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Abstract—With this contribution, we want to show how the
AiRT system could change the future way of working of a part of the
creative industry and what new economic opportunities could arise
for them. Remotely Piloted Aircraft Systems (RPAS), also more
commonly known as drones, are now essential tools used by many
different companies for their creative outdoor work. However, using
this very flexible applicable tool indoor is almost impossible, since
safe navigation cannot be guaranteed by the operator due to the lack
of a reliable and affordable indoor positioning system which ensures
a stable flight, among other issues. Here we present our first results of
a European project, which consists of developing an indoor drone for
professional footage especially designed for the creative industries.
One of the main achievements of this project is the successful
implication of the end-users in the overall design process from the
very beginning. To ensure safe flight in confined spaces, our drone
incorporates a positioning system based on ultra-wide band
technology, an RGB-D (depth) camera for 3D environment
reconstruction and the possibility to fully pre-program automatic
flights. Since we also want to offer this tool for inexperienced pilots,
we have always focused on user-friendly handling of the whole
system throughout the entire process.

Keywords—Virtual reality, 3D reconstruction, indoor positioning
system, UWB, RPAS, aerial film, intelligent navigation, advanced
safety measures, creative industries.
I. INTRODUCTION

N

OWADAYS, aerial film or photography is an
indispensable resource for the Creative Industries (CIs)
since it expands their creative possibilities. The possibility of
filming special shots from different angles and heights is a
benefit for every photographer, if they can offer such a service
in their portfolio. Camera men need to tilt or panning in
movies when filming actors stepping out of a car or leaving a
building. In the past, for shots like these, helicopters needed to
be rented which resulted in high costs and only financially
sound companies could afford them. Or, if the scene did not
require high angle shots but just a shot from moderate heights,
scaffolds, jibs or lifting platforms were usually hired or bought
[1]. With the rise of the drone industry and the resulting drop
of acquisition costs for those “flying robots”, the CIs are
employing more and more drones for aerial footage. This is
quite easy to understand, since:
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Costs are manageable
Bulky infrastructure can be removed (scaffold, jibs, cable
cam …)

Drones are less invasive (they just fly out of the set and
are removed)

Drones lower the risks for the camera operator (no need to
climb up a scaffold, lifting platform …)
However, professional drone use by CIs is limited to
outdoor applications.
A. Barriers to Use Drones Indoors
Existing drones lack a precise, robust and affordable indoor
positioning system (IPS), as well as advanced safety features.
Everyone who has ever flown a drone understands why
positioning systems are so important for drone flights. When
filming outdoors, drones use a GPS, which not only helps the
operator locate the drone and program flight paths, but also
helps stabilize the drone and avoid drifting issues. This is an
important factor for every camera man. So here is the
problem: GPS localization does not work indoors. Firstly, the
signal is too subdued, and secondly, even if it were not so, the
GPS’s precision is far too inaccurate with a meter range
margin of error. Be that as it may, CIs would also like to use
drones indoors, but there is not safe and affordable technology
available for the CIs to do so. The only technology available
to work in confined spaces is the following possibilities: The
first, motion capture system, has a very reliable and precise
(mm-range) IPS. However, this system is very expensive
(>200,000 €) and it needs many auxiliary devices, which as a
result makes setting up time consuming. The other, vision
position system, is affordable; however, how it functions
depends on its surroundings. For instance, on transparent or
reflective surfaces the device might malfunction.
B. AiRT Project Goal
To overcome these issues, AiRT project [2] (Arts indoor
RPAS Technology Transfer) will include a new IPS with cm
range precision based on ultra-wide band (UWB) technology
with an intelligent flight control system. Moreover, active and
passive safety measures will be integrated, and professional
camera control is included to ensure high quality filming.
Given the target market, small CIs enterprises, special
emphasis is also placed on simple handling and low
acquisition costs. Offering such a tool for the CIs, especially
SMEs, and other markets will allow companies to offer new
services, which in turn will increase their chances to grow
within the European and international market. In order to
achieve this ambitious goal, the project was divided into seven
specific objectives, as follows:
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1.
2.
3.
4.
5.
6.
7.

