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Executive Summary

This Deliverable stands for the final report of DrivesFuture. The objective of the current report differs
from that one of the final progress report, which is of administrative nature. Herein, the objective is to
summarise in short, the aims and the outcomes of the project, presenting also the researcacppr
followed in each case.

As such, a summary of the main activities and results is included providing only publishable information (as
the nature of the Deliverable is Public). Starting from the project factsheet (Chapter 2) and the presentation

of the Consortium (Chapter 3), the challenge that the project came to address is presented in Chapter 4,

followed by the its vision, aim and objectives Chapter 5 and core concept in Chapter 6.

Prior to any technical description of work, the governance structuréd mechanisms of the project are
presented in summary in ChapterJser clustering, a new deftion of VRUSs for AV, the Voice of Customers
survey, transferability issues between modes, acceptance risk assessment, a taxonomy of knowledge and
skills requiements and open research issues and hypotheses, lead to the definition of Drive2theFuture Use
Cases, as described in Chapter 8. Then, in Chapter 9, behavioural modelling, big data analytics and fusion,
a simulation platform suite and relevant assessmaiinfework are described, along with sentiment
analysis on social media. Work on affective, persuasive and personalized HMI is presented in Chapter 10,
while research on training needs, knowledge and tools along with training programmes, certification
scheme and acceptance creation measures is described in Chapter 11, together with the implications of
automation to employment.

Chapter 12 describes the piloting activities of the project, performed in 12 pilots across Europe, in a 3
phases scheme. The inclule simulator pilots, test track angalworld tests as well as demonstration and

training pilots and demos at events. The analysis and consolidati@swisis also presented in the same

OKIF LG SN ¢KS LIAf204Q NBFBa dthed imgaSINB acFepianfe Kl ldberies &f S & 4
other areas (safety, efficiency, environment, etc.) following agefned impact assessment framework

and prioritized KPIs definition, while a comparison with a priori expectations was performed. Automation
wascorrelated to MaaS applications, while an ESoP extension to automation was suggested (Chapter 13).

Results on the work on ethical, safety and legal considerations for AVs for all modes of transport are
presented in Chapter 14, while the dissemination ammnmunication activities of the project follow
(Chapter 15). Business models and exploitation plans have been elaborated (Chapter 16), while a set of
guidelines and policy recommendations, along with an Automation User Acceptance creation path roadmap
areissued and presented in Chapter 17.

The clustering activities of the project with related project initiatives and the activities of the
Drive2theFuture International Advisory Board are included in Chapter 18, while Data Management and
Open Access (Chapt&®) and Ethics (Chapter 20) have been dully considered throughout the duration of
the project.

Finally,in Chapter 21, the project findings are summarized and conclusions are drawn.

Overall, this Deliverable, by presenting an outline of the work perforthedughout the 42 months of
Drive2theFuture duration, aims to highligit$ achievements andurther considerations towards greater

user acceptance of AVs for all transport systems and, thus, a smoother and more effective deployment of
these systems in aseroriented manner.
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1. Introduction

1.1.Purpose of the Document

CKA&d R20dzyYSyid Aad S5NAGDSHOKSCdzidzZNBEQa FAYlFf NBLR2NIZ
42-month duration. It describes the overall methodologies and work performed withiveRitie Future

project and the emerging results out of it. The report also gives an account of the governance, risk
management and dissemination and exploitation activitieDdfe2theFuture Only details that can be

publicly available have been reportedprf further confidential details, one should refer to the
corresponding project Deliverables that can be available upon request and authorisation by the project
Coordinator. In addition, it should be stressed that the objective of this report is diffepethetone of the

final progress report. While thiatter focuseson the description and justification of the effort put by the
Consortium in the M1942 period of the project, the current report focuses on the description of the work
approach itself as wes the project outcomes as achieved during the full course of the project.

1.2.Intended audience

This is a public document. It is of potential interest taCalhnected and Cooperative thmated Mobility

(CCAM) stakeholde(mitiators, designers, developenesearchers, endzd SNB X Ay Rdza i NE | YR
to exploit or deploy theDrive2theFuturgechnologies or to conduct further research in this domain. It is
considered of specific interest to policy makers in the field as well as to Original Equilgiaweufacturers

(OEMS) being active in the fieldaitomated vehicles and related systems, as well as transport authorities,
operators and municipalitiest is also considered to be valuable for all types of researchers in the field.

It should be stressedhat exactly due to the fact that it is a public document, specific implementation
details that are provided in the project confidential deliverables are not shared and are available only
upon request by the project Coordinator.

1.3. Interrelations

The final re@ort of the project covers to the maximum degree possible (given also the public nature of the
report), all activities of the project, starting from user clustering to final results assessment and future
prospects. As such, this document has considerets @gsimary input the work done and reported in all the
other deliverables and milestones of the project.
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2. Drive2theFuture factsheet

Contract Number 815001

Project acronym DriveToTheFuture

Project Name Needs, wants and behaviour of 'Drivers' and autoagatehicle users
today and into the future

MG-3-3-2018

Driver behaviour and acceptance of connected, cooperative
automated transport

RIA

01 May 2019

36 months¢ extended to 42 months (due to COVIB by 6months)
ODPPphy PcMHZp N €

ODPPphy PcMHZp N €

Evangelia Gaitanidoigait@certh.gr +30 2310 498452

Evangelos Bekiarisbek@ceth.gr, +30 2111069599

Call topic

Type of Project
Date of start
Duration

Total cost

EC Contribution
Project Coordinator

Manager
Project website

(]
[in]

www.drive2thefuture.eu
https://twitter.com/Drive2future

|
|
|
|
|
|
Technical & InnovatiorT
|

https://www.linkedin.com/in/drive2thefutureproject/

3. The Consortium

Drive2theFuture is undertaken by a multidisciplinary and complementary Consortium of 31 Partners (32 in
total, considering the replacement of IRUPRO by IRU in March 2021)1f8ocountries with a good
representation of all stakeholders, namely 8 Research Institutes (CERTH/HIT, VTI, TOI, Unikiffel, FhG/IAO,
FzI, AIT and VIAS), 6 Universities (NTUA, CTL, VUB, DEUSTO, TUM, TUB), 10 Associations (EURN
HUMANIST, IRUPRO/IRU, UFTR,and 3 of its clubslIAM, PZM, ACASA/RAQGEGEMT, HUMANIST), 5

SMEs (SWM, DBL, TUCO, INF, STELAR), 1 Transport Operator (WL), 1 PPP (VED) and 1 Industry (PIAGG
The Consortium synthesis thoroughly covers the wide spectrum of issues addresBeade2yheFuture

while providing a wide geographical coverage, representing 13 different countries throughout the EU
territory. It should also be underlined that the project is USantric, including horizontally across all tasks

(from UCs to research isss, tools development, demonstrations, dissemination and policy
recommendations) a wide user community, encompassing FIA for car drivers and 4 of its clubs (3 as
partnersIAM (UK), ACASA/RACC (Spain) and PZM (Poland)) and 1 &spkify 3AMZS (Slovenja
IRUPRO/IRU for professional drivers (trucks, busses/coaches and taxis), UITP for Public Transport
stakeholders (including bus, metro, urban and regional rail), EURNEX for the rail sector, WEGEMT for the
maritime sector and HUMANIST for human factor®sg all modes.

Drive2theFuture Consortium is given in the following table:
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Tablel: The Drive2theFuture Consortium

Short name

Country |

1 Centre for Research and Technology Hellas/Hellenic Institul CERTH/HIT EL
Transport Coordirator)
2 Statens vag och transportforskningsinstitut VTI SE
3 Transportokonomisk Institutt TOI NO
4 National Technical University of Athens NTUA EL
s Universita Degli Studi di Roma La Sapienza CTL IT
LS Vrije Universiteit Brussel VUB BE
74 Universidad de la Iglesia de Deusto Entidad Religiosa DEUSTO ES
8 Institut Francais des Science et Technologies des Transpo IFSTTAR FR
I Q! YSyl 3SySyid Si RSa wSasStikd
i SWARCMIZAR s.r.l. {2r IT
R EURNEX E.V EURNEX DE
88 Deep Blue srl DBL IT
(2 Fraunhofer Gesellschaft zur Foerderung der Angewan( FhG/IAO DE
I | Forschung E.V
LR Technische Universitaet Muenchen TUM DE
(88 Stiftung FZI Forschungszentrum Informatik am Karlsruher Ing FZI DE
I fur Technologie
iR IRU Projects A.S.B.L IRUPRO BE
SR HUMANIST HUMANIST FR
ive Foundation WEGEMT: A European Association of Universit WEGEMT NL
I Marine Technology and Related Sciences
iksi8 AIT Austrian Institute of Technology GMBH AIT AT
(B8 Union Internationale des Transports Publics UITP BE
AV C2YREFEGAZ2Y tFNISNYFNREFEE ahzx(VED FR
7488 PIAGGIO & C spa PIAGGIO IT
AN CSRSNI GA2Y LYGSNYFGA2yIltS HFIA BE
Z28 |AM Roadsmart he Institute of Advanced Motorists Ltd IAM UK
2228 POLSKI ZWIBK MOTOROWY PZM PL
75| Wiener Linien GMBH & CO KG WL AT
zAsis Technische Universitaet Berlin TUB DE
24| TUCO Yacht Vaerft Aps TUCO DK
z:88 INFILI Technologies Private Company INF EL
7l STELAR Security Technology Law Research UG STELAR DE
<8 AUTOMOBIL CLUBISTENCIA SA/ Fundacio ACASA ACASA/RACC ES
<l VIAS Institute VIAS BE
i IRU IRU CH
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4. The challenge

w2l R GNIYaLR2NL Fdzi2YlFGA2y Aa 4 2dz2NJ R22NRBRAGSLIT Ad
Within the latest ERTRAC Roadmap on Automatedrigrii, user awareness, acceptance and training
formulate the first priority challenge. Questions related to vehicle taking over control from humans, change
of mobility habits and experience, cost of commuting and travellindhenfuture, ethical decisions of a
machine vs. a human, as well as the need of new driver training incentives for adapting to the technological
evolution in future vehicles, are some of the key issues that are yet to be investigated. Apart from private
cars and trucks, automation is already a reality in public transport vehicles (of all modes), airplanes being
the pioneers, with their first autopilot systems dating early in the 20th century. Since then, relevant systems
are operating for trains and subwatjie autonomous ship is also an emerging concept, while road public
transport has already initiated the introduction of automated vehicles, with several examples throughout
Europe. At all cases, the penetration of automated vehicles is expected to lvenglation to the transport
system as we know it. According to an OECD/ITF rdfprup to 9 out of 10 conventional cars could
become redundant under certain circumstances. This will lead to freeing public space, by igcushaim
mobility depending on the choice of vehicle type, the level of penetration and the availability of high
capacity PT to complement the shared s#ff/ing car fleet. UITP Policy B8 highlights that there are
various applications for autonomous vehicles as part of a diversified PT system, which will enable
performing all demanded trips with 80% fewer cars. Even though technology is almost there, it is a crucial
issue whether humans are ready to abandon the drivingktand/or even the car ownershig in
combination with car sharing/pooling applicationsr board a vehicle with no driver present. The EC 2015
Eurobarometer survey4] showed that 61% of participants throughout the EU exprdseet feeling
comfortable travelling with driverless cars, while they were more positive to the option of transporting
goods using such vehicles, while a recent relevant survey in tH&]U&und that 64% of respondents
expresgd concern about sharing the road with driverless cars. However, acceptance of automation in the
driving task seems to be evolving with time as, according to the P8[1@nd 2018[7] Deloitte global
automotive consumer studies, people throughout the world are becoming convinced that travelling with
autonomous vehicles is safe, with the acceptance rate going from 45% to 72% in Germany and from 37%
to 65% in France (in just one year!).

There are many faors that are expected to influence the acceptance and the evolvement of the ongoing
transition period, like the recognition of benefits, customisation with the new types of vehicles, provision
of incentives, etc., along with the way to address severatems around the use of automation (e.g. lack

of trust to the system, loss of driving competence, less joy of travelling, cybersecurity issues, responsibility
in the case of accident, etc.). The level of automation is also a significant factor for thacesgtance.

Level 3 automation (i.e. conditional handing over the vehicle control to the driver) has the largest
requirements on the human machine interface and many experts and OEMs propose to skip it and
introduce only Level 4 vehicles. The technolabiequirements for Level 4 and the costs are however much
higher if the driver cannot be considered as fall back. Benefits of Level 3 are the early availability, raising
legal acceptance and it is a promising migration path for user acceptance of autbmelécles. By
involving the drivers smartly in the Level 3 automated driving tasks they develop a mutual understanding
of the automation, trust can be built stepwise and possible skill degradation develops in parallel to the
AYRA@GARdMZ f aQ ExpdiengeSafso piays i sighiticardaield, as shown by a driving simi@ator
study on automated vehicles, where increased levels of trust and comfort were reported by the participants
throughout their time in the simulator. Meover, based on the 2017 OECD report on the transition to
Driverless Freight Transpdi] 4 6 dzZR&@€ Ay 3 Ay (2 (GKS LINPFSaaraz2ylt RNRAROD
adoption of solutions, is key for safeguarding the busiressgsual of the industry, without endangering

the social and economic viability of the people who work in it.

This holds true for all transportation modes. According to the CEO of TUV S(IIDRail & I dzi 2 YI 4 SR
willbetheb® 1 62y S 2F FdzidzNB (NI YALRNIOIFGA2YyEéd { YI NI NI A
optimise operations and reduce costs. Driverless trains bring many advantages to operators, authorities
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and users, in terms of increased safety, reliability dedilility, with metro systems spearheading this
automation catalyst. According to a UITP reqaft], there were 55 fully automated metro lines in 37 cities
around the world; currently totalling approximately 789 km in lengtie projection is that by 2025 this

will rise to over 2,300 km. Similarly, the president of Marine in Rolls Royce, Mikael Mé&kinen stated:
G! dzi2zy2Y2dza AKALIWAY3I Aad GKS FdzidzaNBE 2F GKS YINRGA
ship will revéd dzi A2y AaS GKS fFyRaOl LIS [2F Actudly, conneckd andy |
automated transport is part of WaterborneTP Vision 2(Q28] specifying the research objectives and
requirements tavards this goal. At the same time, drones continue to improve, and Remotely Piloted
Aircrafts have gotten smaller and progressively less expensive. The introduction of drones in a future urban
context, shapes the entire urban infrastructure and associatdices. But if drones become fixtures of

our urban environment, key challenges that need to be addressed include (among others): pilot/operator,
passenger and user acceptance; regulation, liability and certification issues, including safety & hesth issu
relationships with crews, ground support staff and labour unions.

5. The Aim the Mission and the Objectives

To address the gaps and challenges aforementiotiegiproject aim is

Drive2theFuture develops training, HMI concepts, incentives policies ahdrotost efficient measures
to promote and then to comparatively assess several alternative connected, shared and automated
transport Use Cases for all transport modes and with all types of users (drivers, travellers, pilots, VRUS,
fleet operators and othe key stakeholders), in order to understand, simulate, regulate and optimize
their sustainable market introduction; including societal awareness creation, acceptance enhancement
and training on use.

Drive2theFutur@ ¥ A a A A 2y A a (2 LINB hidNicletoReNito® 6f thE ftdre td atdeg S
and useconnected, cooperative and automatettansport modes and the industry of these technologies
to understand and meet their needs and wants.

¢KS LINB2SOGQa FAY | yR YAfdléwing gbjectives t 6S NBLFE AT SR (1
Table2: Project objectives

Objective Description

Objectivel LRSYGdATe |yR OfdzaliSN) G§KS OF 64S32NJ

involved in or affected by autonomous vehicles, recognise their neeasl

wants and define relevant use cases, taking into account issues
transferability of solutions between different transport modes

Objective 2 a2RSt GKS o0SKIF@A2dzN) 2F GKS | dzizy
development of acceptance for diffent scenarios of introducing automation
Objective 3 Define the optimal HMI for the different clusters of users, transport modes a

levels of automation to set the ground for raising acceptance by defining d
privacy and applying a usesriented migraton path for the introduction of
automation in the European transportation systems

Objective 4 Identify the training needs of all user categories and define relevant traini
tools and material, along with training and certification schemes
Objective 5 Perform Demonstration Pilots using appropriate tools and different testbec

i.e. Virtual/Augmented Reality simulations, movingase driving simulators]
test-tracks and realife environments for all modes, to assess the impact of ]
proposed tools and cocepts to user and stakeholder acceptance
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Objective Description

Objective 6 Assess the impact of proposed solutions on safety, driver/traveller behavig
g2N] F2NOS SyLX 28lo0AtAdGe YR NIAAZ
2LISNI 02NBRkadl { SK2t RSNAEMROfVighR (G KS 3
Objective 7 Investigate legal and ethical issues through a comparative assessmer
vehicle vs. human decisions in different scenarios

Objective8 Investigate the application and future prospects of the correlation betwe
automation and Maa$S, for both passenger and freight transport

Objective9 Create business models suitable for market uptake of connected, shared
automated transport.
Objective D Issue guidelines, policy recommendations and a roadmap on a user accept
creation path for automated transport deployment in Europe

6. Drive2theFuture Core Concept & Implemextion Approach

6.1. Drive2theFuture Core Concept

¢KS GSNY aldzizYlI GSR OSKAOf S¢ FYyRX SalLISOAlLttexr AG:
most future 8 SNBE O G RNABSNE £ X LI &a S yoB $xgdrience2whiShNdoviegeNE 0 & )
limited due to the required cost of having a big test fleet, as well as for safety reasons. As Henry Ford
jdz2 0 SRY aLFT L g2dZ R KI @S | aculSHave arkkviered i8apthey rieeddaktér i (i K
K2NARSa¢d ¢2 3AFGKSNI GKS @ASéa yR FGdAGdzZRSa 27F ¥ dz
use different tools. The project aims to incorporate a wide range of tools (such as seleaseit voiceof-

customer surveys, Wizard of Oz trials on test beds or real life environments, a multimedia training tool (with
selected scenarios, driving/riding simulators and real videos from selected UCs), driving/riding simulators
with dynamic CGI rendering, Virtuéality (VR) or Augmented Reality (AR) simulation tools with interaction
possibilities, test beds sessions and real life environments demonstrations) into an integrated methodology,
pKSNBoe G(GKS NBft SOyl SELSNASYOSadaaly edenéed. & Will als& S & F
assess the reliability and limitations of each tool, in order to convey the experience of automated
driving/riding/transportation to the user. These tools are here defined by the type of vehicle but also the
type of environmat and solution, in which the users will experience the future system. They will include

all types of automated vehicles (car, truck, bus, PTW, rail, ship, drone) and will be demonstrated in 12 sites
across Europe. Throughout these trials, the user aceetavill be assessed subjectively (through user and
expert questionnaires), but also objectively (through logged user behavioural data) and will be compared
within and between groups (participants). The results will be included in micro and macro sim et
0023aSHTKSNI 6AGK RFEGF O2ff SOGSR FNRY LINBGA2dza LINE 2 S
beyond stateof-the-art across all areas and for all transport modes, by encapturing user opinion,
encompassing all user clusters, modgjlinser behaviour and its impact on automation, developing,
demonstrating and evaluating novel HMI concepts, training tools and programmes, as well as other
incentive policies and formulating the results in terms of a novel European Statement of Pri{ERpE?)

on AVs performance, as well as by developing a roadmap on the user acceptance creation path for
automated transport deployment in Europe.

Drive2theFuture envisages a concise approach towards enhancing user acceptance for the upcoming
invasion of atomated vehicles. The holistic nature of the Drive2theFuture approach is threefold: it
O2y&ARSNB Fff OfdzZAGSNA 2F dzaSNE OGRNADSNEEIZ LI 84&°
specificities; it addresses all modes of transport, alaitg transferability issues between and across them
(including Maas strategies); it involves multiple tools to achieve its goals (behavioural models, simulators,
optimized HMI per automation level, training schemes, active involvement of users, demansitatihical

and regulatory aspects, policy and incentives). Consequently, the project puts the user in the centre of
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automation deployment, while employing technological and regulatory means to facilitate this
deployment; thus aiming to maximize acceptancatisfaction, willingness to use along with safety,
security, compliance and sustainability. In this process (which includes and is differentiated for all transport
modes and levels of automation), the study of user opinions and behaviours towardagxsidutions will

guide the iterative development of novel HMI concepts, while their acceptance will be (objectively and
subjectively) measured in a series of Pilots across Europe. Moreover, the influence of existing regulatory
framework and ethical condérations will be measured, and relevant policy recommendations will be
AdaadsSR® !'flAYFHiSter GKS 20SNrftt O2yaARSNIGAZ2Y 27
utilized tools, will guide to the definition of a roadmap for achieving maxn acceptance and trust to
automation

6.2. Drive2theFuture Implementation approach

To achieve its objectives, Drive2theFuture structured a workpléhinferdependent Work Packagesis
shown in the following Gannt Chart. Thieie highlighted spaces show tlextensions given to the originally
anticipated durations due to several needs arisen during work progressnaaidly, due to COVIEL9,
which also led to the overall extension of the project from 362anbnths, ending finally at 3bf October
2022.

T Extension

Needs wants and behaviours of “Drivers" and automated vehicle users today and into the future W]z W3 [ 3 [S] Wi | W7 | MB] Vo] WiZ0 | WAz Witz | Wis] vt | wis] wize | Mir] wiie] wis] wzo| Wit 2] wi2s] wza | w2s] mzs] 27| Wzs| W20 a0 Mai sz wisa] a4 wiss | wae| a7 | was] wise | Mao] ar | maz
[i] ler and stakeholder clustering

and stakeholders clusters

tlermi[ngl pg nld [au{orjatfd [fulnc{ions|overhidw]| hiT

EEEEEEERE

Cenarios realization - NTUA

Social media - INFILT
nability of simulation platform 100lS - NTUA

3
=

—FNGNAC

affic participants AT

S EEEEEEEEERERERE

SEEEREE
5

SEEEEEE
| 3
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Tcation and MCA plrilodiqi

adiness score (0 user acceptance - STELAR
imap (o the future - ACASAIRACC

- CERTHIHIT.
~CERTH/HIT

ject clustering actions, including pairing with non-European projects - CERTHIHIT
[WP10: Ethics CERTHIHIT,

FHgure 1. Drive2theFuture Gantt Chart
The key interrelations among its WPs and Activities are shown below:
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Drive2theFuture Workplan

r—
——

'WPS: Pilot Tests
AS5.1: Pilot plans

AS5.2: Demonstrators development

| WP1: “Driver”, traveller and stakeholder clustering, a priori WP2: Behavioural modelling of autonomous ﬁ f—; é
needs and wants and UC's. vehicle “drivers” g = ‘:
A1.1:“Driver”, traveller & Al.2:Voice of Al3: A2.1:Data gathering from |A2.2:Big Data analytics| g 2
keholders clusters, surveys| Acceptance _ relevant projects & data fusion 2 %
terminology and automated & expert Risk A2 3:Simulation platform suite creation & E3 :
functions overview walkthroughs | Assessment scenarios realization a =

Al.4:0Open |ALS:Ti ili Al.6:Te of A2 .4:Behavioural | A2.5:Sentiment analysis on % B
research issues| from/to other knowledge & skills models social media %3

and hypotheses| modes required to operate an AV A2 d izati i g Fz%
A1.7:UCs and priority scenarios of simulation platform tools 8 :
88

o3 5o

a8
WP3: HMI issues WP4: “Driver”, user and training a8
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[A9.1: Overall and Administrative Management, A9.2: Technical and Innovation Management, A9.3: Quality and
thics Board, A9.4: International Advisory Goroup, A9.5: Concertation and project clustering actions, including

AS5.3:Simulation model runs ] AS5.4:Simul, pilots | A5.5: Test track pilots | AS5.6: Dem ion & training pilots

= AS.7: Demos at events A5.8: Pilot results consolidation

)

3|

&)

g 3
t c
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E &l WPE: Impact KPI's pr : WP7: Ethical and legal issues
i u‘:: AB.1: Impact f L3 A7.1: Ethical, sociocultural AT7.2: Safety &
H s AB.2: KPI's extraction & quantification & MCA & gender issues security issues

oo keholders’
= < prioritization per group A7.3: Correlation of state legal framework and
E. s 1A6.3:Correlation offA6.4:Comparison| A6.5: Impact readiness score to user acceptance
3 i automation to toa priori assessment
2 £ Maa$ expectations |based on pilots|
2 '5: AB.5: Towards an ESoP ion to automation
[WP10 Ethics

Figure2: Drive2theFuture Pert Chart

7. Drive2theFuture Governance

Corresponding WP WP9: Project Mangement

Corresponding Deliverables D9.1Drive2theFuture Project Presentation
D9.2:Drive2theFuture Quality Assurance Plan

7.1.Governance

Drive2theFutureproject encompasses 31 partners and 10 interdependent workpackages. Hence, it is
important to establish agovernance and management structurBiqure 3) that is able to meet the
challenges of the successful project implementation. As such, it is designed to achieve the following goals:

1. Lean structures and procedures fagile and coseffective project management.

Equitable distribution of activities & responsibilities among all 31 partners.

