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1. INTRODUCTION 

In the study of painted artefacts, important information can 
be obtained by displaying features hidden under the surface 
pictorial layers, such as underdrawings and pentimenti. Since this 
kind of information is often not accessible to the naked eye, non-
destructive techniques for the inner inspection of artworks are 
needed. For this purpose, optical methods based on the use of 
infrared (IR) radiation are nowadays considered effective tools 
for the analysis of subsurface features in cultural heritage (CH) 
[1], [2] items. Among these methods, infrared reflectography 
(IRR) is the most commonly adopted technique, primarily 
employing radiation in the near infrared range. In particular, 
near-IR reflectography (NIR) provides information about the 
very first layers beneath the painted layer [3], [4], thus allowing 
the detection of underdrawings and subsurface elements by 
means of different types of imaging device [5]-[9]. All these 
approaches explore the artwork’s layered structure through IR 
images, which record with increasing resolution and, 
consequently, at increasing cost [10], [11].  

The most interesting underlying elements of an artefact with 
a stratigraphic structure are often beneath multiple layers of 
painting and materials. In this respect, the use of mid-infrared 

range (3–5 m) imaging analyses makes it possible to increase 
the depth range of non-destructive investigations and, thus, to 
reach integrative and complementary information that would not 
be achievable using only NIR techniques [12]. 

In recent years, imaging techniques operating in the mid-
infrared range have been employed on different kinds of painted 
artefact, such as wooden/canvas paintings [13] and illuminations 
[14], by using either pulsed thermography (PT) and/or mid-
infrared reflectography (MIR). 

PT is based on the detection of the time-dependent 
distribution of IR radiation emitted from the sample surface 
following heating induced by the absorption of a short light pulse 
in the visible range (VIS). This technique has proved to be able 
to characterise the main surface and subsurface elements of CH 
artefacts [15]-[17], providing information on both the 
conservative state and subsurface graphical and pictorial features, 
such as underdrawings and pentimenti [18]. Similar items have also 
been investigated using MIR, which collects the images 
immediately after the beginning of the illumination of the sample 
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with mid-infrared radiation, thus allowing a reduction in the 
number of stray effects on the reflectographic image caused by 
the mid-infrared radiation emitted from the heating of the 
sample. 

The novel approach proposed in this work is based on the 
combined use of the two mid-wave infrared imaging techniques, 
usually carried out by means of a separate setup, to obtain 
complementary information on the artwork. In this approach, 
the same IR camera is used to record both the thermograms and 
reflectograms corresponding to the same area of the painting. By 
so doing, the comparative analysis of the two recorded images 
allows a better understating of the features revealed by the 
adopted techniques, which can be further improved by the 
combined numerical processing of the images. 

 In the framework of this ADAMO project [19], the proposed 
integrated use of PT and MIR has been adopted for the depth-
resolved investigation of three paintings on canvas, dating from 
the XVII century and belonging to the Baroque period, in order 
to detect subsurface features and structural elements.  

2. THE BAROQUE PAINTINGS 

The investigated paintings are preserved at the Chigi Palace in 
Ariccia (Rome, Italy), which is considered a primary example of 
Italian Baroque architecture. The palace was originally built for a 
rich, local family during the second half of the XVI century, and 
it was restored by Gian Lorenzo Bernini for the Chigi family 
between 1664 and 1672 [20]. The restoration of the palace was 
carried out with the aim of exhibiting the splendour and the 
importance of the Chigi family, one of the leading families in the 
Italian papal lineage. In this palace, several valuable paintings are 
preserved, mainly dating back to the XVII century. Among these 
artworks, three paintings were investigated as part of this study: 
‘Ritratto di Mario Nuzzi che dipinge un vaso di fiori’ by Giovanni 
Maria Morandi and Mario Nuzzi, ‘Primavera’ by Filippo Lauri 
and Mario Nuzzi, and ‘Ebbrezza di Noè’ by Andrea Sacchi.  

