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This paper presents a study carried out on the painted altarpiece preserved inside the Basilica
of Santa Maria in Cosmedin, Rome, by combining three imaging techniques operating in the
near- and mid-infrared spectral ranges. The altarpiece has several pictorial layers and resto-
rations, which have superimposed over time for stylistic adjustment and conservative purposes
up to its present appearance. The results obtained in this study enable the detection of damage
to the wooden support and the identification of pictorial features buried beneath the visible
paint layer, thus providing significant information on the historical and artistic characteriza-
tion of the artefact.
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INTRODUCTION

The present study of the altarpiece of the Basilica of Santa Maria in Cosmedin, Rome, was
motivated by historical and artistic reasons concerning its religious role, as well as its provenance
and authorship. The painting has undergone several restorations, retouches and stylistic changes
throughout its history. The aim of the present work was therefore to provide a depth-resolved
non-destructive investigation of the entire layered structure, from the surface to the wooden
support. In order to achieve this, a new methodological approach that combines the simultaneous
use of different infrared (IR) techniques providing both thermographic and reflectographic
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images in different spectral ranges was proposed. Such a methodology relies on the comparative
analysis of the images corresponding to layers at different depths within the painting itself in
order to understand the artwork’s stratigraphic sequence and, therefore, its evolution over time.

The altarpiece is preserved inside the Basilica of Santa Maria in Cosmedin, which dates to the
seventh century, and it is nowadays known as the Greek Melkite Catholic Church of Rome. The
epithet ‘Cosmedin’ (from the Greek xoouéw, to adorn) was given in the eighth century to
describe the great decorations of its interiors, which are still present. The altarpiece is dedicated
to the Mother of God Always Virgin, as claimed by the inscription ‘@EOTOKQI
AEITAP®ENQI’ in Greek characters along the lower edge of the artwork, and it depicts the Vir-
gin Mary holding the Child (Fig. 1, a). In this representation, also identified as the iconography of
the Madonna Theotokos (Cavallaro 2013), the two depicted figures wear rich and colourful gar-
ments, and they pose in front of a background consisting of a complex black damask pattern
stamped on a golden substrate (Nuzzo n.d.). The Child is represented in the characteristic Greek
blessing pose holding the globus cruciger while being tenderly embraced by the Virgin’s hands.

The painting is in oils on a wooden support of approximately 168 x 128 cm in size, which is
made by four vertically jointed panels and a thinner horizontal one in the upper side, probably
added in recent times.

Origin and authorship

While the history of the basilica has been extensively recorded over the centuries (Angeli 1902),
the history of the altarpiece is documented only by a few literary sources, according to which the
painting may be an ancient icon brought to Rome from the East during the iconoclastic persecu-
tions (Crescimbeni 1715, 1719). This assumption may be consistent with the early history of the
basilica, and it could be supported by the presence of the Greek inscription. Nevertheless,
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Figure 1 (a) The Virgin with the Child altarpiece at the Basilica of Santa Maria in Cosmedin, Rome; and (b) a sche-
matic representation of the studied painting’s stratigraphy and of the expected penetration depths of the three infrared
techniques employed: near-infrared (NIR) reflectography, mid-infrared (MIR) reflectography and infrared thermography
(IRT) with short visible (VIS) excitation and MIR detection
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additional hypotheses concerning the altarpiece’s origin have been proposed over the last
century. Several scholars suggest it could be a medieval icon completely covered by a ‘modern’
painting (Giovenale 1927; Cavallaro 1992; Russo 2013). Recently, the discovery of the inscrip-
tion ‘IO PIACERE’, which was revealed on the title block during the latest restoration, provided
further insight about the dating and authorship of the altarpiece. The inscription has been
interpreted as the signature of Giovanni Piacere, an Italian artist working in central Italy during
the 15th century (Nuzzo n.d.).

The role of worship

The oldest literary sources document several miracles associated with the Madonna Theotokos of
Santa Maria in Cosmedin (Crescimbeni 1715, 1719), which are consistent with the role of
important worship played by the altarpiece throughout its history. This is an important to remem-
ber as it might have influenced the nature of past restorations, which were probably aimed at
mainly preserving the religious role of the painting rather than its artistic function.

