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A B S T R A C T

This study describes one part of the restoration project for the Antonio Palomino pictorial group, which is
painted on the vault of the central nave in the church of Santos Juanes, in the city of Valencia (Spain). These
fresco paintings were partially destroyed by a fire in 1936, and after several failed attempts for a correct
restorative intervention, the greatest aesthetic merit of this church was lost and with it an important heritage
element.
Now, after many years of the painting being in ruin, this integral restoration project has placed it in an aspect

closer to how it was before its destruction. In this phase of the restoration, the areas of the damaged painting will
be rectified using the two available black and white photographs and a 3D model of the vault. In addition, it will
also describe how the paintings have been placed in their original locations. As follows, it is intended to restore
the balance of the figures and allegorical characters on the vault of the temple and return this sample of Spanish
Baroque to the new generations.
The solution presented in this study describes a novel methodology supported by geomatic techniques to carry

out all the geometric control of the restoration. This have allowed the extensive pictorial program to fit three-
dimensionally and relocate the paintings on the irregular surface of the vault, in the same place that the
Spanish artist painted them.

1. Introduction

The artistic richness of the frescoes that Antonio Palomino (Córdoba,
Spain, 1655–1726) left us in the vault of the church of Santos Juanes
(Valencia, Spain), were created between 1699 and 1701 and once again,
may be observed after this restoration is complete (Roig, 1994). This is
the most ambitious pictorial composition (Roig, 1990) of this chamber
painter of King Carlos II and disciple of the Spanish Baroque painter
Juan de Valdés Leal.

Palomino was a man of religious training who devoted himself to the
arts and letters, whose treatise ‘Museo Pictórico y Escala Óptica’, con-
sisting of three volumes published in Madrid in 1715, is probably the
work that overshadowed his extensive work as a painter of both frescoes
and altarpiece painting. The most representative pictorial works were
the decoration of the Plenary Hall and the Oratory of the Plaza de la Villa
in Madrid, he was also in charge of the decoration of the Alcazar (lost)

and the tabernacle of the Carthusian monastery of the Paular Monastery
(Madrid). He spent many years away from the court attending to com-
missions from different religious orders such as in Valencia, first in the
Basilica of the Virgin of the Desamparados, in this one, the church of Santos
Juanes and the design of the pictorial program of the church of San
Nicolás. In Salamanca he painted the choir of the Convent of San Esteban,
in Granada he decorated the Sagrario de la Cartuja and in Cordoba he
painted five altar canvases for the new sacristy.

The artist displays in the vault of Santos Juanes a representation of
the Celestial Glory connecting the decoration with the rest of the church
by means of quadratura techniques based on the rule of perspective,
where the painter opens the sky of the church to the divine sky. These
are skills learned from his training in Theology and Philosophy as well as
from his extensive career as a fresco painter and from his contact with
leading painters such as Luca Giordano, who instructed him in the
practice of foreshortened projection and clarified his palette of colours,
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or with Francisco Rizi, Juan Carreño de Miranda and Claudio Coello,
experts in the technique of quadratura or representation of feigned ar-
chitectures. The first level of the iconographic program of the vault
shows the twelve apostles and their allegories. The central part depicts
God the Father and the Holy Spirit surrounded by heavenly choirs, saints
and angels, populating the fictitious openings of the vault. The subject
matter of the paintings conforms to the conventions of baroque rhetoric
and its approach to immediate communication, with a message centred
on the Holy Trinity.

The battered paintings, damaged by a fire during the Spanish Civil
War on July 19, 1936 (Gris et al., 2019), were subsequently the object of
a disastrous restoration by the Gudiol brothers’ team between 1958 and
1963 (BOE). This attempted refurbishment was carried out by removing
the mural painting from the vault of the church, which disassociated it
from its surroundings, in addition to the repainting without reference to
the original artwork. Subsequently, the painting was transferred to a
plywood support, giving rise to 90 irregular panels that were anchored
to the vault with nails and without consideration of their original
location (Roig et al., 2020).

