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Abstract The study of the early oeuvre of the Swiss painter
Cuno Amiet (1868-1961) has revealed that, up to 1907,
many of his grounds were hand applied and are mainly com-
posed of chalk, bound in protein. These grounds are not only
lean and absorbent, but also, as Synchrotron radiation X-ray
microtomography has shown, porous. Our approach to the
characterization of pore structure and quantity, their connec-
tivity, and homogeneity is based on image segmentation and
application of a clustering algorithm to high-resolution X-
ray tomographic data. The issues associated with the seg-
mentation of the different components of a ground sample
based on X-ray imaging data are discussed. The approach
applied to a sample taken from “Portrait of Max Leu” (1899)
by Amiet revealed the presence of three sublayers within the
ground with distinct porosity features, which had not been
observed optically in cross-section. The upper and lower
layers are highly porous with important connectivity and
thus prone to water uptake/storage. The middle layer how-
ever shows low and nonconnected porosity at the resolution
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level of the X-ray tomography images, so that few direct
water absorption paths through the entire sample exist. The
potential of the method to characterize porosity and to un-
derstand moisture-related issues in paint layer degradation
are discussed.

1 Introduction

The build-up of canvas paintings can be complex in compo-
sition and layering. The support (for example, a canvas made
of hemp, flax, cotton, or a mixture thereof) is often prepared
with a layer of size (applied as a diluted collagen aqueous
solution), sealing the canvas and smoothing the fiber profile.
A ground layer is then normally applied onto it, to provide
a smooth even surface for preparatory drawing and paint-
ing. Multiple layers of paint are then applied, and the sur-
face can be finished with a varnish layer. The properties of
ground layers can vary with the composition and applica-
tion technique. In the case of the Swiss painter Cuno Amiet
(1868-1961), the grounds of paintings he created between
1892 and 1907 are often hand applied. In the vast majority
of cases, these are calcium carbonate grounds bound in pro-
teinaceous binder, which have a very porous appearance, are
lean in composition and thus absorbent. This kind of ground
is required when the artist wants to use a faster working tech-
nique and/or desires a matt surface appearance. How porous
are these so-called absorbent grounds? What is their stor-
age capacity for binding medium constituents of subsequent
paint layers? Can porous grounds be reservoirs for moisture
or other solvents from conservation treatments? Is it possi-
ble that a moisture gradient within the painting multilayered
system (i.e., paints, ground, size, and canvas) will promote
the formation and the transport of mobile components, espe-
cially upon aqueous treatments or in a noncontrolled display
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or storage environment? All these questions are still open,
and the answers could definitely shed more light on some of
the degradation processes observed in paintings.

Evidence of material mobility has been observed in
ground and paint layers. The mobile phase in paints con-
sists typically of substances that are not covalently bound to
the cross-linked aged paint network.

It has been shown that in oil bound paints and grounds, a
large percentage of the glycerol ester bonds have suffered
hydrolysis releasing mobile components such as diacids,
saturated fatty acids, and glycerol [3, 23]. Evidence of the
presence of these mobile phases, often in the form of metal
soaps, has been detected in samples from old master’s paints
and ground layers [11, 18, 24]. In a recently published
study [8], it was shown that the porous, absorbent nature
of the ground layer played an important role in the for-
mation and agglomeration of calcium soaps in the painting
“Autumn in Oschwand” by Cuno Amiet dating from 1906.
Other sources of mobile components have been reported, for
example, the formation of water soluble arsenic trioxide as
a degradation product of the pigments copperacetoarsenite
(Emerald green), orpiment and realgar [12]. The investiga-
tion of the role of the preparation layers in the formation and
transport of these materials is our main research question.
Synchrotron x-ray microtomography has been successfully
applied to the study, without sample manipulation, of inter-
nal features of a vast number of materials including, for ex-
ample, metal [13, 14], bone [25], microfossils [6], stone [1],
ceramic [15], plant tissue [17, 22], and cement samples [9].
In an earlier paper [7], we have reported on the use of syn-
chrotron x-ray tomographic microscopy (SRXTM) to visu-
alize the porosity of painting grounds. The observation of
large voids in a matrix with a finer and more complex pore
distribution in these ground layers lead to the question of
how these pores are connected and what role they play in
water storage and material transport.

