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Abstract: Heritage is under constant pressure to be adapted for tourism. The aim of this research was
to improve the performance of both the tourism sector and the cultural heritage sector in a balanced
and sustainable way, by considering the principles of conservation and preservation. Non-invasive
tools such as ground penetrating radar (GPR), unmanned aerial vehicle (UAV), and even virtual
reality (VR) and augmented reality (AR) technologies have been used to develop new methodologies,
allowing us to generate new experiences and heritage tourist attractions, which not only do not
generate negative impacts on the monuments themselves, but also promote their preservation without
diminishing the cultural and tourist offers of the city. A case study was carried out on Mérida, a
UNESCO World Heritage City, where tourism is a strong economic engine of the city. The results
obtained are two-fold: on one hand, an effective interdisciplinary working methodology for heritage
management was developed, and on the other hand, new approaches for the sustainable development
of cultural tourism were generated.

Keywords: tourism; cultural heritage; preservation; conservation; non-invasive tools; ground pene-
trating radar (GPR); unmanned aerial vehicle (UAV); virtual reality (VR); augmented reality (AR)

1. Introduction
1.1. Definition of the Conceptual Framework of the Research

This research and its results and conclusions are part of an overall research project,
with a total duration of three years (2021-2023), which is still ongoing. This comprehensive
project, and its first reliable results presented here, has been and is funded by the Consejeria
de Economia, Ciencia y Agenda Digital de la Junta de Extremadura and the European Regional
Development Fund of the European Union.

The project, called “Application of VR technologies and 6D surveys for the implemen-
tation of universal accessibility in the archaeological heritage of Roman public buildings”,
is framed within the priorities outlined in the 6th Regional I + D + i Plan (2017-2020) of
Extremadura, fulfilling some of the general objectives of the Plan.

First, it promotes scientific-technological leadership as well as the internationalisation
of the I+D of the collaborating institutions and their researchers (University of Extremadura
and the Consorcio Ciudad Monumental de Mérida). There are currently no 6D GIS-BIM archae-
ological settlements developed for VR access. For the development of the global research
project, general objectives were established that articulate and structure the activities and
tasks proposed for the three years. These objectives are:

1.  To draw up a gradient of accessibility in the Archaeological Heritage of Public Build-
ings from the Roman period within the city of Mérida including, for the first time, all
of the buildings, buried buildings, areas closed to the public, and those in danger of
ruin or destruction.
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2. Elaborate a methodology for the creation and development of virtual 6D models of
the most vulnerable architectural heritage due to its high tourist impact for its virtual
reconstruction.

3. Transmit to society, the scientific community, and institutions that the virtualisation of
heritage is necessary for the comprehension of a more efficient and sustainable tourism.

This article presents the tasks undertaken and the tested results, which serve as a basis
for the following phases of the research, responding to specific objectives 1.2 and 2.1 and
the creation of protocols that will serve as a basis for the achievement of objective 2.2 of the
overall research project (Figure 1):

12 The creation of a HBIM Common Data Environment between the University of
Extremadura and the Consortium of Mérida for the real-time consultation of models
and information related to heritage.

2.1 The integration of a BIP (BIM implementation plan) at both institutions as a BIM
implementation guide for virtual reconstructions.

2.2 The creation of 6D models of the specific settlements with three types of highly
accurate non-invasive techniques complementing the historical and archaeological
work of the team.

Obj. 1 ¢ Especific 1.1

Update existing accessibility catalog

ACCESSIBILITY  j———g Especific 1.2 i~
ANALYSIS Creation of a CDE

Composing a BIP

Data normalization of virtual model

L —
1
]

1
1

Disseminate virtual model

Objectives achieved in this research

Disseminate to institutions and society

Figure 1. An outline of the general objectives established in the research project, specifying which
have been achieved with the development of the work presented in this article.

The first phase of the project, due to its relevance within the project and the need for
its own conclusions and results, has been considered as a complete investigation in itself,
and it is this phase that is presented and analysed in this article.

To achieve the objectives of this research within the global project, an analysis was
carried out to identify the impact of tourism on cultural assets and the importance of a
balance between their conservation and tourist use, always bearing in mind the principle of
the sustainability of mandatory heritage for its optimal conservation for future generations.

Additionally, in this completed phase of research, protocols were established for
interdisciplinary work that streamline the methods of analysis, diagnosis, intervention,
and the dissemination of heritage. Finally, the application of non-invasive techniques and
technologies in heritage management to offer a completely new, accessible, but above all
sustainable vision of the monuments for their conservation. The protocols were carried
out on the basis of small tests on pilot sites of manageable size and location, whose
data collection and management allowed us to detect, control, and resolve errors; seek
agile alternatives; and check the effectiveness of the method. These protocols will serve
as the basis for the future development of larger-scale virtual models for the overall
research project.

1.2. Research Team

The research team was a multidisciplinary team made up of experts in the fields of
cultural heritage, with its management and dissemination being their main activities. This
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team has very advanced technical profiles. From the University of Extremadura, there
are architects with expertise in the fields of tourism and heritage, civil engineers with
experience in surveying and BIM technology, and advanced technical support including
a physical engineer who could perform particular technical tasks and data collection in
situ that require this experience and expertise. In partnership, the Consorcio of Mérida
provides the archaeologists and restorers, who provide the project with all of the necessary
information on the archaeological studies and the conservation state of the monuments.