2.1. The portrait 

The ‘Ritratto di Mario Nuzzi che dipinge un vaso di fiori’ 
(‘Portrait of Mario Nuzzi painting a flower vase’) is one of the 
greatest masterpieces of the Roman Baroque because of its high 
pictorial quality and the peculiar combination of two pictorial 
genres (still life and portrait) realised by the two artists. This 
artwork was painted by Mario Nuzzi and Giovanni Maria 

Morandi, who were responsible for the floral decoration and 
Nuzzi’s portrait, respectively (Figure 1). This painting is a typical 
example of Baroque portraiture, and the artist, Mario Nuzzi, is 
represented in his atelier, in front of his easel during the creative 
process, with a melancholic look towards the viewer. In this 
painting, Mario Nuzzi, also called Mario de’ Fiori for his 
extraordinary talent for depicting flowers, achieved the highest 
level of quality in the representation of a single flower vase 
composition [21], [22]. The canvas is composed of two identical 
smaller pieces, vertically stitched together. This division was 
created in order to make it possible for the artists to work 
separately on the two different parts of the painting [23], [24]. 

2.2. The Spring Allegory 

The ‘Primavera’ (‘The Spring’) painting was also realised by 
the collaboration of two artists: Filippo Lauri depicted the female 
figure and the cherubs, while Mario Nuzzi painted all the 
garlands and the floral elements (Figure 2). 

This artwork belongs to the series ‘Le Quattro Stagioni’ (‘Four 
Seasons’), nowadays preserved in Ariccia’s Chigi Palace and 
considered one of the greatest examples of Roman Baroque 
painting. The entire series was commissioned by Flavio Chigi, 
nephew of Pope Alessandro VII [25], and executed between 
1658 and 1659.  

The studied painting represents the allegory of spring, 
symbolising youth, depicted as a beautiful woman surrounded by 
six cherubs and several types of flower, while holding up a rose 
as a trophy. In this artwork, the two artists combined their own 
artistic skills, achieving an incredible harmonisation of the two 
talents [26]-[28]. 

2.3. The Drunkenness of Noah 

The ‘Ebbrezza di Noe ̀’ (‘The Drunkenness of Noah’) (Figure 
3), preserved at the Chigi Palace, is one of the numerous replicas 
produced by Andrea Sacchi in the second half of the XVII 
century. The dating of the painting is uncertain, as is the 
possibility of establishing whether it is the original version or one 
of the many replicas [29], [30]. The large number of copies of this 
painting is due to the following reasons: the importance of this 
biblical story from Genesis and the painter’s constant search for 
perfection in its artistic production.  

The painting represents a famous biblical scene in which 
Noah is lying on a rock because of his drunkenness and, for this 
reason, he is being derided by Cam, while the more modest and 
respectful brothers, Sem and Jafet, look away. This scene was 

 

Figure 1. Giovanni Maria Morandi and Mario Nuzzi, ‘Ritratto di Mario Nuzzi 
che dipinge un vaso di fiori’, 1658–1659, oil on canvas, 195 × 265 cm, Chigi 
Palace, Ariccia. 

 

Figure 2. Filippo Lauri and Mario Nuzzi, ‘Primavera’, 1659, oil on canvas, 150 
× 250 cm, Chigi Palace, Ariccia. 
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represented extensively during the Renaissance period, lasting 
until the XVII century, referring also to more pagan views, such 
as those relating to bacchanal models [31]. 

3. METHODS 

Among the mid-infrared imaging techniques, PT has become 
one of the most used methods for the investigation of cultural 
heritage [1], [32]. It is one of the so-called photothermal 
techniques, which have been widely used for the determination 
of the thermal transport properties of several kinds of material 
[33]-[38]. PT provides a sequence of IR images, referred to as 
thermograms [39]. The presence of a sub-surface feature leads to 
local modifications in the amount of emitted IR radiation and, 
hence, to the formation of contrast in the recorded IR images. In 
the case of semi-transparent media, such as paintings, the 
contrast in the thermograms originates in the differences in the 
local optical properties of the subsurface features compared to 
those of the surrounding material. More specifically, there are 
two main opto-thermal mechanisms that enable the buried 
features to be displayed. The first mechanism occurs when the 
features are located at a depth in the sample smaller than the 
penetration depth of the heating VIS light. In this case, the 
different absorption properties in the visible range of the features 
with respect to the surroundings may result in a different local 
temperature increase and, hence, in the contrasted IR emission 
being recorded in the thermograms. However, when the depth 
of the subsurface element is too large to be reached by the 
incident light, the heating of the buried features can only be 
associated with the diffusion of the heat in the sample depth. 
Under such circumstances, the contrast is mainly due to the 
different local values of the IR emissivity. 

