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The knowledge of paint pigments’ optical characteristics enables the selection of an appropriate imaging methodology

ge of paint pig ptical cter I teimaging n )

for non-invasive artwork investigation, i.e. optimising the visibility of preparatory layers using conventional photo-

graphic cameras modified for data acquisition in the near infrared wavelength range (700-950 nm). This contribution

deals with the limits of this simple method in the analysis of selected common pigments used in pre vared canvas
I Pig

mock-ups with typical structure including ground layer and underdrawings of various compositions. The monitored
parameter was the visibility of the underdrawing. In this contribution, we suggest an optimisation of the procedure
for the underdrawing visualisation based on the spectrometer transmittance measurements and reflectance of the
studied samples. In the same time, we also quantify the probability of discovering the underdrawing in relation to the

composition of the covering colour layer.
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INTRODUCTION

Wisualisation of inner structure of painted work of

art can be performed, apart from the advanced imag-
ing methods, [1, 2] to a certain extent by common-
Iy available instrumentation such as photography
il'lNIR h’}‘L’CrTu[ﬂ UHi]'I\E_{; L‘l)ﬂ\"L’l]l‘l[!l‘ll‘li cameras \\-"irh
temoved infrared ICF (internal cut) filter. Such
modified camera is able to record data in the range
of 400-1050 nm (this range of commonly avail: ble
cameras may slightly differ). For removal of the vis-
ible part of the spectra (400-700 nm), either photo-
graphic filters (if the camera objective enables their
installation), or infrared (IR) lamp illumination [3]
are being used.

Based on our experience, the penetration ability
of IR radiation is very important for the interpreta-
tion of NIR images, therefore, we have decided to

guantify it. On the obtained images, the visibility of

the preparatory layers largely differs. The most prob
lematic cases are the ones with thick layers of paint

or with the layers containing materials with high
absorbance in the NIR range. Consequently, in cer-

tain cases, the visualisation of preparatory layers of

painted work of art is not an easy task.

The advantage of the modified photographic
cameras and compact VIS-NIR spectrometers is
their availability
routine screening. Moreover, it is pn:ssi])]c to directly

and high mobility which enable
combine the imaging with reflection colour meas-
urements, if it is meaningful in the particular case.
Our goal was to evaluate the applicability and limits
of the above-mentioned method in practice using
empirical tests on prcparcd model samples with var-
ious types of colour layers and underdrawings.

The determination of proper methodology for
non-invasive data acquisition or the rmnpk‘tc exclu-
sion of pointless imaging may often save precious
time confined for -lt1.1|}
conditions, the automatic or semiautomatic identifi-

is in situ. | |I'IdLI' \NL][ dthl'll.d
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cation of the underdrawings in NIR images obtained
by non-invasive measurements may be obtainable
through methods of digital image processing.

Our research relies on a long-term cooperation
with ALMA laboratory, a joint workplace of the
Academy of Fine Arts in Prague and the Institute
of Inorganic Chemistry of the Academy of Scienc-
es of the Czech Republic, and our experience with
the processing of image documentation of analysis
of works of art. [3-6] In practice, we have verified
that the NIR spectrum radiation is often not able
to penetrate the upper layer of the painting and to
detect the underdrawings. The most common cause
is the specific NIR-non-penetrable pigments or
other components of the colour layer. Therefore, we
have attempted to measure and quantify the impact
of the employed pigments on the permeability in
NIR on the artificially prepared samples. In the con-
servation/restoration practice, the spectral range of
700-950 nm is easily accessible by removal of ICF
filter of a common photographic camera (more on
the camera adjustment can be found at http://max-
max.com), therefore, we focused specifically on this
interval.

SELECTION AND PREPARATION OF REPRE-
SENTATIVE SAMPLES (MOCK-UPS)

During the first phase of the experiments, the pig-
ments for mock-ups creation were selected with
respect to the painting technique of the Gothic to
Renaissance period. Purely for experimental pur-
poses, a “transparent” support was used instead of
wooden panels common in the Gothic period. Con-
sidering the required transparency of the support,
thickness and composition of the ground layer were
adjusted. The employed mixture of gypsum (calcium
sulphate dihydrate) or chalk (calcium carbonate) and
lead white (basic lead carbonate Pb,(CO,)(OH),) is
compliant with the experimental requirements for
reflection and transmission measurements. In the
first case, the mixture was prepared using 3 vol. parts
of calcium sulphate (Bologna chalk, 58100 Kremer
Pigmente), which were mixed with 2 vol. parts of 7%
aqueous solution of gelatine - Grac, 1 egg yolk and
Y vol. part of polymerised linseed oil (Umton). In
the second case, we used calcium carbonate (chalk)
instead of calcium sulphate (gypsum), moreover,
the original recipe was modified by addition of 2
vol. parts of lead white for 2 vol. parts of calcium
carbonate (chalk) with the same amount of binder
(2 vol. parts of 7% aqueous solution of gelatine
— Grac, 1 egg yolk and % vol. part of polymerised
linseed oil). The pigments and dyes employed in the
colour layer and underdrawing are summarised in
Tables 1 and 2 (7zb. 1, 2). Individual pigments and
dyes were mixed with glue and oil binding media.

ANMALYSES I N DIVERSI CONTEXTS

The prepared model layers are depicted in Fig-
ure 1 (Fig. ). For each combination of underdraw-
ing and painting (colour), a 4cm x 4cm square was
painted on the canvas with ground layer. One half of
the square was prepared with underdrawing, while
the other one was left without it. Finally, the whole
square was covered with selected colour consisting
of one particular pigment and binder. Thanks to
this sample preparation technology, we were able
to obtain information regarding the reflection and
transmission of (i) the canvas itself (ground layer
included), (ii) the canvas with the colour, and of (iii)
the canvas, underdrawing and the colour, all these in
two types of binders, i.e. resulting into six measured
values.

If we assume constant thickness of all layers,
the measured values sufficiently determine physical
parameters of the layers — their index of refraction
and absorbance. The measured physical parameters
may be found in the literature (e.g. Pigment Com-
pendium) [7], but the published values are only aver-
ages of the visible light spectrum.

The layers of the model samples were prepared
using a classic painting technique; therefore, the
assumption of constant layer thickness does not
apply. This topic is covered in more detail in the
Discussion of this paper. The thickness of colour
layers was chosen in an empirical way to fully cover
the underdrawing in visible light spectrum (400-
700 nm). Since we assume a constant thickness of
the layers in the course of the interpretation (within
one colour or one underdrawing), the error of this
simplification will propagate into the stated vari-
ances of measured values.

