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Abstract. Recently, most research efforts and resourced in Aeronautics are de-
voted to the development of Advanced Air Mobility (AAM) technologies. This
term refers to all air mobility services based on autonomy and electrification of
air systems and their infrastructure and when conducted in urban contexts is
known as Urban Air Mobility (UAM). However, the integration of these sys-
tems and what is their environmental, social and economic impact is still un-
known and such ignorance may decelerate its effective implementation and thus
enjoyment of the benefits. In this context, visualization and interaction technol-
ogies such as Extended Reality Technologies (XR) can be leveraged as enabling
technologies aiding in the deployment of AAM and UAM. In this paper, we
present an overview of methodologies for designing human-machine interfaces
in aeronautics and the results of a study of tools and methods for prototyping
virtual urban environments for XR-UAM applications. Moreover, as a result of
implementing the discussed tools, a study case is proposed.

Keywords: XR — Extended Reality, UAM - Urban Air Mobility, Human Ma-
chine Interfaces.

1 Introduction

1.1 Extended Reality Technologies as enabling technologies to Advanced Air
Mobility and Urban Air Mobility

In the last decade, particularly at European level, intense policies supported by signif-
icant acceleration of digitalization of systems and autonomy of platforms, have fos-
tered the introduction of a new mobility concept known as Advanced Air Mobility
(AAM). According to the definition given in the Strategic Plan published by Ente
Nazionale Aviazione Civile (ENAC), AAM encompasses all innovative transportation
services carried out by means of electrically powered, mostly vertical take-off and
landing (VTOL) air vehicles, with or without a pilot on board and its related infra-
structure [1]. Such VTOLS, when unmanned, are also commonly known as “drones”.
In particular, the concept of mobility for urban areas that uses any type of Unmanned
Aerial System (UAS) to carry out any type of mission, operating at a very low level
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(VLL) airspace, with the goal of improving the well-being of individuals and organi-
zations is called Urban Air Mobility (UAM) [2].

Substantial number of exploratory AAM research projects confirm that the quality
and impact of accessibility and mobility in both urban and non-urban areas will im-
prove and lead to safer and better lives for users. Among the anticipated services ex-
pected to benefit from such groundbreaking transportation system are freight and
personal transportation, inspections and mapping, agricultural applications, medical
rescue and surveillance activities.

Alongside UAM fleet comes UAM infrastructure and technology, which raises the
requirement of a new generation of human-machine interfaces to aid both the supervi-
sion of UAM systems and also to ensure the secure operation of such remote and
autonomous flights. Moreover, before its deployment, UAM needs to be designed and
tested. Due to the safety issues associated with testing air vehicles in real-world envi-
ronments, the airspace industry has traditionally relied on secure simulation methods
that utilize safe platforms to simulate and to explore possible scenarios.

On this basis, Extended Reality Technologies (XR) stand out as enabling technolo-
gies to UAM since they offer immersive interfaces allowing not only for managing
and operating remote systems but also for visualizing and safely interacting with digi-
tal prototypes. XR is a comprehensive term that has been introduced to include Virtu-
al Reality (VR), Augmented Reality (AR) and the relatively new Mixed Reality (MR)
[3]. The intersection of XR and UAM represents an exciting opportunity for AAM as
both markets are expected to grow significantly in the next future [4].

However, in order to seamlessly incorporate such innovative systems into daily
routines some operational e testing conditions still need to be met. Hence, so to offer
the state of the art implementation of UAM a collaborative approach is required, with
a special focus to the end users since due to UAM’s novelty, are the key challenge to
the success of this new mobility service. In this context, User-Centered methodologies
aim at collecting the user’s needs, wishes and fears by involving the user in the early
design process and have proven to be particularly effective as methodologies to offer
tailor to use solutions in terms of high acceptance level of future innovations by users
[5].