In this paper, we discuss particularly the procedure im-
plemented to process SRXTM data and extract new informa-

Fig. 1 Cuno Amiet, Portrait of
Max Leu, 1898, oil on canvas,
73.5 x 84 cm, Kunstmuseum
Solothurn (Copyright Daniel
Thalmann. Reproduced with
permission) and detail of the
ground layer on the lower edge
of the painting, scale in mm
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tion on the porosity including quantitative aspects and con-
nectivity. Comparison with Scanning Electron Microscopy
(SEM) images allows discussing the pros and cons of both
methods in visualizing porous grounds.

2 Experimental
2.1 Sample

The sample was collected from the edge of Cuno Amiet’s
painting Portrait of Max Leu (1898) (Fig. 1). It consists in
a ground sample of size 700 um length x 500 um, with no
paint layer present at the top. Bulk analysis (FTIR) showed
it to be a calcium carbonate ground bound with a proteina-
ceous medium. Traces of clay minerals were also found.

2.1.1 Preparation of cross-sections

For cross-section preparation, the sample was coated with
a 10 nm gold layer (to reduce resin penetration in the sam-
ple), embedded in Technovit LC 2000 and polished on Mi-
cromesh sheets up to grade 12000. Surface improvement
with ion polishing was carried out on the JEOL cross-section
polisher using a 5 kV Argon ion beam [2].

2.2 Analytical methods

2.2.1 SEM

Scanning Electron Microscopy (SEM) was performed on an
XL30 FEG high-vacuum electron microscope. The sample
was gold coated (2 nm). Secondary electron (SE) images
were collected at 2 kV spot size setting 3 (corresponding to a
beam diameter 1.7 nm) working distance (WD) 5.1 mm and
Backscattered Electron (BSE) at 10 kV spot size 3 (beam
diameter 2.4 nm) WD 5.1 mm.
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2.2.2 FTIR

Subsamples were analyzed by Fourier Transform Infrared
Spectroscopy. FTIR was performed in a Perkin Elmer
Fourier Transform Infrared Microspectrometer (Perkin Elmer
System 2000) with IR/VIS microscope (Perkin Elmer i-
series). Samples were analyzed in a diamond cell.

2.3 Synchrotron radiation X-ray tomographic microscopy
(SRXTM)

The sample was attached to the sample holder with the aid
of epoxy resin. The sample holder consists of a 32-mm-long
steel flat top rod, 500-um wide at the sample level fixed
onto an aluminium base. Microtomographic scans were per-
formed at the TOMCAT beamline of the Swiss Light Source
(SLS) in Villigen (Switzerland) [21]. For each tomographic
scan, 1501 projections over 180° were acquired (resulting
in an angular step of 0.12°). For optimal contrast, the en-
ergy was set to 17 keV, and the exposure time per projection
was 200 ms. During measurement, the sample was cooled
using a cryojet to a temperature of 233 K to minimize beam
damage to the sample and epoxy resin. Images were magni-
fied using a 20 x optical objective resulting in a pixel size of
0.37 pm. Tomographic reconstructions were computed us-
ing a highly optimized routine based on the Fourier trans-
form method [16]. The reconstructed data cube of images
had an 8-bit resolution, i.e., with voxels having a greyscale
value ranging from O (dark: non absorbing material) to 255
(white: highly absorbing material). They were processed and
analyzed with the commercial software Avizo 7.0.

2.4 Processing of SRXTM images

A first look at the SRXTM images shows that the sample is
composed of two types of empty spaces: (i) large spherical
pores ranging from a few microns to 50 microns in width and
(i1) a porosity network featuring small pores of undefined
shapes (of micron-size) interconnected to each other. Here-
after, voids refer to empty spaces in the sample; large pores
refer to well-defined empty voids with a spherical shape.
Two methods were applied to process the SRXTM im-
ages, depending whether the goal was to visualize the distri-
bution of the large pores in the whole sample or to analyze
the entire porosity network and specifically its connectivity.

