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Abstract

Advanced Air Mobility (AAM) is becoming a possible part of future urban
and regional transport systems. Vertiports form a central element of AAM,
offering the infrastructure needed for electric vertical take-off and landing
aircraft. Their placement within cities demands close attention to safety,
regulation, infrastructure, sustainability, and public acceptance. This thesis
examines how Virtual Reality (VR) can serve as a tool to support the early
planning and assessment of a conceptual rooftop vertiport.

The study reviews the present state of AAM, eVTOL aircraft, vertiports,
and immersive technologies. European regulatory guidance was analyzed,
along with the environmental, social, and economic aspects of sustainability,
and the possible roles of VR in urban integration, stakeholder communica-
tion, and informed decision-making.

A virtual environment was created using three-dimensional modelling and
real-time simulation software. It depicted a rooftop vertiport, the nearby
urban area, a destination airport, ground traffic, and an eVTOL flight from
take-off to landing. Several viewpoints were added to give an immersive
experience through a VR headset.

The application was assessed through a questionnaire completed by par-
ticipants with relevant expertise. The results indicated an overall positive
view of VR, especially for presenting vertiport concepts, aiding early design
evaluation, and deepening understanding of urban integration.

The study concludes that VR can supplement traditional planning meth-
ods by improving spatial comprehension, stakeholder participation, and sus-
tainability focused evaluation. Still, it should be applied together with de-
tailed engineering studies, regulatory reviews, and real-world testing.
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Chapter 1

Introduction

1.1 Background and Motivation

Rapid urbanization and continuous population growth are placing increas-
ing pressure on transportation systems in modern cities. Urban areas face
serious challenges related to tra�c congestion, air pollution, greenhouse gas
emissions, and limited infrastructure capacity. According to the European
Commission, more than 70% of the European Union population currently
lives in urban areas, where transportation activities contribute signi�cantly
to environmental impacts[1].

The transport sector is among the main contributors to climate change
and environmental pollution. The European Environment Agency reported
that transport accounts for roughly one quarter of the European Union's to-
tal greenhouse gas emissions, while also adding to air and noise pollution in
urban environments[2]. In addition, growing tra�c congestion negatively af-
fects mobility e�ciency, energy use, and economic productivity. According to
the European Court of Auditors, congestion in urban areas causes economic
losses exceeding ¿270 billion annually across the European Union[3].

To address these challenges, the European Union has established am-
bitious sustainability objectives through the European Green Deal, which
aims to cut transport-related greenhouse gas emissions by 90% by 2050[4].
Achieving these goals requires the creation of innovative and sustainable
transportation systems that can improve mobility while reducing environ-
mental impacts.

In this context, Advanced Air Mobility (AAM) has appeared as a promis-
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ing concept for future transportation systems. AAM refers to the use of
new aircraft technologies and operational concepts for urban and regional air
transportation. One of the main applications of AAM is Urban Air Mobility
(UAM), which focuses on passenger and cargo transport within cities using
electric vertical take-o� and landing (eVTOL) aircraft. These systems aim to
deliver faster, more 
exible, and potentially more sustainable transportation
options while easing the burden on existing ground networks. However, the
successful implementation of AAM and UAM depends on the development of
appropriate infrastructure, such as vertiports, along with e�ective methods
for assessing their integration within existing urban environments.

1.2 Urban Air Mobility (UAM)

Among the emerging solutions proposed for future sustainable transportation
systems, Advanced Air Mobility (AAM) and Urban Air Mobility (UAM)
have gained signi�cant attention in recent years. With the number of people
living in urban areas rising by about 3% each decade, transportation within
cities is expected to become more di�cult because of increasing congestion,
environmental pressures, and infrastructure constraints[5].

According to the European Union Aviation Safety Agency (EASA), Ur-
ban Air Mobility (UAM) is de�ned as "a safe, secure and more sustainable
air transportation system for passengers and cargo in urban environments,
enabled by new technologies and integrated into multimodal transportation
systems"[5]. UAM stands as one of the main applications of AAM and
concentrates on transportation within and around densely populated urban
zones.

Urban Air Mobility systems rely on eVTOL aircraft equipped with ad-
vanced technologies such as electric propulsion and improved battery sys-
tems. These aircraft can operate with a pilot on board or through remote
piloting systems. Potential bene�ts associated with eVTOL transportation
include shorter travel times on selected routes, reduced local operational
emissions, and improved connectivity between speci�c urban and regional
locations. However, the extent of these bene�ts depends on factors such
as route characteristics, aircraft occupancy, energy sources, infrastructure
availability, and integration with existing transport networks [5].

From a sustainability point of view, UAM could contribute to more e�-
cient and environmentally conscious transportation through electric propul-
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sion and optimized mobility networks. It may also help ease tra�c congestion
and improve accessibility between urban centers and nearby regions. How-
ever, the implementation of UAM also brings several technical, operational,
environmental, and social challenges, including:

ˆ Integration into urban environments and ground infrastructure;

ˆ Safety and security requirements;

ˆ Public acceptance and social perception;

ˆ Regulatory and certi�cation challenges;

ˆ Operational procedures and pilot licensing;

ˆ Noise and acoustic impacts;

ˆ Environmental and sustainability considerations;

ˆ Airspace integration and tra�c management.

