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Jesus. A digitalizing method to increase knowledge and
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ABSTRACT

The main goal of the study described in this paper, carried out by the ICT Laboratory of ENEA, has been to define a cognitive method of
a drawing based on the Photogrammetry technique, applied with success on the Bernini’s sanguine well known as Tondo Bernini.
Crossing digitalized data with archival data, the method proved to be useful both to improve the knowledge of the artwork, and to
define its conservation actual status, since it facilitates the medium and long-term monitoring of the damages that have been measured.
With a very easy to find and use instruments, such as a photo camera and commercial software, images of the Tondo have been collected
and then post-processed to create a three-dimensional virtual model: a tool that can help in fulfilling different goals with different
audience. First, the method applied supports restorers in the conservation practices, allowing to see what is not evident to the naked
eye, especially the smallest cracks on the surface. In parallel, the historians will analyze more in-depth the details highlighted by the 3D
model, in order to show up further historical, material, and iconographic characteristics. Finally, it can foster a wider and deeper fruition
by the public.
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1. INTRODUCTION ancient drawings with artistic and historical value, and to better
understand their methods and contents. However, in the very
few but prestigious interventions of this type, such as the study
of Leonardo’s drawings [3], it has proved to be a valuable tool
for faithfully reproducing shape, characters and appearance, as
well as for highlighting any damage sometimes little or nothing

visible to the naked eye. Considering all these benefits that come

electricity, Pélc(;t.?;gr ammetry ?‘lm b.e applied ;nore easﬂybm with the use of this technique, the ENEA ICT Laboratory for
numerous and different type ot locations, not only museums but ¢ j¢; a1 Heritage has chosen to use it to investigate the state of

also crypts and inhospitable spaces [2]. Mo.reox.fer, the‘openness conservation of Bernini’s Tondo: a really rare wall sanguine
Ef sofftware er p(;st—pgpcess}llng and analysing images is another drawing, attributed to Gian Lorenzo Bernini [4] due to the fact
cnchit t.o opung tor this technique. that it is among the few artworks signed by the artist [5].
Despite of all these gdvant.ages, Phot(.)grammetry has rgrely By employing the Structure for Motion technique (SfM) the
been used as a tool to investigate, describe and communicate digitalization of this drawing was achieved, to create a 3D

The state of conservation of ancient artworks can be
monitored quickly and inexpensively by using Photogrammetry,
a consolidated and effective technique, that can also be useful for
conservators and historians [1]. Comparing the difficulty of
accessing some artworks with other larger tools powered by
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Figure 1. The drawing ‘Tondo’ by Gian Lorenzo Bernini.

reconstruction, which will enhance the knowledge and fruition
of the sanguine throughout a larger audience, that in the future
will be able to access the artwork, even on the Web, thanks to
the 3D model made by the ENEA ICT lab.

Specifically, this paper describes the results obtained in the
photogrammetric campaign that was executed (in the year 2019)
within the ADAMO Project [6], financed by the Lazio Region,
through the Technological District for Cultural Heritage — DTC
[7]. Thanks to the project, a series of diagnostic surveys was
performed by Latium Research Institutes and Universities, with

Figure 2. Detail of the inscription with a highlighted lesion (the red line).

the common aim of enhance the
knowledge and improve the
preservation of some selected artworks
distributed in the Lazio Region. The
added value coming from ADAMO
Project is the integration of different
sophisticated non-destructive and non-
invasive technologies and
methodologies that have allowed to
obtain complex and complete results
about the state of conservation, the

materials, and the techniques of
execution of numerous sculptures,
paintings, architectures, archaeological
sites, etc.

As one of the partners of both DTC
and ADAMO, the ICT ENEA Lab has
employed specific tools (digital and not)
to help preserving ancient artifacts, both
pictorial and sculptural, housed in the
Chigi Palace in Ariccia, seat of Baroque
Museum, including the Bernini’s Tondo

[8].