In this case study, unlike that carried out in other restorations with
the work team of the Heritage Restoration Institute of the Polytechnic
University of Valencia (restoration of the paintings of the Basilica of the
Virgin or the paintings of the church of San Nicolas), the paintings are
removed from their original position, which makes it necessary to treat
it as a specific work for which a very particular and specific solution has
been developed.

In the first phase of the project, results published by the authors in
2022 (Priego et al., 2022), the differential rectification of two black and
white photographs which were taken before the fire, has been carried
out. This shows an overhead view of the paintings on the vault, where
digital images were rectified, stretched and scaled, and has been the key
to carrying out this new restitution. In this phase, the mathematical
development was carried out based on cartographic projections estab-
lished via the geometric relationship between the irregular surface of the
vault and the photograph (Priego et al., 2022).

The present work establishes and materializes the relationship be-
tween each pixel of the digital photograph (2D) with its corresponding
spatial position in reality (3D). This correspondence has been carried out
by means of a novel homologous process with a highly accurate 3D
survey of the vault, the support for the paintings. Digital inpainting has
grown in prominence as a result of improvements in image processing
software and computer vision (Rakhimol and Maheswari, 2022).

After disassembling the paintings placed on the panels, which had
accumulated moisture and bacteria over time (Zhabg et al., 2023), the
original paint fragments have been cleaned and consolidated (Soriano,
2005). A single layer of original paint, 500 μm thick, remains on these
wooden supports. This was achieved by removing the remains of glue,
Gudiol’s repainting, soot and the aftermath of the fire. In this way, that
thin layer of paint has been transferred to a lighter and more stable
carbon fibre support which is easier to maintain and less prone to paint
deterioration (Blanco-Moeno, 2007; Cano and Chulia, 2018). This has an
incomplete puzzle with fragments of the original painting and others
that have been impossible to recover.

It is here, where rectified digital photography intervenes (Priego
et al., 2022). First, mapping the damage to the affected areas. Subse-
quently, and based on the remains of the original painting and a col-
ourimetric study of Palomino’s work, those lost or damaged fragments
have been coloured and the holes have been reconstructed by trans-
ferring the digital image printed on gel paper (Regidor et al., 2007). It is
in this action that the new systems for recomposing wall paintings have
been applied using digital image processing techniques and the errors of
the previous intervention have been corrected. Digital restoration
technology opens up a new field for wall painting and allows simulations
before a painting is restored (Wei, 2014).

To provide geometric or dimensional validity, these images must be
rectified to approximate a geometric representation free of perspective

and scale errors (Priego et al., 2022). Georeferencing using topographic
and photogrammetric techniques has made it possible to determine the
correct location of each one of the fragments, both original and restored,
and consequently the geometric fit of the entire pictorial ensemble on
the vault.

3D technology with its laser scanning systems has made it possible to
obtain the digital twin of each of the restored panels and of the actual
surface of the vault where they should be correctly located (Andreetto
et al., 2004; Lee et al., 2010; Pesci et al., 2011; Alshawabkeh, 2020). This
part of the process has been essential to virtually fitting the images of
Palomino’s mural painting (Fawzy et al., 2023), located in the different
irregular fragments to the subsequent physical placement of the new
panels on the vault, as well as the transfer of the images to the restored
gaps.

Each of the restored panels have been placed using topographical
techniques in their correct location in the vault of the church, which has
made it possible, as if it were a puzzle, to locate the pictorial set to the
author’s original position.

2. Research aim

This research describes the geometric process in which the digital
image of an analogic photograph, which has been previously rectified
and scaled, aids the restoration of mural paintings being carried out on
the irregular surface of the barrel vault of a church. In this part of the
project, 3D technology is used, and an innovative transformation is
applied that establishes the geometric relationship between objects in
the plane (2D digital photography) and space (3D vault). This allows the
image to be projected without deformations on the vault. The geore-
ferencing and topographic stakeout of the fragments in which the
paintings are currently found is also described.

Fig. 1. Original photographs (J. Alcón) (a) Photo 1 (upper left) of the painting
in the vault of central nave before the 1936 fire (b) Photo 2 (upper right) of the
painting on the vault of presbytery before the 1936 fire (c) Rectified image
(lower) of the paintings by Antonio Palomino in the complete vault of the
church of Santos Juanes.
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3. Materials and methods

3.1. Rectified photography

The available graphic information consists of two photographs taken
in 1920. The photographs were obtained with a large-format glass plate
camera which was recorded on a film on a low-sensitivity glass support,
which was used at that time.