2.4.1 Visualization of the distribution of large pores

A representative picture of the distribution of the large pores
was obtained by imaging them over the entire sample vol-
ume. The size of the entire 3D SRXTM image is large
(2048 x 2048 x 2040 voxels, i.e., 8 GB file) and image pro-
cessing such as filtering requires two to three times more

memory than the image file. This was not possible with our
current software package/workstation setup. Therefore, the
procedure described hereafter was applied on raw unfiltered
greyscale images. The visualization procedure consisted of
segmenting the pores by means of the region-growing algo-
rithm. This segmentation procedure is relatively insensitive
to noise and allows for an easy segmentation of materials
well defined by clear edges. The procedure consists of se-
lecting a set of “seed voxels” corresponding to the mate-
rial or property of interest and growing regions from these
seeds. In our case, we are interested in selecting the pores,
represented by low greyscale values (see discussion below
on the interpretation of the greyscale histogram in the para-
graph “Determination of the segmentation threshold”). We
defined seed voxels as all the voxels with a greyscale value
below 60. The regions are then grown with a growth rate
depending on the greyscale values of the encountered vox-
els. The higher the greyscale difference to the seed voxels,
the slower the growth. This procedure allows stopping the
selection efficiently at the edges. The region-growth algo-
rithm was found efficient in visualizing the large spherical
pores and allowed a good comparison of the different poros-
ity regions present in the sample (see Fig. 2). However, vi-
sual inspection at microscale showed that a large part of the
porosity network was not selected. One reason could be that
channels constituting the porous network are narrow regions
with less well-defined edges. In these channels, voxels have
typically higher grey values (i.e., >60) and are thus not se-
lected as seeds. As well, noise (defined by a few voxels with
higher greyscale value) may stop the growth too early, re-
sulting in the nonselection of these regions [19]. In conclu-
sion, this procedure based on region-growing algorithm on
unfiltered grayscale images is sufficient to visualize the gen-

Fig. 2 Details of the porosity of the ground layer of Cuno Amiet’s
“Portrait of Max Leu”. Size in length: 700 um. Top of the image cor-
responds to the top of the ground sample. Left: surface of the sample.
Right: pores present in the structure. For clarity, only pores with a vol-
ume larger than 27 voxels (1.37 um?) are represented
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eral distribution of the large pores but does not allow a cor-
rect analysis of the connectivity of the porous network.

2.4.2 Analysis of the connectivity in the porous network

In view of these findings, we used another segmentation pro-
cedure to analyze the connectivity of the entire porosity net-
work. The sequence of image processing steps consisted of
(i) filtering the SRXTM images to remove noise, (ii) seg-
mentation into pore and nonpore voxels, and (iii) analyzing
the pore distribution and connectivity of the 3D porous sys-
tem by means of an in-house algorithm.

(i) Filtering intends to remove noise that could hinder a
correct segmentation of the images. It was performed
using a 3D edge-preserving smoothing algorithm pro-
vided in the Avizo software. This algorithm combines
Gaussian smoothing and anisotropic diffusion, and effi-
ciently removes background noise while keeping sharp
edges. Optimal parameters for the entire samples were
found to be [time stop: 10; time step: 1; contrast: §;
sigma: 2]. Note that these parameters must be evaluated
and reassessed for each image set. A basic test for the
correctness of the filtering (which should remove noise
but not information about the material itself) consists of
subtracting greyscale values between raw and filtered
images. The resulting image difference should contain
only noise, and no precise shape of the different objects
(e.g., calcite crystals) should be visible.

(i) Segmentation consists of partitioning the image in dif-
ferent sets of voxels, each set representing a differ-
ent object or material. In our case, the goal is to ex-
tract the pores from the ground matrix which can be
simply achieved by greyscale thresholding. Indeed, as
shown later, the pores have low greyscale values dis-
tinct from the binding medium and the calcite com-
posing the ground matrix. The threshold value selected
was 86. All voxels below or equal to this value were
attributed to pores, the rest being considered as ground
matrix.

(iii) The analysis of the porosity was performed on the seg-
mented 3D binary images and consisted of looking at
the total porosity and the connectivity of the porous
network. The total porosity was calculated by the ratio
n pores/ (n pores 7 ground) with n pores andn ground the total
number of voxels attributed to pores and ground matrix,
respectively. To analyze the connectivity in our sample,
we define a cluster as a set of all the voxels connected
to each other. Voxels are considered to be connected
if they are nearest neighbors, i.e., if they share a com-
mon face. The spatial and size distribution of all the
independent clusters present in the sample can then be
analyzed. We used the Hoshen—Kopelman (HK) algo-
rithm [10] to count and label all the independent clus-
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ters within our 3D binary image. Based on the union-
find data structure [5], the HK algorithm is an efficient
means to enumerate independent clusters within a sin-
gle scan through the voxel grid.

