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Abstract. Heritage is under constant pressure to be adapted for tourist use and
is the economic lifeline of many cities. The aim of this research project is to
propose a sustainable, new and inclusive tourist response thanks to virtual mod-
els that offer a new tourist experience. The project, led by the UEX as a fore-
runner in the digitisation of heritage, has the collaboration of the Consorcio de
Meérida, which ensures access to the documentation and monuments for their
digitisation and 6D survey. The methodology will use non-invasive tools such
as GPR, UAVs and VR and AR technologies. The case study is the city of Mé-
rida, a World Heritage Site, where tourism is an economic engine and the tour-
ist use of monuments is very polarised, some with high impact, while others are
highly unknown, losing interest in society. The expected results are twofold: an
effective interdisciplinary working methodology for heritage management, and
the creation of new tourist attractions such as inclusive physical prototypes, vir-
tual tours of the most inaccessible places, new digital tourist routes and gamifi-
cation to attract new audiences.

Keywords: Virtual Twins, Heritage, HBIM Protocols, Digital Surveying, Pro-
totyping.

1. Introduction

We present the research project "Application of VR technologies and 6D surveys for
the implementation of universal accessibility in the archaeological heritage of Roman
public buildings", led by the University of Extremadura in collaboration with the
Consortium of Mérida. This project has a duration of three years, from June 2021 to
June 2024 (currently underway).

In the development of this project, virtual twins are being generated from the use
of non-invasive tools for the integral management of heritage, avoiding negative ef-
fects that may arise from its use. The aim of this system is, on the one hand, to miti-
gate the impact that tourism can have on monuments, and on the other, to provide an


https://orcid.org/0000-0002-9906-0227
https://orcid.org/0000-0003-2648-7024
https://orcid.org/0000-0003-2648-7024
https://orcid.org/0000-0002-8514-5924
mailto:adelarm@unex.es
mailto:jramossanchez@unex.es

alternative to the most inaccessible structures and architectural elements due to differ-
ent causes such as: conservation conditions, architectural barriers or their remoteness
from the main tourist sites and the main infrastructures leading to them.

In this project we have three clear objectives: the first is to create sustainable alter-
natives for the tourist management of heritage assets that sometimes suffer a strong
pressure of their most tangible values, and secondly, to increase the tourist offer of the
place by incorporating areas that are not currently accessible and/or visible to the
public and finally, to transmit and disseminate to society and administrations the im-
portance of the virtualisation of heritage and the advantages they offer us. Further-
more, the models generated as a tourist tool or resource will be carried out with a very
deep scientific criterion, which will also allow us to show lost spaces or spaces that
existed and have disappeared, but whose traces still mark our city today.

With this type of technology, we will achieve new experiences of cultural tourism,
managing the vast amount of information that is held on what is visited and what is
not, and what is seen and what is hidden, would be available to everyone. We are
talking about providing heritage with sustainable universal accessibility, regardless of
location, economic situation, or people's psychomotor abilities.

Tourism in this type of city would have a much more complex and innovative
component: it would be to engage them in experiences beyond the typical guided tour.
The understanding of ancient spaces (often difficult to visualise for the layman)
would be immediate and highly satisfying.

1.1  Funding

Extremadura is increasingly committed to research, which is why every year there is a
public call for applications for grants to carry out research projects in the Public
[+D+i Centres of the Autonomous Community of Extremadura oriented towards the
priority lines contemplated in the 6th Regional I+D+i Plan. This aid is 80% co-
financed by the European Regional Development Fund (FEDER) of Extremadura.

This research project is one of the 68 selected out of 182 projects presented in the
call for proposals, with a budget of 149,078.60 € for the three years of the project's
development. With this research we contribute, on the one hand, to the scientific-
technological leadership, as well as the internationalisation of the R&D of both insti-
tutions and their researchers, as there are currently no 6D GIS-BIM archaeological
settlements developed for VR access. On the other hand, it establishes a scientific-
technological specialisation in a very complete multidisciplinary team.



