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ABSTRACT 

Non-destructive testing of objects and structures is a valuable tool. Specially in cultural heritage where the preservation 

of the inspected sample is of vital importance. In this paper, a decorative marquetry sample is inspected with three 

NDT techniques: air-couple ultrasound, computed-tomography scan and infrared thermography. Results from the 

three techniques were compared. 

 

KEYWORDS: decorative sample, cultural heritage, air-couple ultrasound, computed-tomography scan, infrared 

thermography   

1. INTRODUCTION  

The main advantage of a non-destructive technique (NDT) is that the inspected target is not impaired after the 

inspection. This feature is very important when cultural heritage must be inspected. In this paper, a marquetry 

decorative sample is inspected with three different NDT techniques.  The first technique is air-couple ultrasound (air-

UT), the second is x-ray computer-tomography (CT-Scan), and the last one, is the infrared thermography (IRT). In the 

last one, two different spectral ranges were explored: mid-wave infrared (MWIR) and long-wave infrared (LWIR). 

The inspected sample is very ancient, and its origin is unknown. Nevertheless, it is very precious from an historical 

point of view because the tessellatum layer is unusual. Aesthetically, it seems to be Middle Eastern or North African. 

The restorer believe that it was a part of a parietal covering or a ceiling.  

The size of the sample is 208 x 212 mm, with thickness between 15 and 16 mm where the tessellatum part corresponds 

to something between 1.5 to 2 mm. The support of the sample is made of wood and the decorative layer is believed to 

be composed of: mother of pearl (white tesserae), alleged bovine horn, probably cow (amber / gray tesserae), alleged 

horn or tortoise (some brown tesserae), alleged horn of another ungulate (some brown / black tesserae), and alleged 

boxwood (at the perimeter). The adhesive used is likely a protein glue, presumed strong glue. The pigment used to dye 

the stucco seems to be lead-free. Figure 1 shows a picture of the sample. 

It is possible that beneath the decorative coating there is the presence of a preparatory drawing made in pencil or more 

probably engraved with a pointed iron directly on the wood support. The support has been realized with axes obtained 

from a sub radial section (near to the heart of the plant) as shown in the lateral view of Figure 1. The decorative surface 

was deliberately applied on the convex part of the support in relation to the known phenomenon of warping. 

The geometric marquetry is composed by tesserae of different size and shape. The raw material was first sawed by 

hand into thin sheets (there are, on the verso, small signs of work related to a hand saw) having a suitable thickness 

and then cut into small pieces geometrically appropriate to be arranged each other. It seems that the tesserae were then 

glued directly on the support (which could be confirmed by a probable preparatory drawing realized on the support 

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rt

ic
le

: 
ht

tp
://

w
w

w
.n

dt
.n

et
/?

id
=

25
56

5

mailto:henrique.fernandes@ufu.br


2 

 

 

 

itself). Once bound to the support, the tesserae were flattened and regularized. This explains why different thicknesses 

were obtained. Probably, an abrasive was used to fulfill this task, presumably a pumice stone. 

The decorative surface appears deformed due to the raise of the support. The deformation is more evident along one 

of the two sides (adjacent to the tangential section relative to the thickness) due to the resizing of the thickness 

(concerning the interlocking having a “L” shape). There are some small lacunae in the decorative surface due to the 

loss of some of the covering's tesserae. It is possible to notice some small lifting mainly caused both by deformation 

and by simultaneous downsizing of the support. Some tesserae are deformed and tend to lift. Due to the loss of some 

tesserae, it is possible to see traces of glue on the front support. It seems that a previous restoration work was carried 

out, limited to an area located near to one of the four corners. On the back of the support, two portions of passing knots 

are also visible along the cross section. 

Five cracks pass through the grain pattern and affect the whole thickness of the support; there are also some traces of 

old nails, no longer present, and such holes are surrounded by oxide stains. A large chipping work is evident. There 

are also some very small holes having a quadrangular section. The cracks in the support have been caused, almost 

certainly, by the loss of moisture (subsequent to the maturing phase) from the support itself after its installation and 

subsequent downsizing.  

2. ACTIVE INFRARED THERMOGRAPHY 

In active infrared thermography, an external source is used to disturb the thermal equilibrium in the samples by either 

heating it up or cooling it down. One of the techniques most used is pulsed thermography (PT) [1,2]. In PT an optical 

source such as a photographic flash, is used to heat up the sample. A short pulse, usually milliseconds, is fired and a 

camera captures the thermal response in the sample's surface. In this work, PT was used to inspect, in reflection mode, 

the marquetry sample. The set-up employed had a 2009 Thermosensorik QWIP Dualband 384, an infrared dual-band 

camera working simultaneously in the mid-wave (MWIR) and long-wave (LWIR) bands (4.4-5.2 and 7.8-8.8 µm). 

To heat up the sample, it is used a circular flash device with several lamps which are shown in Figure 2. A short flash 

Figure 1 - Decorative marquetry sample - top and lateral views 
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was fired for a period of 10 µs and the infrared camera recorded approximately 5 seconds of images at a frame rate of 

145fps. 