The resolution is greater than 300 lpmm, deducted from the grain
size of the analogic image. An algorithm has been developed that allows
determining the radial distortion of the image from straight lines (Wu
et al., 2023). The result of which is that the distortion is negligible,
considering the size of the camera and its focal length.

The main photograph (Fig. 1a), with a size of 24 × 18 cm, offers an
almost complete image of the paintings from an overhead view of the
vault, using a nadir angle shot. The image of the second photograph
(Fig. 1b), with a size of 18 × 13 cm, includes the area of the vault closest
to the apse, which has been used to complete this common area with the
main photograph.

Following what was published in 2022, where a projective rectifi-
cation was applied to both photographs, which allowed the straight-
ening and scaling of each of their images, the present work aims to
generate a single rectified image to be transferred to the surface of the
vault minimizing the metric deformations (Priego et al., 2022). These
two images have been assembled into one, using the most defined part of
each one. Therefore, this rectified digital image (Fig. 1c) provides
two-dimensional (2D) graphical evidence of the pictorial composition
that Antonio Palomino painted on the vault of this church.

3.2. 3D vault

The extensive pictorial program is developed on a curved surface
defined by a semi-cylindrical barrel vault, 30.4 m long and 15.6 m in
diameter. The pictorial surface is approximately 936 square meters, to
which are added the 12 lunettes or secondary vaults (Galarza, 2009).
Due to the construction itself and the passing of time, the surface of the
vault is irregular and has certain bumps and deformations. Laser tech-
nology has made it possible to obtain its geometry with a high degree of
precision and thus develop a 3D model of the cylindrical surface of the
vault (Tobiasz et al., 2019; Liang et al., 2018; Diara, 2017; Vilceanu
et al., 2013; Guarnieri et al., 2013; Foweles et al., 2003). The scan was
performed from 12 positions with a Leica RTC360 scanner and a Trimble
TX-6 scanner, obtaining a complete point cloud made up of 360 million
points. As follows, the three-dimensional (3D) geometric information of
the painting support is available (Fig. 2).

3.3. Panels

The painting is divided into irregular areas because of the previous
restoration attempt, where after being removed from the vault of the
church using the strappo technique, it was placed again on plywood
supports. The Gudiol team tore the paint fragments from two-thirds of
the vault, which were later placed on 90 panels.

In this new phase, the restitution will be made based on this division.
Each panel is disassembled and taken to the laboratory of the Heritage
Restoration Institute (UPV). Here a complete restoration will be carried
out through selective cleaning with bacteria, and the elimination of the
repainting to recover the original paintwork. Subsequently, the painting
is then transferred to a new carbon fibre support, which is more stable
and presents fewer conservation problems. In addition, this material can
adopt the curvature of the area of the vault where it will be located, as it
has been calculated from the 3D model of the vault surface.

Scanning each panel with a laser scanner allows for obtaining the
detailed geometry of the surface defined by a cloud of points (approxi-
mately 940,000 points). A 3D survey is carried out on each of the
restored panels (Fig. 3a). The 3D model will be used to make the three-
dimensional fit in the vault before the stakeout. Three-dimensional
modelling of cultural heritage with metrological documentation aims,
is an expanding application area (Hoon and Hong, 2019; Porras-Amores
et al., 2019; Aicardi et al., 2018).

In addition, with suitable software, its orthophotography is gener-
ated (Fig. 3b), and includes the 2D information to make its two-
dimensional fit with the rectified photograph. This has allowed the

Fig. 2. 3D mesh model of the vault.

Fig. 3. Panel number 11 (a) Panel laser scanning (3D), (b) Panel orthophotography (2D).
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mapping of the damaged areas and the colouring of the photograph.

4. Theory/calculation

The main objective of this research is to describe how the projection
of the rectified image of the photograph (2D) materializes on the
irregular surface of the vault (3D). In this methodology, a variant of the
bilinear application has been developed that allows a transformation
between the plane (x, y) and the space (X, Y, Z) (Abdel-Aziz and Karara,
2015).

