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Executive Summary

This Deliverable aims to present the development of roadmap for the user acceptance creation path for
automated transport systems. These roadmaps are developed for each mode of transport separately (road, rail,
maritime and air) while a multimodal roadmap is also suggested.

To achieve this, the first step was to collect information on existing roadmaps as well as relevant project findings,
both deriving from own project work, and from other related EU funded projects. This was performed with the
help of two specifically designed templates, collecting related data.

The next step has been to analyse the findings of the roadmaps and the projects’ findings, in order to identify
on the one hand, the steps identified in existing roadmaps and any societal aspects considered, and on the other
hand the insights of future actions indicated by findings of recent research initiatives.

Synthesis and analysis of these findings, along with consultation with experts (internal and external to the
Consortium) has led to the specification of a series of actions which would foster the acceptance and willingness
to use for automated vehicles — and, thus, their effective deployment — per transport mode. These actions,
assigned to three different time horizons, i.e., short-term (by 2024), mid-term (by 2035) and long-term (by 2050),
led to the development of the Drive2theFuture roadmaps.

The final step in this process is the endorsement of the roadmaps by a series of EU-level organisations and EU
institutions, which is already initiated and will continue also beyond the lifetime of the Drive2theFuture project.

October 2022 8
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1. Introduction

1.1. Purpose of the Document

This document aims to present the development of a full Roadmap on how to enhance public and stakeholder
acceptance on AVs in the short term (until 2024), mid-term (until 2035) and long-term (until 2050) framework,
regarding AVs for each Transport mode and vehicle type. Moreover, a multimodal Roadmap is issued; focusing
upon the common actions proposed to enhance the overall societal acceptance towards Automated Transport
throughout the Transport Networks, corridors and multimodal chains and with emphasis on sociocultural and
employability related issues.

1.2. Intended audience

The document is public, addressing all interested parties, while mainly aiming to reach organisations, policy and
decision makers to which this roadmap could serve as a reference point for including user acceptance in their
planning for deployment of automated transport systems.

1.3. Interrelations

For the development of this Roadmap within A8.6 input will be collected from all actions and outcomes of all
project’s WPs and Activities. Emphasis will be provided to WP5 and Activity 5.8, whose aim is to collect, structure
and analyse the pilot findings towards enhancing user awareness and acceptance for AVs, while investigating
the commonalities and diversities per mode, user cluster and location. All the above will provide input to the
definition of the Automation User Acceptance creation path roadmap.

Moreover, this Roadmap will act as input to several project’s activities and outcomes. With emphasis on the
development of the new European Statement of Principles (ESoP) for autonomous vehicles that will be
developed within A6.6, while also to A8.5 concerning policy recommendations to the EC and the European
Parliament (TRAN Committee) on how to optimally apply the A8.6 Roadmap through relevant (legislative and
operational actions.

October 2022 9
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2. Methodology

Up to now, most related roadmaps examine the path towards full automation in terms of the availability of
relevant technologies and their timing to the market. In Drive2theFuture, the concept bears in mind that
technologies may be there, however the market release of the technology and its adoption and acceptance are
most probably not happening at the same time. The Drive2theFuture Automation Acceptance creation path
Roadmap moves in this sense, determining the future milestones for the actual deployment of automation with
maximum acceptance from the users, by identifying the activities and actions that could foster and speed up
this process. The roadmap is defined in three time-horizons: short-term (until 2024), mid-term (until 2035) and
long-term (until 2050), following the milestones of existing roadmaps for different transport modes.

For the definition of this roadmap, the first step is to identify, collect, analyze and assess existing roadmaps in
each mode (road, rail, maritime and air) in order to map their timeframes of technological availability and to
extract any user acceptance considerations already taken. Moreover, project findings, coming from the surveys,
developments, pilots, guidelines, impact assessment, etc. undertaken within the course of the project are also
analyzed, in order to include these results and put them in the appropriate timeframe as measures to enhance
user acceptance. In this step, apart from own project results, findings coming from other related and
simultaneously ongoing projects — mainly (but not exclusively) the ones with which Drive2theFuture has been
undertaking clustering activities throughout its duration - are also included in this pool of measures, from Europe
and beyond.

These two steps are facilitated by two templates, developed for the needs of this work, addressing the analysis
of roadmaps and project findings respectively. Both templates are structured in a simple and easy to fill in
format, aiming to identify and extract the contents that would be useful for the user acceptance path roadmap.

ot deseription ibslic SCeeplange Lr 3 Gl WAETE s, §ricaithes (i

10200 words)
Automation User Acceptance Creation Path Roadmap
Roadmap Analysis Template

Thte:

Authesisl;
Rieg o peonosals on how o enhance public an d stalehodder and wsers soreptance oo
AN

Yitar culn Bhe shove e fumtd 2024)

in the i benm (unlil 2035)

Figure 1: Outline of Roadmap Analysis Template
In particular, the Roadmap Analysis Template (Figure 1, also in Annex) includes the following fields:

e Title of Roadmap
e Authors

October 2022 10
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Issue Year

Link

Modes addressed (air/maritime/multimodal/road/rail/other)

Specific vehicle type(s) related (Y/N — specify)

Short description of public acceptance level, stakeholders and users’ needs, wants, priorities (free text)
Recommendations/proposals on how to enhance public and stakeholder and users’ acceptance on AVs
(free text) - In the short term (up to 2024); In the mid-term (up to 2035); In the long term (up to 2050)
Comments (free text)

Specific description of additional findings (free text)

Possibility of transferability to other modes (free text)

Main conclusions to be transferred to the report (free text)

. - Recommendations/proposals on how to enhance public and stakeholder and users acceptance on
Automation User Acceptance Creation Path Roadmap AVs, coming from the Drive2theFuture related outcome

oin the short term (until 2024)
Projecli Outcome/Deliverable Analysis Template

Main partner(s) ible for ifi
Mode(s) related
oL Air Transport oin the mid-term {until 2035,

o Maritime Transport

o Multimedal Transport

o Road Transport

o Rail Transport
o Other [olease specify)

Specific vehicle(s) tvpe related

oYes

g the long-term {until 2050]

oNo

If yes, please specify:

Short iption of Drive2thefuture related outcome (up to 100 words)

Figure 2: Outline of Project Analysis Template

Accordingly, in the Research outcomes/deliverables Analysis Template (Figure 2, also in Annex), the structure is
as follows:

Title of project and specific outcome (e.g. deliverable, task, pilot result/finding, etc.)

Main partner/person responsible

Mode(s) related (air/maritime/multimodal/road/rail/other)

Specific vehicle type(s) related (Y/N — specify)

Short description of related outcome (free text)

Recommendations/proposals on how to enhance public and stakeholder and users’ acceptance on AVs,
coming from the specific outcome (free text) - In the short term (up to 2024); In the mid-term (up to
2035); In the long term (up to 2050)

Comments (free text)

Specific description of (any) additional findings (free text)

Main conclusions to be transferred to the report (free text)

October 2022 11
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Upon collecting input from the templates, the next step is to group them by transport mode, to work on the
roadmaps per mode, while their transferability features and common grounds are constituting the basis for the
multimodal roadmap. The roadmap, as already mentioned, is targeting in three time horizons: short term (by
2024), mid-term (by 2035) and long term (by 2050). In this sense, the findings are placed on the timeline along
with the corresponding technologies foreseen in the same timeframe. Experts’ consultation, within the
Drive2theFuture consortium and beyond will complement and finalize the roadmap preparation.

October 2022 12
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3. Review of existing roadmaps per mode

3.1. Road Transport

In the field of road transport there are numerous roadmaps that have been suggested regarding vehicle
automation. Here we are highlighting the main points of a representative sample of those considered for the
Drive2theFuture Automation User Acceptance Creation Path Roadmap.

3.1.1. EPoSS

EPoSS in Dokic et al (2015) has developed a roadmap on Smart Systems for Automated Driving (SSAD), with a
horizon to 2030 (Level 4 vehicles operating in cities), including intermediate milestones on 2020 (Level 3) and
2025 (Level 4 on highways). Along with specifying its targets for the technological elements, it is highlighted that
creating awareness is crucial for achieving the acceptance of automated driving, foreseeing awareness and
training measures along the 15-year duration of the roadmap.

