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X-TEAM D2D

EXTENDED ATM FOR DOOR2DOOR TRAVEL

This deliverable is part of a project that has received funding from the SESAR Joint Undertaking under
grant agreement No 891061 under the European Union’s Horizon 2020 research and innovation
programme.

Abstract!

X-TEAM D2D project aimed to define, develop, and validate a Concept of Operations (ConOps) for the
seamless integration of ATM and Air Transport into an overall intermodal network, including other
available transportation means (surface, water), to contribute to the ACARE SRIA FlightPath 2050
goals. X-TEAM D2D does not address the complete FlightPath target of door-to-door travel between
any location in Europe in up to 4 hours but aims contributing to this goal by providing and preliminarily
validating a ConOps for a specific case of a seamless door-to-door mobility in urban and suburban (up
to regional) environment, i.e., X-TEAM D2D target scenarios address the connection of a big metropolis
with the surrounding area (up to country-wide level).

The project is focused on the consideration of ConOps for ATM integration in intermodal transport
networks serving Urban and Extended Urban mobility, considering the transportation and passengers
service scenarios envisaged for the following decades: baseline (2025), intermediate (2035), and final
(2050) time horizons. The target ConOps encompasses both the transportation platforms integration
concepts and the innovative seamless mobility as a service, including ATM concepts.

The X-TEAM D2D project developed a simulation-based platform for validating the proposed ConOps,
considering the most relevant elements of the future transport, such as interfaces mode-mode, high-
level network model, and passenger-centric paradigm. In particular, the project WP5 activities
addressed the validation of ConOps supporting the seamless integration of ATM into an overall
intermodal network from the passengers' perspective and overall multimodal system performance
based on the corresponding KPAs and KPls.

The deliverable D5.1 reports the outcomes of the WP5 activities and describes the results of the
validation of the Concept of Operations for ATM integration in the intermodal transport system.
Furthermore, this document emphasizes the conclusions and recommendations arising from the
preliminary ConOps validation results.

! 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.
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1 Introduction

1.1 Document scope

X-TEAM D2D (eXTEnded AtM for Door2Door travel) project has been funded in the SESAR 2020
Exploratory Research ER4-2019 Call for Research Projects [1]. It addresses the topic ER4-10-2019 "ATM
Role in Intermodal Transport," under the ATM Excellent Science & Outreach work area. The project
has been funded under Grant Agreement No 891061.

This deliverable aims to report the results of the validation activities for the Concept of Operations
defined in the project and reports the outcomes of the studies carried out in Task 5.1 “Benchmark
model and performance indicators definition”, Task 5.2 “Evaluation of Extended ATM transport system
performances”, and Task 5.3 “Conclusions and recommendations”. Activities of all three tasks have
been concluded.

1.2 Acronyms

A-CDM Airport Collaborative Decision Making
A2D Airport-to-door

APT Airport

ATM Air Transport Management

CCAM Connected, cooperative, automated mobility
ConOps Concept of Operations

CVSF ConOps validation simulation framework
D2A Door-to-airport

D2D Door-to-door

eVTOL electric vertical take-off and landing aircraft
KPA Key Performance Area

KPI Key Performance Indicator

LCC Low-Cost Carrier

PAX Passengers

PRM Person with Reduced Mobility

SRA Short-range airlines

TRL Technology Readiness Level

UAM Urban Air Mobility

VFR Visiting friends and family

X-TEAM D2D eXTEnded AtM for Door2Door travel

WP Work Package
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2 Summary of Concept of Operations under
study

During the execution of the X-TEAM D2D project, the ConOps for seamless integration of ATM into an
overall intermodal transport system has been defined in project deliverables 3.1 and 3.2 [2], [3]. In
parallel to that, the ConOps for ATM service to passengers in intermodal transport has been outlined
and described in deliverables 4.1 and 4.2 [4], [5]. The summary of these ConOps is briefly outlined in
the following sections. It is important to note that these ConOps were developed under the
assumptions considered according to the corresponding research state and trends existing in 2020-
2022. Therefore, the ConOps outlined in this document could be modified if the situation in 2035 and
2050 is not as the one envisaged during the project execution.

2.1 Components for a Concept of Operations for ATM service to
passengers in intermodal transport

In these ConOps, the focus is on the passengers so that sustainable success is achieved if this system
attracts and retains the confidence of customers/passengers and other relevant interested parties. An
increase in satisfied and loyal customers means a flourishing overall system and thus added value for
the other stakeholders in the system [6], [7]. Every aspect of passenger interaction offers an
opportunity to create more value for the customer. Efficient management and cooperation in the
different areas enable optimisation and harmonisation of the overall system [8], [9].

Therefore, the ISO basic concepts and principles for Quality Management Systems (QMS) flow into
these ConOps. They represent a modern form of work organisation and corporate governance with
which the management of any organisation, including the transport sector, can achieve its goals [8],
[10]. The management and service components of the ConOps are shown in Figure 1 and defined in
the following context and, if possible, referred to SESAR.

Page 110 )
¢ EUROPEAN PARTNERSHIP Co-funded by )
the European Union


https://www.sesarju.eu/

D5.1 - CONCEPT OF OPERATIONS VALIDATION REPORT 4~

. X-TEAM D2D

JOINT UNDERTAKING

Traffic
Energy
Management Manage‘

System

Fleet icent . Emergency ment

Management
System

Management
System
Resource
Management
System

Infrastructure Management

Al Artificial intelligence FIS Flight Information Service
ALRS Alerting Service Maas Mobility as a Service

ASM Air Space Management PATS Personal Air Transport System
ATFM Air Traffic flow management SAT Small Air Transport Research
ATC Air Traffic Control SMS Safety Management System
ATS Air Traffic Services SRM Safety Risk Management

ATM Air Traffic Management UAM Urban Air Mobility

ConOps Concept of Operations UATM Urban Air Traffic Management

Figure 1. Concept of Operations supporting the seamless integration of ATM and Air Transport into an overall
intermodal network

2.1.1 Artificial Intelligence

The artificial intelligence component will be necessary for the operational concept of the ATM service
for passengers in intermodal transport. Many Al application possibilities can make mobility safer, more
ecological, more efficient, more comfortable, more intelligent and more resource-saving. Moreover,
that means not only the development of autonomous means of transport but also the implementation
and control of inter- and multi-modular networked management systems [11].

2.1.2 Resource Management Systems

Resource management focuses on Quality-of-Service requirements, among others. An efficient
resource management mechanism for vehicular multimedia applications is essential to obtain the most
valuable and complete traffic information, including location coverage.

Resource management should identify resources required to achieve the organisations' objectives. To
ensure that resources are used effectively and efficiently, processes are required to provide, allocate,
monitor, evaluate, optimise, maintain and protect these resources [8]. For example, an efficient
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resource management mechanism for vehicular multimedia applications is essential to obtain the most
valuable and complete traffic information, including location coverage.

SESAR provides open information standards for a centralised wireless system to disseminate passenger
flow information at major airports to include ground transportation connectivity, weather, delays,
parking availability and check-in times within a single network.

2.1.3 Traffic Information System

The exchange of information between the infrastructure and transport vehicles of all types, including
air vehicles, is generally considered an enabling technology to reduce accidents, congestion, and peaks
in the long term and improve traffic efficiency.

Under SESAR, it is expected that a more significant number of aircraft will operate with reduced
separation thresholds between aircraft within a given airspace. The new concept of operations also
allows aircraft the flexibility to change flight routes (or flight plans) in response to changing conditions.
In addition, different aircraft would have very different navigation capabilities due to different
equipment levels. With such complex scenarios in future air traffic control operations, it would be
essential to have a compliance monitoring tool to monitor aircraft movements.

2.1.4 Mobility as a Service

The mobility services can be provided by different suppliers and are to be offered and billed as a
combined, multimodal service. This requires joint route planning of the individual mobility services and
their joint billing [12].

Most users will expect a comparatively seamless mobility experience on the ground, on the water, and
in the air. To deliver this experience, providers and agencies will need to offer and implement an
efficient Mobility as a Service (MaaS) that can integrate all available modes of transportation.

2.1.5 Energy Management Systems

Energy management will play a key role in achieving efficient energy consumption of electric vehicle
technology on the ground and air. Another issue is the charging infrastructure and power plants
needed to support the electrical infrastructure. For this purpose, all possible energy sources must be
statistically recorded, planned and controlled from a coordination centre.

2.1.6 Fleet Management System

The fleet management of these ConOps must ensure that all vehicles within the system and the
integrated providers are used economically and that sufficient transport capacity is available for all
processes [13], [14].

2.1.7 Emergency Management System

The ConOps system must be resilient and robust to respond to failures and/or interruptions. This
includes contingency measures to ensure continuity of operations in the event of major outages,
natural disasters, security threats or other unusual circumstances.
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Following SESAR, a balance of reliability, redundancy, and procedural backups should ensure security
during a failure of individual systems or components. Ultimately, SESAR provides a high availability
system and requires minimal time to restore functionality in case of disruptions.

2.1.8 Safety Management System

Safety is promoted by using an integrated Safety Management System approach for identifying and
managing potential hazards. This includes equipment, organizational, operational or systems
problems.

Specifically, SESAR uses a formal, top-down, business-like approach to manage safety risk, including
systematic procedures, practices, and policies for safety management.

2.1.9 Security Management System

Secure infrastructure (e.g., train stations, terminals, airports, and take-off-and-landing areas) must
have an integrated facility security system that can be adapted to different capacities, accesses and
risk situations.

2.1.10 Infrastructure Management System

Intermodal ground access to all transport connection points is essential for intermodal networks.
Functioning and passenger-appealing transitions in the form of transport interconnection points are
needed to link transport networks within a regional system and enable more efficient traffic flow.

Joint management of the infrastructure would bring precise quality control and set the standards in
the system [15].

2.1.11 Authoritative Weather Info Platform

This integration of weather information platform, combined with probabilistic forecasts to account for
weather uncertainty and improved forecast accuracy, minimises the impact of weather on traffic.

2.1.12 Baggage and Passenger Tracking System

The passenger and baggage tracking system allow baggage handling to be carried out in a remote area
of the airport if required. This increases capacity, reduces check-in time, reduces staffing requirements,
and enables transparency for passengers.

This system aims to ensure that, by taking greater account of passengers' preferences, safety is
improved, and capacity and operational efficiency are increased. This is achieved by building processes
and systems to help passengers realise their preferences. In addition, information is collected, collated,
monitored, evaluated, and shared through the management systems. Research and analysis will
determine the appropriate division of tasks between systems. This will include determining when
decision support is needed to assist humans and when functions must be fully automated.

2.1.13 Interactions and relations between the management systems
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The management systems must interact, or the actors and systems must interact with one another.
This interaction is closely linked to the concepts of communicating, acting, planning, working with each
other and — finally — informing one another.

For example, the infrastructure management system must work closely with the energy, fleet, and
resource management systems since there are many relations, similarities and intersections that
complement and overlap or influence each other. These interactions also apply to emergency, security,
and safety management systems. This mutual interaction should be aimed for and used for all
management systems in this overall system.

2.2 Extended ATM Concept of Operations for passenger service

This section describes the elements of the ConOps and their relationships according to the planned
architecture of the intermodal transport system. The three time horizons (2025, 2035, 2050)
considered in the project are differentiated.

The management systems, the tools, and the “intelligence” of the algorithms, which will become the
intermodal system, play a decisive role in achieving the ambitious goal of providing complete traffic
management for a door-to-door connection in up to four hours. The elements are to be viewed
broadly, as service tools are also included, for instance. While new technologies will improve the
means and infrastructures, it is also evident that the system’s functioning depends heavily on service
quality [15]-[17].

Figure 2 shows the ConOps with the management systems considered in this article (coloured boxes)
over the time horizons. The white boxes show the management systems and tools discussed in detail
in the upcoming research paper.
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Figure 2. ConOps version of the management and service systems

2.2.1 Architecture outline in the 2025 timeframe

In 2025, the implementation of electric vertical take-off and landing aircraft (eVTOL) for UAM
operation will occur. Only on some specific routes UAM will be implemented for testing and
demonstration purposes. These UAM operations will be managed with procedures and technologies
available within the current ATM paradigm (either local or international). New mobility services (NMS),
i.e. car-sharing, ride-hailing, bike-sharing, e-scooters, e-bikes, will gain user interest and take a
significant share in the transport system. Some possible services could have an important impact on
multimodal mobility. First light MaaS activities, e.g., single ticket, pricing by optimising travel costs of
different modes, ticketing interoperability (flexible in case of disruptions) and integrated tickets will be
available in some areas. There is still a high difficulty integrating the ATM and U-Space system.

There is still a lack of tools to exchange and use data between the different transport modes in the
immediate future. In addition to the passengers, the whole system would benefit considerably from
an improvement in this condition. The efficiency of the transport process still depends on the
passenger’s ability to manage their journey. Unfortunately, ATM operations have not yet become
passenger-centric, partly because performance targets did not consider the impact on passengers. In
addition, the complexity of the ATM network does not allow for the desired response in the event of
a disruption. The existing ATM works with a well-established and proven safety management system,
but it does not allow for rapid developments and implementations. In contrast, U-Space is innovative
and fast, but its level of security and robustness is not defined/validated.
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The fact that airspace will be shared between manned and unmanned aircraft when U-Space is
introduced makes it necessary to identify and confirm the roles of U-Space and ATM in terms of
airspace and traffic management responsibilities and functions. Although these services will likely need
to interact, there must be no overlap of conflicting or incompatible services or areas of responsibility.

During 2025, conformance monitoring will rely on current Air Traffic Management - Communication,
Navigation and Surveillance (ATM CNS) capability and ATM and regulatory reporting mechanisms. In
2025, there will be an opportunity to increase surveillance and communications coverage by
implementing systems such as Automatic Dependent Surveillance-Broadcast (ADS—B) and other
communications infrastructures. ADS-B does not necessarily scale well with high traffic density, and
coverage is possibly insufficient for all phases of flight. Onboard UAM vehicle systems will be able to
collect and disseminate additional information that can be used to inform conformance monitoring.
However, a data collection system will need to be implemented. It will be necessary to define where
and/or under what scenarios Conformance Monitoring will be necessary.