MEASUREMENT PROCEDURE

Reflection and transmission were measured on each
prepared model sample. Both of these quantities
were measured relatively to reflectance and trans-
mittance of the canvas including the white ground
layer. Reflection indicates the percentage of the light
reflected by colour layer in contrast to the white
canvas for given wavelength. By contrast, the trans-
mission indicates the amount of the light absorbed
by the colour layer and the percentage of light pass-
ing through the colour layer (100% represents the
amount of the light that passed through the canvas
with a ground layer to our studied layer). An output
of such measurement is a spectral “fingerprint” of the
employed colour.

The measurements were performed using FORS
method (fibre-optics reflectance spectroscopy) by
the means of mobile spectrometer OceanOptics
USB2000+ working in the range of visible and near
infrared radiation (VIS-NIR). The FORS in the
UV-VIS or VIS-NIR range is in general used as
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PAINT PIGMENTS UNDER NEAR INFRARED RADIATION

Pigment Producer/Supplier Chemical structure/Origin
Verdigris g.r. Lachner 30143-CP0 (CH,CO0),Cu-H,0 (99%)
Lead white Kremer-Pigmente 46000 Pb,(CO,)(OH),
Cinnabar Kremer-Pigmente 10610 HgS
Red lead Lachema Brno PbO,
g yellow Kremer-Pigmente 10110 Pb,SnO
type | 3T -
Green earth Kremer-Pigmente 17410 celadonite from Cyprus (K, Mg, Fe silicate)
| —
Azurite Kremer-Pigmente 10210 2CuCO,Cu(OH),
| .
Ultramarine | Kremer-Pigmente 10520 (Na, Ca),[(SO,,S,CI),(A1SiO), ]
S hber raw Kremer-Pigmente 40730 natural e'::mh from Cyprus, containing 50% iron
- hydo(oxides) + manganese oxides
i produced by charring of animal bones, main components:
o tiack Kreier-Figmente 47100 57-80% Ca,(PO,),, 6-10% CaCO,, 7-10% carbon
Smalt Kremer-Pigmente 10000 potassium silicate glass containing Co and As
natural dye obtained from the root of the plant Rubia
Madder Kremer-Pigmente 37200-B Tinctorum, main compounds: C | ,\H O, (purpurin) and
C, H.O, (alizarin)
Indigo Kremer-Pigmente 36000-A C.H,ON,
Tab. 1 Pigments and dyes employed in the model painting
Underdrawing Producer/Supplier .
Red clay (sinopia) | KOH-I-NOOR HARDTMUTH B
Graphite Kremer-Pigmente 12462 B
Natural willow charcoal KOH-I-NOOR HARDTMUTH N
Artiﬁcial_ charcoal KOH-I-NOOR HARDTMUTH
Iron Gall ink Own production ‘
Sepia Kremer-Pigmente 12401 -
Lead pencil Lq:_at_i wire
Galena _ KrcmE‘—Pi_g_mcntc 10 900
Black chalk Kremer-Pigmente 12450
Silverpoint - Kremer-Pigmente 11348

Tab. 2 Materials employed for underdrawings
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1 An example of canvas with emulsion ground containing chalk and lead white with samples in visible light (underdrawings were
created with black chalk); first two samples do not have a covering layer (thick and thin underdrawing), they are followed by
(from the left to the right and from the top to the bottom) lead white, cinnabar, minium, madder, indigo, lead-tin yellow, green
earth, verdigris, ultramarine, azurite, bone black, umber raw and smalt; the binding media is glue; the left part of the sample
(2 x 4cm) is without any underdrawing (see Fig. 2); the right part has the underdrawing

2 The image of selected samples from the canvas in Figure
1 in NIR spectrum (720-950 nm, reflection) in the following
order (from the left to the right and from the top to the bot-
tom): lead white, cinnabar, lead-tin yellow, green earth; the
underdrawing was made with black chalk, it is almost invis-
ible in the right part of each sample due to high reflectance
(lead pigments) or high absorbance (green earth) of the
employed pigments, an exception is the cinnabar, where the
underdrawing may be detected, but not with a high degree
of certainty

3 The image of selected samples from the canvas in Figure
I in NIR spectrum (700-950 nm, transmission) in the follow-
ing order (from the left to the right and from the top to the
bottom): lead white, cinnabar, lead-tin vellow, green earth;
the underdrawing was made with black chalk, it is clearly dis-
cernible in the right part of each sample; in contrast to the
reflection image, it contains artefacts, such as texture of the
canvas and brush strokes (they are easily visible thanks to the
differences in layer thickness in case of the cinnabar sample)

4 Complicating factors caused by drying and aging of the samples - the edge
contour of the graphite underdrawing in areas of the fastest drying of the top
smalt on canvas colour layer, in reflected light in the range of 700-950 nm
(a), this effect appears especially in the samples with slowly drying oil binding
media; penetration of the red clay underdrawing through the top minium layer
after approx; 10 months after the sample creation in visible light (b}
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700-950nm : colour (=100%) | canvas (=10_ﬂ%)

avg(R) std(R) avg(T) std(T) contrast(R) cuntrast{T)—
lead white 87.7 9.3 51.2 0.3 5.3 413
cinnabar 53.2 7.8 334 6.8 123 26.9
i 72.4 11.4 75.6 46 2.6 60.9
madder 57.9 17.0 63.9 13.6 34.1 514 |
indigo 32.8 11.2 23.9 19.1 272 19.2
lead-tin yellow 86.2 7.4 26.2 5.2 20 211
green earth 14.0 5.5 0.7 0.2 0.0 0.6
verdigris 5.5 23 15 | 11 1.0 T
azurite 327 12.4 26 40 12.8 18.2
ultramarine 16.8 11.5 75 75 9.7 6.1
bomie black 3.9 13 0.3 0.1 0.0 0.2
umber raw 212 5.9 24 1.9 0.6 20
ymalt 525 16.4 513 14.2 307 a3 |
different
Snderdruwings 33.7 183 39.9 20.4
(average)

Tab. 3 Results of measurements; all the measured values are in percentage; the columns avg(R) and avg(T) give the average
reflectance and transmittance, respectively, of the colour layer in the 700-950 nm wavelength range; the columns std(R) and
std(T) give the standard deviation from the average value for all measured samples; the column contrast(R) shows the maxi-
mal achievable contrast (under ideal conditions) between the underdrawing and the colour layer in reflected light; finally, the
column contrast(T) gives the maximal achievable contrast of the underdrawing with respect to the lightest white colour on the

image in transmitted light

a screening non-invasive method for pigment and
dye identification of non-complicated paintings,
such as illuminated manuscripts [8] or wall paint-
ings [9]. Pigment identification is based on the com-
parison of obtained spectral “fingerprints” with the
“fingerprints” of known pigments. The experiment
setting had the following parameters: diameter of
optical fibre - 0.6 pm; step - 0.31 nm; number of
measurements - ca 800 in the 700950 nm (NIR)
range, the applicable overall range of the device is
435-950 nm and 428-1092 nm, respectively (2048
measurements in different wavelengths in total).
Reflection was recorded under the 45 degrees angle
and the transmittance under the 0 degrees angle
from the perpendicular. Each individual measure-
ment covers a circular area with 0.8 cm diameter.
Measurements were, for illustration, comple-
mented with photos of canvases acquired with cam-
era Canon iRebel D500 (in the Czech Republic
marketed as Canon EOS 500D) adjusted for record-
ing in NIR spectrum (more about this adjustment
can be found at http://maxmax.com). Data acqui-
sition in individual spectral ranges was regulated
using optical filters (reflection) [10] or LED diods
(transmission) [3, 11]. The employed IR-pass filters
are commonly available; we have measured their