Analysis of CIs needs, ethical/security issues and risk
analysis.
Adaptation of Pozyx’s IPS for drones (see below).
Graphical user interface for drone indoor navigation.
Adaptation of drone according SO1 (CIs’ needs)
Integration and validation of the different components.
Demonstration of the final product.
Elaboration of a proposal for a European legislation for
indoor drone safety and security
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II. METHODOLOGY
To achieve the main goal and the specific objectives, the
design thinking method has been applied (Fig. 1). In the phase
1, observation, information was obtained through focus groups
with users. This means that strategically chosen experts from
13 different CI sectors have been invited to guarantee that all
their needs were detected. While forming those groups in the
three participating countries (Belgium, Spain and UK), also
special attention was paid that experienced drone pilots from
the CI sectors participate. Within the AiRT consortium the CI
sector is represented by the Creative agency Clearhead Media
(UK) and by the Universitat Politècnica de València (UPV,
Spain). For this reason, the choice of the participants for the
focus groups and the evaluation of the results could be
classified as successful. Like usual, information was codified
and then, in the second phase (synthesis), analysed using
qualitative analysis software. The elaboration of real use
cases, comic strips describing the future use of the AiRT
drone, helped to adapt the AiRT system as much as possible to
the needed characteristics. In this phase, also important
information to define better the customer segments and the
value proposition was obtained. In phase 3, ideation, this
information was used to debate about the different features to
be added to the drone prototype, depending on the value for
the customer, the cost for the partner who will manufacture it
and the main technical difficulties to deal with. For this last
design thinking phase, the Participatory Action Research
(PAR), which is an approach that emphasizes participation and
action of the invited CI experts, will be employed. As it can be
seen in Fig. 1, this last phase is the testing phase of the final
product, developed during AiRT project (of course future
improvements/optimisations will be integrated). The testing
phase will be carried out by the same participants from the
focus groups, so they can judge whether AiRT meets their
expectations and fulfils their detected needs.

Fig. 1 Detail of the Design Thinking methodology used in the AiRT
project. Source: own elaboration adapted from [3]
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III. WORK PERFORMED
The AIRT project’s methodology is based on design
thinking, where the participation of the CIs is present
throughout the process [4].
In the first phase, concerning the identification of needs,
three focus groups were held in Spain, the United Kingdom
and Belgium. From these meetings, we were able to obtain
information from thirteen 13 sectors of the CIs, where 40% of
the participants were drone pilots. As a result, we obtained the
needs analysis, the ethical issues and the risk analysis through
the qualitative content analysis method and the social network
analysis method [5]. The results have been incorporated in the
base design of the drone, the development of the European
Policy book [6] and the redefinition of the exploitation plan.
On the other hand, in the second phase, from the synthesis of
the information obtained in the focus groups and the
specifications included in the grant agreement, we wrote a
script and a breakdown of that script which were used to
develop a storyboard representing the use of AIRT system in
different creative settings, which allowed us to convey our
main ideas more clearly.
In the third phase, by using the storyboard, we were able to
extract the requirements to define the functionalities of the
Airt system, which include the GCS (Ground control system)
software, the intelligent flight control system and the final
design of the drone.
Currently we are in the fourth phase. All of the components
of the AIRT system are now ready and have been tested, with
the system integration and technical validation in a relevant
environment pending.
In the last phase, we will do a demonstration of the AIRT
system with the collaboration of the CIs. Through the use of
PAR [7], we will carry out the demonstration in real
surroundings chosen by the users. Once the demonstration has
finished and the results have been processed, the AIRT system
will be presented in a workshop, not only to the CIs but also to
other sectors of the industry, which will help the launch of the
drone in the European Market.
IV. PROGRESS BEYOND THE STATE OF THE ART
Four major innovations of the AiRT Project have to be
highlighted:
A. Indoor RPAS
RPAS with innovative features are especially designed for
the needs of CIs in indoor environment in filming and
photography. It integrates an RPAS frame with passive safety
measures and a fully automated flight control system with
user-friendly features and functions such as return-to-home
mode, proximity sensors, fail safe, encrypted communication.
It also integrates other active safety features such as (1) a
sophisticated IPS based on ultra-wideband (UWB) technology,
with newly developed algorithms, which gives precision of
few centimeters and it is cost effective. (2) An RGB-D camera
on board which together with software advance algorithms
allows 3D reconstruction of the space prior to the flights for
filming. This allows to pre-program the flight paths and
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perform intelligent flights and moving of drone and allows
also to repeat filming/photography sessions by using the same
paths. The system will integrate a 4K camera with
interchangeable lenses, able to turn in 3600. The final system
will be affordable for CI SMEs compared to other existing
solutions and will also generate new creative possibilities for
them. (3) A new flight mode system has been developed. In
total 9 modes providing users with different degrees of
freedom, from totally manual flight to totally autonomous
flight, and a number of intermediate flight modes with
configurable restrictions have been detected and will be
integrated into the intelligent flight system (such as flight at a
given altitude or keep a distance to the object in front). Thus,
detection of a certain mode has a direct impact on the
functionalities available for the operator and may completely
limit its influence on the drone, e.g. in case of emergency (IPS
datalink loss, radio contact loss, engine failures or low
battery), or allow total control like in manual flight (proximity
sensors off, no-flight zone deactivated, no flight plan used).