What is briefly reported above points out the importance of undertaking the study and discov-
ering the characterization of the sequence of the changes made over time on the pictorial layers of
the artwork. With this aim, an imaging analysis of the entire altarpiece was performed by means
of thermographic and reflectographic techniques in two different IR spectral ranges. The different
images obtained by the different techniques could be related to features located at different depths
in the artwork and then analysed comparatively to understand the evolution over time of the
painting layers.

MATERIALS AND METHODS

Three different IR imaging techniques were employed, namely, near-infrared (NIR)
reflectography, active infrared thermography (IRT) and mid-infrared (MIR) reflectography, the
first operating in the near-IR (0.75-1.1 um) spectral range and the other two in the mid-IR
(3—5 um range). The choice of using such a combined experimental approach is related to the
different capability each technique grants in penetrating through the surface and subsurface
layers of the artwork, as shown in Figure 1 (b). Thus, as discussed below, reflectography in
the NIR range can detect, for example, even shallow paint retouches performed on the artwork,
while that in the MIR range also detects preparatory drawings, pentimenti and fillings performed
to mend gaps in the paint layer and/or preparatory layer. IRT, particularly when performed with
large delay times, can also detect defects located deeper in the artwork, such as gaps and detach-
ments situated in the preparatory layer or even in the wooden support, because of its sensitivity to
the in-depth heat diffusion process. It is also worthwhile pointing out that the results provided by
each technique may be affected by specific limitations deriving from the adopted instrumentation
or by constraints imposed by particular conservation requirements. The spatial resolution of the
images recorded in the MIR range by reflectography and thermography, because of the character-
istics of the mid-IR camera, is rather poor when compared with that of the NIR range image
obtained with detectors with a much larger number of pixels, which therefore ensure a better
definition of the sample details. All such imaging techniques induce the artefact surface heating
which must be kept at a minimum. In the thermographic investigations in this work, the distance
from the painting to the flash lamps and their power were set so that a very brief temperature
increase was induced by the light absorption at the painting not exceeding about 10°C.
Concerning the NIT and MIR reflectographies, the exposure time to the incident continuous
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radiation was limited to a few seconds so as to induce a very small temperature increase in the
order of a very few degrees Celsius.

Near-infrared (NIR) reflectography

In cultural heritage investigations, NIR reflectography has been successfully employed for
revealing pentimenti and underdrawings thanks to the capability of the NIR radiation to
propagate through the pictorial layers with respect to the visible radiation (Hain et al. 2003;
Cocco et al. 2009; Daffara and Fontana 2011; Cucci et al. 2013). In fact, this technique takes
advantage of the smaller degree of scattering that affects the NIR radiation with respect to the
visible one, thus providing optical access to the subsurface features of the investigated object
(Delaney et al. 2009). The visibility of the underlying features depends on several factors,
among which are the paint layers’ thickness and chemical composition (Felici et al. 2004;
Bonifazzi et al. 2008; Cucci et al. 2016; Ceccarelli et al. 2018). In the present study, the
NIR images mainly highlight the features located just beneath the surface layer, which in
the case of the altarpiece corresponds to the visible painting and to the latest restoration
retouches.

In this study, NIR images were collected with a low-noise digital charged coupled device
(CCD) camera, cooled with a Peltier device and equipped with a bandpass filter at 1000 nm.
The CCD sensor (Kodak KAF8300) consists of a matrix of 3348 x 2574 silicon pixels. The
images were processed using MaxImLE acquisition software in order to subtract the CCD sensor
dark noise and enhance the contrast of the displayed elements. The sample was illuminated by
means of two OSRAM SICCATHERM" IR lamps, with their maximum emitted intensity in
the spectral range of 1.1-1.2 um. The incident NIR radiation was diffused so as to reduce as
much as possible the reflected component from the varnish layer on the painting surface. The
recorded image corresponded to a painting area of about 65 x 50 cm?.

