
ABSTRACT
This paper reports on the pre and post conservation diagnostics of a 14th century icon, the Virgin with
the Child and a Saint, by an unknown author, belonging to the Library of Taormina, Sicily. A set of non‐
invasive imaging techniques for the investigation of the small painting was applied before and after the
restoration treatment. The methods used included technical photography (UV Fluorescence, UV Reflec‐
ted, Infrared, Infrared False Color, and Infrared Fluorescence), Infrared Reflectography (IRR), Reflect‐
ance Transformation Imaging (RTI) and two spectroscopic imaging techniques, Terahertz Time Domain
Imaging (THz‐TDI) and Reflectance Imaging spectroscopy using a Multispectral Imaging system (MSI).
At the end of the investigation, an identification of the palette has been attempted, crossing the results
obtained by reflectance spectra analysis with those obtained by the other imaging techniques. THz‐TDI
examination gave a substantial contribution to the understanding of the gilding technique. An accurate
examination of the surface has been performed with Reflectance Transformation Imaging (RTI) and
with THz‐TDI to locate cracks, flacking, incisions and material losses. Subsurface layers have been
tested by THz‐TDI, imaging the support‐primer‐paint interfaces. This study is a valid example of the ap‐
plication of non‐invasive imaging methods before and after the conservation treatment of a work of art.
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1. Introduction

It is well established nowadays that diagnostics
is at the basis of any scientific conservation
treatment. This paper presents the non‐invasive
imaging diagnostics, namely technical photo‐
graphy and spectroscopic imaging, of a 14th

century gilded icon before and after its conser‐
vation. This multi‐technique approach has been
used to identify the materials and technique of
the original painting, to detect previous restora‐
tions and additions as well as the nature and

extent of the alterations present. The intention
of these pre‐conservation diagnostics was to
provide key information to the conservator for
the development of an appropriate conservation
treatment. The diagnostics after conservation
provided further information on painting mate‐
rials thanks to the removal of the thick dirt film
present on the painting surface, and allowed to
evaluate the accuracy of the conservation treat‐
ment itself. This case study highlights the impor‐
tance of a non‐invasive diagnostics approach for
artefact comprehension and for the evaluation
of a conservation intervention. The study results
are hoped to contribute to the literature
regarding scientific examinations of medieval
icons [1‐3].
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2. Materials and Methods

2.1. The Medieval Icon

The 14th century icon represents the Virgin with
the Child and a Saint (Figure 1). Its author is
unknown and it belongs to the Public Library of
Taormina, Sicily, who commissioned the conserva‐
tion treatment to Angelo Cristaudo, conservator
in Acireale (Sicily). The icon was affected by
extensive damages: losses and detachments of the
paint as well as lacunae in the wooden support
(32 x 39 x 0.8 cm). A thick layer of accumulated
dirt was substantially reducing the brightness of
the gold background and the painting's figures
were barely recognizable. Figure 1 shows the icon
before and after the restoration treatment. The
icon was made as recommended by Cennino Cennini
[4] instructions: a thin primer lies directly on the
single plank wooden support and the gold back‐
ground has been applied on red bole. The pre‐VIS

image shows the significant accumulation of
surface dirt, hiding the complexity of colors and
details that characterize the original aspect of the
painting. A cleaning test exposed the intense red
pigment of the vest of Jesus under the dirt layer,
suggesting the color richness that was eventually
revealed during the conservation treatment, as
it may be observed on the post‐VIS image.

2.2. Instrumentation

The hand‐held microscopy images (HHmicro)
were acquired with a Veho VMS hand‐held USB
microscope mounting a 2 MP camera. Technical
photography was performed with a Nikon D800
DSLR camera (36 MP, CMOS sensor) modified
for full spectrum acquisition (built‐in IR filter
removed). This camera was used for visible (VIS),
infrared (IR), infrared fluorescence (IRF), ultravi‐
olet fluorescence (UVF) and ultraviolet reflected
(UVR) photography. These methods and the

Figure 1. Photos before (pre‐VIS) and after (post‐VIS) the conservation treatment. The dashed frame indicates the cleaning test
on the vest of Jesus.
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related imaging equipment and calibration pro‐
cedures are extensively described elsewhere
including the details of filters and lighting setup
[5‐7]. The same camera was also used for the RTI
(Reflectance Transformation Imaging) documen‐
tation [8] in both visible (VIS‐RTI) and infrared
(IR‐RTI) photography.