one. The responsibility for these changes relies on the
multiplexers. In the current design, two multiplexers are
integrated: one responsible for the flight control (selects which
signal is sent to the Flight Control System (FCS)) and another
one in charge of the recording control, acting on both the
recording camera and the gimbal. The flight multiplexer
selects which signal should be sent to the FCS, choosing
between the commands of the manual control (RC command)
and the automatic control via the OCS (On Board Control
System). In addition, the flight control multiplexer monitors
the changes from one mode to another, in order to switch to
“emergency mode” if an error in the mentioned change is
detected. The recording control multiplexer works in a similar
way (depending on the flight mode), when recording must be
performed. In this case, the recording control multiplexer
allows to change safely between a camera operator and the
camera control done by the OCS.

B. Indoor Positioning System (IPS)
The positioning system is based on wireless radio
technology called UWB technology and is suitable for indoor
environments. It is an improved hardware solution, adapted to
RPAS, which consists of two types of modules (anchors,
which are the fixed infrastructure of the system and tags,
which are to be attached to the device to track) and achieves
accuracy of a few centimeters in all axes. It provides accurate
positioning and motion information and enables accurate
navigation of robots or drones indoors, thanks to the improved
update rate of up to 240 Hz and the 4-antenna approach with
customized algorithms. It is also useful for other applications
such as tracking of objects and persons. Moreover, an autocalibration system is introduced. Pozyx implemented an
algorithm which calculates the auto calibration error of the IPS
and detects which anchor(s) are responsible for the
encountered error. This helps the user to detect error sources
and to rearrange the anchor setup and thus improve overall
accuracy/precision.

Apart from technological innovations, AiRT contributes to
the economic growth of CIs and thus to European economic
prosperity (1), and addresses socially relevant topics (2):
1) The drone market poses a real opportunity to foster job
creation and a source for innovation and economic
growth. Nevertheless, up to now, all this economic
potential is only accessible for CIs when using RPAS
outdoors, as the few existing indoor RPAS on the market
do not fulfill their needs. Since our drone responds to
these needs, it will open new perspectives and
possibilities for indoor footage within the EU market for
the CIs As a result, AiRT will contribute to creating
employment in the CIs sector, especially for small
companies and also to other sectors of the industry.
2) The AiRT system helps to suppress risky auxiliary means
and thus improves the safety of the workers. Cameramen
will not need auxiliary devices which present unnecessary
risks to their safety or the safety of the workers on set.

