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Abstract—In this paper, a Frequency-Dependent Forward-Backward Time-Stepping (FD-FBTS)
inverse scattering technique is used for reconstruction of homogeneous dispersive object. The aim of the
technique is to reconstruct the relative permittivity at infinite frequency, static relative permittivity and
static conductivity of the homogeneous dispersive object simultaneously. The technique utilizes iterative
finite-difference time-domain (FDTD) method for solving inverse scattering problem in time domain.
The minimization of the cost functional is carried out utilizing Dai-Yuan nonlinear conjugate-gradient
algorithm. The Fréchet derivatives of the augmented cost functional are derived analytically with
respect to scatterer properties. Numerical results for reconstruction of two-dimensional homogeneous
dispersive illustrate the performance of the proposed technique.

1. INTRODUCTION

Microwave tomography is an imaging technique which utilizes ultrawideband (UWB) microwave
frequencies to solve an electromagnetic inverse scattering problem. This technique attracts significant
interest for researchers due to the numerous applications in medical imaging [1–4], non-destructive
evaluation [5–7], geophysical prospecting [8] and civil engineering [9]. In microwave tomography, low-
power and short-duration microwave pulses will be transmitted from an array of antennas towards
the scatterer, and the resulting scattered microwave signals are measured at the locations around
the scatterer domain. The measurement data are then inverted in order to reconstruct the spatial
distribution of the electromagnetic properties of the scatterer. The electromagnetic inverse scattering
problem is nonlinear because scattered field is a nonlinear function of the scatterer properties. Moreover,
the problem is an ill-posed problem where the ill-posedness appears as a result of the operator that maps
the scatterer properties to the scattered field is compact.

The subject of great interest in microwave inverse scattering is the selection of the time-dependence
of the incident fields. Besides this approach, there are many methodologies based on frequency-
domain have been proposed [10–12]. In frequency-domain approach, the incidences are assumed to
be monochromatic and the popular methods such as method of moments (MoM) [13, 14] and the finite-
element method (FEM) [15], are utilized for field analysis of the frequency-domain approach. This
approach has significant shortcoming when the frequency of excitation increases for better resolution of
the reconstructed scatterer profiles. Hence, the inversion becomes highly nonlinear and the proposed
algorithms may converge in local minima or even worse diverge. There are two approaches able to
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