Infrared signal is often very subtle. Thus, an enhancement algorithm must be applied for better visualization of the 

features of body been inspected. In this paper, principal component thermography (PCT) [3], is used to process the 

infrared image sets acquired with the PT experiment. PCT involves the application of singular value decomposition 

to reduce data to a compact statistical representation of the spatial and temporal variations relating the contrasts 

associated with underlying material defects. In PCT, pixels are transformed into the MxN matrix in which M and N 

represent the number of pixels and frames, respectively. The transformed matrix is then standardized and reduced by 

singular value decomposition where the meaningful information in the sequence can be represented in 10 or less 

empirical orthogonal functions (EOF). 

3. AIR-COUPLED ULTRASOUND  

Experiments with air-coupled ultrasound were carried out in transmission using two focussing acoustic transducers. 

Their central resonance frequency being 580 kHz. The focusing length of each transducer is 50 mm. Hence, the sample 

is placed between the two transducers with a distance of 50 mm on each side.  

Since the surface is slightly curved, the measurements are divided into three sections. Thus, each section can be 

adjusted perpendicular to the transducers. For image acquisition 16 ultrasound pulses are shot (and averaged) every 1 

mm in scan (up/down or y-Axis) and index (left/right or x-axis) direction. Figure 3 shows the air-UT set-up. 

 

     

(a)                                                              (b)                                                              (c)  

Figure 3 - Air-UT set-up. (a) Front view, (b) lateral view, and (c) back view. 

 

 

Figure 2 - IR camera and circular flash 
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4. INSPECTION RESULTS 

Three different NDT techniques were applied in the sample: air-couple ultrasound (air-UT), x-ray computer-

tomography (CT-Scan), and infrared thermography (IRT). Ultrasound and CT images appear distorted due to 

curvature present in the sample. In this section, results are presented and discussed. 

4.1 AIR-UT RESULTS  

To inspect the entire surface of the sample, it had to be divided in three section so that the UT-transducers were 

perpendicular to the panel surface. One pixel is equals 1 mm in both directions. Figure 4 shows an image where the 

three sections were fused almost into its original shape. Regions with higher values (red) may indicate delamination. 

 

 

Figure 4 - Air-UT image result 

4.2 X-RAY CT-SCAN  

Figures 5-8 show some slices obtained with the x-ray ct-scan inspection. The curvature of the sample is clearly seem 

in the reconstructed slices. The tessellatum part was measured  and it has a thickness around 1.86mm. X-ray CT-scan 

has provided several result images with the greatest number of details. The resolution of each slice of the reconstructed 

volume is 116.47 microns. 

 

       

Figure 5 - X-ray ct-scan slice 1. (a) YZ-plan, (b) XZ-plan, and (c) XY-plan 

(a) 
(b) (c) 
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Figure 6 - X-ray ct-scan slice 2. (a) YZ-plan, (b) XZ-plan, and (c) XY-plan 

       

Figure 7 - X-ray ct-scan slice 3. (a) YZ-plan, (b) XZ-plan, and (c) XY-plan 

       

Figure 8 - X-ray ct-scan slice 4. (a) YZ-plan, (b) XZ-plan, and (c) XY-plan 

(a) 
(b) (c) 

(a) 

(a) 

(b) 

(b) 

(c) 

(c) 
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In Figure 5, it is possible to see several tessellatum parts where they are not completely in contact with the wooden 

sample (delamination). In addition, the yellow arrows indicate the presence of some pours in the three views. In Figure 

6, the red arrows indicate a crack in one of the tessellatum part. Other porous parts are also indicated in Figure 7 and 

Figure 8 by yellow arrows as well. 

4.3 INFRARED THERMOGRAPHY  

Infrared images are very attenuated by the effect of heat diffusion. Thus, they were processed for quality enhanced 

and better visualization of the structure of the sample. Images in both mid and long wave spectrums were processed 

with PCT. Figure 9 shows the first 3 EOFs for each spectrum. 

 

(a)                                                              (b)                                                              (c) 

 

(d)                                                              (e)                                                              (f) 

Figure 9 – PCT results obtained from infrared sequences. (a) First EOF from MWIR, (b) second EOF from MWIR, (c) third 

EOF from MWIR, (d) First EOF from LWIR,  (e) second EOF from LWIR, and (f) third EOF from LWIR 

Specially in the second and third EOFs, there are several regions with brighter (darker) values that may indicate some 

differences in the structure of the tessellatum. Details revealed with mid-wave and long-wave images are the same, 

the only difference is that they are inverted. Thus, for this sample, either mid or long wave image could be used. 
 

5. CONCLUSION 

In this paper, three NDT techniques were applied to inspect a decorative marquetry sample. Results from each 

technique show different features. Air UT display some red regions that may indicate delamination areas. X-ray CT-

scan provided the most detailed images. In the reconstructed slices, it was possible to identify the thickness of the 

tessellatum parts as well as identify cracks, porous and delamination throughout the sample. Infrared images processed 
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with PCT revealed several parts with different false colors considering theirs neighbors. This may indicate that 

tessellatum parts are in different state of conservation. 
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