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Objectives
Infrastructures (“hardware”) integration
Definition of a Concept of Operations (ConOps) supporting the seamless integration of
ATM (and UTM) into an overall intermodal network, including other available
transportation means (surface, water, air), to contribute enabling the door-to-door
connectivity with particular reference to Urban and Extended Urban (up to Regional)
mobility scenario.

Technological enablers
Extended ATM Concept of Operations for
transports integration
Change management

4

Methodology (1of4)
Methodology for Mobility Infrastructures Integration studies
Survey of applicable concluded as
well as ongoing projects and review
of literature works addressing ATM
and other transport modes
(surface, water) relations

Identification of technological gaps

Consideration of currently available
and future emerging technologies
Identification of potential solutions
to fill the gaps over the three time
horizons (baseline 2025,
intermediate 2035, and final 2050)
Identification of technological enablers for the ATM and air transport integration in the overall
intermodal transport system, in terms of available transportation means alternatives and
related performance requirements and constraints
X-TEAM D2D Project Presentation
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Methodology (2of4)
Methodology for Mobility Infrastructures Integration studies
Technological enablers for the ATM and air transport integration
in the overall intermodal transport system

Identified use cases

Definition of the ConOps for vertical transport and ATM/U-Space integration into overall
intermodal network at urban and extended urban level, describing the characteristics of the
proposed overall system from a user’s perspective and giving details of how the system should
be used and how it should behave
Baseline 2025
Intermediate 2035
Definition of criteria and procedures for
Identification of the different available
management of the evolutionary process
Final 2050
transportation means and related
requirements, performances and
constraints with reference to the
different segments of the overall
seamless door-to-door journey

X-TEAM D2D Project Presentation

towards ATM and air transport integration
into intermodal transport system
Analysis of opportunities and
Identification of expected
barriers for ATM information
interactions among the different
integration in the wider intermodal
infrastructures and the role ATM will
transportation information system
play in the intermodal transport (4D
Definition of procedures
contracts dynamic management)
integrating the different
elements of the system
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Methodology (3of4)
D3.1/3.2 - Concept of Operations
for ATM integration in intermodal
transport system

X-TEAM D2D overall Concept of
Operations for the integration of
ATM in intermodal transport
system enabling D2D travel

D4.1/4.2 - Concept of Operations
for ATM service to passengers in
intermodal transport system

2050
2035

2025
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Methodology (4of4)
The Concept of Operations (ConOps) describes the characteristics of the D2D paradigm from a user’s
perspective, including the identification and description of:
• the elements of the system, i.e. vehicles, the infrastructures that make possible to manage these
vehicles, the IT components that allow the necessary exchange of data and information;
• the space to be assigned to the elements of the system, i.e. the “volume” within which they
operate and the set of related procedures;
• the actions, i.e. the operations concerning the vehicles involved, taking into account any space
types into which the elements of the system have been divided (for example, air, land, manned
and unmanned);
• the procedures to overcome emergencies in order to mitigate risks or resolve them successfully,
ensuring the safety of the operations also in non-nominal situations.

Intermodal transport network
Integrated infrastructure
User attractive
Green approach

Passenger trajectory
Accessible costs
Personalized services
Electrification
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Passengers requirements
Passengers requirements
Deliverable 2.1 distinguished two users’ macro families: the business traveller, who moves for work
reasons; the other travellers, who travels with family members or for reasons of holidays.
Their profiles were defined, analysing their characteristics and needs, and a study was carried out on
possible behaviours, according to the three-time scenarios 2025, 2035, 2050, as the user's needs
change with the times in particular with the specific opportunities and technologies of each era.
The passenger requirements provide the key information about the passengers expected needs that
define the actions constituting the Door to Door travel to be performed by a given passenger in such
time horizon. Therefore, the passenger requirements concur to the design of the services that the
system must provide at the various stages of the multimodal journey, also providing indications on the
alternative services in the event of a travel disruption.
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Service Blueprint 2025
Business Traveller - No disturbance

According to the considered Use Cases, 16 Service Blueprints have been
provided.
The one in this slide is an example (2025, Business Traveler – No disturbance)
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Intermodal System Architecture (1of15)
Main elements of the system
The main elements of the intermodal system are: means, infrastructures, services, interfaces.