Among these challenges, developing appropriate vertiport infrastructure
remains one of the essential conditions for the successful integration of UAM
systems into future cities.

Figure 1.1: Key challenges associated with Urban Air Mobility and vertiport integration
(Illustration created by the author based on the literature reviewed in this thesis)
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1.3 Vertiports and Urban Integration

The development of UAM systems requires suitable ground infrastructure
capable of supporting eVTOL aircraft operations. Among the most impor-
tant infrastructure elements are vertiports, serving as designated areas for
aircraft landing and take-o�, passenger handling, charging operations, and
tra�c management.

According to the European Union Aviation Safety Agency (EASA), a ver-
tiport is de�ned as "an area of land, water, or structure used or intended to be
used for the landing and take-o� of VTOL-capable aircraft"[6]. Within the
framework of Aerodrome and Vertiport regulations, vertiports are regarded
as a category of aerodrome infrastructure[7]. Depending on operational re-
quirements and urban constraints, they may be integrated into rooftops,
airports, parking structures, or dedicated urban facilities.

Unlike conventional heliports, vertiports are speci�cally designed to sup-
port emerging Advanced Air Mobility (AAM) operations with lower noise
emissions, electric charging capabilities, and greater operational 
exibility[7].
These facilities may range from small "vertistops" with minimal infrastruc-
ture to larger "vertihubs" capable of supporting passenger services, main-
tenance activities, aircraft storage, and multimodal transportation connec-
tions [8]. Therefore, developing vertiports is essential for enabling future
aerial transportation networks and integrating air mobility into existing ur-
ban transport systems.

However, integrating vertiports into dense urban environments brings sev-
eral technical, operational, and environmental challenges. Vertiports must
be carefully designed to ensure safe aircraft operations while considering
surrounding buildings, obstacle limitation surfaces, noise restrictions, public
safety, and compatibility with existing infrastructure[7]. In addition, factors
such as downwash e�ects, emergency response systems, charging infrastruc-
ture, passenger accessibility, and energy demand must be evaluated during
the design process[8]. These requirements make vertiport planning a mul-
tidisciplinary task involving aviation authorities, urban planners, local gov-
ernments, and infrastructure operators.

Recent regulatory frameworks and prototype technical speci�cations de-
veloped by EASA indicate that future vertiports are expected to become
highly integrated and technologically advanced facilities[7]. Due to the com-
plexity of these systems and the need to assess human interaction, spatial
perception, and operational work
ows, simulation and visualization technolo-
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gies are becoming increasingly signi�cant during the design phase.
In this context, due to the complexity of vertiport planning, simulation

and visualization technologies may support the assessment and communica-
tion of design concepts during the early planning phase.

1.4 Virtual Reality in Vertiport Planning

The planning of vertiports requires attention to a range of technical, oper-
ational, environmental, and social factors to ensure their safe and e�ective
integration into future transportation systems. Conventional drawings and
three-dimensional models can convey essential technical details, yet they may
not fully express the spatial qualities of a proposed vertiport to all stakehold-
ers, especially those without a technical background.

Virtual Reality (VR) provides an immersive way to visualise and experi-
ence a proposed vertiport before it is physically built. By placing users inside
a simulated environment, VR helps them gain a clearer sense of the vertiport
layout, its connection with surrounding infrastructure, and the movement
of eVTOL aircraft. It can also help designers and stakeholders detect spa-
tial limitations, test operational scenarios, and share design ideas during the
early planning stage[9].

The application of VR is not con�ned to aviation or urban planning.
It has also been used in many other areas where direct training or exper-
imentation could be di�cult, costly, or even unsafe. In healthcare, virtual
environments let students and professionals practice clinical procedures and
develop hands-on skills without putting patients at risk [10]. In higher ed-
ucation, VR helps create interactive learning spaces where students can ex-
plore complex topics and gain experience that might be hard to achieve in
a standard classroom[11]. In manufacturing, it supports training in assem-
bly, equipment operation, production processes, and workplace safety before
users handle actual machinery[12]. These uses show the wider value of VR
in o�ering controlled and repeatable experiences before tasks are carried out
in real-world settings.

Furthermore, VR can support stakeholder participation by enabling avi-
ation experts, urban planners, public authorities, researchers, and poten-
tial users to explore the same virtual environment from various perspec-
tives. Feedback gathered through these experiences may help assess usability,
public perception, urban compatibility, and sustainability-related factors[9].
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While VR cannot substitute for detailed engineering analyses, safety evalua-
tions, or regulatory approval processes, it can act as a complementary tool for
early-stage visualization, communication, and design review[13]. For these
reasons, this thesis investigates the potential application of VR to the sim-
ulation and preliminary assessment of a conceptual rooftop vertiport within
an urban environment.

The remainder of this thesis is organised as follows. Chapter 2 reviews the
current progress in Advanced Air Mobility, eVTOL aircraft, vertiports, and
the application of simulation and immersive technologies in this area. Chap-
ter 3 outlines the regulatory framework considered in the study and examines
the key sustainability aspects related to vertiport planning and development.
It also de�nes the design criteria used for the conceptual rooftop vertiport.
Chapter 4 explains the methodology adopted to build the three-dimensional
environment and to develop the VR simulation. Chapter 5 reports the pre-
liminary expert evaluation of the created application, along with the ques-
tionnaire results and their discussion. Finally, Chapter 6 summarises the
main conclusions and suggests possible directions for future research.