Infrared reflectography (IRR) [9] was performed
with an InGaAs camera (320×256 pixels) Merlin
NIR by Indigo Systems. Terahertz Time Domain
Imaging (THz‐TDI) was accomplished with a
Picometrix T‐Ray 4000 device with its terahertz
transceiver head mounted on an XY‐scanning
stage. The system is extensively described else‐
where [10]. The painting was scanned in 500 μm
steps, using a 320 picoseconds (ps) measurement
window, a time increment of 0.078 ps (detector
time‐resolution) and a reflection configuration at
normal incidence. Reflectance Imaging Spectro‐
scopy was performed with a CCD monochromatic
(grey tones) camera (PixelTeq SpectroCam VIS)
and 12 interferential bandpass filters also com‐
mercialized by PixelTeq. The method is referred
to as MSI‐12 and the filters used are (center
wavelength/bandwidth nm): 425/50, 475/50,
532/16, 578/10, 620/10, 669/10, 680/10, 717/
10, 740/10, 750/10, 780/20, 800/10. Figure 2
summarizes all the methods applied. The diag‐
nostics images taken before and after the conser‐
vation treatment are indicated, respectively, by
the prefixes "pre" and "post".

3. Results

3.1. Hand‐Held microscopy (HHmicro)

The hand‐held microscopy images in Figure 3
are useful for a preliminary examination of the
artwork. The usual gilding technique is visible in
point 6 where the gold leaf is partially removed;
between the primer and the gold leaf there is a
red bole layer to provide adhesion and intensity
to the color of the metal. Shell gold (pulverized
gold used as a pigment with a binder) has been
used to trace some details of the robes and aure‐
oles, points 2, 3, and 8. Restoration retouching has
been done with tratteggio technique: integration
of lacunae with thin vertical lines perceived as
uniform color when seen from a distance. The
original dark green paint of the Virgin's vest
(point 3) was damaged on the sleeve and it was
integrated with tratteggio, showing the charac‐
teristic minute brushwork (point 7). Point 1 on
the red decoration of the Virgin’s vest and point 4
on the mantle of the Saint show the particularly
dense craquelure which characterizes the original
paint. Differently from the dense paint of the other
points, the green of the vest of Jesus (point 8) is
very thin and transparent, such as a lake.

3.2. Ultraviolet Imaging (UVF, URF)

Ultraviolet photography is an essential part of
diagnostics imaging. The fluorescence emission

Figure 2. Summary of the methods applied before (pre) and after (post) the conservation treatment.
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comes mostly from the surface layers and, tradi‐
tionally, UV fluorescence photographs are used
to identify different varnishes and over‐paintings.
Occasionally, fluorescence colors are considered
to give some indications of the pigments and
binders used, but they are seen as a secondary
rather than a primary technique for identifying
these materials. Because of the surface thick
layer of dirt, the pre‐UVF image turned uniformly
dark and featureless. On the other hand, the post‐
UVF image revealed a strong UV pale white fluores‐
cence in correspondence of the white parts of
the paintings, a weak reddish fluorescence in
correspondence of some red areas (red robe of
Infant Jesus and red highlights of Madonna's
mantle) and different shades and intensities for the
fluorescence in correspondence of the retouches
(Figure 4). UVR was acquired just after the
completed cleaning since the layer of surface
dirt would have prevented the transmission of
any UV light reflected by painting materials.

This technique is very effective for mapping
retouches made with modern white pigments,
zinc white and titanium white, which strongly
absorb the UV light.

3.3. Infrared Imaging (IR, IRFC, IRF, IRR)

Infrared photography is recognized as a valid tool
for the inspection of a painting hidden by thick
dirt or opaque varnish. The pre‐IR image allowed
a clear understanding of the details of the compo‐
sition even before the cleaning treatment, as
illustrated in Figure 5. Infrared photography
was also indispensable to inspect the painting
for underdrawings and pentimenti and infrared
reflectography was also performed because of its
ability to penetrate further through the pictorial
layer. Once the thick veil of dirt was removed, the
contrast between pigments absorbing IR and those
reflecting or transparent to it increased, and the
post‐IRFC image (Figure 6) provided useful

Figure 3. The Virgin with the Child and a Saint after cleaning and conservation (center). On the sides, hand‐held microscopy images.
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Figure 4. Pre‐UVF, post‐UVF, post‐UVR. Detail. post‐VIS, post‐UVF and post‐UVR. The dashed frame localizes the cleaning test on
Jesu's vest.

information for preliminary pigments identifica‐
tion. Very few pigments exhibit fluorescence in the
infrared region when irradiated with visible light
(IRF photography): cadmium‐based pigments and
Egyptian blue [7, 11]. The bright spots visible in
the post‐IRF image highlight the retouches
made with cadmium‐based pigments (Figure 7).

