NUMERICAL LINEAR ALGEBRA FOR NONLINEAR MICROWAVE IMAGING^∗

FABIO DI BENEDETTO^†, CLAUDIO ESTATICO^‡, JAMES G. NAGY^§, AND MATTEO PASTORINO^¶

Abstract. A nonlinear inverse scattering problem arising in microwave imaging is analyzed and numerically solved. In particular, the dielectric properties of an inhomogeneous object (i.e., the image to restore) are retrieved by means of its scattered microwave electromagnetic field (i.e., the input data) in a tomographic arrangement. From a theoretical point of view, the model gives rise to a nonlinear integral equation, which is solved by a deterministic and regularizing inexact Gauss-Newton method. At each step of the method, matrix strategies of numerical linear algebra are considered in order to reduce the computational (time and memory) load for solving the obtained large and structured linear systems. These strategies involve block decompositions, splitting and regularization, and superresolution techniques. Some numerical results are given where the proposed algorithm is applied to recover high resolution images of the scatterers.

Key words. inverse scattering, microwave imaging, inexact-Newton methods, block decomposition, regularization.

AMS subject classifications. 65F22, 65R32, 45Q05, 78A46

∗ Received March 8, 2008. Accepted October 24, 2008. Published online on October 22, 2009. Recommended by K. Jbilou. The work of F. Di Benedetto and C. Estatico was partially supported by MIUR, grant number 2006017542. The work by J. Nagy was supported by the NSF under grant DMS-05-11454.

†Dipartimento di Matematica, Università degli Studi di Genova, Via Dodecaneso 35, 16146 Genova, Italy (dibenede@dima.unige.it)

‡Dipartimento di Matematica e Informatica, Università degli Studi di Cagliari, Via Ospedale 72, 09124 Cagliari, Italy (estatico@unica.it)

§Mathematics & Computer Science Department, Emory University, Atlanta, GA 30322, USA (nagy@mathcs.emory.edu)

¶Dipartimento di Ingegneria Biofisica ed Elettronica, Università degli Studi di Genova, via all’Opera Pia 11a, 16145 Genoa, Italy (pastorino@dibe.unige.it)