15



Chapter 2

State of the Art

2.1 Introduction

Advanced Air Mobility is an emerging �eld that brings together new aircraft
technologies, dedicated infrastructure, digital systems, and innovative oper-
ational concepts. Understanding its current stage of development requires
consideration of eVTOL con�gurations, vertiport features, and the use of
simulation and immersive technologies to support design, evaluation, and
public engagement. This chapter reviews these elements and points out the
research gap addressed by the present thesis.

2.2 Current Development of Advanced Air
Mobility and Vertiports

AAM has moved beyond the initial conceptual phase. Several full-scale eV-
TOL aircraft have completed piloted and unpiloted 
ight tests, including ver-
tical take-o� and landing, transition to forward 
ight, operation in controlled
airspace, and 
ights between existing aviation facilities[14]. However, most
eVTOL aircraft remain in stages of testing, certi�cation, and operational-
readiness work instead of being deployed for regular public passenger trans-
port.

The level of development di�ers across regions. In Europe, the sector is
largely in the aircraft certi�cation and operational integration phase. Current
regulatory activities address aircraft certi�cation, pilot training, air opera-
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tions, airspace integration, landing-site availability, and energy management
[15]. A similar development phase can be seen in the United States, where
pilot programmes are used to assess how eVTOL aircraft can be safely inte-
grated into the existing aviation system[16].

China has reached a more advanced operational stage, where limited
human-carrying eVTOL activities have received operational authorisation[17].
These activities mainly involve tourism, sightseeing, and 
ight experiences.
Still, regular point-to-point urban passenger transport and large-scale com-
mercial AAM networks are at an early stage.

Alongside the development of eVTOL aircraft, signi�cant progress has
also been made in the design, testing, and implementation of vertiport in-
frastructure. Vertiports have moved from conceptual designs to physical pro-
totypes, demonstration sites, and operational testbeds. Full-scale facilities
have been developed in Singapore, the United Kingdom, France, and Italy
to test passenger handling, ground operations, charging systems, aircraft-
infrastructure interaction, and public experience[18, 19, 20, 21]. Some of
these facilities have also hosted crewed eVTOL demonstration 
ights. More
permanent vertiport infrastructure is now being prepared in the United Arab
Emirates to support future commercial air-taxi operations [22].

Overall, AAM can at present be described as shifting from experimen-
tal development toward early implementation. eVTOL aircraft have shown
their capability to 
y, and vertiport facilities have been physically built and
tested. However, most current projects still remain in demonstration, certi�-
cation, testing, or operational-preparation phases. Further progress is needed
in aircraft certi�cation, infrastructure development, operational procedures,
airspace integration, economic feasibility, and public acceptance before large-
scale urban passenger networks can be fully established.

2.2.1 Main eVTOL con�gurations

Electric vertical take-o� and landing aircraft (eVTOL) can be classi�ed into
three main con�guration types: vectored thrust, lift-and-cruise, and wingless
multicopter designs[7].

In a vectored-thrust con�guration, the same propulsion units gener-
ate vertical lift during take-o� and landing and are then rotated to provide
forward thrust during cruise. In forward 
ight, the wings generate aerody-
namic lift. This con�guration is generally suitable for longer-distance oper-
ations since it o�ers higher cruise e�ciency, though its movable propulsion
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system adds mechanical and certi�cation complexity.
In a lift-and-cruise con�guration, separate propulsion systems are

used for vertical and horizontal 
ight. Dedicated rotors provide lift dur-
ing take-o� and landing, while another propulsion system produces forward
thrust during cruise, with the wings generating lift. This separation tends to
simplify the design compared with vectored-thrust aircraft, while still allow-
ing a greater range than wingless multicopter concepts.

In a wingless or multicopter con�guration, �xed rotors provide lift
throughout all phases of 
ight. These aircraft do not rely on wings or rotating
propulsion units, resulting in a relatively simple mechanical layout. However,
because the rotors must continuously generate lift, multicopter aircraft are
generally more suitable for shorter-distance urban operations.

The aircraft model used in this thesis is based on the Volocopter concept,
which falls within the wingless multicopter category. This con�guration was
regarded as appropriate for simulating short-distance urban 
ight between
the rooftop vertiport and the destination site.

Figure 2.1: Main eVTOL con�gurations and their typical characteristics. Adapted from
EASA [23].

2.2.2 Types of Vertiports

Vertiports can be grouped according to their physical location and opera-
tional scale.

According to EASA[7], vertiports may be classi�ed as either surface-level
or elevated. A vertiport situated on a raised structure on land at a height of 3
m or more is considered elevated. Therefore, this category includes vertiports
built on building rooftops or other su�ciently raised structures.

Vertiports may also be grouped according to their size and expected traf-
�c capacity. An EASA study presents three scalable infrastructure types:
vertipads, vertibases, and vertihubs[23].

A vertipad represents the smallest vertiport con�guration and is mainly
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focused on the landing and take-o� pad itself. It usually contains one or two
landing pads and may serve outlying areas, speci�c points of interest, private
users, or suburban transport links.

