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ABSTRACT

Using drones in the architecture field is very useful in terms of the
dissemination of Cultural Heritage and a fundamental tool in order to
reach universal accessibility in it. Thanks to the use of drones and advanced
photogrammetry softwareswe can make known our Cultural Heritage
through interactive 3D models, virtual reality VR and augmented reality
AR of these models and, even, mockups. This way, we can achieve that our
Cultural Heritage, considered like one of our gratest attractions, reaches to
all the society without limitations.



DRONES IN ARCHITECTURE RESEARCH:

METHODOLOGICAL APPLICATION OF THE USE OF DRONES FOR THE
ACCESSIBLE INTERVENTION IN A ROMAN HOUSE

N THE ALCAZABA OF MERDA (SPAIN)

1. INTRODUCTION

As we know, the use of drones has been consolidated in
many areas such us the cinematographic industry, events
broadcast or, even, fiscal control. However, the use of
drones it is not yet consolidated in other many areas,
like architecture, topography and Cultural Heritage, that,
apart from providing really good results, it approaches
this new technology to the majority of the society whom
actually uses of drones become too distant. Futhermore,
we can't forget how useful could be this technology for
the study, the reconstruction, the recreation and the
maintenance of the discovered archeological remains of
our countries (Parinello, Picchio, 2019, p. 1).

Therefore, the fundamental goal of the applications of
drons in the architecture field is those which pretends
reach universal accessibility all around our cultural
and architectural heritage in addition to favour its
dissemination. For it, we follow a process based on
the use of drones (Rueda Marquez de la Plata, Cruz
Franco, Cruz Franco, Gibello Bravo, 2021, p.11,12) like
an innovative and useful method for taking datum and
a correct process of these datum through an advanced
photogrametric software. In this contribution, we are
going to apply this methodology (Rodriguez Sanchez,
2021, p.30-39) n the roman remains of a house located
inside the Alcazaba of Mérida and the importance of the
use of drones in the accessibility interventions proposed
of this kind of heritage. This contribution is based on
a previous research about the roman remains of the
Alcazaba de Mérida. (Gomez Bernal, E., 2021, p.36-42).
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2. METHODOLOGY

Next, we are going to carry out the methodology based
on the taking datum with dron (Templin, Popielarczyk,
2020, p.8) and the processing of the images obtained
applied to the roman house od the Alcazaba of Mérida
(Parinello, Picchio, De Marco, DellAmico, 2019 p. 4).
The first step of this method is based on the historic,
constructive and evolutionary analysis of the roman
remains mentioned as the base of the study and de
developement of the photogrammetric survey (Cruz
Franco, Rueda Marquez de la Plata, Cruz Franco, Ramos
Rubio, 2017, p.4). The contruction solutions that the
romans used to built its houses, the transformations of
these techniques and, even, the facings and coverings
they used must be studied (Figure 1).

Figure 1. Constructive solutions of the roman house of the Alcazaba
of Extremadura.



D-SITE, Drones - Systems of Information on culTural hEritage for a spatial and social investigation

To understand the followed methodology first, we
must be clear about photogrammetry concept.
Photogrammetry is an accurate method to get three-
dimensional (3D) datum from two-dimensional(2D)
information compile through the taking of photographs.
This method is totally employed in 3D reconstruction,
renovation, analysis and maintenance of cultural and
architectural heritage as digitalization of the seek
information about it (Parinello S., Picchio F. 2019, p. 3,4).
Thus, photogrammetry, using cameras or, in this case,
drones, create models that reproduce the state of the
heritage generating a new information system (Parinello
Picchio, Dell’Amico, De Marco, 2019, p. 19,21).

The previously mentioned method consists on the
following steps:

2.1 SELECT THE WORKING AREA

First of allit is necessary to select the archeological
remains, the architectural heritage or just a part of it in
which we are going to apply this procedure.

As a continuation, we have to establish an order for the
taking photos considering the drone access conditions
and limits refered to the place where we are. Finally,
we have to consider the weather. In order to get better
results we have to avoid strong shadows so, if we can,
the taking datum should be done during cloudly days.
In this case, the selected zone is the roman house located
inside the Alcazaba of Mérida that, due to this house is
located outdoors, it hasn't got any space limitations for
the taking datum with the drone.