Scenarios could include adherence to routes in accordance with noise abatement procedures.
Conformance Monitoring capabilities established in 2025 would provide evidence that would support
the safety and/or community acceptance for moving UAM operations to 2035 (similarly between 2035
and 2050). MaaS will only be available in some regional areas for a part of the transport modes. The
continuation of the C-ITS strategy for Cooperative Intelligent Transport Systems will promote
international cooperation with other major regions of the world on all aspects of cooperative,
connected, and automated vehicles and will decisively advance further development of a Traffic
Information System. Urban transport (light rail, metro, but also trams and regional commuter trains)
is still characterised by a highly diversified landscape. At least a certain convergence in architectures
and systems can be observed. In some cases, these points are linked to the safety of urban transport
systems. In this context, “safety” is seen as anything dealing with the methods and techniques to
prevent accidents. “Security” is concerned with the protection of people and the system from criminal
acts. State of the art has been brought together and extended in harmonised and agreed to standard
security packages. Thus, a coherent and coordinated hazard and risk analysis were established, and
agreed security requirements were defined for the security-relevant functions of an urban managed
transport system. In order to achieve such an allocation of safety requirements, it is necessary to create
a functional and object-related safety model for an urban guided transport system.
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Figure 3. Time horizon 2025 on the way to total traffic management
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2.2.2 Architecture outline in the 2035 timeframe

Horizon 2035 requires new ATM procedures and/or technologies not currently used by ATM and will
introduce Urban Air Traffic Management (UATM) Services to support UAM operations. These services
will vary in service type and maturity, from initial procedures and services to full implementation.
Depending on the region, it will not be possible everywhere to reduce the workload of air traffic control
(ATC) with the available resources. Trials of new procedures and technologies will be needed during
2025 to support the case for 2035 operations.

In 2035, a new ATM model will emerge with the support of new technologies and standards.
Fundamental to this will be support for ATM Data Services Providers (ADSP). The terrestrial component
of air-to-ground communications will require high bandwidths. The new architecture will allow
resource sharing across the network and more stable service delivery to all airspace users.

The Advanced U-Space services will be operational across Europe. In contrast to the time horizon 2025,
a passenger preparing for an intermodal journey in 2035 will be able to use a U-Space for his or her
journey. In 2035, Conformance Monitoring will provide an ongoing set of information to manage the
operational safety risk of UAM operations. There will be an opportunity to increase surveillance and
communications coverage for all stakeholders (including the pilot) by implementing current and new
communications and surveillance infrastructure (e.g., new cooperative surveillance technology).

ATM

“:Sharins “Z==" Autonomous A:NMS ’: Electric CB: High Speed Train ﬁ’,/mm VFT traveller m: Business traveller

Figure 4. Time horizon 2035 on the way to total traffic management

2.2.3 Architecture outline in the 2050 timeframe

For the 2050 time horizon, intermodal travel is characterised by a full range of services. The
management systems will bring traffic management to a much higher level.

By the 2050 time horizon, a highly automated ATM system with an all-weather operation and a safety
level above today’s will be available. It will be service - and passenger-oriented management, relying
on high connectivity, automation, and digitalization.
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U-space complete services will be available. C-ITS traffic systems will use all aspects of cooperative,
connected, and automated vehicles. The collected data will bring the traffic information system to an
excellent level. In addition, strategic planning of traffic flows will be improved, reducing the imbalance
between capacity and demand. Based on accurate and complete data, changes and disruptions can be
resolved without loss of travel time.

Mobility-as-a-Service will be possible for every traveller for door-to-door travel, including a flight
segment (Figure 5).

TOTAL TRAFFIC

‘& :Sharing “Z== Autonomous A NMS ’: Electric (:B: High Speed Train ﬁ" /Mm" VFT traveller @: Business traveller
Figure 5. Time horizon 2050 on the way to total traffic management

In addition, Figure 6 shows the optimal configuration of the ConOps with all their management
systems, instruments, and applications as an extended ATM operating concept for passenger services,
as described in this document.
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Figure 6. Total traffic management in 2050
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3 Passenger profiles under study

In the ConOps validation study, the ConOps were assessed according to the technological state
assumptions, passenger profiles, and use cases defined in WP2 and described in detail in D2.1 “Future
Reference Scenarios and Barriers” [18]. The passenger profile characteristics relevant for the ConOps
validation study are summarized in Table 1 for Business travellers and Table 2 for other travellers.

Time
horizon

Business Traveller (profile B)

2025

Travels alone (mainly)
Has time constraints/target times

Has budget limits, but generally, these depend on the business goal of the trip and the role in
the company

Have a short stay and cabin luggage
Might need to work during the travel time
Is a frequent flyer/traveller

Is an adult (18-70 years), generally in normal health condition (no physical or sensorial
impairments)

Can be allowed or not to arrange/rearrange his travel plan depending on internal procedures

2035

Travels alone (mainly)

Expect a very high comfort standard
Expect a very short travel time

Has few budget limits

Travels for a short stay, with small luggage
Is a frequent flyer/traveller

Is an adult (18-70 years), generally in normal health condition (minor physical or sensorial
impairments)

Relies on dedicated business services for travel arrangements (no reservation or payment
methods constraints)

Has full flexibility for travel plans change

2050

Travels alone (mainly)

Expect a very high comfort standard
Expect a very short travel time

Has few budget limits

Might travel for long stays (as short travels for face-to-face meetings will dramatically reduce)
with large/heavy luggage

Is a frequent flyer/traveller
Is an adult (18-75 years) with possible physical or sensorial impairments

Relies on dedicated business services for travel arrangements (no reservation or payment
methods constraints)

Has full flexibility for travel plans change

Must comply with environmental performance targets set by his/her company

Table 1. Business passenger profile characteristics
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Time Other travellers (profile V)
horizon
2025 Travels in small or larger groups (mainly)

Unless specific travel reasons (a ceremony, family issues, etc.) has relatively low time constraints
Has budget limits

Can have larger/heavy luggage or other items such as sport equipment, walking aids, etc.

Might need assistance (children, elderly, disabled people)

Can be or not a frequent flyer/traveller

Can be of any age range, from baby/children to very elderly

Can have any kind of physical or sensorial impairment

Is free to arrange/rearrange the travel according to the preferences

Might have constraints in payment methods (unavailable credit card/cash, etc.)

Might encounter language/communication barriers

2035 Travels in small or larger groups (mainly)
Unless specific travel reasons (a ceremony, family issues, etc.) has relatively low time constraints

Can have larger/heavy luggage or other items such as sport equipment, walking aids, stroller,
etc.

Has budget limits

Has not constraints for reservation or payment methods

Might need assistance (children, elderly, disabled people)

Can be of any age range, from baby/children to very elderly

Can have any kind of physical or sensorial impairment

Is free to arrange/rearrange the travel according to the preferences
Is sensitive to environmental footprint of his/her journey

Has no communication limitations thanks to technology support

2050 Travels in small or larger groups (mainly)
Unless specific travel reasons (a ceremony, family issues, etc.) has relatively low time constraints

Has only personal items/small luggage as luggage will be picked up and delivered door to door
(except for walking aids/stroller)

Has budget limits

Has not constraints for reservation or payment methods

Does frequent short stay/medium distance travels

Might need assistance (children, elderly, disabled people)

Can be of any age range, from baby/children to very elderly

Can have any kind of physical or sensorial impairment

Is free to arrange/rearrange the travel according to the preferences

Is sensitive to the environmental footprint of his/her journey

Has no communication limitations (due to good education and/or technology support)

Table 2. Other passenger profile characteristics
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4 Concept of Operations validation
framework

4.1 ConOps validation scope

The developed ConOps cover multimodal transportation systems in three representative time
horizons: 2025, 2035 and 2050. Each of these time horizons was assumed to have different
technological states and different levels of integration of transportation systems. The summary of
these assumptions per time horizon is shown in Table 3, Table 4, and Table 5, respectively.

Horizon Expected characteristics

2025 The only air mode of transport with the potential to impact the efficiency of the transport system
by data sharing is short-range airlines connections, connecting a hub airport with regional one or
two regional airports (point-to-point connections executed by LCC airlines).

Hub airport connects with the city by numerous modes (trains, bus connections, taxis, etc.). There
is no direct access to e-bikes or e-scooters sharing systems from the hub airport. Also, getting car-
sharing services requires longer walking trips (due to pressure on cost, contrary to the rental cars).
Regional airports provide access to one or a maximum of two public transport services (train,

bus). It is easier than in the hub airport to rent a car or use NMS services, including e-bikes or e-
scooters (depending on the airport location).

Table 3. Overview of ConOps validation scenarios characteristics 2025

The ConOps consider D2D international travel with the use of air transport involving two types of
airports defined as [19]:

e Regional airport — a non-hub airport without transfer traffic. For modelling purposes,
Hannover airport in Germany was taken as a base case for modelling such an airport. In this
document, this airport will be referred to as APT-R.

e Hub airport — an airport that serves as a node for connecting different flight legs for several
airlines. For modelling purposes, Schiphol airport in Amsterdam, the Netherlands, was taken
as a base case for modelling such an airport. In this document, this airport will be referred to
as APT-H.
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Horizon Expected characteristics

2035 A percentage TBD of cars will be electric. Driving performances are highly automated. In urban
areas, the car-sharing model will be dominating. In densely populated areas, where car traffic will
be forbidden or limited, (electric) micro-mobility means of transport will have a significant share
(beside public mass means of transport).

Public transport network will be significantly extended, offering a higher level of accessibility for
citizens and reducing the length of the first and last legs of multimodal travel.

SRA connections will remain the transport mode with the highest potential impact on the
efficiency of the transport system by data sharing, connecting a hub airport with one or two
regional airports (point-to-point connections).

Urban Air Mobility (UAM) for passenger transport in experimental sites will be available in Europe
without significant impact on mobility in metropolitan areas.

Hub airport connects the city by numerous modes (mostly collective transport means). A
percentage of Electric Taxis will be replaced by electric car-sharing and more accessible from the
airport terminal (replaced "traditional" rental cars). There is no direct access to e-bikes, e-scooters
sharing systems from the hub airport due to the remote location of the hub airport from the city.

Regional airports provide access to more than one public transport service (train, bus). Electric
shared cars or NMS services, including e-bikes or e-scooters, are commonly used as airport cities
develop (depending on the location and size of the airport).

Table 4. Overview of ConOps validation scenarios characteristics in 2035

Horizon Expected characteristics

2050 All cars will be electric and mostly highly automated and autonomous. In urban areas, the car-
sharing model will be dominating. In densely populated areas, car traffic will be forbidden,
(electric) micro-mobility (soft) means of transport will be the only personal means of transport
with a significant share (besides public mass means of transport).

Public transport network will reach the maximum available density to meet increased demand,
offering the highest possible accessibility level and shortening the first and last multimodal travel
legs.

SRA connections operated by zero-emission aircraft will remain the transport mode with the
highest potential impact on the efficiency of the transport system by data sharing, connecting a
hub airport with regional or two regional airports (point-to-point connections).

UAM dedicated to passenger transport will be available in Europe, offering direct access to
densely populated city areas. Regional range air travels will also be possible using new concept
aircraft, VTOL, multirotor and fixed-wing aircraft, depending on appropriate infrastructure
availability. Due to the high operational cost, passenger UAM will be mainly for high-income and
high value-of-time PAX and operating between airport and business centres and public services
(like HEMS, police). UAM will not significantly impact mobility in metropolitan areas but will be
considered essential and often necessary from a social point of view.

Hub airport connects with the city by numerous collective, autonomous transport modes
complementing electric car-sharing services. From the hub airport, there is no direct access to e-
bikes, e-scooters sharing system due to the remote location of the hub airport from the city.

Regional airports provide access to more than one collective autonomous transport service (train,
bus). Electric shared cars or NMS services, including e-bikes or e-scooters, are commonly used as
airport cities develop (depending on the location and size of the airport).

Large water reservoirs in metropolitan areas and autonomous ferry services can support the
multimodal journey in favourable conditions.

Table 5. Overview of ConOps validation scenarios characteristics in 2050
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4.2 ConOps validation process

To use the modelling framework for validating the ConOps, it needs to be validated first. Considering
this, the overall ConOps validation process is structured as depicted in Figure 7.

Simulation framework
verification &
validation

Approach plausibility
verification

ConOps validation
exercise

Figure 7. ConOps validation process

4.2.1 Step 1: Approach plausibility verification

The first step is to ensure that the selected approach and parameters will be representable for the
evaluation of ConOps. Owing to the nature of the X-Team D2D project, particularly the time horizons
of the scenarios proposed, the different scenarios should undergo an exercise that increases the
certainty of ConOps as the one described in the project. This activity is called the approach plausibility
verification. Such verification was performed by the committee of experts external to the project and
invited for this particular task in the form of the Advisory Board. During this activity, consortium
partners presented the framework, relevant material, results, assumptions, case studies and model
outcomes to experts in different areas to evaluate the approach's plausibility and identify behaviour
and obstacles that can be considered unlikely or challenging to happen.

This exercise took place in February of 2022 when the framework was finished and the first results
were obtained. The model and material related were evaluated by a group of four experts, members
of the advisory board of X-Team D2D:

e Director of Operations Research Department of the National University of Mexico, Mexico
e Professor for Global Supply Chain Management, University of Bremen, Germany

e Professor of Aviation Management, University of LaPlata, Argentina

e Professor of Maritime Studies, The Maritime University of Szczecin, Poland

Each of the experts is known in their areas of expertise ranging from sea to air transport. The details
of the activity for validating the plausibility of the approach can be found in the additional document
D.5.1.010 named “Validation Plan” [20]. The experts considered the approach plausible, and the details
of experts’ feedback are discussed in section 7.1.

4.2.2 Step 2: Simulation framework verification and validation

The second step is the verification and validation of the simulation framework. The simulation
framework validation can be defined as the evidence “that a model within its domain of applicability
possesses a satisfactory range of accuracy consistent with the intended application of the model” [21].

Each transport technology was verified according to the data and logic available from public transport
operators in Germany and the Netherlands. The simulation framework was considered verified when
this activity was performed and agreed to be correct [21]. This activity was performed by WP5
members, discussed with the consortium partners, and agreed on the parameters used. The results of
this step are discussed in section 7.2. Furthermore, the framework's representation of the multimodal
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journeys was analysed using experiments and extracting data from the models. These data were
compared to available data of the technologies used in the simulation models. Since the project
investigated the impact of future technologies, some data could not be statistically validated against
similar data due to its absence. For those cases, the quantitative validation was replaced with a
corresponding validation session with experts from the consortium and the Passenger Advisory Group.