For instance, considered means are detailed here.
Means:
➢ Aeronautical/vertical transport technologies:
❖ Small Aircraft Transportation System (SATS)
❖ Short Take-Off and Landing (STOL)
❖ Vertical Take-Off and Landing (VTOL)
❖ Personal Air Transportation System (PATS)
➢ Road transport technologies:
❖ Electric car
❖ Autonomous vehicle
❖ Autonomous (electric) bus
❖ Transit Elevated Bus
❖ Shared electric autonomous car
❖ Shared (electric) micro-mobility
➢ Rail, water and multimodal transport technologies:
❖ Autonomous rail wagons
❖ Autonomous ferry
❖ Flexible chassis systems (multifunctional vehicles)
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Intermodal System Architecture (2of15)
Vertical transport role
• Including the role of ATM in Multimodal Transport, the architecture of the Intermodal
System is ATM-centred → the air transport mode (in particular, the Urban Air Mobility)
plays a central role.
• The following roadmap for aeronautical/vertical technologies has been defined in the
project, based on the Technology Readiness studies that have been carried out.
Roadmap for aeronautical/vertical technologies
(White: not yet in service – Blue: full in service – Light blue: reduced usage)

Technology

2020

2025

2035

2050

SATS
STOL
VTOL
PATS

U1 (2019): foundation services, covering e-registration, eidentification and geofencing.
U2 (2021): initial services for drone operations management,
including flight planning, flight approval, tracking, and interfacing
with conventional air traffic control.
U3 (2025): advanced services supporting more complex operations
in dense areas, such as assistance for conflict detection and
automated detect and avoid functionalities.
U4 (2030+) : full services, offering very high levels of automation,
connectivity and digitalization, for both the drone and the U-Space
system.
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Intermodal System Architecture (3of15)
ATM and UTM in the Integrated Intermodal System
Passengers must be guaranteed travels that use the different technologies between
air, sea and land, in the most transparent way possible.
There are 5 key aspects of this integration:
▪ Physical integration. The stations where users can change means of transport
should be designed and sited with ease of access in mind.
▪ Network integration. The routes and schedules of each mode of transport should
be designed such that they complement and are linked to the other modes.
▪ Rate integration. The fare system or payment method (electronic cards) should be
unified; alternatively, users who use different modes should have special fares.
▪ Information integration. Information of the entire system should be standardised
by means of signage which is complete, useful, easy to look-up and understand.
▪ Institutional integration. The different operators and agencies involved in the
system should cooperate and coordinate their actions.
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Intermodal System Architecture (4of15)
ATM and UTM in the Integrated Intermodal System in 2025
ATM

UTM

Physical integration

★★★☆☆

★☆☆☆☆

Network integration

★★☆☆☆

★☆☆☆☆

Rate integration

★☆☆☆☆

★☆☆☆☆

Information integration

★★☆☆☆

★☆☆☆☆

Institutional integration

★★★☆☆

★★☆☆☆

❑ On the ATM side there is work to be done especially in communications, both in terms of network
and information sharing; in particular, the tickets management for the entire journey which
involves different technologies and also various services providers.
❑ On the UTM side there is still work to be done in all aspect.

ATM Services Workload
✓ ATM still the master
✓ Update under development
✓ Level of automation increasing

UTM Services Workload
✓ UTM still experimental
and object of research
✓ At least first levels of U-Space Services
implemented

The workload is exclusively on the ATM side
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Intermodal System Architecture (5of15)
ATM and UTM in the Integrated Intermodal System in 2035
ATM

UTM

Physical integration

★★★★☆

★★★☆☆

Network integration

★★★☆☆

★★★☆☆

Rate integration

★★★☆☆

★★★★☆

Information integration

★★★★☆

★★★☆☆

Institutional integration

★★★☆☆

★★★☆☆

❑ On the ATM side the new architecture will allow the sharing of resources across the network
enabling a more scalable model to all airspace users.
❑ On the UTM side will be in progress the U-Space testing phase.

