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Abstract: The aim of this work is to present a new practical approach to digital photogrammetry
to obtain 3D models of polychromatic sculptures under ultraviolet fluorescence and near-infrared
by starting from photographic images. This digital photogrammetry was applied recently to a
17th-century reliquary bust representing St. Rodonio, a saint particularly venerated by the Orthodox
Church, presently under restoration in the Laboratories of University of Tuscia and belonging to
the Museum of Colle del Duomo of Viterbo (Italy). The acquisitions of ultraviolet fluorescence and
infrared frames were performed using a Nikon D5300 digital SLR camera and a modified low-cost
digital camera (Samsung Model NX3300), respectively. The three-dimensional UV and IR models
were obtained using Agisoft PhotoScan® software. The generated ultraviolet 3D model of the bust
makes visible, in a single file, the fluorescence induced by UV radiation on the entire sculpture,
highlighting surface abrasions, organic dyes, and ancient protective features. The infrared 3D model
allowed for better definition of the details of the drawing used for eyes, nose and mouth definition.
In conclusion, the ultraviolet fluorescence and IR 3D models of Saint Rodonio were particularly
useful as documentation tools for the conservation status and for the painting construction, allowing
us to perfectly map the original and restoration materials and to detect the drawing in single dynamic
3D files following a totally non-invasive, cost-effective, and rapid approach.

Keywords: 3D documentation; digital photogrammetry; ultraviolet fluorescence photography;
infrared photography; sculptures; restoration

1. Introduction

The aim of this paper is to report the potentiality of ultraviolet fluorescence (UVF) and infrared
(IRR) photography applied on 3D models generated through digital photogrammetry. To our
knowledge, this cost-effective approach was never applied to wooden polychromatic sculptures,
but only to paintings, with the aim of investigating the surface layers [1,2]. Our application is
completely different because it is applied to 3D objects to obtain easy-to-manage 3D models with
UV fluorescence and infrared response that can be observed and rotated in pdf file format or at a
specific link (as reported in the results), supplying a very useful instrument for conservators during
the restoration phases.
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Documentation is a fundamental step in restoration, and it is the first indispensable process
performed before starting and also during usual operations [3-10]. The relevance of documentation
and condition records, including data acquisition, documents, graphics, and photographs, is stated in
the standard UNI EN 16095 [11]. The condition record has historical value and contains all essential and
relevant information in a logical and well-organized order [9]. In general, during the documentation
process in restoration, it is common to use two-dimensional systems, such as photographs, textual
notes, and graphical maps, to record the alteration, decay, additions, sampling points, etc. of artifacts
and objects. However, the use of 3D digital models, especially in the case of sculptures or other 3D
objects, gives some advantages [12-14]. The 3D models allow for the transferring of all information on
a single file and permit the observation of the entire object surface by rotating the models [9].

The documentation step of the conservation processes often includes ultraviolet fluorescence
and infrared photography that can supply additional information about the restored artifact [15].
UVF photography allows for the recording of images containing information on both constitutive
and restoration materials that usually have different responses under UV radiation. The information
gathered from these data is highly relevant in restoration because it gives the conservators knowledge
of the original and restoration materials and so it supplies a valid aid for the cleaning operations
generally aimed at removing superimposed or dirty layers [9]. The phenomenon is linked especially
to organic materials, but also to inorganics; moreover, the intensity of fluorescence generally grows
with ageing, so recent materials have less fluorescence, presenting as darker if compared to similar
ancient materials [9,16,17].

In the case of three-dimensional artworks, the traditional acquisition of UVF frames could
represent a limit linked to the difficulty of showing, in a single 2D photogram, the details distributed in
several focal planes. This drawback can be fixed using 3D photogrammetry and UV rendering starting
from UVF images acquired with a traditional camera and processed with the Agisoft PhotoScan®
software (Agisoft LLC, St. Petersburg, Russia) [18-20]. IR photography is also commonly used
in the documentation phase of the restoration process, especially for paintings, in order to detect
underdrawings, pentimenti, hidden signatures, etc. [21-23]. On the other hand, this technique, to our
knowledge, was never applied to sculptures in order to obtain 3D models under infrared radiation.

For this reason, we tested the applied UVF and IR photography on a sculpture, in particular a
wooden polychromatic bust representing Saint Rodonio (Figure 1), by using digital photogrammetry,
a low-cost method that allows users to obtain 3D models of cultural heritage objects starting from still
images [24-33]. This method permits the possibility of reaching millimeter-level accuracy through
proper and well-known procedures [18,34-36]. The investigated bust, dated back to 17th century,
is a reliquary, and may be connected to the cult of relics, i.e., the traditional practice of venerating
the remains of the saint body, but also objects related to the life of the saint, which are considered as
operative instruments of the Holy Spirit [37]. The reliquaries, therefore, represented the containers
used to store, preserve and display the relics. They could have different shapes and be made of various
materials such as metal, wood, paper-maché, etc.