2.2, TAKING DATUM

In second place, we proceed to take photos with the
drone. It is important that each time we have to take
datum, we have to use the same drone due to all the
images have to be taken with the same focal distance
and it is characteristic of the dron. In this case, the
ultralight drone DJI MAVIC MINI has been used for the
taking datum (Figure 2).

Besides, one of the most important parts with regard to
obtain good results is the positioning of the necessary

targets to orient the images that the program is not
able to orient automatically and to connect parts of a
large model to obtain a good result without distortions
(Figure 3).

These targets are numbered and they must be always
placed where they were pointed in the first taking
datum in order to get a good result from the fusion of
the different models.

When we are working on architectural and Cultural
Heritage, the positioning of targets could be difficult
because, in most cases, we find large areas of remains

Figure 2. Taking datum.

Figure 3. Positioning of targets.



to which we cannot access due to the protection of the
specific heritage or because of the security risk that it
entail.

With regard to the take of photos, the optimal
methodology to get better results is those which is based
on overlap images trying that the targets appear in as
many images as is posible to help the photogrametric
software to relate them.

In addition, to avoid holes in our final 3d model, it is
necessary that a same zone of the heritage which
photogrammetric survey we are carrying out appears in
different images with differents points of view. Thus, this
procedure cannot be improvised, we must previously
establish an order to organize the job, optimizing the
time duration of the batteries and making easier the
process of the images to the software.

2.3, GENERATING POINT CLOUDS AND TRIANGLE
NETS AS THE FINAL PROCESS OF PHOTOGRAMMETRY

When we have taken datum, we use the processing
images software called Agisoft Metashape. Inside this

software, the first step consist of charging the images
taken with the dron (Parinello, 2020, p. 4,5).
Then, we orient the images prepared to be process.
The drone receives a GPS signal which let orient them
directly according to the coordinate system that the
drone use for the taking datum. The majority of images
will be oriented automatically, nevertheless others won't
be pointed and we have to point them in a manual way.
From the oriented images we get a dispersed point
cloud which must be convert on a dense point cloud
which let us see the shape of the part of the heritage
we are studying. It let us filter by confidence removing
those which “make noise” in the final result (De Marco,
2022, p4).
This dense point cloud give us the following results:
* A planar Digital Elevation Model (DEM) which
permit us seeing the current slope in the studied
heritage;
* A triangle mesh that join the points of the point
cloud. Applying a texture to this net, we obtain a 3D
model which must be scale 1:1 to get really useful

Methodology

@ Select the working area
Select a place

Physical datum

Taking datum
Position

ng of targets

Overlap the images 1/3

Figure 4. Workflow diagram.
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results to the society. Futhermore, we can create
ortophotos from XY and YZ planes that give us
sections to promote a quite approximately view of
the measures of Cultural Heritage.

This procedure (Figure 4) give us really good results
keeping its low cost in mind. It is an affordable, quick
and simple procedure that anypeople can carry out
with some basic notions about the managment of the
drones. Photogrammetry with drones permit obtain
accurate measurements, however, the precision of this
method could be improve through other more accurate
survey tools like a Terrestrian Laser Scaner (TLS).

3. INTERVENTION

Actually, people can access to the mentioned roman
remains throug a platform that join the general zone of
the Alcazaba and the roman road or through a platform
that penetrate into the remains (Figure 5). However,
there isn't an accesible itinerary for people with reduced
movility. What is more, nowadays, anypeople can come
into the roman house, so everybody get a non realistic
view of these remains.

For it, the proposal intervention was based on creating
a serie of platforms and ramps that allow everypeople
get into the roman house giving a realistic view of the
roman life in this house in addition to allow people
with reduced movility access to this roman remains,
considering that, actually, it is impossible for them.

On the other hand, the connection between the west
roman road and the south roman road must be kept to
allow the movement of visitors through them, so the
planned intervention must be carried out in accordance
with this issue (Figure 6).

Firstly, from the 3D model we obtain planimetry based
on which we get real measurements of those places
that we cannot access in person. Then, we generate
sections through precise photogrammetric cuts of
the model (Cruz Franco, Rueda Marquez de la Plata,
Cruz Franco, 2020, p.9) in order to understand the
architectural configuration of the heritage and study the
characteristics, measurements and volumetry of it.
Combining the contour lines provided by the DEM and
the information obtained from the sections, we get
the altimetric heights required to plan the proposed
accessibility intervention (Figure 7).