3 Results and discussion
3.1 Validation of the image processing procedure

The validation of the image processing was performed in
two steps. The first step consisted in attributing greyscale
values found in the histogram to the different materials con-
stituting the ground and determining the optimal threshold
value to segment the porous network. The second step fo-
cused on a detailed comparison between SRXTM and SEM
data of a target slice chosen in the sample. The target slice
was chosen to contain a series of features of interest, such as
foraminifera, a large silica rich particle, a number of large
voids, a significant pore distribution, and penetrating epoxy
resin [7]. The comparison between the SRXTM and SEM
target slices permits the discussion, on the one hand, of the
suitability and limits of both methods for the study of poros-
ity and, on the other hand, of the validity of the filtering and
segmentation processes.

3.1.1 Determination of the segmentation threshold

Figure 3 shows the image processing procedure applied to
the sample. The greyscale histogram of the raw data (Fig. 3a,
bottom) shows the presence of two narrow peaks centered at
75 and 83 values and a large distribution of greyscale val-
ues in the upper region. After filtering (Fig. 3b), the separa-
tion of the two peaks at lower greyscale values is enhanced,
and the shape of the broader band at higher greyscale values
hints at a bimodal distribution centered around 140 and 200.
Comparison of the images before and after filtering (Figs. 3a
and 3b) shows that the edge and small details are still visible.
Therefore, the filtering efficiently highlights the greyscale
differences without removing or altering details of the im-
age. The attribution of the greyscale regions to different ma-
terials was performed with the ground composition in mind.
FTIR has shown that the ground was composed mainly of
chalk, protein, and a small amount of clay minerals with a
kaolin-type infrared spectrum. Considering the attenuation
coefficients of those different materials and their respective
proportion on the SRXTM images, we made the following
attribution: The two lower greyscale groups were defined to
be empty space. Voxels in these groups are those of the ex-
ternal space, the large pores, and the porous network of the
sample. The third greyscale group centered at 140 may be
mainly attributed to binding medium, while the last region
to large calcite and silicate crystals.



Characterization of porosity in a 19th century painting ground by synchrotron radiation X-ray tomography 35

Fig. 3 Image processing procedure (filtering and segmentation) applied to the target slice. (a) Raw image. The circle indicates the location of the
epoxy resin used to fix the sample to the holder. (b) Filtered image. (¢) Segmented image

Using a threshold value of 86 (Fig. 3c), the larger pores
and the external space to the sample are correctly seg-
mented. It must be mentioned that at a threshold value
of 86, the interior of the epoxy resin drop (Fig. 3c de-
tail) is inaccurately selected as a void space suggesting
that there is some overlap in the greyscale value distribu-
tion between voids and organic matter (resin and binding
medium).

The bimodal distribution of the voids could be explained
by edge-enhancement effects. The formation of Fresnel
fringes is described theoretically and experimentally by Sni-
girev et al. [20] and phase contrast imaging explored by
Cloetens et al. [4]. This artefact happens when X-rays cross
edges between two materials of different refraction indices,
such as void and calcite here. As a result, the pixels near the
material borders have an increased contrast, i.e., the void
regions near material edges seem darker than they should
be.

Concluding, it seems reasonable to select both peaks in
the segmentation (threshold value 86) to provide a more
accurate representation of porosity, i.e., including both the
porous network and the larger pores accepting the slight
overestimation of the overall porosity due to the overlap be-
tween the greyscale range of the organic resin or proteina-
ceous medium and the empty pore space.

3.1.2 Comparison between SEM and SRXTM data

After the tomography measurements, the sample was em-
bedded and polished to expose the target slice [7]. The
cross-section was then studied by SEM in electron backscat-
tering mode (BSE, Fig. 4d) and secondary electron mode
(SE, Fig. 4e) for comparison with the SRXTM target slice
(Fig. 4a and detail 4b) and the corresponding segmented im-
age (Fig. 4¢).

We will concentrate our comparison between SEM and
SRXTM slices on three features: the large pores (* in
Fig. 4d), the foraminiferous fossils (¢ in Fig. 4d), and the
very fine calcite particles distributed within the binding
medium.