Efficient vertical and horizontal information flow, especially between Workpackages.

Proactive conflict resolution mechanisms.

Thorough assessment of potential risks involved.

Optimal assignment of experienced personnel to the scientific, technical and managerial tasks.

oakwh

In addition to the procedures described here, all partners have agreed to sign a Consortium Agreement
prior to prgect startup. The project structure is defined to allow reliable overall coordination, efficient
communication, clear decision procedures, workflow giving rise to Deliverables meeting time and quality
requirements, all done in accordance to the Europeamg@ission Grant Agreement and the project
Consortium Agreement. The project management structure and procedures described below should be
read in conjunction with the description of WP9.
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Figure3: Drive2theFuture project govermece and management structure.

7.2.Consortium bodies and roles

7.2.1. Project Management Team (PMT)

The Project Management Team consists of the Coordinator, the Technical and Innovation Manager and the
Quality Manager. It acts as the main conserlsuiding body on oerall project coordination and as such
provides a link between the WP leaders and the Partner Board. Through regular meetings, swebeddybi
management team telcos, it can identify problems and delays early and proactively prevent conflict
situations ad anticipate deviations from the project plan. The tasks of the PMT are as follows: convenes
virtually with biweekly telcos, and physically when needed; closely monitors progress in the project WPs;
nominates and instructs task forces as needed; preptresneetings of the Partner Board; discusses and
decides on issues that affect multiple WPs or the project as a whole; acts as intermediary in cases of conflicts
that cannot be resolved on WP level.

7.2.1.1. Administrative & Overall Coordinator

The Coordinator ithe executive officer of th®rive2theFutureroject and is responsible for the overall
project coordination, including monitoring, reporting, conflict resolution, financial accounting and delivery
of the project results to the EC. The Coordinator is raspme for the execution of H2020 rules. In order to

fulfil these tasks, the Coordinator chairs all governing, and management bodies and convenes them as
needed. The Coordinator acts as liaison with the EC and other outside stakeholders and, in coardinatio
with the PMT, identifies adjacent research projects for interaction and exchange of results, resources and
activities.

The Drive2theFutureCoordinator is Ms Evangelia Gaitanidou (CERTH/HBRg is a Civil Engineer, MSc
Transportation Systems and worlis Senior Researcher in CERTH/HIT. Her relevant fields of expertise are
namely: Road safety, Automated Driving, Resilience, Clean Vehicles, Sustainable Tran8f®rt, C
CNF YALRNIFGAZ2Y 2F nags53 az2o0AfAde T2 Ndhdichllewlinnfore KI &
than 15 research projects and authored over 30 publications in refereed journals, books, and
conferences.In CERTH/HIT she is the Head of the Road Safety and Securi@BRIDH/HIT has for more

than a decade demonstrated, excellenas well as research and technological innovation in transport
research, with a dedicate Sector on Driver & Vehicle research (Sector A). CERTH/HIT has been involved in
the coordination team of more than 50 European research projects, specifically inrdaecd ITS
applications in transport, leading relevant European research projects.

The Coordinator undertakes the following responsibilities: manages and supervises overall and
administrative project coordination; is responsible for overall project quabiyd professional
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management; decides on operational issues affecting more than one WP; is responsible for all financial
OGNl yalrOliAaz2zyazr O2yOSNYAy3 GKS [/ 2YYdzyA G e Qdalocatiang I y OA |
(among partners) of distsutions (within a single partner) of budget; supervises the scientific quality of all
deliverables, legal issues, IPR issues and Consortium matters; fulfils the obligations under the Grand
Agreement with the EC; represents the project towards the EC ardnek stakeholders; and ensures that
conflicts are resolved with mutual agreement.

7.2.1.2. Technical & Innovation Manager

The Technical and Innovation Manager supports the Coordinator in the monitoring of the quality and pace
of the work, to guarantee the timelgichievement of the technical activities of the project, as well as the
compatibility and complementarily of the followed approach, to preside over technical meetings and
propose mitigation strategies to technical problems.

The Drive2theFutureTechnical &lnnovation Manager is Dr Evangelos Bekia@SERTH/HIT)He is the

Director of CERTH/HIT, PhD Mechanical Engineer of the National Technical University of Athens, former
wSaSI NOK 5ANBOG2NI 0DNI RS | wS&SIFNOKSND . He'lias T2 NY
participated in over 100 research projects up to date, in 36 of which has led all the research consortium.
His field of expertise covers issues of road safety, clean vehicles, smart grid applications, specialised
telematics applications for vehad, public transport and maritime transport. He has also profound
experience in accessible transportation and personalised services for disabled people and elderly.

Thelnnovation Managelis responsible to continuously explore ways to exploit new innomatats fullest
possibility, such as innovative HMI concepts and interaction strategies, new training methods, measures
for increasing user awareness and acceptance (such as immersive demonstrations), incentives for
motivating the wider deployment of autoated applications. Moreover, within the responsibilities of the
Innovation Manager will be the conduction of technology updates (both internally to the Consortium and
externally) regarding AVs for all modes. These will be performed annually and willaidequately update

the work in piloting and all other relevant project Activities (HMI, training, modelling, etc.). They will be
reported in D9.8 (M17) and D9.9 (M35).

The¢ SOKY A Ol f keyaréspohsibifitisiage as follows:

1 Constant monitoring & ealuation of the technical results over the technological objectives of the
project.

1 Definition of the gualitative and guantitative aims of each WP, monitoring and control of the
proposed methodology and work pace.

1 Assuring compatibility between differensystems, modules and demonstrators and their
compliance with the overalDrive2theFuturarchitecture.

1 Coordinating the technical work and compilation of the technical project progress reports & demos

for EC;

Supervision of the project demonstrations ixhébitions and key events;

Training and guidance of the project participants on how to produce the planned innovation.

Critical coordination and monitoring of the documentation produced in all stages of development,

identifying all components with poteral for patenting and/or other IPR protection.

9 Identification of various potential uses and exploitation purposes for developed new components
as well as innovation as a whotetrying to find profitable applications for use of the newly
developed technolgy.

T /2yadlyd F20dzaAy3d 2y ARSYGAFeAy3d | NBlFA HKSNB
development efforts to find solutions for them.

1 Ensuring oftime protection of ownership of key exploitable components of the innovation, as well
as innovatioras a whole.

1 Organisation of technical meetings, whenever needed, to resolve technical issues and encourage
synergies between the various WPs and work fields.
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7.2.2. The Steering Committee

The Steering Committee consists of the Coordinator (chair), the Teattamd Innovation Manager, and all

WP leaders. In addition, the Steering Committee may include additional members, to ensure that all major
project perspectives will be covered. The Steering Committee composition will be ratified by the PB. It will
make eecutive decisions on strategic issues and will have a major impact on the overall outcomes and
success of the partnership. Major decisions concerning overall technological direction of the project will be
taken here. The Steering Committee will make reomndations for amendments of the EC Grant
Agreement for GA ratification. Overall, the Steering Committee is subject to the decisions made by the PB.

7.2.3. The Partner Board (PB)

The Partner Board (PB The Partner Board (PB) is the superior governing bodyriwé2theFuture It
represents every partner in the Consortium and is empowered to review compliance of members with the
Consortium Agreement and with the stated goals of the project. It is comprised of one delegate per partner
organisation and convenes pligally at least once a year and virtually as needed. The Partner Board takes
final decisions on policy and contractual issues and conflicts as requested by the Coordinator. Each delegate
has one vote; decisions are made by consensus whenever possiblén@abes where consensus is not
possible, decisions are made by majority voting. The majority rule is detailed in the Consortium Agreement.
The Partner Board: 1) reviews general project progress with regard to its goals, 2) decides on actions in case
of major deviations from the plan, 3) discusses and decides on changes in the structure of the Consortium,
4) decides on rallocation of the budget, 5) approves planned contract amendments to the Grant
Agreement, 6) approves changes to Consortium Agreemgmtedides on collaborations, if large strategic
impacts are expected by the coordinator, 8) resolves conflicts that cannot be resolved at lower
management levels.

7.2.4. Quality Control Board (QCB) & Ethics Board (EB)

The Quality Control Board (QCBis responsil@ for compiling, ceprdinating and supervising the
implementation of theDrive2theFuturavorkplan. The QCB consists of the following members: The Quality
Manager, the Coordinator (CERTH), the Technical & Innovation Manager (CERTH), one internal expert
assgned by each Partner and one expert external to the project (hominated by CERTH).

The Drive2theFutureQuality Manager is Dr. Maria Panowho has significant experience in European
LINE2SO00Qa O22NRAYIFGA2Y |yR ljdzaatAde aasSaaySyiao

The internal expert assigdeby each partner should be at least a Senior Researcher or Project Manager,
not directly involved in the project, with extensive expertise in the topic of the specific deliverable,
excluding of course its authors. In addition, the external evaluatobe/idippointed by the Quality Manager

and may change according to the nature and contents of each deliverable. Members of the different forums
of the project will be considered as potential reviewers especially for the public deliverables. The external
reviewers will be bound by a Nebisclosure Agreement. The QCB will ensure the conformity of all project
Deliverables with their respective requirements (against Bréve2theFutureDescription of Work, the
program objectives and against th2rive2theFutureQudity Plan).The Quality Manager will assist the
Project Coordinator and the Technical and Innovation manager in the overall monitoring and control of the
project. Together with the rest members of the QCB, they will identify important deviations fromdte w
plan in terms of quality, timing and resources consumed.

TheDrive2theFutureEthics BoardEB)is led by the Quality Manager and is in charge of preparing the Ethics
Manual (M6). The purpose of the Ethics Board is to ensure that the planned evaluatidriests are
following respective national regulations. Pilots will take place in 8 countries, all with different regulations
for ethical approval. All evaluations taking part in a country have a responsible person nominated for
F2tf26Ay3 ihkSBodrdNBcBn@rid&tian, keeping the names of participants hidden and
ensuring that identities of test subjects are kept properly confidential and anonymised before use.
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Moreover, a person will be assigned early in the project lifetime, as an ovetalM2@mager of the project.
The tasks and synthesis of the Quality Control Board (QCB) are described in A9.3.

7.2.5. Pilot board (PiB)

Due to the high importance and the great number of pilot siteBiiive2theFuturend given the impact of

the efficient implemenation of pilot testing to the overall project work, a Pilot Board has been established.

The Pilot Board is headed by WP5 leader (VTI) and consists of the pilot sites leaders (one partner per site),
the pilot leaders per type (leaders of A5.3 to A5.6) #mal responsible partners for demonstrators (A5.2

f SFRSND FyR RSY2a o6!padr fSIRSND RS@GSt2LIVSyid |a ¢
Responsibility of the Pilot Board is the efficient management of the pilot sites and the optimial pil
execution and coordination between sites and between sites and the rest of WPs. It is expected to achieve
this through close monitoring of the piloting activities, continuous communication (through regular telcos
and physical meetings when necessarywmen the pilot sites, the Pilot Board and the Steering
Committee, as well as close cooperation with the Ethics Board.

7.2.6.

TheDrive2theFuturédvisory Board consists of 4 high level experts in the area of Human Factors, Training
and Automation The relevant action is coordinated in A9.4 of the workplan. The synthesis of the Advisory
Group has been adapted, introducing a new member (as replacement of Mrs Spyra that had to opt out for
professional reasons) and is presented below.

Advisory Board

Table3: Drive2theFuture Advisory Board.

Advisory Short Profilec Key Expertise Advisory role
Board assigned
Member
Laurie Ms. McGinnis is the director at the University of Minnesota Centre| Training and
\/[e€llglals Transportation Studies. She is active in t@euncil of University| experience
Transportation Centres (CUTC) where she serves as Treasurer ¢ exchange
Executive Committee. She is active with the Transportation Resel coordination to
Board, where she is a member of the Committee on Internatiol relevant US and
Cooperation and has previously sedvas chair of the Research ar International
Education Section and chair of the Conduct of Research Committee projects, AB
has also served as a member of several national TRB project ove| Chair
committees. McGinnis holds a B.S. degree in Civil and Environm
Engineering fromthe University of Wisconsin, along with mastel
degrees in Public Affairs and Business Administration from
University of Minnesota.
74:og 1A Dr. Zachary Doerzaph is the Director of the Center for Advan Overview of
pllsipzzlegl Automotive Research (CAAR) at the Virginia Tech Transport{ Technological

Institute (VTTI) and a faculty member within the department
Biomedical Engineering and Mechanics at Virginia Tech. Dr. Doel
coordinates a research portfolio focused on measuring and impro
the performance of next generation vehicle systems. He focuses
efforts on the design, development, and evaluation of connec
vehicles, collision avoidance systems, automated drisyisgems, driver
interfaces, and driver behaviour monitoring and evaluation. Prese
his team of faculty, staff, and students are working on a variety
technologies that will improve transportation for all users in the ne
term and far into the future

progress on AVS
and  scientific
consultation of
project
Terminology
and HMI
benchmarking
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Advisory Short Profile¢ Key Expertise Advisory role
Board assigned
Member
Judith Professor Jude Charlton is Director of the Monash University Acci| Consultation on
@ =l Research Centre (MUARC) in Melbourne Australia. Juleeigistered | pilots and

Psychologist and holds a PhD in human movement science fron| Impact
University of Waterloo in Canada. At MUARC, Jude leads the Behav| assessment.
Science for Transport Safety Research Team and her research fo Connection to
on the safe mobility of vulnerable roatta S NE ® WdzR S Q& | initiatives in
as a leading research group in Australia on older and impaired driy Australia  and
child passengers, cyclists and pedestrians. The Behavioural Sciencg Canada

has played an important role in influencing planning, policy g
infrastructure development for vulnerable road users in Australia g
internationally. Jude has pioneered innovative Naturalistic Driving St
(NDS) methods through new applications of vehicle telematics
video-monitoring of drivers with child passengers and oldamd
impaired drivers. She has led many lasgale international projectg
including the Ozcandrive older driver cohort study conducted
collaboration with the Canadialed project, Candrive the very first
longitudinal study to track the relationshipetween realworld driving
performance and health

Martin Martin Russ has been Managing Director of AustriaTech since 201| Consultation on

Russ is the visionary heart of thecompany. Under his leadershif legal and
AustriaTech's areas of responsibility were expanded to include activ| operational
relating to "Automated and Clean Mobility". With the new structure | issues as well as
the ITS Austria the management will also act as Secretary Gener{ evolution of
the ITS Astria platform. He can look back on more than 25 years technologies for
expertise in the field of traffic planning and mobility technologies. | AVs in the road
acts as chair of the European Network of ITS Associations, arfthas | sector.
the topic of digital infrastructure within the tritaral WG on CAD. Sinc
July 2019 he is part of the Mission Board for Climégeitral and Smart
Cities within the Horizon Europe research program.

The Advisory Board ensures tHative2theFuturés aligned and up to date with the other related activities
and projects internationally. The Advisory Board lagiginallyscheduled to convene three (3) times during

the project duration, at key project teistones; 1) to select and define the use cases at the first year (Month
10 ¢ during the first project Workshop), 2) to review and provide expert feedback on the projediemid
results and development of the systems (between Month 24 and Month 29, thftefPhase 1l of the project
pilots and before the completion of the Phase IIl) and 3) validate the final project results against the original
targets at the final demonstration event of the project.

These milestones were achieved, as detailed in Set&dhof the present document

7.2.7. WP & Activity leaders

The table below presents the Work Package leaders, as agreed among the Consortium, on entity level,
during the preparation of the project proposal, and, on physical person level, at the early begihttieg o
project.
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Table4: Drive2theFuture WP leaders
\ Lead beneficiary Responsible person

CERTH/HIT Evangelia  GaitanidéMatina
Loukea

NTUA Eleni Vlahogianni

FhG/IAO LesleyAnn Mathis

UITP Michelle Tozzi

VTI Anna Anund

CTL Davide Shingo Usami

HUMANIST Lucile Mendoza

ACASA/RACC Isabel Clas Joan Domingo/
Ricard Casalins

CERTH/HIT Evangelia Gaitanidou

CERTH/HIT Maria Panou

Activity leaders, on the other hand, are responsible fa doordination of the work at Activity level. They
are the first responsible for the coordination, preparation, quality control and submission of Deliverables.
They are also in charge of the actual execution and coordination of the work inside the Aetivtpf
reporting the progress of work to the WP Leaders.

7.2.8. Dissemination Team

Dissemination Team consists of the Coordinator, Technical Manager, and the leader of the Dissemination
WP (WP8).

The project Dissemination and Communication Manag&QaSA/RATMrs Isabel Closeplacedby Mr
Joan Domingo & latdyy Mr Ricard Casalins) with the umbrella support of FIA.

The role of the Dissemination Team is to review the updates of the dissemination plan, to identify new
dissemination opportunities, and to evelte the quality of the dissemination activities.

7.3.Meetings

9 physical plenary and technical Consortium meetings have been organised within the framework of the
project.All meetings have been organised by Br@ject Management Team and hosted by seveaalners

or performed online The detailed minutes are internal to the Consortium and theBeGides these, a big
number of web conferences kia taken place on administrative and technical groundilso,meetingswith

the Advisory Boartiave also taken pte, once per project year (3 in totafinally, the organisation of own
dissemination events as well as the participatiorotber dissemination events and clustereetingsare
reported in sectionl5 of the present Deliverable. Especially for clustedntivities,there is a separate
dedicated Deliverable (D9.6).
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8.' A8NJ I YR &0 1&drerrented ABetangeSik R 3
assessmenand Use Cases

Corresponding WP - WP1:

Corresponding Deliverables D115 NABSNES (NI @St f SN4
LINA2NA ySSRa FyR glyida
D1.2 D1.3 Acceptance Risk Assessment (g
revision)

Objectives: LRSYyGATe |yR Of dza i SNJ
travellers and stakeholders involved in or affected
autonomous vehicles, recognize their needs ¢
wants and define relevant use cases, taking i
account issues of transferability of solutions betwe
different transport modes.

Main achievements:

1 Clustering of users and stakeholders in automated transport

1 Development of a common terminology for autated driving

1 Updated of VRUs definition towards Automated Vehicles (AV), differentiated by the connectivity
state of the user.

1 5S@St2LISYiz RAAZASYAYlLIGAZ2Y YR Fylfedara 2F (K
explores the acceptance of transp users about Autonomous Vehicles for all different transport
modes.

1 Realization of the five2theFuture user acceptance risk assessment and identificatiortoisks in
total for all categoriesl8behavioural, 8 legal, 18 as operational and 10 as tealitogether with
their respective mitigation strategies.

f Identification of specific research priorities and hypothesds, ¥ F SO Ay 3 dzaASNEQ |
automated vehicles and themapping to each Pilot Site, indicating the focus of each pilot/ pilot
site, as well as its expected outcomes.

1 Analysis of common issues, approaches and lessons learnt of solutions across modes, through the
application of a crostertilisation methodology and development of a database of solutions, acting
as a tool for fosteringhe transferability of solutions across transport modes.

9 Identification and taxonomy of the skills and knowledge required for an efficient and proper
operation of any autonomous vehicle.

T LRSYGAFAOLIGAZ2Y YR Iyl feaaia tezhe batkBoBe of ihaBp@j€cO i Q &
and the reference for its future implementation and demonstration activities. Mapping of these
UCs and full description of how they will be addressed at each pilot site.

81LA5SNAGDSNEZT UGN} @Sttt SNI I yRologydand SK 2
automated functions overview

8.1.1. User clusters

AVs will affect all transport users of all modes, including operators and travellers, as well as the
QNI yALRNIFGAZ2Y aSOG2NRAa LINRPFSaarzyltfad CzeNhdSEL YL
GKS L2aaAofS AYLSNB2YFG2NRE 2F I GRNAGDSNE Aa SELISC
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categories/definitions of VRUS, integrating those that are excluded framSCand/or may have low
understanding or low conspicuity towds future AVs.

During this Activity, the various user clusters of AVs have been defined, to guarantee that they are taken
under consideration by relevant HMI (WP3), training and incentives (WP4), evaluation (WP5) or other
project activities. This has beeathieved by a thorough literature research for the identification of all
relevant stakeholders influenced by autonomous driving in all possible fields of operation (for all modes),
as well as by the clustering of the different stakeholders affected byremmous driving by infrastructure

and individual approach of automated vehicles.

As for the current state of persons involved in automated transport, different stakeholder groups are part

of this change Https//www.waterborne.eu/vision/automatedand-autonomousvessels/ reached on
10/9/20180 @ LG A& AK2¢yI GKIFG Lzt AO NI yaLR2NI RNARSSNH
that all drivers of this part of the diagram are remote, it means, that in teid bf transportation a greater

level of automation is already implemented and most of the public transport system could replace their
drivers with remote drivers
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THE FUTURE
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Figure4: Stakeholders in automated transport

October 2022

27



D9.5: Project Final Reporhcluding the meetings outcomes of th1DHERI EzE
Drive2theFuture Advisory Board

—— e
——

8.1.2.  Updating the deinition of VRUs

The introduction of AVs will change the framework and the role of traffic participants significAntly.
important issue that has been also considered is the interaction with other vehicles, especially non
automated ones, as well as othesers of the transportation system (e.g., VRUs). To this extent, a VRU
redefinition towards Automated Vehicles (AV) per transport mode and AV level has been achieved, by
updating the definition of VRUs, implementing a new group related to automation afedetifiation by

the connectivity state of the user.

Vulnerable Road Users (VR@je defined in the ITS Directive as "amotorized road users, such as
pedestrians and cyclists as well as metgclists and persons with disabilities or reduced mobility and
orientation”, due to their reduced passive safety protection or physical vulnerability.

