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As a recognised non-destructive testing (NDT) tool, Ground Penetrating Radar (GPR) is becoming
increasingly common in the field of environmental engineering [1]-[3]. GPR uses electromagnetic
(EM) waves which travel at specific velocity determined by the permittivity of the material. With the
development of new GPR signal processing methodologies, finding information on the physical
properties of hidden targets has become a key target. Currently, only three types of approach
could be applied for the quantitative estimation of permittivity from GPR data, i.e., hyperbola
curve fitting, common middle point (CMP) velocity analysis and full-waveform inversion. However,
the main challenges for the estimation of permittivity from GPR backscattered signals are to
provide effective and accurate strategy for prediction.
In this research, we used a dual-polarimetric GPR system to estimate the dielectric constant of
targets. The system is equipped with two 2GHz antennas polarised perpendicularly each to one
another (HH and VV). The dual polarisation enables deeper surveying, providing images of both
shallow and deeper subsurface features. Polarimetry is a property of EM waves that generally
refers to the orientation of the electric field vector, which plays here an important role as it allows
either direct or parameterisation permittivity effects within the scattering problem in the remote
sensing [4].
The aim of this research is to provide a novel and more robust approach for dielectric constant
prediction using a dual-polarimetric GPR system. To this extent, the relationship between the
relative permittivity and the polarimetric alpha angle have been investigated based on data
collected by a GPR system with dual-polarised antennas. The approach was then assessed by
laboratory experiments where different moisture sand targets (simulating the effect of different
relative permittivity targets) were measured. After signal processing, a clear relationship between
the alpha angle and the relative permittivity was obtained, proving the viability of the proposed
method.
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