The work presented in this article was carried out by the authors, who are members of
the project research team.

1.3. Definition of the Project Context: The City of Merida as a Pilot Site for the Research

The city of Mérida, chosen as the reference for the project and for this research, is an
archaeological site in itself and a monumental complex that was declared a World Heritage
Site by UNESCO in 1993. This city has at its feet a vast Roman archaeological site, one of
the most important in the Mediterranean, and still preserves the legacy of all the people
who passed through the city.

Today, much is known about the Roman city of Mérida. In the second half of the first
century AD, it had an urban layout of just over 70 Ha and a walled perimeter of some
3952 m; a Forum of the Colony and the forensic complexes linked to it occupied an urban
area of some 39,826 m2, almost 4 ha, which, added together, compared only to the public
areas of the theatre and amphitheatre (35,000 m?) and the Provincial Imperial Worship
Complex (18,047 m?).

Currently, the site of the city of Mérida is a great heritage offer that makes it a first-class
tourist attraction. The most outstanding monuments are the Theatre and the Amphitheatre,
however, there are other sites of interest such as the house of the Amphitheatre (recently
opened to the public), the Temple of Diana, and the portico of the Forum (whose foun-
dations run through much of the current city). Other monuments of great value and
tourist interest are the Arch of Trajan, the Roman Bridge, the Roman Circus (one of the
most impressive due to its good condition and size), and the Aqueduct of Los Milagros,
which still preserves pillars and arches with a height up to 27 m. As can be seen, the great
monuments are Roman public buildings, which is why the project is part of this period and
condition [1].

1.4. Collaboration between Institutions

The UEX-Consorcio of Mérida collaboration responds to one of the aims set out in
Law 10/2010 of 16 November, on Science, Technology and Innovation in Extremadura, as
it stimulates cooperation between two important agents in research and innovation based
in Extremadura, and establishes a clear example of connection between the disciplines
of technological and humanities. This has meant great advantages in the development
of the research, as the Consorcio has provided a large amount of previous information
on the heritage of the city, which, together with the use and collection of data with the
technology and techniques from the university, has obtained unique results that have never
been applied to World Heritage cities.

This collaboration has helped to create a team with technicians from different disci-
plines working in heritage management (archaeology, restoration, architecture, topography
... ) (Figure 2). In order to ensure good and efficient communication between the two
institutions, a Common Data Environment (CDE) was created with protocols and the stan-
dardisation of information, both existing and new information that had been generated [2].
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Definition of production models derived from To value the natural and cultural heritage for
technological advances, as well as intelligent the generation of wealth and employment

management systems

TOURISM

RESTORATION

UNIVERSITY OF EXTREMADURA CONSORCIO CIUDAD
POLYTECHNIC SCHOOL MONUMENTAL DE MERIDA
Céaceres (Spain) Mérida (Spain)

Figure 2. The outline of the collaboration of the two institutions involved in the overall
research project.

1.5. Applicability

This article contributes to generating a new perspective on the management of heritage
as a tourism resource. We start from the premise that cultural tourism is today an economic
engine that favours the development of urban and rural areas, however, we cannot deny
the obvious, which is the impact that this has on the conservation of heritage assets [3-5].

Since 1972, the UNESCO Convention, being fundamentally protectionist, predicted
that destinations with heritage interest would attract tourism. Because of this, the negative
impact on heritage began to be noticed and in 1976, ICOMOS issued the Charter on Cultural
Tourism, which established sustainable strategies for tourism activity. In the 2011 version
of the practical guidelines of the Convention as well as in the Manual for the Inscription on
the World Heritage List, the tourism issue was addressed including a management plan
that sought collaboration between heritage protection and tourism management [4].

In the development of this work, we asked ourselves the following questions: How
long can certain heritage buildings withstand the wear and tear of use and abuse of their
most tangible values? Is it possible to show lost spaces or spaces that existed and have
disappeared, but whose traces still mark our city today? What happens to those unique
spaces that are inaccessible to the general public?

To overcome all of these adversities, there has been a lot of research focused on offering
new experiences beyond the typical guided visit. These activities improve the didactics [6]
and understanding of ancient spaces (often difficult to visualise for experts in the field) and
also combine perfectly with the preservation of heritage, as they are activities with zero
impact from the point of view of the deterioration that their use may entail.

Moreover, the current COVID-19 pandemic has posed new challenges to interdisci-
plinary teams working in heritage tourism management in terms of dissemination and
education [7].

This research develops proposals that contribute to achieving a certain balance between
tourist activity and heritage conservation, from the adaptation of the monument for on-site
visits to the generation of new tourist experiences with virtual visits. All of this is possible
thanks to the application of different non-invasive technologies combined with heritage. It
contributes to scientific research in the conservation and use of built heritage, under the
principles of sustainability with its use and enjoyment.

The novelty of this article lies in the use of non-invasive tools for the integrated
management of heritage, thus avoiding the negative effects that can be caused by its use.
The aim of this system is, on one hand, to mitigate the impact that tourism can have on
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moments, and on the other hand, to provide an alternative to archaeological structures and
elements that cannot be seen due to the conservation conditions in which they are found.

2. Background and Related Works

Since the end of the last century, we have witnessed a democratisation of the so-called
3D-technologies for computer visualisation in the field of heritage management. This
was marked not only by a reduction in the hardware and software costs, but also by the
simplification of techniques, especially photogrammetry, which previously required an
enormous investment in time and training. This has led to the development of a large
number of projects aimed at restoring, reconstructing, or digitally recreating parts of the
preserved heritage [8-10].