A vertibase represents an intermediate con�guration and may be located
close to areas with a higher concentration of origins and destinations, such
as business districts, retail areas, and major commuting stations.

A vertihub is the largest con�guration and may contain approximately
ten landing pads. These facilities are primarily proposed for major airports,
city centres, and key transport corridors.

This size-based classi�cation is conceptual and shows how vertiport in-
frastructure can be scaled according to tra�c demand and urban context. It
does not constitute a formal regulatory classi�cation for vertiport certi�ca-
tion.

Based on these classi�cations, the conceptual facility developed in this
thesis can be described as a small, single-pad elevated rooftop vertiport.
In terms of operational scale, it most closely resembles a vertipad since it
includes one take-o� and landing area.

2.3 Previous Applications of Simulation and
Virtual Reality

Virtual Reality has been used in aviation for many years, mainly for 
ight
training, aircraft and cockpit design, maintenance and air tra�c simulations
where real operators work within a simulated environment.

During the early development of Advanced Air Mobility, VR was adapted
to create con�gurable test environments for studying eVTOL operations,
route following, cockpit interfaces, airspace integration, and interaction be-
tween users and automated systems[24, 25]. These simulations made it
possible to examine operational concepts safely and gather 
ight and user-
performance data without the need for real aircraft or access to operational
urban airspace.

As AAM research progressed, the use of VR broadened from technical

ight simulation to human-centred design. Immersive environments were
applied to assess vertiport layouts and passenger experience, including circu-
lation, way�nding, signage, accessibility, and usability. This method allowed
potential users to experience the proposed infrastructure and share feedback
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before physical construction[26].
The current state of the art goes beyond conventional VR and increas-

ingly includes Extended Reality (XR) technologies, such as Augmented Re-
ality (AR) and Mixed Reality (MR). Present platforms can integrate virtual
urban environments, aircraft models, physical controls, operational data, dig-
ital twins, and real-time interaction. Their uses include design validation,
concept-of-operations testing, training, public familiarisation, stakeholder
communication, and operational support[27, 28].

Overall, immersive technologies have developed from specialised technical
simulators into broader platforms that support operational analysis, human-
centred design, and communication of future AAM systems. Still, most cur-
rent applications remain experimental. They cannot fully reproduce real

ight conditions like acceleration, vibration, wind, and physical risk, and
they do not replace engineering calculations, certi�cation, safety assessment,
or real-world testing. Instead, they serve as complementary tools for assess-
ing and presenting AAM concepts during the early stages of development.

2.4 Research Gap

Based on the literature reviewed, limited research has examined the combined
use of Virtual Reality to represent a regulation-informed rooftop vertiport
integrated into an existing urban building. In particular, little attention has
been paid to simulations that merge the full departure, 
ight, and landing
phases of an eVTOL operation from both passenger and pilot perspectives,
while also accounting for sustainability aspects, public understanding, stake-
holder communication, and early design evaluation.

This thesis addresses that gap through the development of a conceptual
elevated rooftop vertiport integrated into an existing building. The virtual
environment brings together a vertiport layout based on EASA guidance,
an eVTOL aircraft model, an urban 
ight scenario, and immersive passen-
ger and pilot views through a VR headset. The simulation also illustrates
the connection between the vertiport, its surrounding urban context, and
selected sustainability elements. Feedback from VR participants and experts
is gathered to assess the potential of VR as a tool for visualisation, communi-
cation, user engagement, and the preliminary evaluation of future vertiport
concepts.
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Chapter 3

Regulatory and Sustainability
Framework

3.1 Aviation Regulation and Its Importance

Regulation can generally be described as the creation of rules, standards,
and procedures that guide, control, and organize activities within a speci�c
�eld. In aviation, regulation holds particular importance because aircraft
operations involve signi�cant technical complexity, operational risk, and in-
teraction among aircraft, infrastructure, personnel, passengers, and nearby
communities. Aviation regulations aim to reduce the likelihood of accidents
by setting shared requirements for aircraft design, airworthiness, mainte-
nance, pilot quali�cation, infrastructure, operational procedures, and safety
management[29].

In addition to safety, aviation regulation promotes standardisation across
the aviation system by ensuring that aircraft, airports, operators, air navi-
gation services, and authorities operate within a uni�ed framework. It also
supports environmental protection by addressing matters such as noise, emis-
sions, energy consumption, and the sustainable integration of emerging avi-
ation technologies.

The signi�cance of regulation becomes even more pronounced in the con-
text of Advanced Air Mobility (AAM), where new types of electric vertical
take-o� and landing aircraft are expected to function in or near densely pop-
ulated urban areas. Unlike conventional aviation activities, AAM demands
regulatory focus across several interrelated domains, including vehicle cer-
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ti�cation and airworthiness, vertiport design and infrastructure standards,
integration with existing urban systems, coordination with air tra�c man-
agement and digital 
ight data networks, environmental and sustainability
aspects, and social acceptance. These domains are essential because AAM
operations must be safely coordinated with buildings, transport systems,
public areas, emergency services, and current airspace users. Therefore, a
well-structured regulatory framework is necessary to ensure that AAM can
be introduced safely, e�ciently, sustainably, and with public con�dence.