1.2 Research Team

The research team is made up of experts in the management and dissemination of
architectural and archaeological heritage. Thanks to the collaboration between the
Consortium and the University, very advanced technical profiles are contributed to
the project. The University of Extremadura provides architects with expertise in the
fields of Accessibility and Heritage, civil engineers with experience in surveying and
BIM technology and advanced technical support with a profile of physical engineer to
carry out certain technical tasks and data collection "in situ" that require this experi-
ence. On the other hand, the Consortium provides the more humanistic profiles, in
which archaeologists, restorers and historians provide the historical rigour of the her-
itage elements and the didactic content of the virtual models they are creating.

Organisational structure

For the effective management of the work, the team members are structured into 3
working committees.

Each committee is responsible for supervising and verifying the fulfilment of the
activities within the project work plan and the established objectives/results (Fig. 7).

These would be:

- Project management and monitoring committee

- Scientific-technical and work development committee

- Dissemination and communication committee

Fig 1. Organisation of the research team, distribution of responsibilities and tasks.



1.3 Background

This project is based on a series of previous works carried out both in Mérida and in
the city of Caceres, so this previous experience has contributed to the fact that some
of the works proposed in the research have already been tested and proven.

Along the same lines, we find work developed by some of the researchers who are
part of the project team. On the one hand, virtual models have been made of eight
large bridges in Extremadura.[1], in this way, these historical infrastructures have
been documented with a millimetre level of precision through the survey carried out
with the combination of terrestrial (TLS) and aerial (UAV) photogrammetry, thus
making it possible to document those points that are difficult to access, such as the
intrados of the arches of the bridges. The results obtained from this digitisation may
serve as support for future restoration interventions, studies and research on these
bridges. Another of the works where members of the research team have applied these
technological methods is in the section of the Caceres wall, between the Socorro arch
and the Cristo arch.[2-4]. The results obtained have been very satisfactory, as it has
been possible to detect original fragments of the wall, which had apparently disap-
peared because they had been swallowed up by the domestic constructions. This work
has brought to light, through digitisation, elements that are currently hidden.

In addition, the Polytechnic School of the University of Extremadura encourages
the transmission of this learning among students. Researchers who are part of the
project have tutored final degree projects where this knowledge is applied and at the
same time new avenues of research are being opened in this line, among the most
noteworthy works we can mention the assessment and proposal for accessibility in the
historic garden of Arguijuela de Arriba (Caceres, Spain)[5], physical prototyping of
digital twins applied to the Torre Bujaco [6], the survey work carried out in the Alca-
zaba of Merida in support of an accessibility proposal [7, 8].

The application of this method to archaeology was demonstrated in a final Master's
thesis carried out at the Columbarium site in Mérida [9, 10], This is an incentive to
start this research path in collaboration between the University of Extremadura and
the Consortium of Mérida.



1.4  Theoretical framework of the research

The approach of this research follows the principles of the International Heritage
Charters. First of all, special attention is paid to the digitisation of heritage as a meth-
od for high-precision documentation and recording, which has been necessary for the
management of the historical legacy we possess today since 1964, in the Venice Char-
ter.

The use of 3D technologies for digitisation and generation of virtual twins has be-
come widespread among professionals, due to the reduction in the cost of the tools,
the simplification of their use, and above all the optimum results obtained.

The growth of new technologies applied to heritage management has highlighted
the need to develop work methodologies and protocols that guarantee the scientific
rigour of the virtual twins generated. In 2006, recommendations were drawn up that
were reflected in the London Charter, which was subsequently developed in the Se-
ville Principles (2011). Interdisciplinarity, complementarity, authenticity, historical
rigour and training are the principles by which we should be governed in the genera-
tion of virtual reconstructions.

These are the criteria and principles on which we are based for the development of
this project, so that virtual reconstructions of heritage can guarantee authenticity and
historical accuracy.

Currently, the Italian school is working with this same methodology (being a pio-
neer in this sense), thus optimising the processes of management and constant updat-
ing of the information of the vast heritage that they possess [11-13].

2. Approach and Methodology

2.1  Hypothesis

The project is based on the premise that current tourism in many of the World Herit-
age cities has not been updated to the new possibilities that technology and resources
offer us today. As a result, the sustainability of the tourist use of major monuments is
being called into question and requires immediate action.

What is needed is sustainable, inclusive and up-to-date tourism that allows us to
see not only what can be visited today, but also the construction processes, the mon-
uments that have disappeared, the buildings that are impossible for many to visit due
to their great architectural barriers... this can be done thanks to digital surveys and the
use of 6D models that disseminate, explain and lay the foundations for new future
possibilities for the expansion of our most vulnerable and, at the same time, most
beloved heritage.