Mid-infrared (MIR) reflectography

IR reflectography operating in the mid-wave IR range was recently introduced in cultural
heritage investigations (Daffara e al. 2018; Mercuri et al. 2018c), thus extending the exploited
spectral range in comparison with the NIR and shortwave infrared (SWIR) regions. MIR
reflectography also makes use of the low level of scattering of the MIR radiation in the propaga-
tion through the surface layers (Mercuri ef al. 2018c). In addition, in this spectral range, pigments
have usually different absorption and scattering properties with respect to those in the NIR range.
Thanks to such a circumstance, MIR reflectography enables the detection of elements of different
composition and located at greater depth in comparison with those detected by means of the NIR
reflectography. Therefore, it can provide images of features located deeper in the artefact, corre-
sponding, for instance, to a preparatory drawing or to an underlying painting, more effectively
than the NIR reflectography (Ibarra-Castanedo et al. 2010; Mercuri et al. 2018c; Sfarra
et al. 2018).

In the MIR reflectography set-up, the continuous sample illumination was carried out by
means of carbon filament IR sources, positioned about 1 m from the painting, and whose
radiation was directed at a 45° incidence angle, which showed a substantial emission component
in the 3—5 pm wavelength range corresponding to that of the spectral sensitivity of the employed
IR camera. Special care was taken to minimize the exposure time (approximately 0.1 s) and the
power of the incident IR radiation (< 100 W) to reduce the emitted component of the mid-wave
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IR radiation related to the sample heating, thus making the image contrast mainly originate from
local differences in the IR radiation reflection from the painting layers.

MIR reflectography and IRT images were consecutively recorded on the same sample area by
means of the same IR camera, thus ensuring the exact correspondence to the recorded images and
of the investigated sample area. The employed IR camera was a CEDIP Jade III operating with a
320 x 240 pixels InSb focal plane array, sensitive in the 3—5 pm mid-wave IR range. The distance
between the painting and the IR camera was such that features spaced about 0.1 mm could be
resolved. Altair software was used for the acquisition of all the MIR images obtained by both
the reflectographic and the thermographic methods.

Infrared thermography (IRT)

IRT is one of the so-called photo-thermal techniques, based on the thermal analysis of samples
heated by light absorption, that have been extensively used for the determination of different
thermal parameters of different kind of materials (Marinelli et al. 1995; Marinelli et al. 1996;
Zammit et al. 1988, 2011; Maldague 2001; Mercuri et al. 2003; Gavrilov ef al. 2014; Paoloni
et al. 2016). Concerning cultural heritage investigations, IRT has been successfully used for
the characterization of structural and the subsurface features in a large variety of artefacts
(Daffara and Fontana 2011; Mercuri et al. 2013a, 2013b, 2017a, 2017c, 2018a; Doni
et al. 2014; Pucci et al. 2015; Orazi et al. 2016, 2019).

The pulsed IRT configuration employed in this study consists of the recording of the temper-
ature transient at the sample surface following the heating induced by the absorption of a short
visible (VIS) light pulse. The temperature detection is carried out by means of an IR camera that
provides maps of the locally emitted IR radiation, thereafter referred to as thermograms, which
are recorded as a function of time during the cooling process of the artefact.

The presence of inhomogeneities beneath the artefact surface affects the local heat propaga-
tion, thus inducing a non-uniform temperature distribution at the surface whose analysis enables
the characterization of the detected subsurface features (Philippi ef al. 1995; Candoré et al. 2012,
Blessley et al. 2014; Di Tuccio et al. 2015; Mercuri et al. 2017b, 2018b).

In comparison with the reflectographic techniques described above, IRT can probe the sample
structure over a depth greater than the penetration depth of the probing radiation beam thanks to
the temperature field, induced by the pulse heating, associated with the light absorption, diffusing
with time throughout the sample thickness. Because of this effect, it is possible to probe deeper
into the artefact by increasing the delay time at which the thermogram is recorded with respect to
the heating light pulse. Therefore, the images obtained by means of the IRT offer the opportunity
to probe the painting’s stratigraphic structure over a greater depth extending even to the wooden
support.

