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Abstract: The evolution towards the digitalisation of the society has been materialised in the field of
the architecture through the use of digital twins of singular elements of architectural heritage to
guarantee its preservation, protection and value enhancement using incipient technologies such as
databases, metaverses, Virtual Reality (VR), Augmented Reality (AR), Mixed Reality (MR)... These
metaverses offer immersive use experiences that allow us to interact with the virtual world from the
real world, breaking up with the traditional conception of time and space.

The use of existent digital twins, the process of these models and its integration in the metaverse
establish an advanced workflow able to generate interactive experiences, Augmented Reality (AR)
and Virtual Reality (VR).

The present contribution shows the digital resources obtained by the application of a novel workflow
in the Vaquero’s Hermitage, in Caceres, in order to update the existing systems of diffusion and
divulgation of the Heritage.

Keywords: metaverse, heritage, survey, digital twins.

1. Introduction

Over the last years, the way to understand the reality in our society has changed. The ease
of a large part of the population to access to different digital tools and the effect that
COVID19 has produced in the digitalisation of a multitude of daily activities [1, 2] have
changed the way to interact with the rest of the people and our heritage [3-5]. Thus, the ideas
of metaverse and digital twins start to become relevant in this 2.0 society. With this change
of mentality, the necessity to generate different databases has born in order to contribute to
the protection and dissemination of the generated 3D models [6, 7].

These new digital worlds become particularly important when we apply them in the field of
cultural and architectural heritage [8] and they are made tangible by new technologies with
which, from digital twins, we create documentation that can be integrate in BIM models
(Building information modelling) and HBIM (Historic Building Information Modelling) Al
(Artificial Intelligence), and Augmented Reality (AR), Virtual Reality (VR) and Mixed
Reality (XR) [9, 10].

In this way, an accurate documentation of our heritage will guarantee its efficient
management and preservation, evolving from the traditional documentation methods [11] to
the new databases which are much more dynamic.

Therefore, the main objective of this communication is to show some partial results obtained
by the application of a novel workflow that update of the dissemination techniques of the
heritage[12]. We start from digital twins of architectural elements of cultural heritage
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previously generated by photogrammetry [13] o TLS (Terrestrial Laser Scanner)[14, 15] for
its inclusion in different metaverses according to requirements establish beforehand. In this
case, the generated models can be used anywhere in the world, in a free way, through
different visualisation techniques that include AR (augmented reality), VR(virtual reality) y
MX(mixed reality).

In order to show the proposed workflow, we can see the results obtained from its application
in the Vaquero’s Hermitage, located in the World Heritage City of Caceres. It is a 17th
century building attached to the Almohad wall of the city that is part of the oral and written
tradition of Céceres (figure 1).

h

Figure 1. Photographs of the Vaquero’s Hermitage in Caceres..

In the case study, we are based on a 3D model obtained through a photogrammetry survey
[16] with drone[17]. From the digital twin, we carry out a process of refining to get an
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exportable file which requirements are based on the generation of Augmented Reality (AR)
and Virtual Reality (VR). The final aim of all this new documentation will be the search of
the universal accessibility [9, 18, 19].

2. Background and Related Works

There are various methodologies that allow us to carry out the digitalization of the heritage
from an experienced and solid knowledge base. For this reason, it is necessary to recognise
certain works and authors which are models of this type of research due to its career path
and its scientific contribution. It becomes important to highlight digital musealisations such
us those developed in Granada: “The digital documentation of Alhambra a research project
for the implementation of the museum complex”[1] o “El palacio del Generalife del
levantamiento digital al proyecto de gestion. Cuaderno de trabajo para la documentacion
arquitectonica”[20].

Many museums have opted for the digitalization of its collections to place their exhibitions
and contents available at the users disposal, to name some of them: the Brithish museum,
the Prado museum, the Louvre museum, the Reina Sofia museum or the National Gallery of
Berlin as we can see in figure 2.

© )

Figure 2. (a) WebVR with headset tracking of the collection “Monet/Boudin” from the International Museum
Thyssen-Bornemisza; (b) Virtual visit: “Pasiones Mitoldgicas” of the Prado Museum; (c) Virtual tour of the
Sistine Chapel (d) Virtual visit: “Llegados de lejos. Materiales y objetos itinerantes” of the Louvre Museum.

The touristic experience has changed along the advance of the society, and it is no longer
limited to the contemplation of art and heritage. The use of new technologies makes possible
the generation of more dynamic experiences of interaction between the tourist and the
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heritage in a way that contributes to achieve the dissemination and the universal accessibility
in it.