In Europe, the European Union Aviation Safety Agency (EASA) plays
a key role in developing technical guidance and future regulatory structures
for the safe integration of VTOL-capable aircraft and vertiport infrastruc-
ture. One of the most relevant documents for this purpose is the Prototype
Technical Speci�cations for the Design of VFR Vertiports for Operation with
Manned VTOL-Capable Aircraft Certi�ed in the Enhanced Category (PTS-
VPT-DSN)[7].

EASA states that these prototype speci�cations are intended as non-
regulatory guidance material in the initial phase, while a more complete
regulatory framework will be established later. For this reason, the document
is particularly relevant to this thesis, as it outlines the main safety and design
considerations that should be taken into account when developing vertiport
concepts for Advanced Air Mobility operations.

3.2 EASA Vertiport Design Requirements

3.2.1 Overview and Applicability

EASA notes that vertiport regulation will be developed in two main phases.
In the �rst phase, the PTS-VPT-DSN [7] is introduced as non-regulatory
guidance material for designing VFR vertiports, or parts of vertiports, in-
tended for manned VTOL-capable aircraft certi�ed in the enhanced category.
EASA then intends to create a full regulatory framework for vertiports cov-
ered by Regulation (EU) 2018/1139, including requirements for authorities,
vertiport operators, vertiport operations, certi�cation speci�cations, and re-
lated guidance material for vertiport design and certi�cation. The document
thus applies to VFR vertiports that support manned VTOL-capable aircraft
within the enhanced category.

In the EASA framework, the enhanced category [6] is a safety certi�ca-
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tion class for VTOL-capable aircraft that demands higher safety objectives,
especially for passenger transport and 
ights over dense urban areas. In this
category, aircraft must be able to maintain safe 
ight and perform a landing
after a critical failure, enabling them to continue to their planned destination
or reach another suitable vertiport safely. This makes the enhanced category
particularly important for AAM operations, where aircraft may carry pas-
sengers and operate above populated regions.

3.2.2 Key De�nitions for Vertiport Design

Congested area:
A congested area refers to a part of a city, town, or settlement that is mainly
used for residential, commercial, or recreational activities[7].

Aerodrome:
A de�ned area, including any buildings, installations, and equipment, located
on land, water, or a �xed o�shore or 
oating structure, intended to be used
fully or partly for the arrival, departure, and surface movement of aircraft[7].

Category Enhanced:
Category Enhanced is a certi�cation category for VTOL-capable aircraft that
requires the aircraft to be capable of continued safe 
ight and landing after a
critical failure. This means that even if a serious performance-related failure
happens, the aircraft must still maintain controlled 
ight and land safely,
either at the planned destination or at another suitable vertiport. This cate-
gory is mainly relevant for higher-risk operations, such as passenger transport
and 
ights over congested areas[7].

Category Basic:
Category Basic is a certi�cation class for VTOL-capable aircraft that requires
the aircraft to be able to make a controlled emergency landing after a critical
performance-related failure. Unlike the enhanced category, it does not de-
mand that the aircraft continue safe 
ight to its destination or an alternate
vertiport, but it must still permit a controlled landing[7].

Obstacle:
Any �xed or movable object, whether temporary or permanent, that could
pose a hazard to VTOL-capable aircraft[7].
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Safety Area (SA):
An obstacle-free zone surrounding the FATO, meant to lower the risk of dam-
age if a VTOL-capable aircraft unintentionally deviates during approach or
take-o�[7].

Protection Area:
An area around a VTOL-capable aircraft stand, designed to reduce the risk
of damage if the aircraft accidentally deviates from its intended position dur-
ing stand operations[7].

D-value:
The D-value refers to the diameter of the smallest circle that completely
encloses the horizontal projection of a VTOL-capable aircraft when it is in
its take-o� or landing con�guration, with rotors turning if applicable. It is
given in metres and rounded up to the nearest tenth. If the aircraft changes
its dimensions while taxiing or parking, for instance due to folding wings,
separate values such as Dtaxiing or Dparking should also be noted[7].

Figure 3.1: De�nition of the Design D-value for a VTOL-capable aircraft (source: EASA
PTS-VPT-DSN [7]).

Distance DR:
It means the horizontal distance between the VTOL-capable aircraft and an
obstacle during take-o�. This distance is measured either from the end of the
available take-o� distance or from the rear edge of the FATO to the obstacle
[7].
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VTOL-capable aircraft:
A heavier-than-air aircraft, distinct from a conventional aeroplane or heli-
copter, that can carry out vertical take-o� and landing using more than two
lift or thrust units to generate lift during take-o� and landing[7].

Design VTOL-capable aircraft:
The design VTOL-capable aircraft is the reference aircraft used for vertiport
design. It represents the aircraft type, or the mix of aircraft characteristics,
that impose the most demanding requirements on the vertiport, such as the
largest dimensions, the highest maximum take-o� mass (MTOM), and the
strictest obstacle-avoidance criteria. These characteristics may come from
several aircraft types, not necessarily from a single one[7].

Final Approach and Take-O� Area (FATO):
The FATO is the part of a vertiport used for the �nal phase of approach and
the start of take-o�. It should remain free of obstacles, except for necessary
safety-related equipment like lighting or �re�ghting systems, and must be
large enough to hold the design VTOL-capable aircraft during its intended
operations. Each vertiport should have at least one FATO, and it should be
associated with a safety area (SA)[7].