This growth brought with it the need to develop protocols and techniques that would
guarantee the scientific accuracy of the models generated. As a result, recommendations
were drawn up in the London Charter (2006), which were later developed in the Seville
Principles (2011). Some of these principles, which must be addressed by the projects, are
interdisciplinarity, complementarity, authenticity, historical accuracy, and training, which
aim to provide virtual reconstructions with content that goes beyond the simple model and
provide interested users with the ability to validate their virtues and defects.

It is important to note that the protocols developed in this project are not intended to
become mere isolated efforts, destined to be forgotten or obsolescent in a short period of
time, but rather the opposite. The documentation generated will serve for the development
of work carried out by different disciplines involved in heritage management and can be
used for the development of architectural projects [11] and monument restoration and
conservation projects [12,13].

In this project, which deals with computerised reconstructions of heritage [14], the
aim is to use tools and techniques that guarantee authenticity and historical accuracy such
as the evidence scale of the Byzantium 1200 Project, theoretically developed in the scale of
historical-archaeological evidence. Through the use of this and other techniques such as
the extended matrix, the language associated with heritage will be transferred to the digital
environment, making it possible to create a standardised system that can be interpreted
and repeated by other heritage cities [15,16].

Therefore, the documentation generated during the project will follow both the princi-
ples and standards proposed by the reference standardisation bodies for data management
such as the Open Geospatial Consortium or the INSPIRE directive as well as the premises
for the computerised documentation of monumental spaces set out in the London Charter
(2006) and the Seville Principles (2011).

In Spain, we are not aware of work similar to that proposed here, although it is true
that virtualisations and/or virtual tours have been carried out for large monuments (e.g.,
the Generalife) [17-20], but without the rigour of a methodology compatible with the
technical and scientific world, and without creating protocols that are really applicable to
other settlements.

At the international level, Italian research groups are working on 3D survey techniques
exclusively in the field of heritage [21-23]. The DICAr (Department of Civil Engineering
and Architecture of the University of Pavia), for example, in Pavia and the Laboratorio
di Rilievo in Florence, are at the forefront of this issue and our idea is to collaborate with
them in some way (attending conferences, visits, exchanges ... ), but it is true that in these
cases, the survey is in itself the objective, which is the most common and what we have
encountered in other research groups along this line [24-28].

In our case, the survey is one more tool we can use to reach our final objectives, as
what we are looking for is not only a graphic adjustment with reality, but also for society to
experience heritage in a different way, to approach it in a different way, and to be able to
understand an archaeological settlement from the time it was founded until the present
day [29,30].
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On this point, the approach of this project is truly new, although it is true that all of
the tools used during the project, despite being innovative and highly technical, have been
tried and tested extensively by the scientific community [31-33].

3. Materials and Methods

For the methodological process, tasks were established that focused the research on
generating new strategies for the sustainable development of cultural tourism and its
conservation. These tasks are as follows:

e  The study and analysis of the impact of tourism on the city of Mérida and its effect on
archaeological heritage.

e  The creation of a Common Data Environment between the University of Extremadura
and the Consorcio of Mérida that favours communication between the specialists
involved in heritage management.

e  The protocolisation of the use of non-invasive techniques in tourism development
projects in the city of Mérida, in order to adapt them to both on-site and virtual visits.

3.1. Phase 1: Previous Analysis of the City as a Tourist Attraction
Analysis of Data on Tourism Activity in Mérida

This preliminary analysis of tourism activity in Mérida was based on the data gen-
erated by the National Statistics Institute (INE) and the data published in the Report on
Urban Tourism carried out by the University of Extremadura and the Direccion General de
Turismo of the Regional Government of Extremadura [1]. Thus, the researchers’ task was
to conclude and interpret based on these existing data. The methodology followed and
the data obtained were considered valid, taking into account the technical solvency of the
institutions that carried out the study on tourism in the city. We used as the basis the data
taken from the National Institute of Statistics (Table 1).

Table 1. A summary of the data published in the 2018 report on which we based this research.

Data Extracted from the National Statistics Institute (INE)

Total tourists in the year 2018 287.208
Foreign tourists 65.161 (23%)
Spanish tourists 222.047 (77%)
Number of overnight stays 424.159
Average stay in days 1.48

With these data, we realised that the number of overnight stays in the city has increased,
which means that Mérida receives more tourists who travel specifically to visit the city,
reducing the number of “passing through tourists”. Of all the tourists that the city received
in 2018 (287,208 people), 23% (65,161 people) were foreigners. These data from the study
carried out in Mérida have been put into context with other World Heritage Cities in Spain,
for which we carried out a comparative analysis between the different cities in order to
contextualise the data within the tourism panorama on a national level. This comparative
analysis was carried out on the basis of data provided by the National Statistics Institute
(INEN) (Figure 3).

As can be seen, despite the fact that the data extracted from the analytical study of
tourism in Mérida seem encouraging, in which a growth in tourism in the city can be
perceived, if we compare it with other heritage cities in Spain, it is still at the bottom in
terms of the number of visitors both nationally and internationally.
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Figure 3. The graph on the number of tourists among World Heritage Cities in Spain with data
obtained from the National Institute of Statistics INE (2018).