Level5
Autonomous
City Car
Driving b 4

=9

Driving
Complexity

Level 4

Highway
Autopilot

Valet
:
Highway
Chauffeur

Chauffeur

2022
ACC + Emergency
Braking
@

\ Driving
- Level 3 Velocity

levelz e

Figure 3: EP0oSS 2015-2030 SSAD roadmap visualisation (Dokic et al, 2015)
The main recommendations deriving from this roadmap can be summarized as follows:

e Milestone 1 (2020): Conditional automated driving (level 3) arising along an evolutionary path will be
available at low speed and less complex driving environments, e.g. in parking lots or in traffic jam
situations on motor-ways. Until 2020 the traffic jam chauffeur with lane deviation should be completely
applicable at lower velocities, followed by the availability of the highway chauffeur in 2022.

e Milestone 2 (2025 at the latest): The next step would be the availability of higher AD (level 4) on
motorways. Such a highway autopilot would provide more freedom for the driver, e.g. concentrating on
some other activities while driving from A to B. At the same time vehicles will have highly developed
monitoring systems of the surroundings that would allow them to act instantly, in particular to avoid
collisions with animals as well as to handle dangerous situations at railway crossings for medium and
high velocities of vehicles.

e Milestone 3 (2030 at the latest): Highly AD (level 4) will be deployed in cities probably arising from
another new revolutionary technology path (driverless intelligent vehicles). The challenge lies in the
traffic complexity that ranges from communication and negotiation among vehicles, over monitoring of
traffic signs, pedestrians, cyclists up to the vehicle control in curvy lanes and roundabouts. One
peculiarity here is the regional dependence where not all the cities share the same requirements of AD.

e The functionality described in shown milestones 1 and 2 can be understood as being switchable de-
pending on actual situations and needs. This means practically that a car that e.g. is not able to drive
automatically in a city should be able to switch to a highway chauffeur on a protected lane. An auto-
mated vehicle should thus adapt to needs and wishes of a driver.
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3.1.2. SCOUT project

SCOUT EC funded project in Zachdus et al (2018) has established a roadmap to describe innovation paths
towards an accelerated development and deployment of high degree automated driving, i.e. particularly at SAE
levels 4 and 5. In its framework, several use cases and development trends were evaluated, while societal goals
and possible obstacles were considered, along with business models, gaps and risks with consecutive remedial
actions proposals.

Technical >
N A Ad T
1 a b c Vv 7
Legal >
N A
5
Human Factors >
A
W 3
Economics
2 4 6
Y V T Necessary Links
Societal
Accelerators

>

Time
Figure 4: Simplified structure of 5-layer roadmap for the highly interlinked innovation process in CAD (SCOUT project)

In the simplified structured presented in Figure 4, the linked factors and layers in the process are highlighted,
while it is underlined that delays are caused by sequences of actions on different layers that are determined by
necessary links: (1) invention—e.g. a new robotic driving feature, (2) customer demand—e.g. readiness to pay
more for the feature, (3) business model—e.g. sharing concept to operate the car and generate revenues, (4)
user needs—e.g. requirements by other road users, (5) product design—e.g. new functionalities for
communication with pedestrian, (6) norm— e.g. expected safety level of automated road transport, (7)
regulation—e.g. approval for operation of new vehicle. The process may be accelerated by creating agile short
cuts: (a) demonstration— e.g. automated driving pilots allowing the public to experience the pros and cons, (b)
sandboxes— e.g. hackathons to develop new digital financing schemes, (c) co-creation, e.g. sessions applying
universal design rules, and (d) living labs e.g. experimental legislation and standardization. (Dubbert J. et.al.,
2018).

3.1.3. ERTRAC CCAM

ERTRAC has been periodically issuing roadmaps regarding Automated Mobility evolution, following the
technological developments and societal trends. Most recently, ERTRAC (2022) Connected, Cooperative and
Automated Mobility (CCAM) Roadmap is aiming at three time horizons: Vision for 2050, Outlook for 2040 and
Agenda for 2030, specifying as key enablers the infrastructure and business modes, technology, validation as
well as Artificial Intelligence and data analytics. The whole roadmap is putting the users and usage of systems in
the center of development, highlighting the needs from societal targets and considering societal benefits for all
three time horizons set.
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Figure 5: ERTRAC 2022 CCAM roadmap outline (ERTRAC, 2022)

In the Agenda for 2030 the roadmap defines 4 domains that will drive automation:

Highways and corridors — Most likely the first industrialised solutions of temporarily driving without any
human driver responsibility

Confined areas — Various use cases where easier traffic circumstances promote early demonstration and
limited industrialisation

Urban mixed traffic — The most important contributor to societal objectives

Rural roads — The biggest challenge, combining high vehicle speed with full traffic complexity

In the Outlook for 2040 as mid-term and as a result of having implemented the Agenda 2030, the following are
included:

The mode-specific roadmaps are structured along technical and non-technical thematic areas, and they
identify a number of effective initiatives that work hand in hand to advance innovation. Each of these
initiatives is supported by a sequence of actions that mainly relate to necessary research and innovation
activities but also other measures to accelerate deployment. These actions are put on a timeline
indicating whether they are needed in the short, medium or long term, meaning until 2023, until 2030,
or beyond 2030

Common requirements on public procurement needs will have to be addressed and reached within
Europe across all use cases. These principles should be aligned at an EU and at a worldwide level to make
sure that a common level of robustness and safety are reached.

The concepts of Artificial Intelligence, will need to be further established for the driving strategy and
decision making, and questions around ethical aspects will require high priority.

Increasing attention will have to be given to the involvement of and co-creation with a wide range of
citizens, regions and cities in the development of mobility solutions, attractive enough to ensure
demand.

The availability of mature AV products and corridors will further enable use cases on highways to master
speed challenges. After enabled corridors, standards need to be developed for highway Infrastructure
support for automated driving (ISAD) applications including further increasing Operational Design
Domain (ODD) when it comes to weather conditions or quality of road surface as well as Al-based
decision making in traffic interaction.

Finally, the roadmap describes the vision for 2050, with the main challenges to reach that vision being:
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In the long term, research must also address, inter alia, a Pan-European approach on mobility solutions,
a political framework for the rollout of electric autonomous shared mobility into rural areas and the safe
coexistence of automated vehicles and non-motorized road users.

In 2050, all transport modes from road, to rail, maritime, inland waterways and air will play a central
role in the development of an effective AV deployment across the transport sector.

Dialogue and exchange between public and private transport suppliers would enable to identify user
needs for individual, privately shared or publicly shared transport. These needs will have to be perfectly
supported in a regulatory framework of an integrated transport management system which supports
user needs as well as the regional and societal transport targets.

With its high flexibility, road transport can cooperate with rail, water and air transport, complementing
their high capacity, to decrease the overall environmental footprint of transportation. The concepts of
“Mobility and Transport as a Service” (Maa$S) will allow users to fulfill their daily transport needs without
any complex planning in advance (as today) with a reliable forecast of cost and time for all necessary
transport modes, and ensure the development of a personal relationship with AV networks.

EuroNCAP

In 2022 EuroNCAP released its “Vision 2030: A safer future for mobility” establishing the key focus areas for the
European new vehicle market and including insights and additions to the NCAP programme towards 2030, the
main ones being:

Testing and assessment of Assisted and Automated driver support systems

Assessment of technology that monitors driver impairment and cognitive distraction

Requirements to further improve the real-world efficacy of speed assistance technology

Active safety tests which more closely simulate real road environments and examine human-machine
interaction (HMI) design, ensuring more robust and efficient driver assistant systems

Testing and assessment of safety functions enabled by V2V, V21 and V2X communication

Passive safety tests which give greater focus to gender equality and the aging population of
drivers/occupants

Evaluation of fire risk and thermal runaway in electric vehicles and improved information for first and
second responders

Promoting best practice in vehicle security and data access.

In this roadmap, EuroNCAP includes also considerations on the safety of VRUs, powered-2-wheelers, cyclists and
pedestrians. The main milestones of this roadmap, set on their foreseen time horizon are illustrated in Figure 5.
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speed assistance
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and driver engagement
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and real-world effectiveness

ME: Pedal misapplication

MT: Senior protection:
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through modeling

M10: Whiplash
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M11: Passive VRU protection —
A-pillar and micro-mobility

Post-Crash Protection

M12: Next-gen updates
induding D-call
and thermal scanning

Figure 6: EuroNCAP main milestones (EuroNCAP Vision 2030)

STRIA

In 2019 the European Commission issued the STRIA roadmap on Connected and Automated Transport: Road,
Rail and Waterborne (European Commission, 2019). The document provides separate roadmaps for each
transport mode, structured along technical and non-technical thematic areas, highlighting effective actions that
could cooperate to advance innovation, put in different time horizons (until 2023, until 2030, or beyond 2030)
with the aim to accelerate deployment.

In terms of socio-economic impacts and user/public acceptance, the main considerations are:

Putting the user in the center aiming at public acceptance of CAD

Adopt a multi-stakeholder approach

Determine the safety level expected by passengers and road users and to assess the diverse
expectations, attitudes and needs of particular user groups.

