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1 Consortium 
Partner Contact Person Country 

NEXT Ingegneria dei Sistemi S.p.A. Antonio Casoria Italy 

CITERA - Interdepartmental research Center for Building, Environment 
and Restoration of “Sapienza” University of Rome  

Prof. Franco Gugliermetti Italy 

TIM S.p.A. Marco Mancini Italy 

ENEA - Italian National Agency for New Technologies, Energy and 
Sustainable Economic Development 

Antonio Palucci Italy 

DIAG - Department of Computer, Control and Management 
Engineering of “Sapienza” University of Rome 

Prof. Francesco Delli 
Priscoli 

Italy 

Archaeological Park “Ostia Antica” Alberto Tulli Italy 

Archaeological Park “Colosseum” Stefano Borghini Italy 

Table 1: Vadus consortium  

1.1 Service development process 
In parallel of the design and implementation of the IT system architecture and of the VR/AR software 
application, the consortium shall develop a parallel development chain capable to acquire row data from the 
site and from other sources, e.g. books, sectorial studies, personal knowledge, and store it in a shared data 
lake and to transform the information in digital information layers that will be added to the 3D models, 
created in parallel. 

This activity encompasses tasks to be performed both on-site with the support specific tools and in office for 
the acquisition, digitalization and further elaboration of analogic data to create the information layers. 

For the on-site acquisition campaign, TECHNICAL PROPOSAL will make use for tools already developed by 
project partners in various research project and used and demonstrated in further projects: in particular 
ENEA will share three laser scanners developed in the frame of previous project and used in various projects 
related to conservation and fruition of cultural assets. NEXT developed an infrastructure capable to create 
3D models through the use of photogrammetry in the frame of the RECIPE project and tested also in POAO, 
while CITERA has produced VR applications for PARC and for the X Municipality of Rome. 

Table 2 provides the starting and final TRL for the propose tools 

Application/System Present TRL  Target TRL 

Photogrammetric 3D model reconstruction 5 6 

RGB-ITR 3D scanner 7 7 

IR-ITR 3D scanner 7 7 

LIF Radar 7 7 

Table 2: Tools at support of the service development 

Range based and image-based approach will be used to create 3D models and information layers to support 
VR/AR, as a function of stakeholder’s requirements and sites’ accessibility. 

From a general point of view, the image-based approach will be used to developed 3D model of the 
considered archaeological/historical, or part of them (chunk) when both the architectural/volumetric are the 
more relevant for the stakeholders, and a surroundings representation is required for a correct 
contextualization in the site space. Range-based approach will be reserved to develop 3D reconstruction of 
complex spaces, or chunks of them, when  both painted surfaces, mosaic, complex architectural elements 



   

 

VADUS 
Virtual Access and Digitalization for Unreachable 

Sites 

 
 

Version: 

 
 
1.0 

Date:  11/03/2021 

Pages: 12 

 

 

   

   

 
   

Status: Final  4/12 
 

 

are present, and a material characterization is required: a RGB-ITR laser will be used to produce colorimetric 
reliable 3D, while an IR-ITR and LIF scanning system to create  information layers.     

A fusion among chunks produced by the two aforementioned approaches can be required to create  a high 
accuracy 3D that can be exported in the post processing and implementation software to develop  a VR/AR’s 
that cope with users’ needs and requirements, as well as data to support  information layers.   

 Range-Based approach 

Range-based approach based the laser techniques ITR (RGB and IR) and a LIF can provide a rapid evaluation 
of structural, colorimetric and compositional point of view, and a high-resolution 3D reconstruction even of 
large artworks. Laser techniques allows performing measurements on remote target at large distance with 
minimum invasiveness, without ambient light affecting the results. The RGB-ITR 3D colour image acquisition, 
the IR-ITR sublayers investigation and LIF scanner for the chemical characterization of the surface can work 
individually or in a complementary way to obtain additional information, not easily available with the 
photogrammetric approach, that may relate to the nature of the materials used and the state of health of 
the work. In this way the visit (be it a tourist or a real investigation) is extended with respect to one carried 

out under standard conditions. To this respect, the infrared image, having a penetration capability, allows 
to identify possible retouchings/corrections of the artist in the realization of the painting, not observable 
at naked eye. 