-------------------------------------------------------- ACTA ARTIS ACADEMICA 2014

transmittance (which is not significant for the imag-
ing itself). It is necessary to know the value of trans-
mission in order to obtain the spectral fingerprint
using the camera. However, obtaining a spectral fin-
gerprint with this methodology is more complicated
and also more inaccurate. The employed monochro-
matic LED diodes are also commonly available; we
have measured their spectral characteristics using
the above-mentioned spectrometer. For the simu-
lation of our measurement, neither LED diods, nor
the photographic filters are essential. The obtained
images are only complementary.

RESULTS OF MEASUREMENTS

Figures 2 (reflection) and 3 (transmission) depict
complementary images obtained by camera in the
700-950 nm spectral range. Significant difference
in the underdrawing visibility between these imag-
es demonstrates qualitative improvement caused by
usage of transmission images. [12] In the reflected
light, the underdrawing is more visible the darker is
the colour (with lower reflectivity in NIR) and the
higher is its transparency (its transmission in NIR).
The advantage of the transmission is its independ-
ence on the colour lightness (reflection in NIR).
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The qualitative measurements were performed
with the spectrometer. For each of the prepared sam-
ples with the area of 4 x 4cm, 8 reflection measure-
ments (4 from the part with the underdrawing and 4
from the part without it) and 4 transmission meas-
urements (2 and 2 from each half) were collected.
Results are summarized in Table 3 (7ué. 3).

The reflection of the colour layer “avg(R)” is an
average of 80 independent measurements realized on
10 samples with the same top layer (with different
canvases and different underdrawings). The trans-
mission “avg(T)” is an average of two measurements
carried out on the sample part without the under-
drawing. The last row in the table shows the average
reflection and transmission of the underdrawing. The
employed underdrawings (7. 2) were averaged all
together to partly simulate real situations, when we
do not know in advance the underdrawing’s mate-
rial composition. The column “contrast(R)” contains
calculated maximal contrast (in percentage) of the
top layer with the darkest possible underdrawing
and without any underdrawing (only with the white
ground layer) during the measurements in reflection;
100% represents the intensity of the top layer with
the white ground layer without any underdrawing.
If we express the transmission in a same way, the
computed contrast will be 81% for all kinds of top
layers (= 2 x standard deviation of the underdraw-
ings). Therefore, in case of transmission, we prefer to
state the relative contrast “contrast('T’)”, where 100%
represents the intensity of the white colour and 0%
is the intensity of the black one on the transmission
image (i.e. the contrast is in the context of the whole
image, not just of the coloured area). Variance of
measured values is mostly caused by simplification
of our calculation of the constant layer thickness.
However, it does not affect our conclusions.

We found out that the pigments behaviour on
the photographs corresponds to the expected behav-
iour based on our spectral measurements of trans-
mission and reflection (744. 3). The observations are
following:

Lead white has high reflectance (80-100%) of all
wavelengths in the NIR spectrum range. This prop-
erty prevents the identification of underdrawings
in reflected light. The transmission of lead white is
lower (30-50%) than its reflection. In this case, the
transmission image is more suitable for underdraw-
ing detection.

Cinnabar also has a significant difference between
transmission and reflection, but not as immense as
the lead white. The ground layer participation on
the reflection intensity is about 10~15% (in the best
case). Also in case of cinnabar, we suggest the usage
of transmission images for the underdrawing detec-
tion. The achievable contrast in the reflected light
may not be sufficient.

- ACTA ARTI

ACADEN

Minium has similar transmission and reflection
(ca 75%). The underdrawing is well visible even in
reflected light. On our samples, we have detect-
ed a sharp increase of absorbance with just a small
increase of the layer thickness. Consequently, the
underdrawings are detectable only under a thin layer
of minium.

Madder has a similar behaviour to cinnabar, but
its transmission and reflection is slightly higher
(ca 60%). In ideal case, the reflection measurement
should be sufficient (up to 34% of contrast). For
thicker layers of paint, we still recommend to use
primarily transmission measurements.

Indigo has a higher transmission (by ca 10 to 20%)
than reflection, therefore, reflected light may be used
for underdrawing identification.

Lead-tin yellow behaves similarly to lead white due
to its high reflectance and low transmittance. The
transmission measurement can be recommended for
the localisation of underdrawings, which amount to
21% of contrast of the image. Such value is sufficient
for the localisation.

Green earth has high absorbance and, therefore, is
almost non-transparent. Underdrawings under the
layer of green earth are not recognisable in NIR
spectrum neither in reflectance images nor in the
transmittance ones.

Verdigris has the same behaviour as the green earth.
Underdrawings are not detectable.

Azurite allowed detection of underdrawings in
reflected light in five out of ten model samples.
Again, we can recommend the usage of transmis-
sion measurement for underdrawing detection. The
reflection images were highly dependent on the
thickness of the azurite layer and on the underdraw-
ing material (lead pencil and silverpoint were not
recognisable at all).

Ultramarine behaves similarly to azurite. The reflec-
tion images do not guarantee successful under-
drawing localisation (only in two cases out of ten
samples). The maximal reachable contrast measured
in reflection was 9.6 % of ultramarine intensity — this
value is, in practice, almost inapplicable, the pigment
itself is relatively dark. We cannot recommend col-
lection of NIR-reflected images for underdrawing
localisation under ultramarine layer. The detection of
underdrawings in transmitted light is possible (up to
6% of the image contrast, depending on the darkness
of the underdrawing), but not guaranteed.

Bone black, due to its almost absolute absorbance,
does not allow the underdrawing detection in NIR
spectrum.

Umber raw has also high absorbance preventing
underdrawing detection, even in the case of trans-
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mission imaging. It has the same behaviour as bone
black or green earth.

Smalt requires further research. According to our
measurements, there is strong dependence between
the granularity of underdrawings and its transmis-
sion in NIR. The finer the particles of underdrawing
(e.g. iron gall ink), the higher is the transmittance,
the coarser the particles (e.g. black chalk), the lower is
the transmittance. In our study, the reflection images
were sufficient for underdrawing identification.