Taking into account the current definitions and underlying concepts as well as the change in the role of
traffic participants by the introduction of AVs, the followingdated definition of VRUs was developed in
Drive2theFuture:

Automation related Vulnerable Road Userre defined as those that have a higher risk of accig
involvement or vulnerability in case of it, due to their lack of connectivity (i.e-commectedusers having
low conspicuity vis a vis the automated road traffic environment), or lack of design compatibility (i.
of-position passengers of automated vehicles).

8.1.3. Development of a common terminology for automated driving

As the introduction of AVis also expected to change the framework and the role of traffic participants, a
common terminology has been also agreed, through (a) the combination of literature review with project
findings and (b) the collection and categorisation of all relevant tefirhe term collection comprises more
than 120 termgANNEX AD1.1).

Table5: Excerpt ofCommon terminology for automated driving, as defined in Drive2theFuture (Annex 1, D1.1)

| Abbreviation | Definition " Source
Active Safety ASS Active safety systems are vehicle systems that sense and | SAEJ3063
Sysem monitor conditions inside and outside the vehicle for the

purpose of identifying perceived present and potential
dangers to the vehicle, occupants, and/or other road users
and automaticallyntervene to help avoid or mitigate
potential collisions via various methods, including alerts to |
driver, vehicle system adjustments, and/or active control of
the vehicle subsystems (brakes, throttle, suspension, etc.)
Automated ADS The hardware and software that are collectively capable of| SAEI3016
Driving Sysm performing the entire DDT on a sustained basis, regardless
whether it is limited to a specific operational design domain
(ODD); this term is used specifically to describe a level 3, 4
5 driving automation system.

ADSdedicated ADSDV A vehicle designed to be operated exclusively by a level 4 { SAEJ3016
vehicle level 5 ADS for all trips within its given ODD limitations (if

any).
vehicle under | VUT scenario participamvhose behavior is of primary DINSAE
test interest 91381
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Term AbbreV|at|on Definition Source

augmented an interactive experience of a reabrld environment | WiPed
reality S|mulat|on where the objects that reside in the real world are 201910,
simulation enhanced by computegenerated perceptual modified
information from simulation)
virtual reality VR an interactive experience of an environment where th| WiPed
simulation simulation | objects are generated by simulation 201910,
modified

This compendium of user clustering and terminology covetb pomofessional (automated bus, taxi, truck,
RNRYSS AKALE NIAf RNAGSNXKLAT20T NIAf aAraylffSNE
passengers, other vehicle driver/passengers, VRUS, etc.) users and will be used as referencejbgtall pr
Activities for common understanding.

82+2A0S 2F Odza2YSNBRQ adz2NwSea I yR

Regarding the integration of automation into the European transport system, a crucial issue is the
acceptance of all transport users and this is one of the fains areas of Drive2theFuture project. This
has been considered in a myftarametric way; by means of a voice of customer survey that has been
developed and circulated, the sentiment analysis performed and the involvement of users in the pilot
testing M NB aLISOATFAOIffesr (GKS LlzN1}aS 2F (GKS +2A0S
explore the opinions of all transport users about acceptance of Autonomous Vehicles for different transport
modes, respecting a good balance of gender, geograpbaverage, transport modes and user clusters.

Ny

The survey has been designed and developed with the contribution of all Drive2theFuture partners,
especially ensuring the necessary representation of all transport modes, in order to include the proper
desciption of automation levels of each mode, while covering the different needs of each mode by the
guestions.

The survey has been structured in a modular way, with four main areas corresponding to each transport
domain (aviation, maritime, rail, road). Eaatea includes a simple description of what automation means
for each mode, with illustrative examples and a short list of muligbleice questions, concerning several
aspects of automated vehicles and their prerequisites for the acceptance, includingéheral concerns,

their opinion on related employment issues, impact of mobility of persons with disabilities, etc. An
introductory part also exists, facilitating the collection of the demographic information of the respondents,
as well as of data conoging their travelling patterns and preferences.

All the information collected is being treated by the researchers in an anonymous and confidential manner,

in accordance to the ethical requirements defined within the project, while all demographic iniorma

has been used only to contextualize the statistical analysis of the aggregated results, and they will not be
LJdzo f AAKSR 2NJ dzZaSR Ay Fyeé F2N¥3I 20KSNJ GKFy GKS adil

The survey aims to depict and represent, to egéaextend, 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 ity flights, cargo shipgescues boats,
passenger ships, passenger and freight trains, etc.) and also provide a comprehensive estimation of their
willingness to use them under different circumstandestthis to be achieved, and attract responses of as
many user groups possiblie survey developed has been translated in 18 different European languages,
so as to facilitate the respondents and give them the opportunity to provide their responses to their mother
language or their language of preference.

The survey has been integrsSE R Ay G KS LINPs2/SOWHQa2thau8ice 20 @il otber
dissemination channels, including its social media (Twitter, LinkedIn) and newsletter. Moreover, all partners
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have joined forces, usingf a2 GKSANJ RAAASYAYlIGA2Y OKFyySfas &
websites and social media, press releases, while also information has been circulated to all members of the
Drive2theFutureA y @2t SR | 4a20AF A2y a hHayR (12 20KSNJ 9! LINE:

38.38%
1.17%

3.72%

26.70%
11.67% 2.55%

North Europe = Sourth Europe = East Europe = Central Europe = Other = Not Answered

Figures5Y wSLINBaSy Gl A2y 2F 9dzZNBLISIyYy NBIA2ya Ay GKS 5N,
A total number of11.554questionnaires have been completeétom over 30 countriesrom Europe and
beyond,leaving us however lignd the aimed numbers, due also to the CO¥®crisis outbreak that has
caused the cancellation or postponing of many conferences and dissemination events that we were
planning to attend, reaching greater audiences. Moreover, this crisis has preventssiruseaching our
plan to collect answers from transport users directly in external environments (including passengers,
drivers, pedestrians, VRUS, etc.) in several cities, including the pilot sites, further limiting the number of
participants, as the oglalternative that we were finally allowed to use, under these circumstances, was
the electronic completion of the questionnaire.

8.2.1.  Analysis of user acceptance

The results of the survey were analysed in detail per mode (see [Bedd, some comparative rearks
across transport modes are discussed.

From the analysis of the replies on the different transport modes questionnaires and the expressed
acceptance of their respective automated vehicles by the respondents, we can assume that there are no
remarkabledifferences between modes.

Reviewing the overall opinion of the respondents about the automated vehicles of the different modes, we
may note slight differences among them, with the respondents being mostly neutral in the case of air and
maritime transport,while expressing a more positive opinion for the rail and road transport.
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Figure6: General opinion of respondents regarding automated and s#if/ing vehicles of all modes

However, it needs to be noted here that the preferenaf the majority of the respondents regarding the
automation levels of all modes, focused on the lower and/or middle levels, where cooperation between

the vehicle and the driver still existdMore specifically, in the air transport, level 2 is the onet thas

gathered the biggest share among the respondents, which is actually the current level of automation used

in passenger airplanes and where the reaction of the pilot is guided and assisted by the computer on board

of the plane. Level 3 follows to thegferences of the public, in which the system executes automatically

the action of collision avoidance but the pilots still have the control of the airplane as they can interrupt
GKS I OtAz2ya ¢KSy (KSe 4l yid wS3lI NBdayRxpiedses therNR y S :
preference in having the objects controlled from the ground, indicating level 2 as the most accepted option,

in which the operator can follow the drone on a monitor and, if needed can intervene to correct
movements, followed by levd, where the drone is operated by the pilot (from ground) and the operator

is always in visual contact with it. As for the maritime and rail transport, level 2 is the most preferred, where

for the vessels the aboard systems help the captain and thewr® make the right decisions, and for the

GNI Aya GKS 2L SNIG2NI Aa adatt G GKS RNAGSNRA aSlh
FYR 6 GOKAY3 2@0SNJ GKS LI a2aSyasSNBRQ a4l FS RA&SYOI N |
are almost full in controlindicating the users willingess to use automation as a support to the vehicles
operator but not as their replacement. Howeyaithough in rail transport level 3 comes in tHérank, in

the maritime transport L4 is morereferred than L3, consisting an issue that is worth to be further
investigated. Finally, for the road transport, the level whdre driver decides on any necessary action

(L1) emerged as the most desirable among the users followed however by levedig thdre is constant

shared responsibility between the driver and the ,dadicating the need of the users for having level 3 as

a transition phase towards their acceptance.

These results are indicative of the ignorance of most users and of their freguismformation, often

f SFRAY3 (2 GKSANI YAA02yOSLIiAzy 2F tdziz2zYF{iA2y o [K
the Drive2theFuture that can support, but also intensify, the necessary efforts for public awareness and
acceptance.

Theresui & NB3IF NRAYy3I dzaSNERQ O2yOSNya FyR FTSFENBR GKFG |
all modes, focusing mainly on cybersecurity and safety, while rating much lower the risks to employment.
This fact is also intezonnected to the fact thain all modes, the majority of the respondents stated that

they would accept automated vehicles, as soon as they have close to zero accidents (average rate of 29.6%)
or at least much less accidents (i.e. reduction of 50% or more), in comparison to thentional ones

October 2022 31




D9.5: Project Final Repoihcluding the meetings outcomes of th1DHERlyng
Drive2theFuture Advisory Board —=

(average rate of 29.4%). Another concern that has also been emphasised throughout the modes is the one
of environmental sustainability.

In relation to the interaction of the automated vehicles with other users (either road users and/ar non
automated vehicles), again the vast majority of the respondents states that they would prefer automated
vehicles to be somehow marked (e.g. either by the use of Variable Message Signs (VMS) or through
Fyy2dzyOSYSyd i G§KS @S Kder@db& @early tistidglisAddf k RS LI NI dzNB

Finally, regarding the impact on employment and employability, the majority of the respondents (in all
modes) believe that automation will cause job losses to the transport sector. However, at the same time
there is a quié big rate of respondents also expressing the opinion that automation will also bring new jobs,
concluding to a rather balanced situation. More specifically, in road transport the second biggest percent
of respondents (25.7%) believe that automation wilhlg new jobs, while a percentage of 23% states that

no significant changes will be caused in the employment status of the sector, while the opposite pattern
appear in the other three modes, where the second biggest percentage believes that there wailiviagan
changes, while a slightly lower rate of users states that automation will bring new jobs in the sector.

8.3. Acceptance Risk Assessment

hyS 2F GKS Ylye [aLlS0oda 2F (GKS 5NRAGSHGKSCdzidzNE LJ
acceptane of autonomous vehiclegxpected key risks to user acceptance of AVs have been assessed by
experts (connected also to relevargsearchhypotheses; see section 8 4 This risk assessment has been

based upon an extended FMEA methodology, whereby foryenigk identified, its risk severity, occurrence
probability, detectability and recoverability are being estimated and the overall risk level is being calculated.
The FMEA (Failure Mode and Effects Analysis) procedure is a tool that has been adapteg differant

ways for many different purposes, as it can contribute to improved designs for products and processes,
resulting in higher reliability, better quality, increased safety, enhanced customer satisfaction and reduced
costs. Relevant risks and bans have been identified during the realisation of the a priori phase of the
process and correspondimgitigation measurefiave been also suggested.

Step 4= Step 0 =
Mitigation - Definition
Strategies and selection

identification of solutions
Drive2theFuture :
extended FMEA Step 1 =
S_tep 3.9 Identification
Final Risk
validation and
b definition of
number the risks
Step2 =
Risk
validation

Figure7: FMEA methodology steps in Drive2TheFuture project for AV Acceptance

Two iterations of risks identification, analysis and assessweng realised The a priori oneonstituted in
updating the collection of risks with preliminary findings of the project. For the realisation of the extended
FMEA methodology a template has Inedefined and filled in from experts within the Drive2theFuture
Consortium during the initial assessmewtiich waslater updated during the second iteration. Based on
various criteria (i.e. society readiness, technical aspects, etc.), partners that}zemrtise within different
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areas of transport automation, have been asked to identify and prioritise risks stemming from different
Drive2theFuture steps, based on their expertise. For every risk identified, the risk severity, occurrence
probability, detectility and recoverability has been estimated by three independent experts and the
overall risk level has been calculated. Risks are clustered into behavioural (related to HMI and handover
strategies acceptance), legal (legal framework and readiness toagseptance), operational (related to

loss of jobs, shift of authority, responsibility or current procedures, shift of work times, etc.) and technical
(i.e. related to potential future technological limitations and accident types). For each one of tiygeask
(behavioural, legal, operational and technical) a specific validation has been made.

Moreover, adedicated session during thé' Drive2theFuture Workshopas taken place in Brussels (March
2020), with the participation of more than 40 people (plogdly and online). During thisession the
identified risks have been presented to the participants, who were asked to rank them according to their
perceived importance, for each one of the risks categories (behavioural, legal, operational and technical),
while the attendees were also invited to suggest any additional risks they consider significant and which
were not yet identified.

In the a posteriori phase of this risk assessment, there was constant monitoring of the technical activities
of the projectand mainly of its pilot testing activities (in all 3 phases), which provided feedback on the initial
risk assessment (a priori phase), confirming the occurrence of some of these risks but also adding some
new oneskFor every new risk identified, its sewgrioccurrence probability, detectability and recoverability
have been estimated and its overall risk level has been calculated too. Moreover, regarding the risks
identified during the previous phase, a review has been made by all WP and pilot leadedgy ifor their
ranking and overall risk level to be adapted when needeshokt description of the materialisation of some
NAaia (KNPRdIzIK2 dzi -niaiipits piddtBgp& el @portet! 6y tha ®1dt dndl W leadgrs

has been added

In total, 54 risks were identified in total for all categories, from which 18 were defined as behavioural, 8
legal, 18 as operational and 10 as technibdst identified risks have been ranked either as of moderate

or as of severe significance.

Moreover,the identified risks have been compared to the findings of the sentiment analysis on social media
that was realisedvithin the project (see sectiofl.5). This assessment and analyesie expected to assist

on the adoption of Drive2theFuture outcomes, towlarthe enhancement of the acceptance of the AVs
functions.Overall, he risks that have arisen from this analysis are mostly related to the following issues:

1 Overreliance on technology and/or wrong use of AVs technology by the users (i.e. mimicking of AV
behaviour by norequipped users, misuse of AVs autonomous braking, failure of HMI handover
strategies, abuse of alcohol and drugs etc.).

Impact on traffic density, pollution and safety, mainly in big cities.

Need for the adaptation of legislation (i.e.eghnt conventions, insurance schemes, etc.)

Data protection and data ownership issues

Employment and re/upskilling need and resources.

Operational changes in TMC and logistics chains.

Cost of relevant services.

Issues of Integration with/ interaction tongergency services.

Weather conditions.

Communication failures and sensors malfunctions.

Cybersecurity attacks.

Impact on the use of Public Transport.

=A =4 =4 =4 -8 4 -8 -8 -8 - 4
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8.4.0pen research issues and hypotheses

One of the main purposes of the Drive2theFuture project is to explo€S FI OG0 2 NA |
acceptance of automated vehicles. In this framework, specific research priorities (per mmade)
indicatively been consideredvhich were further specified and addressed within thesé&Cases of the
project and the realisatiorof each pilot. Based on a preliminary survey, open research issues and
hypotheses per transport mode and AV function/level have been initially recognised, through a thorough
literature review of 23 sources that includaput from several different typesf sources, such as roadmaps

of ETPs and partnerships on all modes (ERTRAC, WATERBORNE, SESAR, S2R , etc.), policy papers
aill 1SK2ft RSNa I 2a20Al GA2Yya 6So3d L¢Ckh9/ 5 NE LJ2
Communications, research projects outputslaninutes from research working groups, as well as scientific
papers.

TTS

A template has been developemhd used for the analysis of these sources, while feedback has been
provided through the other WP1 Activities, while a relevant discussion has takendulang a dedicated
aSaarzy 2y GKS LINEe2SOiderEg the & BrojectWrkshop, loflarch 202@ @ |
Brussels.

LIt |

The outcomes of this process have led to the final research hypotheses and priorities of the Drive2theFuture
project, which lave been slightly updated since their preliminary version. More specifically, 7 new research
hypotheses have been identified for the road sector, 1 for the rail and maritime sectors and 2 for the air
sector, resulting to an overall number of 43 researcipdtileses and priorities that have also been

AAAAA G2 GKS LINep2SOiQa 'asS /FrasSa lyR KIFI @S o
indicating the focus of each pilot/ pilot site, as well as its expected outcomes.

Table6: Drive2theFutrure research hypotheses and priorities

A. Road B. Rail C. Maritime D. Air |

 HRO1 Acceptance after handson| § HRAL: Train| 1 HMAL: 1 HAV1: Simulated
experience of all levels of automation centric concepts Acceptance of behaviour
urban, rural, highway and speci for  automatic passengers, training in non
applications, such as tunne operation pilots and standard
constructions  and brides, and HRA2: operators. situations (cyber
environmental conditions (i.e. eailot for Development HMA2: Impact attack, mas:
adverse weather, unknow and examinatiof on  operators events in urbar
environments, unknown type of vehicl of HMI for through settings).
etc.). GoA3/4 spectrum of 1 HAV2: Impact of
HRO2 Acceptance considering age operation automation adaptive HMlon
gender, IT literacy, socioeconomic fact (signaller/train levels and drone flight
and understanding of automation for { operator gquantitative planning and
cohorts by Kasei/Citarasg perspective). prognosis 0 execution.
methodologies. HRA3iImpact on behavioural 1 HAV3: Public
HRO3: Public acceptance of t training and adaptations. acceptance of
possibility of accidents occurrencwith education, HMA3: RNR2yYySaQ
automated road vehicles, even if they g ensuring safety Deskilling issue of privacy.
fewer than the number of th culture in and decrease( 1 HAV4: Drone
conventional ones. automated system purpose of use
HRO4: Acceptance2 T 20KSN operations understanding. correlation to itg
drivers, passengers and VRUs. supervision. HMA4: appearance.
HRO5Conspicuityof automated vehicle HRAA4: Perceived 1 HAV5: Risk of
and the mode they operate at (automatg Passenger an situation drone accidents.
or not). freight awareness Vvs.
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C. Maritime

1 HROG6: Vigilancand complacency issu information actual system 71 I ! £ cY g
in Level 3 and Level 4. systemsfor the status. noisiness
HRO7: DriveReadiness in transition future HMADB: Vigilance acceptance

between manual and automated driving
HRO8Manned and unmannedraffic
safe operation and in harmony, especig
in rural environments.

HRO9: Transferof expertise from rail
water, air sectors.

HRO10: Behaviour adaptatiq
OAYAYAO] AY 3¢ I -equipded
vehicles.
HRO11: Reliability, availability, ang
b S Hity @fAan autonomous cardue to
the inexperience of the users with t
G§SOKy2t238x FyR f
new technology.

HRO12: Impacbf mixed and automate
flows to traffic flow (micro/macro
simulation, incl. big data analytics f
scaling.

HRO13:Negative Impacts of unintende
shifts in mode choice(i.e. especiall
attractive for car owners, neglecting tl
fact that they could also unintended
impact the mobility behaviour of othe
currently noncar, users).
HRO14Training and disseminatio with
multi-platform  tools  for  VR/A}
simulation, WoZ and simulator scenar
for public acceptance and expectations
HRO15: Liability and operationaksues
per automation level and user cluster.
HRO16Cost efficiencyf automated vs
non-automated vehias.
HRO17Dependence of AV acceptance
HMI.

HRO18 Issues of international

harmonisation.

automated
railway system.
HRAS: Full
automated
railway
ecosystem an
connected
business
Y2RSt aQ
acceptance
HRAG6: Vigilanc
and
complacency

issues in
transition from
operator to
systems
monitor.
HRAT:Issues o
European

harmonisation.

and
complacency

issues in
transition from
operator to
systems
monitor.
HMAG: Cos

efficiency  of
automated  vg
non-automated
operation in g
wide range o
missions.
HMAZT: Issues o
international
harmonisation.

HAV7: Vigilance
and complacency
issues for the

drone operatof
and the
supervising
controllers.
HAVE8 Impact on
training and
education
ensuring  safety
culture in
automated
operations
supervision.
HAV9: Liability

and operational
issues.

HAV10: Cos
efficiency of
drone-based
logistics
operations.
HAV11:Issues 0
international
harmonisation.

8.5. Transferability from/to other modes

To foster the transferability of solutions proposed within Drive2theFuture across transport modes, a
methodology has been developed toide the analysis of common issues, approaches and lesson learnt of
az2fdziAz2zya | ONRP&aa UGNIyalLRNIFdAz2zy aSOi2NARA® ¢KS YSi
consisted of collection and selection of a list of relevant solutions, their descrigtidrcategorisation in

the database, along with guidelines to assess the potential of transferability across modalities.
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The methodology proposed derived from the methodology developed by DBL for the EU FP7 funded project
EXCROSS (262Q014), where its ainwas to foster the transfer of resilience resources across transport
domains, with a specific focus on safety solutions. In Drive2theFuture, the methodology was extensively
adapted to meet the aims of the project.

The activity followed five (5) differenteps:

1 Step 1: Planning the data collection. During the first step, the methodology was adapted to the
Drive2theFuture framework in terms of definition of objectives and focus and the data collection
plan was established and scheduled.

1 Step 2: Interviewsnlthe second step, a series of interviews were carried out, involving experts of
the various domains. In this step, DBL interviewed representatives from the aviation and road
sectors, whilst EURNEX and WEGEMT carried out the interviews with rail anchenariperts,
respectively. In total, 17 interviews were conducted, covering 20 solutions in all four transport
domains and some multi domain.

1 Step 3: Survey. Parallel to step 2, a survey based on the interview structure was prepared and
launched with the an of collecting more information to be integrated with the interviews. In this
step, DBL was supported by CERTH, EURMEREMT and the rest of the consortium for the
dissemination of the survey among their network targeting professionals as well as non

professionals.
T {0SLI nY 22N}l aK2L)d hyOS Fftf (GKS azfdzirzya oSNB
2F az2fdziAz2yasds | 42 NJ] aK2RdnadyMaetirg § KaRisrRefRAham { K S

29th of November 2019) with the objective oflieting inputs from consortium experts to refine
and finalize the methodology. The inputs were analysed and the methodology completed.

9 Step 5: External discussion and dissemination. The fifth step regards the external discussion about
the transferabilityof solutions and the dissemination of the activity. Step 5 will develop through
the entire project, with periodically updates

The database of solutiormnsists 0{37) solutionswhichhave been stored and described using different
categories. The categes are, in order:

1 Transport modality:the transport modality from which the solutions were taken. The transport
modalities are road, rail, maritime and aviation plus a multimodality category that comprehend
those solutions that already consider more thame transport mode.

9 Topics:ithe topic that the solution covers.

1 Subtopics:inside the main topic, a further specification of the type of solution. Every topic has its
own subtopics (e.g. Safety can be further split in safety enhancement, automatiandards,
certification, safety assessment and safety culture). Thetspies identification was deduced once
all the solutions had been collected.

1 Data sourcewhere the information about the solution were collected (i.e. interview or survey).

Name of the solution

9 Description:description of the solution in terms of needs addressed, objectives and functioning.
All contextual information is also described in this section.

1 Target:the categories of people that are impacted by the solution, directly or éatly.

Type of vehicleto which types of vehicles is applied.

1 Type of solution:for example, if the solution is (mainly) a technology, methodology, physical
artefact, etc.

=

=
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1 Issuesdescription of the issues, expected and/or unexpected, that have been ate@ad during
all the development stages and/or during and after the implementation. For those solutions that
are still under development, there are listed potential issues that are expected.