These potentials can help create a historical and artistic narrative, also from the point of view of conservation 
and restoration of the artwork. The methods of use of the laser techniques and interaction between them 
can be different: 

• RGB-ITR 3D colour reconstruction of an environment with LIF images on architectural and/or artistic 
details of the environment itself; 

• RGB-ITR 3D colour reconstruction of environments and separately of objects that are supposed to be 
found in those environments, but now preserved elsewhere. Chemical characterization of objects by 
LIF. Virtual insertion of the object inside the environment; 

• IR-ITR scanning to retrieve retouchings/corrections of the artist in the painting realization process;  
• creation of a virtual museum for the display of reproduced and chemically characterized works 

(paintings). 

1.1.1.1 The RGB-ITR scanner system  

The RGB-ITR system is a mature technology widely applied in the Cultural Heritage area for the 3D digitization 
of rare or hardly accessible pieces of art, useful for cataloguing, education, dissemination, remote diagnosis 
and restoration purposes. Differently from commercial 3D scanners, the ENEA prototype can simultaneously 
record colour and structure (3D) information for any investigated sampled surface point in a working range 
of about 3-30 meters, without being influenced by ambient illumination. 

The RGB-ITR scanning time is strongly dependent by the chosen point-to-point resolution, by the sampling 
time which also affects the data accuracy and by the dimension of the surface to digitalize. 

Usually a high-resolution acquisition, about 340MPixel, for digitalizing a 3x10 squared meters at a distance 
of 10 meters needs of 20 hours to be completed. It is important to highlight that no further acquisition, for 
example by digital cameras, are needed: the RGB-ITR scanner is able to collect both structure and colour 
information by the combination of three laser sources and the collected data are not affected by external 
factors, like ambient light. 

Moreover, thanks to the features described above, the post-processing time to release a complete 3D 
textured mesh of the scene is reduced to just few hours: some details related activities and execution time 
to obtain the final result for Triumph of Divine Providence (Allegory of Divine Providence and Barberini 
Power) by Pietro da Cortona, a fresco filling the large ceiling of the grand salon of the Palazzo Barberini in 



   

 

VADUS 
Virtual Access and Digitalization for Unreachable 

Sites 

 
 

Version: 

 
 
1.0 

Date:  11/03/2021 

Pages: 12 

 

 

   

   

 
   

Status: Final  5/12 
 

 

Rome and the second largest ceiling painting in Rome 14 x 24 m in total 530 m2 at 18 m height, are hereafter 
provided: 

• The entire digitalization of the artwork was performed in 120 hours full-time, without the interdiction 
of the area to visitors as well as the use of scaffold support.  

• More than 140 Gbytes of collected data have been processed and released in the form of texturized 
mesh with the colours gained from the three laser beams installed on the scanner.  

• Data post-processing can be summarized in 16 hours of total work, excluding preliminary 
development of an ad-hoc algorithms to improve the visual rendering of the model and the final 
extraction of information useful for monitoring the vault itself. 

 
   Figure 1: RGB-ITR installed inside the Barberini Palace (Rome) and the 3D model of the monumental fresco called Triumph of 

Divine Providence by Pietro da Cortona site. 

1.1.1.2   The IR-ITR scanner system 

The infrared laser scanner (IR-ITR) is based on the same technology of the 
RGB-ITR, but it implements a different wavelength at 1550 nm: this 
wavelength can penetrate for few microns the accessible part of the 
surface, revealing hidden drawings or variations of the author. This kind of 
laser scanner is able to collect a scene with the same high resolutions and 
speed of the RGB-ITR scanner. Moreover, the IR image can be overlapped 
on the 3D models, so to show a complete overview of the artworks. 

                                                                                                                                                                            Figure 2: The infrared laser scanner 

Figure 3 proposes a comparison between a what can be seen from a photo obtained by a digital camera, on 
the left, with the resulting image obtained using a IR-ITR tool, on the right: it is easy to see a face not visible 
on the digital photo. 