2. THE ARTWORK

The Bernini’s drawing (Figure 1),
dated 1663, is located on a wall in a very
small private chapel on the first floor of
the main Palace in Ariccia (a village near
Rome), residence of the Chigi family,
one of the most powerful dynasties of
that period. The second half of the
Seventeenth  Century saw  Bernini
working there for the Chigi family and
especially for Pope Alexander VII [9].

The Tondo depicts Saint Joseph with the Child Jesus and
measures 1.11 m by 1.10 m. The technique of realization is the
sanguine, often used by painters for sketches and preparatory
drawings, afterwards covered by paint. The autograph would
seem to be demonstrated both by the inscription «EQUES 10
LAURENTIUS BERNINI FAC: ANNO DNI MDCLXIIIy»
(Figure 2) which means «Me Cavaliere Bernini done: Anno
Domini 1663», that can be read inside the Tondo, and by the
comparison with another autograph drawing of the artist,
depicting the same iconographic theme, today preserved in the
Chigi Archive of the Vatican Apostolic Library [10]. The frame
that surrounds the artwork is dated 1771 and it was painted as
fake marble by Luigi Baldi and commissioned by Sigismondo
Chigi [11].

The drawing was described for the first time by Stanislao
Fraschetti to be "very cutious for its originality" [12]; in fact, to
find Saint Joseph and the Child in such pose must be considered
a rarity with very few precedents, particularly before the Counter-
Reformation.

2.1. The iconography

The representation of Joseph alone (without Mary) with the Baby
Jesus in his arms spread internationally from the late
Seventeenth-early Eighteenth century, when the autonomous
cult of the Saint intensified. In fact, in this period his image
acquited a lot of popularity, embodying the ideals and the role of
the pater familias, to whom the Catholic education of children is
entrusted [13].
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For this reason, the figure of the Saint become autonomous from
the presence of the Virgin Mary and started having a more
intimate connection with the Holy Baby, such as in two paintings
by Guido Reni: S Joseph and the Baby Jesus (1625-30), conserved
in the Diocesan Museum in Milan, and S7 Joseph with the Infant Jesus
(1640), exhibited in the Houston Museum of Fine Arts. In these
two paintings the iconography is almost the same of the Tondo:
in fact, the Baby is hold by the old father who is looking directly
in his eyes [14].

According to the foremost expert of the Tondo, Francesco
Petrucci (art historian and director of the Baroque Museum
located in Palazzo Chigi), Bernini’s choice of this iconography
would be related to the birth of Augusto Chigi, the first son of
Agostino Chigi, who could be both symbolically represented in
the sacred scene, portrayed in a gesture of great humanity and
naturalness, according to the traditional iconography but also to
the privacy of the chapel [15].

The profile of St. Joseph reveals evident affinities with
another Bernini’s artwork, the "Portrait of frate cappuccino' [16];
but, at the same time, a recent comparison made tanks to this
survey, makes evident also another remarkable similarity with the
Agostino Chigi portrait, sculpted in marble by the same artist
(Figure 3) in 1652 for his sepulchre, inside a chapel into the
Basilica of Santa Maria del Popolo in Rome [17].

Figure 3. Portrait of Agostino Chigi (marble relief) compared to the
profile of St. Joseph in the Tondo.

2.2. The framework

The round shape of the sanguine is not common for the
represented subject. In fact, since the Renaissance, this kind of
framework was used more commonly to contain scenes of the
Holy Family and Motherhood. Traditionally, circular shape is
related to the 'Birth Chart', a gift to either new mothers or brides,
to wish good luck [18]. Bernini instead uses it with a certain
frequency to contain the dead’s portrait sculpted on tombs, that
seems more related to the traditional iconography of saints and
prophets. Looking for some precedents, in the Italian National
Catalogue of Artworks [19] similar subjects inside a rounded
framework weren’t found, whereas both in frescos [20] and
canvases [21] seem to be quite common, even though enclosed
in an oval shaped medallion and sometimes painted as an
architectural #rompe d'veil element.