For the present thermographic investigations, two halogen flash lamps (Bowens Estime 3,000,
maximum power of 650 W) were employed to produce approximately 2-ms light pulses. The
spectral emission of the lamps extends to the entire visible range with also a minor component
in the IR range. Because of that, adequate filters were placed in front of the flash lamps to cut
off such an IR component and prevent unwanted reflections superimposing on the mid-wave
IR radiation emitted by the heated sample. The lamps were positioned at a distance of 0.5 m with
their axes at 45° with respect to the altarpiece surface. The thermographic sequences of the
images were recorded for 1 s in full-frame mode with a 150 Hz frame rate. The IRT is typically
employed in the two main spectral ranges of sensitivity of the detector, 3—5 and 8—14 um,
respectively. The former range was chosen since, for equal temperature difference between an
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object and its background, it is shown in the literature that the thermal contrast is approximately
twice as large compared with the 8—14 um range (Gaussorgues 1994). The choice of the 3—5 pm
range also allowed the use of the same IR camera for both the MIR thermography and
reflectography, ensuring the perfect image correspondence to the reflectograms and the thermo-
grams to be comparatively analysed.

The thermograms considered were mostly those obtained with 20 and 400 ms delays. The for-
mer corresponded to the beginning of the cooling process, so as to have thermographic informa-
tion originating from near the surface region, while the latter corresponds to one of the largest
delay values compatible with an acceptable signal-to-noise ratio. The processing of the IRT im-
age sequence included pixel-by-pixel subtraction of the image obtained before the light pulse
which improved the dynamic range the thermograms. To make the comparison with the
reflectographic images more effective, the thermograms shown here are presented with an
inverted grey palette according to which the hotter areas appear darker.

For the investigation of the painting presented, the combined use of the above-mentioned
techniques will ensure an effective in-depth analysis capability enabling the detection of most
of the graphical and pictorial features buried beneath the surface of the pictorial layer, and also
the evaluation of the conservation state of the wooden support.

RESULTS AND DISCUSSION

The results obtained by means of the three employed imaging techniques are now discussed and
compared. As shown below, several additional graphical and pictorial elements, with respect to
those visible at the surface of the painting, are revealed, thus confirming the complex layered
structure of the altarpiece. Both the painting layer and the adhesion to the wooden support
showed good conservation conditions, even though, based on the number and extension of the
detected retouches, the painting areas corresponding to the panel’s junctions can be considered
as those most severely affected by damage. The details of the restoration and stylistic changes
detected by the IR imaging carried out in this work are also presented and discussed.

The Virgin Mary

In the analysis of the Virgin’s face (Fig. 2, a), two frames of the thermographic sequence revealed
the in-depth extension of the defects of the wooden support. In particular, Figure 2 (b) reports the
thermogram recorded shortly after (20 ms) the heating light pulse. It displays two vertically
oriented defects, running across both eyes (indicated by the arrows), which have been repaired
by a recent restoration. The damage across the right eye also runs between the nose and the
mouth, in correspondence to the panel joint where the restoration is evident. The origin of such
damage has been associated with the mechanical stress usually involving the surroundings of the
joints. Under the left eye, a small-restored void can also be observed (marked by the circle in
Fig. 2, b). This thermogram, recorded immediately after the light pulse, was generated by the
mid-IR emission that comes only from the outermost pictorial layers, those in which the incident
visible light, while being diffused, is able to penetrate and get absorbed.

The thermogram recorded with a larger delay (400 ms) reported in Figure 2 (c) shows basically
the same elements highlighted in Figure 2 (b), but, in correspondence to the vertical damage on
the left, the thermogram also displays some aligned dark (hotter) spots (indicated by the arrow),
presumably corresponding to areas where the thermal contact with the substrate is poorer. This
could indicate the presence of detachments or of filled gaps below the paint layer, perhaps down
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Figure 2 (a) Detail of Figurel(a); (b) an active infrared thermography (IRT) image recorded after 20 ms, the light pulse
revealing subsurface damage in the pictorial layer (arrows); (c) an IRT image recorded at a larger delay (400 ms) reveal-
ing subsurface damage to the wooden support (arrows and circle); (d) a near-infrared (NIR) reflectogram highlighting
subsurface damage in the paint layer (dashed square); and (e) a mid-infrared (MIR) reflectogram revealing different
details with respect to the NIR reflectogram and additional sub-superficial damages (rectangle). The dashed circles mark
a small restored void.