1 Issues addressedxplanation of how (some of) the issues haeemaddressed or are intended to
address.

1 Lessons learntwhat have been learnt from the development and implementation of the solution.
This is the takeaway message for future solutions and for potential transfers to other modalities.

1 Referenceswhen avaable, bibliographic references were added.

The database of solutions constitutes an open resource that can be used as a database for searching,
studying and comparing a variety of innovative solutions from all transport modalities, covering different
topics. All the categories of the database have a twofold purpose: in addition to facilitating the description
and the comparison among solutions, they serve also as filter to search the solutions desired according to
the preferred characteristics.

From the aplication of the methodology, four factors emerged as relevant to be considered when
evaluating the transferability of solutions to other domains: users, technology, regulations and legislation.
For all these factors, a series of questions was elaboratddthe aim of guiding the user of the database

in considering all the relevant potential issues and advantages when applying the solution to other domains.
The list of questions has to be considered as a checklist and does not require the evaluatwéo, dut

it suggests which aspects to study when evaluating the transferability of solutions and their transferability
timeframe.

Table7: List of factors and question to evaluate the transferability of solutions
Factors Questions

Premise Considering the domain(s) where the solutions would be transferred:

1 Does the solution take into consideration special needs of users?

Is the solution inclusive in terms of physical, digital and geographical acces
for users?

Is the solution inclusive in terms of costs for the users?

Are there specific skills needed to use the solution?

E]

Would users need training to use it?

Does the solution imply new forms of interactions/communication between
different users (teamwork) orifferent levels of stakeholders (e.g. freand
operators/organisational management)?

1 Would the solution change the nature of the work operators currently do wi
an impact on reducing/increasing their stress and workload?

Can the solution positivelynpact the level of safety of the overall system?
Would the solution need to introduce new tools/HMIs?

La GKS azftdziazyQa lalL Slae (G2 dzaS
I NB GKSNB Fye oFNNASNB OKFdG YAIKI(
Can he technology on which the solution is based be applied?

[y GKS azftfdziaz2yQa GSOKy2ft23A0! f
Technology technical and physical characteristics?

T ' NB GKS azfdziazyQa GSOKy2f23A0I f
relatedinfrastructures?

A =A== =
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Factors Questions
1 52548 (KS &az2fdziazyQa GSOKy2f23A0L f
standards?
1 Does the solution comply with the regulations? Is the adaptation required
worth?

SELUENERS T Does the solution comply with the regulations in t@untries where it would
be applied? Is the adaptation required worth?

1 Does the solution need or entail a certification to be used?

1 Does the solution fit with the legislation?

1 Does the solution fit with the legislation in the countries wé would be
applied?

1 Does the solution entail liability issues?

Legislation 1 Does the solution entail liability issues in the countries where it would be
applied?

T Does the solution entail privacy issues?

1 Does the solution entail liability issues in the caieg where it would be
applied?

Finally, the database of solutions, together with the checklist, offer an easy and agile tool to evaluate and
foster the transferability of solutions across transport modes. The tool is conceived as an open resource to
be used by experts from all transport modes and that can be further expanded and refined as more

solutions are collected and evaluated.

Detailed analysis and application of the methodology and its results are reported in D1.1.

8.6. Taxonomy of knowledge and skillequired to operate an AV

Forthe efficient and proper operation of any autonomous vehjthe identification and investigabn of

the related skills and knowledge require&kills are defined as the expertise and the ability to efficiently
perform a sinple or more complex task and can be categorized in technical skills, social skills (like team
working or communication), soft skills (like IT skills) or labour skills. Knowledge is the information,
awareness or familiarity someone should have in orderdioaxpertise and be able to perform a task.

For fulfilling ths purpose, a template for data source and skills/knowledge colleatias createcand was
distributed among the activity participants. The template included general information about the data
saurce: name, type, link, accessibility (public/confidential). In case of confidentiality, the corresponding
Drive2theFuture partner participated in the data source was contacted, for overcoming these issues. The
next part of the template includes informatioand a short description about the skills and knowledge
mentioned in the respective data source. In order to be proactive, it was decided that each skill and
knowledge reported would be directly classified in terms of:

9 Operator type: professional, private

f ' &a&SNJ GeLISY RNAGSNE !+ GSKAOES O0GRNAGDGSNEO | yR
1 Transport mode: private passenger car, taxi, bus, truck, rail, ship and drone

1 Level of Automation: Level 1, 2, 3, 4,5

Extensive literature reviewvas conductedn order to identify and investigate the skills and knowledge
required for an autonomous vehicle operation. All transportation sectors (road, rail, maritime, aviation) and
modes (cars, trucks, busses, trains, metro, trams, ships, airplanes, drones) were @zhsddr all
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automation levels were analysed. Apart from the driver or the remote controller, skills and knowledge of
all people involved in the design, construction and operation of an AV were explored. The analysis showed
that new types of jobs will be aWiated, newoneswill be createdwhile others need reskilled or upskilled
employees for coping with the new technology and its requiremeBisth professional and private
operators and all transportation sectors (road, rail, maritime, aviation) wereideresd and vehicle types

were analysed in order to reveal the new needs arisen from the advent of automation.

Thedetailed analysis of this work is reported in D1.1., whilertie@n outcomes of the reviewer sector
are illustrated in the following tables

Table8: Skills and Knowledge for AV operation in the road sector

Skills 'Description

Social Skills Communication, Team working, organization, probigoiving
Slele|=lnulnallale o Artificial Intelligence, Algorithmsopfiware development, backend/frontend skills,
(e @ o)l =8 machine learning, highesrder skills in big data analytics

SIS Cybersecurity and encryption protection, security systems for protecting external
communication for AVs, data protection

Engineering/ Sensors and systems development, hardware development, Robotics, electrical
1=l e= 185113 engineering, automotive engineering, digital road map database access, firmwarg
Smart Traffic Light controller system, smart sigatyjisory roadnarking, etc

Testing and Sialation Skills

IS 4|8 Cooperation and collaboration with the vehicle, Efficiently monitoring and supervig
Knowledge the system, Concentration maintenance, Familiarity with all electronic devices ant
sensors on and inside the vehicle, lintibas and capabilities, Understanding of the
information and warnings from the systems based on the surroundings, Knowledg
differences among different levels of automation, Situational awareness and trang
of control skills, Capability of recogmigierrors and malfunctions and act properly
Remote Skills and knowledge for efficient remote monitoring of the PT and freight and logi
operation transport operations in confined areas

Shnnille=iei V21 and V2V communication model, Wirelessxmunication, ad hoc network, DSRC
skills Multi-Channel Test Tool

Traffic Collection and processing skills from the data transmitted from the infrastructure 4
NENEGENERIEE the vehicles

center

Legal Legal framework and standards file autonomous vehicle operation
knowledge Social legislation and its adaptation to autonomous vehicle operations (driving an
time rules)

Liability issues in case of incident occurrence

Data generated by V2X infrastructures to be compliant with national ernational
law

Table9: Skills and Knowledge for AV operation in the rail sector

Skills 'Description

Social Skills Communication, Team working, organization, skills in timetable management, pr¢
solving, slitsecond decisiomaking,

Knowledge in human factors for passengers and workers safety

Sele clnlnllals i Artificial Intelligence, Algorithms, software development, backend/frontend skills, ma
=l B el ollii= learning, highetorder skills in big data analysis
Skills Cybersearity and encryption protection, security systems for protecting exte
communication for AVs, data protection
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Skills \Description

Engineering/ Sensors and systems development, hardware development, Robotics, ele
IR 4ISE engineering, automotive engineeringystems for driverless and unattended tra
operation, automatic train protection and automatic train operation, train operation
event of disruption, obstacle, people and animal detection for collision avoidg
existence of other trains on th®ute or linesidesignallingobservation, diagnostics
Signallingechnologies, Testing and Simulation Skills

Technical Knowledge in new signalling and position technologies, Knowledge of the Europeal
Knowledge Control System (ETCS) and wireless delivemyissioncritical rail communications, digitg
interlocking system

Driver/Crew Same as for road sector

SIS =ljlsl Maintenance of on route driving skills, knowledge of new on board systems
Knowledge Monitoring of the passenger exchange, detection armtamplishment of emergen
O2YyRAGAZ2YASY AdzZISNIBAAARZ2Y 2F (GKS GNI AYyQ
@l it 1ol V2] communication model

skills Wireless communication, ad hoc network, Wireless interface/connection and compo
data transmission systems

Legal skills Legal frmmework and standards for the autonomous vehicle operation

Liability issues in case of incident occurrence

Data generated by V2X infrastructures to be compliant with national or internationa
SIS {o]¢| Rail vehicle setup and deconstruction skills and knowledge for a safe and efficier
eI LGIENINIENY journey, in journey and post journey autonomous train operation, Skilled rail net
elf\lle i igelaie controllers

line and

network control

Safety Preparing for emergencies relat¢o both safety and environmental protection, fatigt
PEREGEN RIS management, safe management of door closures
skills

sl egligel| Off site and remote fault support skills, skills and knowledge for Incident recg
Skills procedures for autonomous trains and rail vebs, including fault identification an
rectification, remote operations, processing of large amount of data
Signaller Knowledge of all new signalling technologies and systems, ready to intervene effig
any time

Track Knowledge of refacing the components
Maintenance

Table10: Skills and Knowledge for AV operation in the maritime sector
Skills \Description

Social Skills Communication, Team working, organization, skills in timetable management, prg
solving, slitsecord decision making, choard and shoréased personnel
Knowledge in human factors for passengers and workers safety

SelelzlygluilaleBS Artificial Intelligence, Algorithms, software development, backend/frontend s
=l el el machine learning, highesrder skills in big data analysis, augmented and virtual re
SIS skills and knowledge

Cybersecurity and encryption protection, security systems for protecting exi
communication for AVs, data protection
Engineering/ Sensors and ystems development, hardware development, Robotics, electf
L= RS9I engineering, automotive engineering, obstacle detection, surroundings map
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‘ Description

mooring and unmooring systems, HD Maps of the relevant port transport infrastruc
naval engineer

Testing andsimulation Skills

Airborne or underwater drones can perform potentially hazardous inspection
maintenance tasks, either by remote control or autonomously (in cooperation
programming and computer skills).

Driver/Crew Same asdr road sector

SIS =lieif Knowledge of newon-board systems, Interoperability Skills, Docking skills, Coast
Knowledge crews innefport navigation the mooring skills

Monitoring of the passenger exchange, detection and accomplishment of emer
conditions, supervisionaf KS @S&aasStQa adl dSo

Sl inltiplle=iilelgl Satellite communication capacity and the bandwidth, advanced data transm
skills technology systems, communication network, V2V and V2| communication

Legal skills Legal framework and standards for the autonomaahicle operation, liability issues
case of incident occurrence, data generated by V2X infrastructures to be complial
national or international law

SEEY Preparing for emergencies related to both safety and environmentakption
management

skills

SEIgeIEelife] 8 Understand and interpret the pertinent data transmitted from the vessel to the sh
based facility in case of a machinery/equipment/hull damage event and any other
concerning safety

Distinguish the different principlegoverning each typdnteroperability skills
Mooring and unmooring operation skills

Complex engines and machinery aboard monitoring

Data analytic experts and system controllers

Tablell: Skills and Knowledge for AV operationtime aviation sector

Skills 'Description

Interpersonal teamwork skills, conflict management skills, stress management skills, organi
Skills leadership, skills in timetable management,-skicond decision making

Personal Identify and manage risks effectively, ability to cope with complex and stressful situ
=SERERRERE problem solving, workload management skills

critical thinking
el clnlnllals i Artificial  Intelligence, Algorithms, software development, backend/frontenkllsg
=l B el lollii=l machine learning, highesrder skills in big data analytics, augmented and virtual re
Skills skills and knowledge
Cybersecurity and encryption protection, security systems for protecting exi
communication for AVs, data protection
Engineering Sensors and systems development, hardware development, Robotics (able of perfd
e IBS14IEE maintenance work that cannot be handled by humans), electrical enginee
aeronautics, automotive engineering, safe navigation systéevelopment, Teting and
Simulation Skills,

Airborne or underwater drones can perform potentially hazardous inspection
maintenance tasks, either by remote control or autonomously (in cooperation

programming and computer skills).

Driver/Crew Same as for road sector

Skills =l)slf Knowledge of nevan-board systems, Interoperability Skills, Monitoring of the passe
Knowledge exchange, detection and accomplishment of emergency conditions.
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Skills Description

@O b= 1ela ) Satellite  communication capacity and the bandwidth, athed data transmissic
technology systems, communication network, effective communication skills, emer
communication skills

Legal skills Legal framework and standards for the autonomous vehicle operation, liability iss|
case of incident occuence, data generated by V2X infrastructures to be compliant
national or international law

SEEY Emergency Plan preparation, risk assessment, emergency management, applica
management procedures, effectively monitors aircraft using antation

SIS

FEeIERe el 5 More difficult and demanding than the on board control and supervision

Skills Detection of suspicious activities or abnormal behaviour of the plane
Simultaneously monitoring and supervision of more than one unmanned airplanes
Knawledge of characteristics of different types of aircraft, the routes they follow
Preflight Check

Urban Engineering/Technical/Programming Skills (Landing and-dffkevithout a runway,
Environment obstacle detection and avoidance)

Operation

8.7.UseCases andpriority scenarios

The Drive2theFuture Use Cases have tmmatifiedupon a defined usecentred methodological approach

FYR N3 NBFESOGAYy3a ||f¢ GKS NBftS@OlIyld dzaSNERQ ySSR
/ 2y &2 NIAdzy S E LillSriNgi Bh@ godasStd ientlfyyaid d&scribe the Drive2theFuture Use
Cases thatvould constitute the reference for all future implementation and demonstration activities that

will take place within the project.

The Drive2theFuture Use Cases are reldate® main outcomes of the project, which are also going to be
6§SaGSR RdzNAYy3a GKS LINRP2SOGQa LAf2Gaz ylrySte oo i
levels of automation (WP3) and (b) the training programmes and tools that will besteddoy the project

F2N) 6KS GRNAOSNBEYX dzASNB yR aidl {SK2f RSNE 062tnoo
GAGK GKS RAFFSNBYy(d Y2RSa |yR (&LlSa 2F @OSKAOf Sa i
users of these vehiclef order to facilitate the initial identification of the Drive2theFuture Use Cases.

For the initial selection of the Use Cases, 3 main parameters have been considered and combined, in
relation to the project implementation. More specifically, the difat modes and types of vehicles that

FNB AyOfdzZRSR Ay GKS LINR2SOGQa LMAft2Gax GKS NBaLlSO
tools that will be tested. From the matching of these parameters, 13 different Use Cases came up, covering
allmodes and all types of users.

For the finalisation of the Use Cases but also in order for them to be prioritised, a dedicated session was
organised, within the context of the®IDrive2theFuture Workshop in Brussels on March 2020, with the
participation d more than 40 people (physically and online). The majority of the participants were
researchers, however, almost all types of stakeholders and modes were represented. The participants were
asked to rank, first the different criteria used for the UCs igation (in terms of their importance), and

then each Use Case according to each criterion. After the finalisation and the prioritisation of processes, 12
final Drive2theFuture Use Cases have been identified and analysed, while also, the mappingfaieach
LINE2SO00GQa tAf20 {AGS F2{t26SRT (23a3SGKSNI 6A0GK GKS
FIOAEAGIGS GKS 2NBFyAalGA2Y FYR GKS AYLX SYSy Gl daz
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Figure8: Prioritisation of UCs assessment criteria

Table12: Ranking of Drive2theFuture Use Cases after the workshop

Rank | Use Case |

#1 Training for road transport

#2 Training for rail transport

#3 Training for air transport

#4 Training for maritime transport

#5 Operatorsbased HMI& strategies for road transport

#6 Operators HMI& strategies for rail transport

#7 Operators HMI& strategies for air transport

#8 AV Conspicuity HMI& strategies for interaction of automated road lehigith non
equipped other road users

#9 Operators HMI& strategies for maritime transport

#10 In vehicle HMI & strategies for rail vehicles

#11 In vehicle HMI & strategies for automated road vehicles

#12 AV Conspicuity HMI& strategies for interactiohautomated ships with other nen
equipped vessels

Detailed description of each Use Case as weah@snalysis per pilot site are included in D1.1.

9. Modelling AV driver behaviour

Corresponding WP - WP1:
Corresponding Deliverables D21, D2.4 AV acceptare simulation platform ang
tools
D2.3,028:! + RNAGSNRQ 0SKI @)
D2.2, D2.5, D2.6, D2.Bentiment analysis on soc
media

Objectives The objective of WP2 is modelling the behaviour
iKS I dzi2 Yl G§SR GRNX @S
development of aceptance for different scenarios (
introducing automation.

Main achievements:

1 An inclusive and extensive database was developed based on existing datasets from projects
related to autonomous technologietheir functions, services and systems.

October 2022 43




D9.5: Project Final Repoihcluding the meetings outcomes of th1DHERIyEZE
Drive2theFuture Advisory Board —=

1 Extensiveliterature reviews conducted on informationknowledge extractiorand techniques for

experimental design including autonomous vehicles.

A data analytics and fusion framewsstkere developed.

A concrete, detailed and stepwise methodology was developedirfggact assessment of

autonomous vehicles.

1 A complete simulation platform was conceptually designed for modelling the behaviour of
autonomous vehicles, the public acceptance and assessing their impacts.

1 A twolayer microsimulation model mimicking the bel@w of autonomous vehicles was
introduced.

1 Sentiment analysis tools were developed for revealing phobias, prejudices, concerns and public
perception towards AVs. More specifically, posts in twitter, Reddit and YouTube concerning
autonomous driving have lea extracted and a Neural Network model Architecture was developed
for their analysis and the sentiment level extractidore than 100k posts from 3 social media
channels (Twitter, YouTube, Reddit) were analysed.

1 The development of a data driven microstppehavioural model describing the interaction
between a vehicle and its surrounding traffic based on real time human trajectories collected via
unmanned aerial vehicles

1 The development of a data driven microscopic behavioural model describing the behaf/ian
automated vehicle in the vicinity of a pedestrian based on trajectories collected through a virtual
experiment in RO2 pilot.

1 The development of a complete simulation suite in the form of UML Class Diagram, describing the
whole process from dataotlection through various sources, to behavioural modelling, simulation
and impact assessment as well as the various factors that should be taken into consideration in
each step.

1 Development of a conceptual psychological behavioural model which wastedlalad tested with
road side interviews and video recordings during RO1 gifaatoBus real life trial.

T
1

9.1.Data gathering from relevant projects

An overview of different initiatives that have been carried out in Europe in relation to automated and
autonomaus drivinghas been conductedSpecifically, the goal was to find out what type of vehicle has

been worked on, the levels of automation applied, services deployed on the autonomous vehicle, pilots
carried out for testing, type of HMI included in the veliahd whether there has been any action related

G2 dzZASNEQ GNIAYyAy3a NBIFNRAYI GKS dzasS 2F (GKS | dzi 2

During the analysis based on the search in different data sources of the internet and databases, references
to 40 projects related to autonomoudriving were found. After this review, the list was reduced to 23
projects, mainly because in many of the remaining 17 there was no public information on their websites,
they had not started yet or were in a very early stage. Finally, 22 projects hameahaby/sed

A common template was defined and agreed among all partners involved in this task. This template aimed
to gather and present all the relevant information that can be obtained from the public deliverables
available on the websites of the projesdhat were analysed.

Together with the review of the projects indicated above, it has also been possible to access an important
set of datasets provided by the AUTOPILOT H2020 project (731993). This information has been made
available in OpenData formathe information collected mainly refers to the results of different pilots
carried out in different scenarios in which applications related to the autonomous vehicle were tested
during the AUTOPILOT project.

Concerning GDPR issues, during the analysistaf performed, local, national, and EU regulations have
been followed with respect to personal data processing. It is for this reason that no personal data have
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been analysed in any of the projects under review. All the information gathered during thée f the
project has been obtained from the public profiles available on the websites of the projects under study.

After the analyses carried out, acdnsideringhe disadvantages mentioned above, important results and
conclusions can be drawit.is aprolific area as far as research projects are concerned. The analysis has
focused on 22 projects, most of which are still in progress, with only 7 of them completed at the time of
concluding the analysis of the projects. This shows us that there igiitific interest in the area as there

are still many aspects to be dealt with and defined, beyond the technological field, in the impact that
Fdzi2y2Y2dza OSKAOf Sa KI @S 2y GKS dzaASNARQ LISNOSLIIA 2
focus isroad, mainly due to the fact that in the rail, marine or air fields, autonomous or autegdsisted

driving is not a current technology but one that has been developed over the years and is now widely used

in these types of transport.

Among the projectanalysed, 2 of them were based on assisted driving modes, 2 on automated driving
mode, 17 on autonomous driving and only one on basically cooperative driving. This leads us to think that
the main developments and technological advances in this fieldeaeséd on providing the vehicle with

a great deal of autonomy as far as driving decisions are concerned, considering in a few cases the
intervention of the driver or passenger to be necessalythe same time, 15 out of the 22 projects
analysed, make usef services and technologies relating to cooperative vehicle systems. We recall that
these systems are those that allow the autonomous vehicle to communicate either with other vehicles or
with elements deployed in the infrastructure. This interest in V23esns denotes the need for great
versatility in the data that can reach vehicles from very heterogeneous sources and that it is also presented
as one more paradigm to lmnsideredegarding the context and development scenarios of autonomous
driving.

Moreover, from all the projects analysed, none has reported critical incidents during the pilots or tests
carried out during the context of the project. We recall that the data sources used are the public data
included in the project websites. This lacke@ported incidents may also be due to the fact that in most of

the pilots analysed, they are controlled scenarios. Finally, it should be noted that only in two of the projects
evaluated have courses or training programs been carried out for users of amtarsovehicles, either with
professional profiles or as mere users. This denotes the importance of carrying out specialised programs
that are focused on the training and education of the different profiles of users of autonomous vehicles,
based on the expégnces of users and the technologies put at the service of autonomous vehicles.

9.2.Big Data analytics and data fusion

With the aim to review existing methods for information and knowledge extraction as wploagle an
overview of the necessary techniques the design of experiments, an extensive literature review was
carried out using terms related to autonomous drivifigcusing on both aspects of data collection and
datadriven methods. In total, more than 189 studies were collected and classified dimgato: (a)
conventional vehicles and (b) automated vehicles. Studies investigated multimodal data collection: road,
rail, water, and air transportation, however most of them focused on road transportation, varying across
light vehicles like passengerrsgprivate or taxis), but also SUVs, pickups, trucks, buses, and vans. Road
studies also included-kikes and poweredwo-wheelers. The distinction between conventional vehicles
and autonomous vehicles is made; yet, driving behaviour has been selectedoasmon interest factor
between both. After screening of these studies, a selection of 28 studies was analysed in detail and classified
under data collection studies, and information extraction studies that were centred on the statistical
methods to extrat the collected data. The literature was divided in different sections covering methods
and equipment for data collection, features collected, size and frequency of data, and knowledge
extraction. A summary was provided for i) data collection methodsdmwentional modes of transport,

and ii) information extraction methods for autonomous modé&doreover, literature review on the
techniques for the experiment of desigvas performed which covered main aspects of design methods,
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providing insights on howxperimental design can be conducted for understanding the impact of AVs at a
network level: this could include vehicle type, penetration level, and network characteristics.