In the MIR technique, the images are obtained by directing 
mid-infrared radiation from a suitable source onto the sample. 
Here, the image contrast originates primarily from the local 
difference in the reflection of the mid-infrared radiation [40]. For 
this reason, unlike PT, MIR does not provide information about 
the depth of the detected features, and its application shows 
some limitations in the detection of features buried beneath 
layers that strongly diffuse mid-infrared radiation. 

The setup employed for the analysis of the paintings in the 
Chigi Palace is as follows. In the PT technique, the sample 
heating is induced by means of two 3 kW flash lamps oriented at 

45° with respect to the surface of the investigated sample, 
delivering a few millisecond-long pulses. The emitted light from 
the lamps is filtered in order to eliminate the mid-infrared 
spectral component and, hence, to suppress any contributions to 
the recorded signal originating from reflections at the sample 
surface.  

In the MIR technique, the sample illumination is performed 
using a continuous-wave halogen lamp positioned at about 2 m 
from the paintings. In both these techniques, the images are 
recorded by means of a Cedip JADE camera (320 × 240 pixel, 

InSb focal plane array, 30 m pitch, 3.6–5.1 m wavelength 
range, noise equivalent temperature difference < 25 mK at 
30 °C), positioned perpendicularly to the painting surface. Image 
acquisition and processing are conducted using Altair 5.50 
software. 

4. RESULTS 

In the following discussion, the thermographic results will be 
compared with those obtained by mid-infrared reflectography in 
the areas of the paintings under investigation. To facilitate the 
comparison, the thermograms are presented with an inverted 
grey palette so that the hotter elements will appear darker in the 
images. 

4.1. Giovanni Maria Morandi and Mario Nuzzi’s painting 

A series of pentimenti were detected in the ‘Ritratto di Mario 
Nuzzi che dipinge un vaso di fiori’ by Giovanni Maria Morandi 
and Mario Nuzzi. As an example, both the thermogram (Figure 
4b) and the mid-infrared reflectogram (Figure 4c) reveal several 
changes to the initial concept of the painting. The arrows in the 
figures indicate a different hairstyle and head contouring with 
respect to the current appearance of the painting (Figure 4a). 

A further element highlighted by the PT and MIR 
investigations is shown in Figure 5. The thermogram (Figure 5b) 
and the mid-infrared reflectogram (Figure 5c) both detect the 
stitching line of the two separate pieces that form the canvas 

 

Figure 3. Andrea Sacchi, ‘Ebbrezza di Noè’, n.a., oil on canvas, 150 × 205 cm, 
Chigi Palace, Ariccia. 

 

Figure 4. The ‘Ritratto di Mario Nuzzi che dipinge un vaso di fiori’, Giovanni 
Maria Morandi and Mario Nuzzi, Chigi Palace, Ariccia. (a) Picture and 
corresponding (b) thermogram and (c) mid-infrared reflectogram in which 
the arrows indicate some variations in Nuzzi’s hairstyle. 

 

Figure 5. The ‘Ritratto di Mario Nuzzi che dipinge un vaso di fiori’, Giovanni 
Maria Morandi and Mario Nuzzi, Chigi Palace, Ariccia. (a) Picture and 
corresponding (b) thermogram and (c) mid-infrared reflectogram in which 
the arrows indicate the join between the two pieces of canvas. 
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(indicated by the arrows in the figures), which has been reported 
in the literature [23]. 

It is worth noting that the pentimenti has only been detected on 
Nuzzi’s head, thus evidencing the great attention shown by 
Giovanni Maria Morandi to the realistic representation of 
Nuzzi’s physiognomy. With the exception of the join between 
the two pieces of canvas, the thermographic results do not show 
any defects or inhomogeneities, thus indicating the painting’s 
good state of conservation. 

