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Abstract— The Marie Skłodowska-Curie Innovative 

Training Network “EMERALD” is a recently started project 
aimed at progressing the state of the art of microwave imaging 
devices for medical applications. In this framework, the goal of 
the project tasks based at CNR-IREA is twofold. First, ad-hoc 
imaging algorithms tailored to the prototype devices for clinical 
follow-up and image-guided treatment designed and realized 
within the network will be developed. Second, a microwave 
imaging device for monitoring and guiding microwave ablation 
treatments will be designed, realized and tested. This paper 
presents the initial research activities carried out by the CNR-
IREA team within the EMERALD project. 

Index Terms—microwave imaging, real-time monitoring, 
inverse scattering. 

I.  INTRODUCTION  
EMERALD (ElectroMagnetic imaging for a novel 

genERation of medicAL Devices) is an innovative training 
network funded by H2020 European programme which has 
the aim of forming a group of highly-skilled researchers 
capable of accelerating the translation of microwave imaging 
technology for medical diagnostics into clinical practice [1].  

To this end, the institutions involved have recruited 13 
PhD students that will each cope with a specific part of the 
project, while contributing to the global aim of progressing 
this technology from the research bench to the patient 
bedside. 

Two of these sub-projects are based at CNR-IREA in 
Napoli, Italy and will be developed within the cooperation 
between CNR-IREA and Sapienza University of Roma and 
ELEDIA laboratory at University of Trento, respectively. 
These projects and some relevant initial results are described 
in the following sections. 

II. IMAGING ALGORITHMS FOR CLINICAL FOLLOW-UP 
DEVICES 

The first project is aimed at developing new, ad-hoc, image 
formation tools to support the clinician’s decisions when 
using microwave imaging devices. In particular, the attention 
will be on devices developed within the network to tackle 
temperature monitoring in hyperthermia, monitor the 
effectiveness of chemotherapy treatment and image guided 

thermal ablation. The developed algorithms will be exploited 
in pre-clinical testing stage of the devices foreseen in the 
EMERALD program. 

Given the specific applications which will be targeted, it is 
necessary to properly design the algorithms, in such a way to 
cope with the issues that are specific to the considered clinical 
scenario (for instance the amount of collectable data is ruled 
by the anatomy). This entails a significant change of 
perspective, switching from the development of general 
purpose algorithms that has been so far considered in the 
inverse scattering literature to tailored algorithms designed ab 
initio to suit the specific needs and constraints set by the 
operational scenario. 

To achieve the desired goal, the developed algorithms will 
have to operate in real-time, but will also take advantage of 
the considerable amount of information available in clinical 
monitoring. For instance, pre-clinical images obtained with 
other modalities can be used as soft-priors to constrain the 
region of interest or the expected values of the unknown 
contrast, the presence of cooperative targets (e.g. the 
applicator in ablation treatments) can be used for calibration 
purposes, while the spatially confined nature of the monitored 
variations (which occur in a specified region and involve a 
variation of the boundary of such a region) can be 
successfully encoded within a sparsity enhanced 
regularization framework capable of improving the spatial 
resolution of MWI. 

The initial results are concerned with the imaging tools. 
Here, the first goal has been that of developing a cross-
validation framework in which images from different 
algorithms are fused to enhance the confidence in the results. 
Given the real-time requirement, the attention has been 
focused on the truncated singular value decomposition 
(TSVD) algorithm, which is a well assessed tool for real time 
imaging under the diffraction tomography framework and the 
range test method (RTM) [2]. Among the various qualitative 
methods, the RTM offers the interesting capability of being 
applicable under various configurations (e.g., multifrequency 
and multi-static), so that it can be useful for different 

13th European Conference on Antennas and Propagation (EuCAP 2019)



acquisition architectures. Interestingly, the TSVD and RTM 
use completely different algorithms, so that their results are 
actually independent and worth to be fused. 

As an initial study, TSVD and RTM have been applied to 
a simple differential imaging experiment in which a metal bar 
with cylindrical cross-section is immersed in a lossy medium 
and imaged by a multi-view multi-static imaging system, with 
12 antennas evenly spaced on a ring. Figure 1 reports the 
normalized images obtained from the two methods, as well as 
two fused images, the one obtained by performing the logical 
AND operation and the one obtain performing the logical OR 
operation. As can be seen, although in this simple example the 
two methods already provide satisfactory results, the use of a 
cross-validation framework improves the accuracy of the 
result, therefore adding further value to the imaging outcome. 

III. EM DEVICE FOR IMAGED GUIDED MICROWAVE 
ABLATION 

In clinical monitoring, one important goal is to provide 
effective tools for image guided treatments. In particular, non-
punctual monitoring of the temperature during thermal 
treatments, i.e., hyperthermia and ablation, through the 
imaging of the relevant changes of the EM properties of 
involved tissues is an important goal. Currently, this issue is 
handled using local thermometric probes (which cannot 

obviously provide “global” information) and relying on the 
patient’s perceptions [2]. 

The second project will aim at the design, development 
and validation of a microwave imaging device for monitoring 
and guiding tumor ablation treatments. Such a kind of device 
is meant to both control evolution of the temperature and 
appraise the extent of the ablated zone [3]. Of course, this is 
not achievable with local probes, nor using echography, due 
to presence of a hyperechogenic cloud. As such, ablation 
monitoring is currently pursued using MRI, which, besides 
EM compatibility issues, has an obvious impact on economic 
sustainability. Interestingly, in such a framework, microwave 
induced ablation is currently emerging as one of the leading 
modalities, thus disclosing the possibility of a dual 
therapeutic/monitoring system all based on microwave 
technology.   

The research activity will be based on the initial results 
achieved by the involved research groups [4,5]. Such results 
will provide the guidelines for the design of the microwave 
imaging device for monitoring and guiding tumor ablation 
treatments, whose detail will be described at conference, 
together with the results from some ongoing ex vivo 
experiments aimed at providing an initial assessment of the 
feasibility of MWI for thermal ablation monitoring. 

 
         (a)          (b) 

 
         (c)          (d) 

Figure 1. Normalized images obtained from: (a) TSVD method; (b) RTM ; (c) logical AND fused image;  (d) logical OR fused image 
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