Another analysis carried out was to observe what impact the COVID-19 pandemic
has had on tourism in Spain’s World Heritage Cities. In the following graphs, we can see a
comparison of the number of tourists received by the cities before and after the pandemic
(2018 and 2021) (Figure 4).

COMPARATIVE GRAPHS OF FOREIGN TRAVELLERS IN 2018 AND 2021
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Figure 4. Graphs on the number of tourists among World Heritage Cities in Spain with data obtained
from the National Statistics Institute INE. (a) Data collected in 2018 on the number of Spanish tourists.
(b) Data collected in 2018 on the number of foreign tourists.

In this analysis, we studied the data for all cities to see the extent that the pandemic has
affected each of them. In this way, we can see whether the decrease has been generalised or
uneven, and can conclude on whether other factors may have influenced the change.

In the case of Mérida, we can see that within the 15 World Heritage Cities, it ranked in
sixth place (not counting Alcala de Henares, Baeza, Ibiza, San Cristobal de la Laguna, and
Ubeda, for which there are no data in the INE). In general, Mérida is not one of the cities
that has suffered the least loss of foreign tourists due to the pandemic.
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A generalised decrease was observed in the cities in 2021, however, Santiago de
Compostela decreased the least, and in contrast, Tarragona suffered an increase. Mérida
ranked third city among all of the cities that had lost the least number of tourists, which is
a very positive figure. Currently, the data available for 2022 are more encouraging, and it is
expected to reach the values prior to the pandemic in the short-term, which would mean a
recovery in tourism.

As we can see, it is necessary to continue working to promote tourism in the city of
Mérida without harming the heritage conservation. Hence, our contribution is to generate
alternative strategies with the use of new technologies.

3.2. Phase 2: Definition of a Collaborative Protocol within an ECD (Common Data Environment)
That Will Be Developed throughout the Project

The Consorcio of Mérida and the University of Extremadura complement each other
perfectly to develop the research project. On one hand, the Consortium provides all of the
documentation on the city’s monuments, and on the other hand, the University provides
the use and collection of data with non-invasive technology and techniques that provide
optimal results, which ultimately favour the sustainable management of heritage.

In this collaboration between institutions, we encountered some difficulties to which
we have responded by developing the work described in this article (Figure 5).

Identified difficulties Solutions
Bureaucracy Signing of official agreement
+ Slow procedures for the exchange of information [©™7™~ between institutions

( )

Information management between technicians E Creating a Common Data

7 Envi t (CDE
from different institutions E nvironment ( )
1
* No real-time updating of data <=================-x ~~~i
* Duplicity of work =~ €================-mmm=mmmmmmmme- “": Creation of a Work and Operation
* Loss of work S mmsmmsSmsSmss s sms=em———— - Plan for the development of the
» Not single criteria --=======-mmccmmmomomm e * project tasks (BEP)

\ J

Figure 5. An outline of the problems identified and solutions provided.

First, the transfer of data and information involves a series of bureaucratic procedures
that can slow down and complicate the research process. This has been resolved through
an official agreement between both institutions under the framework of Ley 10/2010 de 16 de
noviembre, de la Ciencia, la Tecnologia y la Innovacion en Extremadura. This agreement allows
for the transfer of data and information exclusively for research purposes related to the
research project.

Another aspect that was considered is that, when working in a team, each member
generates their own documentation that must sometimes be shared with others. With
traditional work systems, it is not possible to access updated information in real-time, and
sometimes a duplicity in information can be generated, which makes teamwork inoperative.
As a solution to these problems, a Common Data Environment was created that allows
us to access the information in real-time, with updates made at all times by each agent
involved in the process.

Finally, another of the problems detected was the lack of a single criterion to generate
information, and this has been addressed by creating a Work and Operation Plan, which
defines the criteria to be followed when working with and generating research data.

The methodology followed to respond to each problem detected is explained below,
thus favouring the smooth development of the work.
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3.2.1. Creation of a SERVER COMMON to Both Collaborating Entities, So That Any
Progress in the Research Can Be Transmitted in Real-Time to Any Member of the
Research Team

In order to efficiently coordinate the work between the institutions, it was important
to create a standardised Common Data Environment.

The creation of a digital information system allowed us to combine resources in a
single model that contained all of the updated information, whose data are standardised
and open, so that all the agents involved in the research process can exchange, modify,
implement, and share information.

Server Structure

We will work with a central server where all other computers (local computers) are
connected directly to that central point, generating a network connection in which all
communications are necessarily undertaken through that point.

With this working structure (Figure 6), we have a central model, which for protection,
only the manager of that file has access to, which is stored on the central computer, and all
other users can work on the central model independently, but collaborate simultaneously,
from a local copy on their computer.

Other
technicians

Topographer .

- Subproject ...
Subproject 4
Subproject 3 -

% Restorer

Subproject 1 . o

ceNTRAL
- MODEL -
Archeologist

Subproject 2
O Architect

Figure 6. A scheme of collaborative work via the server.

An accelerator will be installed on all computers to store all changes that occur in
the model simultaneously, so that users will have quick and immediate access to the
updated model.

In order to work efficiently, a protocol with action guidelines was drawn up to ensure
that the cooperation between different people within the project was efficient, so that
inconsistencies could be detected and solved as soon as possible.

The project was divided into different sections by disciplines, which we called sub-
projects, and a system of permissions and properties of this information was established
and assigned to each user, so that the intellectual property of the documentation could
be preserved.