4.2.3 Step 3: ConOps validation exercise

The ConOps validation process started when the framework was verified and validated. ConOps
feasibility and performance assessment was done according to the methodology described in section
4.3. For this assessment, several transport modalities corresponding to the transportation network in
urban and suburban areas of regional and hub airports in 2025, 2035 and 2050 were modelled in the
ConOps validation simulation framework (CVSF), described in section 4.4. Each transport mode and its
state in the corresponding time horizon was modelled according to the assumptions described in
sections 6.1 and 6.2.2.

To validate the ConOps, a series of experiments has been run in CVSF. These experiments simulated
the passenger journey in 2025, 2035 and 2050 in three system operations types: normal, ad-hoc
disturbance and disturbance five hours before the passengers’ departure from home. In each
experiment, passengers could use various transport modes according to the use cases described in
section 6.1. The systems’ performance was assessed using KPIs identified by the consortium experts
and described in section 5.

After this activity, the expected performance of the future system could be foreseen, and potential
inefficiencies and emerging behaviour that might affect the efficiency of the integration of
technologies were identified. The results of performed ConOps validation exercise are discussed in
section 7.3.

4.3 ConOps validation methodology

Validation of ConOps developed during the X-Team D2D project constituted an essential part of WP5.
The ConOps validation approach consisted of the following elements:

ConOps logic

Multimodal transportation network conceptual design
Modelling assumptions and implementation
Simulation framework

Experimental scenarios

vk wnNE

The ConOps definition (WP3 and WP4) was performed in parallel with ConOps validation (WP5).
Therefore, the ConOps validation work followed the cycle methodology shown in Figure 8. This
methodology for constructing an accurate model has been developed and applied by the consortium
members [22] in the aviation area. The main steps are the following:

1. Problem formulation. In this step, the problem under study should be clearly described, using
descriptive elements that help provide a clear understanding of the nature of the problem.

2. Setting objectives. Based on the problem formulation, the analyst should set the objectives
pursued by the study. This step is fundamental since it will determine different key decisions,
such as the abstraction level and boundaries of the study (i.e., what is included and what is
excluded).
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3. Model conceptualisation. In this step, the logic of the model and the artefacts that are within
the model's scope are defined. The analyst can make use of descriptive tools like flowcharts or
Petri nets for this task.

4. Data collection. This step will iterate with the previous elements to identify the data that is
required beforehand, what sources of data are available, and which need to be collected or
not.

5. Model translation, verification, and validation (V&V). It is in this step that the proposed
methodology differs from those presented by other authors. In this case, the models with
different abstraction levels are developed and verified. If the data and information are
available, then the different models are validated. This step is a combination of models, which
can number more than two, but the modelling effort will depend directly on the number of
models to be developed.

6. Experimental design. In this step, and once the model(s) are validated, an experimental design
is performed, using the different developed model(s) and identifying the outcomes that should
be in line with the objective stated. The experimental design must deal not only with the
combinatorial nature of the decision variables of each model but also with the outcomes of
the interaction of the models once the cycle is progressing.

7. Replications and analysis. This corresponds to the definition of the sample size of the model
and the analysis of the data it generates. Compared to standard methodology, this activity is
more time-consuming since the number of replications will increase linearly with the number
of models in the cycle.

8. More runs. More replication runs are executed to obtain statistically relevant data and
consider the impact of all stochastic events in the model.

9. Documentation and reporting. This step relates to the description of the analysis and the
reporting of results used by decision-makers.

10. Implementation. In the best situation, the insight gained from the model(s) analysis is
implemented in the real system. Due to the low TRL nature of X-Team D2D activities, the
project did not include implementation in a real operational environment; however, initial
insight into future performance can be identified and used as a steppingstone for future
technology development. This action minimises the risk of failure or over-/under-design in
infrastructure projects.
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Figure 8. ConOps Validation cycle

After WP3 and WP4 provided the first definition of ConOps, it was conceptualised in process logic and
modelling assumptions incorporated into the simulation framework. After this activity, a series of
simulation experiments were performed with a set of predefined scenarios, as described in section 6.
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4.4 ConOps validation simulation framework architecture

The ConOps validation simulation framework aimed to evaluate the impact of future Concept of
operations on the passenger journey. It was implemented in a general-purpose discrete event
simulation software. The framework was based on a multiple-layer approach, where first, the existing
transportation network was created. Then, future transport technologies were added as an additional
layer considering relevant time horizon assumptions and the ConOps. Such an approach allowed
simulating different time horizons using the same simulation model, which reduced the required
model building time and allowed flexible integration of different transport means into one overall
multimodal network that simulated the complete door to door journey.

The structure of the simulation framework is schematically presented in Figure 9. The framework
consists of two main models: the first model represents the D2A part of the passenger journey, and
the second model represents the A2D part of the journey. The two models are coupled using a
weighted edge representing the flight time from a regional airport to a hub airport. This time
considered the time between the aircraft take-off at the regional airport and landing of the aircraft at
the hub airport.

Regional airport Hub airport area
area model model
e : : H :
. : ))- : Passengers’
Passengers’ origin | _, | | —p i . destination
\ -
i » Capacitated servers, Capacitated servers,
Stochastic entities vehicles, and vehicles, and
network graph network graph

Figure 9. ConOps validation framework structure

There are three main groups of elements implemented in the model. The first group, dynamic entities,
represents passengers and vehicles transporting passengers from their origin to the airport. The
second group, static elements, represent transport stations the passengers use to embark/disembark
on and off transport vehicles. These stations serve as the entry, transfer, and exit points between
elements in the modelled system, with a fixed location for the interconnected multimodal transport
networks and are modelled as capacitated servers. The third group is the set of nodes and weighted
edges connected into a scaled network that vehicles and passengers use to move through the space
between transport stations.
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The model was built using GIS information from OpenStreetMap [23] so that the weighted edges
consider the real scale under study. The main purpose is to model the movement of vehicles and
passengers through the multimodal transport network in a realistic fashion. Owing to this, interactions
of IT systems or management aspects of transport systems were not explicitly modelled in the CVSF.

Within the framework, the arrival of passengers and most transportation means was generated
stochastically based on the project assumptions. Some transport means (such as buses and trains)
were generated on a schedule, as observed in real-life operations. An overview of used assumptions is
given in section 6.2.

4.4.1 Modelling D2A journey

A 2D view of the D2A model is shown in Figure 10. There are two parts in this model. The right part
represents the origin town for passengers (Brunswick or Braunschweig), and the left represents the
destination city which encompasses the regional airport (Hannover). These urban areas are located
approximately 60 km from each other. For modelling purposes, the road and railway networks
connecting these two areas were simplified into straight edges, simulating a total travel distance
between two chosen points in each of the areas. For instance, for the railway, the “inter-city” edge
connects Brunswick Central train station and Hannover Central train station. For the road network, the
edge connects Hannover Airport Arrivals and Brunswick Highway 301 ring around the city.
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Figure 10. Regional airport area model (GIS layer) — D2A

The passenger journey was simulated in the way schematically presented in Figure 11. All 18 scenarios
were simulated in the same way, with the different transport modes available at the corresponding
time horizon in each scenario. The flowchart for the PAX journey in each experimental scenario can be
found in Appendix A - Appendix C.
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Figure 11. PAX journey in the D2A model

All passengers were stochastically generated in Brunswick at element “Source” considering relevant
scenario assumptions. In this element, PAX group entities were created, and their properties, such as
PAX profile, walking speed and group size, were set. Furthermore, in this element, each PAX entity got
a label containing information about the entity creation's time and place.

After all initial PAX properties have been set in “Source”, the PAX entity moved to the next step, which
simulates PAX leaving their house and walking to the first transport mode station or PAX waiting at
their doorstep for a transport vehicle to pick them up from their house. In this step, a random location
of PAX origin was simulated. To simulate the random location of PAX origin within Brunswick, the PAX
travelled distance on this part of the journey is adjusted by a random value as defined in the simulation
assumptions in section 6.2.2. An example of such assumptions in the PAX journey is illustrated in Figure
12. The entire journey description can be found in Appendix A.
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Figure 12. PAX journey from Brunswick to Hannover APT in D2A part in scenario B025

After that step, the PAX used buses, trains, or other transport modalities, corresponding to the
scenario simulated to get from Brunswick to Hannover APT (APT-R element). In the APT-R element, the
PAX was delayed simulating walking to the gate and various airport security procedures. After that, it
could board an aircraft if the boarding to a flight to APT-H has been started. If not, the PAX was held
at the APT-R until such boarding started. An example of corresponding flow and assumptions for the
Business passenger in 2025 can be seen in Figure 13.
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Figure 13. APT-R part of the D2A journey in scenario B025

After boarding the aircraft, the PAX was held until the flight departure time and then moved to the
next model — A2D (PAX took the flight).

4.4.2 Modelling A2D journey

A 2D view of the A2D model is shown in Figure 14. The PAX’s end destination city of Haarlem is located
ten kilometres away from the hub airport of Schiphol, which made it possible to model the existing
road and railway network directly on the GIS blueprint.
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Figure 14. Hub airport area model (GIS layer) — A2D

In this A2D model, the passenger journey was simulated in the way schematically presented in Figure
15. All 18 scenarios were simulated similarly, with the different transport modes available for
passenger use in each scenario.
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Figure 15. PAX journey in the A2D model

The journey continued when flight time finished, and the PAX entity moved from the D2A model into
the A2D model. The PAX was delayed at the APT-H element until the time corresponding to walking
from the gate, and the arrival procedures expired. An example of this phase for scenario B025 can be
seen in Figure 16. After the delay time expired, the PAX entity moved to an access node for a transport
modality defined by a specific experimental scenario.

—| Flightto AFT 2 ¥ Gothe APT 2 exit ——

Uniform [45, £5) Uniform (45, 75)

Figure 16. APT-H part of the A2D journey in scenario B025

As in the D2A model, in the A2D model, passengers used only the transportation modes considered in
the specific experimental scenario. When the PAX entity used the scenario defined transport modes
and reached the destination in Haarlem, it was moved to an element “Sink” for being destroyed from
the simulation framework. In this element, the PAX statistics were also recorded and then the PAX
entity was destroyed to keep the use of computational resources on the optimal level. This part of the
journey is illustrated in Figure 17.
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Figure 17. Amsterdam area and Haarlem part of the A2D journey in scenario B025
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5 ConOps validation KPAs and KPls

5.1 System performance KPlIs

To judge the impact of ConOps on the multimodal travel experience, it is necessary to evaluate the
efficiency and quality of the system elements. For this purpose, X-TEAM D2D defined several KPIs that
can help analyse and compare different time horizons and different multimodal network setups. The
summary of all considered KPls is shown in Table 6.

KPA KPI Measurement Comments
D2D journey Total distance travelled Door-to-door distance per PAX
efficienc . )
v Total travel time Door-to-door time per PAX
Average travel speed Total distance travelled / Total per PAX
travel time
D2D journey Waiting time at (Egress time — Access time)/ Total per PAX
quality interconnections travel time
Probability of delays from  Total time of delay/total operating per operating line
breakdowns/maintenance  time (on a weekly/monthly base)
Accessibility of wayside Number of architectural barriers per mode
infrastructures encountered /number of obstacles
Luggage security Lost and stolen probability per PAX
Ticketing user-friendliness =~ Mean time spent on ticketing per PAX
System Response time to service Average to restore the per operating line
resilience interruptions service/average
Technology Travel distance Average per scenario X/ average Compare system
impact on D2D improvement per scenario Y performance across
journey . i scenarios, time
Travel time improvement Average per scenario X/ average horizons
per scenario Y
D2D journey Number of modes Number of tickets/number of per ticket
structure included in a single ticket modes
Number and modes used Recording name of each mode used | per PAX
per PAX in D2D
Cost Total cost of travel EURO/PAX per PAX
Journey Utilization Rate Number of PAX/Vehicle per Vehicle
efficiency (from
Provider’s point  Coston level of services Based on amount of per PAX
of view) provided interconnection/ kind of vehicles
used
Energy cost Average energy required to operate = per PAX or km
each transport mode

Table 6. Overview of all KPAs and KPIs relevant for ConOps validation
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Only the KPA “D2D journey efficiency” and KPI “Waiting time at interconnections” have been
estimated in this validation report. Due to the level of abstraction of the research performed for this
project, the rest of the defined KPIs could not be measured in the ConOps validation exercise, as they
require a higher level of details than considered in X-TEAM D2D. Nevertheless, these KPIs are essential
for quality measurement of the future more elaborated formulations of ConOps and therefore were
listed in this section.

5.2 Passenger-focused KPIs

A system of performance indicators aims to evaluate the success of an organization or an activity with
respect to the desired output in a given context [24]. In relation to the D2D multimodal journey
passengers, Key Performances Indicators should represent the relevance (Key) for a specific type of
passenger of one or more specific aspects of the D2D mobility service, with respect to his/her
expectations and needs (performance) that can be quantitatively measured (Indicator). In addition,
within the X-TEAM D2D framework, we should consider that KPIs should be carefully selected to either
be applicable at the abstraction level set for the simulation or provide useful information [25]. This is
particularly relevant for the passenger-centric and stepwise approach of X-TEAM D2D because it is
acknowledged that performance measurement and monitoring significantly impact the development,
implementation and management of existing transport plans and programmes and largely contribute
to the identification and assessment of successful alternative scenarios. Then, the consideration of
specific passenger related KPIs paves the way to the comparison, under the passengers’ point of view,
of different projects and programmes in future scenarios and to evaluate the performance of the same
project and system at different time points [26]. When defining passenger related KPlIs, the following
aspects should be taken into account [26]:

e satisfaction of the transport service user, in addition to the concerns of the system operator
or owner

e societal concerns such as traffic efficiency, traffic safety, environmental conservation, social
inclusion

e available resources and tools for measurements; this means that performance measures
should be measurable with tools and resources available, costs should be reasonable with
respect to the budget, accuracy levels should be comparable with respect to requirements,
data should be retrievable through field measurement

e possibility to compare future alternative scenarios and to use existing forecasting tools for its
definition

e understandability by policy makers, professionals, and the general public

e direct measure of the issue of concern or at least maximum relevance or meaningfulness

e the entirety of means, legs, and steps of the multimodal journey

e performance measures should allow to control and improve the measured characteristic; they
should provide decision-makers with relevant information for their decision-making
processes.