The transformation would be the following [equation (1)]:

X= [ x 1 ]
[

aX bX
cX dX

][
y
1

]

Y = [ x 1 ]
[

aY bY
cY dY

][
y
1

]

Z= [ x 1 ]
[

aZ bZ
cZ dZ

][
y
1

]

[1]

where.
(X, Y, Z): coordinates of the position of any point in space.
(x, y): coordinates of the same point in the image.
(a, b, c, d): projective parameters.
The interesting thing about this transformation is that its application

to certain straight lines in the image generates other straight lines in
space, which applies to the sides of the triangles or rectangles that define
the modelled surface of the vault. This solution is adapted to the problem
of this work, since its application on the image of the photograph (x, y)
generates in the vault (X, Y, Z) a regulated hyperboloid, which is one of
the few surfaces in space which contains straight lines and is not a plane.

Developing equation (1), [equation (2)] are obtained:

X= x ∗ y ∗ ax + x ∗ bx + y ∗ cx + dx

Y = x ∗ y ∗ ay + x ∗ by + y ∗ cy + dy

Z= x ∗ y ∗ az + x ∗ bz + y ∗ cz + dz [2]

Which can be written in matrix terms as [equation (3)]:

X= [ x ∗ y x y 1 ]

⎡

⎢
⎢
⎣

ax
bx
cx
dx

⎤

⎥
⎥
⎦

Y = [ x ∗ y x y 1 ]

⎡

⎢
⎢
⎣

ay
by
cy
dy

⎤

⎥
⎥
⎦

Z= [ x ∗ y x y 1 ]

⎡

⎢
⎢
⎣

az
bz
cz
dz

⎤

⎥
⎥
⎦ [3]

If we have the image coordinates of 4 points that form a quadrilat-
eral, and therefore there are not 3 of them aligned, the image co-
ordinates would be organized in a matrix, and their corresponding
counterparts in space would be organized in the matrix:
⎡

⎢
⎢
⎣

x1 y1
x2 y2
x3 y3
x4 y4

⎤

⎥
⎥
⎦ [4]

⎡

⎢
⎢
⎣

X1 Y1 Z1
X2 Y2 Z2
X3 Y3 Z3
X4 Y4 Z4

⎤

⎥
⎥
⎦ [5]

The application of equation (3) in space for each of the points, allows
us to formulate 4 equations with 4 unknowns [equation (6)]:
⎡

⎢
⎢
⎣

X1
X2
X3
X4

⎤

⎥
⎥
⎦=

⎡

⎢
⎢
⎣

x1 ∗ y1 x1 y1 1
x2 ∗ y2 x2 y2 1
x3 ∗ y3 x3 y3 1
x4 ∗ y4 x4 y4 1

⎤

⎥
⎥
⎦

⎡

⎢
⎢
⎣

ax
bx
cx
dx

⎤

⎥
⎥
⎦ [6]

If matrix (Rakhimol and Maheswari, 2022) is designated ‘mat’:

mat =

⎡

⎢
⎢
⎣

x1 ∗ y1 x1 y1 1
x2 ∗ y2 x2 y2 1
x3 ∗ y3 x3 y3 1
x4 ∗ y4 x4 y4 1

⎤

⎥
⎥
⎦ [7]

Since the matrix is invertible, the coefficients are obtained as
[equation (8)]:
⎡

⎢
⎢
⎣

ax
bx
cx
dx

⎤

⎥
⎥
⎦=mat− 1

⎡

⎢
⎢
⎣

X1
X2
X3
X4

⎤

⎥
⎥
⎦

⎡

⎢
⎢
⎣

ay
by
cy
dy

⎤

⎥
⎥
⎦=mat− 1

⎡

⎢
⎢
⎣

Y1
Y2
Y3
Y4

⎤

⎥
⎥
⎦

⎡

⎢
⎢
⎣

az
bz
cz
dz

⎤

⎥
⎥
⎦=mat− 1

⎡

⎢
⎢
⎣

Z1
Z2
Z3
Z4

⎤

⎥
⎥
⎦ [8]