Also,a data analytics framework was developed, including different processestapd such as data
collection (static and real time), data processing, data storage, data mining, data analytics, data sharing and
external consideration (data protection, maintenance, etc.).

I considerations
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1 .
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Figure9: Data analytics framework

Fnally, a data fusion framework related to the process of combining data from multiple sources and
extracting additional information from them, was also created. Many techniques were found to be applied
for this purpose such as Kalman filters extensiorynainic Bayesian Networks, Hidden Markov Models or
multi-sensor data fusion architecture.

First level of analytics Second level of analytics

Vehicle data Driving

— >

performance

Traffic data’

Congestion » Impacts of AV

Survey data

—————————

User
acceptance

FigurelO: Proposed data fusion framework

A data fusion network was also proposed, in order to extract for éactsportmode,the acceptace level
of drivers, and after which, a generalized acceptance level or index for AVs can be extracted at the second
layer of analytics.
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Figurell: Multimodal data fusion framework
This work is reported in detail in D2.1 andD2.

9.3. Simulation platform suite creation and scenarios realization

9.3.1. A framework for assessing the acceptance and impacts of AV

Focusing on the development of a detailed concrete methodology describing all required steps from data
collection from experiments ahsurveys to impact assessment and acceptance of autonomous vehicles, a
stepwise methodological framework for assessing the acceptance and impacts of autonomous vehicles has
been proposed, consisting of the following sequential steps:

9 conceptual design whh includes the problem and its parameters definition along with the
scenarios and use cases development,

I data collection from the various sensors andvéhicle devices of test vehicles in real world

experiments as well as questionnaires (either onlinerothe test site) for revealing the perception

of potential users towards automation and evaluate their experience with automated vehicles,

data processing and mining steps for both data categories,

statistical modelling for analysing the data gathereahirthe surveys and development of an AV

behavioural model which will be integrated in a simulation environment for

1 impact assessment of automated vehicles on critical areas by defining key performance indicators.

= =4
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Figurel2: Thesteps of modelling and assessing acceptance of autonomous vehicles.

Literature reviews were carried out for describing all elements and processes of all therakatiened

steps. More specifically, the data collection sources include-weald experimens and test tracks,
simulation experiments and surveys. In the data processing, the tasks of labelling, data fusion, data
properties analysis, sorting and filtering and data cleaning are carried out while data grouping,
transformation, event detection, datalassification and clustering as well as relationship identification
among data are included in the data mining process. Concerning the modelling part, statistical modelling
includes the development of technology acceptance models for analysing andngvaateptance through

the formulation and testing of defined hypothesis and applying correlation or statistical analysis such as
multiple linear regression model, structural equation modelling, Multinomial Logit (MNL) models or more
sophisticated approaas such as Machine Learning and Deep Learning algorithms.

Existing behavioural models and traffic simulation tools were also reviewed withgathe Car following
models, cellular automata, agebased and data driven models were analysed while macioromand
agentbased simulation tools were presented along with their features and characteristics. The individual
steps for simulation development in terms of network set up, model verification, validation and calibration
techniques were identified and deribed.

Finally, concerning the impact assessment step, a thorough review was conducted for defining the areas
where the impact of the use and existence of autonomous vehicles should be evaluated and for specifying
the Key Performance Indicators (KP®)rapriate for assessing and quantifying their impact. In the present
research only impact areas and key performance indicators that can be derived from the simulation are
considered, i.e., safety (16 KPIs) public transportation (9 KPIs) vehicle operatias (10 KPIs)
network/traffic/junction performance (20 KPIs) personal mobility/travel behaviour(6 KPIs)and
environment(4 KPIs)

From the analysis of existing knowledge based on the proposed framework several interesting insights
arise. First, there r@ various dependencies between service goals and specifications, including atypical
conditions, critical parameters to be monitored, data collection and processing requirements, modelling
needs and service impact assessment. The complexity of the autarsssvice will determine the type,
variety and volume of data collected, the data processing and mining techniques. On the other hand, the
complexity of the problem defined will set the modelling needs as, for example, adeade impact
assessment stud(probably in a city level) requires the development of more powerful simulation tools.
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The presented methodology framework revealed that the overall study of acceptance of AV driving service
and its impacts to the system requires a holistic approaclkthwvhinges from macro to micro simulation.
Concerning microsimulation more specifically, the developed model needs to take into consideration those
attributes that increase the acceptance of the driving service and the autonomous functions. This can be
achieved by developing an AV behavioural model close to the accepted human driving behaviour but since
G§KSNB NS @FNAR2dza RNAGAYy3I LINRPTFAESE GKS ONRGSNRI
As a result, it will be necessary to take itansideration different human driving profiles (e.g. cautious,
aggressive, normal) for increasing the levels of the service acceptance.

More details on this work can be found in D2.1 and D2.4.

9.3.2.  Simulation platform

Apart from the stepwise methodological frawork, the conceptual development of a simulation platform
and its tools wasindertaken The developed suite consssif the following interrelated components: the
automated vehicle monitoring component, the external information component, the data prépara
module component, the behavioural modelling and the impact assessment component.

Input Understanding and Modeling Analysing and Assessing
Data frem Data ed |
vehicle sensors preparation
: —y—> —
and Wi 2 for
communication madelling AP
* Filtaring. _—
fushan, et
L KPl Analysis
Impact Assessment

« Demand Data
* Niatwork Data
* Traffic Contral Data

Figurel3: The complete suite for testing acceptance

In each component different functions and actions are executed and different data atsdai@required.

The data collected from the various sensors of the automated vehicle are feeding a data driven model and
then the model is trained and validated to formulate the set of parameters governing an accepted AV
behaviour. The output model willebthen inserted in the simulation. Additionally, in order to test and
investigate the formulated behavioural model and its impacts on different impact areas, a scenario
generating tool will be developed generating automatically various scenarios and adpaort the
simulation. Finally, the simulation tool which is the last part of the process is ansmugne microscopic
simulation software (SUMO) and will be used for the simulation test runs.

A class diagram in the Unified Modelling Language (UML) igadiyhrepresents the static structure of
objectoriented systems, which are comprised of the following eleme@iassesAttributes of classes
Methods (operations) of classgRelationship among objects.

A UML Class Diagram has been developed in omlatepict the methodological framework and the
simulation platform developed in Drive2theFuture along with its individual components. More specifically,
the integrated simulation platform consists of 5 different elements: data, modelling, use cases, gimulat
platform and impact assessment and each one of them includes a variety of classes further explained in the
following paragraphs.
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9.3.3.  Extendibility, optimisation and sustainability of simulatioplatform and
tools

Further to developing the simulation platforits extendibility, optimization and sustainabilityere further
investigated In particular, optimization strategies have been proposed focusing on the model calibration
process aiming to atch the simulated measurements to the field observed ones

In the proposed platform SUMO is used to represent the road network with the vehicle and the traffic
control (physical) infrastructure, while the JADE platform is used to represent the multiagsteims
composed of drivers (and generally speaking a synthetic populatiaraaéllerg and intelligent traffic
management services (e.g. ATISs, intelligent traffic lights, and so forth). Finally, the TraSMAPI application is
used to allow the synchronidan between the agenbased population and SUMO. The described toolbox
entails great flexibility for multiagent systems design and development in the traffic and transportation
domains. Developers can easily model and test their own human centric oivigdanodels, for different
categories of models, where each agent is presented with her own preferences and beliefs. Therefore, the
described toolbox provides the Drive2theFuture platform with the desired integration capabilities (for
testing various modg) and can be used to design solutions based on individual or collective perception
towards automation or as a tedted for policy evaluation based on accepted or acceptable behaviours.

The SUMO software allows the simulation of different vehicle typabowi any limitation in the number

of inserted vehicles and the size of the simulated network. The vehicle types that can be modelled are
bicycles, powered twavheelers, passenger cars, trucks, busses, emergency and delivery vehicles, trailers,
trams, trans, electric vehicles and ships. For all vehicle classes, the process followed is as described in the
previous sections taking into consideration that the vehicle attributes differ significantly. For interfacing the
simulation, SUMO allows for online ing&tion with external applications through the TraCl (Traffic Control
Interface) which enables changes in the simulation elements (traffic lights signal pkreyiour of
vehicles) during the time the simulation is executed. This feature is useful innd2V2I applications.

9.4.Behavioural models

The primary aimn behavioural modelling within Drive2theFuture has bdendefine a model which
describes how drivers of AVs regulate th@@haviour how they learn and how they adapt théiehaviour
to AVs or spcific automated driving functions.

The AVDBM focuses on those aspects of driving that are most relevant in the context of AVs, specifically
GKAETS RNAGAY3I Ay | gK2ffe& 2NJ LI NILAFEf& Fdzi2Yl GSF
transitions between automated and manual driving. The28M has no ambitions of covering all driver

related aspects of driving or driveehaviour

The purpose of the ABM is to provide knowledge that can be used to make the AV take control in a way
where saféy is maintained or even improved, especially in emergency situations. It describBsNife @ S NI &
information processingwhile driving an AV, with the main focus on driving in a wholly or partially
automatedmodeand ontransitionsbetween automated and maral driving. It also describes learning and
adaptation processes of the driver to the AV.
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Figurel5: Monitoring and metamonitoring in the AVDBM.

ThisAW . a Ay Of dzZRSa (GKS RNAGSNDAE Ay T aNand how thege maNm O S & a
influenced by different AV functions. It is basedexisting drivebehaviourmodels, intended for manual

driving, and combines these with relevant psychological concepts that are relevant for either driving,
operating automateaystems, or both, and adapted with regard to the demands specific to driving partially
automated vehicles.

The main focus of the ADBM is on the transitions between automated and manual driving, as well as how
drivers adapt to the AV through experiendedescribes two loops, the driving loop (similar to manual
driving) and metanonitoring. The concept of metmonitoring has been included as a particularly relevant
factor, influenced by learning from experiences with, forming expectations to and trase iAV, as well

as driver personality and current driver state.

Several of the psychological concepts, such as situation awarepelsayiouraladaptation, learning,
workload and driver personality and styles, are well established within the field osafaty. The ANDBM
interprets their relevance for driving a partially automated vehicle and integrates these concepts into a
model which also introduces metaonitoring to the drivetbehaviourcontext.

MetaY2 YA U2NRY I Aa RSTA yQRHe drividg taskkasd piRexdialdrnbiortreqienfehts 2 NR&
and is therefore particular to operating partially automated systems (in this context: cars) and whether the
RNAGSNI Aa aAyé 2N Grioditidring performankeSmay réslt iddthe tded gl t6 S 0 |
detect a critical situation in time, perhaps not taking over control at all, taking control too late, or taking

the wrong action when taking over control.

The current AMDBM is consistent with lessons learned from accident studies addpth investigations

of accidents involving AVs. These examinations have revealed specific factors of driving partially automated
vehicles that seem especially relevant for accidents. These include failures to detect stationary objects,
overlooking vulnerale road users (either by the automated system or the driver) and inconsistent
interaction patterns with vulnerable road users and other vehicles (i.e., not complying with unwritten rules,
y2i ayS320AF0AyIE0d ¢KSAS FI OO 2NR TN I A1y5a Gl 2y OBK ¢
SELSOGrGA2ya G2 GKS '+ yR GKS RNAOGSNEQ |oAfAGe
monitoring) and readiness to both detect and act in critical situations.

A microsimulatiormodellingschema presentthe AVDBM in two layers which correspond to the driving
and the metamonitoring loop in the AADBM. The upper layer consists of the interaction between the
driver/operator and the vehicle, related to learning, expectations and trust. The lower layentoitie
interaction between the vehicle and the road environment, describing how the kinematic characteristics of
the vehicle evolve over time and space based on the stimuli of the environment. This layer includes
connectivity and how the vehicle interaatsth other road users, as well as the concepts of monitoring and
adapting to changes in the road traffic.
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Results from areallife trial in Norway with fully automated buses relates the observed changes in
behaviourto the concepts included in the AYBM These buses have stewards on board who, despite the
high level of automation, often have to take over control of the buses.

The stewards of these buses take control not only when the required by the shuttle, but also to avoid
conflicts and increase then®othness of the drive, for instance through reducing sudden stops. These
stewardinitiated takeovers increased over time and are likely the result of stewards using their experience

to change their expectations of the AVs capabilitiesbehaviourand adpting their ownbehaviour
accordingly. In other words, they learn how to operate the shuttle. Matmitoring is an essential part of

GKS aidSglNRaAQ Gl al | yR G kgrstconbiped @ifh thé ffod thaNstehagddli S R
initiate additioral takeovers, indicate that the stewards are performing satisfactorily on this task.

9.4.1. The Conceptual Microscopic AABM model

A microsimulation autonomous vehicle behavioural model was introduced. Based on the four forces of AV
DBM describedbove a twolayer modelling schema is introduced. The upper layer controls the interaction
between the driver/user and the vehicle, and the lower layer controls the interaction of the vehicle with
the road environment. The modelling will be based on the principlesuii-agent reinforcement learning.

s s s s

L4 Acti
W —— iy

Figurel6: The conceptual microscopic AV behavioural model
The drivervehicle interaction is described by the following:

1 The states of the driving condition:
o Critical conditions (driver needs interact with the vehicle)
o Noncritical conditions
I Actions:
o Transition of control (Drivex> AV, AV> Driver)
0 Intervention in driver assistance systems
1 Reward: A quantity which exponentially decreases with the increase in reaction time (Learning),
andthe probability of acceptance and trust in technology based on steom previous experience
(Expectations). For example, during critical conditions, the user reacts slowly and has reduced
acceptance of the AV abilities to drive due to previous expegenc

On the other hand, the vehiclenvironment interaction is defined by the following:

i States: Safe, unsafe traffic conditions (critical conditions of the first layer are a subset of unsafe
conditions)

1 Actions: Follow, accelerate, decelerate, overtakenoeuvre

1 Reward: Increase with the transition to better state (Perception and Adaptation).

Moreover, two behavioural models were developed for describing i) the interaction between a vehicle and
its surrounding traffic and an automated vehicle and ii) agsbdan standing on the curb aiming to cross
the road.

October 2022 53




D9.5: Project Final Repeoihcluding the meetingoutcomes of the
Drive2theFuture Advisory Board

E

DRIVE?

For describing the interaction between vehicles and their surrounding traffic, real time human driving
trajectories collected via drones in the city of Athens were used. More specifically, a fldetdodnes was

used for recording the traffic characteristics during the morning peak hour (81@030). The data used

for the analysis are collected every 0.04s in time periods of 30min in a major arterial of the center of Athens
with 3 lanes per direatin and high traffic volumes. The modelling was based on the principles of
reinforcement learning and the analysis also revealed safe driving profiles concerning the distance the
subject vehicle keeps from its surrounding traffic, i.e., the preceding eehie following vehicle and the
vehicles on the left and on the right of the ego vehicle.

The behaviour of an automated vehicle in the vicinity of a pedestrian was investigatedlyging/ehicle

and pedestrian trajectories collected through the viteaperiment within the framework of the RO2 pilot,

led by FZI. The data was collected every 100ms including the position of the two agents, their kinematic
characteristics as well their spatial and time distance from each other. The modelling was babed on
principles of inverse reinforcement learning and more specifically on Maximum Entropy algorithm. Three
parameters were used for describing the state of the automated vehicle during the intergatiervehicle

speed, the speed difference between thehicle and the pedestrian and their spatial gap.

The concepts and development of behavioural models within Drive2theFuture are presented in detail in
D2.3 and D2.8.

9.5. Sentiment Analysis osocial media

Thesentiment analysis on social media aimgha aralysis of social media posts for the identification of
user phobias and prejudices towards automation, classification of different types of automated vehicle
users as well as proposal of mitigation measures to increase awareness and public acceptdrisaéov t
technology.

To perform the analysisa 6class classification schema was used. These classes indicate the overall
sentiment towards the analysed post. These sentiments are:

1. Negative Opinions: This class includes the most negative opinions exgiresse

2. Mostly Negative Opinions: This class includes the posts that express a somewhat negative opinion

3. Neutral Opinions: This class identifies neutral opinions, i.e. posts that do not display a specifically
positive or negative sentiment behind them.

4. Mostly Positive Opinions: Similarly to thé%lass, here we include posts that express a somewhat
positive opinion

5. Positive Opinions: Similarly to thé' tlass, here we include posts that express the most positive
opinions.

6. Not Relevant: This class includestgsdlat do not express opinions, e.g. announcements

To classify the results, a neural network architecture is used, based on an attention vector mechanism in
combination with Bdirectional Long Short Memory Network (LSTM). The model includes an Emgpeddin
layer that transforms the natural text to a dense vector. The position of a word in the learned vector space
is learned from text and is based on the surrounding words. The position of a word in the learned vector is
referred to as its embedding. Aftéhnis, a Gaussian noise layer and a Dropout layer are used before two
Bidirectional Long Shefterm Memory (LSTM) layers. The LSTM layers are followed by a concatenation
step, an Attention model layer and a dropout layer that is finally led to the lagtdaiinected layer. A view

of the learning architecture is presentedhirgurel?. It is worth noting here that the LSTM layers capture
short range dependencies in the analysis, while the attention layer is used to map long rpegeleiecies.
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Figurel7: Neural Network model Architecture

For this purpose, data were captured from two main types of social médiasocial networks and
discussion forums. The parameters that led to this selection were

i dataavailability,

9 ability to collect data in a way that adheres to all relevant national and EU regulations and laws
relevant to data privacy and

1 the popularity of the platform in order to capture an as objective as possible image of the current
sentiments & the general public towards automated mobility.

The analysis was performedtimree social media platforms, in fouterations throughout the duration of
the project. In totalmore than 125,000 postswere analysed.

Tablel3: Totd Social Media Posts Analysed

st H nd H rd H

(15/5352 — (ZDzF.);)rIOOI ?10755?(?— — ?;hcpfzri/cz’gz(?)z'n Totals

3/2020) 4-9/2021) | 6/2021)
Twitter 8,143 29,412 24,763 19,573 81,891
Reddit 495 226 125 106 952
YouTube - 13,307 12,457 18,153 43,917
Totals 8,638 42,945 37,345 37,832 126,760

The analysis of the data, indicate an overall favourable opinion towards modes of autonomous mobility.
This can be seen in a number of different results, from the average polétihe @nalysed posts, to the
presence of mostly positive posts in the NER analysis, to the actual sentiment analysis of the captured posts.
Specificallythe sentiment analysis throughout the various updates of this report, has captured an almost
1.5:1 pogtive to negative opinions ratio in the captured data.
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Figurel8: NER in the captured social media posts (Most Popular Posts)

However, while generally positively pdispositioned, the social media posts indicate a nhumber ofsfear
that can create risks in the acceptance. The main one is obviously the suspicion that is there in the
introduction of any disruptive innovation. But while we can expect that these levels of suspicion will reduce,
when autonomous mobility is more widelgtioduced, some other fears identified, especially the ones
discussing issues of eliminating jobs or ethical concerns, should be taken into account seriously.

All the data capturing and analytical efforts followed a privacy preserving framework that adtuesd!
current regulations and ethical guideline$he detailed results and analysis per iteration are reported in
D2.2, D2.5, D2.6 and D2.7 respectively.

10. Affective, persuasive and personalised HMIproposal for
ESoP extension

Corresponding WP

@)= olelgle [l MBLEIVEI 0 SR D3.1 Affective, persuasive, trusted and personalised HMI for
functions
D3.2 HMI developmentoolkit for AVs

Objectives [2 RSTAYS G(KS 2LWKGAYFE Il aL ¥F2
automation to set the ground for raising acceptance by defining ¢
privacy and applying a useriented migration path for the
introduction of automation in European transport

Main achevements:

1 Benchmarking of 40 different HMI concepts including different vehicle types, transport modes and
user clusters

1 HMI good practices as well as shortcomings identified to optimize pilot HMIs in phase Il testing

1 Framework for the impact of affectigpersuasion, trust and personalization in the interaction with
AVs on user acceptance

1 Definition of an initial set of guidelines for affective, persuasive and trusted HMI based on an
extensive literature survey and adaptation tyYAHMIs by defining apppoiate examples
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1 Development of HMI concepts for the interaction betweelWsAand norautomated traffic
participants

9 Selection of a wearable sensor for stress detection and a facial recognitions algorithm to infers a
dza SNDa SyzdAzylf adlas

1 Analysis of the WP use cases with regard to the relevant parameters for personalization and
adaptation features

91 Application of crossnodal HMI good practices, optimization of pilot HMIs and iterative testing with
users

1 User preference shown in different modes forviahick and operator HMIs for communicating
0N} yaLI NByidfte GKS aeadsSyQa Fdzi2aYlFGA2y aidl Gdza

1 User preference for the external communication (external HMI) of awareness, intent and/or status
of an automated vehicle tragparently to norautomated users (e.g., intent and awareness display
on shuttle bus)

91 Derivation of personalization and adaptation rules which enhance the HMI acceptance for different
user clusters or provide general adaptation directions for the HMI design

1 Development of a model for emotional state prediction, trained on different datasets collected with
wearables and reaching high accuracies for the prediction of biosignals

1 Development of the HMI development toolkit with 9 different use cases for alspart modes
and with different user clusters, which enables the rapid prototyping of HMI conceptsviimA
Virtual Reality or interactively with keyboard and mouse and with the following features: HMI
library with best practice elements; HMI recommendas for an affective, persuasive and trusted
HMI design, personalization rules, evaluation function and stress prediction function for the user

10.1. Benchmarking of alternative HMI principles and good practices
recognition

A benchmarking of 40 existing HMI pripples from all transport modes, road (driver/rider, VRU, passenger,

TMC operator), rail (signal box operator, train manager/dispatcher, train driver), aviation (flying pilot,
remote pilot) and maritime (on board pilot, remote control operator), was cotidGcR ® | SNXo6 &> dal
used in a broad sense, including every kind of communication between human and automated system, e.g.
by pedals and steering devices, visual messages or auditory signals. The benchmarking addresses different
vehicle types and automat2 y f S@St as>x AyOfdzZRAy3 lalLa FNRY (KS L
series, research and prototypical vehicles of different manufacturers.