ATM Services Workload
✓ ATM upgraded to more resilient model
✓ ATM data services providers
fully operational
✓ High bandwidth connection
between air to ground

UTM Services Workload
✓ Integration of UAS in all classes
of air-space
✓ Advanced U-Space services ready

The workload is still mainly on the ATM side
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Intermodal System Architecture (6of15)
ATM and UTM in the Integrated Intermodal System in 2050
ATM

UTM

Physical integration

★★★★★

★★★★★

Network integration

★★★★★

★★★★★

Rate integration

★★★★★

★★★★★

Information integration

★★★★★

★★★★★

Institutional integration

★★★★☆

★★★★☆

❑ ATM and UTM services will be fully operational in an intermodal journey.

ATM Services Workload
✓
✓
✓
✓

ATM highly automated
Services oriented ATM model
Passenger-centric ATM model
Hyper connectivity

UTM Services Workload
✓ High level of connectivity and digitization
✓ All automated features
✓ U-space full services available

Strategic planning and management of traffic flows will enable modification of the planned and actual
trajectory, before or during the flight, based on a accurate and full integration of information to create a
synchronized view of flight data by all actors involved.

The workload between ATM and UTM is balanced
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Intermodal System Architecture (7of15)
The 2025 architecture
To achieve an environment that integrates Urban Air Mobility solutions in the context of
the Intermodal Transport System, it will be very important already at present:
• monitor and safeguard the effective use of existing urban infrastructure to better serve
intermodal transportation development;
• design and certify vertipads (necessary for vehicle take-off and landing) that integrate
positively with existing urban infrastructure.
Furthermore, the following airport considerations apply:
• connecting hub airports with one or two regional airports (point-to-point connections
executed by LCC airlines);
• hub airport is connected with the city by numerous modes (trains, bus, taxi, etc.);
• regional airports provide access to one or maximum two public transport services.
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Intermodal System Architecture (8of15)
2025 Architectural elements
Home/Box Offices (PA-TK)
• Ticket
Bus Station (PA-WK, PA-WT)
• Buses
Train Station (PA-WT)
• Trains
Regional Airport (PA-EB)
• Aircrafts
Hub Airport (PA-WK)
• Car Rental (PA-DV)
• Cars

• Infrastructural elements
• Category elements
• Service categories
Passenger activities (PAs):
• Walking: PA-WK
• Waiting: PA-WT
• Embarking: PA-EB
• Driving: PA-DV
• Ticketing: PA-TK

ATM: Level of automation increasing.
UATM: only used for test and demonstration
purposes, still experimental and object of
research, with only first levels of U-Space
Services implemented.
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Intermodal System Architecture (9of15)
2025 Peculiarities
❑ Service categories
There are still physical structures such as ticket offices, as the travel ticket management procedure is
always entirely managed by the passenger.

❑ Category elements
As for the technologies of the elements, in this time
horizon, we find a greater attention to amenity and to
the internal configuration, mainly concerning buses
and trains. This is an opportunity for a redesigned
interior configuration, for improving the flow of
passengers within the bus/train and also allowing for
quick boarding/disembarking.
❑ Infrastructural elements
At this time horizon, the bus and train stations are typically connecting points for vehicles typical of
the specific infrastructure; at most the integration between the two is carried out loosely, providing
for the presence of bus platforms near the train stations and also a first idea of vehicle sharing
platforms. An example of integration could be the adoption of a flexible stop locations.
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Intermodal System Architecture (10of15)
The 2035 architecture
Over the next ten to fifteen years, efforts made in the infrastructure sector will have to
consider an ever-greater optimization. In particular, it will be very important:
• support a broader urban planning capability that relies on extensive collaboration with
local ecosystems that build and live in the urban context;
• create solutions that adhere to the principles of Functional Compactness, which aims
to enhance the value of transport infrastructure and adapt its use for future mobility
evolutions.
Due to increased technology development, users’ focus will be on personal needs as well
as impact on environment. Resulted assumptions:
• Increased percentages of cars available on roads will be electric. Driving performances
will by highly automated. In urban areas car sharing model will be dominating.
• Urban Air Mobility (UAM) for passenger transport in experimental sites will be available
in Europe but without significant impact on mobility in metropolitan areas.
• Hub airport is connected with the city by numerous modes and regional airports
provide access to more than one public transport services.
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Intermodal System Architecture (11of15)
2035 Architectural elements
Home/Box Offices (PA-TK)
• Ticket
e-scooter depot (PA-WK, PA-WT)
• e-scooters
eVTOL platform (PA-WT)
• eVTOL
Regional Airport (PA-EB)
• Aircrafts
Hub Airport (PA-WK)
• Car Rental (PA-DV)
• e-cars