Unifying these 3 equations in a single matrix equation shows what,
the bilinear application would look like [equation (9)]:

Fig. 4. Diagram of the relationship between a point in photography (2D) and a
point in space (3D).
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Digital Applications in Archaeology and Cultural Heritage 34 (2024) e00361

5

⎡

⎢
⎢
⎣

ax ay az
bx by bz
cx cy cz
dx dy dz

⎤

⎥
⎥
⎦=mat− 1

⎡

⎢
⎢
⎣

X1 Y1 Z1
X2 Y2 Z2
X3 Y3 Z3
X4 Y4 Z4

⎤

⎥
⎥
⎦ [9]

5. Results and discussion

As a starting point, there is a rectified, straightened, and scaled
photograph, which contains the black and white image of the pictorial
composition made by Antonio Palomino, as well as the geometry of the
surface of the vault, containing the paintings, (Priego et al., 2022),
which can be considered as a quasi-cylindrical surface concluding that,
it is developable. The image of photography provides two-dimensional
(2D) graphic information and the dome surface three-dimensional
(3D) geometric information (Fig. 4).

The main objective is to project the image of the rectified photograph
on the irregular 3D surface of the vault with the minimum possible
deformations (Dellepiane and Scopigno, 2013). This digital and virtual
solution must materialise in this process of restitution of the paintings.
This research aims to correctly locate each of the restored fragments of
painting in the vault so that it can be admired by the viewer, bringing
them closer to the sensations that the original composition could raise at
its creation and thus establishing its permanence in time. Despite not
having been able to rescue the original colours, since the paintings
suffered from the high temperatures of the fire and producing chemical
and pigmentation changes in the images, an attempt can be made to
return this trace of history to this artwork.

A graphic version of the workflow is provided in Fig. 5, where the
software used in each of the processes is also indicated.

A numerical analysis of the results obtained is carried out before

Fig. 5. Workflow.

E. Priego et al.
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approaching each stage of the work. It is established that the accuracy
achieved depends on the accuracy of the digital model of the vault and
the quality of the image. For this purpose, it is considered that the ac-
curacy of the digital model depending on the instrumentation used (laser
scanner systems) can be estimated at 5 mm; while the accuracy of the
image is determined by the pixel resolution of the image (3 mm).

To quantify the errors, different zones of the rectified photograph are
projected, evenly distributed over the entire work area, applying the

algorithm developed in this research, and the resolution in mm of each
of the pixels of the photograph on the vault is determined.

Fig. 6 below shows the variation in spacing between consecutive
pixels, or in other words, how much a pixel of the rectified photograph
occupies on the dome, depending on the position it occupies on the 3D
surface of the dome.

The results show that each pixel covers an area of 3–4 mm over the
vault, with a range within the values established a priori and known
depending on the camera and the position and angles from which the
two available photographs were taken.

5.1. Coordinate system

In the first phase, a precision topographic network has been imple-
mented, observed, and calculated, in order to have the entire system
georeferenced. The network is materialized by points defined by
spherical elements, whose centre is invariant, located at the vertices of
the lunettes and keystone of the vault, with a homogeneous spatial
distribution (Fig. 7).

In the observation of the topographic network, a Leica TS-30 total
station has been used, motorized and with an angular precision of 0.5’’
and a precision of 0.6 mm + 1 ppm in distances to the prism (2 mm + 2
ppm to any surface). The equipment has previously been calibrated and
the constant for the distance measurement of all aiming elements has
been calculated. The inverse intersection method has been used, and it
has been calculated and adjusted using least squares. Thereby, co-
ordinates are provided to all the elements in play: the rectified photo-
graph, the vault, and the panels.

5.2. 3D model of the vault

The restoration process is carried out in stages, distinguishing be-
tween disassembly cycles for damaged panels and assembly cycles for

Fig. 6. Numerical and graphical analysis of the obtained results: (a) Spatial distribution of control areas. (b) Table where the magnitudes in millimetres (mm) of the
pixel size are determined as a function of its spatial location in the dome. (c) Graph of spatial distribution in transverse direction (d) Spatial distribution graph in
longitudinal direction.