Large pores SRXTM data show the presence of empty
large pores (Fig. 4b, top), which possibly originate from
trapped air bubbles formed after the application of the
ground layer. These look deformed and filled with “debris”
in the SEM-BSE image (* in Fig. 4d). This difference may
be attributed to the polishing process that can redistribute
calcite and binding medium particles and redeposit them in
the large voids, totally or partially filling them. Thus, the
SEM image of the target slice does not, in this case, cor-
rectly visualize the porosity due to artefacts introduced dur-
ing surface preparation, namely the redistribution of calcite
particles [7].
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o

50 um

Fig. 4 (a) Target slice chosen to compare SRXTM and SEM im-
ages. (b) Raw and (c) segmented SRXTM image and corresponding.
(d) SEM-BSE and (e) SE images. In image (d), the foraminifera (¢)
and large pore filled with debris (*) are indicated

Foraminiferous fossils The fossils are seen as empty in
the segmented SRXTM target slice but filled with organic
film in both SEM-SE and SEM-BSE data [see Figs. 4d (¢)
and 4e]. Note that another fossil at the right of the image
remains empty whatever the method of visualization. The
presence of this organic material within the fossils is more
complex to understand, and two main hypotheses can be
proposed: (i) the organic film can be proteinaceous binding
medium mixed in preparation of the ground substance, or
(ii) it may be a result of the cross-section preparation (acry-
late resin).

In our case, the foraminiferous fossil chambers are rela-
tively closed in shape; however, the walls of these chambers
are porous. These pores can allow the filling up of the cham-
ber during ground preparation (hypothesis (i)). Finally, the
organic film could be an artefact from sample preparation
prior to SEM. The nature of the material inside the chamber
is currently being investigated further by FTIR imaging, to
determine if the film is proteinaceous or not.

Very fine calcite particles and binding medium Very fine
calcite particles are clearly visible in the SEM images but
are shown as an average greyscale region in the SRXTM
images (see, e.g., between the two fossils at the bottom of
Fig. 4b). This effect is due to the resolution or pixel size
of the tomography data, fixed to 370 nm. Any information
on particles or pores of smaller dimensions is thus lost. The
resulting artefact is called partial volume effect. This effect
happens when two materials with different absorption coef-
ficients lie in the same voxel, leading to an average greyscale
for that voxel not representative of the reality [19, and refer-
ences therein]. In our case, the greyscale middle range in the
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histogram originally attributed to binding medium is thus
likely to contain not only binding medium but also small
calcite particles. As a consequence, the partial volume ef-
fect would severely hinder a correct segmentation between
calcite and binding medium. However, it does not seem to
influence the visualization of the porous network. Reassur-
ingly, when looking at a region where some epoxy resin used
for mounting the sample prior to tomography has been ab-
sorbed within the ground (Fig. 3a), this feature is correctly
segmented on the SRXTM target slice, where the region ex-
hibits a much lower porosity (Fig. 3c).

In view of these findings, the proposed procedure based
on the segmentation of SRXTM images seems to be able
to adequately extract most of the porosity features of the
ground. While limited in the visualization of submicron fea-
tures, it allows getting much information about the ground
porosity, its main characteristics, and its 3D topology. Be-
sides, the fact that the sample is tomographed almost with-
out preparation excludes the various artefacts seen on the
SEM images related to sample preparation.

3.2 Insight into the ground properties of the painting
“Portrait of Max Leu” by Cuno Amiet

A clear difference in type and distribution of porosity is ob-
served throughout the sample (Fig. 2). This complex sub-
structure of the ground, possibly related to multiple layer
application, could not be observed in the light microscopy or
SEM study of the polished cross-section. The ground can be
mainly divided into three sublayers hereafter denominated
layers 1, 2, and 3. The top layer (layer 1) is characterized
by a very fine porosity, i.e., with large numbers of small
pores. The middle layer (layer 2) has less fine pores but ex-
hibits large spherical pores, suggesting these to be air bub-
bles trapped during the drying process. Finally, the bottom
layer (layer 3) is composed of fine pores and a few larger
pores. Its lower profile is very rough and can be explained
by its contact with the canvas fibers.