Continued Safe Flight and Landing (CSFL):
The ability of a VTOL-capable aircraft to remain under control and land
safely at a vertiport after a failure, possibly using emergency procedures,
without requiring exceptional pilot skill or physical e�ort[7].

Touchdown and Lift-O� Area (TLOF):
The area on a vertiport speci�cally intended for the touchdown and lift-o�
of VTOL-capable aircraft[7].

Visual Flight Rules (VFR):
A set of 
ight rules under which the aircraft is 
own mainly by visual refer-
ence to the outside environment. VFR operations require adequate visibility
and weather conditions that allow the pilot to see and avoid obstacles, ter-
rain, and other aircraft[7].

Vertiport Reference Point (VRP):
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The designated geographical position of a vertiport, usually given through
coordinates. It serves as the o�cial reference point for identifying the verti-
port's location on maps and in aeronautical information[7].

Vertiport elevation:
The highest point of the Final Approach and Take-O� Area (FATO)[7].

3.2.3 Physical Characteristics of Vertiports

According to EASA, the physical layout of a vertiport is built on several core
assumptions and design principles.

First, the Final Approach and Take-O� Area (FATO) is considered to
serve only one VTOL-capable aircraft at any given time. This means the
landing and take-o� zone is arranged for single-aircraft operations, not for
multiple aircraft using the same FATO simultaneously. When more than one
FATO is positioned near another, EASA assumes they will not be used at
the same time unless proper separation distances and safety measures are
clearly de�ned.

EASA de�nes a vertiport as a set of distinct areas, each serving a particu-
lar operational role. These areas form the essential structure of the vertiport
and include the FATO, TLOF, aircraft stand, taxiway, ground taxi-route,
and air taxi-route. Supporting zones consist of the Safety Area (SA), clear-
way, and protection area.

Moreover, when designing stands for VTOL-capable aircraft, the place-
ment and size of charging systems should be taken into account. This is
particularly signi�cant for AAM operations since many aircraft are electric,
and the charging infrastructure can in
uence the layout, spacing, and ground
movement within the vertiport.

Based on these principles, the main physical features of vertiports are out-
lined to highlight the essential components required for safe VTOL operations[7].

3.2.3.1 Final-Approach and Take-O� Areas (FATOs)

The Final Approach and Take-O� Area (FATO) is a key physical component
of a vertiport. According to EASA, it must provide an area free from ob-
stacles, except for essential safety-related items such as visual aids, lighting,
roll-over protection, or �re�ghting equipment. Any essential objects within
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the FATO should not rise more than 5 cm above the horizontal plane at the
FATO elevation.

A vertiport should have at least one FATO, which can be either solid
or non-solid. When the FATO has a solid surface, it must resist downwash
e�ects, o�er su�cient bearing strength where needed, ensure proper drainage,
and prevent surface hazards. If it is located together with a TLOF, both areas
should be continuous and level.

The FATO must be large enough to accommodate the design VTOL-
capable aircraft during the �nal stage of approach and the initial stage of
take-o�.

The FATO must also be linked to a Safety Area (SA). Its minimum length
and width should follow the procedure speci�ed in the Aircraft Flight Manual
(AFM), or be 1.5 times the Design D, whichever value is greater[7].

Figure 3.2: FATO and associated Safety Area (Source: EASA PTS-VPT-DSN [7])

3.2.3.2 Safety Area (SA)

The Safety Area (SA) surrounds the FATO and o�ers extra protection dur-
ing VTOL-capable aircraft operations. Its main role is to o�set possible
manoeuvring errors, particularly in di�cult environmental conditions. For
this reason, the SA must remain clear of obstacles, except for essential safety-
related items.

When the SA has a solid surface, it needs to be continuous and level with
the FATO. It should also resist downwash e�ects and ensure proper drainage
to prevent operational risks.
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As stated by EASA, the SA must extend outward from the FATO edge
by at least 3 m or 0.25 Design D, whichever is larger. No movable objects are
allowed within the SA during VTOL-capable aircraft operations. Essential
objects placed inside the SA must also comply with height restrictions and
should not break through an imaginary surface beginning 25 cm above the
FATO edge and rising outward at a 5% gradient. Moreover, when the SA is
solid, its surface slope should not go beyond 4% outward from the FATO[7].

Figure 3.3: Safety Area geometry and height limitations( Author's own elaboration based
on EASA PTS-VPT-DSN [7])

3.2.3.3 Downwash Protection

Downwash protection is a key part of vertiport design since VTOL-capable
aircraft can create strong air
ow during hover, take-o�, and landing. Accord-
ing to EASA, the Aircraft Flight Manual (AFM) must include the downwash
value measured around the aircraft under speci�c hover conditions. This �g-
ure helps determine whether the Safety Area (SA) o�ers enough protection
against downwash e�ects.

EASA gives initial guideline values for the maximum downwash velocity
for various types of areas, as shown in �gure 3.4. These values help assess the

28



in
uence of downwash on passengers, 
ight crew, public zones, roads, apron
equipment, and nearby structures. Still, the evaluation should also take into
account local factors such as wind, vegetation, pedestrian or bicycle paths,
light structures, and any relevant local regulations.