This system allowed us to access the data generated in real-time and completely
updated, which enabled us to see the process of each work and thus avoid duplication or
loss of information.

3.2.2. Drawing up a Work and Operation Plan for the Development of the Project’s Tasks

In order to define the work plan, the following methodology was followed, which can
be extrapolated to any other institution in charge of heritage management.
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This work plan is composed of the following phases:

Establishing a strategy

Previously, the current structure and system of work were studied, in order to analyse
the real efficiency of the development of the work. Therefore, it is essential to carry out a
prior analysis of the reality, the process of which has become a protocol, so that it can be

carried out in other institutions.

Subsequently, certain phases were established and with them, clear deliverables so
that the implementation could be as effective as possible (Table 2).

Table 2. The model table setting out the protocol of the work process of a project.

N° Hito Deliverable Start Date Delivery Date
F1 Organisation of work and existing documentation
Diagnosis .doc - -
Project objective .doc - -
Development of BEP .doc - -
Historical-archaeological documentation pdf - -
Preliminary graphic documentation dwg/.jpg - -
F2 Survey. BIM model
Data collection ipg - -
Point cloud generation of the buildings Icp - -
Point cloud generation of the topography .ICS - -
Modelling of archaeological remains rvt - -
Modelling of the topography vt - -
Implementation of the qualitative information in ot ) )
the model.
Implementation of the pathology of the building. vt - -
Implementation of the archaeological information. vt - -
F3 Dissemination
Images jpg - -
Videos .mp4 - -

Virtual model online platform

Selection and configuration of the tools to be used

The software used will be chosen by analysing the level of knowledge of the different
tools among the Consortium’s employees. It is essential to maximise the resources that the
Consortium has and to identify areas for improvement, in order to establish a data flow
system in the project, adjusted to the current situation of the CCMM.

In the process of implementing the tool or a workflow, the following must be specified:

e  To describe the storage of the model in the programme as well as the delivery format

of the model;

To establish the model or part of the model for each discipline;
To mark what minimum information the model should have;
To describe the quality control model;

To establish the coordinates of the project.

Archaeologists carry out excavations all over the city. It is very important to establish
a common coordinate system (UTM) in order to georeference each element that appears



Buildings 2022, 12, 1156 11 of 21

in any of the excavations. Therefore, it is necessary to ensure that the initially configured
system is valid for all of the works to be carried out.

Data management system

The digital data platform to be used was defined by considering the accessibility to all
project technicians, where in this case, the following steps were followed:

e  The structure of the work folders and files. A template was established describing the
structure of each of the folders where all the project data will be stored (Table 3);
The standardised nomenclature for the folders and files;
The print style;
Input data collection: Data collection was classified by themes or disciplines. All data
must be geo-referenced and sufficiently defined to be able to develop the model.

Table 3. The information storage structure.

File Nomenclature Content
01_ BUILDING_DOCUMENTATION.PREVIOUS
01.01_ INEDOCUMENTATION_PDF/JPG It shall contain all of the necessary background information

01.02_PRELIMINARY-SURVEYING-PREVIOUS_CAD

The measurements obtained in the field as well as the photographs

02_ BUILDING_CAPTURE.DATA classified by area and dates, will be posted.

03_BUILDING_LIFTING
03.01_BUILDINGS
01_EDIF_NP_META
02_EDIF_NP_META.EXP
03_EDIF_NP.PROC_RECAP
04_EDIF_NPPROC_RECAPEXP
03.02_TOPOGRAPHY
01_TOPO_NP_META
02_TOPO_NP_META.EXP
03_TOPO_NP.PROC_RECAP
04_TOPO_NP.PROC _RECAP.EXP
05_ TOPO_CN-SUPERF_CIVIL3D

04_BUILDING_MODEL

It will host the point cloud files.

The files generated with Revit, the families, and the drawings obtained

04.01_RVT . .

04.02_RFA will be included.

05_BUILDING_PROYECTO

05.01_RVT The files generated with Revit, the families, and the drawings obtained
05.02_RFA will be included.

05.02_PLANS

06_BUILDING_VIRTUALIZACION
06.01_PICTURES_LUM
06.02_VIDEOS_LUM
06.03_MODEL _

07_BUILDING_MEMORIA
07.01_MEMORY_DOC
07.02_BIBLIOGRAPHY_DOC
07.03_BEP_DOC

It will contain all files related to the dissemination of the property.

The report of the work will be included.

Protocolisation of the formats for data exchange.

One important aspect was to specify which files will be delivered to particular disci-
plines for reference as well as which files will be delivered in the end.

Communication methods and use of standardised tools.
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A communication system was established in advance, setting up structured meetings
to evaluate, plan, and concretise the tasks of the different work phases. A system of cards
(Table 4) was established to structure the communication between the project participants.

Table 4. Organisation by project phases.

N° Meeting Coordinator
Phase 1
Strategies, objectives and needs. Management of the Consorcio

Documentation and preliminary studies

Documentation Department Coordinator
BIM Manager

Phase 2

Data capture in the field

Documentation Department Coordinator

BIM Manager
Survey BIM Manager
Modelling BIM Manager
Implementation of the qualitative information in the model BIM Manager
Implementation of the pathology of the building. Coordinator of the Conservation Department
Implementation of archaeological information. Archaeologist
Phase 3
BIM Manager

Virtual Tour with the use of VR and VRA

Coordinator of the Dissemination Department

3.3. Phase 3: Use of Non-Invasive Technologies and Instrumentation for Heritage Management

For cultural tourism to be sustainable and not pose any problems for the conservation
of monuments, it is necessary to adapt them to their intended use.