3.4. Terahertz Time‐Domain Imaging (THz‐TDI)

THz‐TD imaging was used to understand the gilding
technique used by the artist for the background
(Figure 8). Gold reflects THz radiation and it is
then immediately identified in the THz image
thanks to its brightness even when the gold is
under the paint layer. The squared edge of the
gilded finishes found behind the pictorial layer,
clearly demonstrates that the master used gold
leaves for gilding. Furthermore, the technique
facilitated the localization of the delicate gilding
used for tracing decorative motives on the figure's

dresses which were not clearly noticeable by naked
eye inspection owing to the thick dirt layer. THz
imaging also contributes to pigments identification
thanks to the different reflectivity of some pig‐
ments in the THz range frequency examined [12].
The examination of the stratigraphy and condi‐
tion of the subsurface layers of the icon, highly
relevant in conservation when stability problems
such as delamination or internal cracking are
considered, was also provided by the THz images
of the support‐primer and primer‐paint interfaces.

3.5. Multispectral imaging (MSI‐12)

The monochromatic camera and the set of 12
bandpass filters provide reconstructed reflec‐
tance spectra that are used for pigments map‐
ping and preliminary identification. A classified
image clusters the pixels with similar reflec‐
tance spectra and assigns them a false color.
The classified image of the painting is shown in
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Figure 5. Pre VIS, pre IR, post IR and post IRR.

Figure 6. Pre‐VIS, pre‐IRFC, post‐IRFC and post‐VIS.

Figure 7. Pre‐VIS, post‐IRF and post‐VIS. Detail, post IRF and post‐VIS.

Figure 9. The same figure shows the reconstructed
reflectance spectra of some points whose hand‐
held micro‐scope images are shown in Figure 3
and reference reflectance spectra from an online
database [13]. The false colors of the classified
image correspond to the colors of the spectra
of the graph. The classified image has been
useful to examine the painting, distinguishing
original pigments from retouchings (grey false
color).

3.6. Reflectance Transformation Imaging (RTI)

The RTI documentation, both in visible and ifrared
light, was performed to examine the low relief
details of the icon's surface. RTI made with in‐
frared photography is useful for the ispection of
the ground condition thanks to the transparency
of some pigments in the infrared range. RTI is
suitable to locate and document retouchings due
to their discontinuity with the original paint and
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Figure 8. Pre‐VIS, pre‐IR, THz (air –paint interface), THz (primer‐paint interface), THz (support‐primer interface), photo of the
wooden support.

other surface features such as incisions, cracks
and detachments.

4. Discussion

4.1. Underdrawing

IR imaging allowed inspecting the painting for
underdrawing and pentimenti. Figure 10 shows
and example of both: the brushwork done with
the verdaccio ‐ the green earth based paint used
to outline the figure's skin ‐ partially visible
already in the post‐VIS image on the Virgin's neck
becomes more distinct in the IR; on the left arm
of the Saint there is a pentimento on the forearm

that was larger and eventually reduced, hidden
by the green paint of the vest of the Saint.

4.2. The palette

Figure 9 shows the classified multispectral image
the 9 points that are discussed for the identifica‐
tion of the pigments.

Point 1. The red decorations of the Virgin's veil.
The MSI‐12 reflectance spectrum of point 1 in
suggests vermilion mixed with red ochre since it
shows the S‐shape that is characteristic of ochres
and has the inflection point at about 600 nm of
vermilion. The attribution to this pigment is also
backed by the THz‐TDI image where these same
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areas appear bright. Vermilion has a high reflectivity
within the explored THz frequency range [12, 14]
and the THz‐TDI imaging provided a good indica‐
tion about the presence of vermilion on the red
decorations and highlights of the Virgin's veil as
well as on the vest of Jesus.

Point 2. The scarlet red on Jesus' vest. This is a
more brilliant red than the red decorations of
the Virgin's in point 1. Its reflectance spectrum

indicates pure vermilion because of its sharp
inflection point at 600 nm. The classified image
in Figure 9 successfully maps this pigment (orange
false color) and differentiates it from the less
pure mixture with red ochre (dark red false color).
This hypothesis is supported also by the THz
imaging where this area (point 2) appears even
brighter than that the one where point 1 is
located. The different compositions of the red
decorations on the Virgin's veil and of the red

Figure 9. MSI‐12 classified image and reflectance spectra of 6 points.

Figure 10. Post‐VIS and post‐IR images of two details.
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Figure 11. Pre‐VIS. Detail: pre‐VIS, pre‐IRR and pre‐THz.

Figure 12. Pre‐VIS. Detail: pre‐VIS, pre‐THz and post‐VIS.

vest of Jesus is indicated also by the IRFC which
shows a bright yellow false color for the vest and
a bright orange for the veil (Figure 6). Further‐
more, when investigated by UVF, Jesus red vest
exhibits a weak reddish fluorescence that can
also be attributed to vermilion laid with tempera
(Figure 4).

Point 3. The dark green of the Virgin's vest.
The IRFC (bright red) and the other imaging
methods suggest that the pigment used for this
garment and the vest of the Saint is the same.
The reconstructed reflectance spectrum is flat in
the visible with an increased reflectance in the
infrared region. These features rule out the usual
green pigments used in the medieval times such
as malachite and verdigris, which have a strong

reflectance maxima in the green region and,
together with green earth, they absorb infrared.
This green seems to be a more likely mixture of
yellow and blue.