to the wooden support. Similar kinds of defects, highlighted by the circle, are also revealed on the
right temple. Given the considerable value of the thermogram acquisition-delay time, the probed
depth probably extends beyond the preparatory layer, down to the wooden support. In this case,
in fact, the heat generated at the most superficial level, where the VIS light can penetrate and be
absorbed, has had time to propagate to a deeper level where the presence of eventual inhomoge-
neous features affects the heat-diffusion process. This, in turn, generates local differences in
temperature inducing different amounts of emitted IR radiation. That emitted in the spectral range
of 3—5 um can travel back to the IR camera through the overlying layers of the painting,
maintaining a substantial unscattered component. This gives rise to the generation of the
contrasted features in the thermogram displaying the buried elements.

The vertical line defects and the lacuna under the left eye are also detected in the NIR and MIR
reflectographic images (Figs 2, d, e). The reflectographic images reveal an additional subsurface
branched cracked area on the right-hand side of the face (framed by the rectangle in Fig. 2, d),
probably corresponding to areas of restored craquelures. As pointed out above, in the NIR range
the reflectogram reveals mainly features in the visible pictorial layer, such as retouches, to be
ascribed to the latest restoration, while the MIR reflectogram also provides a map of the structural
repairs beneath it, mostly corresponding to fillings of the paint voids left by detached fragments.
Finally, it is very interesting to note that what appears as a vertical crack crossing the left eye in
the NIR and MIR reflectographs and also in the thermogram obtained with the 20 ms delay is
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only barely detectable in the thermogram performed with the 400 ms delay, indicating that the
in-depth extension of the defect is probably only limited to the paint layer. This consideration,
together with those made above concerning the other detected defects, helps in understanding
the effectiveness of the multi-imaging approach to retrieve the relative depth positioning of the
observed subsurface features.

The close-ups of the Virgin’s face (Fig. 3) provide additional information about the painting
layers. In particular, the thermogram (Fig. 3, b, obtained with a 20 ms delay) and the NIR
reflectogram (Fig. 3, c) show the outlines and the shades of the nose (indicated by the arrows),
while the MIR reflectogram (Fig. 3, d) discloses pictorial features beneath the visible surface
paint layer, revealing a different rendering of the Virgin’s physiognomy. In particular, the facial
traits highlighted by the MIR reflectography (Fig. 3, d) show a rounder-shaped eye, a narrower
nose with a differently shaped tip and the eyebrows lines extending closer to the nose (the arrows
in Fig. 3, d).

Figure 3 (a) Detail of Figurel(a), (b) an active infrared thermography (IRT) image recorded after 20 ms from the light
pulse; (c) a near-infrared (NIR) reflectogram that allows the better appreciation of the shades on the Virgin’s face and the
outlines of her nose (arrows), and (d) a mid-infrared (MIR) reflectogram disclosing the pictorial features beneath the su-
perficial layer (a thinner nose and eyebrows extending closer to the nose). All images show the vertically oriented defects
on the wooden support and the restored void detected in Figure2.
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The blessing Child

Interesting results were also obtained by the combined analysis of the Child (Fig. 4, a), revealing
differences between the visible and the subsurface layers of the painting where damaged and
restored areas could be detected. In particular, in the area of the Child’s hair, the IRT image
(Fig. 4, b, 20 ms delay) shows several inhomogeneities, such as those indicated by the arrows.
The central (dark) part of the defect at the top of the head and of those on the right are not visible
in the NIR (Fig. 4, d) and MIR (Fig. 4, e) reflectograms, so their contrast generation in the
thermogram should be ascribed to thermal factors rather than optical ones. Therefore, they
probably correspond to detachments repaired during previous restorations. Moreover, they are
barely detectable in the thermogram obtained with a delay of about 200 ms (Fig. 4, ¢), indicating
even in this case that they do not extend much beyond the surface paint layer. Moreover, in the
same area, NIR and MIR reflectographies identify subsurface cracks beneath the restored surface
paint layer similar to those observed on the Virgin’s face and, even in this case, probably
associated with mechanical stress effects.