Fig. 7. Control topographic network. The network is made up of 10 vertices, 4
placed in right lunettes (2d, 3d. 4d and 5d), 4 placed in left lunettes (2i, 3i, 4i
and 5i) and 2 placed in the vault (b2 and b5). In the upper right photograph, a
spherical element is shown, and in the lower right photograph, the total station
observing the spherical element 2i.

E. Priego et al.
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restored panels. In each of these cycles, a strip of panels is restored at the
same time, normally in bands between lunettes.

Although initially the geometry of the vault was intended to be
constructed as a semi-cylindrical surface, after its measurement it was
verified that there are many irregularities, and that it is more appro-
priate to represent these areas of the vault from the actual measured

surface.
Once the panels of a section have been removed, the vault is scanned

with a Trimble TX-6 laser scanner, which allows for obtaining a very
dense cloud of points that correspond to that irregular surface. This
point cloud is processed to obtain triangle meshes that generate the 3D
model of the area of the vault without panels, between the restored and

Fig. 8. 2D fit, assembly of the orthophotography of the panels in the rectified photograph (a) Montage of the first phase that includes 5 rows and 27 numbered
panels. (b) Detail of the union of panels numbers 14 and 15. (c) Integration and colouring of panels 14 and 15.

E. Priego et al.
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unrestored panels.
The spherical elements visible in each scan, reference each partial

survey of the vault in coordinate system. 3D geometry of the surface
where the newly restored panels will be located is available, and like-
wise, the curvature that the new carbon fibre support of each panel must
acquire is determined so that it adapts perfectly to the area of the vault
where it will be installed.

5.3. 3D model of the panels

The division of the painting, when it started in the previous inter-
vention, was carried out without any geometric criteria, which gave rise
to panels with irregular shapes. After their numbering, a topographical
survey is carried out to determine their current location in the vault, a
photographic record and a laser scanner are made to document the
initial state of the panels.

In this phase of the process, the restoration itself begins, and one by
one, the panels are photographed with ultraviolet filters to recognize
repainting and other inappropriate additions. The bio-cleaning process
begins, which consists of the use of selected microorganisms (probiotic

bacteria) for the selective cleaning of dirt from artworks sustainably and
ecologically, in addition to the use of surfactant-free emulsions to
remove non-original repaints and lasers to remove difficult scabs.

Once the original painting fragments which are to be preserved have
been consolidated, they are placed on the new carbon fibre supports,
cutting its perimeter according to the shape of the restored painting.

After this process, the newly restored panel is scanned and photo-
graphed. On the one hand, the 3D model of each panel is obtained,
which will be used to carry out the three-dimensional fit in the vault. On
the other hand, its orthophotography is obtained by a 2D photograph, in
which all the elements are at the same scale, free from errors and de-
formations. In the image obtained, the areas of the original painting are
well-defined, and the lost areas or gaps have been cut out. This ortho-
photo will be used to make the two-dimensional fit with the rectified
photograph.

5.4. 2D fit of the restored panels

This is the most complex phase of this study and is where the new
technique developed is applied. In this part of the project, the

Fig. 9. Examples of the unfortunate interventions of the 1960s: (a) Figure of Saint Andrew: on the left, image of b&w photograph (1920), in the centre, previous
intervention (1960), on the right, what is left of the original paintwork fitted to the rectified photograph (2024). (b) Comparison between the photograph of the
1920s and the previous intervention, where some of the angels’ figures disappear and others are not represented as they were.

E. Priego et al.
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planimetric fit of the orthophotography of each panel is made with the
rectified photograph that contains the image of the entire pictorial
composition and the bilinear application developed in this work is used
[equation (9)].

The correct selection of at least 4 homologous points, both in the
orthophotography of each panel and in the rectified photograph, will
allow the combination of the images of both. The image resulting from
this 2D fit is used to map the damaged areas (they are georeferenced)
and to colour the rectified photograph (Fig. 8).

With these results, it has been possible to locate the areas where the
important differences were made in the previous intervention. The
repaints from the 60s in the artwork lack the necessary technical
knowledge for an authentic restoration, as well as reproduce the original
lines, which has complicated this reintegration work. Some examples
are shown in Fig. 9.