Reliquaries could be simple boxes characterized only by symbols or iconographic elements or
objects with anthropomorphic appearances with clear references to the veneration of cult of relics,
thus allowing an explicit connection to the saint or the martyr [38]. A clear example of this latter
kind of reliquary is the bust of Saint Rodonio, a saint particularly venerated by the Orthodox Church,
and the object of the present paper. The bust has been exposed in the Museum Colle del Duomo in
Viterbo (Italy) since 2000 and is presently under restoration in the Laboratories of the University of
Tuscia [38]. The bust, made of painted wood, has on its chest a small case closed by glass to collect the
relic, now missing. There are clear signs of a faux silver porporina finishing applied on the surface in a
past undocumented restoration, probably made of aluminum-based powder [38].
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Figure 1. Visible images of the Saint Rodonio reliquary bust (52 x 37.5 x 23 cm; weight 6.6 kg).
The front, back, left, and right sides are shown.

2. Materials and Methods

The acquisition of ultraviolet fluorescence frames was performed using a Nikon D5300 digital
SLR camera equipped with an 18/55 mm multifocal lens setting the following parameters: f/4.8,
exposure time 2 s, ISO-100 sensitivity, focal distance 38 mm. UV irradiation was provided by Philips
PHLTUV36 fluorescent tubes positioned at 45° to the subject. On the camera optics, Kodak Wratten 2B
filters (light yellow) and 85B (amber filter) were mounted in order to eliminate the reflections of the
UV and to attenuate the dominant blue typical of ultraviolet shots. The camera and tubes are fixed
during acquisition, and the object is rotated.

IR photography was performed using a modified low-cost digital camera Samsung Model
NX3300 supplied by Madatec (Ml-Italy). The camera was equipped with a zoom lens Pentax-A
50 mm at a maximum aperture of 2. IR photographs were gathered under the following conditions:
Exposure time 1/8 s, ISO200, digital focal lens 35 mm. In front of the camera lens, a filter was
placed, cutting IR radiation at 950 nm. The three-dimensional UV and IR models were obtained
using Agisoft PhotoScan® software. Agisoft Photoscan® is a user-friendly software package providing
a comprehensive Structure from Motion approach which integrates digital photogrammetry and
the computer vision facilities with the ability to process unsorted photographs into photorealistic,
geometrically-accurate, and georeferenced 3D models [34,39].

The technique allows for the generation of the 3D structure through the use of an image set
acquired in a similar way to traditional photogrammetry, but with the advantage that the phases of
the internal and relative orientation of the frames are completely automatized. StM employs images
overlapping and captured from multiple points of view with the further ability to simultaneously
determine the internal geometry of the camera, its position, and orientation automatically. The high
degree of overlapping of the frames, useful to cover the entire geometry of the object, gives rise to
the name “structure derived from a motion sensor”. The software workflow, after the upload of
the photos, involves the use of the SIFT algorithm (Scale Invariant Feature Transform), developed
by Lowe in 2004 [40]. It is able, through the use of image descriptors, to calculate and detect the
positions throughout the image set of the homologous points (pixels) to sufficiently establish the
spatial relationships within a relative XYZ coordinate system. Thus it arranges the photos according to
the calculated parameters. Subsequently, the bundle adjustment algorithm controls and limits errors
during the transformation of the coordinates of the 3D points taken from a cloud of points which is
more or less dense depending on the number of detected key-points.
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The subsequent phase involves the generation of a dense cloud of points through the dense image
matching algorithms. These are divided into two types: Area-based matching (AMB) algorithms that
perform a statistical comparison of the intensity of grey tones detected on the images but which do not
provide for the extraction of the features; and feature-based matching (FBM) algorithms that first look
for common features and then extract them. The dense points cloud thus obtained is used to generate
a polygonal model (mesh) that can be texturized to return a photorealistic 3D digital model.

The last step is related to the sizing of the model. For this reason, at the moment of acquisition of
the images, a congruous number of targets whose spatial coordinates are known (in a local reference
system) have been inserted into the scene. The model can also be sized by introducing scale bars into
the scene to be photographed. Both systems contribute to the sizing of the model reaching within a
millimeter of precision. The acquired frames were saved in .Jpg format with a resolution of 24 MP,
sRGB 24-bit depth; each frame size was 5.80 MB. The images were processed on a workstation with the
following features: Intel (R) Core processor (TM) i7-4770 CPU @ 3.40 GHz; Ram 32 Gb; 64-bit system,
Windows 8.1%; GeForce GTX 970 4Gb video card.