Review of ethical and liability aspects to derive policy needs.

Explore impacts of CAD on spatial planning and user attitudes and capabilities
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e |dentify potential benefits of CAD on transport and long-term effects on trip planning, mobility behavior
and energy consumption

e Assess the current skills of affected workers (e.g. truck drivers) and the impacts on the existing labor
market and educational system.

o Define policies for labour market incentives

e Support workforce transition from manual to automated transport, including regulation.

In addition, considerations on human factors can be summarized in the following:

e Design HMI of connected and automated vehicles following an analysis of human factors challenges and
the setting of criteria for transition of control to the driver. O
e Launch a standardization mandate to harmonize related testing and validation procedures to facilitate
a safe and swift transition of control in expected and unexpected situations.
e Explore the requirements for driver education.
e Understand the interaction of humans as VRUs and automated vehicles also covering differences due to
regional and cultural backgrounds as well as gender, age and special needs.
o Develop tele-operation as a fallback control measure of CAD in emergency situations.
o understand the tasks and training needs of tele-operators
o Design and standardise HMI for tele-operation work.
In this framework, it also defines the time horizon and responsibility level per measure, as seen in Figure 6.

Socio—economic impacts and user/public

acceptance

Measures Short Medium Long
Setup expert group to assess ethical & liability EC
issues of CAD
Apply human-centered design approaches I
Implement studies and debates on labor market EC EC
effects of CAD
Establish an ocbservatory to assess societal impacts EC EC
of mobility
Commission EU-wide study on traffic system
impacts of CAD

Measures Short Medium Long
Commission study on interaction between CAVs EC EC
and road users
Support harmonization of HMI by industry-wide 1 1
standards
Derive requirements in wvehicle-user interaction [ EC
standardization
Fund research to explore CAV tele-operation and
run living labs

Figure 7: Timeframe and responsibility level per measure (EC: European Commission, MS: Member States, I: Industry)
[EC, 2019]

3.1.6. TRAFIKVERKET

In 2022, the Swedish Transport Administration launched a roadmap on the digitalization of the road transport
system (Trafikverket, 2022), following up an earlier publication on a Roadmap Towards a Connected and
Automated Road Transport System, issued in 2019 (Trafikverket, 2019). The main measures considered are
summarized below:
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Further develop: collaboration to create reliable traffic information services, effective traffic
management measures through improved decision-making support, prioritisation of specific vehicle
categories in traffic signals and support for fleets of automated vehicles.

Combine different data sources and use automatic data extraction and data processing to conduct
analyses, to proactively maintain infrastructure. Connected road work, connected management and
maintenance of bicycle infrastructure, motorway maintenance using automated maintenance
equipment and connected and automated road construction

Develop multimodal travel information, coordination between nodes in the freight transport system,
data sharing for higher fill rates in freight transports and combined mobility as a service.

Data-driven planning support for strategic choice of measures, the development of cause-effect
relationships regarding new technology and digitalisation, data-driven travel time analyses, analysis
support to help traffic safety work, new data sets for climate adaptation, the development of data
visualisation for air quality measures, mobile data on bicycle traffic flows.

Development of data-driven planning support for strategic choice of measures, the development of
cause-effect relationships regarding new technology and digitalisation, data-driven travel time analyses,
analysis support to help traffic safety work, new data sets for climate adaptation, data visualisation for
air quality measures and mobile data on bicycle traffic flows

PPSC Working Group on Automated and Connected Vehicles

The Policy and Planning Support Committee (PPSC) Working Group on Automated and Connected Vehicles has
issued in 2019 the Automated and Connected Vehicles Policy Framework for Canada (PPSC, 2019).

The main principles as set in this Framework are highlighted in Figure 7
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SAFETY IS OUR NUMBER ONE PRIORITY

AV/CVs are rapidly developing and being tested on public roads for entry
into the market in the near future. While there is pressure to adapt quickly to
emerging technologies, the safety of Canadians is a top priority for testing
and deploying these vehicles.

WE NEED EXCHANGES OF INFORMATION
TO ENSURE AV/CVs ARE SAFE AND SECURE

The information and data we need to make sure AV/CVs are safe and secure must
be shared with governments and law enforcement, while protecting privacy.

POLICY AND REGULATORY ALIGNMENT IS VITAL

Promoting policy and regulatory alignment within Canada, and with
the United States and intemational partners, is essential.

WE NEED TO RAISE PUBLIC AWARENESS OF
THE CAPABILITIES AND LIMITATIONS OF AV/CVs

Govemments and industry will play an important rele in making
Canadians aware what AV/CV technologies can and cannot do.

WE NEED TO PROACTIVELY PREPARE FOR THE
INTRODUCTION OF AV/CVs ON PUBLIC ROADS

All levels of government and authorities must get ready for the
introduction of AV/CV technologies, along with their potential
implications for safety, mobility and land use planning.

CONTINUOUS COLLABORATION IS ESSENTIAL

Canada must foster a culture of cooperation and collaboration
among everyone in the AV/CV sector. 4

Figure 8: List of Principles in Automated and Connected Vehicles Policy Framework for Canada (PPSC, 2019)
Some key insights from this roadmap can be summarised in the following:

e Update policy and regulatory frameworks for the safe testing and deployment of AV/CVs as the
technology evolves.

e Engage in parallel activities on working with industry to develop safety systems that can mitigate
potential issues (such as sensors that can detect when a human driver is not paying attention) and
educating the public.

e Leverage industry and academic insights to ensure guidelines for AV/CV testing and conduct are kept up
to date as policy alignment is vital.

e Engage with international partners in a policy dialogue around AV/CVs through multilateral forums in
order to share best practices.

e Deployment and broad public acceptance of AV/CVs during early phases of adoption by proactively
taking steps to address public uncertainties. The public will need to be educated on several aspects of
these technologies, including the benefits that AV/CVs may offer but also the capabilities and limitations
of AV/CVs, given that these technologies are continually evolving and the transition to full automation
will be gradual.
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e Develop an AV/CV Framework that sets guiding current and future initiatives and policies related to the
safe testing and deployment of AV/CVs on public roads. Key to the Framework is providing an aligned
approach and building better public and user confidence in AV/CVs.

3.1.8. EUCAR

EUCAR issued its Key Challenges for Future Mobility and Transport in 2016. (EUCAR, 2016). The document does
not directly address on user acceptance issues, however some main related takeaways can be summarized as
follows:

e The development of fast technological evolvement in IT and semiconductor industries to ensure a
complete new range of applications for smart and safe mobility

e Ensure increasing computing power and protection from outside attacks, ensuring effective
cybersecurity. Any solution should consider the whole vehicle lifecycle.

e  Only connected long-haul commercial vehicles that are well integrated in the European logistic network
can lead to higher utilization ratios, which will then translate in an optimization of road usage, reduced
congestion and decrease of emission.

e Need to invest and accelerate innovation cycles to be able to implement state-of-the-art technologies
in future vehicles and meet required time to market from a consumer perspective. Technological
advancement in virtual engineering will certainly enable the European market to go a step further,
bringing design, engineering and manufacturing closer together.

e The development of virtual certification could help reduce costs as well as development lead-time.

e Automated driving and automated vehicle functions pose a great challenge for future certification and
validation as many different driving situations and scenarios will need to be tested and validated.
However, virtual testing and certification with the ever-increasing calculation power might provide a
suitable solution

3.1.9. Technology Roadmap: Intelligent Mobility Technologies - Center for
Automotive Research (CAR)
The Center for Automotive Research (CAR) has proposed its Technology Roadmap on Intelligent Mobility

Technologies in 2019 (Bahrani Fard and Brugeman, 2019) aiming to provide an understanding of where
technological development is and where it is likely headed, in order to guide future decision-making.

*  Shared automated electric vehicle *  Mew mobility technologies will +  Portion of shared services
fleets will account for nearly 25% account for 0% of auto industry providing real-time, seamless
of all auto passengsr miles profits, Suppliers of electronics travel data will increase from 4%
travelled, and software will play a crucial in 2015 ta 25% in 2040 in China,
*  Shared automated electric vehicle role in developing new mebility USA, Germary, and Italy,
fleets will account for nearly 20% technologles,

of all vehicles sold.
* Majority of shared cars on the
road will have utilization rates

above 50%.