In addition to the above-listed characteristics, it could be considered that passenger related KPIs fall
under the social dimension of sustainability KPIs. Combining the passenger-centred perspective
defined in the X-TEAM D2D project [18], the passenger-centred requirements defined within X-TEAM
D2D, passenger-focused KPI should address the following performance areas [25], [27]: Safety, Health,
Travel time, Accessibility, Affordability, Reachability, Participation. Table 7 recaps the Passenger-
focused KPIs proposed in the scope of the X-TEAM D2D project.
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KPI Relevance per Direction Data
passenger profile Availability
Total travel time BT ©OOO Less time is usually available
VERT O better in standardized
form
Waiting time at interconnections BT OO0O Less time is usually available
VERT OO better in standardized
form
Frequency (probability) of delays from BT 000 Less possibly available
breakdowns/maintenance etc VFRTOO probability is but not
better standardized
Accessibility of wayside infrastructures BT OO Less barriersis | requires specific
VFRTOOO better data collection
Luggage security BT ©O Less loss and requires specific
VFRTOOO stolen data collection
probability is
better
Ticketing user-friendliness BT © Less time requires specific
VERTOO O spent for data collection
ticketing is
better
Response time to service interruptions BT 000 Less time to usually available
VERT OO recover is in standardized
better form
Travel time reduction BT OO More usually available
VERTO O reduction is in standardized
better form
Number of modes included in a single ticket | BT © More is better = usually available
VFRT 00O in standardized
form
Number and modes used BT OO0O Less is better possibly available
VFRTOOO (or more but not
alternatives standardized
available is
better)
Total cost of travel BT ©OO Less is better usually available
VFRT 00O in standardized
form

Table 7. KPIs’ relevance per passengers’ profiles
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6 ConOps validation exercise

To validate the ConOps, a series of validation experiments has been run in the simulation framework
developed in WP5 and described in section 4.4. Each experiment simulated a passenger journey
through a multimodal transportation system, according to the use cases and scenarios introduced in
section 6.1.

The workflow applied in the ConOps validation study is shown in Figure 18. The CVSF used as input for
each experiment the values of the corresponding assumptions for transport modes and passengers
(use cases). Each simulation experiment run was executed in the CVSF for 24 hours of simulation time
with 50 replications to obtain statistically relevant results [28].

Scenario garameters
(N N N N N ‘
Use case

Simulation
framework
CVSF

parameters
‘YXXXX )

KPIs of interest ‘
L 3K 3 2

.ooo:.:c

Simulation runs

Figure 18. Experimental workflow for ConOps validation

For each experiment, the PAX KPIs noted in Table 6 were recorded in a CSV file, separate for each
scenario. A partial screenshot of the raw data obtained in such a way for scenario B025 is shown in
Figure 19.

TimeTripEnded NrPA tered TimeTrij ModesUsedLl TotalDistancell APT1 APT2 ModesUsedL2 TotalDistancel2 PAXtype TotalWaitingTime Scenaric PAXdemotype

14/10/2021 13:35 1 14/10/202107:09 w,bu,train,train,air 84377.08 14/10/202109:46 14/10/202113:12 ¢ 21678.06739 B 0.225081783 25 <65

14/10/2021 13:35 1 14/10/202106:36 w,bu,trai 7866233 14/10/202109:46  14/10/202113:12 ¢ 20421.56499 ] 1.110607035 25 <65

14/10/2021 13:37 1 14/10/202106:52 w,bu,tr: 85765.28  14/10/202109:45 14/10/202113:14 ¢ 20171.60498 B 0.332323213 25 <65

14/10/2021 13:37 1 14/10/202106:52 w,bu,tr 7875092 14/10/202109:46  14/10/202113:12 ¢ 20857.30526 B 0.92236368 25 <65

14/10/202112:37 1 14/10/202106:52 w,bu,tr: 78282.16  14/10/202109:38 14/10/202113:12 ¢ 20801.36154 B 0.838695182 25 <65

14/10/2021 13:38 1 14/10/202106:11 w,bu,tr 78407.48  14/10/202108:42 14/10/202113:14 c 20518.40663 B 0.5347828 25 <65

14/10/2021 13:40 1 14/10/202108:02 w,bu,train,train,air 7867216 14/10/202110:39  14/10/202113:16 ¢ 20176.74364 ] 0.72171271 25 <65

14/10/2021 13:40 1 14/10/2021 05:00 w,bu,train,train,air 82067.32 14/10/202107:36 14/10/202113:15 ¢ 19920.19774 B 0.488585411 25 <65

DY sinkD_Haarlem  14/10/202113:40 1 14/10/202107:09 w,bu,train,train,air 8250150 14/10/202109:49 14/10/202113:16 ¢ 20225.52289 B 0.358687635 25 <65
SinkD_Haarlem  14/10/2021 13:40 1 14/10/2021 06:40 w,bu,train,train,air 83086.42 14/10/202109:48 14/10/202113:17 ¢ 20687.96393 B 0.791584687 25 <65

Figure 19. Example of raw data obtained for scenario B025

6.1 Experimental scenarios

In each considered time horizon, business and VFR passengers use various transport modes.
Depending on the type of scenario (normal, ad-hoc disturbance or disturbance five hours prior to the
departure), some modes change their availability for use by passengers. The detailed description of
passengers' journey for each scenario can be found in WP2 deliverable D2.1 "Future Reference
Scenarios and Barriers".

Within the scope of the ConOps validation study, two groups with nine scenarios each have been
defined to represent the D2D journey of business and VFR passengers in 2025, 2035, and 2050, as
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depicted in Figure 20. Each experimental scenario simulated 24 hours of passengers travelling from a
small European town to a large metropolitan area in a different European country. During this journey,
passengers used only transport modes described in the corresponding scenario. Each mode operated
according to the assumptions listed in section 6.2.

Time horizon 2025 2035 2050
Traveller Traveller Traveller
- . - " - -
Disturbance m ﬁm M‘ ‘hmi’ m 'ﬁ“lm
Profile B ProfileV  Profile B ProfileV  ProfileB Profile V
no disturbance B025 V025 B035 V035 B0O50 V050
5h prior to departure B525 V525 B535 V535 B550 V550
ad hoc disturbance Bd25 Vd25 Bd35 Vvd3s Bd50 vd50

- .
m B: Business traveller hmv: VER - Visiting friends and relatives traveller
Figure 20. Overview of ConOps validation scenarios.

Profile B - A business traveller makes a one-day trip from an origin area with a regional airport to a
destination area with a hub airport.

Profile V - Use cases for this group of VFR include two adults (one of whom is a senior) and a minor
child with baggage visiting friends and relatives for a long weekend at a family event (e.g., a wedding).

Each scenario was simulated in 50 replications to capture the D2D system behaviour better. The results
of these experiments are discussed in section 7.3.

6.1.1 Scenarios for 2025

A multimodal journey - if taken for the first time - has to be planned in advance and managed by the
traveller himself/herself. Planning can be done with the use of online services provided. Online: Ability
to buy tickets in advance, check-in at least the day before flight, remote ticket validation systems. Flight
is booked via a Travel agency, app, or internet in advance.

6.1.1.1 B025 - no disturbance

e Traveller starts at home.

e Using the combination bus and train to the regional airport. Ticket purchased via mobile
app/online.

e Arrival at the regional airport (no registered luggage, passenger checked online the day
before): He/she walks to the gate. Time spent waiting during the multimodal journey is
significant: e.g., passengers must be at the gate at least 30 minutes before take-off.

e Flight (with an aircraft; digital ticket purchased online).

e Arrival at hub airport: There is no direct access to e-bikes, e-scooters sharing system. Getting
car-sharing or rental cars services requires a longer walk distance.

e Traveller takes a rental car from the airport to business address.

e Traveller arrives at a business address.
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6.1.1.2 B525 - disturbance 5h prior to departure

There is disturbance information five hours before the start of the planned trip. Disturbance: technical
failure on the train track.

e Traveller starts at home: He/she finds out about the delay of the train via e-mail/app
information service before leaving his/her home. The traveller has to manage the new
planning of the journey by him/herself.

e Traveller can order an e-taxi via app or use car-sharing to catch up with his former plan to
reach the airport in time (Assistance of the travel agency of his company could help to change
the booking of his flight).

e Traveller walks to a car-sharing depot and uses an autonomous car to the airport (the single
ticket purchased in advance is still valid).

e Traveller arrives at the regional airport and leaves the car in the car-sharing parking slot.

e He/she uses New Mobility Services (e.g., e-scooters) at the airport parking to reach his/her
terminal in time.

e Flight (with an aircraft; digital ticket purchased online).

e Arrival at hub airport: There is no direct access to e-bikes and e-scooters sharing system. Also,
getting car-sharing or rental cars services requires a longer walking distance.

e Traveller takes a rental car from the airport to business address.

e Traveller arrives at a business address.

6.1.1.3 Bd25 - disturbance ad hoc

A business traveller is making a one-day trip from an origin area with a regional airport to a destination
area with a hub airport. Digital tickets are purchased via a Travel agency, app or internet in advance.
During the trip, a disruption occurs in one of the transport modes.

e Business traveller starts at home.

e He/she uses the bus to the train station.

e Traveller arrives at a train station. While waiting for the train, the traveller receives the
information of a disruption: technical failure on the track (Train is late/cancelled). The traveller
must manage the new planning of his journey by himself/herself via a portable device
(smartphone). Calls a taxi via telephone or app to reach the planned flight.

e Takes a taxi to the regional airport using an app to call and pay for the ride.

e Arrival at the airport (no registered luggage, passenger checked in during the morning). Uses
a fast track through security to catch up on delay (if available and possible: Traveller needs to
persuade the security staff to use the fast track). Or misses the flight and needs to change the
flight: Getting assistance from the travel agency of the traveller’'s company via phone or
change the booking directly via airline app or online.

e Flight (digital ticket purchased via a Travel agency, app or internet).

e Arrival at hub airport: The traveller takes an e-taxi from the airport taxi stand directly to the
business address. During the taxi trip, the traveller cancels the car-sharing/Rental car booking.

e Traveller arrives at a business address.

6.1.1.4 V025 - no disturbance

e travellers start at home: Multimodal journeys must be planned in advance and to be managed
by the travellers themselves. The trip will be planned within a buffer of 1 to 2h at the beginning
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of the journey to reach the airport in time and at least 1 to 2 days before the event (e.g.,
wedding) for unexpected complications;

e planning can be done with the use of online services provided. Ability to buy tickets in advance,
proceed to check-in at least the day before the flight, remote ticket validation systems. Flight
is booked via a Travel agency, app or internet in advance;

e using the combination of busses/trains to reach the regional airport because the change from
one mode to the other is comfortable (digital group ticket purchased);

e arrival at the airport (registered luggage, passenger checked online the day before): They have
to go to check-in with their luggage and then through security and to the gate. Time spent
waiting during the multimodal journey is significant: The group have to be at the gate at least
30 minutes before take-of, time

e needed for reaching the gate in hub airport is about 25 minutes and 15 in case of the regional
airport and takes even longer with minors;

e flight (with an aircraft; digital group ticket purchased);

e arrival at hub airport: They need to walk through customs to the airport train or bus terminal;

e using the combination busses/trains of the public service, because the change from one mode
to the other is comfortable (ticket purchased online via mobile app/online);

e travellers reach the accommodation.

6.1.1.5 V525 - disturbance 5h prior to departure

Use cases for this group of VFR include two adults (one of whom is a senior) and a minor child with
baggage visiting friends and relatives for a long weekend on the occasion of a family event (e.g.
wedding). There is disturbance information before the start of the planned trip.

e travellers are at home: Multimodal journey has to be planned in advance and to be managed
by the travellers themselves. The trip will be planned within a buffer of 1 to 2h at the beginning
of the journey to reach the airport in time and at least 1 to 2 days before the event (e.g.
wedding) for unexpected complications;

e planning can be done with the use of online services provided. Online: Ability to buy tickets in
advance, proceed to check-in at least the day before the flight, remote ticket validation
systems. Flight is booked via a Travel agency, app or internet in advance;

e the travellers find out about the delay/cancellation of the planned train via e-mail/app
information service before leaving his/her home (Disruption: Technical failures on the train
track). The travellers have to manage the new planning of their journey by themselves;

e the travellers use a different combination of busses and trains to the regional airport (with
longer travelling time), but they reach the airport and the flight in time because they were 1-
2 hours early. Eventually, they need to purchase a new ticket for this routing because it’s not
the direct way to the airport (digital group ticket purchased);

e arrival at the airport (registered luggage, passenger checked online the day before): They have
to go to check-in with their luggage and then through security to the gate. Time spent waiting
during the multimodal journey is significant: The group have to be at the gate at least 30
minutes before take-off; the time needed for reaching the gate at the hub airport is about 25
minutes and 15 in case of the regional airport and takes even longer with children;

e flight (with an aircraft; digital group ticket purchased);

e arrival at hub airport: They need to walk through customs to the airport train or bus terminal;

e using a combination of busses and trains (group ticket purchased online via mobile
app/online);

e travellers reach the accommodation.

Page I 38 )
¢ EUROPEAN PARTNERSHIP Co-funded by )
the European Union


https://www.sesarju.eu/

D5.1 - CONCEPT OF OPERATIONS VALIDATION REPORT ¥~
V«S esar

“ X-TEAM D2D

JOINT UNDERTAKING

6.1.1.6 Vd25 - disturbance ad hoc

Use cases for this group of VFR include two adults (one of whom is a senior) and a minor child with
baggage visiting friends and relatives for a long weekend on the occasion of a family event (e.g.
wedding). During the trip, a disruption occurs in a mode of transport.

e travellers start at home: Multimodal journey has to be planned in advance and to be managed
by the travellers themselves. The trip will be planned within a buffer of 1 to 2h at the beginning
of the journey to reach the airport in time and at least 1 to 2 days before the event (e.g.
wedding) for unexpected complications;

e planning can be done with the use of online services provided. Online: Ability to buy tickets in
advance, proceed to check-in at least the day before the flight, remote ticket validation
systems. Flight is booked via a Travel agency, app or internet in advance: They want to use a
combination of public busses/trains to reach the regional airport because the change from one
mode to the other is comfortable (ticket purchased online via mobile app/online);

e they use the bus to the train station (digital group ticket purchased);

e when they arrive at the train station, there is disturbance information for a train on the
planned journey (Disruption: Technical failures on the train track). The travellers have to
manage re- planning of their journey by themselves;

e the travellers using a different combination of busses and trains to the regional airport (with
extended travelling time). Eventually, they need to purchase a new ticket (or upgrade to the
old ticket) for this routing because it’s not the direct way to the airport (online via mobile
app/online);

e during this new routing, the travellers call the airport in Advance: For disabled passengers and
passengers with reduced mobility (PRM) the airport operator is responsible for providing
assistance to these passengers to be able to get into and off the aircraft (Regulation (EC) No.
1107/2006 EU);

e arrival at the regional airport is much later than expected (registered luggage, passenger
checked online the day before): They walk to the check-in and got from there a with an electric
cart with driver for PRM by the airport operator and got a quick and safe transfer through
security to their gate;

o flight (with an aircraft; tickets purchased in advance online);

e arrival at hub airport: They are walk through customs to the airport train or bus terminal (or
get another ride with an electric cart for PRM by the airport operator through customs,
baggage claim to the airport train/bus station);

e using the combination busses/trains of the public service (ticket purchased online via mobile
app/online);

e travellers reach the accommodation.