Finally, the MIR reflectogram clearly reveals a variation in the Child’s hair profile on the
right-hand side of the image, with respect to that portrayed in the picture. More specifically,
the NIR reflectogram and the thermogram obtained with the small delay display voluminous
and curly hair, as indicated by the arrow in Figure 4 (c), while the hair profile detected by the

.ﬂ:ﬁ i

Figure 4  (a) Detail of Figurel(a); (b) a thermogram (recorded after 20 ms from the light pulse) that detects structural
damage and detachments indicated by the arrows; (c) a thermogram (recorded after 400 ms from the light pulse); (d) a
near-infrared (NIR) reflectogram revealing a subsurface crack); and (e) a mid-infrared (MIR) reflectogram that reveals a
different hair profile with respect to that shown in the picture and compared with (d) (dashed rectangles).
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MIR reflectography extends over a more restricted area (dashed rectangle in Fig. 4, e). The two
different hair profiles could be detected, though much less clearly, even in the thermogram
obtained with the larger delay (Fig. 4, c), where the area corresponding to the modified part of
the hair profile appears slightly lighter (arrow). Thus, once again, the multi-imaging analysis
has granted the possibility to retrieve the relative depth positioning of the observed subsurface
features. In particular, it is confirmed that those observed by the NIR reflectography originate just
beneath the latest paint retouches, while those observed in the MIR reflectogram and in the larger
delay thermograms correspond to deeper layers, presumably originating from the earlier version
of the painting as in the case of the Virgin’s face.

Further changes and inhomogeneity can also be observed in the other areas of the painting,
such as in correspondence to the Child’s hand (Fig.5, a). Here, the IRT, NIR and MIR images
disclose the absence of the right thumb of the Child at all investigated depths, denoting the almost
complete loss of the pictorial layer in that area in the past (dashed squares in Fig. 5, b—e).

In particular, Figure 5 (b, ¢) shows the thermographic image recorded shortly after the flash
pulse (20 ms) and at larger delay time (300 ms), respectively. The latter highlights some deeper
cracks (indicated by the arrow) running between the restored thumb and the palm, along the
boundary of the lost pictorial area.

Additional defects in correspondence to the panel’s junction extended down to the area of the
Child’s feet (Fig. 6, a), as shown in the framed areas in Figure 6 (b—d). Moreover, a defect just
below the paint retouches is disclosed on the left foot by the NIR reflectogram, indicated by the
arrow in Figure 6 (c). Finally, all the IR images also reveal differences in feet shape and position
from those observed in the visible painting (Fig. 6, a). In fact, the IRT most clearly, and, to a
lesser extent, also the NIR and MIR reflectographies, detect an original profile shifted with
respect to that visible nowadays.

Figure 5 (a) Detail of Figurel(a); (b, c) thermograms recorded with different delays (20 and 300 ms, respectively) dis-
close the absence of the thumb, which is also revealed in the near-infrared (NIR) and mid-infrared (MIR) reflectograms (d
and e, respectively).
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Figure 6  (a) Detail of Figurel(a); (b) an active infrared thermography (IRT) image (recorded after 20 ms from the light
pulse) that detects the repair in correspondence to the panels’ junction (dashed rectangle) and a pentimento on the po-
sition of the feet, indicated by the arrow, (c) a near-infrared (NIR) reflectogram that reveals the same elements shown
in (b) and an additional subsurface defect in the painting layer (dashed arrow on the left foot); and (d) a mid-infrared
(MIR) reflectogram showing the pentimento (pointed out by the arrow) and the panels’ junction defect (dashed rectangle).

