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Abstract A scanner for digital radiography of large paintings has been designed and devel-
oped, aimed to in situ performances. We report here the application to “Paolo and Francesca”
(260× 230 cm2), masterpiece by the Italian divisionist painter Gaetano Previati (1909). The
scanner has given the whole radiography in 1137 X-ray shots, which were corrected for X-ray
inhomogeneities and finally processed, minimizing the visual impact of the frame structure.
The original version of the painting has been brought to the light, and it appears to be a further
step in the evolution of the theme frequently experienced by the artist.

1 Introduction

Nowadays, scientific analyses on cultural objects are routinely performed directly in situ,
through spot and imaging techniques [1–3], avoiding risks due to the movement of the
works of art [4,5]. Several research groups are focusing on portable instruments and on their
development in order to get performances closer to the laboratory standard [6–15].

Imaging diagnostics in situ is still challenging on large objects. In fact, their analyses often
require an accurate and organized project. Moreover, their movement in the same museum or
gallery in which they are conserved could not be so handily and could require specialized staff.
Many research groups performed analyses on various type of large objects: the tomography
of the Celestial Globe of Vincenzo Coronelli, which is 1.06 m of diameter [5], or the study of
painting materials used by Vittore Carpaccio in “The meeting of the pilgrims with the Pope”
(279 × 305 cm) [16] and by Jacopo Tintoretto in “Wedding feast in Cana” (435 × 545 cm)
[17].

Other examples, for in situ application, are about the CT scanner [18], which gives more
information about real 3D objects, but for paintings X-ray radiography is the technique most
required.

The radiography of large masterpieces is often required for conservation and restoration
purposes. The most important advantages of the digital radiography are the huge range of grey

a e-mail: impallaria@fe.infn.it (corresponding author)

0123456789().: V,-vol 123

http://crossmark.crossref.org/dialog/?doi=10.1140/epjp/s13360-021-01091-x&domain=pdf
http://orcid.org/0000-0002-2860-9796
mailto:impallaria@fe.infn.it


  126 Page 2 of 11 Eur. Phys. J. Plus         (2021) 136:126 

levels, which means more information, and the digital correction of images, which allows to
correct the anomalies of the X-ray tube effects [19].

A scanner suited for the digital radiography of large paintings has been developed at “La
Venaria Reale”, the restoration centre in Turin (Italy) by the research group of INFN (National
Institute of Nuclear Physics) and University of Turin [20,21]. But, in this case, the scanner is
fixed because it is devoted to the use by restorers at the centre. The maximum dimensions of
the painting to be radiographed are 3 × 4 m2, and it has to be moved to the X-ray irradiation
laboratory.

Our efforts in these last years were devoted to the development of a X-ray radiographic
scanner transportable to museums, galleries and restoration laboratories and working on both
small and large size paintings [19,22,23].

The scanner for digital radiography developed by INFN and University of Ferrara was
thought as the most flexible as it was possible. The scanner is composed of two separate
units—and this makes transport easier—one devoted to the movement of the X-ray tube and
one to the movement of the digital detector [19,24].

The units are disjoint, but they work synchronized to ensure the same alignment for all
the radiographic images acquired.

When each unit is clamped to a scaffold, the size of the painting is not a limit for its whole
radiography, unlike the common X-ray baggage scanner, based on a tunnel-like system of
limited width.

In this paper we present its use tailored for a very large size painting: “Paolo and Francesca”
depicted by Gaetano Previati in 1909, a canvas of 260× 230 cm2. For analysing this master-
piece, we kept the X-ray tube fixed and used only the detector unit to perform the scanning.
Due to the dimensions of the unit which allows to scan an area of ca. 1 m2 and to the unifor-
mity of the X-ray beam, we divided the scan of the whole painting in 12 squares and lifted the
system in order to scan the central squares of the painting. The application of our instrument
to the case study of “Paolo and Francesca” gave the opportunity to test the flexibility of the
scanner in challenging conditions and to evaluate the best procedure for the radiography of
large paintings.

1.1 Historical notes on the painting “Paolo and Francesca” by Gaetano Previati

Gaetano Previati (Ferrara 1851–Lavagna 1920) was the most important divisionist Italian
artist. In 1909 he published its treatise “The scientific principles of Divisionism” and in the
same year he depicted the big painting “Paolo and Francesca”, an oil on canvas, 260×230 cm2,
conserved at the Modern and Contemporary Art Gallery of Ferrara (Fig. 1). The painting
shows the two lovers as they are described in the Canto 5 of Inferno in the “Divine Comedy”
by Dante Alighieri: they are embracing one to the other and surrounded by other damns in
the whirlwind.

The theme is not new for the author who, in 1887, following the realistic current, painted
Paolo and Francesca in the moment of their death. For the painting of the 1909, Previati
depicted a lot of sketches focusing on the composition of the bodies and one was presented
at the IV Biennale of Venice in 1901, demonstrating the long thinking and creative process
of the artist about this issue [25].
The painting is conserved since 1911 at the Modern and Contemporary Art Gallery in Ferrara.