Source: CAR Research and SMEs Validation

Figure 9: Global Timeline for Innovative Mobility Services and Automation, 2030 to 2040 (Bahrani Fard and Brugeman,
2019)
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The CAR Report forecasts intelligent mobility industry trends based on the CAR team’s research findings as well
as input from subject matter experts, showing how several factors will affect the industry’s progress in the
coming decades. In particular, it highlights that technological, social, regulatory, and industry dynamics are vital
areas to focus upon; new data analysis methods (specifically Al) and sensor technologies, emerging business
partnership models, AV regulations and data privacy laws, as well as social acceptance are mentioned as
indicative major pillars of future orientation. It also provides a 6-phase roadmap until 2045 (Figure 9).

Expanded Level 4 (Full Driving Automation) capability —o

Worldwide adoption of robotaxis &
automated shuttles in mixed traffie [

PHASE 5 Global deployment of automated:
vehicles for personal use and of
Level 4 (High Driving Automation) vehicle launch automated commercial trucks

Level 3 (Condit Driving labl —o
Level 2 (Partial Driving Automation) F’S,‘!‘?Yl"ﬂ"' ADAS on all new 'E*L‘"L“%"i’f

vehicle launch Limited deployment of robotaxis and automated
g&yjﬂis/_bgn_m operating in mixed traffic

Initial deployment of truck platooning (th a
? human driver in the lead vehicle)

Level 1 (Driver Assistance/lane
centering/adaptive cruise)
vehicle lounch PHASE 2

Development and testing of full aut

Highway automated driving commercialize

PHASE 1 development, testing a 3 Automated driving systems for distribution services

[ Automated driving systems for mobility servides

Source: CAR Research

Figure 10: Advanced Driver-Assistance Systems (ADAS) and Vehicle Automation Technologies, 2000 to beyond 2040
(Bahrani Fard and Brugeman, 2019)

3.1.10. CMC

In the road sector, motorcycles are also considered, as C-ITS for Powered Two Wheelers (PTW) are evolving in
parallel. The Connected Motorcycle Consortium — CMC (2020) has issued an application roadmap, mapping the
introduction of different PTW technologies in a 3-phase timeframe, without however defining specific target-
years.
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Figure 11: CMC Application Roadmap (CMC, 2020)
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Some key points:

The roadmap for PTW vehicles is always one step behind what is proposed for other types of vehicles.
Many technological implementations on PTW are aimed at implementing ARAS functions on PTW and
V2V and V2X communication systems.
The timing of the introduction of the various systems/ services, is not strictly decided and it's up to
manufacturers choose modality and timing regarding the introduction of the services and functions
proposed.
The time horizon is affected by the use of basic communication technology (Wi-Fi or cellular network).
The acceptability of the automation increase on these services and automatic driving aid functions are
based on three factors:

o increased perception of driving (be aware on the unexpected);

o increased visibility / conspicuity (see and be seen by others);

o stress reduction driving.
The first two factors are closely related to safety, the third contributes to increase safety because it
partly exploits automatic functions shared with autonomous vehicles and functions that increase safety.
Ultimately, the acceptability of large use of automation on PTW is based on increasing safety, both in
terms of reducing the number of accidents and reducing the severity of accidents, numerically
evaluating the contribution of the proposed autonomous functions on these two aspects.
The goals proposed in the roadmap are not exclusively related to PTW vehicles, but largely include the
use of advanced/autonomous functions on other types of vehicles to ensure greater road safety.

3.1.11. ACEM

Also, regarding PTW, ACEM has issued in 2020 “The safe ride to the future 2.0 - The motorcycle industry’s
commitment to road safety” (ACEM 2020), highlighting the commitment of the motorcycle industry to safe and
innovative PTW in the years to come, taking advantage of technological evolution and considering relevant
implications.

Milestones in the deployment of C-ITS solutions for motorcycles

TN 7N TN TN TN, /"" ™
( 2014 } ( 2016 [ 2019 ) ( 2020 ) ( 2021 } [ 2025 )
N NS N NS NS NS
ACEM commitment Connected Motorcycle Cooperative, Basic specifications Amrival of automated Estimated date of
on zafety cooperative Consortium ig created. Connected, Automated for an ITS motoreycle carg level 3 in Europe. market introduction of
TS technologies. and Autonomous system developed by Meed to ensure C-ITS applications for
Mobility Single CMC. adeguate detection of motorcycles (CTS
Platform (CCAM). motorcyclists. deployment for cars is
ACEM participates as a precondition.

a member.

c@u

C-ITS Introduced

&

EU C-ITS Strategy, CCAr:I .La'unch

2019

ITS Specs

2020

Industry Mol
2014

C-ITS Platform
2013

Figure 12: Milestones in the C-ITS deployment for PTW (ACEM, 2020)

The acceptability regarding the introduction of automation on PTW is closely linked to the safety strategy spread
form short to long term. This based on four points:
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1. Technological improvement of vehicles: ADAS (Advanced Driver Assistant Systems) ARAS (Advanced
Rider Assistant Systems) and C-ITS (Cooperative Intelligent Transport Systems and Services)

2. Improvement of infrastructure: make infrastructures more motorcycle friendly.

3. Training: high-quality, standardized post-license courses, focused on the safe and correct use of the
different driving aids.

4. Post-crash care improvement.

Moreover, the previous application of automatic driver assistance systems on other kind of vehicles (non-PTW)
and the acceptability of customers to such systems is a requirement, in order to increase confidence in
automated systems by collecting data on the actual number of accident reductions. The safety strategy allows
the implementation of automatic, advanced driving and assistant systems related to the technological
improvement of PTW vehicles and a strong reduction of accidents. Among the aspects not strictly related to
technological improvement, but that contribute to the acceptability of AVs and automatic driving aids for PTW
there are: improvement of motorcycle-friendly infrastructure; high-quality standardized post-license courses,
focused on the safe and correct use of the different driving aids and post-crash care improvement

3.2. Rail Transport

Some indicative examples of roadmaps addressing the rail transport sector are outlined here. Elements of all
identified rail-related roadmaps, together with findings from project rail pilots and other project pilots are going
to be the basis for the rail part of the Drive2theFuture Automation User Acceptance Creation Path Roadmap.

3.2.1. ERRAC

Rail 2050 Vision of ERRAC in Mazzino et al. (2017) envisages that by 2050 rail vehicles, infrastructure (including
stations) and command and control systems will be fully digitalized and will be networked components of the
“internet of things” concept combinations of autonomous, intelligent and highly responsive vehicles will be able
to communicate with each other and with the intelligent infrastructure, ensuring safe and reliable operations.
Accordingly, Shift2Rail is considering automation as the backbone for achieving its goals and facing challenges
towards 2050 horizon of its Innovation Programs, while foreseeing Automatic Train Operation to be available
before 2024 in Shift2Rail (2019).

Moreover, ERRAC has issued the Rail Strategic Research & Innovation Agenda (SRIA) in 2020 (ERRAC, 2020).
Among others, it is considered that innovations such as automation, virtual coupling or completely new
technologies may lead to radically different operating models in terms of frequency, train length, the role of
wagonload services and the sharing of tracks between different types of traffic, and it is necessary to identify
the best operating model before judgement can be made on the value of the innovation. It is also noted that
allowance must be made for changes within the rail sector, for instance in demand and revenues, costs and
supply, and for external changes, for instance in population, employment, land use and lifestyles, and
developments in other modes, including automated cars, heavy goods vehicle platooning and electrification of
road transport. For this, either existing models for freight and passenger transport must be adapted or new ones
developed. New research on the implications of such developments for rail traffic is needed

The document presents nine Transforming Projects build upon each other to deliver the new Partnership
objectives with new services, optimised operations and innovative assets (Figure 12).
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Figure 13: The Transforming Projects delivering new services, optimised operations and innovative assets (ERRAC, 2020)

Regarding the TP6: Automated and autonomous trains, the high level objectives of this transforming-project are
to:

e To capitalise Shift2Rail’'s and OCORA/RCA results on ATO GoA4 over ETCS and complement them (e.g.
remote driving and command, train composition)

e To support the migration from current legacy systems to ATO GoA4 over ETCS

e To provide high degrees of automation on segregated or partially segregated networks

e To provide self-healing management functions of rolling stock enabling automation

Social and human capital aspects related to automation (from TRL1 toTRL5), including acceptance and
promotion of the technology, definition of roles and responsibilities, and identification of required new jobs and
competences, together with the r elated implementation plan. It is considered as an essential component with
a clear roadmap to deliver to the rail operating community vehicles, infrastructure and an overall system largely
based on secure and safe automation, subject to clear business models answering socio-economic needs. It is
also essential to develop large-scale demonstrators based on the previous developments, bringing them to
higher TRL9, which will be evaluated for market readiness, leading to certification, in order to facilitate the
market uptake.

An overall roadmap is proposed for this Transforming Project, as seen in Figure 13.