Based on these observations it could be possible to
hypothesize that the round shape of the sanguine initially may
have had a different purpose, such as to contain a portrait of a
deceased member of the Chigi family. Otherwise, it could be that
the initial shape was different, and that it was changed afterwards,
when the framework was added to contain the drawing.

3. PREVIOUS SURVEYS AND STUDIES ON THE TONDO

In 2019 and 2020, during the ADAMO Project, the University
Roma Tre in collaboration with The National Institute for
Nuclear Physics INFN) applied a combination of tools - X-ray
Fluorescence (XRF), Laser-induced fluorescence (LIF) and
Raman and Infrared vibrational spectroscopies (FT-IR) - to
gather data on the chemical composition of the pigments used
by Bernini to make both the sanguine mark and the chiaroscuro;
also the background preparation material has been detected with
the same technologies [22]. The dating of the elements
discovered in the background suggests that the 'signature' could
has been added after the realization of the Tondo, which might
suggest that it was not written by Bernini himself [23].

Because of the drawing was object of a conservative
intervention (on the occasion of the exhibition “L’Ariccia del
Bernini” in the 1998 [15]) also the consetvation state of the
materials used in these restoration treatments has been analysed
by Ultraviolet—Visible Spectroscopy imaging analysis (UV-VIS).
As already documented in the restoration schedules, conservative
treatments involved filling some cracks on the Tondo surface.
Some of these cracks were caused by the opening of a window
underneath the artwork, which was closed during the restoration
to avoid further damages [24].

During another survey led by the Laboratory of Non-
Destructive and Environmental Analysis for Cultural Heritage of
the Department of Industrial Engineering of the University of
Rome Tor Vergata (LANDAC), Thermogram and Reflectogram
techniques were applied to map the structural conditions of the
sanguine. In this survey, also a grouting - perhaps a sign of the
restoration work — was shown, along with numerous holes [25].
In this context, the photogrammetric campaign carried out by
the ENEA ICT laboratory has aimed at measuring accurately the
dimensions of all the cracks and damages, partially pointed out
by the previous surveys, to better monitoring them and
preventing any future deterioration.

According to Petrucci’s studies, the execution of the artwork
was cartied out impromptu, without a preparatory drawing [11].
However, both the XRF and LIF, and even the recent
thermographic campaigns [25] (conducted during the ADAMO
Project) revealed a graphite section below the sanguine line,
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exactly in the middle of the child’s face, which should attest the
existence of a preparatory sketch. Presumably, the sanguine, as
usual in Bernini’s paintings, was the trace for a fresco, which
suggests that the Tondo could be unfinished, presumably
because of the artist’s trip to France or maybe caused by the
death of his patron Pope Alexander VII Chigi [26]. In fact, the
Pope had commissioned numerous works to Bernini, including
the reconstruction of the Ariccia Baronial Palace, overlooking
the renovated Court Square, but also the projects of numerous
buildings in all the town, such as the Collegiate Church of the
Assumption and the Sanctuary of Galloro [27]. In fact, when the
artist was drawing the Tondo, he was also working on the
Alessandrine Roads, with the aim of connecting the
neighbouring countryside to the village and, in the same years, he
was committed to the first intervention on the urban planning of
Ariccia (1661-1663) [28].

4. THE PHOTOGRAMMETRIC CAMPAIGN

In 2019 a photogrammetric campaign on the Tondo was
conducted by a group of experts from the ENEA ICT
Laboratory dedicated to Cultural Heritage, to classify any
damage, crack, or weakness detected on the sutrface, so that
future measurement campaigns, even conducted by the same
staff of the museum, can continue monitoring them over time.
As a documentation technique more commonly applied to
capture the geometry of archaeological sites, monuments and
architectures, using photogrammetry to record the fine surface
details of a wall drawing requires specific plan [29]. First, during
the photogrammetric campaign, a group of 136 images of
5184 x 34506 pixels and 6MB each was taken. Then, these photos
were postprocessed with the software Agisoft Photoscan Pro
1.4.5, following the workflow from the alignment of the
individual photos to the return of the texturized 3D model in