In terms of the digitalization applied to the field of the heritage and architecture, there are
numerous research works that develop methodologies with objectives such as the generation
of digital twins through technologies like Terrestrial Laser Scanner (TLS) or
photogrammetry with Unmanned Aerial Vehicles (UAV).

This is the case of the Golfines Palace in Caceres (Spain) or the roman house of the Arabian
Alcazaba of Mérida (Spain) in which the virtualisation and generation of 3D models of the
heritage has been carried out through photogrammetry with drone (figure 3).

(@) ()

Figure 3. (a)Digital twin of the Golfines Palace; (b and c) Interactive experience in the roman house of the
Alcazaba of Mérida.

From these digital twins we can obtain results for different purposes. On the one hand, we
can stand out those which are run to the physical and material protection of the heritage. In
this case, the digital twin allows us to monitor and to manage the heritage and even to carry
out conservation, consolidation and maintenance interventions. On the other hand, we can
employ the generated models in order to make any type of proposals, especially those aimed
to reach accessibility, contributing to the improvement of the tourism quality. Finally, we
are also able to generate immersive experiences based on the creation of Augmented Reality
(AR) and Virtual Reality (VR) as is shown in the development of the proposed workflow.

3. Materials and methods

The proposed workflow is divided into 3 phases that start from digital twins previously generated
by photogrammetry for the dissemination of the heritage through the use of metaverses as we
can see in figure 4.
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WORKFLOW

From previously generated digital twins to the metaverse

DIGITAL TWINS

3D MODELS
REFINING

METAVERSE

HERITAGE (8
DISSEMINATION

Figure 4. Workflow based on uploading digital twins into the metaverse.

3.1. Previous digital twins

To begin with the proposed workflow, we start with the digital twin of the Vaquero’s Hermitage
previously generated through photogrammetry with unmanned aerial vehicles (UAV).

As it has been indicated previously, the main objective of this work is not to obtain digital twins
or the application of different techniques such as the processes (figure 4) based on the technology
Structure from Motion (SfM)[21-23] or the process with Terrestrial Laser Scanner (TLS)[24,
25] integrated in a Historic Building Information Model (HBIM)[26-28]. However, it is
important to highlight that the digital model has been obtained by a low-cost, simple
operationally and non-invasive technology for the management of the Architectural Heritage. In
this way, it is clear that all the work done to produce digital content is based on the premise of
the protection of the heritage.

When we are working with digital twins of any singular building which forms part of our cultural
and architectural heritage, we get dense and complex point clouds from these surveys. Therefore,
the mesh generated is made up by thousands of triangles as we can see in figure 5. This convert
the digital twin into a large file that is difficult to share.
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(a) () (c)

Figure 5. Digital twin of the Vaquero’s Hermitage. (a) Disperse point cloud; (b) Triangle mesh; (c) 3D
textured model.

Specifically, the digital twin of the Vaquero’s Hermitage is composed of outer and interior
photogrammetry surveys, including the chapel, the sacristy and the niche. These surveys are
finally fuse to form a very large complex file that we cannot share.

3.2. Preparation and export the digital twin

The second part is based on the preparation and export of these twins in exportable files with
different exchange formats (*.obj, *.dae, *.blend, *.glb, *.gltf, *.stl, ...) (Table 1).

Table 1. Export formats in agisoft metashape according to the base file

Exportable files Available formats

Point cloud *.0bj, *.ply, *.txt, *.las, *.laz, *.e57, *.cl3,
* pts, *.dxf, *.u3d, *.pdf, *.pcd, *.zip, *.oc3

3D model *obj, *.3ds, *.wrl, *.dae, *.ply, *.x3d, *.stl,
*.abc, *.fox, *.dxf, *.osgb, *.glb, *.u3d, *.pdf,
*.kmz

Therefore, it is necessary to refine the model, close holes and smooth the mesh (figure 6) in order
to avoid visualisation, export and import issues in the different digital platforms used to transmit
the digital twin. In this case, all these operations have been carried out through the application
of different tools provided by the software Rhinoceros.

First of all, we close holes in those areas where the point cloud is not enough dense to form a
mesh. Then, if we want to get an exportable file it will be necessary to reduce the mesh, that it,
reduce the number of triangles, in order to get a simplified model that accomplishes the size limit
requirements established by the metaverse where we want to integrate our digital twin. We can
reduce the mesh by two ways: selecting the final number of triangles that our model will have
or, simply introducing a reduction percentage. Finally, we smooth the mesh to show a more
realistic view of the singular elements of the heritage. To carry out this step we only have to
select a soften level which result we want to obtain..