October 2022 25




DRIVE2

THE FUTURE

D8.6: Automation User Acceptance creation path roadmap S
4 Shift2Rail ) Assets for Automated and/or Autonomous and/or remotely plloted Operatlons \ /_ 2030 VISION \

ATO GoAd4 over ETCS specification
and demonstrator (TALS).

3.2.2.

Certification process propasal for
artificial perception. Obstacle detec-
fion systems (TRLS).

Next generation TCMS with SIL4
capability, functional architecture
and wireless .

Remote driving and command
application profile specification

2022 2023 2024

AL v 70

gt oA e
S e L

Bringing ATO over ETCS
10 TALT

Naxt genaration of vehicke subsysteme
(2.0 doors, brakss...) tailored to automasion

Automatic health azsesament functions
and event resolution.

2025

2026 2027 2028

Phase Il

Daployment of GoA3d
ovar ETCS on pliot Iing

Deployment of Fraight GoA3/a
over ETCS on pilot ling

Development of a standardized and cenifiable intemal
and external gituational awarenees framework .
-

GOAI over legacy ATP
Certified functions for with mixed traffic pliot
situstional awareness

Fraight GoA3/4 over

Isgacy ATP with mixed

Devsiopment of autonomous safs train location
and epeed supsrvision funcionz

tramic pliot
Enhancing train location
with new saneors GoA3d tramway
ssgrsgatsd lins pliot

Full connectivity train-to-x based on
5G / FRMCS

GOAS/ tramway mixsa
NN (wToad HaMmc) pliot

Virtual coupling specification
- J/
( LEGEND \
D Action
. Interim Target

‘ Large scale demo

Devaiopment of cooparaive awarsnees
funetion {virtual coupiing)

Vinual coupling as
lightwsight ATP for low
traffic inee and trams

Enhancad TOMS with Al and rmots
diving and command

Automated / autonomous Euro-
pean rail system, supported by
connectivity and arificially intelli-
gent assets, to reduce energy
consumption (20%), OPEX (25%),
total journey time (10%), while
increasing capacity (10%) and
punctuality (15%).
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the transport system and suppor-

ting the EU Green Deal policies.

Background
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Traffic management and energy
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aulonomous assets 1o maximise
performance at system level

Liaison with other JU is success-
fully established (mainly 5G &
road)

Shift2Rail delivers the expected
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Figure 14: ERRAC TP6 Roadmap (ERRAC, 2020)

European Rail Joint Undertaking (ERJU)

Europe’s Rail Joint Undertaking issued its Multi-Annual Work Programme in 2022 (ERJU, 2022) providing an
overview of the ambitions and the objectives of EU-Rail and defining a systemic, long-term and result-oriented

delivery strategy for research & innovation in the railway sector. Following the vision of EU-Rai

Ill

to deliver, via

an integrated system approach, a high capacity, flexible, multi-modal, sustainable and reliable integrated
European railway network by eliminating barriers to interoperability and providing solutions for full integration,
for European citizens and cargo” and its Mission Statement “Rail Research and Innovation to make Rail the
everyday mobility”, it considers a series of Flagship areas, among which Flagship Area 2: Digital & Automated up
to Autonomous Train Operations, which aims to develop a next-generation ATC system, with the following

Lowering expenses of railway undertakings and infrastructure managers,
Decreasing travelling times for passengers and freight,
Increasing the overall capacity of the rail operation,

Improving recovery time after any interruption or intervention,

Increasing flexibility in planning on existing infrastructure,

objectives:
[ ]
[ ]
[ )
e Increasing the punctuality,
e Improving the quality of operation,
e Increasing operational reliability,
[ ]
e Improving reaction time,
[ ]
e Reducing energy consumption..
3.2.3. STRIA

As already mentioned for the road sector, in 2019 the European Commission issued the STRIA roadmap on
Connected and Automated Transport: Road, Rail and Waterborne (European Commission, 2019). In its
considerations for the rail sector, it includes specific targets and ambitions in the short, mid and long term. In
particular:
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Short term: The implementation of connected and automated rail transport in Europe brings many opportunities
to increase the acceptance level, such as:

e Sustain and further develop the railway sector robustness by increasing capacity by automation and
digitalization;

e Increase rail attractiveness (passenger & freight) by improving connectivity, passenger information and
experience, freight data handling, achieving shorter travel times;

e |Improve competitiveness by reducing lifecycle operational costs e.g. by automation of asset
management systems, intelligent maintenance and operational processes and tools through whole life
cycle;

e Sustain and further develop the environmental friendliness to become carbon-free transport mode by
2050 and provide society with a climate neutral transport alternative, partly by improving technical
characteristics like energy efficiency due to higher automation;

e Effectively leverage new technologies such as digitalization, next generation of telecoms and
positioning, new materials, big data, energy storage and efficiency;

e Reduce other negative externalities (e.g. noise);

e Further increase safety.

Mid-term: Rail sector aims at keeping its competitive advantage (to other surface transport modes) of being the
most environmentally friendly mode of transport and plans that:

e By 2030 the European railways will reduce their specific average CO2 emissions from train operation by
50% compared with the base year 1990; measured per passenger-km (passenger service) and gross ton-
km (freight service).

e In addition, by 2030 the European railways will not exceed the total CO2 emission level from train
operation in absolute terms even with projected traffic growth compared to base year 1990.

Long term: The following targets through to 2050 with regard to competitiveness:

e 30% of road traffic over 300 km should shift to other modes such as rail or waterborne transport by
2050;

e By 2050 a European high-speed rail network should be complete. The length of the existing high-speed
rail network should be tripled by 2030 and a dense railway network maintained in all Member States;

e By 2050 the majority of medium-distance passenger transport should be by rail.

3.3. Maritime Transport

Relevant roadmaps have also been developed with regards to the waterborne transport automation
deployment. The main considerations included in some representative ones are presented in the following and
were considered for the setting up of the Drive2theFuture Maritime Automation Acceptance roadmap.

3.3.1. One Sea

The One Sea (2017) Autonomous Maritime Ecosystem roadmap has identified targets towards fully automated
vessels up to 2025.
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1 =~  « One Sea

Timeline for autonomous ships
2017 2020 2023 2025

Remote Fully remote controlled vessel (manned) Gradual increase of Autonomous ship
monitoring - unmanned with special approval autonomous control traffic commercial

Test areas National pilots Several pits globally Full scale testing / vaidation

Domestic authority Class/IMO reg. in
approval / certificate place

International Design requirements for autonomous Satelite becomes cheaper Strongly decreased
collaboration poiwer and propulsion systems data communication
Developed data transfer  Mobility as a service
Autonomous automobie tech eg. 5G (limited to
commercial ferries/ports) “Industry standards in place”  Infrastructure

National, IMO and global legislation development

Figure 15: One Sea 2017-2025 autonomous ships roadmap (One Sea, 2017)

3.3.2. AAWA

Moreover, AAWA (2016) roadmap has introduced the aspect of acceptance and adoption towards the full vessel
automation. This roadmap has not set specific year targets; however, it visualises the steps to automation in a
broader, not exclusively technology-oriented manner.

nnevation ruIE:dfzfr";i(tjo rs
& diffusion, fo
&
e
"éﬁd{&p MARKET
¥, Market RECONFIGURATION &
N niches GROWTH

Ship International
Connectivity regulation
REMOTE Global
Cognitive CONTROL remote control
approval STANDARDS & SYSTEMS IN centres
INFRA- OPERATION

STRUCTURE

Experiments Regional

teleoperation &

products and services

_ Technological Existing NEW remote control
Media readiness offerings  [EREENZNO centres
“~ DECISION
SUPPORT
SYSTEMS
Examples National = Sjtuational awareness
from automotives regulation system
TIME

Figure 16: AAWA roadmap towards autonomous maritime transport systems (AAWA, 2016)

3.3.3. STRIA

STRIA roadmap (European Commission, 2019) includes also considerations on maritime transport. These include
the definition of thematic areas, identification of R&I initiatives and proposal of related actions, along with the
actors to be involved and the timeframe for their implementation.
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81 A for Improved 3ation awareness

82 Al to mine value from the big data

9.1 Erguring the security and safety

Figure 17: Timing of the different initiatives for Waterborne transport automation (European Commission, 2019)

3.4. Air Transport

Finally, regarding air transport and specifically drones operation which is of special interest in Drive2theFuture,
relevant roadmaps have been identified and are analyzed. The most related one is the ATM Master Plan
Roadmap by SESAR, which is briefly presented here.

3.4.1. SESAR

Indicatively mentioning, the European ATM Master Plan: Roadmap by SESAR (2018) for the safe integration of
drones into all classes of airspace, setting the timeframes for operation and deployment, business framework
and risk management for the years to come (up to 2050).