DiscussioN

During the preparation of model samples, “faithful-
ness to the original” was maintained, the historical
recipe and the period painting technique were abid-
ed. In spite of our effort to reduce the inhomogeneity
of ground layer in course of its preparation, we were
not able to achieve a fully homogeneous surface. The
same problem appeared in the case of colour layers.
The surface inhomogeneity of the layers or dissimilar
granularity and/or thickness may slightly affect the
results of experiment measurements.

An example of inhomogeneity is the concentra-
tion of pigment particles on the quickly drying edges
of the painting or drawing (Fig. 4a). This effect is
multiplied by the duration of the drying process —
the most affected samples are those with slowly dry-
ing oil binding media. In our study, we do not focus
on the inhomogeneity problem, since for the spec-
troscopic measurements, we have selected homo-
geneous areas located in the centre of the painted
surface. The effect of drying and the preparation pro-
cess of the colour in context of its interaction with
underdrawing requires further research.

Another effect that manifested itself on our sam-
ples is related to aging, which resulted in an increased
transparency of the top layer (Fig. 4b). While the
thickness of the colour layer was sufficient to cover
the underdrawings when the samples were created,
after several months, the underdrawings started to
be visible through the colour layer. This effect is com~
mon also in case of Gothic paintings, therefore can
be perceived as authentic. In our case, it was probably
caused by the change of index of refraction of the
employed tempera paints during aging. Oil painting
index can increase in a similar way. [13]

As it has been already said, the paints were applied
by brush, therefore, the thickness of the layers was not
constant. Since the absorption of the layer depends
on the thickness exponentially [14], we can estimate
the shape of this exponential according to the results
of multiple measurements (in different parts of the
sample). The more measurements we perform the
more precise absorption curve we obtain. However,
in the presented study, an assumed constant thickness
was sufficient, because the variances of the measured
data were acceptable (7ab. 3).

- ACTA ARTIS ACADE
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It is also necessary to note that the stated max-
imal achievable underdrawing contrast depends on
its employed material (724. 3), and can be reached
only in an ideal case, when the dark underdrawing
was used. For example, the underdrawings made by
silverpoint or lead pencil on the white ground layer
could not be detected in the NIR spectrum at all.
For the study of these underdrawings, it is necessary
to employ a different visualisation method/approach.
The possibility of their localisation is out of scope of
this paper.

Finally, the last factor which can influence the
outcome of the underdrawing detection is the pres-
ence of artefacts appearing in the transmission imag-
es. The canvas texture, brush strokes, differences in
colour layer thickness as well as inhomogeneities in
colour layer may be visible. The removal of canvas
texture from the transmission images is the subject
of our previous work. [6]

CONCLUSIONS

We have tested fourteen old master pigments and
ten different underdrawing materials. For these pig-
ments, we can define three categories according to
the possibility of underdrawing detection, based on
the results of performed experiments:

- the underdrawing is invisible due to the negligible
transmittance of NIR radiation (green earth, verdi-
gris, bone black, umber raw);

- the underdrawing is recognisable in reflected light
due to the material low reflectivity and high trans-
mittance (madder, smalt, indigo, minium, azurite,
cinnabar);

- the underdrawing is not recognisable in reflected
light (the lightness of the reflected light is too high),
but it is recognisable in transmitted light (lead white,
lead-tin yellow, cinnabar, azurite).

In case of azurite and cinnabar, there is an evident
dependence on the thickness of the layer. Generally,
for underdrawing detection, it is always advanta-
geous to use images acquired with transmitted light.
We have confirmed that the underdrawings made by
silverpoint or by lead pencil on white ground layer
(used in our experiments, a mixture of chalk and lead
white) are invisible in the 700-950nm wavelength
band.
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Znalost optickych charakteristik malifskych pigmenti umoznuje volit techniku snimdni malby pfi jejim neinva-
zivnim prizkumu tak, aby byla optimalizovina viditelnost pfipravnych vrstev, a to s vyuzitim béznych fotoapardti
upravenych pro snimdni v blizké infracervené oblasti (700-950nm). Price se zabyvi limity této jednoduché metody
pro vybrané bézné pigmenty pouzité v modelovych malbich na plitné s klasickou vystavbou véetné podkladu (Sepsu)
a podkresby riizného slozeni. Privé viditelnost podkresby byla sledovanym parametrem. Na zdkladé spektrometricky
naméfené propustnosti a odrazivosti svétla studovanych vzorki navrhujeme v této prici optimalizaci postupu pro
vizualizaci podkresby. Ziroven kvantifikujeme pravdépodobnost, s jakou je mozné podkresbu v zdvislosti na slozeni

prekryvné barevné vrstvy odhalit.

KLICOVA SLOVA: propustnost, odrazivost, neinvazivni snimani, pigmenty a organické barviva

Uvob

K vizualizaci vnitfni struktury malifského dila
lze vedle pokro(:ih’!ch pm?afovnc[ch metod [1, 2]
do uréité miry vyuzit i zafizeni bézné dostupni jako
je snimkovini v NIR spektru pomoci béznych foto-
apariti, kterym je odstranén infracerveny filtr (ICF)
ze snimace. Takto upraveny fotoaparit poskytuje
snimky v rozsahu cca 400-1050nm (tento rozsah se
u bézné dostupnych fotoapariti miZe nevyznamné
lisit). Pro odfiltrovini viditelné ¢&dsti sp{,ktm (400-
700nm) se pouzivaji bud fotografické filtry (pokud
objektiv umoziuje jejich instalaci), anebo svétlo
z infracervenych lamp [3].

Nase dosavadni zkusenost ukazuje, ze pronika-
vost infraterveného zifeni je pro interpretaci NIR
snimki podstatnd, proto jsme se ji rozhodli kvan-
tifikovat. Viditelnost pfipravnych vrstev se na ndmi
pofizenych snimcich znac¢né lisi. Problémem se jevi
zejména silné vrstvyy maleb a pripadné materidly
s vysokou absorbanci v NIR oblasti. Rozpwndnl
piipravnych vrstev malby tedy v nékterych pripadech
neni snadné.

Vyhodou fotoapariti a kompaktnich VIS-NIR
spektrometrii je snadnd dostupnost a vysoky stupen
mobility umoznujici rutinni screening. Navic lze
pfimo kombinovat prozafovini s reflexnim méfe-
nim barevnosti, pokud je to v daném pfipadé smys-
luplné. Nasim cilem bylo pomoci empirickych testi
na modelovych vzorcich s riznymi typy barevnych
vrstev a podkreseb ovéfit, je-li vyse uvedend metoda
v praxi pouZzitelnd, do jaké miry a za jakych pred-
pokladii. Urceni spravné metodiky pro neinvazivni
snimdni ¢i aplné vylouceni neuzitecného snimkovini
muze Casto usetfit drahocenny ¢as urceny pro analy-
zu in situ. Za dobie definovanych podminek by pak
byla moznd i automatickd & poloautomatickd iden-
tifikace podkreseb na NIR snimcich ziskanych nein-
vazivnim méfenim s vyuzitim metod matematického
zpracovini obrazu.