In addition, we can cut and section complex models to obtain different pieces which favour the
understanding of the 3D model.
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Figure 6. Steps to optimise the 3d model obtained by photogrammetry.

3.3. Integrate the digital twin into the metaverse.

The last step of this workflow is based on testing a specific metaverse that allows us to interact
with the real world from the virtual world.

Metaverses are revolutionary environments of relation human-to-human where barriers and
limits between the physical and the digital are removed. Thus, they become in the ideal medium
to carry out the digitisation of heritage.

Actually, there are a multitude of metaverses that offer a wide variety of possibilities in terms of
functions and results. While some of them simulate the real world as we know it, others limit
their activity to the commercial sector, the videogame sector and, even, the architectural sector.
There are HDR images viewers, virtual tours, platforms that allow us to experiment augmented
reality (AR), mixed reality (MR) and virtual reality (VR) and platforms that allow us to go one
step further into the metaverse through interactive experiences with the digital twin.

In this case, the metaverse selected for the dissemination of the Vaquero’s Hermitage is the
digital platform Sketchfab. It is a cloud-based working software where publishing digital twins
is free up to a certain number of files with certain exchange formats (Table 2).
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Table 2. Import formats in Sketchfab according to the base file

Importable files Available formats

3D file formats *.0bj,*.blend, *fbx, *gltf, *.glb, *.3dc, *.asc,
*.3ds, *.abc, *.dae, *.zae, *.igs, *.iges, *.las,
*.ply, *.stl, *.usd, *.usdz, *.usda, *.usdc

Compressed archive folders *.zip, *.rar, *.7z

By integrating the digital twin of the Vaquero’s Hermitage into this platform, anyone can access
to it free of charge via QR codes (figure 7) or links to webpages without the need to download
any software. However, there is also a mobile application in order to simplify the access and the
interaction between the user and the model.

-'v! i F-E #'""j- |' ._rh'"

o J:J.: Eea: Epe;

@ (b) (©) (@)

Figure 7. QR codes to access to the 3D models upload to Sketchfab. (a)Complete model; (b) altar; (c) niche;
(d) longitudinal section.

In terms of the immersive experience in the digital twin of the Vaquero’s Hermitage, we can talk
about 2 levels of interaction.

By one side, this metaverse generates interactive experiences at a basic level through the
possibility of handling the visualization options and handling the 3d model by any type of
electronic device such as smartphones, tablets or laptops.

Furthermore, by the configurations menu of the editor we can create annotations to accompany
the model as an explanation. These annotations appear in the model as a number marker and
they can contain text, images or links to another web pages. In the case study, we have 3
annotations corresponding to the main dome, the pendentive and the dome of the niche where
the comments appear together with photographsto ease its understanding (figure 8). By clicking
on the markers, the user can access to educative, formative or touristic information, contributing
to a cognitive improvement of the digital twin and, therefore, the studied heritage. This way, we
can add value to the tourism experience, which is one of the main economic activities in
countries like Spain.
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Capula principal

La nave de la ermita esta
presidida por un sorprendente
espacio renacentista encalado
en blanco y que en su parte
central esta presidido por una
imponente ctipula sobre
pechinas

Imagen Victor Gibello Bravo

Figure 8. Interactive experience in the Vaquero’s Hermitage through annotations.

Besides, Sketchfab also makes it possible the interaction with the Vaquero’s Hermitage through
Augmented Reality (AR) and Virtual Reality (VR) in a direct way.

By using virtual reality glasses connected to the generated model, we can see, explore and get
into the Vaquero’s Hermitage to know each part of it as if we were really there (Figure 9). By
this way, the proposed protocol become the future of the museum resources.

Figure 9. VR and AR experience in the Vaquero’s Hermitage.
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4. Conclusions

The unstoppable advance of society demands an advance in the heritage protection and
dissemination techniques. It involves, inevitably, its virtualisation. Due to this, the use and
the combination of novel technologies aimed at reaching these goals are essential for our
cultural and architectural heritage.

Thus, the importance of a correct processed and refined of the obtained models is expose.
Through the different techniques of 3D survey for we achieve the dissemination of the
heritage through the different existing metaverses.

The integration of the Vaquero’s Hermitage in a versatile metaverse that offers a multitude
of functions, among which we can highlight Augmented Reality (AR) and Virtual Reality
(VR), illustrates with examples the protocol for the diffusion and dissemination of the
architectural heritage and it also shows the functionality and the benefits that this type of
methodology offers according to the required advance of the society.
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