To get insight into the connectivity within these three lay-
ers, we applied our HK clustering method to a subset com-
posed of 644 x 1464 x 932 voxels. This choice was de-
termined by both computer resources and the need to re-
move the edges of the sample, which could present a poros-
ity nonrepresentative of the bulk. More than 792,000 clus-
ters were found, with sizes ranging from 1 single voxel to
~52 % 100 voxels. The total bulk porosity of the sample was
estimated to be ~15 % (volume fraction). All the exterior
voxels were excluded in the porosity calculation. The defi-
nition of the exterior is trivial at the upper flat layer, but it
becomes however difficult for the bottom layer, which shows
a very rough surface. The figure was calculated by exclud-
ing all voxels belonging to the xy slices external to the sam-
ple [i.e., below slice number 200 (i.e., depth of 74 um) and
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Fig. 5 (a) Profile of distribution in depth of the five major porosity
connected clusters in the sample (total number of voxels belonging to
the cluster for each xz slice scanned along the sample). Solid horizon-
tal lines show the sample limits, dashed lines are an estimate of the
interface between the three layers composing the ground. (b) Virtual

above slice number 1400 (i.e., depth of 518 um)] (see solid
horizontal lines in Fig. 5).

Clusters were then classified according to their size (to-
tal number of voxels), and the five biggest clusters were se-
lected for visualization (Fig. 5b). Two clusters are predomi-
nant in terms of size and account for 58 % of the total poros-
ity. The other three clusters imaged, third, fourth, and fifth
in size only account for a further 1 % of the porosity. The
biggest one (yellow) is homogeneously distributed within
layer 1, as can be shown by the constant number of vox-
els found in the xy slices composing this layer (Fig. 5a).
The second one (blue) is located in layer 3 and shows a sig-
nificant heterogeneity in its distribution. This heterogeneity
results from the presence of very large pores and from the
irregular thickness of the bottom layer. In addition, the blue
cluster extends into layer 2, so that the layer interface is not
as well defined as suggested when looking only at the large
pores (Fig. 2). If the different layers correspond to differ-
ent application steps, this undefined interface could be due
to the fact that layer 2 has been applied shortly after layer 3,
which was thus not completely dry. The sizes of the third and
subsequent clusters are negligible. They represent only local
connectivity with either large pores connected to their near-
est pore neighbors (e.g., red cluster) or small closed porous
regions (green cluster).

The spatial distribution of the clusters confirms the het-
erogeneous aspect of the sample. It shows that both top

Surface

Layer 2

Canvas

2D yz cross-section of the sample with visualization of the five biggest
connected clusters. Note that the connectivity between voxels is not
always visible because the connection path is located in the third di-
mension (y axis)

and lower areas of the sample contain open, fully con-
nected porous networks, whereas the middle layer has iso-
lated smaller clusters not connected to the surface or the can-
vas side of the ground layer. In terms of transport properties,
and providing that the level of resolution of the SRXTM im-
ages is sufficient to assess the main properties of the poros-
ity network, it means that the ground will effectively absorb
both the binding media applied over it and any material ap-
plied to the back of the canvas, justifying its definition of
an absorbent ground. However, the transport path through
the ground, from the back of the painting to the paint lay-
ers is not open. Therefore, one can empirically predict that
the ground can act as a material reservoir but the transport
through it is likely to be slow.

4 Conclusion

SRXTM is a powerful way to visualize porosity within un-
manipulated microsamples, avoiding issues relating to sam-
ple preparation. The visualization and segmentation of the
different components on painting ground samples is greatly
assisted by image filtering. It was found that 3D edge pre-
serving smoothing filtering gave adequate results, improv-
ing the distinction between the greyscales of the different
materials, while not loosing relevant material information.
After filtering, the porosity of the sample could be distin-
guished and segmented. The sample appeared to consist of
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large spherical pores (10 to 50 microns wide) and a microp-
orous network featuring small pores of undefined shape in-
terconnected to each other.

Analysis of the porosity distribution and in particular
porosity connectivity in the segmented data provided addi-
tional information, not clearly visible in the greyscale CT
images, nor in the SEM imaging. It was shown that the
ground layer of the painting by Cuno Amiet entitled Portrait
of Max Leu has three layers with distinct porosity properties.
The top layer is characterized by a very fine well-connected
porosity, whereas the middle layer shows less connectivity
but exhibits large spherical pores. Finally, the lower layer is
composed of connected small pores and a few large spher-
ical pores. This observation suggests that this ground layer
has the capability of absorbing medium from paint layers
applied onto it or conservation treatments although limited
capability of fast transport through it.

The image analysis approach described here was able
to provide unique new information in estimating the main
porosity characteristics of a ground layer. Although some is-
sues remain with the detailed accuracy of material segmen-
tation, SRXTM images can provide important information
when estimating and comparing the absorbency and trans-
port properties of ground layers of similar composition.
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