The obtained results have shown several subsurface features, some of which corresponded to
restored defects, and other to pre-existing graphical features which indicated a different physiog-
nomy for the Virgin. The pictorial and graphical elements highlighted here can provide useful
information for the historical and artistic placement of the artwork, which is surely composed
of several overlapping layers of paint, restorations and adjustments made over the centuries. In
particular, the investigations brought to light several buried pictorial elements with different
stylistic features with respect to what currently portrayed, which recent studies (Nuzzo n.d.)
ascribe to the original draft of the painting. According to such studies, because of the attribution
of the original work to the 15th-century painter Giovanni Piacere and of the renewed artistic
interest in icons in Rome at the end of that century, the dating of the painting should be placed
in that period. This would outdo the assumptions reported in the previous literature, starting in
the 17th century, which dated the first draft of the altarpiece to late antiquity or the Middle Ages.
The stratified multiple repaintings that have taken place over the following centuries witness the
preservation history of the artefact because of its worship function.

The discussion of the obtained results has made it evident that the comparative analysis of
the images with different probing depth capability enabled the detection of the reported stylis-
tic differences which are of great importance for the understanding of the painting genesis.
Some overlapping information was found in some of the reflectographic and thermographic
results at small delays, but the thermography with a large delay in most cases also provided
supplementary data. The information that each technique can provide largely depends on its
capability to refer the revealed elements to a specific painting level. This can be achieved

© 2021 University of Oxford, Archaeometry , (2021) eo—ee



12 F. Mercuri et al.

successfully if, in the analysis of the images by each technique, the specific physical phenom-
ena underlying the image generation process are correctly accounted for. This is not always
trivial when applied to semi-transparent materials, such as those of the paintings, where optical
and thermal processes are involved in the generation of reflectograms and thermograms. A real
quantitative analysis of the buried elements, such as the determination of their absolute depth,
involves the evaluation of parameters such as the VIS and IR light absorption, materials’ emis-
sivity coefficients and thermal diffusivity. This is made difficult in the analysis of paintings by
the inhomogeneous nature of the stratified layers, unlike the case of more homogeneous
semi-transparent artefacts, such as the paper-based ones (Caruso et al. 2019). Nevertheless,
it could be shown that the time evolution analysis of the thermograms sequence in the case
of paintings, combined with the reflectographic results, can provide information on the relative
depth of the detected subsurface elements and reveal their possible different nature. Hence, the
contribution of IRT in the proposed combined approach is, in general, not limited only to the
confirmation of the detection of the elements also revealed by other NIR and MIR
imagings. On the contrary, thanks to the image generation depending on thermal as well as
optical parameters, the thermograms could detect subsurface elements not revealed by the
reflectographies, and could provide a useful tool for the in-depth ordering of the features
detected by all the IR imaging techniques.

CONCLUSIONS

The combined use of three IR imaging techniques was presented for the non-destructive investi-
gation of a painting on a wooden panel preserved at the Basilica of Santa Maria in Cosmedin in
Rome. In particular, NIR and mid-wave IR spectral regions were exploited for the depth-resolved
characterization of the altarpiece by means of thermographic and reflectographic techniques. The
proposed investigative methodology allowed us to obtain extensive information concerning the
multiple layered structure of the altarpiece by revealing features buried beneath the visible paint-
ing which provided a mapping of the restorations and the stylistic changes.

The structural mapping showed damage extending over the greater part of the altarpiece, most
of it presumably caused by mechanical stress along the panel’s four junctions. In addition, a
damaged area, extending from the face to the left hand of the Child, could also be detected.
The overlapping over the centuries of multiple painting layers has probably contributed to make
the damage related to thermal-hygrometric phenomena more severe. In fact, the areas where
retouches were more extensively applied corresponded to those mostly affected by voids and
detachments consequent to craquelures-like dynamics.

The investigation of the altarpiece’s pictorial layers brought to light several repaintings,
pentimenti and differences between the visible features of the painting and those revealed in
the subsurface levels. All these features describe an intensively adjusted artwork, possibly
because of the religious importance of the altarpiece, which may have been required to be subject
to stylistic changes in order to maintain the iconography and its worship function over time rather
than its artistic identity. In particular, by exploring the different levels of the painting, the MIR
reflectograms revealed a hidden rendering of the Virgin’s face associated with the original work
of the 15th century and different to that portrayed at the surface. The combined use of NIR and
IRT imaging meant more superficial layers could be inspected, where it was possible to document
the changes applied in more recent times by repaintings and restorations.
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