Ni§ vyzkum se opird o viceletou spolupra-
ci s ALMA laboratofi a zku$enost se zpracovinim
obrazové dokumentace z analyz uméleckych dél.
[3-6] V praxi jsme ovéfili, ze paprsky svétla v NIR
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spektru casto nedokdzi “proniknout” skrze vrchni
vrstvu malby a zaznamenat podkresby. Nejcastéjsi
piicinou jsou konkrétni “NIR-neprostupné” pig-
menty ¢ jiné slozky barevné vrstvy. Dopad pouzitého
pigmentu na propustnost v NIR jsme se tedy pokusi-
li zméfit a kvantifikovat na uméle pfipravenych vzor-
cich. V restaurdtorské praxi je rozsah vlnovych délek
700-950nm snadno dostupny odstranénim ICF fil-
tru ze snimace bézného fotoaparitu (vice o Gpravé
fotoaparitu Ize najit na http://maxmax.com), proto
jsme se zaméfili pravé na tuto oblast.

VYBER A PRIPRAVA REPREZENTATIVNICH
VZORKU

Pii pfipravé simulacnich vzorki pro prvni fazi expe-
rimentu jsme pigmenty vybirali s ohledem na tech-
nologii malby v obdobi gotiky az renesance. Cisté
z experimentilnich divodi byla ale pouzita “prisvit-
nd” podlozka — tedy plitno misto v gotice béznych
dfevénych panelii. Vzhledem k tomu byl uzpiso-
ben i svétly podklad — Seps, a to jak tloustkou, tak
slozenim. Findlné pouziti smés sidry (siran vipe-
naty dihydrit) nebo pfirodni kiidy (uhli¢itan vipe-
naty) a olovnaté béloby (bazicky uhli¢itan olovnaty -
Pb(CO,)(OH),) spliuje experimentdlni pozadav-
ky pro méfeni odrazivosti a propustnosti. V prvnim
ptipadé byla pouzita smés pfipravend s 3 obj. dila
bolonské kfidy (58100 Kremer Pigmente), 2 obj. dily
7% zelatiny — Grac, % dilu polymerovaného Inéné-
ho oleje (Umton), 1 zloutek. V druhém pfipadé jsme
pouzili namisto siranu vipenatého uhlicitan vipena-
ty, pivodni recept byl navic modifikovin pfidanim
2 dili olovnaté béloby na 2 dily plavené kiidy se
stejnym pomérem pojiva (2 obj. dily 7% zelatiny —
Grac, % dilu polymerovaného Inéného oleje (3227
Umton), 1 Zloutek). PouzZité pigmenty a barviva
v barevné vrstvé a podkresbé shrnuji tabulky 1 a 2
(tab. 1, 2). Jednotlivé pigmenty a barviva byly micha-
ny v klihovém a olejovém pojivu.

Pripravené modelové vrstvy jsou zndzornény
na obrizku 1 (obr. 1). Pro kazdou kombinaci podkresba
- malba (barva) byl na nasepsovaném plitné namalo-
vin ¢tverec 4x4cem, kde polovina étverce byla opatiena
podkresbou a druhd polovina zistala bez podkresby.
Cely ¢tverec byl pak piekryt zvolenou barvou obsa-
hujici jediny pigment a pojivo. Diky této technologii
pfipravy vzorku jsme ziskali informaci o propustnosti
a odrazivosti (i) samotného platna, (ii) plitna a barvy,
(iii) plitna, podkresby a barvy, vie v obou typech
pojiva, tj. celkem Sest naméfenych hodnot. Pi zjed-
nodusenti, Ze tloustka vrstev je konstantni, naméfené
hodnoty dostatecné urcuji fyzikilni parametry vrstev
- index lomu a absorbanci. Naméfené fyzikilni para-
metry je téZ mozno nalézt v literatufe (napf. Pigment
Compendium) [7], oviem zde uvidéné hodnoty jsou
primeérem ve viditelném spektru.

H O

UMENI Vv RUZNYCH KONTEXTECH

Pii pripravé modelovych vzorkit byly vrstvy
naniseny klasickou malifskou technikou, neplati
tedy zjednodudeni naseho modelu pro konstantni
tloustku vrstev. Vice se této problematice vénujeme
v diskusi tohoto ¢linku. Tloustka barevnych vrstev
byla empiricky volena tak, aby byla dostate¢na k upl-
nému pickryvu podkresby ve viditelném spektru
(400-700 nm). Protoze pri vyhodnoceni predpokla-
dame tloustku vrstev konstantni (v ramci jedné barvy
¢i jedné podkresby), promitne se nim chyba toho-
to zjednodudeni v uvedeném rozptylu naméfenych
hodnot,

PosTuP MERENI

U pripravenych vzorki byla méfena odrazivost
a propustnost. Obé tyto veli¢iny byly méfeny rela-
tivné k odrazivosti a propustnosti plitna opatfen¢ho
bilym podkladem. Odrazivost nim fikd, kolik pro-
cent svétla barevnd vrstva odrazi oproti bilému plit-
nu v dané vinové délce. Naproti tomu propustnost
podévi informaci o tom kolik svétla bylo absorbo-
vano barevnou vrstvou a kolik svétla barevnou vrst-
vou proslo (100% reprezentuje mnozstvi svétla, které
proslo podkladovou vrstvou - Sepsem k ndmi méfené
vrstvé). Vystupem takovéhoto méfeni je spektralni
yotisk“ pouzité barvy.

Méfeni bylo provedeno metodou FORS (“fib-
re-optics reflectance spectroscopy” - spektrometrie
vyuzivajici optickych vliken) s pfenosnym spek-
trometrem  OceanOptics USB2000+  pracujicim
v oboru viditelného a blizkého infracerveného zafeni
(VIS-NIR). FORS, at uz v rozsahu UV-VIS nebo
VIS-NIR se pouziva jako screeningovd neinvazivni
metoda k identifikaci pigmentt a barviv na nekom-
plikovanych malbich, typicky napfiklad iluminova-
nych rukopisech [8], nebo i nisténnych malbich [9].
Identifikace probiha pomoci porovnani zjisténych
yotiski“ s ,otisky” zndimych pigmenti. Pouzitd kon-
figurace méla nisledujici parametry: priimér optic-
kého vlikna 0,6 pm, krok: 0,31nm, pocet méfeni cca
800 v rozsahu 700-950nm (NIR), pouzitelny respek-
tive celkovy rozsah pristroje je pritom 435-950nm,
respektive 428-1092nm (celkem 2048 méfenych
vlnovych délek). Reflexe byla snimana pod uhlem
45" a propustnost v thlu 0° od kolmice. Jednotlivé
méfeni pokryva kruhovou plochu o priméru 0.8cm.