6.1.2 Scenarios for 2035

Exchange of information between ATM and surface modes, together with access and communication
with the user’s portable device, allows providing the travellers with all data concerning his/her
multimodal journey in advance (at least a day before the day of the journey). The traveller will be
provided with available alternatives allowing the traveller to react in time (with respect to his
requirements, e.g., related to disabilities). Privately generated data will be available for service
providers daily demand forecasts will become possible, making the transport system more efficient
and sustainable. The traveller got the possibility to modify his/her journey a day before travel (select
other modes according to his preferences). Traveller will be offered to purchase one single ticket for

Page I 39 )
¢ EUROPEAN PARTNERSHIP Co-funded by )
the European Union


https://www.sesarju.eu/

D5.1 - CONCEPT OF OPERATIONS VALIDATION REPORT

*% X-TEAM D2D

JOINT UNDERTAKING

»
__ 4
eXTEnded AtM for Door2Door travel e S a r

entire journey with access rights to change modes. Check-in is done automatically at the start of the
journey (check-in at the first hub of the journey). Due to technology development, more users’ focus
will be on personal needs as well as the impact on the environment.

6.1.2.1 BO035 - no disturbance

e Traveller starts at home.

e Walks to a e-scooter/e-bike sharing depot and uses a e-scooter to eVTOL platform (covered by
the single ticket (devices) for the journey. Not completed digitalization of transport systems
will prevent including all modes of transport in this solution).

e Takes eVTOL flight to the regional airport (single ticket online using a mobile app). Incomplete
digitalization of transport systems will prevent including all modes of transport in this solution.

e Arrival at the regional airport (no registered luggage, passenger checked-in automatically in
the first node). Uses an e-scooter: Time spent to reach the gate will be slightly reduced.

e Flight by a short-range aircraft.

e Arrival at a hub airport. There is no direct access to e-bikes, e-scooters sharing systems. Electric
taxis are partially replaced by electric car-sharing and are easier accessed from the airport
terminal.

e Traveller takes electric car-sharing from airport to business address (included in the single
ticket booked in advance).

e Traveller arrives at a business address.

6.1.2.2 B535 - disturbance 5h prior to departure

A business traveller making a one-day trip from an origin area with a regional airport to a destination
area with a hub airport. There is a disturbance before starting the planned trip. Traveller modified
his/her journey a day before travel (select other modes according to their preferences). Traveller
purchased one single ticket for the entire journey with access rights to change nodes. Increased
reliability of transport will allow for less care needed for alternative connections considerations (in
case of disruption). Disruptions will be less frequent, and the time for recovery will be reduced thanks
to using of resources of other integrated modes not affected by the disruption. Privately generated
data will be available for service providers daily demand forecasts will become possible, making the
transport system more efficient and sustainable.

ATM Information of disturbance (e.g., harsh weather conditions) of the planned e-VTOL flight is
available for the traveller before his/her starts the journey. The traveller is provided with available
alternatives modes (e.g., e-taxi, e-car-sharing, and train) by an upcoming disruption allowing traveller
to react in time (with respect to his requirements, e.g., related to disabilities). In case of lack of
alternative) the traveller will have to manage disruption completely by his/herself with the use of a
mobile application providing data gathered from transport operators (more common in peri-urban
locations).

e Traveller starts at home.

e Disruption. The weather conditions interact with the other planned traffic modes, too.
Rebooks the planned e-scooter/e-bike ride to autonomous e-car drive with car-sharing.

e Traveller walks to a car-sharing depot and uses a car to the train station (the single ticket
purchased in advance is still valid). Leaves car at the car-sharing parking.

e Uses train to the airport.

e Arrival at the airport (no registered luggage, passenger checked-in automatically in the first
node). Time spent on changing nodes will be slightly reduced, especially off the traffic peak.
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e Flight by a short-range aircraft (included in purchased single ticket in his/her device).

e Arrival at hub airport. There is no direct access to e-bikes, e-scooters sharing system. Electric
taxis are partially replaced by electric car-sharing and are easier accessed from the airport
terminal (replaced “traditional” rental cars).

e Traveller takes electric car-sharing from airport to business address (included in the single
ticket book in advance).

e Traveller arrives at a business address.

6.1.2.3 Bd35 - disturbance ad hoc

Traveller modified his/her journey a day before travel (select other modes according to his
preferences). Traveller purchased one single ticket for the entire journey with access rights to
particular change nodes. The planned modes are integrated with ATM: Information about disruptions
(e.g., delay) will be available for the traveller in a very short time, and if necessary, the traveller will be
provided with available alternatives (in respect to his requirements, e.g., related with disabilities). This
allows the traveller to react in time. In case of lack of alternatives, the traveller will have to manage
disruption by his/herself with the use of a traditional mobile application providing data gathered from
transport operators (more common in peri-urban locations). Privately generated data will be available
for service providers daily demand forecasts will become possible, making the transport system more
efficient and sustainable. Due to technology development, more users’ focus will be on personal needs
as well as the impact on the environment. During the journey, a disruption occurs in a mode of
transport.

e Traveller starts at home. Walks to a e-scooter/e-bike sharing depot and uses a e-scooter to e-
VTOL platform (buying a single ticket via devices in advance). There is an ATM Information of
disturbance of the planned e-VTOL flight (e.g., delay because of harsh weather conditions).
The disruption endangers the timely departure of the aircraft, the passenger is offered to use
a taxi (co-financed by the operator).

e Traveller is picked up by e-taxi and brought to the airport.

e Arrival at the airport. Check-in is done automatically at the start of the journey (check-in at the
first hub of the journey). The traveller is guided to a fast-track through security to catch his/her
regular flight in time (no registered luggage).

e Flight by a short-range aircraft (included in purchased single ticket in his/her device).

e Arrival at a hub airport. There is no direct access to e-bikes, e-scooters sharing system. Electric
taxis are partially replaced by electric car-sharing and are easier to access from the airport
terminal (replaced “traditional” rental cars).

e Traveller takes electric car-sharing from hub airport to business address (included in the single
ticket booked in advance).

e Traveller arrives at a business address.

6.1.2.4 V035 - no disturbance

Travellers got the possibility to modify their journey a day before travel (select other modes according
to his preferences). Travellers will be offered to purchase a group ticket for the entire journey with
access rights to particular change nodes. Due to technology development, more users’ focus will be on
personal needs as well as the impact on the environment. Check-in is done automatically at the start
of the journey (check-in at the first hub of the journey).

The exchange of information between ATM and surface modes, together with access and
communication with the user’s portable device, allows for providing travellers with all data concerning
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their multimodal journey in advance. The travellers will be provided with available alternatives
allowing traveller to react in time (with respect to their requirements, e.g., related to disabilities).
Privately generated data will be available for service providers daily demand forecasts will become
possible, making the transport system more efficient and sustainable. This development means for
planning that in case of unexpected complications, no buffer is needed at the beginning of the journey
to reach the airport in time.

e Travellers start at home. VFR traveller groups use various combinations of public transport
according to their preference to reach the regional airport (digital group ticket purchased).
Time spent on changing nodes will be slightly reduced because of the exchange of information
between ATM and surface modes.

e Arrival at the airport (registered luggage, check-in at the first hub of the journey): VFR travel
group with seniors is automatically picked up at the train/bus terminal by the airport operator
(PRM) with an autonomous electric cart. They will be taken to the check-in to check-in their
luggage. Then they will be brought through security to their gate. Time spent waiting will be
slightly reduced. The time needed for reaching the gate at the regional airport will be less than
5 minutes.

e Flight (with a short-range aircraft).

e Arrival at hub airport: They got another ride with an autonomous electric cart for PRM by the
airport operator through customs and baggage claims to the airport train/bus station).

e Use various combinations of public transport according to their preference (group tickets
purchased online via mobile app/online).

e Travellers reach the accommodation.

6.1.2.5 V535 - disturbance 5h prior to departure

There is a disturbance before starting the planned trip. Travellers got the possibility to modify their
journey a day before travel (select other modes according to their preferences). Travellers will
purchase a group ticket for the entire journey with access rights to particular change nodes. Due to
technology development, more users’ focus will be on personal needs as well as the impact on the
environment. Check-in is done automatically at the start of the journey (check-in at the first hub of the
journey).

The exchange of information between ATM and surface modes, together with access and
communication with the user’s portable device, allows for providing travellers with all data concerning
their multimodal journey in advance. The travellers will be provided with available alternatives
allowing traveller to react in time (with respect to their requirements, e.g., related to disabilities).
Privately generated data will be available for service providers daily demand forecasts will become
possible, making the transport system more efficient and sustainable. This development means no
buffer is needed at the beginning of the journey to reach the airport in time.

e Travellers are still at home. ATM Information about disturbances (e.g., harsh weather
conditions) of flights and train connections to the airport is available for the travellers before
their journey starts. Travellers are provided with available alternatives modes (e.g., e-taxi, e-
car-sharing) by an upcoming disruption allowing traveller to react in time (in respect to his
requirements, e.g., related to disabilities). In case of lack of alternative travellers will have to
manage disruptions completely by themselves with the use of a mobile application providing
data gathered from transport operators (more common in peri-urban locations).

e Travellers order autonomous transport by car-sharing via the internet and use the car to get
to the regional airport (Group card purchased in advance for public service will be credited).
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e Arrival at the airport (registered luggage, check-in at the first hub of the journey). Leaving car
at the car-sharing parking. VFR travel group with seniors is automatically picked up at the car-
sharing parking next to their car by the airport operator (PRM) with an autonomous electric
cart. They will be taken to the check-in to check-in their luggage. Then they will be brought
through security to their gate. Time spent waiting will be slightly reduced. The time needed
for reaching the gate at the regional airport will be less than 5 minutes.

e Flight (with a short-range aircraft).

e Arrival at hub airport: They got another ride with an autonomous electric cart for PRM by the
airport operator through customs (and baggage claims) to the airport public transport station.

e Using combinations of public buses and trains according to their preference (group tickets
purchased online via mobile app/online).

e Travellers reach the accommodation.

6.1.2.6 Vd35 - disturbance ad hoc

During the trip, a disruption occurs in a mode of transport. Travellers got the possibility to modify their
journey a day before travel (select other modes according to their preferences). Travellers will
purchase a group ticket for the entire journey with access rights to particular change nodes. Due to
technology development, more users’ focus will be on personal needs as well as the impact on the
environment. Check-in is done automatically at the start of the journey (check-in at the first hub of the
journey).

The exchange of information between ATM and surface modes, together with access and
communication with user’s portable device, allows for providing travellers with all data concerning
their multimodal journey in advance. The travellers will be provided with available alternatives
allowing traveller to react in time (with respect to his requirements, e.g., related to disabilities).
Privately generated data will be available for service providers daily demand forecasts will become
possible, making transport system more efficient and sustainable. This development means no buffer
is needed at the beginning of the journey to reach the airport in time.

e Travellers start at home. VFR travellers use the bus to the train station (digital group ticket
purchased). During the lift the travellers receive information about a disruption (e.g., Harsh
weather conditions) which is affecting their upcoming train ride to the airport. They are
provided with available alternatives modes. Travellers order autonomous transport by car-
sharing via the internet and change their routing to a car-sharing depot: and use the
autonomous car to the regional airport (Group card purchased in advance for public service
will be credited).

e Late arrival at the airport (registered luggage, check-in at the first hub of the journey). Leaving
the car at the car-sharing parking. VFR travel group with senior (PRM) is automatically picked
up at the car-sharing parking next to their car by the airport operator with an autonomous
electric cart. They will be taken to the check-in to check-in their luggage. Then they are
automatically taken in the fast lane through security to their gate (full information about their
delay status). The time taken to reach the gate at the regional airport will be less than 2
minutes.

e Flight (with a short-range aircraft).

e Arrival at a hub airport. They got another ride with an autonomous electric cart for PRM by
the airport operator through customs (and baggage claims) to the airport public transport
station.
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e Using various combinations of public transport according to their preference (group ticket
purchased online via mobile app/online).
e Travellers reach the accommodation.

6.1.3 Scenarios for 2050

Traveller is provided with all data concerning his/her multimodal journey at least every hour during
the journey. He/she will have a possibility to modify his/her journey even on a day of journey (select
other modes according to his preferences). Traveller purchases one single ticket for the entire journey
with access rights to particular change nodes. The offer will be designed on the base of smart pricing
favouring preferred/prioritised modes of transport (with regards to applied policies like carbon
footprint or emissions, sustainability level). Solutions will cover all or almost all publicly available
means of transport. Time spent on changing nodes will be reduced thanks to the total system approach
applied (System of Systems management). Completed digitalization will allow traveller to make
transport mode more fitted to their individual preferences/needs: Next door is an NMS service
including e-bikes/e-scooters and an electric autonomous car-sharing depot.