3. Results

3.1. The 3D UVF Model

The 3D model with ultraviolet fluorescence rendering performed before restoration allows for the
localizing and characterizing of some materials and the general conservation status of the surfaces
based on specific fluorescence responses (see Figure 2 and the model available at the link: https:
/ /skfb.ly /6EMy7 on Sketchfab, a public platform to share 3D contents). From this platform, the model
can be remotely visualized and rotated in 3D, allowing observers to see the entire bust surface under UV
fluorescence. The model, observed and rotated in a pdf file generated directly by Agisoft PhotoScan®,
can be used by conservators with a local computer as a working file during the restoration activities.

Figure 2. Some of the UV fluorescence images used for obtaining the 3D model. The front, back, left,

and right sides are shown.

3.2. The Near IR Model

The 3D model with infrared rendering allows for the investigation of possible preparatory
drawings used by the artist as a guide to paint the sculpture surfaces. Some views of the IR model are
shown in Figure 3. Also, in this case, the model can be observed and rotated in a pdf file or accessed
from the Sketchfab platform (see https://skfb.ly/6GoVv). The most interesting and relevant results
from the IR images are displayed in Figure 4, showing details of the hair, nose, and beard.
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Figure 3. Some of the IR images used for the construction of the 3D model. The front, back, left, and
right sides are shown.

Figure 4. Details of St. Rodonio face (hair in the front, eyes, and beard on the chin) from IR images.
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4. Discussion

One of the main pieces of evidence revealed using 3D ultraviolet fluorescence can be seen in
the numerous and widespread light blue areas that, if compared with the visible images, are located
in correspondence with surface abrasions concentrated mainly on the hair, face, and neck of Saint
Rodonio. These abrasions were probably caused by an aggressive past intervention (not documented)
performed to remove the porporina layer that hid the original painting. In correspondence with the
abrasions, the ground layer emerges from the painting layer, and it can be hypothesized that the
light blue fluorescence is associated with the glue-binder mixed with gypsum, a traditional mixture
used for preparing the wood surface before applying pigments [41,42]. A pale yellow fluorescence
is clearly visible on the flesh areas probably due to the painting binder [43,44]. In some areas of the
collar and of the base, a light orange fluorescence is observed which can be associated to a natural
resin such as shellac, widely used in surface treatment of wooden sculptures [9,45—49]. An intense
orange fluorescence is concentrated in four points of the front and back sides of the Saint Rodonio
bust. This response is due to the wax used for sealing up the relic in the hollow of the bust. Lastly,
the presence of a bright purple fluorescence in the drapery, visible only on the left side of the chest,
identifies a probable red organic dye [50]. It can be suggested by the conservators that a thin film of
lake was applied on the entire surface of the garment and that it was partially lost over time.

IR reflectrography images show details of the painting construction such as the lines for obtaining
the eyes and mouth contour and the drawings for the beard and hair, this last detail being visible on
the forehead (Figure 4). The most relevant information concerns the eyes and nose drawings where
the IR technique reveals the details of the original appearance which is no longer visible due to the
abrasion of the final painting surface. Other details highlighted by IR images include the brush strokes
of the Saint’s garment, applied both vertically and horizontally, and particularly visible in the left view
of the 3D model (Figure 3).

5. Conclusions

In the present paper, a new approach for documenting 3D sculptures during restoration activities
was proposed and applied on the 17th-century reliquary bust of Saint Rodonio. To our knowledge, no
other papers reported the use of digital photogrammetry for the creation of 3D models of polychromatic
sculptures using ultraviolet fluorescence and infrared reflectography, making it possible to see the
models on a public platform such as Sketchfab. The creation of the 3D model with the ultraviolet
fluorescence and infrared reflectography of the St. Rodonio reliquary bust allowed us to respectively
obtain a detailed mapping of the original materials and of the subsequent layers applied in a recent
intervention, particularly visible on the head and on the chest of the saint, and the drawing used as a
guide for the painting of the bust surface.

In particular, thanks to the UV model, it was possible to map all the widespread micro and macro
lacunae caused by the aggressive operations for removing the faux layer of purple-like material which
was carried out in the past to restore the original painting. The knowledge of the surface conservation
status is highly relevant for restoration work because it allows conservators to address the proper
cleaning operations and also to plan the entire restoration process. Furthermore, it is fundamentals
to understanding the conservation history of the artifact. Infrared reflectography images highlighted
details of the painting construction, visible especially in the Saint’s face (eyes and mouth), and the
brush strokes on the garment. This technique confirmed the presence of abraded areas, especially on
the face of the Saint, where IR allowed for better observation of the eyes contour and lines defining the
nose and the mouth.

In conclusion, the ultraviolet fluorescence and IR 3D models of the Saint Rodonio bust were
particularly useful as documentation tools for the conservation status and for the painting construction.
They allowed us to perfectly map the original and restoration materials and to detect the hidden
drawings using single dynamic 3D files following a totally non-invasive, cost-effective and rapid
imaging approach.
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