4.2. Filippo Lauri and Mario Nuzzi’s painting 

In the ‘Primavera’ by Filippo Lauri and Mario Nuzzi, several 
pentimenti were revealed, especially among the numerous cherubs. 
For instance, the mid-infrared reflectogram (Figure 6c) shows 
several changes to the initial concept of the cherub’s 
physiognomic traits (indicated by the arrows), which are not 
visible in the thermogram (Figure 6b), thus indicating a pentimento 
beneath the surface pictorial layer. 

Important information has also been obtained by recovering 
the contrast of some of the darkened features, such as those 
concerning the cherub displayed in Figure 7. 

In this case, PT allowed the recovery of the cherub’s 
physiognomic traits and the contouring of his entire head (arrow 
in Figure 7b), while MIR revealed some variations near the eyes, 
nose and mouth (dashed arrows in Figure 7c). 

Furthermore, interesting features came to light from the 
analysis of the flowers (Figure 8). Unlike the MIR images, which 
do not show any relevant features, probably because of the 
presence of the highly reflective varnish layer (Figure 8b), PT 
enabled the detection of several elements. In fact, the 
thermogram recorded just after the light pulse allowed the 
recovery of floral details (arrows in Figure 8c) that are not clearly 
visible to the naked eye, while the PT image recorded at 
increasing delay times detected the canvas pattern (Figure 8d). 

Moreover, several canvas defects were revealed by PT and 
MIR in the area of the woman’s hand (Figure 9). Both the 
thermogram (Figure 9b) and the reflectogram (Figure 9c) 
highlight the presence of repaired lacunas, as indicated by the 
arrows in the figures. 

The IR investigations of the ‘Primavera’ painting allowed the 
detection of several changes to the initial painting concept. Such 
changes mainly concern the representation of human figures, 
such as in the case of the cherubs. On the contrary, the floral 
elements seem to have been depicted by the artist with more 
confidence, as evidenced by the absence of clear pentimenti, and 
are actually covered in part by the dark tones of the painting. 
Finally, unlike the results obtained in the portrait, here, the 
thermographic investigations enabled the detection of structural 
features, such as the repaired lacunas, indicating the occurrence of 
previous restorations of the painting. 

4.3. Andrea Sacchi’s painting 

Mid-infrared imaging investigations were carried out in order 

to characterise the ‘Ebbrezza di Noe ̀’ by Andrea Sacchi. In this 
painting, several pentimenti were revealed, such as the one 
reported in Figure 10. In this case, the back of the figure shows 
numerous modifications, which can be observed both in the 
thermogram (Figure 10b) and in the mid-infrared reflectogram 
(Figure 10c). In both the images, the arrows indicate the sketch 
of a facial profile larger than the one that is visible (Figure 10a). 
Even in this case, some restored lacunas have been detected by 
PT (dashed circles in Figure 10b). 

Another pentimento was observed on Noah’s foot (Figure 11), 
as shown in the thermogram (Figure 11b) and in the mid-infrared 

 
Figure 6. The ‘Primavera’, Filippo Lauri and Mario Nuzzi, Chigi Palace, Ariccia. 
(a) Picture of the cherub and (b) corresponding thermogram; (c) mid-infrared 
reflectogram in which the arrows indicate the pentimento. 

 
Figure 7. The ‘Primavera’, Filippo Lauri and Mario Nuzzi, Chigi Palace, Ariccia. 
(a) Picture of the cherub and corresponding (b) thermogram and (c) mid-
infrared reflectogram in which the arrows indicate the head contouring and 
some variations in the cherub’s nose and mouth. 

 
Figure 8. The ‘Primavera’, Filippo Lauri and Mario Nuzzi, Chigi Palace, Ariccia. 
(a) Picture of flowers and corresponding (b) mid-infrared reflectogram and 
thermograms recorded just after the light pulse (c) and at increasing delay 
times (d). 