The orthophotography of each one of the panels makes it possible to
transfer the current colour of the paintings, which differs from the
original after suffering the high temperatures of the fire. A part of the
restoration team has carried out a colourimetric study, which allows an
exhaustive analysis of the colour and iconography of Antonio Palo-
mino’s work to be carried out (Dal Fovo et al., 2023). In addition to his

great literary work ‘El Museo Pictórico y Escala Optica’ (Palomino, 1947),
published in 1715, there are references to his painting in different
official and religious buildings in Spain. This has made it possible to
colour digital and rectified photography.

For the areas of missing paint, each gap has been printed on a 1/1
scale on gel paper (this material is rigid but becomes elastic when wet)
obtained from the coloured orthophotography. Once the gap has been
stuccoed, the image is transferred by pressure and the injection inks
remain in that area, which also persists after removing the paper
(Regidor et al., 2008).

5.5. 3D fitting and 3D stakeout of the restored panels

When the panel is clean, integrated, and ready for placement, some
stakeout targets are placed on its edges and the already restored frag-
ment is scanned with a laser scanner. Thus, the geometry of the panel is
available, fundamentally its curvature and its edges, as if it were a 3D
puzzle piece (Fig. 10). Likewise, the geometry of the scan of the area of
the vault where these pieces must be placed is available.

In this last phase, the transformation between the 2D plane (photo-
graph) and the 3D space (vault) is carried out (Navarro et al., 2018).
Using the bilinear application variant developed in this research, the
coordinates of the targets on the vault are calculated, which will allow
the location of each restored panel in the same area of the vault where
Antonio Palomino painted it.

With point cloud treatment and 3D modelling software, it is possible
to visualize possible solutions virtually and digitally for the fitting of the
pieces together and on the vault. Using topographic survey techniques
and using the Leica TS-30 automatic total station, each of the panels
with their adjacent ones are placed, as if it were a puzzle (Fig. 11). Once
its installation is finished, we proceed to the pictorial retouching of the
joints, giving continuity to the entire composition and restoring the
balance of the pictorial ensemble.

6. Conclusions

The pictorial work of Antonio Palomino on the vault of the church of
Santos Juanes in Valencia (Spain) has been waiting for a solution for
almost 90 years and the execution of this proposal is granting an integral
intervention that will recover the valuable fragments of fresco mural
painting that are still preserved. In this paper, we proposed an
improvement in the digital transfer of images. Using the only available
analogic photograph that offers an overhead view of the paintings in the
vault, its scaled image could be transferred to real size with the mini-
mum metric deformations and reconstruct the original forms of the
drawing with the greatest possible fidelity.

A photograph, analogic or digital, provides a lot of information and
through photogrammetric techniques, it is possible to obtain the ge-
ometries (real measurements) of the objects that are defined in it. The
use of photographic images as reintegration material allows us to
approach the original faithfully, without supplanting the painting or
falsifying it. The digital rectification of the photograph, together with
the measurement with laser scanner technology, to obtain 3D models
with precision and a high degree of detail, has allowed the development
of a variant of the bilinear application that solves the transformation
between points in-plane (x, y) and points in-space (X, Y, Z). Thanks to
the existence of historical photographic material, it has been possible to
apply this technique and develop it in the real case of this mural
painting, contributing to the preservation of artistic historical heritage.

The results showed that our methodology allows integration with a
high degree of precision, allowing the original painting with the frag-
ments to be restored by transferring ink impressions, improving the
previous restoration and satisfying as far as possible the irreparable
damage caused by the 1936 fire.

Fig. 10. Virtual 3D fit of panels 4, 5, 6 and 7 (row 1) and panel 11(row 2).

Fig. 11. Photographs of the stakeout work of the surveying team. 3D stakeout
panel 11.
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Navarro, P., Yudici, S., Herráez, J., Denia, J.L., Martín, M.T., Rodríguez, J., 2018.
Restoration of paintings on domes with non-developable geometry (los Santos
Juanes church in Valencia). Int. J. Architect. Herit. 12 (2), 169–177. https://doi.org/
10.1080/15583058.2017.1356946.
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