Ué
RPAS3 Full Services
2005+

ul

Adverced Services

RPAS U-space

Figure 18: Operation and deployment part of ATM Roadmap for drones (SESAR, 2016)

The “Roadmap for the safe integration of drones into all classes of airspace” outlines which drone related-
research and development (R&D) activities should be prioritised in order to support the expansion of the drone
market and achieve the smooth, safe and fair integration of these new aircraft systems into the European
airspace. It also provides an ambitious rollout plan for these technological developments.
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The vision for drone integration is that drones (civil and military) will be completely and seamlessly integrated
into all environments and classes of airspace, operating safely and efficiently alongside manned aircraft.

An incremental and stepwise approach is contained in the roadmap in order to take into account the maturity
of the different technologies and of their enables, the need to update the regulatory framework, the security
issues connected to the introduction of such technologies and the business needs and trends.

In the short-term timeframe (by 2024), the following phases are expected to be achieved:

e Phase 1: IFR RPAS in classes A-C: RPAS will be able to operate in airspace classes A-C under IFR, with a
DAA system that provides collision avoidance and situational awareness in relation to cooperative
traffic.

e Phase 2: IFR RPAS in classes A-G: RPAS flying under IFR will have a DAA capability, enabling them to
integrate with IFR and VFR traffic, both cooperative and non-cooperative, in airspace classes A-G.

Concerning the U-Space, in the short timeframe (by 2024) the roadmap envisages the following services to be
available.

e U1 provides foundation services (e-registration, e-identification and pre-tactical geo-fencing). The main
objectives of these services are to identify drones and operators and to inform operators about known
restricted areas. With the deployment of the Ul foundation services more drone operations are
enabled, especially in areas where the density of manned traffic is very low. The administrative
procedures for permission to fly and the authorisations for some specific missions will be facilitated. The
range of VLOS routine operations will be extended and will support extended VLOS flights, including
VLOS operations in an urban environment. BVLOS operations will still be constrained but will become
more and more possible.

e U2 refers to an initial set of services that support the safe management of drone operations and a first
level of interface and connection with ATM/ATC and manned aviation. The range of operations at low
levels will be increased, including some operations in controlled airspace. Drone flights will no longer be
necessarily considered on a case-by-case basis, and some examples of BVLOS operations will become
routine (with some constraints).

In the mid-term (by 2035) the roadmap foresees the RPAS integration will reach “Phase 3: RPAS in classes A-G
(IFR and VFR)”. In this phase RPAS will be able to operate in controlled/uncontrolled airspace, both under IFR or
VFR, and safely integrate with cooperative and non-cooperative traffic. Increased use of datalink for ATC
communications is likely. Concerning the U-Space, in the mid-term period the roadmap foresees that level U3
will be reached. U3 will unlock new and enhanced applications and mission types in high density and high
complexity areas. This is where the most significant growth of drone operations is expected to occur, especially
in urban areas, with the initiation of new types of operations, such as air urban mobility.

In the long-term the roadmap foresees that RPAS will be fully integrated (objective achieved already in the mid-
term), and also U-Space will be at the maximum level of development, reaching level U4. U4 focuses on services
offering integrated interfaces with ATM/ATC and manned aviation and supports the full operational capability
of U-space based on a very high level of automation. It is expected that the need for new services will arise
during the roll-out of U3

3.5. Multimodal

Apart from the mode-specific roadmaps, an overall roadmap, covering road, rail and maritime transport has
been issued by the European Commission (2019) (STRIA roadmap) suggesting action plans at different levels, i.e.
EC actions, actions to be taken by member states, the industry, member states cooperation and other bodies.

In this, cross-modal links, transfer potentials and new opportunities are described, and measures for the support
of innovation related to them are outlined.

e Cross Modal Links: Issues relevant for CAT in the different modes considered include:
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Combination of sensors with Al in environment perception

Connectivity and data communication with digital infrastructures

Cyber security and functional safety of control systems

Human factors in the sharing of tasks between drivers/pilots and machines
Universal design and user acceptance

Testing and validation

Socio-economic impact assessment

Backwards compatibility

Harmonization and standardization

Liability and regulatory issues

e Transfer Potentials: In view of the similarity of the enabling digital technologies and concepts of CAT and
the relevance of common issues of CAT in the different modes, and considering the different pace and
timing of innovation as outlined in this roadmap, leads to various opportunities for the transfer of
technologies and experiences as summarized in the following table.

Table 1: Examples of technology and experience transfer potentials in CAT (European Commission, 2019)

Environment V2V Automated Control

Perception, Communication Systems far
Va2x Cirones,
Communication Mawvigation and
Maps

Top-Down

Safety

Concepts

Cyber secure Dynamic Maps

connectivity

Fail-Opearation Human-Machine Human-
Interface, Machine
Positioning Interface

e New Opportunities: Particularly at the interfaces between the transport modes, CAT may lead to new

solutions, such as e.g.:

(0]

O
O
O

More efficient operations along the chains of goods transport using loading units that could be
transferred from one mode to another, autonomous transhipment operations and specific
applications in multimodal chains (i.e. the example of the Automated Systems for the last/first
mile between rail terminals and warehouses in multimodal hubs/logistics clusters)

Seamless passenger travel experiences

Mergers between rail and road in ,virtual tracks”, air and water in drone concepts, rail and air
in hyperloop

Cross-modal ride, vehicle and infrastructure sharing

Comprehensive gains of efficiency of space, energy and resources

Spill-over effects from other sectors such as health, energy, or robotics

e Proposed Innovation Support Measures: While an inconsiderate mixing of CAT-related innovation

support measures should be avoided as it would be of limited effect, the cross-modal links, transfer
potentials and new opportunities could well be a matter of programming and partnership activities of
the European Commission, the Member States and the industrial sectors, e.g.:
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Funding R&I on automation of operations along travel and goods transport chains/at interfaces
across modes, e.g. in stations, ports, hubs

Facilitation of CAT technology transfer across disciplines and between modes, see table
Establishing platforms for the sharing of best practices on common issues, e.g. connectivity,
cyber security, Al, universal design

Exploitation of concept transfer e.g. for harmonization, standardization and legislation
(sandboxes)

Development of comprehensive concepts (e.g. city robotics, traffic management)

Feasibility studies for cross-modal CAT solutions such as hyperloop or others

Participation of citizens in the co-creation of new CAT related mobility solutions
Comprehensive study of impacts on environment and climate enabling sustainable choices
Coordination with programs on enabling digital technologies such as the Electronic Components
and Systems for European Leadership (ECSEL) Joint Undertaking and its Lighthouse Mobility.
Coordination with the other STRIA roadmap topics such as smart mobility or electrification.
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4. Review project(s) results

As mentioned in the Methodology section, findings from Drive2theFuture and other related recent research
initiative will be considered, along with the existing roadmaps, towards the definition of the Drive2theFuture
Automation User Acceptance Creation Roadmap. The relevant data will be gathered through the dedicated
template and assessed by the working team.

Within Drive2theFuture, a variety of project activities are expected to contribute to the roadmap, including the
Voice of Customer (VoC) survey, the results and impact assessment following the 12 project pilots (for all
modes), training programs and tools, business models (also considering Maa$S concepts), as well as the results
on acceptance creation measures and impact to employment and the guidelines and policy recommendations.
Most of these activities are currently still ongoing, thus their final results are expected to be integrated in the
roadmap as soon as finalized.

Indicatively mentioning, since the early stages of the project, a large scale VoC survey has been undertaken in
the course of Drive2theFuture, aiming to explore the opinions of all transport users about acceptance of
Autonomous Vehicles for different transport modes, respecting a good balance of gender, geographical
coverage, transport modes and user clusters, as reported in Markvika et al (2020). Moreover, the survey aims
to depict and represent, to a large extend, the transport users' opinions about the automated vehicles of all
different levels and scopes (e.g. for public transport vehicles, private cars, drones for urban deliveries, air
transport vehicles for passenger inter-city flights, cargo ships, rescues boats, passenger ships, passenger and
freight trains, etc.) and also provide a comprehensive estimation of their willingness to use them under different
circumstances. In general, the participants seem positive towards AV introduction, however still having
reservations in topics like safety, (cyber) security, employment, etc.