Point 4. The light green of the Saints' mantle.
This paint seems to be a green earth because of its
flat reconstructed reflectance spectrum all over
the visible and infrared regions and because it
shows a brownish IRFC.

Point 5. The yellow of Jesus' hair.
Its reconstructed reflectance spectrum features
the S‐shape of yellow ochre, although valid
hypothesis since this pigment does not show
any special features with the other imaging
technique used.
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Figure 13. Detail, vest of Jesus. Pre‐VIS, pre‐IR, pre‐THz and post‐VIS.

Point 8. The green of Jesus' shirt (point 8).
It appears extremely bright in IR and IRR, exclud‐
ing the presence of an inorganic green pigment
(Figure 5). The reconstructed reflectance spectrum
of this light green is characterized by a sharp
inflection point at about 725 nm, suggesting a
mixture of indigo, responsible for this inflection
point and a yellow pigment. The high reflectivity
of this paint also in the far infrared is demonstrated
by the IRR image.

Point 9. The figure's complexion.
Concerning the white pigment used to enlighten
and define the figure's complexion, complemen‐
tary information provided by the imaging tech‐
niques points to lead white. This is the white pig‐
ment which has the highest reflectivity in the used
THz range and indeed the white highlights are
moderately bright in the THz image. The other two
common modern white pigments, zinc white and
titanium white, could be excluded observing the
UVR image (Figure 4), because there was not

white paint appearing as dark areas in the UVR
image. Also lithopone could be ruled out thanks
to the reconstructed reflectance spectrum which
does not show the pigment’s characteristic
absorption bands in the infrared region.

Binder. Analytical examination of the paint was
not pursued but the whitish UV fluorescence on
the figure's flesh is typical of a tempera binder,
as consistent with the style and age of the icon
(Figure 4).

Retouchings. The areas retouched are localized
with post‐UVF (Figure 4), with the classified
multispectral image (grey) and with post‐IRF
which just shows the retouchings in cadmium red
and cadmium yellow (Figure 7).

4.3. The gilding

THz‐TDI has been able to locate the squared edges
of the applied gilding leaves under the paint layer;
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Figure 14. Detail. Post VIS, IR‐RTI, THz (interface support‐primer).

they are clearly defined at the contours of the
figure's faces in the vicinity of the aureoles. The
gilder used gold leaves as recommended by
Cennini [4]. It is important to point out that the
identification of the gold leaves under the paint
was possible only with THz imaging and, indeed,
even IRR could not penetrate as much deep into
the paint (Figure 11). Before the cleaning treat‐
ment some areas of the gilding appeared very
darkened but the same areas appeared bright in
the pre‐THz image, suggesting a solid gold leaf,
as shown in Figure 12. Indeed, after the cleaning
these areas showed to be the ones better preserved
thanks to the hard varnish that had preserved
them from previous cleaning which degraded the
gold leaf elsewhere. Furthermore, before cleaning,
THz imaging facilitated the location of the gold

powder (shell gold), probably applied with a brush,
used to trace decorative motives on the dresses
of the figures (borders and floral motives of the
Virgin’s veil and straight lines on the vest of the
Child), helping in preserving them by cleaning
agents, as shown in Figure 13.

4.4. Surface and subsurface examination

Figure 14 shows the IR‐RTI image of a detail of
the icon showing a number of retouches, recog‐
nizable by their lower profile. RTI was also used
to inspect the icon for incisions in the folds of
the garments and in the contours of the figures
as this was a documented practice for tracing the
underdrawing for this kind of art [1] but none
was found by naked‐eye and RTI inspection in this
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case. On the other hand, IR‐RTI image revealed
some raised vertical lines that follow the length of
the painting. Figure 14 shows one of them going
across the vest of Jesus. This line is located
between two grains of the wooden support as
seen in the THz support‐primer interface image
and, therefore, can be explained as a consequence
of stress inside the panel.

4.5. Structural information

THz‐TDI in reflection geometry is capable of high‐
light interfaces between layers in a stratigraphic
build‐up and it makes structural information
available. This contactless and non‐invasive
technique has been already successfully applied
for the investigation of panel paintings and other
multilayered artworks [10, 15]. In this case, the
THz images of the interface support‐primer and
primer‐paint did not reveal relevant structural
problems or flacking of the paint (Figure 8). The
primer layer does not seem to be affected by
significant alterations. Imaging of wood grain has
been possible with THz‐TDI, and it turned effec‐
tive for understanding the nature of longitudinal
cracks on the paint surface, highlighted in detail
by IR‐RTI investigation.