Therefore, to ensure a safe and sustainable transition to AAM and UAM, an XR
simulation platform is a valuable tool to (i) support the design of these new interfaces
and concepts and (ii) itself be a component of advanced and thus XR-based interfaces
for managing UAM systems and infrastructure. In this paper, we introduce the con-
cepts and method for designing Human Machine Interfaces (HMIs) in aerospace ap-
plications in section 2 and describe the exploratory process to create a three-
dimensional virtual model of an urban area for UAM mission simulation in XR, in
section 3. This work is part of the study conducted in the framework of the MOST —
Sustainable Mobility National Research Centre, the largest Italian national initiative
on sustainable mobility.



2 Human Machine Interfaces in Aerospace Applications

Human Machine Interface (HMI) can be defined as a layer of hardware or software
solutions that allow humans to communicate with systems, providing input and re-
ceiving feedback. Rather than to HMIs it is currently mostly referred to Human Com-
puter Interfaces (HCIs) considering he interaction with computerized systems. More-
over, the concepts of Collaborative Interfaces, Brain Computer Interfaces, Adaptive
Interfaces and Distributed Interfaces are the forefront of innovation as society enters
the Industry 5.0 era where humans interact with intelligent and interconnected ma-
chines through digitalized data aiming at increased sustainability [6].

In aerospace industry, HMIs or HClIs are present throughout the entire lifecycle
of field, ranging from the design of the aircraft and systems to maintenance proce-
dures, including training of personnel [7]. At their core, modern HClIs are composed
of displays, controls and decision aids, each performing a different function: displays
are intended to present computer-processed information, controls are to obtain a de-
sired behavior of the controlled system/process by the operator (e.g. voice commands
in Air Traffic Control) and decision aids are considered as computer processing of
information to aid the operator in the decision making process [8]. Such components
should, therefore, be designed appropriately in order to provide usable, safe and error
free interfaces [9].

The design of human machine interfaces encompasses various disciplines, includ-
ing Human Factors, Cognitive Engineering, Engineering design and several others. In
a traditional approach, ergonomics are associated with some aspects of human factors
related to anthropometry and biomechanics or kinetics of the body. The interaction of
humans with automation, on the other hand, is mostly related to sensory and cognitive
functions, which relates to the term cognitive engineering or cognitive ergonomics
[10].

Amongst all methodologies that have been developed, the ones based on the opti-
mization of human factors have shown to be particularly more popular to design
HMIs. One of such methodology is the User Centred Design (UCD) or Human Cen-
tred Design (HCD) and its main principle is to design a system that supports users’
needs rather than something to which the user needs to adapt to. In synthesis, the ap-
proach starts with the identification of the user and task analysis, followed by the
definition of the problem. Once all the variables are taken into account and all rele-
vant information is collected a tentative solution is conceived, or better, multiple con-
cepts and approaches are developed to address the problem. A prototype is then pro-
duced either though computer simulations of physical mockups and the product is
then tested, so designers can gather feedback for interactive refinement.

Requirements and recommendations for Human Centered Design are provided by
the International Standard 1SO 9241-210:2019 [11] but there are different ways to
implement HCD of systems that can be Requirement Analysis, Usability Evaluations
and Participatory Design. Most of these methods are similar and can be combined and
used throughout different phases of HCD process.

Another design approach is to focus on the work domain rather than on the end us-
er requests, such as Ecological Interface Design (EID), which runs according to the



Skill, Rule and Knowledge (S-R-K) framework [12] by exposing constraints so to
facilitate the operator’s job and move complex cognitive behavior towards simpler
ones. An example of such approach in aeronautics is, for example, the so-called tun-
nel in the sky, that, through placing displays in the cockpit or sometimes in via head
up displays, shows the prediction of the aircraft trajectory to the pilot as a 3D tunnel
depicted through synthetic graphics.