In 2018, the painting was exposed at the “States of Mind. Poetics of the self from Previati
to Boccioni” exhibition at Palazzo dei Diamanti in Ferrara. Before the exhibition, the frame
of the painting was changed because the previous one was at the maximum of its extension.
In this occasion, a diagnostic campaign was performed to access the conservation state of
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Fig. 1 Gaetano Previati, Paolo
and Francesca, 1909, oil on
canvas, 260 × 230 cm, Modern
and Contemporary Art Gallery,
Ferrara. The photograph refers to
the conservation state in May
2017

the work of art and to study the artistic technique. The CNR (National Research Council)
and the INFN-CHNet (Cultural Heritage Network) group of Ferrara, in collaboration with
the University, were charged with full documentation on imaging techniques of the whole
painting. All the techniques were applied at the Contemporary Art Pavilion in Ferrara, with
the support of the Gallery staff.

2 Materials and methods

2.1 X-ray radiography procedure

The digital radiography has been performed moving the detector in order to scan an area
of the canvas, while the X-ray tube was stationary, illuminating the same area (Fig. 2), 2 m
apart. The distance between the X-ray tube and the detector was evaluated in order to obtain
the maximum homogeneity in the beam lightening the scanning area. The difference in beam
intensities from the centre to the borders of this area is less than 20 %.

The X-ray tube employed is the YXLON EVO 160D, with Tungsten anode, 160 kVp and
7 mAmax . The parameters set for the painting were 30 kV and 60 mAs. The digital detector
is a Teledyne DALSA flat panel, composed by a CMOS matrix of photodiodes coupled with
a scintillator screen of Gd2O2S, 1024× 1000 pixel, 96 µm side. The depth of digitization at
12 bit/pixel allows to work with 4096 grey levels.

To collect all the radiographic images needed to reconstruct the whole painting, the acqui-
sition has been divided in 12 squares (Fig. 3), overlapping of a row or a column of images
with the closest squares. In each square, the acquired images are overlapping each other
of 20 % for the automatic stitching of all the images with no intervention of the operator.
The stitching software is PTGui10 by New House Internet Services BV (the Netherlands),
a commercial software conceived for the stitching of photographs. The radiography of the
central parts of the canvas was made lifting both the X-ray source and the detector stage,
while for the upper parts, the painting was turned upside down. The X-ray tube was placed
on an elevator, while the detector stage was put on a wooden trunk maintaining the same
distance between them. The total number of radiographic shots on the painting was 1137,
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Fig. 2 The radiographic scanner
during the acquisition of X-ray
images of the central parts of the
painting. In foreground the
detector unit and the painting, in
background the X-ray tube

Fig. 3 Scheme of the 12 squares for the acquisition of the whole painting

acquired in 6 days (Table 1). A new set of correction images was acquired each day and at
any movement of the scanner, to be sure that small changes in the relative position didn’t
influence the digital correction.

2.2 Digital correction of X-ray images

The first digital processing applied to all the radiographic images was the dark–white cor-
rection. For each set of radiographies, we have the dark-field image, acquired without the
emission of X-ray beam and corrects the dark current spread on the 106 photosites of the
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Table 1 For each square the dimensions and the number of X-ray shots acquired are reported

Square Dimensions (cm) X-ray images White fields

1 74 × 94 108 108

2 74 × 94 108 108

3 74 × 94 108

4 64 × 94 96 96

5 64 × 94 96

6 74 × 94 108 108

7 74 × 94 108

8 74 × 94 108

9 74 × 94 81 81

10 74 × 63 72

11 74 × 63 72 72

12 67.5 × 63 72 8

X-ray shots 1137 581

detector. The white-field images, on the contrary, are images acquired with the emission of
the X-rays in the same conditions of the radiographic shots, but without the sample. These
last correct the lack of uniformity in the intensity of the beam from the X-ray source and
in the acquisition of the detector. In Fig. 4, it is shown an example of the stitching of some
images without the dark–white correction (Fig. 4a) compared to the corrected ones (Fig. 4b).
The lack of uniformity of both the X-ray beam and the detector response allows to recognize
the shape of the single uncorrected images. The dark and white corrections eliminate these
elements and allow to show the results due only to the sample.

The final image converted to 8 bit/pixel in TIFF format (Fig. 5) is 27648 × 24448 pixels,
643 MB in size.

2.3 Digital processing of the whole radiography

In the complete radiography (Fig. 5) the presence of wood elements in the painting could affect
the readability of the image. Among the advantages of the digital images is the possibility of
processing to eliminate the contributions of those elements [26,27]. The huge range of grey
levels is enough to obtain well-contrasted and informative images both for the canvas areas
and for the wooden elements, just choosing the grey levels in the histograms of the images.