5. Conclusions

We have presented a comprehensive non‐invasive
imaging diagnostics of a 14th century gilded icon
before and after its conservation treatment, high‐
lighting the importance of combining different
methods to achieve convincing conclusions about
painting composition and condition, through its
detailed inspection from the paint surface to the
wooden support. Pigment identification has been
attempted crossing the results from reflectance
spectroscopy imaging (MSI‐12) and those obtained
from the other imaging techniques (UVF, UVR, IR,
IRFC, IRR, and THz‐TDI). The applied methods
successfully designated most of the pigments in

the painter's palette with reasonable confidence.
We can assume that lead white, vermilion, red
ochre, yellow ochre and green earth were used.
More difficult was the study of the other two greens
found, probably yellows and blues mixtures (MSI‐12
spectra analysis suggests the presence of indigo
in one of them). On the other hand, being capable
of mapping the sur‐face distribution of pigments,
imaging methods proved very useful in pointing
out areas of interest for further studies with
non‐invasive and invasive analytical methods.

The original gilding technique used by the artist
has been identified by THz‐TDI scanning: the
square edges of the gilding imaged behind the
pain layers led to the conclusion that the gilding
background was made with gold leaves.

Immediately behind the surface paint layer,
brushworks sketched by verdaccio to outline the
figure's skin become more distinct on the Virgin's
neck by IR inspection, while on the left arm of the
Saint a pentimento has been observed.

By means of THz‐TDI, subsurface layers (primer
and wooden support) have been imaged. The
primer layer does not seem to be affected by
significant alterations. Imaging wood grain has
been possible with THz‐TDI, which is effective for
understanding the nature of the longitudinal
crack on the paint surface, highlighted in detail
by IR‐RTI investigation. Located between two
wood grains, the origin of the crack appears to
be connected with mechanical stress arising from
the interior of the panel.

Our study has shown the utility of performing
diagnostic imaging prior to restoration interven‐
tion, since it provided key information to the
conservator about the composition and condition
of the icon from the surface paint film down to the
support and it allowed him to develop an appro‐
priate conservation treatment. In this context,
THz‐TDI facilitated the location of the delicate
gilding used for tracing decorative motives on the
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figure's dresses which were not clearly noticeable by
naked eye inspection owing to the thick dirt layer.
This allowed him to protect them properly from
aggressive cleaning agents, permitting their preser‐
vation. Furthermore, THz‐TDI helped in excluding
serious structural problem thanks to the images of
the primer and the wooden support layers.

This paper also illustrated the importance of diag‐
nostics imaging even after the cleaning treatment.
The thick dirt layer limits information obtained by
pre‐UVF, pre‐UVR and pre‐IRFC images regarding
painting materials while, after the cleaning, these
images returned a number of information on
original pigments and binder. Finally, the infor‐
mation collected by this research is of importance
for the understanding of medieval icons.

Acknowledgments

The multispectral imaging documentation was
possible thanks to PixelTeq which kindly provided
the SpectroCam VIS and the set of interferential
filters presented in the paper. We also want to
thank the Public Library of Taormina for the use of
the images and data of the icon for this publication.

References

[1] Sister Daniilia, S. Sotiropoulou, D. Bikiaris,
C. Salpistis, G. Karagiannis, Y. Chryssoulakis,
Diagnostic methodology for the examination of
Byzantine frescoes and icons. Non‐destructive
investigation and pigment identification, in: K.
Janssens, R. Van Grieken (eds.), Non‐destructive
Micro Analysis of Cultural Heritage Materials,
Comprehensive Analytical Chemistry 42, pp. 565‐
604, 2004, doi:10.1016/S0166‐526X(04)80016‐3

[2] M.C. Buoso, G. Scarabottolo, D. Zafropoulos,
Analysis of the Sant'Agata Post‐Byzantine Icon

from the Hellenic Institute of Byzantine and Post‐
Byzantine Studies, Venice. A Multi‐Method Approach,
LNL Annual Report, Applied and Interdisciplinary
Physics, pp. 84‐85, 2008, http://www.lnl. infn.it/

~annrep/read_ar/2008/contributions/pdf_sing
les/ 84.pdf (accessed 19/05/2015)

[3] M. Avillez, C. Vourvopoulou, Conservation of
a greek icon. Technological and Methodological
Aspects, e‐conservation magazine 6, pp. 37‐54,
2008, http://www.e‐conservationline.com/
content/view/629/198/ (accessed 01/08/2014)

[4] C. Cennini, The craftsman's handbook: The
Italian "Il libro dell'arte", Transl. by Daniel V.
Thompson, Dover Publications, New York, 1960

[5] A. Cosentino, A practical guide to Panoramic
Multispectral Imaging, e‐conservation magazine
25, pp 64–73, 2013, http://www.e‐conservation
line.com/content/view/1100 (accessed 01/08/2014)