2.2 Objetives

This project aims to generate 6D models of heritage and use them to generate new
tourist experiences of monuments, including those that are inaccessible or very diffi-
cult to understand. These virtual twins will have a scientific-technical character,
which will contribute to providing tourism with an exhaustive global vision of a spe-
cific historical moment, of a monument that is currently incomplete or of an area that
is very difficult for everyone to access. This will bring the tourist experience offered
closer to the sustainable and inclusive tourism that this project seeks. The develop-
ment of the research is structured around the following objectives (Fig. 1).

Objective 01: To create a gradient of accessibility in the archaeological heritage of
public buildings from the Roman period in the city of Mérida, including, for the first
time, all buildings, buried buildings, areas closed to the public and those in danger of
ruin or destruction.

Objective 02: To develop a methodology for the creation and development of 6D
virtual models of archaeological settlements that are difficult or impossible to access
for their virtual reconstruction.

Objective 03: To transmit and disseminate heritage among the scientific communi-
ty and society through the virtualisation of heritage, using it as an accessible, effi-
cient, and sustainable tourism resource.

Fig. 2. Outline of objectives to be followed in the
development of the project.



2.3 Methodology

The work of the research project has been divided into three stages (Fig. 2) in order to
achieve the objectives set, each of the stages is composed of tasks that are assigned to

each of the members of the research team.

Fig 3. Stages and tasks for the development of the Project.

Definition of the working environment

Firstly, we designed a methodology of analysis that will serve as a tool not only for
Mérida, but for any city where we want to work in this same line of research.

Fig. 4. Procedure followed for the analysis of her-
itage tourism.

In order to analyse the par-
ticularities of each monument
with respect to the role it plays
in the city's tourist activity, it is
necessary to tackle the problem
at different scales, going back in
time to validate the data ob-
tained and to cri-bify the select-
ed elements. Thus, although the
system follows a clear order in
the scheme (Fig. 3), both the
general urban analysis, the spe-
cific analysis of the monuments,
and studies of the factors affect-
ing tourism will be carried out
in parallel over time.



Following the urban analysis carried out from the point of view of tourism, the Fo-
rum of the Colony of Augusta Emerita, which was the nerve centre in Roman times
where all the public and management buildings of the Colony were located, has been
chosen as the working environment.

The reasons why this area of work has been chosen are as follows:

On the one hand, this area of the city is very well documented on a scientific level,
a large number of archaeological excavations have been carried out over time, in
which a large amount of information has been obtained that has allowed the scientific
community to determine what this foral complex may have been like. All the infor-
mation has been collected and published in a specific monograph entitled "El foro de
Avgvsta Emerita génesis y evolucion de sus recintos monumentales™[14].

However, at the tourist and educational level, all this information is difficult to
transmit in an informative and didactic way. This is due to the following factors:

- Tourists can only visit a small part of the site. Among all the archaeological excava-
tions, many were buried after documenting the remains, others are visible but not
musealised and cannot be visited by the general public, in short, only a small part is
musealised as a tourist resource for the city_(table 1).

Table 1. Percentage data according to the visibility or not of the archaeological remains.

Current state of the archaeological excavations  N° of excavated Percentage
belonging to the Forum of the Colony plots

Buried 21 60 %
Unearthed 40 40 %

Not open to visitors 9 26 %
Visitable 5 14 %

- The current urban fabric makes it difficult to see the archaeological area as a whole.
Merida is a city with 2000 years of history, so the current urban planning coexists
with the archaeological heritage. As a consequence of this, the archaeological re-
mains that we can currently visit in the area of the Forum of the Colony are scat-
tered around the city, making it difficult for visitors to find their way around and to
relate some remains to others, which prevents them from getting an idea of the im-
portance and monumentality of the whole area.




Fig.4. Summary table of the state
of the archaeological excavations
from a touristic point of view

The following table shows all the
archaeological excavations where remains have
been found that belonged to the Forum of the
Colony and which have allowed us to know the
limits of the same, as well as the different
construction phases. Each excavation has been
classified according to the role it plays in terms
of tourism, depending on whether they are
currently buried or not, and within the visible
ones, they have been classified according to
whether they can be visited and whether or not
they are adapted to the general public (Fig. 4).