A questionnaire for data collection was created, allowing a comparison and a clear understanding of the
very distinct HMIs alongside a set of attributes independent of the transport modality, including, e.g. task
description of the automated function, addressed automation levels, feedback on the AV status, available
interaction modalities, HMI elements and Hiklesign.
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Figure19: Overview of analysed HMI concepts per transport mode
Based on the clustering of the analysed HMIs per HMI type and target user, different issues and
shortcomings were identified that shall inform future HMptionizations within Drive2theFuture. For
instance, regarding the internal HMI for the user group operator the following issues were identified:
transition of control without driver confirmation, ambiguous text messages, no standardized colour codes
to indicate system mode, no emergency stop button located at the control panel for the operator.
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Tablel14: Example from the benchmarking for the external HMI of an autonomous shuttle bus

DRIVE2

THE FUTURE
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Vehicle

Feedback to user

Transition of
control

HMI Elements

HMI design

System mode: “driving”

Vehicle’s intention: stopping for

pedestrians

System status & environment:

pedestrians are blocking the
vehicle's way

Advise: warning that vehicle will

start

Mot applicable

path

- %5 DRIVING -2 -

* large display in front: animations, icons and text messages
" guditory signal: to inform pedestrians to clear the vehicle's

[31]

* preen animation with pedestrians
walking on zebra n:r::ul'ssing: works also
for colour-blind people

® red animation and familiar waning
icon to advise pedestrians to clear
the vehicle’s path

[43]

Tablel15: Example from the bnchmarking for the operator HMfor the autonomous trains in Nuremberg

Vehicle &
function

Feedback to user

Transition of control

HMI Elements

HMI design

® System status:

o early alarm to control
center in case of
emergency

o emergency call from
passengers: video
surveillance and speaking
connection to control
center

O past events memory:
footage 10 seconds before
incident occurred

Environment: automatic

appearance of interrupted

track section on control
center screen

® daily test runs still operated by
normal drivers

®* manual control on train possible with
emergency steering

® Displays for video surveillance and position tracking of

trains

= Speaking connection from train to control center

coors

compartment

= Schematic presentation of trains on separate
“multivisionboards” {in real time) with different

® Emergency steering in the passenger
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Tablel6: Example from the benchmarking for the operator HMI of an autonomous ferry ———
Vehicle & Feedback to user Transition of control HMI Elements HMI design
function
oo - ® System mode: autonomous ® just one person (captain) necessary ® curved wall with screens: live images of surrounding ® Blue trajectory and text box: autonomous mode
U - . - .
g B {incl. collision avoidance, for remote control of vehicle area of ferry ® Pink trajectory and text box: remote, manual
= = automatic berthing), remote ®* more displays: map with route and environment, control
3 8 control (indicated per route vessel status information ® Vehicle information: all information on board a
g g section) ® throttle lever as on bridge manual vessel also presented in remote HMI
=]
&8 c * Environment: adjacent ships o vehicle information: top view of ship with rate
2
5 -] labelled, weather conditions, of turn relative to directions, thrusters and
> a
= S depth performance
& * Route: map, trajectory with ®* Map: dark theme for better contrast, only
E start, end and own position, relevant informaticn included
g obstacles [41]
= = Vehicle information: engine
status etc.
® Speed: current speed
Tablel7: Example from the benchmarking for the opgor HMI of a dron
Vehicle & Feedback to user Transition of control HMI Elements HMI design
function
ERT " System status: signal guality, | 1. first notification (plus auditory " Display of guality of the signal (e.g. level bars) * no standard interface for GCS and for C2Z Link
E =B recovery procedure alarm) indicates signal loss ® Text notification management
& E E * Environment: telemetry 2. second notification indicates ® Auditory signal: signal loss " common elements, but actual design of such
'E‘ ﬁ = data, location of aircraft on beginning failsafe procedure » Telemetry (latitude, longitude, altitude, spead) elements varies from interface to interface
g B E map 3. no need for remote pilot to take ® flight management functions ® cignal guality and telemetry information always
£ action as recovery procedure is visible in imterface, aural signal and text
- i dure i isible in interf: | signal and
8 automated notification when signal lost
E — 4 pilot can monitor through map and — ® puidelines indicate that CG5 HMI should ensure
] E telemetry data if recovery going accessibility and wisibility of displays
w E correctly
g 5. In case of anomalies during
5 procedure, pilot can terminate flight [38]
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Apart from that, an expert rating with different criteria was used to evaluate good practices in the HMI. To
be identified as a good practice, the following 2 criteria had to be met by the analysed HMI element:

1 Successful over time f@igatory). At least 2¢ generation series production or in case of a
LINEG20G81LISs O2yaARSNBR (2 0SS LINI 2F GKS ySE
account as a good practice for HMI optimization in A3.2.

1 Not linked to unigue situations angpecific circumstances (obligatoryJhe element might be
OGN yaFSNIo6fS (2 2GKSNJ Y2RS&a M lalL StSYSyd égA
HMI optimization in A3.2, HMI element/principle also to be considered for other modes.

10.2. Affective and persasive HMI for automated vehicles

Ly 2NRSNJ 2 RSTAYS 6KIFG aF FFSOGA DS émachiaRinteraciisriNA dzI &
and which effect it has on technology acceptance, a survey of existing literature was conducted. Based on
this, a modebf how affection and persuasion impact user acceptance was created, including also the factor
GONHzZAGE ® CAZNIKSNN2NBX Ad gta Fftaz GF1Sy Ayidz2z | OC
personalization process.

Trust -
Perceived performance, safety Adequate system performance
and gosl support and safety repeesentation
afluences judgement sfluences attitude
and decision making
Improves credibility and
power of ¢ ¥
Performing Joy of
’ Persuasion Acceptance
system Message to achieve a Relnforced, changed or shaped Use
specific use attitude and/for bahaviour
afluences judgement
and decision making
Changing
character
Percaption of Symbolic strategies tha
trust as a feeling trigger emotions
Affection
Percaived adaptation on the Pleasure, stiovadlation
affective state and efficiency
Perzonal-
fzation Percerved adaptability to Identification with the system

relevast intraindividual factors

Figure20: Interrelations between affection, trust and persuasion, personalisation for user acceptance

The challenge is to optimize selected HMIs from different transport modalitdesvever,HMIs designed

for automation vary greatly among the transport modes, réfere a common approach to optimize the
HMIs had to be foundBased on previous findings from literature, adapted to the needs of AV HMIs and a
relevant workshop performedn the framework of the project, an initial set of recommendations for
affective aml persuasive HMI was developed.
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Table18: Example recommendations derived for persuasive, trusted and affective HMIs

User group(s) Interaction Practical SENEIS)

property Recommendation

2| Operator In- Persuasion | The HMI reduces a | 1.(Road, rail, maritime) Operator:
| Passenger | Vvehicle complex behaviour | Autopilot activation with one click
VRU remote into simple tasks in | 2 (Road Rail) Operator: Autopilot

order to help users

external deactivation
to perform the )
target behaviour. with one command
(OinasKukkonen & | 3. (Aviation, drone) Pilot: integration
Harjumaa, 2009) of all HMI information into one HMI
(weather, mission etc.)
40w2F R0 tlFaaSy3asSn
82dz FNB gFAGAY 3T 7
5. (Rail, maritime, road, avien)
Operator: Manoeuvrébased
AYyGSNI OGtArzy 6So3dq
Gf 22L¥ YIy2SdzNBY
;2| Operator In-vehicle | Persuasion, | The HMI provides 1. (All): System uncertainty is
Z#H Passenger | remote Trust truthful and unbiased| communicated by using a simple

information: It vertical bar

informs about system 2_(Aviation, Maritime): information on
conflde_nce or system sensors or G® not working fully but
uncetainty or system| yithin in acceptable range

degradation. (Oinas 3. (Aviation, drone) Pilot: The HMI
Kukkonen & : . .
. provides information about the
Harjumaa, 2009,
Helidin et al. 2013: strength of C2 (Command & Control)
! link between the drone and the GCS

Stockert et al. 2015; .
Ekman et al. 2018) (Ground Control Station).

These were further adapteb the needs@ ! + Q& |l alLa | yR SyKFEyOSR gA0K (
apply to the pilot site HMIs. Furthermore, a common set of icons to communicate the automation status of

the vehicle was taken into account within the activity and the optimized HMI concepts wstedtin

different pilot sites. The evaluation was performed by the use of a HMI questionnaire provided to the pilots

in WP5 with a focus on the user experience considering hedonic and pragmatic qualities, the affectiveness
and persuasiveness of the contep
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Figure21: Draft of operator HMI for AV1

Figure23: Passenger information regarding sudden braking and a sogighotline
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User tests for irvehicle and operator HMIs across different modes indicate that users prefer HMIs that
inform about status of the automated function, and which are transparent about the current system status.
For instance, this can be LEDhig)that inform bus passengers and operators about the activated
automated mode, a warning light during automated docking for ship passengers and operators, an icon or
LED for TMC operators on the status of automated busses as well as car drivers, venaqiteive
information about the recognized traffic situation during an urban ride. In addition, user tests also
demonstrated good user experience results and positive feedback for selected new and innovative HMI
elements for AV functions of different mosleThese will in the future also contribute to the development

of accepted HMI concepts for different target users: iRstancea joystick for raitlrivers serving also as a
persuasive input device as compared to the established rail driver controlBimé Spot Assist function

for PTW riders to enhance road safety and additional automated functions supporting the safe and efficient
operation and piloting of drones.

10.3. Conspicuity enhancement and interaction management with
non-autonomous traffic partigpants

HMI concepts for interaction of\& with norautomated traffic participants have been developed. This
work took reference to the achievements frotine benchmarking of existing HMdescribed above and
from the use case analysiséhapter 8,as wellas on the currently evolving literature on communication
with nonrautomated road users.

Communication of automated vehicles with vulnerable road users were prioritized in the investigation. This
included the design of different HMI alternatives for aricamated city bus approaching a bus station and
pedestrians.The aimhas beento evaluate different solutions for communication/interaction between a
city bus driving in autonomous mode and passengers entering the bus.

Table19: Exernal communication to passengers near and entering the bus

HICUS e lifules [l Road (REB): AV Conspicuity HMI & strategies for interaction of automated
and use case road vehicles with nomquipped other road users

User ‘ Passenger near the bus and entering thus

HMI type ‘ External HMI

HMI elements 9 Light around the windshield
1 Sound (belike, with increasing frequency when approach
bus stop)
A B C

Furthermore, awareness and intent displays were designed that should indiegtanotherroad vehicle
has ben recognized and how the automated vehicle will react on it.
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Table20: External communication towards powered twarheeled vehicles

and use case

User

HMI type

HMI elements

LU olilylelels] Road (REBC): AV Conspicuity HMI & strategies for interaction of autedha

road vehicles with nomequipped other road users

Other Road user: Poweré&dvo Wheeled vehicle riders

External HMI

A specific visual signature (yellow colour of th| &
AV) will be tested to study the impact of a vis{ e
signatiNB 2y GKS 0SKI OA 2 (¢

Table21: External HMI on A\shuttle informing other road users on overtaking

Transport mode
and use case

User

HMI type

HMI elements

Moreover, a virtual signature has been slgned that aims at visually communicating the current level of
automation of vehicles towards the other road users. The signature is conceptualized as a set of lights

road vehcles with norequipped other road users

Road (R€1): AV Conspicuity HMI & strategies for interaction of automateg

Road users in mixed traffic on route with ARuttle

External HMI on Aghuttle informing other road users on overtaking

pictogram and text

Forbi?

/,1 Forbi? v
Husk avstand'

The eHMI sign on AV-shuttle in Oslo; photo T@I.

Husk avstand!

placed on the roof of the cars. The hypothesis is that such virtual signature systéhesmihe other road
users to interact properly with the automated vehicle, while better expecting their behavialss, intent

communication from drones waaso investigated, with different alternatives (lights, sounds, movement,

etc.).
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Tests on theabove designs were conducted within different pilots throughout Pha@e0b, RG8, RGL,
RQ3C, AVL).

According to the obtained results, eHMI can be regarded as a suitable means of communicating awareness
and intent of a vehicle to the rest of the rdaommunity. The majority of traffic participanthough

certainly not all¢ perceive eHMI as being helpful in enhancing the comprehensibility and safety of
interactions with automated vehicles. Our research also indicates a differentiated impact ahiteh or

the information type conveyed. For example, combined presentation of obstacle awareness and vehicle
AyGSyiaArAzya KSELSR Y2NB LI NIAOALIyGa G2 dzyRSNEGI
obstacle awareness only, but fewer participamégarded this combination of awareness and intent to be
safe. We also found that the design of the eHMI strongly matters: for example, we confirmed that auditory
signals provide effective alerts, but that they also are subject to annoyance. Furtheis resutxternal

HMIs for drones show that experts see lights (LEDs) on the drone as a potential helpful external
communication cue in certain situations, such as when a drone is ascending or descending in a public place
with a lot of people. Similarly, PTVilers would benefit from an explicit external HMI to mark fully
autonomous A/s to clearly predict their behaviour.

10.4. A wearablebased analysis of emotional responses

The objective has been to create a system that would be able to predict the stressdadetsnotional
responses of passengers of autonomous vehicles based solely on what is happening inside the vehicle and
GKS OSKAOfSQa Y2@0SYSyid LI NIYSGSNBZI Soaos @SKAOES
an arduous task, as scoresuld need to be assigneBl2 NJ 1 KS LI aaSy3aSNRa SY20A 2,
analyse the vehicle parameters in an efficient wtyus, the system needs objectively assess the comfort

YR aiGNBaa fS@St 2F a&RNA DS NEid mized NS afidediigvariblls A& S y 3
manoeuvres using wearable devices.

As a first step, wearables suitable for this purpose have been evaluated and selected. The Feel Bracelet was
considered to be the most suitable for the data capturing process, mgdisures all relevant bio signals

with acceptable accuracy and is optimized for medical applications and specifically for stress monitoring. In
addition, a facial recognition algorithm was developed that identifies faces and provides a stress level
prediction.

Intra-Property Encoding: Stacked of Auto-Encoders Fusion Inter-Property Encoding: Unsupervised Tensor based Learning

Gradient Intra - Property Convolutional Auto Encoder
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Figure24: The proposed feature extraction architecture
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For the development and assessment of the method, three different phases were executed. Initially, a
synthetic dataset was created by the combination of two widely usedchmarking datasets. This was

used during the initial development and testing phase. Moreoveihouse testing of the procured
equipment wasexecuted toassess the technical workflow. Finally, the models developed were tested on

the newly published HARONY dataset that collected multimodal data from drivers using smart wearable
devices, cameras, and multiple APIs. The developed models were retrained and evaluated in HARMONY as
well. Finally, an export of the model was integrated on the Hi\lelopmenttoolkit developed irthe

project.

Detaik of this work are included in D3.1.

10.5. HMI adaptability and personalisation

Personalisation is responsible for many of the greatest successes of transportation services developed
during the latest years. It is commordgcepted that each user cluster or even each individual user have
different needs, wants and preferences, thus need a personabsseéd design and development of the
services aimed for them. There are two main areas of a product or a service wheregisaion applies,

i.e. its functionality and its HMI. Both can greatly affect the user acceptance, behaviour, actions and
reactions; ultimately, all these can have a great influence on safety, which is the key issue in transportation

Within Drive2theFutte the objectivehas been the development of HMI personalisation and adaptation
rules and identification of optimal conditions for their application in order to enhance the acceptance of
the AV functions by the involved user clusters. The aim here ig&ept specific rules that can be extracted
from the results relating to the HMI tests of Phase Il pilots, with real participants. These tests have been
conducted either on real road environment or in labs, using simulation or VR techniques.

Thedriver clusers and profilesand the Use Casess defined earlier in the projeaijere analysed with
regard to personalization features. A table with relevant parameters to be included in the study has been
developed, including an analysis of the following paranmetdriver/user cluster, driver/rider state, AV type

and environmental condition. Following this, key parameters related to AV acceptance (e.g. trust, safety,
cost) were identified, that were taken into account for the personalisation and adaptation rulElsis
formed the basis to build the HMI personalisation and adaptations rudsich were defined for the
following categoriesRoadc Autobus Roadg Passenger caRailg Train andAir -Drones
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Table22: Excerpt othe emergediist of HMI elements and concepts personalisation rules for different user clusters

User cluster

User sub
cluster

and conditions.(D3.1)

Conditions

Personalisation rules

Roadc Auto-bus

Details

: It increases their feeling

VRU- Young, i.e. age | Mixed traffic, | Both external visual
pedestrians | group <2639 at crosswalks| (display) andudio- of safety and (feeling of
and bicyclists | years old blind corner, | basedcommunication | being noticed)
(from RO5 straight track | are to be used by the
Phase Il on auto-bus when young
road piot) people are present
As above As above Use familiar traffic light | It makes the information
colours at the external | displayed faster, easier
display, i.e. green, to understand and also
yellow and red more conspicuous
Children As aboe Visual communication | This is to help especially
should be at least younger children that
partially iconic might not be able to
read (yet), to understand
that the bus is
automatic, although they
are accompanied.

Moreover, general adaptation directisiwere identified, which would need to be csidered, reviewed
and evaluated in depth with larger samp|assich as:

Overall, and according to the findings, there are different and specific needs and preferences per user
cluster regarding the vehicle or eternal interfaces of AV. Such issues are to be taken into consideration

as they play a significant role in the level of acceptance of AV by the users, as well as the level of safety
when introducing such vehicles in the traffic. However, thi  @<uls Qave shown that there are
common user needs and wants among each user cluster (car drivers, bus drivers, passengers, etc.),
therefore their main requirements can be grouped in order to satisfy them

Details of this work are included in D3.1.

10.6. HMI developnent toolkit for AVs

An interactive software application was developed, which combines the optimized HMI elements, test
procedures, tools and personalisation strategjieeriving from the project workThe toolkit enables the
rapid prototyping and testingfaovel HMI concepts together with ussand provides an interactive library

on HMI development for ¥s.

As a first step, an appropriate implementation environment and a modular backend structure was established
with the Game Engine Unity, since the HMIdt&it shall be a tool that can be constantly extended with new use
cases and application scenarios. A GUI interface with a menu was programmed that enables a stepwise workflow
to configurean HMI concept, starting out with the use case selection, then tiell configuration, the HMI
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experience and finally the HMI evaluation (see
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Figure25).
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Figure25: Process of using the HMI toolkit application

In total, 9 different use cases were realized in the todiit different transport modes, user clusters,
vehicles and automation levels.

Table23: Overview of available use cases

Vehicle  User Scenario Use case description

Car Driver Highway A driver rides in a SAE Level 3K
International, 2021) car on a highway
automated mode and is then require
to take over manually.

PTW Rider Highway A rider rides on a highway using
automatic blind spot assist which wari
the rider of approaching cars in th
blind spot.

Bus Pasenger | City A passenger rides in an autonomo
shuttle bus (SAE Level 5) withg
operator onrtboard to a selected targe

location.

VRU City A pedestrian wants to cross the stre
when an autonomous bus (SAE Leve
approaches.

Aviation Drone Pilot Couriryside | A pilot explores basic drone operatio

with a drone flying within and beyon
visual line of sight, including 4
automated returnto-home function.
VRU City A pedestrian is in a city parc and war
to hand a package to an autonomo
delivery drane.

Railway Train Remote City A remote operator recovers a
Operator automated train after the failure of th¢

automated system.
Maritime Ship Operator | Countryside| An operator supervises an autonomo

ship during a docking manoeuvre.
Passenger | Countryside | A passenger  experiences
autonomous ship during a dockir
manoeuvre.

The HMI library includes optimal HMI elements for the configuration and HMI personalization rules were
implemented to enable the adaptations to different user clusters. Furtheemnibie stress prediction model
Aa F@FEAEFOES Fa LINI 2F GKS (22T A0 So3adx (G2 LINE
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was implemented primarily for Virtual Reality equipment as well as optional Mixed Reality setup (e.g., with

a physical steering wheel), but also offers interactive use via mouse and keyboard, especially when a
physical testing in the lab is not possible. The toolkit also entails an HMI evaluation function that can be
used after concept experience to collect imdigte feedback from users.

The possible application areas of the HMI developmntentkit include for example careation of novel
concepts with users, evaluation of HMI solutions with users or the creation of virtual training content for
novel HMI concept The toolkit was successfully applied in the development and testergté¥1l concept

for a car HMI concept for a user with physical limitations and a study in Virtual Reality to investigate
interactions of a VRU with an autonomous shuttle bus and aelrtn addition, feedback was collected in
different demonstration sessions in the lab as well as during expo days, showingtsatelevant
stakeholders find it a useful tool to support HMI development and also resulting in two successful industry
coopeaations of Fraunhofer IAO to use the toolkit for HMI development.

Details of this work are reported in [23

11. Training needs knowledge and tools for users &
stakeholders

Corresponding WP WP1:
@)= efelalellale BBV 0] (S D4.1 Novel training tools and scarios
D4.2 AV training programs
D4.3 Training certification requirements, acceptance creation meas
and impact to employment

Objectives To identify the needs of all user categories to enable the shift to
technologies and levels of automation apased on this analysis develc
training tools and materials that might support the relevant stakeholc
during and after the project lifetime

Main achievements:

T ¢KS lFylrfeara 2F !+ dzaSNARAQ (GN}XAyAy3d ySSe&wr F2 N
grouped in categories which cover, among others, (i) social skills, (i) programming and computer
skills, (iii) engineering/technical skills, (iv) driver/crew skills, (v) remote operation and control, (vi)
legal skills, (vii) safety managementliskand (viii) maintenance.

1 <election of VR/AR and multimedia tooksd.,videos) to be used for training and awareness raising
activities as well as the development of scenarios for the application of the tools.

9 Screening of existing training programsnand training materia& identification ofthe specific
training needs of the pilots and the scenarios for the implementation of local trainings

9 18 training programmes were developed across transport modes: 10 trainings for road transport,
3 for rail transport, 2 trainings for maritime transport, and 3 trainings for air transport. The training
contents (literature, videos, existing training material) have been identified and selédfieen
possible, training schemes and material produced by the pilos $itve been included as well.

1 The training material produced has been used for the development of seledéstning modules,
following a series of storyboards. Contents have been adapted to tlearaing scenario by
choosing the necessary visual masdr setting up a timeline span, giving graphic elements their
appropriate time on screen, animating stationary elements and synchronising text blocks with the
timeline, as if being narrated. When finalised, théearning tool has been made available foe
participants of several project pilots and evaluated accordingly.
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1 Recommendatios were developed on the need to adapt certification schemes and training
programmes visx-vis the introduction of AVs. The set of recommendations proposed take into
accourt: legislative needs, reskilling and training of drivers, reskilling and training of other transport
professions, funding and training for selihnployed and SMEs transport professionals, support the
image of the profession, development of social dialogute EU level, humawehicle interaction
training and certification, adaptive training and certification schemes, as well as ways to support
employment transition.

1 A consultation with European trade unions was conducted and served as a basis to dewklop an
consolidate a set of recommendations on future trainings and certification requirements at the EU
level. In this framework, the Drive2theFuture project was presented and discussed doging
EuropeanCommission’s Saocial Sectorial Dialogue CommissionTRaasport Dialogue meeting in
March 2022.

11.1. Training needs, with emphasis on lifelong training

AGK2NRdzZAK ylfeara 2F | xondudtd&Nd@rnidghl mogles shdlaurBaBoR & K |
levels in the transport sector. More specificatlgsk esearcthas taken place, reviewing available literature

on the topic, mainly from training and research bodies, university courses, scientific publications, and
outcomes from relevant projects. This research has led to a comprehensive overview of nbedséd

by training activities with the objective of equipping AV users with the necessary skills and knowledge in
order to benefit the most from automation, as well as prepare society and stakeholders for the transition
period. For each mode, needs haveehegrouped in categories covering, among others, (i) social skills, (ii)
programming and computer skills, (iii) engineering/technical skills, (iv) driver/crew skills, (v) remote
operation and control, (vi) legal skills, (vii) safety management skillswéi)chfaintenance. It should be
noted that automation is currently not achieved in the same levels across all modes and the training needs
analysis reflects this variation.

Table24: Excerpt of theTraining needs for road sector.
Users Description

Training Familiarization of drivers with automation levels and operatio
needs {0] functions of each vehicle, since there are differences.

operators Training regarding the hardware and software of the vehicle.
Training in providing tneble-shooting, in having enhanced decisi
making andoroblem-solvingskills.

Training in HMI adaptation: vigilance, driveladiness in transition
between manual and automated driving, reaction,-viehicle HMI
strategies

Training on the tak@ver behavour after a takeover request or after g
critical event taking place, requiring the driver to intervene to avoid
accident.

Handson training for operators using an automated vehicle in orde
gain experience is essential. The interaction between Wd/adher users
will lead towards acceptance and HMI adaptation.