high resolution. The point-cloud obtained in the post-processing
phase is made of about 8 million and 500 thousand points and
has been edited and cleaned using MeshlLab, a software which
allowed to redefine graphically the edges of the Tondo where
they appeared irregular. Thanks to MeshLab the model has been
also made lighter, reducing the number of points and surfaces,
but without affecting the final quality of the texture. MeshLab
served also to rotate the model to align it with the main axis; then
the same software was used to select the parts of the wall that
were of some interest and delete the spots and lees useless. The
measurement of real dimensions was made easier by
straightening the cloud in the digital model afterwards. Finally,
the digital twin was superimposed with a grid created using the
function brush of Photoshop. This grid has proved to be
advantageous also in mapping injuries, tagged on the surface of
artifacts with red lines.

4.1. The 3D Model

Starting from the two-dimensional images, in the last phase, a
3D model (Figure 4) has been created using the Structure for
Motion technique (SfM) [30]. This technique integrates
photogrammetry with a specific software - Agisoft Photoscan
Pro 1.4.5 - that automatically solves algorithms.

The SfM uses normal photographic images, in which
reference points are identified thanks to their different lighting
and perspective conditions. Afterwards, these points are
collected in a dedicated database. Then, the images are grouped
according to common points and from these are self-calibrated,
creating a scattered cloud of points. The next step is the creation
of a dense point cloud with colour values associated, extracted
from the photo linked to each point. In fact, the dot cloud was
created from photos reworked using Photoscan, from this dot
cloud - first scattered, then dense - the mesh and finally the
texture were created.

Figure 4. An image of the 3D model developed.
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Finally, the texturized model shaped allows the projection of
the photographs on the polygonal model. To realize this type of
models also an amateur camera can be used, if first it has been
calibrated. In fact, one of the main objectives of our 3D model
is to assist restorers in possible future conservative intervention
on the drawing; moreover, it can help historians and experts in
their research to improve the knowledge on the artwork,
supporting, for example, the vision of details (i.e. about
iconography, feasance, etc.) not easy to detect by naked eye.

All the results obtained - images, numerical data, and the 3D
model — has been stored in the virtual lab IT@CHA [31] set for
the Cultural Heritage, hosted in the integrated computational
infrastructure ENEAGRID [32] managed by ICT ENEA
Laboratory, which allowed, on one hand, the access to the
software resources, useful for post-processing photogrammetric
data and for the SfM technique; on the other hand, in this
infrastructure the results of the survey campaign are stored in a
completely safe way, into a dedicated area reserved only to
authorized users [33]. This area would continue to be used in the
future to compare data from previous campaigns with the more
recent data, that will be archived in the same data base, to
facilitate monitoring the possible change of the lesions identified.

4.2. The lesions measured

On the Tondo surface several lesions have been identified
with varying levels of risk (Figure 5): from those of very small
extension (about 0.002 m), to others much more dangerous
(from 0.05 m to 0.09 m) that have a short-term worsening already
foreseeable.

Going into detail, the investigation revealed seven main
damage zones identified in Figure 6 and Table 1 in by using
alphabet letters:

A. a series of three small cracks of about 0.002 m, at the

bottom of the Tondo, below the flank of the Child;

B. aseries of four damages on the trunk and on the belly of

the Baby, of average extension about 0,015 m;

C. another extensive lesion on Joseph’s beard is about
0.034 m;

D. avery extensive damage that begins in the lower portion
of the framework and passes on the letters "C" and "U"
of the inscription, that is almost 0.2 m long;

E. Another one is extended on the right thigh of the Child
of almost 0.05 m and with a possible future extension of
0.04 m;