These data are graphically reflected in the pla-
nimetry where we can see the relationship be-
tween the current urban layout and that of Au-
gusta Emerita (hypothetical planimetry published
in the monograph of the Forum of the Colony).

We can see graphically the non-interrelation
between the different archaeological remains

(Fig. 5).

Current state of the remains found in the Municipal Forum
Hidden remains (documented and buried)
Excavated remains visible but not accessible to the public
Excavated remains visible to the public and open to visitors

Excavation without information

Fig.5. Planimetry where we can see the relationship between the
current urban layout and that of Augusta Emerita and the state of
each of the plots at the tourist level.
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Development of 6D virtual models of the archaeological heritage.

Virtual models are being developed where we merge the virtual twin of the
archaeological remains with a virtual reconstruction representing the complete
buildings in a very rigorous way of how it was in reality. This model serves as a
tourist tool and resource for the city, in which the non-specialist visitor can get a clear

and concise idea of what they are seeing.

Fig.6. Outline of the workflow followed for the
development of the research.

Firstly, for the generation of
these models, a standardised
digitalisation and photogrammet-
ric survey protocol has been gen-
erated, standardising the virtual
twins. In this way, we have
achieved a common language
within the interdisciplinary team
that makes the collaborative
work between the different pro-
fessionals more efficient. In addi-
tion, the workflows serve as sup-
port for future work, which
means an optimisation of the
time and resources used.

This interdisciplinary
workflow between the two
institutions  involved in the
project (University of
Extremadura and the Consorcio
of Mérida) has been tested with a
previous pilot project, in the
Roman funerary mausoleums
called “Los Columbarios”[9].

The work consisted of gener-
ating an HBIM model that would
bring together all the information
generated to date and would be a
working tool for future museal-
isation projects. Furthermore, this
virtual model obtained allows us

to use it as a tool for the dissemination of the heritage asset in a sustainable way with

respect to its conservation (Figure 6).
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Secondly, the heritage digitisation
work has been divided into several phases,
in which we are gradually adding the build-
ings that belonged to the Forum of the Col-
ony. We have started with the so-called
"Forum Portico", which is the northern cor-
ner that limits the eastern platform of the
foral complex. These remains are on display
in a museum at street level (Figure 7).

Fig 7. Photograph of the archaeological Currently, the tourist is visiting a recon-
remains of the Forum Portico, which ~ struction and anastylosis of the original
can be visited at street level. remains made in the 1980s, and is not able

to discern between the original, the replicas
and the interpreted. In response to this, and following the principle of authenticity, a
colour scale has been implemented on the virtual twin to identify which part is origi-
nal and which is not (Figure 8a, 8b).

(@)

(b)

Fig 8. (a)Gemelo virtual de los restos arqueoldgicos del Portico del Foro de la Co-
lonia. (b) Visualizacion del gemelo virtual con esquema de colores indicando lo que
es original, lo que es reconstruido y lo que es una réplica.
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Thirdly, in order to contextualise these remains in what was the whole of the Fo-
rum of the Colony, a virtual reconstruction has been carried out by applying the Ex-
tended Matrix method[15, 16] developed by E. Demetrescu, an Italian archacologist
specialised in virtual reconstructions. This system allows us to develop models with
scientific and archaeological rigour, based on a formal language with which to keep a
record of the entire virtual reconstruction process. It consists of creating a common
framework between the archacological documentation and the virtual model and tax-
onomically annotating which are the bibliographic sources on which we have based
the reconstruction. As a basic example we present the Matrix of a column module of
the Colonial Forum (Figure 9).

Fig 9. Extended matrix system applied to a column of the Forum Portico

Dissemination of heritage from a tourism perspective.
Following the analysis carried out,
a catalogue of the monuments has
been generated, which will be com-
pletely virtualised, and then of par-
ticular elements in order to visual-
ise in detail elements (decorations,
sculptures, mosaics, capitals...) that
cannot be seen in detail at first
sight.
These selected monuments will
Fig 10. Virtual tour of the archacological re- P provided with didactic resources,
mains with VR technology accessible and inclusive resources
that will have a direct application in
the dissemination of the heritage at a tourist level (Figure 10).
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Applications of the technologies and tools used

The technologies used, although cutting-edge in their field, do not represent the inno-
vation of the project, but it is the use made of them and the very novel applications
that will help to achieve the project's truly transcendental results.