In the realm of industry 5.0, to which the main focus is the user and the coopera-
tion between human and machines, to UAM, this can be translated to designing tech-
nologically advanced HMIs that prioritize the users’ needs. Since air taxis or drone
delivery systems are not yet available as a service, the design approach based on the
knowledge of the working environment is not applicable to UAM unless it starts from
analogies to commercial manned aircraft. Thus, the first step of User Center Design
methods such as context analysis or collection of users’ requirements needs to be
based on assumptions and on documentation that sometimes represent just concepts.
Moreover, experiments across different levels of system maturity -ranging from UAS
mission to infrastructure management- are being conducted but overall generated data
is predominantly confined to the institutions conducing such experiments, restraining
it from being integrated into a cohesive and comprehensive visual perspective. All of
those aspects together prevent us from experiencing a real representation of an urban
environment once UAM services are deployed. Hence, the availability of a frame-
work to create high fidelity and flexible three dimensional of urban environments for
XR-UAM applications is of utmost importance to support the development of exper-
iments and efficient HMIs.

3 Three-dimensional Modelling of Urban Areas for XR-UAM
scenarios

3.1  Exploratory study of tools and methods

When creating a 3D model of an urban environment the designer needs to move to-
wards designing detailed and realistic three-dimensional sets, replicating 3D assets
representing different features, such as from the orography of the terrain or the sign-
age available. Hence, some requirements were considered that, in one side refereed to
the core of the software to be used and on the other side to the additional features one
could add to that software. Therefore, to create a replicable methodology to create
three-dimensional models of an urban environment the following requirements were
considered: open source software, easiness of use and intuitive transversal interfaces,
high quality of the obtained model when visualized in a zoomed in view and its acces-
sibility and the possibility of integrating terrain and geospatial data for accurate map-
ping. With that in mind, an exploratory study of the design capabilities of two differ-
ent open source software was conducted and the obtained results were evaluated.

The first software to be explored was Blender, a free and open-source 3D creation
suite widely used for modelling, simulation and rendering purposes. Developers can
broaden its functionality by downloading and installing add-ons, which allow for pre-



set modelling, for downloading assets or for importing special format files. Addons
such as Blosm for Blender, BlenderGIS and MapsModelsimporter (with the support
of RenderDoc software) were tested. Blosm for Blender facilitates to download and
import real world terrain, three-dimensional cities’ images from Google and buildings
from OpenStreetMap sources [13]. It is available both in its base and premium ver-
sions and it allows for downloading data from given latitude and longitude coordi-
nates. In the same line, BlenderGIS, is an add-on that permits to import most common
types of geographic data format such as shapefile vector, raster image and geotiff
DEM into Blender, generating accurate topographical and mapping models [14]. On
the other hand, ModelMapsimporter is an addon that requires two additional tools:
RenderDoc program and Chrome browser [15]. The result model is a 3D shell model
created based on the registration of what is being visualized in Google Maps via
Chrome browser.

The second used software was Unity, a cross-platform game engine that, apart
from game development, is used for visualization, simulation and training since it
empowers the deployment of stand-alone Virtual Reality, Mixed Reality and Aug-
mented Reality applications. Similar to Blender, users can download plugins, packag-
es and assets that enlarge Unity’s capabilities. Packages as Terrain Tools offers a
complete library of vegetation assets that required little to no modification before its
use. Plugins such as CESIUM for Unity and Mapbox SDK were tested for building
the urban environment. CESIUM for Unity is a platform originally built to track mov-
ing objects in space and that now provides a real-world platform for 3D geospatial
content including 3D tiles, terrain, imagery and photogrammetry fully integrated to
Unity engine [16]. Following a similar approach there is Mapbox Unity SDK —a spe-
cially designed tool to help developers add dynamic map data to their games and ap-
plications, including Augmented Reality support [17]. Finally, the Terrain Tools
package for Unity was also tested. This package makes creation of real-world terrains
possible via height maps, allowing for small customizations such as adding vegeta-
tions and trees and coloring the ground with different kind of soils and textures [18].

3.2 Study Case: Model of the urban area in Fuorigrotta (Naples)

The first three-dimensional urban model realized in the framework of the MOST pro-
ject aimed at replicating a specific flight mission planned in the neighborhood of
Fuorigrotta, in the city of Naples, Italy. The area to be virtually prototyped is a large
widening with urban infrastructure regulated by traffic lights and surrounded by built
environment, such as the faculty of Engineering, the Maradona Stadium and food
kiosk. Some environmental features are present such as grass and trees and so are
public transport services, for example bus and subway stations.