F. one damage is on the right foot of the Child, starting
from a toe and rising with bifurcation along the ankle with
an overall extension of 0,09 m;

G. anot very extensive damage on the top of the left foot of
the Baby is about 0.009 m maximum [34].

5. THE RESULTS

One of the more relevant objectives achieved by out survey
is the fact that the museum's staff will be able to easily replicate
in the future the same method of investigation successfully
applied in our photogrammetric campaign. The current
conservation state of the sanguine, fixed within both the pictures
and the 3D model of Bernini’s Tondo, would be periodically
supervised through the employment of the photogrammetric
technique. In fact, the method that has permitted to identify each
damage also displayed on a slide with a picture of a specific part
of the drawing, will make easier to analyse in a deeper way, even
remotely on the virtual lab IT@CHA, the state of conservation
of the artwork. In addition, the grid that overlaps each image
enables measurement of the single crack, reported in a table with
the size of all the damages detected in meters.

Conservators and experts at the museum will need just a standard
photo camera to capture measures that can be compared to
previous ones, uploaded into the dedicated section of the virtual
lab IT@CHA, even without the aid of external experts and
complex technology. This method also avoids processing

Figure 5. Lesions identified on the Tondo surface.
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Figure 6. Lesions identified and measured by using an overlapped grid on the 3D model. These data have been collected in Table 1.

Table 1. Data for Figure 6.

Al A2 A3 B1 B2 B3 B4 C D E1l E2 F1 F2 F3 Gl G2
023,
J21 K21 J21 017 017 N18 L19 N14 024, P18 019 S21 R20, S20 R21 R21
P24, S20
P25
0.029 0.013 0.018 0.008 0.004 0.012 0.021 0.034 0.195 0.046 0.04 0.05 0.083 0.01 0.02 0.09

quantities of data that would require too many economic and
time-consuming efforts for the majority of Italian cultural sites.

Furthermore, a multimedia project to promote the various
artworks and artifacts collected into the Chigi Palace’s collection,
along with the architectural site, could be carried out through the
production of other digital twins, applying the same method used
to create the 3D model of the Tondo. This virtual collection
would be reproduced both on screens inside the museum, for a
deeper three-dimensional vision, and on website for a remote
fruition [35]. These 3D models will make enjoyable to a wider
audience, even artworks and sites that are in conditions of limited
accessibility, reducing the risk of damage [36].

6. CONCLUSIONS

The ENEA ICT laboratory's photogtammetric campaign at
Ariccia Museum, resulted in a twice-beneficial outcome: firstly,
easily acquiring numerical data on the current conservation status
of the Bernini’s sanguine; secondly, fostering knowledge and
fruition of this artwork, through the three-dimensional digital
twin created by the same team of researchers and experts.

All the activities have been made possible due to the ENEA-
GRID infrastructure, in which the virtual lab IT@CHA is
hosted. This virtual lab is specifically dedicated to Cultural
Heritage and makes available - both for scientific and cultural
institutions - hardware and software resources, effective at
analysing data and creating digital 3D models of architectural
monuments, paintings and sculptures. Moreover, data and 3D
models are stored in total security into the ENEA-GRID
infrastructure, which means that the information collected about
an artwork will remain accessible to researchers and
conservatots.

The survey reported in this paper shows the effectiveness and
the repeatability of the method applied in other similar cultural
sites, but even where artworks are located in inaccessible

condition, when the human presence could cause risks for the
conservation, or where other more complex tools and
technologies cannot work.

The digitisation of Cultural Heritage and the management of
the resulting data is recognised as one of the pillars of the
development of digital and cultural transformation in Europe.
For this reason, our campaign is in line with the European
Commission Recommendation of 10 November 2021 [37] on
the creation of a common European data area for Cultural
Heritage. From this point of view, it is also important to point
out that improving the quality of tools and methods for the
digital preservation across the EU will ensure a significant impact
also in other key areas, such as tourism, scientific research, and
creative industries [38].
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