C. 3D Mapping Software for Indoor Environments
The software allows 3D reconstruction of the indoor space
(3D model). The 3D reconstruction is achieved in real-time
from data that were collected from the RPAS prior to the
filming process. It uses an onboard RGB-D camera and data
from the IPS adapted to the RPAS based on UWB technology,
which improves reconstruction precision. Additionally, the
transmission and visualization of the image is in real time.
Therefore, the user can move around the captured environment
to study in detail the different areas of the scene while it is
being scanned.

To achieve the overall goal and those tasks, AiRT
consortium is composed of Pozyx Labs (IPS experts),
Clearhead Media (Creative agency), AeroTools-UAV (drone
manufacturer) and the Polytechnic University of Valencia,
UPV (ICT, CI and business model experts).
AiRT partners have been carefully selected with the main
objective of a) being part of the CIs with a well‐developed
network of contacts within this community, b) having
experience in aerial filming, c) being specialist in RPAS
design, manufacture and elaboration of its operation systems,
with d) large experience in marketing, e) providing precise
and customizable indoor positioning solutions and f) having a
wide expertise in 3D map modelling. All these qualities were
decisive while forming AiRT consortium, in order to offer a
novel indoor RPAS solution. Accordingly, AiRT consortium
brings together a group of four partners from three European
countries with a complementary and outstanding range of

D.Multiplexers Designed for RPAS Indoor Adaptation
Due to the different requirements of the users, the RPAS
must be able to fly in different modes, from a completely
controlled one by a pilot (manual) to a fully automatic one. In
all flight modes safety is top priority, therefore there must be
total control while changing from one flight mode to another
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V. POTENTIAL IMPACTS

VI. AIRT PROJECT
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experiences, skills, competences and resources essential to
achieve the innovation objectives as well as a successful and
sustainable communication, dissemination and exploitation of
the project results.

Fig. 2 Detail of the composition of the consortium in the AiRT
project

Pozyx Labs from Belgium is a SME which provides indoor
and outdoor hardware and software solutions for accurate
localization. Their IPS is based on UWB technology, which
provides cm-precise localisation, is very robust and can be
included at reasonable costs. In AiRT project their main task is
to adapt their system to the specific requirements for drone
indoor flight.
From the perspective of specialists in creative activities and
aerial filming, AiRT counts on Clearhead Media LTD
(Clearhead). Clearhead used of drones as a professional
filming tool for outdoor purposes already and are aware of the
issues indoor, thus in confined spaces they could not employ
drones up to now. Hence, Clearhead with its very well
developed network within the CI community, helped to set up
the focus groups in the three participating countries (Belgium,
UK and Spain) with the goal to get as much information as
possible from a primary source analysis. This task was
supported by the UPV, counting within their infrastructure on
both experts with large experience in drones (and its use) and
specialists in setting up focus groups (see below UPV).
Furthermore as target group and end-user, Clearhead are
crucial to guarantee that the needs of the CIs are fulfilled.
AeroTools are specialized in developing drone systems
according to different applications and purposes.
Accompanying project research and the results of the focus
groups, helped to build the basis to specify the prototype
characteristics and finally build the firsts prototypes. In
interiors, safety is even more important than outdoor, because
intended obstacles must be taken into account (tables, chairs,
lamps etc.). Therefore, they include advanced active and
passive safety measures.
The project coordinator UPV is participating as an
interdisciplinary team, the Research Micro-cluster (MCI)
Globalization, Tourism & Heritage. They combine experts in
CIs and count on a large experience in drone use on one hand,
an on the other hand experts within different ICT sectors.
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Specialist experts in Computer Graphics, Augmented Reality
and Advanced User Interfaces from the Computer Engineering
Institute (ai2-UPV), with support from Pozyx elaborated a
virtual environmental map (VEM). This helps to position to
drone in a 3D indoor space and identify and avoid obstacles.
Moreover, they design the Graphical User Interface (GUI)
specification/requirements, with special focus on a userfriendly experience. The experts in CI (Faculty of Fine Arts)
together with the Management (Faculty of Business
Administration and Management) elaborated the AiRT design
thinking method and took care that need analysis was correctly
conducted and evaluated. This gave the basis for the a) need,
ethical issues and risk analyses, b) the GUI interface and the
development of advanced functionalities, c) the elaboration of
a European policy book and d) the enrichment of the
Exploitation plan. Moreover, the MCI supports the CIs to offer
new business opportunities.
ACKNOWLEDGMENT
The AiRT project has been funded by the European
Union’s Horizon 2020 research and innovation programme
under grant agreement nº 732433.
REFERENCES
[1]