In this phase of the research, several techniques are proposed, which through non-
invasive tools can help us to promote the adaptation of monuments for on-site visits, but also
generate new experiences through virtual visitation, which could be an alternative to show
spaces and elements that cannot be shown due to conservation or accessibility problems.

Therefore, in this phase, we will see how to boost and increase the supply of cultural
tourism in a sustainable way without affecting the conservation of these monuments [34].

Different strategies for the sustainable management of heritage for tourism use can
then be proposed, using tools that are non-invasive with the monument.

It should be noted that the technologies themselves, although cutting-edge in their
field, do not represent the innovation of the project, but it is the use to which they are
put and the very novel applications that are proposed that will help to achieve the truly
transcendental results of the project.

This article presents the protocols that have been created from the trials at easily
manageable pilot sites, thus allowing for better error control and alternative solutions to
obtain an optimised and operational method that will serve as the basis for the development
of larger-scale virtual models that are expected to be developed in the next phases of the
research project.

Preservation of buried archaeological features using GPR

In disciplines such as archaeology, it is very important that there is good planning
in order for excavations to be sustainable and profitable. This is why it is necessary to
determine between what is a priority and necessary to excavate and what is not.

At present, it is not feasible to excavate all of the areas where archaeological remains
are presumed to exist, as this would require a high cost of maintenance and conservation
due to their exposure to deterioration caused by atmospheric agents and use [35]. This
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ends up becoming a problem of economic resources, as is the case at archaeological sites
such as Pompeii.

On the other hand, we know that technologies are advancing and becoming more
and more technological, so it is hoped that in the future, it will be possible to obtain more
precise data and information from archaeological excavations.

With this premise, it is important to leave archaeological reserve areas unexcavated,
thus ensuring that any remains that may be found are protected and preserved.

Nowadays, not excavating means not having the data or knowledge that is sometimes
essential to be able to complete the existing information, or to resolve certain doubts
or hypotheses.

In the development of the research project, where we hope to generate virtual models
with as much information as possible, we considered that part of this information will
be provided by GPR technology, so that in areas that are not excavated yet, we can intuit
whether or not there are archaeological remains.

“The possibilities that GPR offers for the study of cultural heritage are quite attractive,
its use in the prospection of historical sites and potential archaeological sites allows for a
bridge of interconnection between documentary research and the understanding of human
processes that took place in the past” [35]. This ground penetrating radar (GPR) technology
is a non-invasive geophysical method for the study of the subsurface. It is based on the
emission, propagation, and reception of electromagnetic waves through the ground, which
translate into patterns of anomalies, densities, etc. at given depths.

It is a technique that is widely used in many fields and, as we can see, since 2012, it
has been utilised at archaeological sites, however, in this case, the use of the method is
not the objective in itself, but a tool for the three-dimensional survey of buried spaces that
are currently impossible to bring to light and therefore 100% inaccessible, but reveal great
historical discoveries and explain construction periods, sociologies, architectures, and cities,
which are the basis of everything known to date about our civilisation.

Data have been obtained in which the difference in the compaction of the different
layers can be observed, which allows us to intuit the stratigraphy of the terrain, however,
more precise data required for archaeological activity, the relationships between the con-
struction elements, differentiation of periods, etc., cannot obtained. In this way, we have
found the usefulness of this technology lies in terms of knowing whether there are remains
or not, which would mean that the virtual model to be developed would reflect where
there may be remains and where there are not, which would mean greater efficiency in the
future when it comes to archaeological excavations, being able to prioritise areas where
data can certainly be obtained.

In the first phase of the research project, we implemented GPR in the Margarita Xirgu
Square in Mérida (Figure 7), taking advantage of the fact that the square was going to
be refurbished.

This allowed us to establish a management strategy and methodology to collect and
interpret the GPR data obtained in order to subsequently implement them in the model. As
excavations were also carried out as necessary for the development of the works, it allowed
us to contrast the resulting information with the previous interpretations.

We used GPR PROEX equipment from MALA Geoscience, with two antennas of
500 and 1200 MHz nominal frequency. The use of these two antennas allows for different
spatial resolutions and different maximum depths to be achieved, as these depend on their
frequency. Specifically, with the 500 MHz antenna, we could reach depths of approximately
5-6 m, with a resolution A/2 = 0.13 m, assuming a displacement velocity of the waves in
the subsoil of v = 0.13 m/ns. With the 1200 MHz antenna, there can be maximum depths of
between 2-3 m, with a resolution A/2 = 0.06 m.
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Figure 7. The use of GPR at Margarita Xirg Square in Mérida to detect possible archaeological
remains in the drafting phase of the project for the remodelling and adaptation of the square as a
tourist reception area.

The methodology followed for the use of this device was as follows:

1. Prior calibration of the equipment, using the test bench built at the Polytechnic School
of Caceres, which consists of an enclosed area in which different strata of soil (sandy,
slate, and granite) were distributed and different objects of known dimensions and
locations and depths (pipes, cables, walls, etc.) were buried.