Figure 5. Existing access to the roman road and existing platform that penetrate into the remains.
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Figure 6. Intervention based on platforms and ramps.

In this case, the proposal is based on the execution of a
platform that connects the Alcazaba with the interior of
& the roman house and the west road.
From these altimetric heights, we know the slope to
overcome both at the beginning of the ramp and at
the platform that crosses the passage over the wall
, until reaching the interior of the Roman house. Based
Lis on it and on the route selected for the development
of the platform, we calc the slopes, taking into account
compliance with the spanish accessibility regulations
- (Figure 8). Thanks to this step we could outline the
access to the interior of the roman house and maintain
the access to the roman road.
il In addition, to carry out the proposed intervention,
it is necessary to design and calculate a structure in
Figure 7. Planimmetry. Sections with the accessibility proposal. order to support the mentioned platform and to make
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possible its construction. In this calculation, the main
consideration to keep in mind is considering that we are
working in an intervention on roman remains considered
as Cultural Heritage so we can't execute foundations
and the calculated structure must be supported by the
existing substrate (Figure 9).

When we have completed these steps, we proceed to
generate planimetry to permit the execution of this
accessibility proposal (Figure 10) and a 3D model of
the planned intervention supported on the 3D model
generated with a drone.

For the final step we get 3D renders of the intervention
throug softwares like Lumion which let me obtain videos
and photographs (Figures 11 and 12) that simulate the
implementation of this intervetion on real life.

4, Resurs

Besides the possibility to carry out an accessibility
intervention, we obtain other interesting results from
the photogrammetry methodology (Zhihua Xu et all,
2014, p.5).

By one hand, from the images taken with the dron, we
get a group of photograps which we can employ in the
informative panels that normally are located near the
Cultural Heritage as an explanation and a way to orient
the visitor. Futhermore, there are online platforms like
Sketchfab where we can upload the 3D model with
notes generating interactive models (Ramos Sanchez,
2021, p.119). On the other hand, thanks to the described
procedure and online platforms we can take our heritage
everywhere (Monterroso-Checa et all, 2020, p.12,13)
accessing, even, to those corners which anybody
can access by another way. What's more, people with
reduced mobility could access to those points like any
other person without these limitations. This accessibility
is achiveved through the new technologies that offer us
novel results that some years ago were unbelievable.
These results are virtual reality (VR) and augmented
reality (AR). Both of them let us visiting from home the
roman remains of the Alcazaba of Mérida getting over
the accessibility limitations that could prevents it.



Using virtual reality glasses and the 3d model uploaded
to the online platform, we could see, explore and move
(Obradovic et all, 2020, p.14) around the heritage we have
been working about. This technology transform a 3D
model into an interactive experience and it become the
future of museum resources (Barrado-Timon, Hidalgo-
Giralt, 2020). We can’t forget that universal accessibility
doesn't mean just a physical concept. A full accessibility
involves also a sensorial and a cognitive concept. About
sensorial accessibility, mockups can be generate to assist

“‘ “““\“ \“““ 1
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Figure 12. View of render.
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the understanding of the heritage and to allow a those
people with sensorial issues enjoy and undestrand the
heritage as well as any other person. On the other hand,
about cognitive accessibility, 3D models uploaded to
Sketchfab favour the understanding of the heritage
through the notes that appear with the model (Figure
13). Just when our heritage would been accesible to
everypeople we could talk about the required universal
accessibility that we are looking for our Cultural Heritage.

5, CONCLUSION

In conclusion, thanks to the advance of the technology,
to the use of the drones in some areas in which its use it
is not consolidated yet and whose consolidation supose
a great profit for all the community, to the advance of
the photogrammetric softwares, to the use of online
platforms which show our heritage around the world, to
the implementation of the heritage through mockups
and, finally, to the mix between the photgrammety
process and the digitalization of the information, we can
reach a biggest dissemination of the Cultural Heritage
and the universal accessibility to them.
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Figure 13. Diagram about the evolution of the research about universal
accessibility.

As demonstrated, it has been possible to project a one
hundred percent accessible entrance to a venue that
until now had no accessibility thanks to the help and
photogrammetric precision that the use of drones has
given usinacomplex project in terms of its development.
and its elevation and level changes.
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