Due to the low altitude of the drone mission a good level of detail is needed of
the urban scenarios’ models. Thus, after the study of the tools available to design the
three-dimensional model, none of the tools explored singularly guaranteed the level of
reproduction fidelity required by the mission. Therefore, a hybrid approach was fol-
lowed: Blender was the software chosen for the modelling, using OpenStreetMaps
data via BlenderGIS addon for the size and geoposioning of the buildings, roads and



sidewalks and Google Street View for the general appearance of the models. The
external part of the main buildings to maintain fidelity were assigned with materials
that emulate the actual material of the building feature. For specific surfaces, such as
the mosaic at the first floor of the engineering faculty textures originating from
Google Street View images were used. Illumination poles were modelled following a
similar procedure as the main buildings.

Once the three-dimensional model was finished in Blender it was exported in
Filmbox (FBX) file type and uploaded so to create the interactive scene in Unity. The
interactive scene was then populated with additional assets such as trees and cars, that
were added exploring Unity’s assets packages. The final results of the model is pre-
sent in Fig. 3. This prototype of an urban environment has been used in a first simula-
tion of a drone mission in the area of Fuorigrotta, Naples. The application running on
Oculus Meta Quest 3 has been experienced for a few seconds among the participants
during one of the MOST Project Technical meetings. Despite not being an official
experiment, it is worth mentioning that the feedback received have been extremely
positive with regards to the sense of realism of the urban scenario. With this hybrid
approach, one can guarantee both accuracy of the model in terms of geo positioning
and also fidelity when experiencing the scenario in a very low level flight.

Fig. 1. lllustrations of the model produced during the case study. A) The urban model in Blend-
er. B) The model already converted to FBX format and uploaded in Unity.

4 Results

A study of tools and methods to obtain an urban model as described in the previous
section was performed. Both Blender and Unity software explored offered good con-
trol of the geo positioning of buildings and other urban assets. Unity packages have
shown a positive application to populate the urban scenario with the required vegeta-
tion since it contains pre-made assets ready to download but the software itself has
not shown good rendering results with respect to the models: the model was not effec-
tively created but streamed which made harder the customization and creation of of-
fline applications. Models using Blender, on their turn, lacked rendering capabilities
in zoomed in view since all the texturing and aesthetics of the buildings is not directly



obtained. Moreover, some of Blender models were made of triangular meshes that
would get distorted when approximated and this is not compatible with the level of
detail required by the very low altitudes of the flying vehicles in UAM.

[ d

Fig. 2. lllustrations of the obtained results using the aforementioned tools. a) Model obtained
using CESIUM for Unity. b) Model obtained using MapsModelsimporter. c)Model obtained
using Blosm for Blender. d) Model of a terrain using Terrain Tools for Unity.

5 Conclusion

This study presents an overview of human-centered design methods in aerospace
applications and a comprehensive assessment of software tools for virtual prototyping
of urban environments for XR-UAM applications. The need to create immersive envi-
ronments for XR applications raises the requirement of high fidelity three-
dimensional models. To achieve such models an exploratory study of tools for virtual
prototyping was conducted using two different software, Blender and Unity, and dif-
ferent tools, addons and plugins for those main platforms. Once these instruments
were levered a hybrid approach between both software was conducted to develop the
first three-dimensional virtual model within the framework of MOST national project
of an urban area in the city of Naples, Italy.

Acknowledgements This study was carried out within the MOST — Sustainable Mo-
bility National Research Center and received funding from the European Union Next-
Generation EU (PIANO NAZIONALE DI RIPRESA E RESILIENZA (PNRR) —
MISSIONE 4 COMPONENTE 2, INVESTIMENTO 1.4 — D.D. 1033 17/06/2022,
CN00000023). This manuscript reflects only the authors’ views and opinions, neither



the European Union nor the European Commission can be considered responsible for
them.

References

11.

12.

13.

14.

15.

16.

17.
18.

