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Non destructive testing of heterogeneous structures with a step frequency radar
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Ground penetrating radar have shown increasing potential in diagnostic of soils or concrete,
but the realisation of such a system and the interpretation of data produced by this technique
require a clear understanding of the physical electromagnetic processes that appear between
media and waves. In this paper we study the performance of a step frequency radar as a non
destructive technique to evaluate different heterogeneous laboratory size structures and we
study some critical points, like material properties, antenna effect and image reconstruction
algorithm, to determine its viability to distinguish smallest region of interest.

First, to determine the specifications of the radar system and interpret its response, we need
to establish the relationship between the propagation of the waves (velocity and attenuation)
and the electromagnetic properties of the media. We study the complex permittivity of the
material through different experiments and models. The dispersion of the dielectric
permittivity and the electric conductivity is measured with an open ended coaxe placed on the
surface of a sample, or by the knowledge of the reflection and transmission coefficients
through the material and two antenna in free space. Those data are compared with estimations
via dispersive models, and used for numerical simulations and image reconstruction
algorithms.

Second, as the system antenna is used in near field, we study the effect of a stratified media
in the vicinity of an electric dipole, to evaluate the perturbations on its radar response.
Analytical solutions, numerical simulations (via finite difference method) and experiments are
used to study the influence of high conductive media or media with dispersive properties.

Thirdly we correct the response of the radar system by a reconstruction algorithm, to obtain
an image of the induced current in the structure, which allow the distinction of the region of
interest. Classical methods of microwave tomography (filtered back propagation or synthetic
aperture time domain focusing) are compared to solve the inverse problem and give a
sufficient resolution on the order of centimetre. Images with data obtained by numerical
simulations and experiment are compared.

Finally, tests on more complex heterogeneous structures with different system configuration
(frequency, polarisation) show the effect of polarisation in complex media, and demonstrate
the viability and limits of wide band radar system for non destructive testing of such
structures.