35%

30%
25%
20%
15%
10%
5% I
0% n

1- Not good 2 5-Very Not
atall good answered

B Air transport B Maritime transport B Rail transport = Road transport

Figure 19: General opinion of respondents regarding automated and self-driving vehicles of all modes (Markvika et al,
2020)

Moreover, a series of training programs (per mode, topic and user group) and tools (VR training tools, e-learning
platform) are developed within the project and tested in the pilots, with the aim to make users accustomed with
and aware of the different aspects, possibilities and the usability of AV systems. Training, combined with
awareness activities, are considered to be key to the enhancement of user acceptance, and relevant actions will
be included in the roadmap, tailored to the addressed mode and timeframe of application.

A compilation and analysis of Drive2theFuture (and other related projects’) results has resulted to a summary
of key targets per mode and timeframe.

4.1. Road Transport

4.1.1. Short term (until 2024)

e AV pilots to be intensified in order to increase acceptance and familiarisation of the users to the systems,
along with the integration of the service to the mobility ecosystem
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4.1.3.

AV operating speed should increase in order to compete and be harmonised with other vehicles in the
traffic mix.

Operators and OEMs should share data with researchers for, among others, the needs of behavioural
modelling towards safe and accepted behaviours

On HMI, in vehicle interface should be friendly, ensuring transparency on AV functions and status of
vehicle. For HMI on new functions, transfer of knowledge from other modes would be beneficial for the
development and design principles. VR- based solutions are considered very helpful and efficient in
terms of HMI development, as well as testing and demonstration activities. Demonstration of future
HMI should be performed in broad scale to the public, through dedicated activities as well as through
social media, with emphasis on their benefits. Moreover, focus should be put on external HMI (eHMI),
including customised options for VRUs, with the target to enhance their feeling of safety and
understanding as well as the expected reaction speed.

Regarding TMC, knowledge and skills of professionals on C-ITS should be updated and enhanced, while
complementary features should be included for increased road infrastructure capabilities. Also, traffic
management focus should be rather on use of travel time than to its reduction.

AV deployment should meet the mobility needs of those with no alternative transportation

Safety should remain a main focus area, aiming to vehicles crash and/or damage avoidance.

Overall, it is important that users would have a positive first experience with AV.

Mid-term (until 2035)

Vehicles should be able to tackle complex situations, while their speed should increase, to be fully
integrated to the transportation system. Additional information and infotainment features to be
integrated in the vehicle, while it is expected for vehicle driving style personalisation to be available.
Pilots and demonstrations to be realised in complex traffic environments and aiming to enhance AV
behaviour under critical and non-critical conditions.

Driver behaviour in different AV levels should be modelled and predicted, while unpredictable VRUs
behaviour should also be considered.

Regarding HMI, Digital and VR prototyping tools should be established in HMI development for cost-
efficient user-centered design in safe environment. Also, personalisation means for in-vehicle and
operator HMI should be available, along with the use of wearables (e.g., smartwatich) data for affective
and adaptive HMI development algorithms for real time prediction and adaptation. External HMI should
inform for AV intention, status and awareness, while training on HMIs should be provided to the
involved users. Overall, AV interfaces should be harmonised and standardisation of AV HMI initiated.

In terms of implementation, it is expected to start in real life situations in need of such a service, e.g.
last mile, operators should of course be trained accordingly prior to implementation of service, while all
involved stakeholders should be early involved in the implementation phase.

The legal position of AVs and the liability issues and responsibilities for remote operations should be
specified.

Smartphone data of C-ITS from users and VRUs to be used for strategic traffic strategies (e.g. smart
routing)

Focus should be on perceived safety and trust, convenience, pleasure and environmental sustainability,
also for marketing purposes.

Long term (until 2050)

Understand and predict driver behaviour in different AV levels, also with empathic features in-vehicle
(emotional/cognitive state-wise adaptation), along with capturing socio-cultural differences which
influence driver behaviour in behavioural modelling — different profiles accepted according to country
Standardization of HMI for AV for cross-modal elements

Training adaptation to economic, environmental and culture aspects (also for TMC)

Dashboard unit information on systems status and deployed functions for TMC.
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Road infrastructure development and innovation should follow the one of vehicles (e.g., automated
docking for bus stops). Standardization, legislation and road infrastructure financing for updates on AD
should be non-OEM oriented; a new stakeholder or agent should be in place, in order also to ensure
balance infrastructure costs with mobility needs. Overall, large mass transport solutions should be
sustainable and automated

4.2. Rail Transport

4.2.1.

4.2.2.

4.2.3.

Short term (until 2024)

Demonstration events of remote operation concepts and prototypes to be implemented.

User surveys and research activities for identifying acceptance barriers and outlining transition phases
to be undertaken.

Consultations with different stakeholders should take place, such as worker’s unions and vehicle
manufacturers to ensure acceptance from workforce.

Use realistic scenarios during the initial deployment of the technology rather than idealized scenarios.
Determining use case specific scenarios for transitional deployment would improve the trust and
acceptance of the system.

Pragmatic quality is an important predictor of willingness to use. Higher perceived compatibility and
efficiency would suggest improved user experience. Perceived enjoyment also positively influences the
user experience.

Mid-term (until 2035)

Operational information available to the remote operator is an important aspect for the user
acceptance. The operator must have access to the information required for the safe operation of trains.
This includes information related to the train, rail network as well as the environment.

The development process must involve different stakeholders in the design phase of future remote
operation concepts and remote workstations. Required information sources as well as methods of
information conveyance must be determined. Information that is not available in remote environment
must be substituted by means of technological solutions.

Additionally, driver assistance systems should be integrated to support the remote driver. Involving
other stakeholders, such as potential users of these systems, in the development process would increase
the acceptance and willingness to use by the future users.

Develop training programs for information acquisition and analysis. Future users must be trained on
how to obtain and understand cues and indicators from feedback sources (e.g., spatial audio from
microphones placed around the train). This way, the provided information sources that are otherwise
absent from the remote environment can be analysed correctly and safely by the users. This would lead
to increased acceptance from future users.

Long-term (until 2050)

Social issues such as unemployment need to be addressed. Public must be informed and advised on the
changing job characteristics.

4.3. Maritime Transport

4.3.1.

Short term (until 2024)

Boost Cooperation:
o Enhance education-industry cooperation.
o Recognise the efforts to increase Industry-education collaboration by upskilling Shipbuilding
managers in automation technologies.
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o Understand of technology concepts, systems, and operations: Transfer current knowledge to
learning of new technologies

e Promote Skills Intelligence:

o Boost specific funding for sectoral skills development.
Continue to promote the key results of Sectoral Skills projects: open access repository.
Establish a maritime technologies jobs and skills observatory.
Use job standard descriptors./ Involve experts with multiple background in skills intelligence.
Improve the coordination in the recognition of professional certifications.
Positive evaluation from participants, though there is room for improvement with existing tools
for virtual visits and mentoring.

O O O O O

e Improve Training offer:

o0 Increase the number of accredited courses in Shipbuilding and Maritime Sector.
Retain Skills capacity building in R&D project calls.
Update Occupational Profiles with the new green, digital & transversal competences.
Deliver lifelong learning in engineering, digital and marine operations skills.
Integrate automation skills content in trainings.
Develop Specific Training in Automation Behaviour

0O O O O O

e Digitalisation:
o Develop Digital and Data competence frameworks for maritime industry.
o Promote ICT skilling programmes adapted for the maritime sector.
o Provide training in digitalisation for companies.

4.3.2. Mid-term (until 2035)

e Attract Talent:

o Increase the attractiveness of maritime careers - Ocean Literacy.

o Improve knowledge-transfer among senior and junior employees.

o Integrate the values of the Just Transition to attract talent.

o Contribute to the specialisation of temporary employees.
e  Multipurpose Skills:

o Underpin skills transferability & recognition between maritime sectors.

o Develop multi-disciplinary skills outside specialisations: flexible opportunities for training.
e Active Learning:

o Provide short trainings and supporting modularity in educational offers.

o Promote active involvement of learners. Include transversal skills contents in trainings.

o Promote of the study and leaning of diverse environmental solutions for the SB and maritime

sectors thought different kind of events and mobilities.

4.3.3. Long-term (until 2050)

e Digital and data driven technologies

e Automation and robotics

Minimising environmental impact

Transversal skills within the training offer

Better matching of trainings to current needs in technical disciplines
Digital Capacities in all Educational Levels

o  Work-based learning
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4.4. Air

4.4.1. Short term (until 2024)

e Training of drone operators on the new systems and functionalities

e Definition of priority use and business cases for testing and deployment
e Awareness creation campaigns and activities for broad audience

e HMI to address handover process, and eHMI to inform on status and use.

4.4.2. Mid-term (until 2035)

e Preparation of infrastructure for urban air mobility
e Pilot implementation for urban air mobility of goods to increase trust and acceptance.