If the downwash value stated in the AFM goes beyond the recommended
limits, an extra downwash protection area should be established. This area
must ensure that the downwash velocity at its boundary stays below the
advised maximum value. Depending on local wind patterns, the protection
area might need to stretch beyond the standard 2D circle. When the Safety
Area is not solid, the downwash protection area can overlap with the SA.
For elevated vertiports, the protection area might also need to extend below
the FATO level. In those cases, a safety assessment should be performed to
decide whether this extra protection is required [7].

Figure 3.4: Initial guidelines for the maximum downwash velocity per type of area
(Source: EASA PTS-VPT-DSN [7]).

3.2.3.4 Protected Side Slope

According to EASA, a vertiport must have at least one protected side slope
that extends outward from the edge of the Safety Area (SA). This surface
rises at a 45-degree angle and continues for a distance of 10 m. Its function is
to o�er extra obstacle protection around the FATO and SA, helping reduce
the chance of interference between VTOL-capable aircraft and nearby objects
during operations.

The protected side slope must stay clear of any obstacle penetration. In
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other words, buildings, equipment, structures, or any other objects should not
intrude into this protected surface, ensuring a safe operational area around
the vertiport[7].

Figure 3.5: Di�erent con�gurations of protected side slopes around the FATO and Safety
Area (Source: EASA PTS-VPT-DSN [7]).

3.2.3.5 VTOL-capable Aircraft Clearway

A VTOL-capable aircraft clearway is an additional area that can be provided
to support take-o� performance, though EASA speci�es that its inclusion is
not required. When it is included, the clearway must remain free of obstacles,
except for essential safety-related items, and should provide enough space for
the design VTOL-capable aircraft to accelerate near the surface and reach
its take-o� safety speed.

If the clearway has a solid surface, it needs to be continuous and level
with the FATO and Safety Area (SA), resistant to downwash forces, and
free of hazards if a forced landing becomes necessary. When the clearway is
elevated, it must also allow su�cient clearance above all obstacles.

The clearway should start at the outer edge of the Safety Area or, if
elevated, directly above or below that edge. Its width must not be less than
the total width of the FATO and the related Safety Area. For solid clearways,
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the ground slope should remain within the limits set by EASA to prevent
operational hazards during take-o� [7].

Figure 3.6: Schematic representation of a VTOL-capable aircraft clearway in relation to
the FATO and SA (Author's own elaboration based on EASA PTS-VPT-DSN[7].)

3.2.3.6 Touchdown and Lift-o� Area (TLOF)

A vertiport must include at least one Touchdown and Lift-O� Area (TLOF)
wherever the aircraft's undercarriage is meant to touch down or lift o�. The
TLOF may be connected with a FATO, a taxiway, or an aircraft stand.

This area must be free of obstacles and large enough to hold the undercar-
riage of the most demanding VTOL-capable aircraft. Its surface should have
adequate bearing strength for dynamic landing loads, enough friction to pre-
vent skidding, resistance to downwash, proper drainage, and no irregularities
that could a�ect aircraft stability.

The minimum TLOF dimensions should be 0.83 D, or those speci�ed in
the Aircraft Flight Manual (AFM), whichever is greater. For an elevated ver-
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tiport, a TLOF within a FATO must be large enough to contain a circle with
a diameter of at least 1 Design D. When located within a FATO, the TLOF
should normally be centered on it, while one within an aircraft stand should
be centered on that stand. Clear markings should indicate the touchdown
point and any maneuvering restrictions[7].

3.2.3.7 VTOL-capable Aircraft Taxiways and Taxi routes

VTOL-capable aircraft taxiways are prepared surfaces meant for ground
movement, either under the aircraft's own power or with ground-handling
equipment. They must remain clear of obstacles, able to bear taxiing loads,
and, where needed, resistant to downwash. They should also be designed to
provide proper drainage. The minimum width is generally twice the under-
carriage width (2 UCW).

Ground taxi-routes are protected corridors used when the aircraft moves
on its landing gear. They should be centered on the taxiway and have a
minimum width equal to 1.5 times the overall width of the largest aircraft
expected to use them. No mobile objects should be present within the route
during aircraft operations.

Air taxi-routes are meant for aircraft movement slightly above the surface
in low hover, usually at a ground speed below 37 km/h (20 kt). Their mini-
mum width should be twice the overall width of the largest aircraft intended
to use them. When combined with a taxiway, the air taxi-route should be
centered on it[7].

3.2.3.8 FATO Location in Relation to Other Operational Areas

The distance between two FATOs should be determined through a safety as-
sessment to ensure that nearby operations do not compromise VTOL-capable
aircraft safety. The assessment must take into account the type of operation,
approach, and departure path orientation, balked landing procedures, air-
craft downwash data, and the need to prevent overlap between the related
Safety Areas.

A separation distance of 60 m can serve as an initial reference for simulta-
neous operations involving relatively light aircraft, though the �nal distance
should be adjusted according to the characteristics and performance of the
VTOL-capable aircraft.

When a FATO is located near an aerodrome runway or taxiway, the
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minimum separation distance should be chosen according to the aircraft mass
categories given in �gure 3.7. These distances are mainly intended to reduce
the risk of wake turbulence. FATOs should also not be placed near taxiway
intersections, holding points, or areas a�ected by jet-engine turbulence or
aircraft wake vortices. Local conditions and other relevant aerodrome design
requirements should be taken into account as well[7].

