
13 March 2024

POLITECNICO DI TORINO
Repository ISTITUZIONALE

An efficient Implementation of CS-FEM Inversion Schemes for Microwave Imaging Applications / Mariano, Valeria;
Tobon Vasquez, Jorge A.; Scapaticci, Rosa; Crocco, Lorenzo; Vipiana, Francesca. - ELETTRONICO. - (2021).
(Intervento presentato al  convegno XXXIV General Assembly and Scientific Symposium (GASS) of the International
Union of Radio Science (Union Radio Scientifique Internationale-URSI) tenutosi a Roma nel 28 agosto - 4 settembre
2021).

Original

An efficient Implementation of CS-FEM Inversion Schemes for Microwave Imaging Applications

Publisher:

Published
DOI:

Terms of use:

Publisher copyright

(Article begins on next page)

This article is made available under terms and conditions as specified in the  corresponding bibliographic description in
the repository

Availability:
This version is available at: 11583/2959353 since: 2022-03-24T12:13:55Z

IEEE



URSI GASS 2021, Rome, Italy, 28 August - 4 September 2021 

 
 

An efficient Implementation of CS-FEM Inversion Schemes  

for Microwave Imaging Applications  
 

V. Mariano* (1), J. A. Tobon Vasquez(1), R. Scapaticci(2), L. Crocco(2), and F. Vipiana(1) 

(1) Politecnico di Torino, 10129, Torino, Italy, e-mails: valeria_mariano@polito.it, jorge.tobon@polito.it, 

francesca.vipiana@polito.it 

(2) National Research Council, 80124, Napoli, Italy, e-mails: scapaticci.r@irea.cnr.it, crocco.l@irea.cnr.it 

 

 

The Contrast Source Inversion (CSI) method is a widely exploited inversion tool in microwave imaging, as it 

allows quantitative reconstructions of dielectric properties inside the Domain of Interest (DOI). Here, the CS 

algorithm is proposed for medical imaging. The goal is to develop a device that can detect and monitor a brain 

stroke, thanks to the difference in dielectric properties between the healthy brain tissues and the stroke area. This 

kind of device could further support the clinician and be a complementary tool to already used systems, such as 

computerized tomography (CT) and magnetic resonance imaging (MRI). In the CSI method, two variables are 

defined: the dielectric contrast between the target and the background medium, and the contrast source, which 

plays the role of auxiliary variable and allows mitigating the inherent non-linearity of the problem. For each 

antenna, the contrast source variable links the total radiated field with the dielectric contrast in each DOI position. 

The inverse scattering problem solution is obtained by minimizing a cost functional and then, updating the 

dielectric contrast and the contrast source variable accordingly. The cost functional encompasses the difference 

in the measurement domain between the measured data and the predicted data, obtained through the numerical 

model, as well as the residual computed for the contrast source/contrast pair in the DOI [1].  

Due to the iterative nature, the computational cost is a significant drawback, especially when dealing with real-

world scenarios. In such cases, a 3-D vectorial formulation of the underlying inverse scattering problem is indeed 

required. Moreover, the considered scenario has a pretty complex geometry, and, to optimize the number of 

unknowns, it needs a non-uniform discretization [2]. For these reasons, we propose an efficient implementation 

of the CS algorithm using the finite element method (FEM) to discretize the DOI. The FEM solver allows to work 

with a conformal, but non-uniform mesh. The discretization strategy herein proposed aims to speed up and 

simplify the 3-D algorithm implementation by expressing the variables as linear combinations of scalar 

coefficients and vectorial basis function, thus avoiding the difficulties of an implementation with vectorial 

coefficients. This description facilitates the CS inversion algorithm, which can work by updating only the 

variables' scalar coefficients under investigation. Besides being very efficient from the computational point of 

view, this kind of implementation leads to a low discretization error and, consequently, the CS cost functional can 

be easily minimized. To further increase the convergence rate, the proposed CS-FEM implementation also takes 

advantage of the Subspace-Based Optimization Method (SOM). In SOM, the contrast source's stable part is 

estimated, thus reducing the auxiliary variable research space [3]. The described algorithms will be applied to 

experimental data, obtained with the measurement system in [4], where the human head tissues are mimicked with 

3-D printed anthropomorphic phantoms filled with proper liquid mixtures. 
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