Training in acceptance after hanrda experience of all levels ¢
automation in urban, rural, highway and specific applications, suc
tunnels, constructions and bridges, and environmentalditions.
CNFAYAY3I GKIFIG gAftt KIFEGS Fy AYLI

These resultsonstituted the basis and reference in the development of the training programmes in
Drive2theFuture, as well as for theertification requirementsResults and analysis wer all affected
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profession types, relating to vocational and university training, specialisation on the job, distant and lifelong
learning schemes.

The findings of this work are included in D4.1 and D4.2.

11.2. VR/AR and multimedia training and awareness tools

For the training needs of the project pilots, a VR/AR and-aming tool were developed

The development of VR/AR tools has its starting point in the EU funded projects BRAVE and ADAS&ME and
has been further developed. Due to Cowi@, efforts were spnt to minimize obtrusive solutions and to

avoid sending equipment arounth the following table an overview of developed VR based visualisations

for training are presented.

Table25: Overview of VR developments and visualisatofor training.

Mode of Scenario- benefit of using Tool to use

transportation

Passenger car Driver Safe operation and awareness ( VR / playback
how to interact with an automated movie
car

Passenger car Pedestrian Safe behavior at zebra crossings | VR / playback

movie

Partly AV bus Driver Safe and efficient docking at by VR / playback
stop movie

Partly AV bus Pedestrians Safe and efficient interactions whil| VR / playback
waiting at bus stop movie

AV shuttle Pedestrian Safe interaction with shuliés when| Movie ¢ real
passing its path world

AV shuttle Cyclist Safe interaction with shuttles whel Movie ¢ real
passing its path world

AV shuttle Passenger Awareness of how to use an VR / playback
behave in an autonomous shuttle | movie

Drone Pilot Sak operation and awareness ¢ VR / playback
how to interact in an efficient way movie
with a drone

A series oVR scenariomereA RSY A FASR | YR RS gefspediiedming Kdn tHelS R S &
Brave project) were used and updated for interacting 0 K I dzi2 YI 6 SR LI} 2aSy3aSNAEQ
awareness, by training pedestrians to avoid critical situations while crossing a zebra crossing. In phase Il
pilot on bus drivers (RO8) VR was used with focudrieers of buses with automated dockinfginctionality

and the interaction withpassengers waiting at bus stopfaking into account also findings from
ADAS&ME). The data collection usedsguulation from Phase Il testing. Based on the results, two VR
scenarios and an additional movie pedestri- Y& 'y R O Of AaidQa AyiaSNI OlGAz2y
were developed. The aim was on awareness creation on each user group's perspective to improve
acceptance and trust with help of training. Fbivers of automatedpassenger carsa demo in VR is used
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to show a partially automated car behaving when special situations occur, such as a construction site ahead.
In particular, initial insights from A3.2 on affective, persuasive and trusted HMIs were used to optimize the
HMI concept to the needs of the userFor! + & Kdzl (i f S VR Jisdalis&tigrd $ididdsed for
awareness creation to gain acceptance to travel by shuttles. Whereas nowadays shuttles often have a
steward or safety driver on board who can answer questions, the simulation shows a fullyinaios bus

with an HMI concept that can be tried out by the user. Boone pilotsthe VR were used for visualisation

to improve the skills of using drones and to prepare the drone pilots for real flying.

Moreover, an dearning tool was developed. Theeaarning tool is an online platform containing a series

of courses, with texts, videos and quizzes, which can be used individually or in a classroom format. The tool
is structured in a modular way, providing a set of courses per transport mode for attdosport modes

(road, rail, maritime and aviation), while differentiating specific courses for different user groups. The great
advantage of the tool is that it is very flexible in its use, allowing the user to select and combine the courses
of interest,without having to go through all the available material. Also, its visualization and presentation

are pleasant, modern and user friendly, making the contents understandable by all, regardless of the level
of knowledge on the topics. Moreover, the quizzagailable at the end of each course, allow to check if
GKS YIAYy afSaazya tSINYSRE NS 02y OSAOSR Ay | ¥Fdz
desirable.

¢KS (22ftQa O2yiaSyid sl a olFaSR 2y K Sct¢seendxyskcfcA t NP
11.3)upon their formulation into storyboards and design of illustrations for the proper visualisation of the
contents.

c o D) 25 3 file///F:/CERTH/2021/D21tF/2021.03.27 - eLearning FINs/Al **» & ¥ @D g O @ YT H =
Question 1 of 2 THERFIUTU €

Drones are also known as...
unmanned flying vehicles (UFVs).
~) unmanned aerial vehicles (UAVS).

() android flying machines (AFMs).

Correct. Click anywhere to continue.

Figure26: Example screenshot oflearning tool for drone operators

¢ KS (2 2 fioQthrou§hskléct Drive2theFuture pilots, showed a positive feedback by the users,
who found it a useful and easy to use tool, providing them with essential information on the systems and/or
enriching their already existing knowledge. Suggestions pfdaement were also provided, to be taken

into account by the developers.

Overal| the Drive2theFuture training tool is a usable and flexible tool, useful and applicable for training
people of different user groups, regardless of age, gender, professimekground and previous
knowledge on the addressed AV topics for all transportation modes, in dniesealy and pleasant manner.
Improvements are foreseen, following the validation and evaluation process performed in the project
pilots, while¢ in its fnal form- it is aimed as an exploitable product upon the project finalization.
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11.3. Training programmes per user cluster and sentiment analysis

With the aim to develop training programmeésurricula, content and tools integratetr all key useand
stakeholakr groups focus wasput on collecting existing AV training programmes for the four transport
modes (air, rail, road and maritime), while the training requirements were analysed. This led to a targeted
collection of AV training programmes (literature, vwde content) based on these requirements. In parallel,
additional information has been collected on AV training programmes already existing at the 12 pilot sites.
Pilot sites provided (where possible) public material to be included in the general cailectio

In total, 18 training programmes were developed within the project, covering all transport modes: 10
trainings cover road transport, 3 trainings cover rail transport, 2 trainings cover maritime transport, and 3
trainings cover air transport. Moreovethe trainings cover 10 types of stakeholders.

Table26: Overview of training programmes developed in Drive2theFuture.

Transport Training title Proposed by
mode

Road Introduction to Connected and Automated Driving | IRU/VUB
Autononous Vehicles Challenge: Balancing Ethics| CERTH
Innovation
Introduction to Connected and Automated Freid IRU
Vehicles
Introduction to Autonomous Public Transport UITP
Safely docking a bus to allow passengers to board| VTI
bus stop
Drivinga highly automated car of the future Fraunhofer IAO
Introduction to GITS AMZS/IAM/PZM/RAC
Evolution of Traffic Management towards CCAM Swarco

Training pedestrians to interact with automatq FZI

vehicles on the road
Riding in a future autonomoussttle Fraunhofer IAO
Introduction to Rail Automation EURNEX

Train drivers and signallers as remote operators TUB

Train traffic safety and safety management for trg VTI
dispatchers/signallers
VEWWER Introduction to autonomous vehicles in éhmaritime | WEGEMT
sector
Maritime autonomous operators TUCO
Introduction to drone operations Deep Blue
Operating a drone via an HMI concept Fraunhofer IAO
Online risk assessment for drone operations Deep Blue

The training programmes which wee developed include introductory courses for each mode, mainly
focusing on key definitions, legislation and the State of the Art with a reference to past and present research
initiatives. The main objective of these introductory courses is to provideargkoverview of automated
systems in each transport mode to a wider audience. In addition to the introductory courses, training
programmes focusing on specific aspects and topfos example HMt, were developed. The main aim of
these specific trainirgyis to delve into specialised topics for an expert audience.

Training tools such as PowerPoint slides, videdgaming, virtual reality and quizzes were used to
complement the training programmes. For the overall development of the training programnvedved
partners were also engaged in piloting activities, ensuring that the material would be useful and to be used
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website in a restricted @&a, which can be accessed with the appropriate credentials.

Table27: Overview oftraining programmes and theraining tools used in each

Transport  Training title Tools

mode

Road Introduction to Connected and Automatg PowerPoint presentation, quiz, -€
Driving learning
Autonomous Vehicles Challenge: Baland PowerPoint presentation, quiz, -¢
Ethics and Innovation learning
Introduction to Connected and Automatg PowerPoint presentation, quiz, -¢
Freight Vehicles learning

Introduction to Autonomous Public Transport| PowerPoint presentation,-arning
Safely docking a bus to allow passengers PowerPoint presentation, -karning,
board at a bus stop VR/playback movie

Driving a highly automated car of the future | PowerPoint pesentation, elearning,
VR/playback movie

Introduction to CITS PowerPoint presentation, quiz, -¢
learning, playback movies

Evolution of Traffic Management towards CC4 PowerPoint presentation, quiz, -¢

learning

Training pedestrians to interact with emmated | PowerPoint presentation, -karning,

vehicles on the road VR/playback movie

Riding in a future autonomous shuttle PowerPoint presentation, -karning,
VR/playback movie

Introduction to Rail Automation PowerPoint presentation, quiz, -¢
learning

Train drivers and signallers as remote operat{ PowerPoint presentation,-earning
Train traffic safety and safety management { PowerPoint presentation, -Earning,

train dispatchers/signallers playback movie
Maritime Introduction to autonomos vehicles in thg PowerPoint presentation, quiz, -¢
maritime sector learning
Maritime autonomous operators PowerPoint presentation,-earning
Introduction to drone operations PowerPoint presentation, quiz, -¢
learning
Operating a drone via an Hdbncept PowerPoint presentation, -Eearning,

VR/playback movie
Online risk assessment for drone operations | PowerPoint presentation, -karning,
demos

As a last step, a sentiment analysis was carried out to better understand the feelings of userghgegard
training and autonomous transport in general. Results show that social media users tend tmbstie
favourable opinions towards autonomous mobility modes, with negative opinions connected mainly with
safety concerns.
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Figure27: Twitter Sentiment Analysis Results

11.4. Certification requirements impacts to employment
Acceptance creation measures and training incentives

Existing certification schemes across all transport modes (road, rail, maritime anekeadr)nvestigated in
orderto provide insight on the best way to adapt them to AV specificities and future negdsw.collecing

the relevant schemedocus was pubn identifying which certification schemes and training programmes
would require adaptation vig-vis the intraluction of AVs. Several options were explored which included
revising EU legislation concerning driving licences for road transport but also skills needed to carry out ralil,
maritime and air transport operations. Moreover, the potential impact of AV deptyt on employment

within the transport sectors highlightedalongfuture acceptance creation measurdde main outcomes
formulate a set of recommendations, to provide suggestion on the ways to manage the transition towards
autonomous vehicles, takingtm account future changes required to adapt existing EU certification
schemes and legislative frameworks to laggde automation deployment

The social impact deriving from the introduction and -mlkt of autonomous vehicles across the four
transport moces (i.e.road, rail, maritime and airis currently being investigated by the wider transport
sector. Consequentlyhe work perfomed in Drive2theFutu@imed primarily at raising awareness the
impact of highlevel vehicle automation on the future rolef driver and operator, as well as proposing
potential solutions in the form of recommendations to ensure public acceptance and facilitate the industry
transition. The path towardgehicle automationrmust take into consideration existing certification sofes

and adapt them accordinghas current certification schemes do not consider autonomous vehigkes.
additional knowledge igathered onautonomous vehiclesapabilities and their developmenturrent
certification schemeseedto be revised accordig At the same timeacceptance creation measures have

to be adaptedand further developed, askeyenabler for user acceptanc&or this, autonomous vehicles
need to showcase ways they cafacilitate R NA @S NELGS NI iR NE Q R A patrayigg2 NJ =
themselves as a replacement andaburagdransport workers from adapting to future skills set required.

Inevitably, a largescale deployment of vehicle automation will impact employment across the transport
sector and this impact will have to be faer assessed to be able to best support transport labour market
transition. Autonomous vehicles represent both an opportunity and a challenge, requiring all stakeholders,
including policymakers, industry, and trade unions, to collaboratively work togéthenable a smooth
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social and market transition. The largeale deployment of AVs provides a space for new emerging
professions as well as the opportunity to enhance the image of the transport profession. However, some
challenges might emerge for transp@rofessionals facing difficulties to adapt to new AV technology and

the adaptation of future skills required across the labour market. For this reason, a consultation process
gl a OF NNASR 2dzi (23SGKSNJ 6A0GK {KSyR N2 IRENIdiyZANE/ G SiE
and challenges.

11.4.1. Certification requirements

In terms of existing certification scheméabese were investigated per transport mode and the following
categories were identified.

Figure28: Overview of exgting certification schemes per mode

Category

EU certification for drivers driving license

EU certification schemes for goods and passenger road trang
professionals

1 The Certificate for Professional Competence (CPC) Direc
1 Road transpd professionals driving and rest time rules

National and sectespecific certification schemes for other ro¢
transport professionals

Taxi certification schemes

Transport of dangerous goods by road (ADR)
5NRQDGAY3I AyadNHzOG2NDRa OSNIJ/
EcotrdzO1 & RNAGSNNRaA OSNIATAO!I
Ecodriving and lowemission certification schemes

= =4 =4 -4 -9

Certification for train drivers

Certification for signallers

Certification schemes for other rail professionals

AIR Manned and Unmanned Aircraft System (UéeSjification

Pilot and aircrew certification

MARITIME {SFFINBNEQ OSNIAFTAOIFIGAZ2Y

Professional qualifications in inland navigation certification

Certification schemes for other maritime professionals

91 International Convention for the Safety of Life aSeas
(SOLAB

1 Seafarers Training, Certification and Watchkeeper (ST
Code

1 Maritime Labour Convention (MLC)

Using theseas a starting pointthe identification of shifts of interactions between driver, infrastructure,
and vehicle were investigated, toqvide a first understanding of how road transport certification schemes
should be adapted to the larggcale deployment of automated vehicles on open roads, in the most durable
and safe wayThe detailed results of this work are reported in D4.3.

11.4.2. Acceptarte creation measures and training incentives

¢2 Ol LWdNB GKS SEA&GAY3TI (1y26f SRAS 2y dzASNAQ LISND:
but also understanding the existing best practices in the transport sector, a literature review was
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conduced. The sources identified as relevant for the analysis represent an array of typology of publications
(from scientific publications on human needs and acceptance in the context of AVs, to deliverables of EU
funded project, policy recommendations and eiigtroadmaps), which cover all the modes of transport
Drive2thefuture has been investigating, different levels of automation as well as the perspective of several
key mobility stakeholders (i.e. AVs drivers and operators, workers unions, passengersarsd u

¢KS NBadA Ga 2F GKS fAGSNI Gdz2NE NBYGASe KF @S 0SSy
(mostly collected via questionnaires, interviews, and video analysis) on user experience, acceptance, and
future intention to use autonomousehicles for both professional and ngmofessional users.

The literature review rain findings have been clustered and reviewed according to three thematic
categories which represent the domains the acceptance creation measures should focus on, namely:

f  Working Conditions, job security and safety:
New technologies can improve welike balance and offer more attractive working and
SYLX 2eYSyid O2yRAGAZ2Yya F2N SyLX¥2&e8Sao C2NJ SEI'Y
or monotonous work and thus giveore opportunities for underepresented groups in the
mobility sector. However, the use of digital tools and work devices also pose risks to occupational
health and safety, increasing the potential for employees to experience stress and psychosocial
ski s GKNRdZAK S®3d 0A0 Ly 20SNI2FR 2F AYyF2NNI
assistance systems) and (ii) an increase in work intensity and workload.

1 Ensuring skills:
Thedigital revolution and the introduction of higher degree of autdination in the mobility sector
is likely to result in substantial changes to job profiles: some job profiles will be discontinued while
new roles will be created. It is essential for companies to offer future opportunities to all current
and new employeeto participate in continuous (Hnouse or external) training programs for-re
skilling, upskilling and retraining. This will enable employees to develop new skills and improve their
employability while enabling them to keep pace with the changing workstaske transition
towards AVs must be based on a principle of just transition with the objective of securing both the
future of companies and employment while preventing any negative effects on employment and
working conditions.

1 Data protection, privacyand dignityt NA @ O&8 O2y OSNya NBfIG§SR G2 Of
data have been noted as highly concerning by potential users of autonomous vehicles, thus
lowering the general interest in using them. Sensitive information and the privacy of both
employees and passengers must remain protected, requiring for the respective regulatory
framework enforced to be applied. At the same time, the purpose of each technology deployed
GAGKAY Y20AfAGE LINRPGARSNREQ O2Y Lkahdefihed Rstie S 02
can also raise the risk of compromising the dignity of the human being, in particular due to the
increased potential for personal monitoring. This could result in a negative effect on working
conditions and welbeing at work.

Moreower, findings from the Drive2theFuture pilots were considered, providing relevant insighas as:

i Training activities seem to be a powerful tool to increase awareness, sense of security and
confidence in AVs for passengers, operators, and professiowalrslr regardless of the means of
transport used.

i Training must be adapted to the profiles of the participants, distinguishing between non
professional users, professionals with experience in AVs and professionals without experience.

9 The age of the users ilso a factor affecting the acceptance of the technology, thus training in
older user groups will be more necessary than in younger user groups who are closer and more
accustomed to interacting with technology.

1 HMI plays a key role for the integrationafitonomous vehicles in urban mobility.
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Overall, all the pilots developed in the frame of Drive2thefuture have confirmed that once users learn to
interact with the AV, their level of acceptance increases. Therefore, there is a need to offer trainingssystem
that allow all types of users to become increasing familiarize with them to support acceptance. When this
cannot be accommodated in rebifle experience, a virtual simulated environment is a scenario considered
positively by users, as they have stateddel comfortable during their experience and in adapting to the
virtual environment

11.4.3. Impact of automation to employment

The transport sector remains the major provider of jobs in Europe, with over 10.8 million people employed
in transport occupations irmke EU in 2020L4], making it therefore essential to keep track of technological
trends both on a short or lonterm basis, to anticipate the potential impact of AV deployment on
employment. However, with the rapid ageing oethrofession experienced across the sector showcases a
lack of attractiveness of the profession. Vehicle automation therefore opens a new opportunity to directly
address the shortage of labour in the sector across the EU, which is forecasted to continae&se,
including to resolutely improve the image of the profession and its attractivehedact, the literature
analysis carried out in this document shows that the introduction of AVs provides the opportunity to ensure
better working conditions andreate a more attractive workplace, by raising skill levels and thereby
salaries, reducing the physical demandingness, broadening the required skillset and facilitating more
flexible working hours (e.g., remote working) in the ldagm.

The impacts onmployment per sector were thoroughly investigated, along with changing and emerging
professions in eaciMoreover,aimingto cover all the stakeholders that might be impacted by the transition
to autonomous vehicleghe opportunity to trade unions to regsent the voice of drivers in the shift
towards automationwas provided The scope of the consultation with trade uniongs to better

discussing expectatiorisr the introduction of autonomous and unmanned transport systems (from drones
to road and rail automation and robots for logistic operations), factors affecting the-upkand
acceptance, implications for different transport sgbctors, impacts on empyment and skills, certification
scheme adaptation for training programmes, and potential policy initiatives facilitating the transition. The
consultation was conducted via a survey and-tm®ne interviews. Both methods of interviews and online
surveys wee used to facilitate collection of data in multiple languages where necessary. For the interviews,
indicativequestions were used to start the discussion on the topic, but respondents could go further into
each topic if deemed as appropréaflhe main tojrs addressed include:

T ¢NIyalLR2NI LINRPFSaaAz2ylfaQ | LINBFOK G2 !+

1 Impact on the profession and working conditions

T ¢NI yalLR2NI LINRPFSaairzylfaQ Ay@2ft gSYSyd Ay !+ R
9 Future training and certifications need

The consultation with trade unions supported theewviélopment of a set of recommendations for
certification requirements, trainings, and acceptance creation measures to support the-skeafge
deployment of AV across the EU in a way that meets users, professionals, and markefThee@sived
recommendaions havethe goal to providesuggestions to best understand and support the social impact
that largescale autonomous vehicle deployment might haWieeyfocus on reskilling and training currently
in vigour across the EU, as well as the ways they caddq@ed and further developed to support transport
professionals during the gradual uptake of laggale automation, by accurately reflecting technological
and societal changes taking place across the sector.

The set of recommendations proposed take iattwount: legislative needs, reskilling and training of drivers,
reskilling and training of other transport professions, funding and training foresefiloyed and SMEs
transport professionals, support the image of the profession, development of sociajdéht the EU
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level, humanvehicle interaction training and certification, adaptive training and certification schemes, as
well as ways to support employment transition.

The main recommendations that derived through this work are:

1. Updated legislationRevise the relevant EU legislation impacting the overall functioning of the road
transport sector, such as Regulations (EC) 561/2006 and 165/2014 and Directives 2002/15/EC,
2003/59/EC and 2006/126/EC, to adapt it to technological, behavioural and operattearaje and
to modernise the driver's profession and encourage the roll out of autonomous vehicles on
European roads

1. Reskilling and training of driverdReview and modernise training contents and adapt teaching
methods to the new operational, social ancctaological realities, to include both AV operating
system and soft skills necessary to ensure the safety and public acceptance of vehicle automation.

2. Reskilling and training of other transport professionalsExtend the use of relevant training
contents and teaching methods, for the support of AV operation, to the whole transport and
f23Aa0A0aQ OKIAY LINPFSaaraAz2yltaqQ g2N] F2NOSo

3. FRunding and training for selemployed and SMEs transport professionaRrovide national and
European funding to support specialiséraining and upskilling of sedimployed and SMEs
transport workers, as well as schemes supported by the European Social Fund to assist transport
professionals displaced by automation.

4. Support the image of the transport professionnitiate collaborativeawareness creation events
among social partners, to support the image and flexibility of the transport profession, providing
the opportunity to mitigate transport labour shortages and gender workforce unbalance.

5. Develop social dialogue at the EU lev@rsure the presence of transport automation within the
European social dialogue, by developing collaboration mechanisms between public authorities,
employers and trade unions to develop a common EU strategy to prepare labour market transition
and develop a@mmon EU strategy.

6. Security training Promote sectosspecific cybersecurity trainings and certificates to provide AV
users and transport professionals with an understanding of the developments and limitations of
the AV operating systems, to reduce dailks and threats of external interferences and potential
disruptions of the network.

7. Humanvehicle interaction training and certification Sectorspecific standards and guidelines
regarding humarautomation interaction to be adopted at the national and Ieikl, reflecting the
changes in the transport sector and applied through consultation with stakeholders, to ensure
practical dayto-day AV operations.

8. Adaptive training and certification scheme#nitiate and support consultation with social partners
andindustry stakeholders in developing training methods and contents. Ensure that the needs of
the future transport labour market are efficiently addressed, through flexible and comprehensive
training and certifications schemes.

9. Support transition to employnent: Preemptively address the technological changes expected in
the transport sector and identify the skills required for the future workforce, supporting the
attractivness of the profession.