[2]
[3]
[4]
[5]

[6]
[7]

V. Santamarina, B. De Miguel, M. Segarra, and M. De Miguel,
“Importance of Indoor Aerial Filming for Creative Industries (CIs):
Looking Towards the Future,” in Innovative Approaches to Tourism and
Leisure, Cham: Springer, 2018, pp. 51–66.
P. Airt, “Airt Project | Airt Project,” 2017. [Online]. Available:
http://airt.eu. [Accessed: 16-Mar-2018].
T. Both, “Bootcamp Bootleg,” Institute of Design Thinking at Stanford,
Stanford, 2010.
T. Brown, “Desing Thinking,” Harvard Businnes Rev., pp. 84–92, 2008.
M. Segarra-Oña, B. De-Miguel-Molina, V. Santamarina-Campos, and
M. de Miguel Molina, “What are the creative industries’ needs for
indoor filming? How to implicate the customer from the beginning of
NPD,” in 4th International Multidisciplinary Scientific Conference on
Social Sciences and Arts, 2017, pp. 285–292.
V. Santamarina Campos, M. de Miguel Molina, and S. Kröner,
“Introduction,” Springer, Cham, 2018, pp. 1–5.
V. Santamarina, E. M. Martínez, M. Á. Carabal, and M. De Miguel,
“Participatory action research (PAR) in contemporary community art,”
in Conservation, tourism, and identity of contemporary community art,
V. Santamarina, M. Á. Carabal, M. De Miguel, and B. De Miguel, Eds.
NJ: Apple Academic Press, 2017, pp. 105–136.

Virginia Santamarina-Campos (Valencia, Spain, 1974), fine Arts Degree at
the Universitat Politècnica de València (UPV), Spain, 1999. She has been
visiting researcher in Italy and Mexico. Her specialization is related to
Conservation and Restoration of Mural Art, and she received the National
Award from the Ministry of Education, Culture and Sports for her final
dissertation. She obtained her master’s degree in Internet – Intranet
Programming, UPV (2001) and her PhD in Conservation and Restoration of
the Historic-Artistic Heritage, UPV (2003). The result of her doctoral research
was a platform for self-learning and researching mural art that is used by
several Latin-American universities. She also has a drone/UAV Pilot Training
Certificate from the Fly school Air Academy, Spain, (2015).
Associate Professor at the UPV, Department of Conservation and
Restoration of Cultural Heritage (Faculty of Fine Arts). Currently, she is also
the coordinator of the Research micro-cluster “Globalisation, tourism and
heritage” of the International Campus of Excellence. She is part of the aerial
drone pilot commission which depends on the UPV Vice-President for
Research, Innovation and Transfer. Her main research area is the social
construction and sustainable management of street art, and creative heritage

522

scholar.waset.org/1307-6892/10009012

World Academy of Science, Engineering and Technology
International Journal of Mechanical and Mechatronics Engineering
Vol:12, No:5, 2018

International Science Index, Mechanical and Mechatronics Engineering Vol:12, No:5, 2018 waset.org/Publication/10009012

from a sustainable management perspective. Her studies incorporate the use of
RPAS for the process of research and innovation and provide new
perspectives in relation to space and its integration in creative cities. In
addition, she lectures in mural art and the creative industries.
In the last 5 years, she has conducted 8 international R&D projects
supported by competitive calls and 10 R&D international contracts supported
by public and private organizations. Their results are disseminated in
published papers, national and international congress contributions, the
organization of international workshops, research visits to Italy, Mexico,
Uruguay and U.K., and the supervision of master’s dissertations and doctoral
theses. She is also currently coordinating AiRT, an EC funded project
(Proposal 732433, H2020-ICT-2016-2017).

