POLITECNICO DI TORINO
Repository ISTITUZIONALE

3D GPU-based implementation of the contrast source inversion for breast lesion detection

Original

3D GPU-based implementation of the contrast source inversion for breast lesion detection / Ronca, A., Arduino, A.,
Zilberti, L., Bottauscio, O., Tiberi, G.. - ELETTRONICO. - (2024), pp. 262-262. (2024 International Conference on
Electromagnetics in Advanced Applications (ICEAA) Lisbon (Por) 02-06 September 2024)
[10.1109/ICEAA61917.2024.10701936].

Availability:
This version is available at: 11583/3004060 since: 2025-10-15T12:13:16Z

Publisher:
IEEE

Published
DOI:10.1109/ICEAA61917.2024.10701936

Terms of use:

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

Publisher copyright
IEEE postprint/Author's Accepted Manuscript

©2024 IEEE. Personal use of this material is permitted. Permission from IEEE must be obtained for all other uses, in any
current or future media, including reprinting/republishing this material for advertising or promotional purposes, creating
new collecting works, for resale or lists, or reuse of any copyrighted component of this work in other works.

(Article begins on next page)

27 June 2026



’

—

ICEAA-IEEE APWC 2024, Lisboa, Portugal, September 2-6, 2024

T

3D GPU-based implementation of the contrast source inversion for breast lesion
detection

Alessandra Ronca*(?), Alessandro Arduino?, Luca Zilberti®), Oriano Bottauscio® and Gianluigi Tiberi®¥
(1) Politecnico di Torino, Torino, Italy, e-mail: alessandra.ronca@polito.it
(2) Istituto Nazionale di Ricerca Metrologica (INRiM), Torino, Italy
(3) Umbria Bioengineering Technologies, UBT Srl, Perugia, Italy
(4) School of Engineering, London South Bank University, London, UK

In microwave tomography, applying a proper inversion method to the measured data may result in quantitative
imaging of the electrical properties (EPs) at the frequencies of the used electromagnetic radiation. Some
physiopathological statuses of the breast tissue can be distinguished based on the estimated EPs [1]. A previous
approach presented in [2] reports preliminary results obtained with a two-dimensional implementation of the
Contrast Source Inversion (CSI) method [3] applied to simulated data. This work aims to discuss the transition to
a 3D algorithm. Some optimization techniques in the MATLAB environment have been applied to the 2D version
to reduce time consumption, which becomes a predominant variable with 3D data. Namely, computationally
expensive operations on large data have been transferred to GPU (NVIDIA A 100 80 GB). This leads to an
advantage especially for the FFT, which is performed in every iterative step. The efforts have permitted to reduce
the execution time of each iterative step, reaching a speed-up factor of about 25 with respect to the CPU (Intel
Xeon Gold 6430 2.10 GHz 512 GB RAM) version of the code. To obtain preliminary results about the feasibility
of the 3D imaging method for detecting dielectric properties, a virtual experiment was performed. The transmit-
receive setup is composed of a transmitting antenna that assumes ten equidistant positions around a cylindrical
phantom, and a receiving antenna assuming forty equidistant positions around it. A heterogeneous phantom was
considered, with electrical properties that emulate the ones of a healthy breast (c = 0.1 and er = 4), and a
longitudinal cylindrical inclusion (r = 1 cm), whose high electrical properties simulate those of a breast lesion (o
=1 and er = 15). The incident electric field was obtained through the simulation of a Horn antenna fed at the
frequency of 5 GHz, performed in Sim4Life. Total electric fields were computed in the receiving antennas’
locations and a homogeneous initial guess (¢ = 0.01 and er = 3) was adopted. An additive regularization in the
CSI cost functional was introduced to overcome the image artifacts induced by the ill-posedness of the inverse
scattering problem. Figure 1 provides results obtained after 3,000 iterations of CSI (about 2.5 hours of execution).
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Figure 1. Expected and reconstructed maps of contrast in the vertical section (a) of the phantom and in the
transverse section (b) of the phantom corresponding to the one highlighted by the black line in (a) (section of
measurement).
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The reconstruction is given by only one section of receivers. Although the overall reconstruction is noisy, in the
considered section the inclusion is localized correctly. Future developments include the improvement of the
performance of the code and its stability with respect to the input non-ideality, as well as the analysis of different
scenarios and multiple frequencies.
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