
Therefore, the sample inclination, thickness and the size of the sample holder struts were 
sized, while taking into account the potential manufacturing and prototyping issues. The 
feasibility of measuring, in a noninvasive and contactless way, the relative percentage of 
water in a dough sheet was verified. The influence of confounding factors, such as the 
antenna to the sheet distance and the sheet thickness, on the frequency response of the 
sensor was studied. This preliminary activities are promising and pave the route to the 
development of innovative microwave systems for the food industry.  
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Abstract: In this chapter, an overview of the research activities conducted at the ERMIAS 
Lab of the University of Calabria, which are addressed to implement a full phaseless 
approach for inverse scattering problems, is presented. More specifically, the main focus 
is achieved by combining two main topics, namely the Inverse Source Problem and the 
Inverse Scattering Problem. The first topic is faced through the characterization of the 
electromagnetic source starting from intensity-only field data, by combining a Spatial 
Domain Indirect Holography Technique (SDIHT) with an incident field calibration 
method, such as a Modal Expansion (ME) based formulation, or a Source Reconstruction 
Method (SRM). The second topic is faced through the implementation of a phaseless inverse 
scattering strategy, based on a Contrast Source (CS) formulation, preliminary applied to 
canonical objects, considering both in-silico and experimental, data and then extended to 
the case of heterogeneous targets, with a focus on breast imaging applications.  The results 
reported in this report, summarizing recent published researches by the authors, show that, 
despite some limitations coming from the phaseless data sparsity and non-linearity, 
promising imaging results can be obtained when considering even high heterogeneous 
targets, whereas the inverse source problem enables the use of a phaseless method for the 
field characterization of radiating sources with different directivity levels.  
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Abstract: This chapter presents the experimental assessment of a microwave imaging 
device for the monitoring of intracranial hemorrhages. The considered low-complexity 
scanner prototype is made of an array of twenty-two antennas, conformally placed on top 
the head, a 2-port compact vector network analyzer, and an ad-hoc electromechanical 
switching matrix. The device exploits a non-iterative linearized differential algorithm 
together with additional robustizing stages of pre and post data processing that allow 
performance in real-life conditions. The pre-processing acts directly on measured S-
parameters, limiting the effect of noise on the data. Instead, the post-processing 
compensates the lack of symmetry of the measured scattering matrix to mitigate the 
artifacts propagated through the imaging kernel. As a whole, the imaging algorithm 
performs in almost real-time, retrieving instantaneous 3-D qualitative maps of the head 
indicating the physical temporal variation of the hemorrhage affected area. The proof-of 
concept experiment consists in monitoring an evolving hemorrhage condition either 
worsening (increasing) or recovering (decreasing). To this end the hemorrhage is 
simulated with a balloon gradually filled with blood-mimicked liquid, positioned in an 
anthropomorphic single-cavity plastic head phantom filled with an alcohol-water-salt 
mixture resembling the average dielectric properties of the brain. The outcomes show that 
the system and algorithm are able to indicate and track variations with a centimetric spatial 
resolution.
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Abstract: In this Chapter, an overview of the results achieved by a team from the CNIT 
research unit of the University of Genoa is reported. It concerns numerical and 
experimental results obtained by the application of a microwave imaging approach based 
on inverse scattering for diagnostics of brain stroke. After discretization of the continuous 
model, the nonlinear equations of the inverse scattering problem are solved by using 
different versions of a Newton-based method, which has been developed in the framework 
of non-conventional Lebesgue spaces. A selection of the obtained reconstruction results, 
with reference to different imaging configurations and working conditions, is reported. 
Capabilities and limitations of the proposed approaches are discussed. 

__________________________________________________________________________________________ 
CNIT Technical Report-10 --- Microwave Imaging based on Inverse Scattering 163