4.4.3. Long-term (until 2050)

e Swarming fleets operation
e Plan and systems specification for air mobility of goods and passengers
e Business plan and cost efficiency optimisation

October 2022 37




DRIVE2

THE FUTURE

— . e

»—
-

D8.6: Automation User Acceptance creation path roadmap

5. Suggested roadmap per mode

Upon analysing the findings from the literature review on existing roadmaps and the findings of Drive2theFuture
(and other related projects) work, we have come up with a list of priorities per mode and time horizon, which
would set up the Drive2theFuture Automation User Acceptance creation path roadmap. It should be noted that,
as implied by its title, this roadmap is not focussing on the technological developments in the field of vehicle
automation in each transport mode; however, it considers the related technological evolvement (as foreseen by
corresponding roadmaps) and aligns the path to user acceptance to these developments.

To this aim, the project work has come up with a proposed roadmap for each mode. These roadmaps have been
reviewed and assessed by project experts for each mode, while they were presented and approved by external
to the project experts, during the Final Workshop in Barcelona (October 2022) and in bilateral communication.

5.1. Structure of roadmap

The overall roadmap is composed, as already mentioned, by five separate roadmaps, each addressing one of the
four different transport modes, i.e., road, rail, maritime and air, as well as a multimodal one.

Each roadmap is planned in three time horizons:

e Short term (by 2024)

e Mid-term (by 2035)

e lLongterm (by 2050)
Moreover, for each timeframe, a main objective is set, followed by a series of actions that would foster its
achievement.

5.2. Road transport roadmap

The roadmap for road transport, as derived through the above approach, is presented in Figure 19.

ROAD

Until 2024 Until 2035 Until 2050
, Pilotin l[}epfoymentas support I Mainstream
g mode (i.e. last mile) deployment

Complex situations — mixed flows
in real traffic

Familiarisation through pilots

with gradually enhanced speed Fully legislated /homologated

October 2022

Data share and use for
behavioural modelling of drivers
to adapt to user profile

Behavioural modelling of VRUSs
and unpredictable behaviour of
surrounding traffic

Driver and surrounding traffic
intentions prediction &
empathetic features

Improved HMI for drivers and
VRUs

Training of vehicle operators and
supervisors

Training of all users/stakeholders
standardised and certified (in
mobility training schools)

Training of TMC and reskilling
stakeholders

Integration of infotainment and
wearables

Enabling infrastructure in place
(i.e. automated docking stops)

HMI and functionalities
personalisation, harmenisation
and standardization

Socio-economic adaptation of
services to user groups

Figure 20: Drive2theFuture Automation Acceptance Roadmap- Road
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As seen, the three main targets per timeframe are respectively Piloting, Deployment as support mode and
Mainstream deployment, each facilitated by a series of linked objectives.

5.3. Rail transport roadmap

The roadmap for rail transport, as derived through the above approach, is presented in Figure 20.

RAIL

- Until 2024 , Until 2035 , Until 2050 ‘

Mainstream

Piloting Use in selected lines )
operation

Training of remote operators
and drivers

Demonstration events with
Affected workforce reskilling

remote operation

Stakeholders awareness Driver assistance system for
shifting from manual to

Transition plans with “driver remote automated operation Resilience of systems in case

on board” of unexpected hazards
System optimisation by driver Pe:
WTH/WTU studies modetiing

Enabling infrastructure in
Priority scenarios and business Real operators information place throughout the
cases extraction exploration network

Figure 21: Drive2theFuture Automation Acceptance Roadmap - Rail

In the same sense, the roadmap for rail has as main targets Piloting, Use in selected lines and Mainstream
operation, with the corresponding objectives for each timeframe.

5.4. Maritime transport

The roadmap for maritime transport, as derived through the above approach, is presented in Figure 21.

MARITIME
‘ Until 2024 T ‘ Until 2035 ’ ‘ Until 2050 ’

Preparation of the

Technological applications

Preparation of the sector workforce and application . 27 :
I in specific routes
* Boost cooperation * Attract talent * Digital and data-driven
* Promote skills * Multipurpose skills technologies
intelligence * Active learning ¢ Automation and robotics
* Improve training offer « First applications in » Transversal skills within
« Digitalisation of the emergency service the training offer
workforce sector * Work-based learning
 Priority scenarios ¢ Enabling harbour and
operation centres
available

Figure 22: Drive2theFuture Automation Acceptance Roadmap — Maritime
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Here as well, the three main targets per timeframe are set (Preparation of the sector; Preparation of the
workforce and application framework; Technological applications in specific routes) with corresponding
facilitating objectives for each.

5.5. Air Transport

The roadmap for air transport (with focus on UAVs), as derived through the above approach, is presented in
Figure 22.

AIR - UAVs

Until 2050

Until 2035

Until 2024

Urban air mobility for
passengers and goods
mainstreamed

Urban air mobility
(mainly for goods) in
dedicated routes

Framework
preparation

Resilience plan and

¢ |legal framework * Enabling urban

* Priority use cases and infrastructure systems
business cases preparation ¢ Swarming fleets

* Training of drone * Remote centers » Multitype use with
operators establishment intermediate

e Awareness creation of » Trust creation by pilot separation
general public use on specific UC’s / * Cost-efficient

* HMI optimisation for routes (i.e. to/from optimisation
operation including airport from/to city
handover between center hub)
remote operation and
autonomous flying

N \ N

Figure 23: Drive2theFuture Automation Acceptance Roadmap — Air/UAVs

In this case, the three main targets are: Framework preparation; Urban air mobility (mainly for goods) in
dedicated routes; Urban air mobility for passengers and goods mainstreamed. They are complemented with the
specified objectives per timeframe to reach these targets.

5.6. Multimodal

The roadmap for multimodal transport, as derived through the above approach, is presented in Figure 23.
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MULTIMODAL

Until 2024 Until 2035 Until 2050

Deployment in Multimodal
mode combinations deployment

Piloting

* At multimodal hubs

« Start multimodal pilots in * UAV integrationinto urban AV ‘
corridors or urban mobility chains for passengers * In urban environments
environment and goods ¢ Ininterurban environments

« Transfer HMI and Al principles * Automated rail integrationin * Subsequent modal shift and
across modes PT automation chains in urban single use integrated

« Data share through common (metro) and interurban (rail) services/aggregation

scenarios
* Harbour automation

multimodal dashboard
* Training on automation of all

mode actors; including info on integrated in automated

other mades and their freight transport modes

interactions + Single multimodal automation
legal and operational
framework

Figure 24: Drive2theFuture Automation Acceptance Roadmap — Multimodal

In this case, the three main targets are: Piloting, Deployment in mode combinations and Multimodal
deployment. They are complemented with the specified objectives per timeframe to reach these targets.
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6. Conclusions

Research and development on automated vehicles is rapidly progressing while testing and deployment steps
have already been initiated. In this process of introducing automated mobility as an everyday reality, it is
important to bring the users in the equation and drive this progress in the orientation of satisfying their needs
and preferences, in order to achieve the highest acceptance and thus market success to the emerging systems.

There are numerous technological roadmaps, providing insights for the expected steps for the years (or decades)
to come. Most of them are focussing on the technological readiness and achievements per time horizon. In some
of them, societal aspects are also considered, showing the expectation of societal responsiveness to these
technological developments.

In this deliverable, we are suggesting an automation user acceptance path roadmap for each mode of transport,
i.e., road, rail, air (with focus on UAVs) and maritime, as well as for multimodal transport. The development of
this roadmap started by studying existing roadmaps, was complemented by considering the findings of the work
performed in Drive2theFuture and related projects, and finally consultation was performed with experts
(internal and external to the consortium). The outcome of this process is five roadmaps, suggesting the steps, in
three time horizons i.e. short-term (by 2024), mid-term (by 2035) and long-term (by 2050), which, in parallel to
the technological developments of AV per mode, would ensure their societal acceptance and, consecutively,
their smooth and effective deployment.

Further to issuing the roadmaps, the Consortium has proceeded to presenting them to internal (IRU, UITP,
HUMANIST, FIA, WEGEMT and EURNEX) and external to the Consortium organisations (ECTRI, FEHRL, CCAM,
POLIS, EUROCITIES) for their endorsement. Moreover, relevant actions are oriented towards EC DGs (RTD,
MOVE) and the TRAN Committee of the European Parliament. This is done in order to ensure that follow up
activities will continue even after the end of the lifetime of Drive2theFuture project and that these roadmaps
will contribute to driving the technological progress in a user-oriented path, with the ultimate goal of achieving
automated transport systems and mobility that would be user-friendly, acceptable, easy to use, safe,
trustworthy, while in accordance with the principles of sustainable and viable mobility.
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