 
Figure 9. The ‘Primavera’, Filippo Lauri and Mario Nuzzi, Chigi Palace, Ariccia. 
(a) Picture of the woman’s hand and corresponding (b) thermogram and (c) 
mid-infrared reflectogram in which the arrows indicate the restored lacunas. 
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reflectogram (Figure 11c). Moreover, as in the other investigated 
paintings, the thermogram enabled a series of complementary 
pieces of information to be obtained, such as the presence of 
defects in the canvas support. In this case, the thermogram 
shows a series of dark areas (the most significant is indicated by 
the dashed arrow in Figure 11b), probably corresponding to 
restored gaps or filled detachments, which, conversely, are barely 
visible in the reflectogram (Figure 11c). 

Important information enabling an understanding of the 
artistic technique followed for the execution of this painting was 
obtained from the analysis of the images recorded in the area of 
Noah’s face (Figure 12a). Here, the thermogram reveals several 
dark spots (arrows in Figure 12b), presumably corresponding to 
restorations of the painting’s surface. Moreover, the lack of sub-
surface graphical features in the reflectogram corresponding to 
the hair and beard (arrow and circle in Figure 12c) could suggest 
the absence of underdrawings in this area. 

The imaging investigation carried out on the painting by 
Andrea Sacchi reveals some pentimenti and small variations in the 
pictorial composition. Such findings can be thought to be in 
agreement with the continuous improvements introduced by 
Sacchi in the representation of this biblical story, but these 
variations do not indicate whether the Chigi painting is one of 
original versions of the numerous copies produced by the artist. 

5. CONCLUSIONS 

In this work, an innovative approach based on the combined 
use of two mid-wave infrared imaging techniques is proposed. 
The results obtained in the study of three XVII century paintings 
on canvas, preserved at the Chigi Palace in Ariccia, are presented. 
In particular, it has been shown how pulsed thermography and 
mid-infrared reflectography can be successfully used to 
investigate features lying beneath the surface pictorial layer and, 
consequently, to obtain complementary information about the 
stratigraphy of a painted artwork. 

The capability of these techniques for investigating the 
paintings over different depth ranges has allowed the 
identification of several pentimenti in all three paintings, such as 
the head in the portrait by Mario Nuzzi, the cherubs of ‘La 

Primavera’ and the head of the man in the ‘Ebbrezza di Noè’. 
Furthermore, thermography has enabled the characterisation of 
the canvas structure and, in particular, revealed the presence of 
repaired defects. In the case of the portrait by Mario Nuzzi, both 
techniques revealed the join between the two pieces of canvas. 
In ‘La Primavera’, the thermography investigations have 
highlighted the presence of numerous lacunas in relation to the 
woman’s hand, presumably repaired in the last restoration. 
Similar surface damage has been revealed by thermography in 
‘Ebbrezza di Noè’ near the area of Noah’s foot and face. In the 
latter, the combination of the two mid-infrared imaging 
techniques has allowed significant information to be gathered for 
a better understanding of the process involved in the realisation 
of the hair and beard. In fact, these two elements are clearly 
visible in the thermographic image while, on the contrary, they 
are barely visible in the corresponding reflectogram, probably 
because of the transparency of the pigment in the mid-infrared 
range. This is consistent with the hypothesis that the absence of 
underdrawings in relation to Noah’s beard and hair may suggest 
that these elements were painted by the artist in the final stage. 
These results could indicate that the painting preserved at the 
Chigi Palace in Ariccia is the original version of the numerous 
copies realised by the painter, Andrea Sacchi.  

In conclusion, the results obtained by the combined use of 
thermography and reflectography have proven to offer useful 
information allowing an evaluation of the paintings’ state of 
conservation and, in addition, new insights into the processes 
followed by the artists in the execution of such complex 
artworks. 
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Figure 11. The ‘Ebbrezza di Noè’ by Andrea Sacchi, Chigi Palace, Ariccia. (a) 
Picture of Noah’s foot and corresponding (b) thermogram and (c) mid-
infrared reflectogram. The red arrows indicate some changes in position, and 
the dashed arrow in (b) indicates one of the restored gaps.  
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