  
   Figure 3: Digital photo and image obtained by the infrared laser scanner 
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 The LIF scanner system  

The use of specific laser-based techniques as diagnostic tools can be particularly advantageous in the field of 
Cultural Heritage. The possibility to have very quickly information on the state of health of artworks, useful 
for the optimization of conservation and restoration actions, in addition to the non-destructive and non-
invasive characteristics, can be, in fact, offered by the employment of these techniques. Several prototypes 
based on laser techniques have been developed at ENEA and applied to analyse different kinds of artworks 
from different points of view, as structural modification, or chemical degradation. The characterization of 
the surface composition of artworks can be of particular importance for the determination of the 
preservation status and also to gain information on past and not well documented restoration steps. To this 
aim, the LIF technique has found widespread application in the cultural heritage field.  LIF technique is a 
molecular spectroscopy based on the interaction of the ultraviolet radiation emitted by a laser with matter 
and allows us to obtain chemical information on the surface composition of the exposed target. It has been 
already applied as a diagnostic tool for artworks with successful results thanks to its unique properties to be 
a non-destructive and non-invasive technique, remote, meaning able to work at several meters of distance 
from the target up to 20 meters, with no sampling requirements, based on transportable or portable 
instruments that can provide first results in real time. The differences in the fluorescence emissions revealed 
by the LIF scanner are ascribable to both different chemical compositions and chemical modification 
processes. The LIF scanning systems permit, starting from the whole fluorescence spectra recorded in the 
range 270-800 nm, to obtain maps, by the generation of multispectral images, of the investigated artistic 
surface, whether statue or fresco or paintings, suitable to the identification and the localization of the 
materials of interest. Thanks to the comparison with data 
base built over the time in the Laboratory, the LIF systems 
outputs enable the identification and the discrimination of 
different materials as well as the detection of deterioration 
processes and past restoration actions. As can observed in 
Figure 4, the fluorescent image processing obtained with the 
376 nm filter, shown at the top right, allowed to discriminate 
some inserts of different marbles (bottom left), in the hilt of 
the sword and in the foot, as well as to locate the presence of 
stabilizers. (bottom right).  

Figure 4: LIF systems working at Palazzo Altemps  

LIF images highlight different classes of materials that successively can be overlapped with 3D colorimetric 
results coming from the RGB-ITR in order to easily localize original substrate, degradation forms, retouches.  

Figure 5 provides two typical examples of 3D hyperspectral maps; on the left, LIF information, represented 
by false colours, are spatially referred to the RGB-ITR 3D model for localizing different materials on the 
papier-mâché; on the right, LIF maps and 3D model are used together for monitoring the evolution in time 
of the biological attack (red, green and blue contours represent previous shapes of the same mold visible in 
the image) 

The flexibility of the ENEA laser scanning systems to be adapted to different environmental, background 
illumination, materials, bio-attacks, readiness to operate in remote sensing without any contact with the 
cultural heritages, as well as the fast response, are sum up in Table 3. Please note in the table the technology 
maturity reached by such sensors. 
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Figure 5: Examples of the use of ENEA lase tools 

  Imaged-Based approach 

The image-based approach will be developed by photogrammetric software, based on Structure from Motion 
techniques, that require large photographic databases populated through on-site campaigns. The 
photogrammetry is considerably cheaper and faster than the range-based approach, as it requires simple 
and cheap instruments  that could be used also by unskilled personnel to which few instructions have been 
given; on the contrary, a long calculation time is required  to produce reliable high/medium resolution 3D 
model and a colour calibration must be taken into  account. 

As the quality of the model produced by photogrammetric techniques is closely linked to the quality of the 
photographic database used, high-level cameras will be used in order to obtain results as accurate as 
possible. 

The photogrammetric software Metashape Agisoft and a “chunk approach” will be used. Metashape has the 
advantage of working with multispectral photos, of a rapid execution speed, as well as of producing an output 
in which the mesh size is not limited by the computer's RAM. 

The “chunk approach” consists in dividing the building/environment into chunks for each of which a 3D 
reconstruction is carried out independently, while the full wide area 3D model is obtained by a fusion 
operation among the available 3Ds of the chunk.  The advantages of this procedure are that both the chunk 
models can also come from third parties or from the RGB-ITR/IR-ITR techniques used in the project, and the 
reconstruction process management is greatly facilitated, also if  the men effort and calculation time increase 
for the operation of merging and fusion of the  3D model chunk.  