Figure 3.7: Minimum separation distance between FATOs (source: EASA PTS-VPT-
DSN [7]).

3.2.3.9 Obstacle-Free Volume (OFV)

The Obstacle-Free Volume (OFV) is a protected airspace above the vertiport
that must stay clear of any obstacles. This requirement is particularly sig-
ni�cant for vertiports situated in urban or obstacle-dense areas, as it ensures
safe vertical take-o� and landing operations.

The dimensions and form of the OFV are determined by the vertical take-
o� and landing procedure described in the Aircraft Flight Manual (AFM).
The volume rises vertically from the FATO and Safety Area to the low hover
height (h1), then expands gradually until it reaches the high hover height
(h2), forming a funnel-like protected space. The main parameters de�ning
the vertical take-o� and landing procedure and the Obstacle-Free Volume
are summarised in the following table.
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Table 3.1: Vertical take-o� and landing procedure parameters

Parameter Min/Max Short description

h1 { Low hover height.

h2 � h 1 High hover height.

TOwidth � 5D Width at h 2.

TO front � 5D Front distance at h 2.

TOback � 5D Back distance at h 2.

FATO width � 1:5D Width of the FATO.

FATO front � 0:75D Front distance on the FATO.

FATO back � 0:75D Back distance on the FATO.

� app � 4:5% Slope of the approach surface.

� dep � 4:5% Slope of the departure surface.

Source: Adapted from EASA PTS-VPT-DSN [7]

The FATO width must be at least (1.5D), while the front and rear dis-
tances from the aircraft centre must each be at least (0.75D). At the high
hover height, the width, front distance, and rear distance of the procedure
volume must not exceed (5D). The approach and departure slopes must each
be at least 4.5%. To form the complete OFV, an additional 0:5D is added on
each side of the procedure volume at h2. Therefore, the total width becomes
(TOwidth + 1D), while the front and rear distances become (TOfront + 0:5D)
and (TOback +0:5D), respectively. The entire OFV must remain free from ob-
stacles. A larger Safety Area may be required where local wind or turbulence
conditions create additional risks[7].
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Figure 3.8: Schematic representation of the obstacle-free volume (Source: EASA PTS-
VPT-DSN [7]).

3.2.3.10 Visual Aids, Markings, and Lighting

Visual aids assist pilots in locating the vertiport, recognizing its operational
boundaries, maintaining the correct approach or departure path, and posi-
tioning the aircraft safely. As stated by EASA, the primary visual aids con-
sist of wind direction indicators, identi�cation markings, FATO and TLOF
markings, touchdown position markings, operational limitation markings,
and lighting systems.

Wind Direction Indicator
A vertiport must include at least one wind direction indicator that displays
the local wind direction and o�ers a general sense of wind speed. It should
remain visible to the pilot during 
ight, hovering, and ground movement, and
it must be placed away from air
ow disruptions created by nearby structures
or aircraft downwash.

For a surface-level vertiport, the wind direction indicator should have a
minimum length of 2.4 m, with diameters of 0.6 m at the larger end and
0.3 m at the smaller end. For an elevated vertiport, the minimum length is
1.2 m, with diameters of 0.3 m and 0.15 m. It should have a clearly visible
color, such as white, orange, or alternating contrasting colors, and should be
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illuminated when the vertiport is used at night.

Vertiport Identi�cation Marking
The vertiport identi�cation marking should consist of a white letter "V"
placed inside a blue circle. Its purpose is to show the presence of a vertiport
and its intended function. The marking is usually located at or near the
center of the FATO. For an elevated vertiport, it should be placed within the
FATO or TLOF. It must also be aligned so that the letter can be read from
the preferred �nal approach direction.

FATO Identi�cation Marking
This marking helps distinguish between di�erent FATOs when a vertiport
includes two or more landing and take-o� areas. It is generally not required
for runway-type FATOs, where other designation markings are used instead.
The marking should be placed inside the FATO and positioned so that it can
be easily read from the preferred �nal approach direction. Each FATO must
be identi�ed by a sequential number, starting from 1, displayed inside a blue
circle with a diameter of 175 cm.

Maximum Allowable Mass Marking
This marking indicates the maximum aircraft mass that the vertiport can
safely handle. When needed, it should be placed within the FATO or TLOF
and arranged so that it is clearly visible from the preferred �nal approach
direction. The maximum allowable mass should be shown in tonnes, rounded
to the nearest 100 kg, and written to one decimal place followed by the letter
"t". The marking should contain a two- or three-digit value and use a color
that contrasts clearly with the background. For non-runway-type FATOs,
the minimum character height is 90 cm when the D-value is between 15 m
and 30 m, and 60 cm when the D-value is below 15 m. Larger markings
should be used when the D-value exceeds 30 m.

Taxiway and Air Taxi-Route Markings
Taxiway and air taxi-route markings provide visual guidance for VTOL-
capable aircraft movement. Their center lines should be marked by a con-
tinuous yellow line, 15 cm wide, on paved surfaces. On unpaved surfaces,

ush yellow markers about 1.5 m long and 15 cm wide should be used, with
maximum spacing of 30 m on straight sections and 15 m on curves. When
an air taxi-route shares a taxiway, the same taxiway center-line marking is
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