UAYV and TLS technologies

[ ™ ; ~-; \

Tecnologia GPR

((«

¢

The present project is based on data acquisition based on SfM
processing confronted with TLS and integrated in a HBIM model
for heritage management and control. The work is being carried
out by combining clouds obtained by SfM (with images acquired
from UAVs and acquisition by SLR ground photogrammetry) and
clouds obtained by TLS digital instruments. The result will be a
three-dimensional HBIM parametric model that integrates different
models (clouds, meshes, textures, etc.). In the field of heritage, the
incorporation of UAV systems in combination with SfM method-
ologies has given an immense capacity for studying our buildings.

For the study of the subsoil, non-invasive ground penetrating radar
(GPR) technology is being used. With this tool we intend to carry
out a three-dimensional survey of the archaeological structures that
have not yet been excavated and thus be able to complete the
information and archaeological data of the environment under
study.

The research team has experience in the use of this device in other
heritage sites to obtain data from a hidden cistern in the palace in
Tiendas street in Caceres. This served as a test field to apply it to
the site of Mérida.

VR and VRA technologies

As part of the expected results, the aim is to provide the virtual
models with didactic content to be used as a resource and tourist
attraction. To this end, we will use virtual reality (VR) and
augmented reality (VRA) technologies so that users can interact
with the virtual environments of the monuments. The
dissemination of heritage and the transmission of knowledge
through this virtual space generates great possibilities in teaching
and learning for users, where they can interact with all the layers

and constructive structures of a building or object reconstructed thanks to virtual

reality.
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3. Partial results obtained

The results obtained so far in the research are twofold: on the one hand, a working
system has been established that paves the way for collaboration between public insti-
tutions for the implementation of new technologies in Extremadura's heritage, and on
the other, a virtual model has been created of part of the Portico that existed in the
Forum of the Colony.

This is a very powerful educational resource that will serve as a support for both
virtual and face-to-face tourist visits.

This model has several view options depending on the type of information we want
to obtain, we can view the remains as they are presented in reality, but we can also see
in great detail the pieces that decorated this set, on the other hand, we have the option
to view the model with a colour scheme that tells us which parts are original, which
are replicas and which parts are reconstructions, which parts are replicas of pieces and
which parts are reconstructions, complying in this case with the principle of authentic-
ity established in the letters of Venice. Finally, we can visualise a complete recon-
struction of these archaeological remains, with a scientific basis following Demetres-
cu's extended matrix method in which each modelled element is related to the source
of information that has been used for each element.

This digital resource is being used for the study and dissemination of Extremadu-
ra's heritage through VR and AR tools (Figure 10).

Fig 10. Use of the virtual model as an educa-
tional and tourism resource.
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4.  Future Development

This research has a future development in the same line where this system of work
will be established for the other archaeological remains that form part of the forum, in
this way we will be able to create a model that will subsequently be provided with
informative and didactic content, serving as a support for the on-site visit and the
interpretative panels installed in the different archaeological remains.

This research opens up other lines of work in other enclosures containing archaeo-
logical remains such as those of the Curia, or the College for the children of the Ro-
man elites, buildings that belonged to this foral complex, and which are not currently
musealised or open to the public.

In these cases, the models will acquire an added value to those already on display,
and with this system we will be able to make the remains that are hidden available to
society, as well as being able to link them together with all those that are scattered
around the city (Figure 11).

With all of this, our
objective and purpose of
this research is to generate
educational content based
on this virtual model, with
which we intend to be able
to visit the forum in an
immersive way with VR
and AR technologies and
thus make the fragment we
are visiting understandable
and contextualised in an

Fig 11. Digitised archacological remains that form part  accessible, sustainable and
of the Foral complex of the Colony. scientifically rigorous
way.

These inverse activities will mean that society will be able to transport itself in
space and time from any part of the world.

This is a way of disseminating and projecting our heritage worldwide.

This project is a step forward for World Heritage Cities in cataloguing, document-
ing and understanding their heritage. Applying these low-cost, easy-to-use technolo-
gies with a high level of precision will allow us to update the databases of monu-
ments, generating virtual models in multiple formats that will have a national and
international projection of the monument.
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