6.1.3.1 B050 - no disturbance

e Traveller starts at home.

e Traveller uses NMS to go to the next Urban Air Mobility (UAM) port.

e Traveller uses a UAM. For the Regional range, air travel will also be possible with the use of
VTOL, multirotor and fixed-wing aircraft.

e Arrival at the regional airport (no registered luggage, the passenger was checked in
automatically). Use of a UAM gives the traveller direct access to the regional airport. Security
checks and check-in are already done with/during the use of the UAM.

e Traveller uses NMS services (e.g., e-bikes or e-scooters) at the airport. Passenger is in nearly
no time at the gate.

e Flight with zero-emission large aircraft.

e Arrival at hub airport: NMS services (including e-bikes or e-scooters-versions) are commonly
used in airports. There are (electric) micromobility (soft) means of transport to take the
traveller to the high-speed rail transport station.

e High-speed rail transport ride. Traveller modifies his/her journey to his preferences (he/she
likes boat tours) and selects a ride with an autonomous ferry service instead of surface planned
traffic modes: CCAM.

e Arrival at the high-speed rail transport station with easy transfer to the water mode system of
the destination city. The destination city is divided by large water reservoirs. Traveller uses an
autonomous ferry service instead of surface planned traffic modes.

e Arrival at the ferry pier. He/she uses micromobility (soft) means of transport to the business
address.

e Traveller arrives at a business address.

6.1.3.2 B550 - disturbance 5h prior to departure and Bd50 - disturbance ad hoc

Traveller is provided with all data concerning his/her multimodal journey at least every hour during
the journey. He/she will have possibility to modify his/her journey even in a day of journey (select
other modes according to his preferences). Traveller purchases one single ticket for entire journey with
access rights to particular change nodes. The offer will be designed on base of smart pricing favouring
preferred modes of transport (with regards to applied policy like carbon footprint or emissions,
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sustainability level). Solutions will cover all or almost all publicly available means of transport. Time
spent on changing nodes will be reduced thank to total system approach applied (System of Systems
management). Completed digitalization will allow traveller to make transport mode more fitted to his
individual preferences/needs: Next door is an NMS services including e-bikes/e-scooters and an
electric autonomous car sharing depot.

There is an incident that leads to an interruption of the journey. In 2050 there is no difference for the
traveller between disruptions information from 5h prior and during the journey. In case of disruption
information about it will be available immediately and if it is necessary the traveller will be provided
with required actions on his/her side. The traveller will have possibility to modify his/her journey even
in a day of journey and select other modes according to his preferences/needs.

Disturbances in 2050 resulted with internal reason like failure or accidents originated outside the
system will be very rare. The time for recovery will be extremely short due to using immediate
activation of resources of other modes of transport.

e Traveller starts at home.

e Traveller uses NMS to go to the next Urban Air Mobility (UAM) port.

e Traveller uses an UAM. For the Regional range air travels will be also possible with use of VTOL,
multirotor and fixed wing aircraft.

e Arrival at the regional airport (no registered luggage, passenger was checked in automatically).
Use of an UAM gives the traveller a direct access to regional city airport. Security check and
check-in is already done with/during the use of the UAM.

e Traveller uses NMS services (e.g., e-bikes or e-scooters) at airport. Passenger is in nearly no
time at gate.

e Flight with zero-emission large aircraft. Shortly before landing at the hub airport the traveller
reached a disturbance information about his/her high-speed train: Medical emergency on the
booked high-speed train service. Heavy delay is possible. Traveller is given an alternative
(UAM) to arrive safely on time for his appointment.

e Arrival at hub airport: There are (electric) micromobility (soft) means of transport to take the
traveller through customs to airport UAM port.

e Traveller using an UAM. For the Regional range air travels, it’s a fixed wing aircraft (digital
ticket needs an upgrade payment);

e Landing at UAM port next to the business centre. With soft mode he/she is transported to the
business address.

e Traveller arrives at business address.

6.1.3.3 V050 - no disturbance

Travellers are provided with all data concerning their multimodal journey at least every hour during
the journey. They will have possibility to modify their journey even in a day of journey (select other
modes according to his preferences). Travellers purchase a group ticket for entire journey with access
rights to particular change nodes. The offer will be designed on base of smart pricing favouring
preferred/prioritized modes of transport (with regards to applied policy like carbon footprint or
emissions, sustainability level). Solutions will cover all or almost all publicly available means of
transport. Time spent on changing nodes will be reduced thank to total system approach applied
(System of Systems management). Completed digitalization will allow travellers to make transport
mode more fitted to his individual preferences/needs. Luggage is delivered door-to-door.

e Luggage picked up in short notice before VFR traveller group starts at home.
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e VFR traveller group starts at home. They are using NMS to go to the high-speed train station.

e Traveller uses high-speed train (digital group ticket purchased shortly before).

e Arrival at the regional airport (passengers were checked in automatically).

e Traveller uses micromobility means of transport at the airport. Passenger is in nearly no time
at the gate.

e Flight with zero-emission large aircraft.

e Arrival at a hub airport. There are (electric) micromobility means of transport to take the
traveller group through the customs to the high-speed rail transport station.

e High-speed rail transport ride. Traveller group modifies their journey to their preferences (e.g.,
they like boat tours) and select a ride with an autonomous ferry service instead of surface
planned traffic modes: CCAM.

e Arrival at the high-speed rail transport station with easy transfer to the water mode system of
the destination city. The destination city is divided by large water reservoirs. Travellers use an
autonomous ferry service instead of surface planned traffic modes.

e Arrival at ferry pier next to their accommodation: They are using micromobility means of
transport to the accommodation.

e Travellers reach the accommodation (Baggage arrives promptly after them).

6.1.3.4 V550 - disturbance 5h prior to departure and Vd50 - disturbance ad hoc

There is an incident that leads to an interruption of the journey. In 2050 there is no difference for the
traveller between disruptions information from 5h prior and during the journey. In case of disruption,
information about it will be available immediately, and if it is necessary, the travellers will be provided
with the required actions on their side. The travellers will have a possibility to modify their journey
even in a day of journey and select other modes according to his preferences/needs. Disturbances in
2050 resulting from internal reasons like failure or accidents originating outside the system will be very
rare. The time for recovery will be extremely short due to using immediate activation of resources of
other modes of transport.

VFR traveller groups are provided with all data concerning their multimodal journey at least every hour
during the journey. They will have the possibility to modify their journey even on a day of journey
(select other modes according to their preferences). Travellers purchase a group ticket for the entire
journey with access rights to particular change nodes. The offer will be designed on the base of smart
pricing favouring preferred/prioritized modes of transport (with regards to applied policies like carbon
footprint or emissions, sustainability level). Solutions will cover all or almost all publicly available
means of transport. Time spent on changing nodes will be reduced thanks to the total system approach
applied (System of Systems management). Completed digitalization will allow travellers to make
transport mode more fitted to their individual preferences/needs. Luggage is delivered door-to-door.

e Luggage is picked up on short notice before the VFR traveller group starts at home.

e VFR traveller group starts at home: They are using NMS to go to the high-speed train station.

e Traveller is using the high-speed train (digital group ticket for the complete journey purchased
shortly before).

e Arrival at the regional airport (passengers were checked in automatically).

e Traveller is using micromobility means of transport at the regional airport. Passenger is in
nearly no time at the gate.

e Flight with zero-emission large aircraft.

e Arrival at a hub airport. There are (electric) micromobility means of transport to take the
traveller group through the customs to the high-speed rail transport station.
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e High-speed rail transport (digital group ticket already purchased at the beginning of the
journey). Shortly before arriving at the High-speed rail station, the VFR traveller group got
disturbance information about their ferry boat booking (e.g., failure of ferry boat electric).
Traveller Group is given an alternative (e.g., autonomous e-taxi ride) to arrive at their
accommodation.

e Arrival at the high-speed rail station. There are micromobility means of transport to take the
traveller group to the autonomous e-taxi stand.

e Travellers reach the accommodation (Baggage arrives promptly after them).

6.2 Experimental assumptions

For each validation scenario, a set of modelling assumptions has been defined. Where it was possible,
the operational characteristics of mobility services were adapted from the corresponding service
operators [29]-[33]. All scenario-specific assumptions can be found in section 6.2.2.

6.2.1 Assumptions on passenger profiles

X-TEAM D2D validation experiments intended to simulate also variable behaviour of passengers to
release validation results able to represent differences in passengers' needs and, finally, the impact of
human variability (according to our passenger centred approach) in terms of “personalized assessment
of performances”. In fact, different passengers have different needs and expectations, resulting in
multimodal transport systems performing differently depending on the specific passenger type using
that service (passenger perspective rather than operator perspective). Given the need to represent
passengers’ variability through characteristics that can be measured compatibly with the available
metrics adopted for defined KPls, and considering that a recurring metric is time, the human variable
that can be introduced to represent human variability in validation exercises is walking speed. In fact,
walking speed varies according to age, physical and sensorial ability, gender, number of group
members and many other variables. Table 8 provides walking speed per key passengers’ characteristics
[34].

PAX characteristics Walking speed

Children (< 9 years) with adults (family including children) Slowest (15th percentile): 1,02 m/s
Fastest (85" percentile): 1,41 m/s

Adults < 65 Slowest (15th percentile): 1,22 m/s
Fastest (85" percentile): 1,67 m/s
Adults > 65 Slowest (15th percentile): 0,92 m/s
Fastest (85" percentile): 1,44 m/s
Impaired people (including wheelchair users, visually Slowest (15th percentile): 0,86 m/s
impaired persons, and persons on crutches) Fastest (85t percentile): 1,49 m/s

Table 8. Walking speed per passenger category

In a further step, the passengers’ population sample has been built according to demographic and
other changes foreseen in three scenarios (i.e., more impaired people travelling in 2035, more aged
business travellers in 2030 [18]). This population sample is shown in Table 9.
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Category 2025 2035 2050
% of BT passengers > 65 5,8% [35] 7% 9% [36]
(Assuming that until 2035
retirement ages increase
but with significantly
different extent among EU
countries)
% of VFR passengers with 6% 8% 10%
impairments [37]
% of VFR passengers > 65 19% 25% 32%

(assuming that older and
retired people travel more)

% of VFR passengers
including children

10% [38] (NB this
is the percentage
of 0-9 year EU
population)

9% (assuming that negative
demographic trends will
stop after EU governments
change their policies, that
are yet to come)

12% (assuming that new
positive demographic
policies and reinforced
migration/integration
flows will occur in the
timeframe 2030-2040,
also due to increasing
migration pressures)

Table 9. Passengers’ composition

The walking speed differences between different PAX characteristics were translated into walking
speed distributions as listed in Table 10 and Table 11.

Business PAX category 2025 2035 2050 Walking speed, m/s
Older than 65 5.8% 9.0% 25.0% Normal(1.18, 0.2508622)
Younger than 65 94.2% 91.0% 75.0% Normal(1.445, 0.2170928)

Table 10. Profile B passengers’ composition and walking speed assumptions

VFR PAX category 2025 2035 2050 Walking speed, m/s
Without children & younger than 65 | 65% 58% 46% Normal(1.445, 0.217)
Older than 65 19% 25% 32% Normal(1.18, 0.251)
With children 10% 9% 12% Normal(1.215, 0.188)
With impairments 6% 8% 10% Normal(1.175, 0.304)

Table 11. Profile V passengers’ composition and walking speed assumptions

Furthermore, for performing simulation experiments, it was assumed that PAX leave their homes at
certain times. These assumptions are listed in Table 12.
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Feature APT of origin  Profile B Profile V Comments
Total number, regional 1000 1000 Maximum number of
persons groups generated
Interarrival time, regional uniform (0,30) uniform (0,30) time between groups of
min PAX
Arrival rate, PAX regional uniform (0,10) uniform (0,10) how many PAX groups
groups arrive at a time
Group size, persons  regional 1 Uniform (1,4) number of people in the
group
Speed, km/h regional According to According to walking speed
Table 10 Table 11
Start time regional 05:00 07:00 when first PAX start their
journey
End time regional 23:00 20:00 when last PAX start their
journey

Table 12. Experiment assumptions for generating passenger profiles in 2025, 2035, and 2050

6.2.2 Assumptions on transport modes

The following assumptions have been considered in the CVSF:
General assumptions

e All passengers have pre-purchased travel tickets; therefore, no purchasing time was
considered during the journey.

e Travelling time in the first transport modality also includes walking time to the first transport
station from the passenger's origin location.

e All transport modes in 2035 and 2050 are carbon-neutral (electric transport).

Air transport

e Flight Hannover-Amsterdam always departs at the scheduled time.

e Flight Hannover-Amsterdam’s schedule corresponds to the schedule in 2021 [39].

e Embarkment on the aircraft always ends 20 minutes prior to the departure time.

e |If passengers arrived at the gate after the end of the embarkment, they had to stay at the
airport to take the next flight on the schedule.

e Flight time considers the time between the aircraft take-off at the regional airport and landing
of the aircraft at the hub airport.

e eVTOL and ATM operation does not consider possible airspace limitations and regulations.

e eVTOL embarkment and control procedures /de-boarding take three to ten minutes per
person.

e Differences in piloted and unmanned eVTOL operations are not considered.

Road transport
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e Owing to the fact that at the moment of performing the ConOps validation exercise, there was
no information regarding the future design of road networks in Germany and the Netherlands,
and it is extremely difficult to forecast such development, the road infrastructure and its
operational conditions were assumed to remain unchanged through all time horizons and
correspond to the existing infrastructure state in 2020.

e Bus stops are located in direct proximity to PAX origins.

e Boarding/de-boarding an e-scooter takes five seconds per person.

Railway transport

e The railway infrastructure and its stations’ location remain unchanged through all time
horizons and correspond to the existing infrastructure state in 2020.

e The train schedule remains unchanged and corresponds to the schedule in 2020 published by
Dutch Railways [32] and German Railways [33].

Water transport

e Water transport operates under the speed regulations and uses navigable inland waters
existing in 2020 in the North Holland province of the Netherlands [40].
e Ferry boarding/de-boarding takes five seconds per person.