Piano Strategico Nazionale AAM (2021-2030) per lo sviluppo della Mobilita Aerea Avan-
zata in Italia, http://www.enac.gov.it, last accessed 2024/04/28.

. Schaefer, D., Hately, A., Ferrara, G., Lambers, D., Schweiger, K., & Rushton, A. P. The

European Concept of Operations for U-space and Urban Air Mobility. SESAR Innovation
Days (2022).

. Rauschnabel, P. A, Felix, R., Hinsch, C., Shahab, H., & Alt, F. (2022). What is XR? To-

wards a framework for augmented and virtual reality. Computers in human behavior, 133,
107289 (2022).

Santhosh, S., DeCrescenzio, F., Araujo, M. G., Corsi, M., Bagassi, S., Lamberti, F., ... &
Losi, J. A. Insights on state of the art and perspectives of XR for human machine interfaces
in advanced air mobility and urban air mobility. In Aeronautics and Astronautics: AIDAA
XXVII International Congress p. 426. Materials Research Forum LLC (2023).

. Reimer, F., Herzig, J., Winkler, L., Biedermann, J., Meller, F., & Nagel, B. (2023). Ap-

plied design thinking in Urban Air Mobility: creating the airtaxi cabin design of the future
from a user perspective. ArXiv preprint (2023).

Industry 5.0 - European Commission. http://www.europa.eu last accessed 2024/04/28.
Bagassi, S., Corsi, M., De Crescenzio, F., Moruzzi, M. C., & Santhosh, S. Maturity-based
taxonomy of extended reality technologies in aircraft lifecycle. In Aeronautics and Astro-
nautics—AIDAA XXVII International Congress, pp. 771-776 Materials Research Forum
LLC (2023).

Bagassi, S., De Crescenzio, F., & Persiani, F. Design and evaluation of a four-dimensional
interface for air traffic control. Proceedings of the Institution of Mechanical Engineers,
Part G: Journal of Aerospace Engineering, 224(8), 937-947 (2010).

. Sheridan, T. B.: Humans and automation. Wiley-Interscience, New York, NY (2002).
10.

Wickens, C. D., Gordon, S. E,, Liu, Y., & Lee, J.: An introduction to human factors engi-
neering. 2"d edn. Pearson Prentice Hall, Upper Saddle River, NJ (2004).

ISO Standard Homepage, https://www.iso.org/standard/77520.html, last accessed
2024/04/28.

Vicente, K. J., & Rasmussen, J. Ecological interface design: Theoretical foundations. IEEE
Transactions on systems, man, and cybernetics, 22(4), 589-606 (1992).

A few clicks import of Google 3D cities, OpenStreetMap, terrain. Global coverage. Source
code is in the branch 'release’. https://github.com/vvoovv/blosm , last accessed 2024/04/28.
Blender addons to make the bridge between Blender and geographic data.
https://github.com/domlysz/BlenderGIS, last accessed 2024/04/28.

A Blender add-on to import models from google maps.
https://github.com/eliemichel/MapsModelsimporter, last accessed 2024/04/28.

Cesium: The Platform for 3D Geospatial, Cesium: The Platform for 3D Geospatial,
https://cesium.com/platform/cesium-for-unity, last accessed 2024/04/28.

Maps SDK for Unity. https://www.mapbox.com/unity last accessed 2024/04/28.

Terrain Tools for Unity. https://assetstore.unity.com/packages/tools/terrain/terrain-tools-
64852, last accessed on 2024/04/28.


https://www.enac.gov.it/pubblicazioni/piano-strategico-nazionale-aam-2021-2030-per-lo-sviluppo-della-mobilita-aerea-avanzata-in-italia
Industry%205.0%20-%20European%20Commission.%20http:/www.europa.eu)
A%20few%20clicks%20import%20of%20Google%203D%20cities,%20OpenStreetMap,%20terrain.%20Global%20coverage.%20Source%20code%20is%20in%20the%20branch%20'release'
A%20few%20clicks%20import%20of%20Google%203D%20cities,%20OpenStreetMap,%20terrain.%20Global%20coverage.%20Source%20code%20is%20in%20the%20branch%20'release'