Mefeni bylo pro lepsi predstavu doplnéno ilustra-
tivnimi snimky pliten pofizenymi fotoaparitem
Canon iRebel D500 (na ¢eském trhu oznacovin jako
Canon EOS 500D) upravenym pro snimdni v NIR
spektru (vice o této upravé lze nalézt na http://max-
max.com). Snimdni jednotlivych spektrilnich pasem
probihalo za pomoci optickych filtri (reflektance)
[10] a LED diod (transmise) [3,11]. Pouzity byly
bézné dostupné IR-pass filtry, u kterych jsme pro-
méfili jejich propustnost (pro snimkovini samotné
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Pigment Vyrobce/dodavatel - Chemické slozeni/piivod
Médénka g.r. Lachner 30143-CP0 ' (CH,COO0),Cu-H,0 (99%)
Olovnati béloba Kremer-Pigmente 46000 | Pb,(CO,)(OH),
| Rumélka - _ Kremer-Pigmente 10610 HgS
Minium [T m—— Pb,O,
Olovnato-cinicita zlut, typ L. Kremer-Pigmente 10110 Pb,5n0O,

Zem zelend Kremer-Pigmente 17410 seladonit z Kypru (K, Mg, Fe silikit)
Azurit Kremer-Pigmente 10210 2CuCO,-Cu(OH),

Ultramarin Kremer-Pigmente 10520 (Na, Ca),[(SO,,5,CI),(A1Si0,), ]
Umbra Kremer-Pigmente 40730 prirodni hlinka z Kypru, obsahujici 50%

Kostni ¢ern

hydro(oxida) Fe + oxidy Mn

Kremer-Pigmente 47100

zuhelnatélé zvifeci kosti, hlavni slozky: 57-80%
Caﬁ(PO‘)z, 6-10% CaCO,, 7-10% carbon

Kremer-Pigmente 10000

Smalt draselné kiemicité sklo s obsahem Co a As
Kraplak Kremer-Pigmente 37200-B ptirodni barvivo ziskané z kofent Rubia -
Tinctorum, hlavni slozky: C,,H O, (purpurin)
a C, H,O, (alizarin)
Indigo Kremer-Pigmente 36000-A C.H ON. R
Tab. 1 Pigmenty a barviva pouzitda v modelové malbé
Podkresba . Vyrobce/dodavatel
Cervend rudka ' KOH-I-NOOR HARDTMUTH
Grafit Kremer-Pigmente 12462
Ptirodni uhel : KOH-I-NOOR HARDTMUTH
Umély uhel KOH-I-NOOR HARDTMUT-I:I - ]
Dubénkovy in_koust vlastni prodkuce
Sépie B Kremer-Pigmente 12401
Olivko olovény drit : i
Ilalﬁvgpriﬁck Kremer-Pigmente 10 900
Cerni kida : | Kremer-Pigmente 12450
.Sth‘bmé tuzka Kremer-Pigmente 11348

Tab. 2 Materialy podkreseb

neni propustnost podstatni). Propustnost je tfeba znit pro ziskani spektrilniho otisku pomoci fotoaparitu.
Ziskani spektrilniho otisku pigmentu touto cestou je oviem sloZitéjsi a nepfesnéjsi. Monochromatické LED
diody jsou opét bézné dostupnym zbozim, v nasem piipadé jsme méfili jejich spektrdlni vlastnosti pomoci
vyse uvedencého spektrometru. Pro simulaci naseho méfeni LED diody ani fotografické filtry nejsou podstatné.
Snimky takto pofizené jsou pouze doplitkem pro lepsi pfedstavivost.
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700-950nm ' barva (=100%) | plitno (=100%)

avgR) | sd®) | avg(T) |  std(T) |  contrastR) |  contrast(T)
olovnats béloba 87,7 9,3 51,2 03 53 413
rumélka 53,2 7.8 33,4 6,8 12,3 26,9
miniam 72,4 11,4 75,6 46 26 60,9
kraplak 57,9 17,0 63,9 13,6 34,1 51,4
indigo 32,8 11,2 23,9 19,1 27,2 19,2
olovnato-cinititd Snt 86,2 7,4 26,2 52 2,0 21,1
zemzelend 14,0 55 0,7 0,2 0,0 0,6
médénka 55 23 1,5 1,1 1,0 1,2
— 327 12,4 26 40 | 128 18,2
ET—— 16,8 11,5 7,5 7,5 9,7 6,1
kostni ech 3,9 1,3 0,3 0,1 0,0 0,2
umbri\ 21,2 5,9 2,4 1,9 0,6 2,0
smalt 52,5 16,4 51,3 14,2 30,7 41,3
fg‘fa‘ﬁlgr")dk‘“by | 337 18,3 39,9 204

Tab. 3 Vysledky méfeni; viechny naméfené hodnoty jsou v procentech. Sloupec avg(R) respektive avg(T) udava primérnou
odrazivost respektive propustnost barevné vrstvy v pasu 700-950nm; sloupce std(R) a std(T) udévaji smérodatnou odchylku
od primérné hodnoty na naméfenych vzorcich; sloupec contrast(R) udava maximalni dosazitelny kontrast (za idealnich pod-

minek) podkresby vici barevné vrstvé v odrazeném svétle;

sloupec contrast(T) pak udava maximalni dosazitelny kontrast

podkresby vici nejsvétlejsi bilé barvé na snimku propuiténého zareni

VYSLEDKY MERENI

Dopliikové snimky z fotoaparitu v pasmu 700-950nm
ukazuje obrizek 2 - reflektance (047 2) a obrizek 3 -
transmise (oér. 3). Zietelny rozdil ve viditelnosti pod-
kresby na téchto snimeich ukazuje kvalitativni zlepseni
pii pouziti transmisnich snimka. [12] V odrazeném
svétle je podkresba tim viditelngjsi, ¢im je barva tma-
v8i (niz8i odrazivost v NIR) a &m ma vétsi propust-
nost (transparentnost v NIR). Vyhodou transmise je,
ze svétlost barvy (odrazivost v NIR) neni pro vysledek
podstatna.

Kvalitativni méfeni bylo provedeno spektro-
metrem, kdy z kazdého natfeného vzorku v plose
4x4cm bylo pofizeno celkem 8 méfeni odrazivosti
(4 z ¢asti bez podkresby a 4 z &isti s podkresbou) a 4
méfeni propustnosti (2+2 z kazdé poloviny). Vysled-
ky shrnuje tabulka 3 (za4. 3).