Prof. de-Miguel-Molina is member of the Asociación Española de Ciencia
Regional (AECR) and of the European Regional Science Association (ERSA).
At present, she participates in a H2020 European Project on “Technology
transfer of Remotely Piloted Aircraft Systems (RPAS) for the creative
industry (AiRT)”.

María de-Miguel-Molina (Valencia, Spain, 1971), M.Sc. in Law, 1996,
Universitat de València, Spain and PhD in Management, 2003, Universitat
Politècnica de Valencia, Valencia, Spain. Major field of study, public
management.
She is Associate Professor at Universitat Politècnica de València (Spain),
Management Department, Faculty of Business Administration and
Management, she teaches courses in Public Management, Research
Methodologies and Data Protection. She has published different papers and
book chapters related to public policies and management such as “EGovernment in Spain: An Analysis of the Right to Quality E-Government”
(2010), International Journal of Public Administration, “A Comparative
Empirical Study on Mobile ICT Services, Social Responsibility and the
Protection of Children” (2011), Science and Engineering Ethics, and
“Balancing Uruguayan Identity and Sustainable Economic Development
through Street Art” (2017), in Visiting Murals: Politics, Heritage and Identity
(Heritage, Culture and Identity). Her research interests are related to publicprivate partnerships and community development through public strategies.
Prof. de-Miguel-Molina is member of the European Business Ethics
Network (EBEN) and the Spanish Law & TICs Network (DerechoTics). At
present, she participates in a H2020 European Project on “Technology transfer
of Remotely Piloted Aircraft Systems (RPAS) for the creative industry
(AiRT)”.
Stephan Kröner is a Ph.D. in Geology (Johannes Gutenberg University
Mainz, 2005). He completed his undergraduate degree at the Karlsruhe
Institute of Technology (Germany) in 1998 and moved to the University of
Lausanne (Switzerland), where he obtained his degree in geology (2000).
During his diploma and doctorate, he specialized in the field of structural
geology, geochronology and isotope geology in order to understand mountain
building processes in the Alps and the Damara Orogen (Namibia). 2007 was a
turning point in his research career when he entered the Institute for Cultural
Heritage Conservation (IRP) (Universitat Politècnica de València, Spain) and
was responsible for the characterization of inorganic materials (stones,
ceramics, pigments, mortars, etc.). He specialized in conservation and
preservation strategies of Cultural Heritage. He has published 21 papers in
national and international journals, 26 in congresses, is co-author of a
reference book (English), wrote 9 chapters in international books principal
author of a textbook (Spanish) and regular reviewer of the journal Powder
Technology (Elsevier).
Blanca de-Miguel-Molina (Valencia, Spain, 1967). Economics Degree
(Universitat de València, Valencia, Spain, 1991), International MBA (Ford Anglia Ruskin University - Universitat Politècnica de València, Valencia,
Spain, 1996), Master of Business Administration (Anglia Ruskin University,
UK, 1998) and PhD in Management (Universitat Politècnica de València,
Valencia, Spain, 2003). The author’s major fields of study are Business
Models and Services.
She is Associate Professor at Universitat Politècnica de València (Spain),
Management Department, where she teaches courses in Service Strategy,
Business Models and Service Design. She has published different papers and
book chapters related to creative industries, such as, “Micro-geographies of
creative industries clusters in Europe: From hot spots to assemblages” (Papers
in Regional Science, 2015), “Creative service business and regional
performance: evidence for the European regions” (Service Business. An
International Journal, 2013) and “The importance of creative industry
agglomerations in explaining the wealth of European Regions” (European
Planning Studies, 2012). Research interests are the analysis of creative
industries and the role of business in society through corporate philanthropy.

International Scholarly and Scientific Research & Innovation 12(5) 2018

523

scholar.waset.org/1307-6892/10009012