The photogrammetric process after the camera calibration, the acquisition of the photos and their 
colorimetric calibration, will involve for each of the identified chunks the operations of aligning the photos, 
of generating the dense point cloud and the meshes, of scaling and texture generation, in order to produce 
an high/medium  chunk wide area 3D models that will be fused together in a full model. Scaling and colour 
calibration will be carried out using in situ telemetric and colorimetric measurements, with the additional 
support of coded targets and colour reference cards.  

The quality perceived for the wide area 3D full model will be evaluated by parameters/indicators such as the 
Structural similarity index, the Perception based Image Quality Evaluator, the Signal to Noise ratio), the 
Mean-squared error and the Peak signal-to-noise ratio.  

As the full wide area 3D model will be characterize  by several hundreds of millions of meshes with 8K textures 
that can even be of several tens and files about 150/200 Gb, a post-processing will be required  to adapt it to 
the needs of the final applications (VR / AR, HBIM, FEM, vectorial Cad, etc.). 
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A comparison between the performances of the range-approach and of the image-approach is reported in 
Table 3. 

Performance 
Characteristics 

LIF ITR Photogrammetry 

Targets walls, sculptures, statures, 
frescos, paintings, etc. 

Medium/large indoor surfaces, 
sculptures, statues, paintings 

From small to large buildings, 
surfaces and objects 

Materials Intonaco, tempera, marbles, 
stones, biological patinas, 
natural and synthetic polymers, 
ancient and modern restoration 
materials 

All cooperative surfaces, unless 
mirrors, metals and semi-
refractive and refractive materials 

All cooperative surfaces, 
unless high reflective materials 

Spatial 
housing 
conditions 

Minimum operation distance: 
1,5 m. Maximum operation 
distance: 15 m. Full accessibility 
to the artworks on the 360°  

Minimum operation distance: 5 
m. maximum operation distance: 
30 m. Full accessibility to the 
artworks on the 360°  

For close-range application: 
from 1 m up to 30-40 m 
 

Illumination 
housing 
conditions 

Independent from ambient 
illumination  

Independent from ambient 
illumination  

Dependent on ambient 
illumination 

Acquisition 
times 

20 min/100m2 20 h/30m2 2-3 h for a not very complex 
cubic reference chunk (plan 
surface 7x7 m and 4 m high) 

Spatial 
resolution 

From 0.5 cm to 1 cm, depending 
on acquisition conditions 

0.2 mm (working at 10 m distance) Minimum about 1 mm/m 

Post-
processing 
times 

First raw results in real time. 
Final results depending on the 
characteristics of the studied 
surface (from 1 day to 2 weeks)  

First raw results in real time. Final 
results depending on the 
characteristics of the studied 
surface (from 1 day to 2 weeks)  

No raw results in real time. 
Final results depending on the 
characteristics of the 
considered spaces (3-4 days for 
a cubic reference chunk and 3-
4 days of man work)  

Expected 
results 

Mapping of different surface 
materials 

Very high-resolution 3D colour 
calibrated models 

High/medium resolution full 
wide area 3D model 

Delivered data  
(not ready for 
gamification) 

ascii files, image files (jpg, png, 
etc.) 

points cloud, 3D textured mesh 
(common file format: ply, obj, 
etc.) 

points cloud, 3D textured mesh 
(common file format: ply, obj, 
etc.) 

Table 3: Performances of the two laser scanning sensors and of photogrammetry  

 VR/AR implementation 

The creation of a high accuracy 3D for VR/AR  will require a decimation and a  further cleaning process on 
the meshes, as well as a simplification of the textures of the full wide area 3D model; besides, the creation 
of   information layers and modelling of the external elements will be considered.  

The post-processing will use the following software: 

• Photoshop to create texture maps and graphical information 

• Meshlab to clean and decimate the texture, 

• Unreal Engine and/or Unity to create the virtual environment, 

• Blender to model 3D external objects (not photogrammetric), 

• Substance to create external texture (not photogrammetric), 
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The implementation of VR/AR will require the interaction among various professional figures 
(photogrammetry expert, game design, archaeologists, enhancement professionals). The requirements 
expressed by the stakeholders will be decline on the specific application by creating information layers, which 
will cover different topics, from the positioning on GIS maps, to the characteristics of conservation for the 
materials, without neglecting historical a touristic information. 