Odrazivost barevné vrstvy ,avg(R)“ je priimé-
rem 80 nezavislych méfeni na 10 vzorcich se stejnou
svrchni vrstvou (riznym plitnem a riiznou pod-
kresbou). Propustnost ,avg(T)* je primérem dvou
méfeni na plitné v ¢isti vzorku, kde podkresba neni.
Posledni fidek v tabulce udivd pramérnou odrazi-
vost a propustnost podkresby. Zde byly primérovi-
ny viechny pouzité podkresby (zaé. 2) dohromady
(tim chceme alesponi &isteéné simulovat pfipady,
kdy dopfedu neznime pouzitou podkresbu). Sloupec
“contrast(R)” pfedstavuje vypocteny maximalni kon-
trast svrchni vrstvy s nejtmavsi moznou podkresbou

a bez podkresby (s bilym podkladem) pfi méfeni
odrazem v procentech; 100% pfitom odpovidi inten-
zité svrchni vrstvy bez podkresby s bilym podkladem.
Pokud bychom transmisi vyjadrili obdobné, byla by
hodnota 81% pro viechny typy svrchnich vrstev (=2 x
smérodatnd odchylka podkladi). Pro transmisi radéji
uddvime relativni kontrast ,contrast(T)“, kde 100%
odpovidd bilé barvé a 09 naprosto ¢erné barvé (jedna
se tedy o kontrast v rimci celého snimku, niko-
li pouze v rimci barevné oblasti). Rozptyl hodnot
u naméfenych velicin je z velké miry zpiisoben zjed-
nodusenim naseho vypoétu pro konstantni tloustku
vrstvy. Pro ovéfeni nasich zivéra je ale postacujici.
Zjistili jsme, ze chovani pigmenti na fotografiich
odpovidi predpoklidanému chovini dle naméfenych
propustnosti a odrazivosti ze spektrometru (zab. 3).
Je nisledujici:
Olovnata béloba mi velkou odrazivost (80-100%)
véech vlnovych délek v rozsahu NIR, coz znemoz-
nuje identifikovat podkresbu v odrazeném svétle.
Propustnost olovnaté béloby je nizsi (30-50%) nez
odrazivost. V tomto pfipadé se tedy ukazuje jako
vhodny zpusob identifikace podkreseb snimek tran-
sSmise zareni.
Rumélka vykazuje také rozdil mezi propustnosti
a odrazivosti, neni vsak tak propastny jako u olov-
naté béloby. Podklad se na naméfené hodnoté inten-
zity podili asi 10-15% pfi méfeni odrazeného svétla
(v nejlepsim pripadé). I zde je tedy vhodnéjsi pou-
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zit transmisi pro identifikaci podkreseb. Kontrast
v odrazeném svétle nemusi byt dostateény.

Minium ma propustnost i odrazivost podobnou (cca
75%). Podkresba je tedy dobfe patrni i v odrazeném
svétle. Na nasich vzorcich jsme navic zjistili rychly
ndrtst absorbance pfi malém zvétseni tloustky vrstvy.
Podkresby jsou tedy detekovatelné pouze pod slabou

vrstvou minia.

Kraplak mi obdobné chovini jako rumélka, pro-
pustnost i odrazivost je véak nepatrné vyssi (kolem
60%). V idedlnim pfipadé by reflexni méfeni mélo
stacit (az 34% kontrastu). Pfi silnéjsi vrstvé barvy
ale stile doporucujeme zvolit primdrné transmisni
méfeni.

Indigo vykazuje propustnost svétla vys§i o cca
10-20% nez odrazivost, pfi identifikaci podkresby
Ize tak pouzit jiz odrazené svétlo.

Olovnato-cini¢ita zlut se diky vysoké odrazivosti
a nizké propustnosti chovi obdobné jako olovnati
béloba. Vhodnym zpisobem pro lokalizaci podkre-
seb je méfeni transmise, kde podkresba dosahuje az
21% kontrastu snimku. Tato hodnota je pro bezpec-
nou lokalizaci dostacujici.

Zem zelena je se svou vysokou absorbanci redl-
né neprisvitnd. Podkresby pod vrstvou zemé zele-
né neni mozné odhalit v NIR spektru na snimcich
odrazeného ani propusténého svétla.

Médénka vykazuje totozné chovini jako zem zelena.
Podkresby jsou neodhalitelné.

Azurit umoznil rozpoznini podkresby v odraze-
ném svétle v péti z celkem deseti vytvofenych vzor-
ki. Opét tedy lze doporucit méfeni transmise pro
odhaleni podkreseb. U reflexe velmi zavisi na tloust-
ce vrstvy a pouZzitém materidlu podkresby (olivko
a stifbro neslo rozpoznat viibec).

Ultramarin vykazuje podobné chovini jako azurit.
Pi lokalizaci podkreseb v odrazeném svétle uspéch
neni zarucen (v naSem piipadé pouze ve dvou z deseti
vzorkit). Zjistény maximalni dosazitelny kontrast pfi
méreni reflexe je 9,6% intenzity ultramarinu - toto je
v praxi téméf nepouzitelnd hodnota, pigment je sam
0 sobé pomérné tmavy. Pofizovini NIR-reflexivnich
snimki pro odhaleni podkreseb pod vrstvou ultra-
marinu tedy nelze doporucit. Lokalizace podkresby
v propusténém svétle moznd je (az 6% kontrastu
snimku, dle tmavosti podkresby), ale neni zarucen.

Kostni éernt neumoznuje odhalit podkresbu v NIR
spektru viibec, a to diky téméf absolutni absorbanci
podkresby pod barevnou vrstvou.

Umbra rovnéz diky vysoké absorbanci znemoznuje
detekei podkresby, a to i pfi snimdni transmise. Jde
o chovini totozné jako v pfipadé zemé zelené i
kostni ¢erni.
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Smalt vyzaduje dalsi vyzkum. Zatim se zd4, ze jeho
propustnost v NIR oblasti silné zavisi na zrnitosti
podkresby. Cim je podkresba jemnéjsi (napf. dubén-
(napf. cerna kiida), tim je propustnost mensi. V nasi
studii pro identifikaci podkreseb postacilo pouze
méreni odrazeného zifeni.

Diskuse

Pfi pfipravé modelovych vzork byla zachovivina
“vérnost vii¢i predloze”, tedy historickému receptu
a dobové malifské technice. I kdyz jsme se snazili
nehomogenitu povrchu podkladové vrstvy znacné
omezit pfi pfipravé Sepsu, nebylo mozné ji idedl-
né dodrzet. Ani v pripadé barevnych vrstev nebyly
parametry technické idedlni. Nehomogenita vrstev
v plose, nestejnomérnd zrnitost &i tloustka jsou pfi-
tom vlivy, které mohly, byt minoritné, ovlivnit vysled-
ky méfeni.

