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1 Introduction

Since its demonstration in 2003 [1], the use of long-wave infrared (LWIR) CO,
lasers in Digital Holography (DH) has been shown in an increasing number of
applications. In particular it allows observing large objects and in metrology it
allows measuring large displacements while rendering holography more immune
to environmental perturbations, compared to holography in the visible. For me-
trology we demonstrated various holographic techniques in LWIR: speckle inter-
ferometry [2,4], DH interferometry [2-4] and shearography [4]. The LWIR
holographic set-up generally makes use of microbolometer arrays based thermal
imagers. The present paper discusses some result of the European project
FANTOM in which another advantage was put forward when speckle interferome-
try is applied in LWIR: the thermal background is captured simultaneously to the
specklegrams since it constitutes an offset in the signal. Therefore one can corre-
late uniquely the temperature and displacement information at the same time and
in each pixel. We describe here the successful achievements of the project.

2 Simultaneous Temperature and Deformation
Measurements

Since the aim of our project was to have the thermal background in addition to the
spatially varying information coming from the object and reference beam, the only
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technique which is viable is Electronic Speckle Pattern Interferometry (ESPI)
instead of digital holographic interferometry. Indeed the thermal background of
the signal arises from incoherent infrared light emitted by the object, whereas the
local interference (specklegram) is only present when the laser is illuminating the
object. Observing both signals at the same time is only possible if the scene is
directly imaged by the thermal camera through a lens, and not reconstructed
through a lensless digital holography technique.

3 LWIR Electronic Speckle Pattern Interferometry

The development of the ESPI set-up has been presented already [4]. A mobile
system was built for measurements in field conditions and was also presented
recently [5]. Fig. 1 shows the instrument and its construction. It is constituted by a
lower bench (Fig.1(a)) with the laser and beam separator which is a stack of
Brewster angle plates in a chevron geometry and which separate 2 components of
polarization (Fig.1(b)). The transmitted object beam travels to the object through a
periscope. The reflected beam (reference beam) travels to an upper bench
(Fig.1(c)) is transformed prior to be made incident to the camera through a large
beam combiner (BC). The separation between both signals can be achieved by
recording the thermal image separately in a first step by closing the laser shutter.
Shortly after the shutter is open to record the specklegram (interference of object
and reference beams). The specklegram is processed by phase-shifting in order to
retrieve the phase at this instant. This operation is performed at various instants
during the phenomena observation and the difference between specklegrams is
computed to show the deformation, while the difference in thermograms shows
the simultaneous temperature variations.
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Fig. 1 Scheme of the mobile LWIR ESPI system: (a) lower bench with the laser and beam
separation, (b) the principle of beam separation by Brewster angle plates in chevron geome-
try, (c) the upper bench with the beam combiner and the camera
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4 Typical Results and Applications

A typical result is shown in Fig.2 and concerns detection of defects inside a compos-
ite aeronautical structure made of a sandwich structure with CFRP skins glued on
foam core and defects consisting of lack of glue (in grey) and cracked core (in black)
(Fig.2(a)). Fig.2(b) shows the interferogram obtained by differentiating two speckle-
grams obtained before and after heating with a halogen lamp. The defects are seen
as local variations inside the global quadratic deformation. After processing (phase
unwrapping and removal of global deformation by polynomial fit, Fig.2(c) is
obtained and shows the defects. This image can be compared to similar results ob-
tained in the same conditions by a separate shearographic instrument (Fig.2 (f)). On
another hand, the thermograms difference captured at the same instants than the
specklegram gives the thermographic image in Fig.2(e). The latter is compared to
classical thermography result shown in Fig.2(d), that was obtained with a separate
active thermography equipment with modulated lamp and the optical lock-in (OLT)
method.
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Fig. 2 Defect detection capabilities with the FANTOM technique compared to separate
thermography and shearography

Another interesting example is shown in Fig.3 where a large composite struc-
ture was examined in field conditions. It has several defects included and the
structure was heated by halogen lamps. The two parts of the signals are shown.
The deformation (phase variation) shows a deep defect (marked by a square) that
the temperature part doesn't and conversely where a defect (marked by a circle) is
better seen with temperature. This shows the interest of our method which im-
proves the probability of detecting defects compared to separate techniques.
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Fig. 3 Deformation (A¢) and temperature variations (AT) during a sequence of heating a
composite structure. Each signal show different defects.

5 Conclusions

ESPI in the Long Wave IR was demonstrated as a mean to record simultaneously
the temperature variations and deformation. It can be used in defects detection
where thermography and holography/shearography often appear as complemen-
tary methods. Here the new technique is used to improve the probability of detect-
ing defects when compared to separate techniques. This work has been carried out
in the frame of the EU funded FANTOM project (contract 213457).
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