The produced file for VR/AC will are of the type requested by the specific applications; their dimension will 
be linked to the dimension and complexity of the considered cultural evidence, to the required resolution 
and the quantity /quality of the informative layer, to the use of  texture compression, to the type of the users’ 
devices. For  example, for VR headset devices  and a medium sized cultural evidence (about 400-500 square 
meter in plan) with few textual  information layers an “.apk” file of about 2-5 GB is expected, while in high 
resolution, without compression, an “.exe” file could reach 10-20 GB.  

For AR fruition, on the other hand, the possible and exclusive use of mobile phones and tablets, will require 
a significant reduction in the quantity/quality of the informative layer and in the quality of the used models, 
that can also have few thousand polygons and 2K texture, as the computing power of these devices can not 
only be extremely heterogeneous , but often they operate in no-optimal situations with many programs in 
background and with different versions of operating systems, sometimes not updated. 

In order to bring the experience of VR/AR with that of real life as close as possible, the interaction with users 
will be based on the recognition of gestures, i.e. head, eyes, hand or pointer motion tracking, and/or on the 
interpretation of voice commands, that could be customized for impaired people. Particular attention will 
therefore be paid to the initial learning interface on the use of the system. 

The  information layers that will be implemented in the VR / AR will be textual, graphic and multimedia and 
have contents whose nature will depend on the users’ characteristics, used devices, needs expressed by the 
stakeholders. They will be organized on the basis of the contents (touristic, historical, etc.) and directly 
accessible from VR /AR through a GUI and in order to provide the “basic service. Instead, the core of the 
“specialist services” will be based on the data coming from LIF and ITR (RGB and IR) that will be 
integrated/aggregated in different ways and along different documentation path, depending on the expected 
information, and returned in the form of information layers containing images in false colours and/or alpha 
numerical data. 

 

Figure 6: Schematic flow chart of the processes required to implement the LIF and ITR  information Layers    

Figure 6 reports a schematic and simplified flow of the actions planned for the implementation of ITR and IF 
information layers. Through a suitable GUI activated by virtual sensitive buttons/targets placed inside the 
VR/AR it will be possible to extract a predefined local chunk from one of the available 3D models used along 
the construction process of the virtual environments: the choice of the source model (high resolution RGB-
ITR, wide area or high-accuracy 3D accuracy) will depend on the desired resolution, that is in turn conditioned 
by the wished information  and by the type of the used devices. The extracted chunk will be visible to the 
user who will be able to activate search paths referred to pre-established zones identified by virtual clickable 
buttons managed by a dedicated GUI; this action will make visible the false-colour layers obtained by LIF 
and/or IR-ITR which in turn can lead, by the same methodology of virtual clickable buttons, to other punctual 
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and/or area information. For example, layers can contain LIF images that show in false colours constituent 
materials as well as biodegradation evidences or previous restoration actions even if not visible at necked 
eye while for the IR-ITR we can have a grey level of image that reveal hidden drawings or author modifications 
during painting or finalization of artwork. 

Figure 7 shows a simplified flow chart of the planned processes, with their possible output (different types 
of 3Ds, HBIM, 360° virtual tools, FEM, 3D printing); only the VR/AR output will be implemented during the 
two-year duration of the project, while the others will constitute possible business opportunities later on the 
basis of the needs that the stakeholders will demonstrate towards them during the development of the 
expected pilots. 

 
Figure 7: Flow chart of the processes required for the VR/AR implementation 

The use of FEM structural analysis models would require both the conversion of the meshes, which are flat 
by nature, into volume elements by means of retopology techniques, and the knowledge of the physical 
characteristics of the materials for each volume element; while their use in simulations of the acoustic, 
lighting and thermo-fluid dynamics environment would require for each flat mesh the knowledge of the 
physical behaviour (respect to acoustic and visible light waves) of the  superficial materials. In all these 
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applications, however, an appropriate decimation of the 3D model mesh would be necessary, as the 
complexity of the numerical simulation increases exponentially with their number. 
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