A typical radiography of canvas and wooden stretchers is shown in Fig. 6a, after correction
of dark and white fields. The image over wood—denser and thicker than canvas—is character-
ized of whiter range of grey levels, as the histogram of both parts reveals, in Fig. 6b. Splitting
the image for processing the darker shade needs the stretching of its histogram (Fig. 6c). On
the opposite, the whiter part needs stretching and shifting of the range to a lower level to get
the final balanced histogram (Fig. 6c). Recomposing the total image (Fig. 6d), any detail is
visible in a smooth background, with little loss of information.

All the images composing the radiography of the Previati’s painting have been corrected
by this way, and only after that converted to 8 bit format for the stitching project.

The enhanced readability of the radiography is shown in Fig. 7, where only the metal
inserts and wooden knots are non-corrected residuals of the frame.
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Fig. 4 Detail of the radiography of “Paolo and Francesca”. a The stitching of uncorrected images with dark
and white fields. It is possible to recognize the shape of single images marked on edges. b The stitching of
dark–white corrected images. All the details are related to the pictorial layers and the canvas

3 Results

Comparing the radiography (Fig. 7) with the visible image of “Paolo e Francesca”, we can
recognize the canvas, a commercial one with a very thin weaving. In the pictorial layer the
fast and thick brushstrokes of the artist are well evident, as in the drape accompanying the
bodies in the whirl.

Many differences have been revealed in the radiography. Looking at the two protagonists
(Fig. 8), in the RGB image Francesca is depicted in a different way. In the radiography she
is more arched and her head is thrown back to the left. Her right arm is shifted to the right
and her side is heavily warped. The figure of Francesca in the radiography is in an extreme
pose compared to the RGB image. Paolo has changed a little bit his position too. In the RX
image his head is turned over his left, less than in the visible image.

Looking to the other people in the composition: in the hell whirl, the damns are collocated
in various poses. First, in the radiography the damn in the right central area (Fig. 9) is shifted
to the left and downside and he is occupying more space than in the VIS image, where he is
covering his eyes with his arm.

Second, the damn in the down-left corner (Fig. 10) in the RX image is completely laying
and the observer cannot see his face, as he can in the RGB image. Again, the side of the body
is more warped in the radiography than in the visible.

Finally, the radiography revealed the presence of short parallel lines, top left to right,
made of a radiopaque pigment (Fig. 11). No trace is found in the visible painting and some
hypothesis may be done. A coloured rain, inspired by the Canto 6 of the Divine Comedy,
may be a choice.

We can conclude that the radiography, thanks to the use of more radiopaque materials,
revealed the former version of the painting. It seems that the first willing of Previati was to
amaze the observers with extreme poses of the bodies and the presence of the rain. Soon
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Fig. 5 X-radiography of “Paolo and Francesca”, acquired with the X-ray tube set at 30 kV, 6 mA, detector
acquisition time 10 s, distance of source–detector 2 m

Fig. 6 Balancing histogram for wood and canvas parts in a image. a Image with canvas to the left and wood
to the right. b The histogram of the image shows two peaks: one for the canvas (lower grey levels) and one
for the wood (higher grey levels. c Histograms of the two parts stretched and shifted. d “Balanced histogram”
final image
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Fig. 7 “Paolo and Francesca” X-radiography with balanced histogram images. The wood stretchers are less
evident, focusing on the pictorial layers contribution

Fig. 8 Detail of Paolo and Francesca to the left. In yellow are the guides to read the differences with respect
to the radiography (right)
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Fig. 9 To the left, detail of the damns in the right central area of the canvas. In yellow are the guides to read
the differences with respect to the radiography (right)

Fig. 10 To the left, detail of the damn in the down-left corner of the canvas. In yellow are the guides to read
the differences with respect to the radiography (right)

after having almost concluded the representation of the scene, Previati changed his mind,
creating a more equilibrate and peaceful composition. This former painting seems to be well
conserved, under the visible one.
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Fig. 11 To the left, detail of the sky in the left area of the painting. The radiography, to the right, shows a
“rain” not visible in the final edition of the painting

4 Conclusion

This case study on a very large painting was the opportunity to deeply test the design,
realization and work of our radiographic scanner, whose results have concerned various
fields.

The resulting radiography of the Previati’s work reveals the existence of a hidden painting,
representing the original version of this “Paolo and Francesca” depicted by the author himself,
in his wondering on the theme [25]. A small tile has been added to the evolution of this subject
in the artist’s poetics.

Thanks to the potentialities of digital images, the further processing carried on allowed
to highlight the pictorial layers lessening the stretchers contributions. It improved a lot the
readability of the radiography, resulting helpful for the presentation of the results even to
non-specialized people.

We outlined the way of painting of G. Previati, based on the knowledge obtained by the very
reading of the RX image and by the comparison with the visible aspect. This interpretation
is not new for radiography, but we think that today this technology is ready to add something
more, like the recognition of art materials, indeed one of the main trends of actual research.
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