2. In each settlement of interest, surveys were carried out in orthogonal directions to
each other, in order to have a grid of radargrams that would allow us to carry out
an adequate interpretation of these and to elaborate a model of the subsoil structure
at each site. For a better visualisation of the radargrams, different filters were used
during processing to improve the signal-to-noise ratio: the band-pass filter, gain filter,
and background subtraction filter (Figure 8).

MERIDA TEATRO ROMANO GPR 500MHz ZONAS 1Y 2 INDIV

Figure 8. The radargrams obtained from the work carried out with the GPR in Margarita Xirgta
square in Merida.

Thanks to the use of this tool, we could detect archaeological remains, which allowed
us to obtain prior information before excavating and in this way, manage the archaeological
in a sustainable and profitable way. Even in architectural projects, it will allow us to adapt
the designs in the previous phases, thus avoiding placing foundations in areas where
structures are expected to exist.

In addition, this information can be introduced into the digital model that will have
all of the data collected.
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Data collection through the use of UAV and RPAS technologies

Drones are a cost-effective alternative to photographic flights with aeroplanes [36-39],
in other words, the technique and methodology are not new, but the application to the sur-
vey of existing archaeological settlements for subsequent manipulation and dissemination
is a truly innovative use of the method.

The UEX team has tested the method in several projects, an example of which is the
“Extremadura Passage Works Research Project”, where drone flights have been crucial in
carrying out surveys and pathological detection in completely inaccessible places that had
never been seen with precision or previously studied [10].

The aim of the research project is to carry out a complete virtualisation of the Forum
of the Colony of Emerita Augusta. Obviously, covering this from the beginning can be
complicated, so a gradual data collection has been planned.

In the first phase, it was carried out by establishing the so-called Portico of the Forum
of Mérida as a pilot site (Figure 9). The methodology established and the results obtained
are presented below.

Figure 9. The photogrammetric survey carried out with UAV technology of the Mérida
Forum Portico.

This allowed us to obtain a survey of the monuments that will help us to disseminate
the heritage information and generate new experiences in the tourist offerings of the
city [17,40,41].

First, it has to be taken into account that with drones, we cannot directly carry out
a photogrammetric survey [42-46], Instead, we used superimposed photographs with
points in common at different angles both transversally and longitudinally and, thanks to
stereoscopy, we measured the distances, altitudes, and elevations.

After the work was successfully carried out by the research team, it was concluded
that there are three steps to be followed in a correct UAV survey methodology:

- Inspection of the study area: Where the morphology and geometry of the settlement
or topography (if the buildings are underground) is studied.

- Support and ground control points: In order to take valid photographs for the purpose
of a 3D survey with drones, GCP and “Check Points” (support and ground control
points) are needed to guide the work to a single reference system. To achieve the
accuracy and precision, we require a digital reconstruction work such as the one we
wish to tackle, for which we will need a differential GPS or RTK system.
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- Drone flight planning and execution: Drone flights must be carefully planned by
taking into account the number of flight lines, the speed of the drone, the flight height,
and the percentage of overlapping images, among other things.

Creation of the virtual model

Based on all of the data collected, both from the survey and from the archaeological
reports, a virtual model was created with all of the information [47]. It should be kept in
mind that in the process of making the model, the presence of archaeologists is essential in
order to verify each of the reconstructed elements at all times. A colour code was created to
indicate which parts are original and have been preserved on site, which are original and
have been moved to their original location (anastylosis), which parts have been materially
reconstructed, and which have been virtually reconstructed (these parts will also have a
lower level of detail) (Figure 10). At this point, the work of the archaeologists, who will
carry out studies of the walls and extrapolate the information from the excavation reports
to the models, is fundamental.

Figure 10. Colour-coded reconstruction: Original elements (realistic texture), reconstructed ele-
ments from original elements (orange), reconstructed elements (blue), reconstruction rendering
(transparent grey).

This system was created in this model of the Forum Portico and will be extrapolated
to the other models included in the overall research project. With this system, the principle
of authenticity is also fulfilled in the virtual model, so that the user can identify each of the
parts of the model. The archaeological information on these remains has been published,
from which all the data were extracted [48-50].

Virtual tour with the use of VR and VRA technologies

A direct application of the reconstructive model obtained will be the dissemination of
heritage through VR and AR technologies (Figure 11).

This technology needs two main environments to exist: the user environment and the
virtual environment. Both environments communicate and exchange information through
the interface.

Among the many types of virtual reality that exist (simulators, projection of real
images, etc.), the project contemplates immersion in virtual environments, which consists
of establishing direct brain-machine communication. This connection requires a “virtual
space”, where the only limits are the capacity of the computer platform, the quality of the
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VR glasses, and, most importantly, that the available content offers great possibilities of
interaction with the user [40].

Figure 11. A composition explaining how virtual reality works.

The application of virtual technology has been crucial in the teaching and learning of
inaccessible places in other fields, for example, in medicine, where students can interact
with all of the anatomical structures (muscles, bones, nerves . .. ). In the same way, students
of building, archaeology, and history could interact with all of the layers and constructive
structures of a reconstructed Roman public building, thanks to virtual reality.

This technology also has certain drawbacks that the scientific community is currently
working on, which we will consider during its implementation. First, the creation of content
is individualised and personalised, and therefore very time-consuming and laborious.

On the other hand, this technology is effective for use in specific situations and not
in a generalised way, as this experience isolates the user from the existing environment,
which could have the opposite effect where the main objective is for people to relate and
interact as a group.