[6] A. Cosentino, M.C. Caggiani, G. Ruggiero, F.
Salvemini, Panoramic Multispectral Imaging:
Training and Case studies, Belgian Association of
Conservators Bulletin, 2nd Trimester, pp 7–11, 2014,
http://www.brk‐aproa.org/uploads/bulletins/
BULLETIN 2‐14 kleur.pdf (accessed 01/08/ 2014)

[7] A. Cosentino, Identification of pigments by
multispectral imaging a flowchart method, Heritage
Science 2:8, 2014, http://www.heritagescience
journal.com/content/pdf/2050‐7445‐2‐8.pdf
(accessed 01/08/2014)

[8] A. Cosentino, Macro Photography for Reflec‐
tance Transformation Imaging: A Practical Guide to
the Highlights Method, e‐conservation Journal 1,
pp. 70–85, 2013. http://www.e‐conservation.org/
issue‐1/20‐macro‐photography‐for‐reflectance‐
transformation‐imaging (accessed 01/08/2014),
doi: http://dx.doi.org/10.18236/econs1.201310

[9] A. Cosentino, Panoramic infrared Reflectography.
Technical Recommendations, International Journal

e‐conservation 39

14TH CENTURY GILDED ICON

dx.doi.org/10.1016/S0166-526X(04)80016-3
http://www.lnl.infn.it/~annrep/read_ar/2008/contributions/pdf_singles/84.pdf
http://www.lnl.infn.it/~annrep/read_ar/2008/contributions/pdf_singles/84.pdf
http://www.lnl.infn.it/~annrep/read_ar/2008/contributions/pdf_singles/84.pdf
http://www.e-conservationline.com/content/view/629/198/
http://www.e-conservationline.com/content/view/629/198/
http://www.e-conservation line.com/content/view/1100
http://www.e-conservation line.com/content/view/1100
http://www.brk-aproa.org/uploads/bulletins/BULLETIN%202-14%20kleur.pdf
http://www.brk-aproa.org/uploads/bulletins/BULLETIN%202-14%20kleur.pdf
http://www.heritagesciencejournal.com/content/pdf/2050-7445-2-8.pdf
http://www.heritagesciencejournal.com/content/pdf/2050-7445-2-8.pdf
http://www.e-conservation.org/issue-1/20-macro-photography-for-reflectance-transformation-imaging
http://www.e-conservation.org/issue-1/20-macro-photography-for-reflectance-transformation-imaging
http://www.e-conservation.org/issue-1/20-macro-photography-for-reflectance-transformation-imaging


of Conservation Science 5(1), pp. 51–60, 2014,
http://www.ijcs.uaic.ro/public/ IJCS‐14‐05‐
Cosentino.pdf (accessed 01/08/2014)

[10] C.L.K. Dandolo, P.U. Jepsen, M.C. Christen‐
sen, Characterization of European Lacquers by
Terahertz (THz) Reflectometric Imaging, IEEE
Proceedings of the 1st Digital Heritage International
Congress (DigitalHeritage), 2013, volume 1, IEEE,
p. 89‐94, 2013, doi: 10.1109/DigitalHeritage.2013.
6743717

[11] G. Accorsi, G. Verri, M. Bolognesi, N. Armaroli,
C. Clementi, C. Miliani, A. Romani, The excep‐
tional near‐infrared luminescence properties of
cuprorivaite (Egyptian blue), Chemical Commu‐
nications 23, pp. 3392–3394, 2009, doi: 10.1039/
B902563D

[12] National Institute of Information and Com‐
munications Technology (NiCT), Terahertz spectral
database, http://thzdb.org (accessed 01/08/2014)

[13] A. Cosentino, FORS spectral database of his‐
torical pigments in different binders, e‐conserva‐
tion Journal 2, pp. 57‐68, 2014, http://e‐conser
vation.org/issue‐2/36‐FORS‐ spectral‐database
(accessed 01/08/2014)

[14] J. B. Jackson, Terahertz Time‐Domain Reflec‐
tometry of Multilayered Systems, PhD thesis, Uni‐
versity of Michigan, 2008

[15] K. Fukunaga M. Picollo, THz techniques as a
complementary non‐invasive diagnostic method for
the study of medieval panel paintings, IEEE Inter‐
national Conference on Solid Dielectrics,
Bologna, Italy, pp. 493‐496, 2013, doi: 10.1109/
ICSD.2013.6619865

Antonino Cosentino
Cultural Heritage scientist
Cultural Heritage Science Open Source (Italy)
antoninocose@gmail.com

Dr. Antonino Cosentino is a PhD Physicist spe‐
cialized in Cultural Heritage Science and his goal
is to promote innovative and affordable instru‐
mental solutions for technical documentation
and examination of Art. He's currently working
on his private practice service providing art
documentation, training and consulting for
private professionals and institutions and he
is blogging on Cultural Heritage Science Open
Source, chsopensource.org.