Other mode-specific and detailed overviews of assumptions for each time horizon can be found in
Table 13, Table 14 and Table 15.
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Mode APT Capacity of Average speed, Arrival Interarrival Activity radius/ Availability
type one unit km/h mode time, min ride duration
bus Home - train regional | 143 15 interarrival 15 Uniform (3,38) min 5:00 - 2:47
Brunswick station time
train Brunswick- regional | 391 81.4 or 104.6 schedule ~29min - 2:36 - 00:20
Hannover
train Hannover - regional | 391 51.3 interarrival 30 - 04:35-01:33
Hannover APT V525: Uniform (36, 44) = time
taxi regional | 1 BT/ VFR group Uniform (80,90) on demand Uniform (5,15) Uniform (53, 76) min -
car sharing regional 1 Uniform (65,84) on demand Uniform (2,10) Uniform (50,65) min -
flight - 75 - schedule 06:00 Uniform (45,65) min -
11:25
18:15

train Amsterdam APT-  hub 391 70+10 interarrival 6 - 05:00-01:00
Amsterdam time
Train Amsterdam - hub 391 100+10 interarrival 9 - 05:00-01:00
Haarlem time
bus hub 50 33.8 interarrival 6 Uniform (5, 40) min -

time
taxi hub 1 BT/ VFR group Uniform (50, 57) on demand - Uniform (19, 23) km -
rental car hub 1 BT/ VFR group Uniform (50, 57) on demand Uniform (10,15) = Uniform (19, 23) km -

Table 13. Experiment assumptions for transport modes in 2025
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Mode APT Capacity of Average speed, Arrival Interarrival Activity radius/ride Availability
type one unit km/h mode time, min duration, min
e-scooter regional 1 50 ondemand 0 Uniform (5,15) -
eVTOL regional 4 200 ondemand 0 Uniform (18,20) -
bus Home - regional | 143 15 interarrival 15 Uniform (3,38) 5:00 - 2:47
Brunswick time
station
train regional | 391 81.4 0or 104.6 schedule ~29min - 2:36 - 00:20
Brunswick-
Hannover
train Han - Han | regional | 391 51.3 interarrival 30 - 04:35-01:33
APT V525: Uniform (36, 44)  time
e-car sharing regional 1 uniform (30,50) ondemand | - Uniform (1, 5) km -
e-car sharing regional 1 uniform (65,84) ondemand  Uniform (2,10) Uniform (69, 71) km -
VFR
e-taxi regional | 1BT/VFR uniform (80,90) on demand Uniform (5,15) uniform (47,53) -
group
flight - 75 - schedule 06:0011:25 uniform (45,65) -
18:15
e-car sharing hub 1 uniform (50,57) ondemand  Uniform (10,15) Uniform (19, 23) km -
train AAS - AMS | hub 391 70+-10 interarrival 6 - 05:00-01:00
time
Train AMS - hub 391 100+-10 interarrival 9 - 05:00-01:00
Haarlem time
bus hub 50 33.8 interarrival 6 uniform (5, 40) -
time
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Mode APT Capacity of Average speed, km/h  Arrival Interarrival time, Activity radius/ride Availability
type one unit mode min duration, min

e-scooter  regional 1 50 on demand 0 Uniform (5,15) -

eVTOL regional 4 200 on demand 0 Uniform (10,15) -

highspeed | regional | 391 200 schedule ~29min - 2:36 - 00:20

train

Brunsw-

Han

highspeed | regional 391 200 interarrival 30 - 04:35 -

train Han time 01:33

- Han APT

flight - 75 - schedule 06:00 11:25 18:15 Uniform (45,65) -

ferry hub 50 60 on schedule 10 19.2 km 05:00 -
01:00

e-scooter  hub 1 50 on demand - - -

e-taxi hub 1 person/ uniform (50, 57) on demand - Uniform (19, 23) km -

family

Table 15. Experiment assumptions for transport modes in 2050
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7 ConOps validation results

After the ConOps validation approach has been verified by the Advisory Board experts, and validation
experiments for all time horizons and passenger profiles have been executed in the simulation
framework, the X-TEAM D2D consortium experts have analysed their results during the execution of
tasks 5.2 “Evaluation of Extended ATM transport system performances” and 5.3 “Conclusions and
recommendations”. These results are discussed in this section.

7.1 Plausibility verification results

The experts provided feedback on diverse aspects. After the interaction, some actions were considered
for future follow-up projects and others were considered for improvement of the current document
and reporting of the activities of the project.

As the ConOps validation approach was considered plausible by the experts, the results obtained in
the ConOps validation exercise can be considered as likely values to be obtained once the different
mobility modes/vehicles are in place. Due to the nature of the project and time horizons considered,
the quantities obtained are values that cannot be verified with traditional quantitative techniques such
as statistical tests or hypothesis tests, and the values are preliminary that can be further analysed with
a follow-up project that considers elements as the following ones suggested by the advisory board:

e Considering the probability of failure

e Considering the meta-modelling using complex networks to identify potential issues
e Put the focus on the interfaces between the transport modes

e Considering Additional on-demand vehicles

e Analysis of the division of social categories of passengers

e Consideration of luggage flow

e Considering Behavioural aspects

e Analysis of energy requirements

e Evaluate the feasibility of logistics concepts such as synchromodallity

e Consider specific forecasts for the region under study

e More details of the future vehicles will be considered, e.g., vertiports dimensions or location
e Risk analysis

e Extra scenarios for the experimental design

After the ConOps validation approach passed the plausibility verification, it was assumed that ConOps
was a valid alternative for the horizons considered. The results should be taken with the
limitations/considerations of the assumptions defined in the project.

7.2 Simulation framework verification and validation results

Verifying the developed simulation framework is essential to obtain reliable and representative data
regarding the transportation system's performance. Model verification ensures that the computerized
model and its implementation correctly represent the target problem or system under study [21].

The CVSF was verified using the combination of the following techniques:
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e Graphical Verification. The model’s operational behaviour was followed using the graphic
elements at hand within the platform. The correctness of the models’ behaviour was
confirmed visually by following the paths of the different elements.

e Trace. The behaviour of passengers and transport vehicles in CVSF was followed quantitatively
through the model to confirm whether the models’ logic is correct. The general-purpose
discrete event simulation software used to develop CVSF provided trace capability.
Comparison to assumptions/input data. The models’ output for simulated passenger journeys
was compared to the data from assumptions. As in the example shown in

e Figure 21, the expected performance is compared to the one developed by the model
considering the input assumptions.

151 T

12

Travel time, hours

assumptions CW3F

Figure 21. Comparison of assumed travel times and results obtained in CVSF for VFR passengers in V025.

The next step is a validation of the models composing CVSF. In X-TEAM D2D, the target system is
analysed under three states, representing transportation systems in 2025, 2035 and 2050. As these
states mainly contain technologies that have not been deployed for public use when writing this
validation report, the CVSF was verified against the assumptions considered for 2025, 2035, and 2050
and described in section 6.2.2.

As shown in Figure 21, the developed CVSF performs within the assumptions. Mean values only differ
by 4-10%, which was accepted by consortium experts. Note: as CVSF have many stochastic elements,
it is impossible to calculate how these elements behave together; therefore, the difference with the
calculated assumed travel times is unavoidable. Considering the aforementioned, CVSF has been
accepted as verified and valid for performing ConOps validation experiments.

7.3 ConOps validation exercise’ results
After repeating the simulation run 50 times for each scenario, the results provided the multimodal

system behaviour for the horizons of 2025, 2035 and 2050. The following sections describe the results
obtained in terms of two key performance areas.
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7.3.1 D2D journey efficiency
The first KPA of the focus is D2D journey efficiency, which covers Total distance travelled, Total travel

time, and Average travel speed per passenger. Figure 22, Figure 23 and Figure 24 show the statistics
obtained for these KPIs.

ad-hoc disturbance 5h prior to departure

460

e B J + +

.

-

(&)

@ PAX profile
B 420

o — Prafile B
L)

3 B3 Profile v
e

o

|_

A aolg

m
m—
+

-
‘m

440

4204

2025 2035 2050 2025 2035 2050 2025 2035 2050

Figure 22. Total travel distance statistics (including flight segment)

When comparing travel distance (Figure 22) across time horizons for business passengers (Profile B),
it can be noticed that this type of passengers can cover approximately 1% longer distance in 2050
compared to 2025. However, in the case of disruptions in 2050, the multimodal travel distance can be
reduced by 3% compared to the scenario without disturbances. For VFR travellers, these differences
are two times larger, and the multimodal system in 2050 provides these travellers with a 5% shorter
travel distance regardless of the disruptions presence.
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Figure 23. Total travel time (including flight segment)

In terms of total travel time, as shown in Figure 23, VFR travellers will win the most from the
multimodal network design in 2050. In this time horizon, the journey efficiency seems to be unaffected
by disruptions. The average total time is 20% less than in 2025. For business travellers, the average
travel time improvement between 2025 and 2050 is 22%.
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Figure 24. Average travel speed statistics (including flight segment)

When talking about the average speed of travel, it can be noticed that by 2050 the travel speed will
increase by 21% on average for both passenger profiles. Notable that in 2035 disruptions slow the
travelling of business passengers; however, in 2050, disruptions no longer impact their average
travelling speed.

Discussion

Regarding this KPA, some relevant aspects need to be considered. The first one is the aspect related
to the travel time and resilience of the system. Based on Figure 23, there is a clear tendency for a
reduction in travel time with the introduction of new and more transport modes. The travel times are
reduced for the V and B passengers in the cases with no disturbance and with disturbance. This
behaviour reveals that as the time horizons develop further into the future, the infrastructure becomes
more efficient, and it impacts the reduction of travel time for the passengers directly. Furthermore, in
the cases of disturbance, the system becomes quite resilient as the total times in 2050 are not
importantly affected by the disturbance for the business and normal passengers. This resilient
structure is caused by the novel alternatives that are offered to the different passengers with even
higher speeds (see Figure 24). With regards to Figure 22, presenting the impact on total travel distance,
in general, when there is a disturbance, the distance could be increased in some cases (see the year
2035), but the passengers are forced to use a faster and more expensive mode to get to their
destination. In this project, the experiments did not consider economic factors; however, these results
reveal that it could be an interesting indicator to consider so that the balance between efficiency and
cost is more transparent.
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7.3.2 D2D journey quality

One of the most important aspects of travelling for passengers is waiting time at interconnections, as
discussed in section 5.2. Figure 25 shows waiting time statistics obtained in the ConOps validation
experiments.
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Figure 25. Waiting time at interconnections compared to total travel time (excluding flight related waiting at
the airports)

It is important to note that for business travellers (Profile B), higher waiting time corresponds to the
scenarios with public transport operating on schedule (trains & buses). When business travellers use
on-demand operating transport like UAM or NMS (in 2035 and 2050), the waiting time is significantly
reduced or is close to zero. VFR passengers are more dependent on mass forms of public transport;
therefore, significant waiting time values can be seen in Figure 25. The lowest waiting times for Profile
V correspond to the scenarios for 2035, where passengers use on-demand transport services.

Discussion

This KPA reveals that the quality of service for Business and VFR passengers is quite different. Business
passengers have the option of demanding a fast and efficient solution when there is a disruption (see
2035 and 2050 values for B PAX). On the other hand, the VFR passengers do not have that opportunity;
it is noticeable that when there is a disruption in 2035, they wait more at interconnections as they
connect to a transport operating on a scheduled basis. For VFR passengers, the average waiting time
in 2025 almost reaches one hour, which is a significant loss of time in terms of comfort, especially for
passengers with impediments and travelling with children. It is worth noting that the framework was
not considering yet an algorithmic governing layer that might be in the future, i.e. there is no decision
support tool modelled that plans in an intelligent way the travel of any passenger (VFR or B
passengers). This capability should be further investigated in a follow-up project.

Page | 59 %
: EUROPEAN PARTNERSHIP Codundsdby
the European Union


https://www.sesarju.eu/

P51 CONCEPT OF OPERATIONS VALIDATION REPORT et o b o -
“x-TEAM D2D SeSsar
8 Guidelines for design and performance
assessment of passenger-centric
integrated intermodal transport, including
surface and air travel service

8.1 Performance objectives

Performance reviews can provide an effective means of measurement capabilities difficult to measure
with a complex system characterized by the integration of several systems. Performance evaluations
consist of a task and a set of scoring guidelines. Performance tasks must be chosen carefully. This
chapter examines the design of appropriate performance activities, keeping in mind that a good
evaluation is in line with the standards which the measures required. A well-defined score rubric is
essential for reliable measurement. A performance assessment consists of is to identify the
phenomenon or an engineering problem that fits the performance expectation that is trying to assess
and a set of scoring criteria or a scoring rubric. In this way, assessment becomes phenomenon-based
and multidimensional as it assesses both services and technologies.

How to design a performance assessment as move away from traditional assessment strategy. The
purpose of assessment begins to shift. Instead of only measuring system performance, it also strives
to create an opportunity to learn throughout the process; the feedback is far richer than traditional
assessment. This allows for gathering more information about the system.

In the next section, is described a sequence of steps used to design a performance assessment of
passenger-centric integrated intermodal transport, including surface and air travel services. While is
defined a clear and meaningful sequence for this process, is needed to emphasize that it is iterative in
nature and often requires returning to earlier steps.

8.1.1 The performance expectation

The first step of designing a performance assessment is to unpack the performance expectation. This
Unpacking means digging into ConOps to interpret what the performance expectations really mean;
this ensures that performance assessment satisfies what you want it to assess. Bearing in mind that
the ambition of the X-TEAM D2D is the one providing, for the first time, an all-in-one approach (ConOps
and Validation tool).

This innovative methodology, apart from performing the specification and analysis of future
operations, provides a validation tool that will increase transparency, replicability, and accuracy in the
outcomes of the project.

8.1.2 ConOps Design

The process of brainstorming a suitable ConOps often starts by looking at the elements of the system
and connecting these concepts to some way. The key to this step is to keep an open mind and remain
willing to change the ConOps if the first idea does not quite fit.
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Moreover, the ConOps of a system describes the characteristics of a certain paradigm from a user’s
perspective. It gives qualitative and quantitative details of how the system should be used and how it
should behave. In particular, the ConOps is expected to include the identification and description of:

e the elements of the system, i.e., all the constituent parts of the examined system relating to
the available technologies, the infrastructures that make it possible to manage these elements,
the IT components that allow the necessary exchange of data and information;

e the space to be assigned to the elements of the system, i.e., the volume within which they will
be confined and the set of procedures designed to support safe, efficient and secure access to
this space;

e the actions within the system, which include all possible operations concerning the elements
involved as well as the various services offered and the access conditions required, also
considering any space types into which the elements of the system have been divided;

e 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.

Therefore, the second necessary step will be to define and differentiate the elements of the system.
In particular, the following distinctions should be made:

e Actors (actions)

e Means (essential constituent parts)

e Infrastructures (infrastructural elements)
e Interfaces (IT components)

e Services

Thus, by identifying all the components of the examined system, evaluating the possible actions that
can be carried out in the allowed spaces and analyzing the different relationships existing between the
various elements considered, it is possible to design the desired ConOps.

