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In Microwave imaging (MWI) one attempts the reconstruction of the complex-valued permittivity of an object-of-
interest (OI). Although reconstructing the permittivity is a nonlinear and ill-posed problem, for each illumination
of the incident field one can attempt to solve the linear inverse-source problem, however, this is still severely
ill-conditioned. Even though the potential use of a Veselago lens for imaging purposes is well documented, see
e.g. [1, 2], the creation of a physical ideal Veselago lens by synthesizing a lossless double-negative material has
remained elusive, if not impossible [3]. This has led us to consider the use of a virtual ideal Veselago lens as a
mathematical tool to improve the ill-posedness of the electromagnetic inverse problem associated with MWI.

The theoretical framework for introducing a Virtual Veselago Lens (VVL) in the incident-scattered field decom-
position of the problem was recently presented (J. LoVetri, et al. PIERS Xiamen, December 2019). The VVL is
introduced as a numerical inhomogeneous background for the scattered and incident fields (similar to the incorpo-
ration of prior information in the inversion process [4]). The total-field, defined as the field-collected at receiver
points in the presence of the OI and the illuminating field in the assumed air-background, is still governed by the
free-space Green’s function that creates ill-conditioned matrices in the inversion process. By introducing the VVL
in the incident and scattered field operators, and defining new data effectively some advantages are expected in
terms of the ill-posedness of the problem.

In this research, the use of a virtual Veselago lens for the MWI is evaluated for both 2D scalar and 3D vector
formulations. Several parameters that affect the inversion are studied. Firstly, the choice of the thickness of the
lens, which is related to the distance from the OI at which one collects data is considered. This parameter is
important because, contrary to the use of a physical Veselago lens, the virtual lens does not focus on the scattered
field produced by the OI. Indeed, if one collects the field at too large a distance from the OI, information regarding
the OI will be lost. Thus, even with the well-posed operator that the VVL Green’s function offers the reconstruction
will not be satisfactory.

Next, the number of receivers and illuminating sources, as well as their location is studied with respect to the
performance of the imaging. The VVL is able to reduce the ill-posedness of the problem, but reconstructing
several contrast sources corresponding to different illuminating sources may affect the contrast recovery. For the
3D vector problem, the particular polarization that is used to perform the imaging will be studied. The imaging
performance achievable with varying these parameters will be quantified with respect to the achievable resolution
and accuracy of reconstructing the complex-valued permittivity of various targets.
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