• Infrastructural elements
• Category elements
• Service categories

Passenger activities (PAs):
• Walking: PA-WK
• Waiting: PA-WT
• Embarking: PA-EB
• Driving: PA-DV
• Ticketing: PA-TK

ATM: upgraded to more resilient model, with
data service providers fully operational
benefitting from high bandwidth connection
between air and ground.
UATM: available in most areas, with
integration of UAS into all classes of airspace
and advanced U-Space services ready.
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Intermodal System Architecture (12of15)
2035 Peculiarities
❑ Service categories
The services at this stage change mainly in experience and quality, and also in the management of
unforeseen events; the use of apps help customers rapidly understand the company’s service and
feel comfortable using it, which gives rise to a new management of ticketing and car rental
management.
❑ Category elements
We find a greater attention for the
zero-emission technologies.
In fact, we find a wide application of:
e-scoter, e-cars, eVTOLs.

❑ Infrastructural elements
The adoption of an eVTOL technology need an agreements with landing site operators. it is
necessary to undertake preparatory work, covering site search, structural implementation and
airspace integration.
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Intermodal System Architecture (13of15)
The 2050 architecture
In this period, all the planned updates will have been implemented, both in terms of
means/technologies and infrastructures.
Automation, electrification, connectivity, telematic services will simplify the relationships
between means, users and surrounding environment, requiring an innovative rethinking of
infrastructures. Digital solutions will be developed that will help entities and operators to
leverage the new technologies in managing future smart cities. Resulted assumptions:
• all cars approved on roads will be electric, in most highly automated and autonomous.
In urban areas car sharing model will be dominating;
• short range airlines connections operated by zero emission aircraft will remain the air
mode of transport with highest potential to impact efficiency of transport system;
• Urban Air Mobility (UAM) dedicated to passenger transport will be available in Europe
offering direct access to densely populated city areas;
• hub airports are connected with the city by numerous collective, autonomous transport
modes and regional airports provide access to more than one collective autonomous
transport services.
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Intermodal System Architecture (14of15)
2050 Architectural elements
Home/Everywhere (PA-TK)
• Ticket
e-scooter depot (PA-WK, PA-WT)
• e-scooters
eVTOL platform (PA-WT)
• eVTOL
Regional Airport (PA-EB)
• Aircrafts
Hub Airport (PA-WK)
• Car Rental (PA-DV)
• e-cars
High Speed Train Station (PA-WT)
• Trains/Ferries
e-scooter depot (PA-WT)
• e-scooters

• Infrastructural elements
• Category elements
• Service categories

Passenger activities (PAs):
• Walking: PA-WK
• Waiting: PA-WT
• Embarking: PA-EB
• Driving: PA-DV
• Ticketing: PA-TK