Corinna L. Koch Dandolo
Conservation‐scientist
DTU FOTONIK ‐ Department of Photonics
Engineering, Technical University of Denmark

Angelo Cristaudo
Conservator‐restorer
Conservation Studio, Acireale, Italy

Peter Uhd Jepsen
Physicist
DTU FOTONIK ‐ Department of Photonics
Engineering, Technical University of Denmark

ANTONINO COSENTINO et al.

40 e‐conservation

http://dx.doi.org/10.1109/DigitalHeritage.2013.6743717
http://dx.doi.org/10.1109/DigitalHeritage.2013.6743717
http://dx.doi.org/10.1039/B902563D
http://dx.doi.org/10.1039/B902563D
http://thzdb.org
http://e-conservation.org/issue-2/36-FORS-spectral-database
http://e-conservation.org/issue-2/36-FORS-spectral-database
http://dx.doi.org/10.1109/ ICSD.2013.6619865
http://dx.doi.org/10.1109/ ICSD.2013.6619865
http://chsopensource.org/
http://www.ijcs.uaic.ro/public/IJCS-14-05-Cosentino.pdf
http://www.ijcs.uaic.ro/public/IJCS-14-05-Cosentino.pdf


Cultural
Heritage
Science
Open
Source

CHSOS,Cultural Heritage Science Open Source, Dr Antonino Cosentino
 via matrice 4, Viagrande, Italy,  VAT 04994440875
Visit  chsopensource.org

Cultural
Heritage
Science
Open
Source

chsopensource.org

Learn with us: training programs
For your laboratory: tools

Onsite Art Examination: service

Scientific Examination 
for Works of Art 

Authentication, Conservation, Documentation

http://www.chsopensource.org
http://chsopensource.org
http://chsopensource.org/trainings/
http://chsopensource.org/tools-2/
http://chsopensource.org/services/
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Training

Learn 
Practical methods for Art Examination

http://www.chsopensource.org
http://chsopensource.org/trainings/
http://chsopensource.org/trainings/
http://chsopensource.org/chsos-technical-photography-kit/
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This course introduces a series of practical methods for art examination and 
documentation that will enhance your professional art conservation workflow and 
skills. Par tic i pants will prac tice with CHSOS equip ment and they will be able to set up 
a workflow for their spe cific pro fes sional needs. 

1st Day. Technical Photography  (6h)
Technical Photography represents a collection of broadband spectral images realized 
with a modified full spectrum digital camera and different lighting sources and filters. 
We will practice hands-on shooting and editing for these technical photos:   

•	 VIS, Vis i ble (Polarized light Photography)
•	 RAK, Rak ing light Photography
•	 UVF, Ultra vi o let Flu o res cence Photography
•	 UVR, Reflected Ultraviolet Photography
•	 IR, Infrared Photography
•	 IRT, Infrared Trans mit ted Photography
•	 IRF, Infrared Flu o res cence Photography
•	 IRFC, Infrared False Color Photography

2nd Day. Panoramic Infrared Reflectography, Reflectance Spectroscopy, RTI (6h)
Infrared Reflectography allows to identify underdrawing and pentimenti. We coupled it 
with the panoramic method in order to acquire infrared reflectograms with a fast and 
lightwiegth set up. 
Reflectance Spectroscopy (RS) is affordable and it provides information useful for the 
identification of pigments.
Reflectance Transformation Imaging (RTI) creates a virtual and enhanced visualization 
of an object’s surface and it is useful in art examination and documentation.

3rd  Day. Multispectral Imaging (6h)
Multispectral Imaging (MSI) is used to map and tentatively identify pigments and 
retouchings on works of art. It is also useful to visually enhance old and faded 
documents.

 

http://www.chsopensource.org
http://chsopensource.org/technical-photography-tp-6-hours/
http://chsopensource.org/polarized-light-photography/
http://chsopensource.org/raking-light-photography-rak/
http://chsopensource.org/ultraviolet-fluorescence-photography-uvf/
http://chsopensource.org/ultraviolet-reflected-photography-uvr/
http://chsopensource.org/infrared-photography-ir/
http://chsopensource.org/infrared-fluorescence-photography-irf/
http://chsopensource.org/panoramic-infrared-reflectography-2/
http://chsopensource.org/reflectance-spectroscopy-rs-2-hour/
http://chsopensource.org/advanced-photographic-documentation-apd-6-hour-2/
http://chsopensource.org/multispectral-imaging-msi-6-hours/
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Some Former Trainings 
Participants

Hercules Laboratory, Portugal
A mural painting conservator and an 
historical architectural photographer 
from the prestigious Hercules laboratory 
seeking advices on technical photography 
examination and documentation of wall 
paintings.

Cyprus Institute, Cyprus
A computer scientist from the well-
regarded center for cultural heritage 
studies in Cyprus planning to develop 
their own imaging laboratory. 