Piikladem nehomogenity je koncentrace pig-
mentovych &istic u rychleji schnoucich okraji malby
nebo kresby (047 4a). Tento efekt se ndsobi délkou
vysychini - nejvice postizené jsou vzorky, kde byl
jako pojivo pouzit pomalu schnouci olej. Problé-
mu nehomogenit se nase studie dale nevénuje - pro
méreni spektrometrem byly vybrana mista homogen-
ni, uvniti malované plochy. Efekt vysychani a pfipra-
vy samotné barvy v kontextu interakce s podkresbou
vyzaduje dalsi vyzkum.

Dalsim jevem, ktery se na nasich modelovych
vzorcich projevil, je zprihlednéni malby v pribé-
hu starnuti (sbr. 45). Zatimco pii pripravé vzork
byla tloustka barevné vrstvy dostacujici pro zakryti
podkresby, po nékolika mésicich podkresba zacala
prosvitat skrze barevnou vrstvu. Tento jev je casty
i u gotickych maleb, lze jej povazovat za autentic-
ky. V nafem pfipadé jde nejspise o zménu indexu
lomu temperové malby v pribéhu starnuti podobné
dochizi ke zvy$eni indexu lomu u olejomalby.[13]

Jak jiz bylo feceno, barvy byly nandseny Stét-
cem, a tedy tloudtka vrstev nebyla konstantni. Jeli-
koz absorpce vrstvy na tloustce zdvisi exponenciilné
[14] miZeme opakovinim méfeni v riznych ¢astech
vzorku odhadnout tvar této exponencidlni kfivky.
Cim vice méfeni je provedeno, tim pfesnéjsi absorpé-
ni kiivku dostivime. Pro tuto studii v§ak postacil
pfedpoklad konstantni tloustky, protoze statistické
odchylky naméfenych dat nepfesihly tinosnou miru
(zab. 3).

Dile je tfeba zminit, Ze ndmi uviadény maximalni
kontrast podkreseb (¢ab. 3) je ovlivnén materidlem,
ktery byl k jejich pfipravé pouzit a plati pouze v ide-
dlnim pfipadé, kterym je tmava podkresba. Napfi-
klad podkresby provedené stiibrnou tuzkou nebo
olivkem nebylo mozné na bilém podkladu v NIR
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spektru identifikovat wiibec. Pro studium téchto
podkreseb je proto tieba zvolit jiny postup. Moznost
jejich lokalizace je nad raimec této studie.

Poslednim komplikujicim faktorem jsou artefak-
ty zpiisobené pfi méfeni transmise. Zde se zretelné
projevuje textura plitna v pofizeném snimku nebo
viditelné tahy §tétcem v mistech s riiznou tloustkou
barevné vrstvy, v neposledni fadé u reilnych maleb
pak i nehomogenity v barevné vrstvé. Problematikou
odstranéni textury se zabyvi nase dalsi prace. [6]

ZAVERY

Testovali jsme Ctrnict staromistrovskych pigmen-
ti a deset riznych podkreseb. U téchto pigmen-
ti miZzeme definovat tfi kategorie podle mozZnosti
identifikace podkresby:

- podkresba vidét neni z divodii zanedbatelné pro-
pustnosti NIR zifeni (zem zelend, médénka, kostni
¢ern, umbra)

- podkresbu je mozné identifikovat v odrazeném
svétle diky nizké odrazivosti a velki propustnosti
(kraplak, smalt, indigo, minium, azurit, rumélka)

VYTVARNEHO

UMENIT RUZNYCH KONTEXTECH

- podkresbu neni mozné identifikovat v odrazeném
svétle (odrazené svétlo ma pfilis velky jas a intenzi-
ta svétla odrazeného podkresbou zanikne v Sumu),
ale je mozné ji identifikovat v propusténém svétle, ;.
v transmisi (olovnatd béloba, olovnato-cinicita zlut,
rumélka, azurit).

U azuritu a rumélky lze dobfe vysledovat zivis-
lost na tloustce barevné vrstvy. Obecné je vidy
vyhodnéjsi pro identifikaci podkreseb pouzit snimek
propusténého svétla (transmisi).

Overili jsme, Ze podkresby stfibrnou tuzkou
a olivkem nelze identifikovat v pisu 700-950nm
na nami pouzitém bilém podkladu (smés kfidy
a olovnaté béloby).
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SEZNAM OBRAZKU

1 Ukdzka platna s emulznim podkladem (olovnata béloba a uhli¢itan vapenaty) se vzorky ve viditelném svétle (s podkresbou vyt-
vorenou cernou kiidou); prvni dva vzorky jsou bez kryci vrstvy (hustd a fidka podkresba), nasleduje (zleva-doprava, shora-doli)
olovnata béloba, rumélka, minium, kraplak, indigo, olovnato-cinic¢ita zluf, zem zelend, médénka, ultramarin, azurit, kostni cern,
umbra a smalt: pojivo je klihové; leva ¢ast vzorku (2x4cm) je ponechina bez podkresby (viz obrizek 2), prava cast je s podkreshou

2 Snimek vybranych vzorki z platna dle obrazku 1 v NIR spektru (zde 720-950nm, reflexe) v pofadi (zleva-doprava, shora-dol)
olovnata béloba, rumélka, olovnato-cinicita zlut, zem zelend; podkresba cernou kfidou, v pravé casti kazdého vzorku neni
patrna diky velké odrazivosti (olovnaté pigmenty) nebo vysoké absorbanci (zem zelend) pouZitych pigmenti, vyjimkou je zde
rumélka, kde Ize podkresbu odhalit oviem s nevelkou urcitosti

3 Snimek vybranych vzork( z platna dle obrazku 1 v NIR spektru (zde 700-900nm, transmise) v pofadi (zleva-doprava, sho-
ra-doll) olovnata béloba, rumélka, olovnato-cinicita zluf, zem zelend; podkresba ¢ernou kfidou, v pravé ¢asti kazdého vzorku,
je velmi dobfe patrna; narozdil od snimani reflexe, snimek obsahuje artefakty v podobé textury platna a tahi Stétcem, (dobfe
viditelné diky riizné tloustce vrstvy v riznych éastech vzorku s rumélkou

4 Komplikujici faktory vlivem schnuti a starnuti vzork( - okrajova kontura grafitové podkresby v oblastech nejrychlejéiho schnuti
svrchni barevné vrstvy smaltu na platné, v odrazeném svétle v rozsahu 700-950nm (a), tento efekt se vyskytuje zejmeéna
ve vzorcich pomalu schnoucich s olejovym pojivem; a prostup podkresby provedené cervenou rudkou svrchni vrstvou minia
po cca 10 mésicich od vytvoreni vzorku, ve viditelném svétle (b)
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