4. Results

The results obtained from this research are framed within a three-year-long global
project. During this time, the aim is to obtain technological development and innovative
work processes in the field of activities promoting new cultural communication formats,
between different administrations, and between administrations and technicians. On the
other hand, it also aims at obtaining extensive heritage digitalisation and at creating virtual
cultural environments as well as incorporate experimental scientific information, which,
while ensuring its preservation, will enable aa deeper knowledge of the cultural assets and
greater identification of society together with its own heritage.

Thanks to this research, a significant part of the objectives foreseen by the project
have been fulfilled. Within general objective 1, specific objective 1.2 has been achieved,
which has been to create a Common Data Environment between the University and the
Consortium. General objective 2 has also been fully met, with the creation of a BIM protocol
and the standardisation of virtual models. Thanks to this, subsequent work will continue
to carry out the digital dissemination of heritage in the city of Merida.

First, preliminary research on the influence of tourist activity in Mérida, and therefore
on its heritage, was performed. This study has reached conclusions that justify the impor-
tance of carrying out good sustainable heritage management, together with its promotion
and dissemination under the principles of respect and preservation.

Second, a communication infrastructure was established to guarantee the effectiveness
of the work produced by the multidisciplinary team inside the research team, which can
be extrapolated for use between administrations. This means ensuring the transfer of the
data, documentation, and results obtained in the work that focused on heritage manage
and preservation. This work fulfils the initial commitment to transfer results between
research teams and public administrations for their development in specific applications,
for scientific, technical, or artistic work, or for specific training activities. This platform
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will allow us to ensure that the results obtained in future works are available to the entire
population, either being tourism service companies, researchers, or the general public. In
addition, it will generate a knowledge foundation on which to build a region in which the
portfolio of technical and tourism services will be expanded.

Third, this research has produced a proven methodology and working protocols for
monitoring and tracking these assets through a comprehensive process of documenting
and generating heritage databases in multiple formats and using proven, accurate, and
novel non-invasive technologies and tools.

In this sense, GPR technology has been implemented with the aim of performing ar-
chaeological excavations in a sustainable way in the city. This avoids leaving archaeological
remains uncovered and in constant state of degradation due to the effects of atmospheric
factors. It also ensures, from the design process of the projects, that the possible foundations
of contemporary structures do not affect the archaeological remains that are buried.

The use of UAV and RPAS technologies was also implemented. This technology is
very effective in the collection of data for photogrammetric surveys. It is also useful from
the point of view of heritage maintenance and conservation as it allows for the periodic
monitoring of areas that are difficult to access.

The use of VR and AR technologies to visualise heritage from previously generated
photogrammetric surveys has also been standardised in protocols.

All of this research will serve as a basis for the future development of the virtual
dissemination of heritage that will enable each user to interact with cultural heritage
directly, by being able to approach and see areas or details that are inaccessible, or even
hidden elements that are not ready to be accessed due to preservation and maintenance
concerns. With this system, we can generate a new experience in tourism, which is the
offer of an extended visit not only in situ, but also from anywhere in the world, as it is
completely accessible without depriving the population of being able to see these places
regardless of the physical circumstances of both the user and the heritage element.

With such techniques, we can obtain immersive and interactive experiences in which
the visitor comes into contact with the culture, the symbolism, and the minds of past
societies [24,51].

From the point of view of technology transfer, the achievement of the foreseen objec-
tives will mean the incorporation of high technology into the decision-making process in the
control, conservation, and dating of historical and cultural heritage, which will lead to im-
provements in the systems of cataloguing, documentation, and understanding of heritage.

5. Discussion and Conclusions

Our heritage is a legacy that we have received from our ancestors, so we are bound by
the obligation to maintain and conserve it in order to leave it to future generations. Every
day, efforts are being made in this direction, and methods have been devised to assist not
only in the preservation, but also in the knowledge and study of heritage assets.

In this research, the strategies marked by these principles were outlined. Nevertheless,
these also have great advantages in many other aspects.

From an economic point of view, having a database accessible to all (administrations
and technicians) guarantees better conservation of our heritage by having wider control
over the needs of these assets and being able to manage the administration and financial
resources with more criteria, guaranteeing its optimisation. This makes it possible to
preserve our heritage with smaller budget allocations.

From a social approach, a universalisation of our heritage is ensured thanks to new
technologies. These first steps in this universalisation will mean that the possibility of
visiting a work of art, a bell tower, or a church will not be limited either by the physical
conditions or by distance. In this way, people with reduced mobility due to age or other
conditions will be able to see what only used to be possible to people without limitations
such as a bell tower. On the other hand, each time we will be able to travel further
and beyond, as there will be no borders to stop people from visiting a building. This



Buildings 2022, 12, 1156 19 of 21

universalisation ensures that we all know our past, regardless of where we live and the
distances involved.

From an educational point of view, this interaction will allow any child to access a
monument from their school with minimal investment.

This research is the start of an international scientific breakthrough in the fields of
architecture, art, and archaeology. In particular, the techniques developed can be integrated
into systems that accurately reproduce as well as detail any structure or building for
subsequent morphological analysis, thus taking advantage of all of the resources provided
by the techniques used.

In short, with the methodologies proposed in this article, we can gain efficiency in the
management of archaeology, restoration, architecture, etc. projects and, in addition, it will
contribute to the dissemination and popularisation of heritage. A wide range of possibilities
is opening up before us, which will have to be further investigated and implemented.
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