Instituto Nacional de Patrimonio 
Cultural, Ecuador
The main cultural heritage institution 
in Ecuador consulted CHSOS to develop 
their own tecnical imaging laboratory in 
Quito.  

Training for Monash University, 
Australia and Malaysia
We just delivered a 4 days training 
program for Monash University, 
Australia and Malaysia campuses, in the 
Monash University Prato Center in Italy. 

Training for Heritage Malta 
3-days Training program for Heritage 
Malta. Heritage Malta is the National 
Agency for Museums, Conservation 
Practice and Cultural Heritage in Malta.

http://www.chsopensource.org
http://www.chsopensource.org/2014/10/27/training-a-mural-painting-conservator/
http://www.chsopensource.org/2014/12/08/training-for-the-cyprus-institute/
http://www.chsopensource.org/2013/10/28/training-in-ecuador/
http://www.chsopensource.org/2013/10/28/training-in-ecuador/
http://chsopensource.org/2015/11/30/training-for-monash-university-australia-and-malaysia/
http://chsopensource.org/2015/11/30/training-for-monash-university-australia-and-malaysia/
http://chsopensource.org/2016/02/25/training-for-heritage-malta/
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Discover

Technical 
Photography 

kit

http://www.chsopensource.org
http://chsopensource.org/multispectral-imaging-msi/
http://chsopensource.org/chsos-technical-photography-kit/
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Technical 
Photography

58 Historical Pigments.  

Among all the pigments and their vari eties ever 
used in Art this 58 pig ments col lec tion selects the 
most used ones from antiquity to early 1950’. 

Visit Pigments Checker page.
Find details on each pigment:

•	 composition
•	 reflectance, Raman and XRF spectra
•	 technical photography

A collection of 58 his tor i cal pig ments. 
A reference standard for technical photography, 

multispectral imaging and spectroscopy.

Swatches: 2 cross-hairs, 0,2 mm 
and 0.4 mm printed on each swatch 
of paper before appli ca tion of paint, 
to evaluate pig ments’ transparency in 
infrared photography. 

Cardboard: cel lu lose and cot ton 
water color paper, acids and lignin free, 
not treated with opti cal brigtheners. 
Slightly ultraviolet flu o res cent, it 
reflects infrared radiation. 

Pigments Checker

http://www.chsopensource.org
http://chsopensource.org/tools-2/pigments-checker/
http://chsopensource.org/tools-2/pigments-checker/
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Multispectral Imaging and Technical 
Photography Card 

Pigments Checker comes with a detachable calibration card for 
Multispectral Imaging and Technical Photography.  

•	 Zinc white, madder lake and cadmium yellow swatches allow 
to calibrate ultraviolet fluorescence images (UVF) since they 
exhibit, respectively, yellow, orange and red fluorescence. 

•	 Cadmium red and cadmium yellow are  used to calibrate 
infrared fluorescence images (IRF). 

•	 Zinc white swatch allows to calibrate reflected ultraviolet 
images (UVR). 

•	 To calibrate Multispectral images use 
the white, black and 4 gray swatches. 

zinc white cadmium red

madder lake cadmium yellow

http://www.chsopensource.org
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Discover

Antonello
Multispectral Imaging System 

for Art and Archaeology  

http://www.chsopensource.org
http://chsopensource.org/multispectral-imaging-msi/
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Antonello is a low-cost Multispectral Imaging (MSI) system to spread the use of this 
methodology across Art Conservation professionals and institutions.
MSI is not invasive and it is successfully used in art examination to map and identify 
pigments, to localize retouches and to enhance the reading of faded documents.

Full Spectrum Digital Camera 
  
This camera is sensitive approximately to the 360-1100 nm range and it is 
the same camera we use for the Technical Photography methods, RTI and 
3D Photo modeling. We save money and we make our Imaging Diagnostic 
equipment compact and lightweight. 
HINT. Just one camera for all the Imaging Techniques!

18 Filters set 

We use 18 filters just 1”diameter. Since they are small, they cost less. They 
have the same bandwidth (10 nm) but we chose the center wavelength of each 
filter based on historical pigments' spectral features. 
HINT. You can add as many filters you want. You can tune up this system for 
your specific research goals. 

Filters set Travel BOX 

Our travel box to host the 18 filters. 
HINT. Compact and sturdy, it keeps the filters in the right order. 

MSI Calibration Card 

Commercial gray cards for photography cannot be used as in-scene 
references for multispectral imaging since they absorb near UV and violet 
radiation. We developed a gray card to cover the 400-1000 nm spectral 
range. 

1" Filters adapter 

Our adapter to mount the bandpass filters on any photographic lens. 

Free Software 

A complete workflow for spectral images calibration, registration, and 
pgments mapping. 

http://www.chsopensource.org