ATM: highly automated and passenger-centric.
UATM: available and functional in all areas, with high
level of connectivity and digitalisation, supporting full
automated functions and U-space full services available.
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Intermodal System Architecture (15of15)
2050 Peculiarities
❑ Service categories
The services at this time horizon are now at the state of the art by supporting the user in all phases
and transparently managing each ticket and rental operation, assisting the experience of a totally
comfortable individual even in the event of unforeseen events.
❑ Category elements
The introduction of the new high-speed rail service
calls into question the old transport paradigm. The
relationships between high-speed rail transport and
air transport have radically changed, as railway
stations allow for a better distribution of transport
demand in D2D journey travel. Thus, this technology
redesigns parts of the D2D journey.
❑ Infrastructural elements
The city view shows several fully operational hubs for eVTOL aircraft, such as cargo air taxi drones
and complements other modes of sustainable transport as a hub for electric vehicles, buses or
scooters.
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Disruption considerations (1of2)
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Disruption considerations (2of2)
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High level requirements
The identified high-level system requirements for the proposed system have been
provided, necessary to build a door-to-door mobility in an urban and suburban
environment, with the target scenario of connecting a big metropolis with the surrounding
area.
There are both functional requirements that refer to what the system architecture must
do or support and non-functional requirements, related to system properties such as
performance, reliability or usability.
Therefore, starting from the baseline decade 2025, going to the intermediate decade
2035, up to the final 2050 time horizon, these requirements derive directly from the
analysis of the use cases, going through the definition of KPIs and KPAs.
Identified requirements (in total 55) address:
▪ High-level User Requirements, also specialized per passenger profile and
scenario/time horizon (total of 25 requirement)
▪ High-level System Requirements, mapped into KPIs and KPAs and , also specialized
per passenger profile and scenario/time horizon (total of 30 requirements).
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Change management
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Lessons learned (1of3)
ConOps design
• Infrastructures integration to support seamless door-to-door mobility in urban and suburban
environment can be achieved only in evolutionary way, therefore it has been needed to
explicitly consider the baseline (2025), intermediate (2035) and final (2050) time horizons.
• The main advantage offered by the proposed ConOps is the passenger-centric approach that
puts passenger needs and desires at the centre of future solutions, introducing the
fundamental concept of passenger trajectory.
• Main implications implemented in the design of the ConOps for infrastructural integration
are:
• intermodal transport network requires application of passenger trajectory concept;
• integrated infrastructure implementation can be possible only if it is supported by
accessible costs;
• multimodal transport concept can be attractive for users if it enables personalized
services;
• green approach to multimodal transport requires maximizing transport
electrification.
• From the specific point of view of vertical transport technologies, the most relevant ones are
SATS, STOL, VTOL and PATS but the most promising one is for sure the eVTOL technology.
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Lessons learned (2of3)
UTM/U-space roles
• The role of UTM (U-space) in the integrated multimodal transport system will increase in
time, to support D2D mobility, and will reach a mature state in 2050, being instead very
limited in the baseline 2025 scenario, also due to limited availability of U-space services,
which will evolve in time up to U4 services available in 2050.
• The availability of evolved transportation nodes linking the surface and vertical/air transport
modes is crucial for infrastructures integration, especially in view of the Urban Air Mobility
deployment as fundamental component enabling D2D journey.
• UAM and Surface transport integration is future of transportation.
• There is lack of common awareness in this field.
• Future mobility should be considered as integrated part of environment management,
energy management, attitude with regard to socjety.
• UAM is not yet currently considered as part of integrated transport, which is indeed crucial in
longer time horizon.
• UAM is envisaged as shared mobility, UAM vehicles as means contrbuting to integrated
mobility.
• Development of UTM/U-SPACE solutions requires integrated approach not only on
operational but also on infrastructure level. The issue of data infrastructure integration
between ATM/UTM and smart-city/smart-mobility aspects are not sufficiently addressed in
reviewed projects (5G-based systems).
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Lessons learned (3of3)
Institutional/Stakeholder actors’ needs
• The elaborated solutions needs to comply with the city interest/objectives in terms of
sustainable UAM operations.
• Digital integration – management systems / philosophy needs to be capable for efficient and
resource optimal integration with with surface systems.
• It was fundamental to analyze the barriers, given the peculiarity of the project, so it was
necessary to make a careful study of both those of a technological nature and the integration
of these technologies.
• It was necessary to identify the stakeholders needs, by carrying out a broad analysis and
designing dedicated Service Blueprints.
Cross-fertilization with ASSURED UAM

X-TEAM D2D

ASSURED UAM

Close collaboration exists with H2020 ASSURED
UAM project (led by ILOT), which will benefit from
the X-TEAM D2D findings in the finalization of the
final use cases that are there considered.
Dedicated consideration of X-TEAM D2D results
will be made in ASSURED UAM D1.5 preparation.
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Objectives and achievements of WP 3
Extended ATM-Intermodal Integration and Connection

Thank you very much
for your attention!
This project has received funding from the SESAR Joint Undertaking
under the European Union’s Horizon 2020 research and innovation
programme under grant agreement No [number]

The opinions expressed herein reflect the author’s view only.
Under no circumstances shall the SESAR Joint Undertaking be responsible for any use that may be made of the information contained herein.

