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Abstract— We present applications of terahertz time-
domain spectroscopy for the nondestructive evaluation of
fiber-reinforced polymers, of coatings on metal substrates
and in the field of cultural heritage. We focus on signal and
image processing techniques that increase axial and lateral
resolution and demonstrate their importance for
applications.

Summary

Terahertz (THz) radiation penetrates a number of non-
conducting materials and as a result can be useful for sub-
surface nondestructive characterization, evaluation, and
testing of materials and devices. Compared to optical
techniques, THz waves suffer from lower resolution but
usually benefit from better penetration. Compared to
microwave techniques, THz penetration is limited but
resolution is better. Depending on the material and source
power, THz waves can penetrate from mms to tens of cms,
and axial resolution can go from hundreds of microns to a
few microns. In this review, we will present recent results
obtained by our team on a variety of materials as well as
signal processing techniques we have applied to increase
axial and lateral resolution of measurements obtained with
the THz time-domain spectroscopy (THz-TDS) method.
We will present in particular improvements in axial
resolution resulting from the application of sparse
deconvolution in multi-layer material assemblies [1,2] and
from the extrapolation of spectral regions with low SNR
levels based on the portion of the spectrum with high SNR
[3]

In the field of composite fiber materials, we have
demonstrated the ability to localize, in depth, inclusions in
a multi-ply glass fiber reinforced polymer [4], fiber
breakage and fiber/matrix delaminations resulting from
impact damage in glass- and carbon fiber-based polymers
[5,6], and the geometrical characteristics of the fiber weave
[7].

We have also been able to characterize thin films such as
the mill scale [8] appearing during the hot-rolling of steel,
and the thickness of individual paint layers in multi-layer
paint [9].

Material properties of glasses and plastics have been
determined [10] and plastic weld joints have been

characterized in particular through the analysis of
birefringence [11].

Finally, in the field of cultural heritage conservation, THz
imaging has proven successful in determining the
stratigraphy of a XVIIth century oil painting on canvas [12]
and in reading inscriptions, under the oxide layer, on a
XVIth century lead cross [13].
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