In particular, for passenger-centric integrated intermodal transport, the following list is shown, which
includes the transport technologies (aircraft, vehicles, etc.) that will support the Multimodal Mobility.
Specifically, aeronautical, road, rail and water technologies are considered, whose detailed description
is reported in the X-TEAM D2D project deliverable D2.1 “Future Reference Scenarios and Barriers”.

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:

e Electric cars;

e Autonomous vehicles;

e Autonomous (electric) buses;

e Transit elevated buses;

e Shared electric autonomous cars;

e Shared (electric) micro-mobility vehicles.
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Rail, water and multimodal transport technologies:

e Autonomous rail wagons;
e Autonomous ferries;
e Flexible chassis systems (multifunctional vehicles).

Including the role of ATM in multimodal transport, the architecture of the intermodal system is “ATM-
centred”. Therefore, the air transport modes and, in particular, the Urban Air Mobility play a very
central role. For this reason, it is necessary to take into account their accurate technological roadmap,
also considering the need to detail their evolution along the three time horizons considered, i.e. 2025,
2035, and 2050.

8.1.3 ConOps Validation

This design step is to develop ConOps and validation instructions that focus on the system and elicit
evidence of all dimensions. Analysing and Interpreting data, gathered data relevant.

The research study that inspired this choice in ConOps provides graphs showing the change in three
time horizons. While the output for this task came in a traditional format and was easily accessible
from one source, simulation data come in many different forms, and this data collection process
needed much more effort. Since the data are not the result of an observed phenomenon, generally,
data come out in the form of observations, measurements, and calculations resulting from carrying
out an investigation or doing a simulation.

In this specific case, data are the output of a very complex, multidisciplinary forecast analysis. Because
data are not available in a form that is accessible, was used scientific concepts to manufacture data
sets.

When starting to write a validation plan, always keep in mind that this type of evaluation requires a
commitment to a new and very complex thought process. In order to help understand the ConOps and
engage with difficult multidimensional questions, it is also needed to build in scaffolding questions that
provide all access to the assessment.

This tool helps to organize and make sense of data independently and accomplish this performance
assessment; in addition, it also provides an edge of concepts.

The effort made was to obtain a scientific explanation based on valid and reliable elements obtained
from certified sources based on the principle that the theories and laws that describe the systems are
universal over time, have been valid in the past, are still valid today and will be valid in the future, to
understand appropriate scientific concepts in order to support performance assessment.

8.2 Performance assessment

Upon drafting a performance validation plan, the last step is to create a scoring guide that includes
rubrics that clearly assess the three dimensions of the performance assessment.

For this purpose, we worked by defining in the first place the KPA and then the KPI, which are useful
for performance analysis.

In defining these criteria, the first element was to clarify the idea of what they are looking for. This
approach ensures that created a multidimensional rubric, meaning it assesses the integration of
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multiple systems rather than assessing only content. We will summarize the key components here.
Understanding the steps of the design process is essential. Like any new process, designing
performance analysis of this kind of ConOps was challenging.

Everything just described is the output of various studies and documents made through the various
WPs of the project. Starting from the definition of future reference scenarios and barriers analysis with
which, it is possible to understand the definition and description of crucial specifications of the
systemic environment in which future integrated metropolitan and regional transport would operate.

This is a foundation for the definition of the Concept of operation defining the role of ATM and air
transport in three considered time perspectives: 2025, 2035 and 2050. Both in terms of physical and
informational dimensions, through the analysis of future scenarios: defining the reference scenarios
and dominating trends in urban and suburban mobility, passing to the analysis of technologies for
urban/suburban mobility, through identification and evaluation of new technologies related to
transport modes representing potential to significantly impact the intermodal mobility in three time
horizons; an important step was Identification of specific use cases for the intermodal transport system
including ATM and air transport with reference to the three considered timelines.

Finally, it was necessary to identify the Barriers against and transport integration of air and surface
modes of transport.

The core activities were done starting from an initial definition of the Concept of Operations (Concept
Outline) for ATM integration in the intermodal transport system and then subsequently refined,
arriving at the definition of a Concept of Operations (Concept Description) supporting the seamless
integration of ATM into an overall intermodal network from the perspective of the transport systems
and infrastructures. By defining the technological enablers at each time horizon, and consequently
defining three different architectures, as well as evaluating the integration aspects from the service
point of view. Furthermore, analysing the system from the point of view of passengers' needs.
Finally, the last phase of the project address the validation of a Concept of Operations (ConOps) from
the passengers' perspective and overall multimodal system performance based on the corresponding
KPAs and KPIs.

The approach for generating the rubric scoring on which this project was based was through the
definition of the KPAs and KPIs was applied to these indicators; the approach that provides for the
definition of the criteria to which a measurable performance rating is applied.

Finally, to complete the description of the single criterion, as shown in Figure 26, there is an extract of
Table 6 in which the overview of the KPIs is schematised.
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KPA KPI Measurement Comments  Estimated
F i : é «cp ) inthis
CRITERIA PERFORMANCE PERFORMANCE
RATING DESCRIPTION study?
D2D 1 fotal distance travelled Door-to-door for each measured for Yes
journey PAX each PAX
effciEncy 2 Total travel time Door-to-door for each measured for Yes
PAX each PAX
3 Average travel speed KPI 1/ KP1 2 measured for Yes
each PAX
D2D 4 Waiting time at (Egress — Access measured for Yes
journey interconnections time)/KPI 2 each PAX
li o .
qualtty 5 Frequency (probability) of Total time of delay/total measured per No
delays from operating time (on operating line by
breakdowns/maintenance weekly/monthly base?) the mode
etc operator
6 Accessibility of wayside Number of architectural Measured per No
infrastructures barriers mode
encountered/number of
obstacles
T Luggage security Lost and stolen measured for No
probability each PAX
8 Ticketing user-friendliness Mean time spent for measured for No
ticketing each PAX
A\

Figure 26. KPI score rubric offprint

The way to interpret these indicators is based on the analysis of these criteria. To understand the
ConOps validation experiments we have to look at the simulation framework developed in WP5 as
described in section 4.4.

After understanding the criteria, the ConOps validation design, its assumptions, and bearing in mind
the preliminarily defined scenarios, are available the tools to understand the results of the validation

of the Concept of Operations for ATM integration in the Intermodal Transport System.

In particular, the following guidelines can be provided:

e to consider defining scenarios such as those described in the flowcharts presented in Appendix
A and, most importantly, their subdivision into legs which makes it possible to split a complex
problem into more manageable parts.

e to evaluate the probability distributions with which the various modes/means of transport
occur in the previously defined scenarios (for example, their frequency and waiting times).

e Tosimulate the scenarios thus appropriately structured, obtaining the desired results (through
the performance of the previously defined KPIs) and highlighting them with easily

interpretable graphs.
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9 Conclusions and recommendations

This document presents the methodological approach for validating ConOps of the X-Team D2D
project and its results. According to the Advisory Board, all assumptions used in developing the
conceptual framework are reasonable up to the current state of the art of the technology that is
expected in 2025, 2035, and 2050. For answering the main question raised at the beginning of this
project related to resilience, travel times, quality of service and, for the first time, expectations towards
the 4hr Door-to-door travelling, the following conclusions can be made. These conclusions are based
on the scientific methodology that used a simulation framework that enabled to put into practice all
concepts, technologies and implementations expected to be in 2025, 2035 and 2050.

Regarding the Resilience of the system, we can conclude from the experimental results that the system
will increase its resilience to disruptions in the coming years with the new technological developments.
Owing to the options and alternatives for travel that passengers will have in the future, the travel from
door to door will be very reliable.

Regarding travel times, the system seems to evolve toward reducing time travel. It is expected that the
travel time will be reduced with the inclusion of faster and more efficient modes of transport. Based
on the experimental results, we expect that in some cases, the developed ConOps result in a reduction
of travel time of around 40% for business and 20% for regular passengers. Regarding the FlightPath
2050 goal of 4hr-door-to-door travelling, it was proved that this goal is achieved only for a few cases,
as in the average the travel time norms 5hr for business travellers and 6 hrs for regular passengers in
2050. This might partially be because under the current assumptions, we did not consider a reduction
in time spent at the airports. However, it is likely that all the processes required to undergo at the
airport will be faster in the future. This is also proposed as a future line of research.

Regarding the service levels measured in time waiting at interconnections, we identified that
considering the project's assumptions, the VFR passengers are more exposed to delays in future travel.
This may be due to the scheduled mass transport of the future (high-speed trains mainly); however,
we did not consider in this project that in the future, we expect more algorithmic governance
(intelligent apps) that will support passengers' planning their trips in an efficient way. This is also
proposed as a future research line.

To summarise, we could identify several areas that require further research, and we propose as part
of follow-up projects or research:

e According to the assumptions implemented in the framework, the time within the airport does
not change in the future. The reason for this assumption is that the X-Team D2D scientific
group did not focus on the evolution of technology within the airport terminal buildings;
therefore, we could not foresee a plausible reduction of travel time inside the airports. This
line of research could be incorporated into a follow-up project.

e We did not consider the algorithmic governance of travel in the future, i.e., intelligent
technology will be in place for supporting passenger travel with the consequence of the
reduction in time. This should be investigated to evaluate its impact on the different KPls for
the different stakeholders in place.

e We recommend revising the initial assumptions and making a future study on the modal
connections to identify if it is possible to reduce the travel times even more.
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Furthermore, after the plausibility verification exercise was performed with the Advisory board, we
identified some elements that need to be considered in future and follow-up projects:

e The cost of travel should be considered in the simulation study to identify the tipping points
where it discourages the use of a particular transport mode

e Emissions and associated environmental risks should be considered as another dimension in
the study

e Future availability of other technologies and transport modes, among others, should be
included in the study as well (see section 7.1).

As the technological state of transportation systems is constantly evolving, the scientific participants
of X-Team D2D strongly suggest using the presented simulation-based approach to support the
planning of implementation of future technologies so that it is possible to foresee potential obstacles
and requirements for integrating novel technologies in the current systems in place.
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2 Flowcharts were developed in Microsoft® Visio® 2021 MSO (Version 2201 Build 16.0.14827.20198) 64-bit
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Appendix B Passenger journey in 2035 flowchart (in A3 format)
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Appendix C Passenger journey in 2050 flowchart (in A3 format)

Business traveller

In minutes

Leg1 Flight Leg2
N . N E-scooter ride to Arrive at the Arrive at ferry pier
start wa"‘;"e:;“‘““’ —> E'fﬁ;f;';i;f;“ > """’i:(zfmewm || wattingfor evror |y, EVTOLMENttothe | sie ot the apT 1 Gotogate | —»| EmbarkonAC |—»| FlighttoAPT2 | —»| Gothe APT 2 exit Btthe APT2 [ highspeedtrain > highspeedtin |——»| Walktoferypler | —»| Waitforfery |—»{  Femyride  [—»| inthedestination [ Wak toescooter |——p{ 00t itetothe
station station city
3 Uniform (0.5, 1.5)
ol Uriform (1, 10) Uniform (5, 15) On demand Uriform (10,15) Uniform (3,5) 100600 11125 Uiform (45, 65) Uiform (45, 75) ) Uniform (10, 50) m Uniform (0,5) 19.2km Uniform (10, 30) m Uniform (0.5, 5) km
2 :06:00 11
18:15
Boarding closes 20
min prior STD.
son Walk to e-scooter E-scooter rideto the Arrive at the eVTOL — EVTOLflight to the Avrive at the APT 1 P embarkon AC Fight o APT2 o the APT 2exit St the APT2 E-scooter rideto Arrive at the eVTOL e — eVTOL fiight to the. “i’:‘t’: :;:s‘:"noa';“;:‘ — E-scooter rideto the
depot > evToL platform > platform > e > APT1 > & > > e > > evToL port > port > P destination city > e > > Gestination
o
8 Uniform (0.5, 1.5)
2 Uniform (1, 10) Uniform (5, 15) On demand Uniform (10,15) Uniform (3, 5) STD: 06:00 11:25 Uniform (45, 65) Uniform (45, 75) T o On demand 12.2km Uniform (10, 30) m Uniform (5, 10)
g 18:15
R Boarding closes 20
el min prior STD
o
In minutes
Visiting friends & relatives traveller
Leg1 Flight Leg 2
Arrive at the Waitfor the E-scooter ride to Arrive at the Arrive at ferry pier E-scooter rideto the
Start Walk to e-scooter |——  E-scooterride |——{ highspeed train —— highspeed train —> Train(s) ride > Arrive at the APT 1 Gotogate f(—» EmbarkonAC |——| FlighttoAPT2 [——»| Gothe APT 2 exit Exit the APT2 highspeed train  (——»| highspeed train  [——»| Walkto ferry pier [——{ Wait for ferry  f—— Ferry ride —»{ intheds ation f——»| Walkto escooter [—» destination
station station station city
2 On schedule, ~ Change from one m (0.5, 15)
18:15
Boarding closes 20
Arrive at the Wait for the E-scooter ride to Arrive at the E-scooterridetoee- Arrive at the e-taxi -taxi ride to the
Walk to e-scooter f——{ E-scooterride [——»| highspeed train f——| high N —> Train(s) ride [~ Arrive at the APT 1 Goto gate f(—» EmbarkonAC [——»| FlighttoAPT2 || Gothe APT 2 exit Exitthe APT2  |——{ highspeedtrain |——{ highspeed train  f——|  — —> -
ation ighspeed train hation ation taxi stand stand destination
o
a On schedu Change from one - - Uniform (0.5, 1.5) N
g | wnome20 | e T [Lemes | | smosonas | [Lemise || wem@e T | L | e e
L 18:15
R Boarding closes 20
kel
>

Page 173

EUROPEAN PARTNERSHIP

Co-funded by
the European Union



https://www.sesarju.eu/

D5.1 - CONCEPT OF OPERATIONS VALIDATION REPORT

"
-~
eXTEnded AtM for Door2Door travel e S a r

JOINT UNDERTAKING

IR de e A for DoorzDoor ravel
“ X-TEAM D2D

(SENEEENCVA

Centro Italiano Ricerche Aerospariali DLR

1
: . d - F | M h Amsterdam University
Z tukasiewicz |9 of Applied Sciences

Institute of Aviation

Page 1 74 )
¢ EUROPEAN PARTNERSHIP Co-funded by )
the European Union


https://www.sesarju.eu/