In order to gathelinput and feedback regarding the next sgefp be implemented in the short, medium,

and long term, and better understand the best ways to set the ground for changes that will be brought by
the gradual deployment of largecale AV across the transport segctitve proposed recommendations were
presented to Members of the European Parliament through a consultation letter
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12. Drive2theFuture3-phase testing

Corresponding WP - WP1:
Ol =lalenlellgle IBIENVE Lol S5 D5.1, D5.3D5.4 Pilot plans (and revisions)
D5.2 Pilot results consolidation

Objectives Perfam Demonstration Pilots using appropriate tools and differ
testbeds, i.e. Virtual Reality simulations, movidgse driving
simulators, testtracks and realife environments for all modes, t
assess the impact of the proposed toeled concepts to useand

stakeholder acceptance

Main achievements:

1 55S@3St2LISyid 2F (KS LINRP2SO0GQa 9@ fdza A2y CNIYS

Identification and creation of evaluation tools.
Implementationof Phase,IPhase lland Phase Itksting.
Definition and implementation adata collectiorprocedures

Presentation of selected demos in specific events

1
1
1
1 Continuously monitoring pilots status and identify mitigations plans for delays.
1
1

/I 2yaz2f ARFGAZ2Y 2F LAf20aQ NBadzZ Ga

12.1. Pilot plars
Drive2theFuture pilots were planned in three Phases, namely:

1 Phasd: Setting the scene.

1 Phase Il lterative development, verification and optimisation, initial demonstrations (of HMI

concepts and other measurgse. incentives related).

1 Phase IlIFinal, widescale demonstrations and training pilots across Europe.

The election of Pilots was based on the principle of using a wide variety of tools in which

RNADSNBKNARSNEKLIAE 2043 LI aaSy3aSN&

YR 2LISNI §2NBQ

that users with specific needs can be involved (i.e. eldpdgple with disabilities, etc.), following also the

new definition of VRUSs (related to A\é®e Section 8.1)2

Sane demonstrators are planned as focussed andlépth tests for HMI or training evaluation and
optimisation, whereas others as overall automated transport expegeassessment tests. In totdl2
pilots are planned withirDrive2theFutureto be implemented ir® different countries with (at least) 13

partners directly involved, faall transport modes
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Figure29:Map of the Drive2theFutte pilots

The pilots can be categorised according to the testing environment into: FRR@dSimulatebased, Test
track, Real road), RaRA, Maritime- MA (real world) and AviationAV (Drones, real world).

The list ofDrive2theFuturdPilots closelyelated to the Research Priorities (as defined in Section 8.4) and
mapped in the 3 Pilot Phases together with their tools, is summarised in the table below:
Table28: Drive2theFuture Pilot Sites and their characteristics in the d#éfe Pilot Phases.

Implementation details
1. Setting 2. Vehicle (SAE level) 3. Users 4. Tools 5. Objective

RQG1. Oslo, NorwayResponsible partneir Ol

Phase | Phase II: Phase llI:

1. Real road 1. Realroad 1. Realroad

2. AV shuttle bus (level-3 2. AV shuttle bus (level-8) | 2. AV Shuttle bus (levet®)

4) 3. VRU (cyclists, n = TBD; | 3. VRU (cyclists, n = TBD; other road user

3. 400 VRU (cyclists) other road users when when relevant, n= TBD)

4. Video recordings, relevant, n = TBD) 4. Questionnaires or video recordings
questionnairesk 4. Video recordings before before and after HMI/training
interviews, further in and after HMl/training combination (2021)
depth analysis of (first half of 2020) 5. Evaluate HMl/training effects
existing recordings 5. Analyse VRIAV shuttle
with a focus on cyclists interactions (and
(May-Nov 2019) interactions with other

5. Investigate acceptance road users when
& interactions VRIAV relevant) to improve
Shuttle HMl/training

combination

RO2. Autonomous Driving Test Area in Badéarerttemberg Karlsruhe, Germarfigesponsible partner;

FZI
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1. Setting 2. Vehicle (SAE level) 3. Users 4. Tools 5. Objective

Phase I: Phase II: Phase llI:
1. Real road & digital 1. Real road & digital twin 1. AR/VR toolkit
twin 2. AV (level B) &nonAV cars | 2. AV (level ) & nonAV cars
2. AV (level ) & non 3. 25 VRUs (pedestrians) & 3. 10 VRU, 10 experts
AV cars drivers 4. Questionnaires & interviews
3. 10 Drivers and VRUs | 4. Infrastructure sensors & 5. Evaluate acceptance and tring effects
(pedestrians) simulations
4. Infrastructure sensors | 5. Setup and refinement of
& simulations interaction model for AVs
5. Investigate
interactions VRAV
cars

RO3A. Test track, Paris greater area (Versailles), France. Responsible partner: VEDECOM

Phase I: Phase |I: Phase lll:
1. Realroad 1. Simulation toolkit
2. WoZ car (level 4) 2. AV Level 3
3. 30drivers 3. 100 users
4. Questionnaires & interviews, 4. Questionnaires
5.

vehicle data, video
5. Evaluate training protocols
and Use Cases

Demonstrate training solutions

RO3B.Test track, Paris greater area (Versailles), France. Responsible partner: IFSTTAR

Phase I: Phase II: Phase llI:
1. Testtrack 1. Simulation toolkit
2. AVcar (level 3 & 4) 2. AV car (level 3 & 4)
3. 20 drivers 3. 100 users
4. Quedionnaires, vehicle data,| 4. Questionnaires
video 5. Demonstrate training solutions

5. Investigate driver reactions
to critical unexpected events

RO3C.PTW simulator, France. Responsible partner: IFS

Phase I: Phase lI: Phase lll:

1. Simulator 1. Simulation toolkit
2. PTW simulator (level 0) and| 2. AV L3
mixed vehicle flows (levelO | 3. 100 users
5) 4. Questionnaires
3. 20riders 5. Demonstrate training dations
4, Questionnaires, simulator
data, video

5. Evaluate AV lighting system

RO4. Real road in Warsaw, PolaR&sponsible parthePZM

Phase I: Phase II: Phase lll:
1. Realroad & test track | N/R 1. Real pad & test track

2. Car (level 20) AV Shuttle (level-2)

3. 20 drivers 40 20 drivers 40 passengers
passengers Questionnaires & interviews, video,

Evaluate training effects

akrown
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1. Setting 2. Vehicle (SAE level) 3. Users 4. Tools 5. Objective

4. Questionnaires &
interviews, video,

wearables
5. Investigate acceptance

& behaviour
RO5. Real road, Seestadt Aspern, Vienna, AuRgisponsible partner&lT, WL.
Phase I: Phase II: Phase llI:
1. Field operational test | 1. Field experiment on real 1. Field operational test on real road

on real road road 2. AV shuttle (level 31)
2. AV shuttle (level 3) 2. AV shuttle (level 3) 3. 5 Operators, 100 passengers, 200 local
3. 5 Operators, 100 3. 30 Passengers, other road population

passengers, 200 local users 4. Logs, questionnaires

population 4. Observations, 5. Evaluate training effects, evaluate safety
4. Questionnaires questionnaires effects
Event logs 5. Observe conflicts with safety

cameras

ROG6. Real road, in Brussels and Gent, BelgR@sponsile partners VUB, VIAS

Phase | Phase II: Phase llI:

1. Real road 1. Realroad

2. AV shuttle (level 4) 2. AV shuttle (level 4)

3. 350 passengers, 5 3. 350 Pasengers, dperators
operators, 20 experts 4. Questionnaires

4. Questionnaires & 5. Demonstrate optimized solutions and
interviews training

Assess acceptance
satisfaction & impact of AV
shuttle service

RO7. Traffic Management, Rome, It&gsponsible partne6EWM

Phase I Phase I Phase llI:

1. T™MC 1. Realroad & TMC

2. Mixed flows (simulated) 2. Car sharing (level 1 functions to be

3. 5 TMC operators evaluated) and Bus

4. Workshop & questionnaires | 3. 5 TMC operators & 5 drivers

5. Assess acceptance @n 4. Questionnaires & interviews, vehicle
operation capacity through data, TLA app performance data
indoor training sessions 5. Evaluate training andemonstrate

performance & acceptance of TMC
evolution towards autonomous vehicles,
in particular, the deployed-O'S services

RO8. Simulators in Linkdping, Swedeasponsible partnek/ Tl

Phase I Phase I Phase llI:
1. VRsimulators (ce 1. VRsimulators (cesimulation)
simulation) 2. Bus (level 31)
2. Bus (level &) 3. 5busdrivers, 15 passengers

3. 5busdrivers, 15 passengery 4. Questionnaire
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Implementation details
1. Setting 2. Vehicle (SAE level) 3. Users 4. Tools 5. Objective

4. Questionnaires, eye 5. Demonstrate selected HMI and training
tracking, user behaviour solutions
5. Investigate bus driveW¥RU
(passenger) interaction and
evaluation of HMI options
RAL. Rail simulator facilities in Linkdping, Swegasponsible partnel/TlI

Phase | Phase I Phase llI:
1. Rail simulator 1. Rail simulator
2. Freight trains (Level 3+) 2. Freight trains (Level 3+)
3. 20 train drivers 3. 10 Train drivers and 10 train dispatchers
4. LYGSNIBASsaszZ ¢4 Interviews
videos 5. Demonstrate training solutions
5. Develop and ealuate
training
RA2. Rail simulator in Berlin, GermaRgsponsible partnel:UB
Phase I: Phase II: Phase llI:
1. Rail simulator 1. Rail simulator
2. AV train models (level 5) 2. AV train models (level 5)
3. 10 railway operations 3. 10 train drivers, 10 interlocking
students operators, 10 students
4. Questionnaires, operator 4. Questionnaires, operatgoerformance
performance 5. Demonstrate selected HMI and training
5. Evaluate HMI and training and assess acceptance
MA-1. Automated workboats in the archipelago off Faaborg, DenniRekponsible partnefUCO
Phase [: Phase II: Phase III:
1. Real world 1. Real world 1. Real world
2. AV workboat (level3 | 2. AV workboat (level-3) 2. AV workboat (level-3)
4) 3. 8 Operators & 12 passenger| 3. 8 Operators & 2 passengers
3. 8 Operators & 12 4. Questionnaires & interviews| 4. Questionnaires & interviews
passengers, external boat data 5. Demonstrate selected HMI and training
persmnel Evaluate HMI solutions

4. Questionnaires &
interviews, boat data

Investigate acceptance

A\-1. Professional drone operations in Rome, ItRigsponsible partneDBL

Phase I Phase I Phase llI:
1. Workshop 1. Workshop 1. Workshop
2. Drones 2. Drones 2. Drones
3. 10 operators, 10 Pilots| 3. 10 operators, 10 Pilots, 200 | 3. 10 operators, 10 Pilots
4. Interviews and focus general public 4. Questionnaires
group 4. vdzSadGA2yyl ANF 5 Demonstrate selectetiMl and perform
5. Evaluate he stateof- £ 2dzR¢ training
the-art HMIs 5. Evaluate HMI and

investigate acceptance
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Due to the high importance and the great number of pilot siteBiive2theFuturend given the impact of
the efficient implementation of pilot testing to the overall project work, a Pilot Board has been established
(see Sectior7.2.5).

12.2. 5SY2 Yy aidedeivp@ned Q

In order to present the results of the project to the general public, a series of demonstrators have been
defined and developed. The focus was to integrate and realize the HMI and training content in the different
pilots to prepare demonstrations, mainly for the piloting activities to take place, but also to create
demonstrations for dissemination purposes. In addition to the real road and simulation pilots, also three
VR demos for HMI concepts were developed, that wese aked to create training content.

Table29 Demonstrations developeth Drive2theFuture

Demonstration description Addresseduser group

RG1: A\tshuttle drive on Oslo route(s) with eHMI concept (video from | VRUscar drivers

demonstration)

RG2: VR demo to interact with AVs in VR (life demo and training) Pedestrians
RG3B:Driver reactions in obstacle avoidance (pictures from test track s| Drivers

and videos)

RGO4: Drive reactions and understanding of HMI when drivingutomated | Drivers, passengers
car on real road (video fromeal lifedemonstration in Poland
RG5: A\tshuttle on roadn Vienna (video from real life demonstration) Driver, passenger
authorities

RG6: Local motor shuttles for hospital patients and visitan Gent (slidg Passengers

show and video from user study)
RG7: Training programme on future CCAM technologies (slideshow, vi¢ TMC operators
practical part)

RQO8: VRscenario of HMI concepts for an automated bus approaching g Driver, passenger

stopfrombotht§ RNAGSNRA FyR (GKS LI aasSy

purposes)

RAZ1:Train driver thinking aloud for specific operations (video for trairl Train  drivers, train

purposes) dispatchers

RA2:HMI concept for remote driving of tnas (slideshow and description | Train  drivers, train
signalers

MAL: HMI concept for maritime autonomous applications (slideshow | Maritime operators
description)
AV-1: | aL O2y OSLJi F2NJ RNRYSQa LJft|Drone pilots and
description) operators

VR HMI demo 1Driving an automated car on the highway with a new H Drivers, passenger
concept (video and VR demo)
VR HMI demo 2Riding in a driverless shuttle bus with a passenger HMI (M| Passengers
and VR demo)
VR HMI demo 3HMI for basic drone operations (video and VR demo) Drone pilots
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The purpose is to relieve the driver from demanding
driving, but also to make the deceleration and
acceleration smoother. It is good for the passengers
but also for the environment,

Figure30: Examples of Drive2theFuture Demonstrators

12.3. Pilots<dmplementation

12.3.1. Simulator pilots

The aim of the simulator pilots was theauation of different HMsolutions for communicating internally
with the driver/operator or externally with other road users interacting with an automated vehicle.

Four simulator pilotsvere realisedn phase Il & IlI;
1 VR/VR cesimulation of automated docking at bus stops
1 PTW simulatofor traffic jam riding in mixed traffic
9 Rail simulator tool for education of train dispatchers and train drivers
1 Remote recovery of an automated train after a disruption.

In total 74 participants were involved in the simulator pilots, including:

Bus drives

Bus passengers

PTW riders

Train drivers

Train dispatchers

Railway operation students

= =4 =4 =4 - -9

The detailed and analysed results of the four simulator pilots are included in D5.2.

A general conclusion from all four pilots was that simulators were found usefwaio@e HMI solutions
for AVs and to study interactions between AVs and other road users

October 2022 87




D9.5: Projet Final Reporincluding the meetings outcomes of theDER!MERzE

— . e

Drive2theFuture Advisory Board —

———r

T —— = e o S ThEs =

Figure31: Impressions from the Simulator pilots

12.3.2. Test trackandreal-world pilots

The aim of the test track ancealworld pilots within Drive2theFuture has been the benchmarkiof
existing AV principles and HMI, the iterative testing of relevant principles and their demonstration.

10 pilots were implemented in this framework, performing tests in phase | and phase Il. These took place
in reaklife environments, test tracks, and digital twins, involving a wide range of vehicles and transport
modes:

i Automated shuttles,

9 drones,

T workboats,

1 automated passenger cars,
9 traffic management centre,
T WoZ vehicle

and hundreds of participants in 8fférent countries.

The detailed and analysed results of the test track andweald pilots are included in D5.2.
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“Are you overtaking?
Keep distance!”

Original message
“Be careful when
overtaking”

Figure32: Impressions from Drive2theFuture test track and reabrld pilots

12.3.3. Demonstration and Trainingpilots

The aim of the demonstration and training pilots was to demonstrated the project findings in a wide
audience, while providing training and iteratively testing the training tools developed within the project.

All project pilot sites performed demotration and training pilots during the phase Il of piloting activities,
with the participation of hundreds of citizens and stakeholders.

The detailed and analysed results of the demonstration and training pilots are included in D5.2.
Some key conclusiomsclude:

1 HMI training systemwere foundsimple, intuitive, increase the safety and confidence

1 Acceptance of HMIs is high

1 AV passengers/drivers/operatongcognisethe need for training especially to what regards
learning how to react in case of a problém

1 Learning sessions about AV interaction incregesense of security and confidence
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Figure33: Impressions of the Drive2theFuture Demonstration and Training Pilots

12.3.4. Demos at events

Apart from the demonstrations performedithin the framework of the project pilots, further activities to
broaden the visibility of the project demonstrators were planned within the A5.7 Demos at events. This
concept includes selected demos of the HMI and training products to be demonstragedarniety of
instances, e.g. project workshops, concertation actions and Conferences, mainly during the final year of the
project when they would have been finalised. The aim is to broadly demonstrate the findings of the project,
while gaining input and gduring reactions of key representatives from the research and industry
community, as well as major practitioners in the area.

To perform this task, an initial selection of related events (apart from the project own events) was
performed even at the propgal stage, with the plan to regularly update and enrich it. However, the starting
month of this Activity coincided with the beginning of the COWAIxrisis and the repeated quarantines
which have, for a long time, cancelled any type of phyS|caI eventamttemonstrations could be planned
F2N» a2NB20SNE RdzS (2 GKS NBaAaUGUNAOUGA2Y A | LILX ASRX
which, in turn, delayed the finalization of the demonstrators.

To overcome this barrier, it was decided to prepardeos of the demonstrators (coming from WP3 and
WP4, as well as WP5) and of pilot activities, so that they could be used in online events, while, later on
when physical events would again be possible, actual demonstrations would be org&@ricipaton to
physical events was again possible towards the end of the project.

Some examples of the events where demos were performed (full list included in D5.2):

T LYGSNYyFraGA2y Lt {@YLIRaAdzy 2y LI NIAFffe& yR KAIK

1 2021 EUCAD Conference (April 2021)

9 Video demos presented during HUMANIST Conference (October 2021)

1 Demo in Virtual tour of the driving simulator: laboratory worlds as a 360° experience in FhG
premises (December 2021)

1 Go Mobility Expo in Irun, Spain (April 202

1 Connecting Europe Days in Lyon, France (June 2022)

1 6th Conference on Sustainable Urban Mobility in Skiathos, Greece (August 2022)
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Figure34: Impressions fronDrive2theFutureDemos at Events

12.4. t A f r2dilgs Eonsdbation

Upon the realisation of the 12 Drive2theFuture pilots, carried out within the framework of each of the three
phases in which the project piloting activities were structured, consolidation of their results was conducted.
This analysis was carriedtdtom 3 different perspectives:

1. Analysis of the efficiency, safety and environmental impact of the inclusion of autonomous vehicles
in the means of transport. For this purpose, the pilots carried out within the framework of Phase |
of the project have bee analysed.

2. Study of different HMI models from the perspective of different users of autonomous vehicles,
professional or notprofessional. This study has been carried out based on the pilots executed
during phase Il of the project.
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3. Evaluation of theraining programmes in which users of autonomous vehicles participate, which
have been implemented during phase Il of the project.

Overall, over 2400 actual users participated and provided feedback during the Drive2theFuture pilots.

The detailed consolidemn results, as derive from the Drive2theFuture pilots, are included in D5.2. Some
key findings that could be highlighted per piloting phase include:

Phase I:

1 The perception of users was that their interaction with the AVs was safe, with no noteworthy
incidents. This sense of security may also be due to the fact that the behavior of AVs is conservative.

9 If the user is the driver, the perception in terms of safety and interaction is good or very good,
although this perception may occur because the testspmdormed in a controlled environment
and with the supervision of an instructor

1 Inthe rail, marine and aviation sectors, users are more used to this technology, so their safety levels
have not been improved after the pilots.

1 Regarding efficiency, used® not see a clear difference between AV and not AV performance in
terms of environmental impact.

Phase II:

9 The presence of a physical person in the AV also provides security adding that it is useful to identify
the autonomous vehicle

1 The HMIs analysedeagenerally easy to use, understandable, and provide information that makes
users feel secure

1 Both external and internal HMIs must take into account the very different types of users with whom
the AV may interact: different ages, different levels of tedlogy knowledge, etc.

Phase IlI:

1 Learning sessions about how the interaction with the AV is or how it is handled (in the case of
operators or drivers), increases their sense of security and their confidence in these transport
systems. satisfaction is gerain all the pilots

9 Training is necessary, both for users who will make use dia&®d transports (to help them to
understand the meaning of the HMIs at the AV and the actions carried out by the AV) and for users
who may be drivers, operators or contieis of AVs

9 Different types of training have proven to be effective: online or VR/AV based, but always aiming
at personal training guided by professionals.
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13. Impact assessment

Corresponding WP WP1:

(@10] (=5 ofola (o Iple RIS IVEI = 10] (5] D6.1 Impact Assessment Framvork

D6.2: Business models and best practices of correlation of automati

MaaS

D63: Impact Assessment of Project results

D6.4: ESoP on HMI for AVs

Objectives 1 Define a relevant impact assessment framework suitable to appl
the concepts and solutits of Drive2TheFuture.

1 Understand the different priorities of stakeholders concerning
identified and quantified KPlIs.

T Assess the impacts of the proposed solutions on sal
driver/traveller behaviour, workforce employability and raisi
acceptance @Y (KS GRNADGSNEEI (KS 32
ISYSNIf LlzofA0Qa LRAYyUHG 2F OAS

1 Investigate the application and future prospects of the correlat
between automation and Maa$S, for both passenger and fre
transport.

1 Propose an extension of Eurage Statement of Principles (ESoP)
HMI of AVs.

Main achievements:

1 An extensive literature review focussed on automation assessment in different transport modes
provided a broad picture of the possible KPIs and assessment methods related to the iofpacts
automated transport on several impact areas.

1 A Multi-Actor Multi-Criteria Analysis method was used to understand which impact areas are
important for stakeholders to evaluate the different AV scenarios. Furthermore, the stakeholders
prioritized the KPIper impact area. The results show that stakeholders are overall positive towards
autonomous scenarios and often prefer these scenarios over the business as usual. Furthermore, a
clear preference goes out to shared autonomous solutions for passengertyadHile insights can
be applied to evaluate the Drive2theFuture pilots on a future scenario level.

T 'y AYLIOG FaasSaayvySyid FNIYSE2N]l Aa LINPLRASR 4K
as well as objective (i.e. KPIs) measurements are taken intaiaicc

1 Business schemes and key incentives of combined automation with MaaS have been identified and
studied.

1 Impact assessment of the solutions developed and tested by the project, categorised according to
the 12 Use Cases defined in WPhe assessmenbaosiders the 12 pilots in terms of automation
applications in four different transport modes, different transport scenarios and different user
IANRdzLJA Ay @2t SR ¢KS [aaSaaySyid O2yaARSNE 02
objective (quanitative assessments based on KPIs) measurements. Based on the main results from
the impact assessment, a general improvement in user acceptance for automation thanks to
training and HMI solutions was observed in the four modes of transport.

¢ ! ftAratazFyRaGIi®&GAE Fo2dzi ! = LISNF 2 N-éxghtndtonos | & R
the a priori expectations to the actual findings within A6.4. The Myths and Facts are included in
D6.3 and summarise the findings in a compendium of expected and unexpectedstds
regarding AV operation.
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1 An update of the European Statements of Principles (ESoP) published in 2006 taking into account
Automation needs. These principles are included in D6.4 and summarise essential safety aspects to
be considered for the humamachine interface for irvehicle information and communication
systems. The ESoP update was presented during th@kpobject workshop held in Barcelona on
27 October. A brochure of this update was produced for external endorsement and acceptance by
relevent organisations.

13.1. Impact assessment framework

With the aimto define the impact assessment framework of the projelee following actions have been
realised:

1 A comprehensive review of existing transport automation impact assessment reports/studies has
been undertaken to ensure that the approach used by the project embraces the most successful
methods that are used in recent research approaches on the expected areas of impact (safety,
security, environment, traffic efficiency, acceptance, etc.) of Automhatehicles (AVs). More than

20 studies have been selected and have been analysed, according to the predefined template

aiming to enrich the list of the already available KPIs, identifying relevant measurement methods

and identifying difficulties in geneiaing the pilot results and ways to confront them. The
information from 20 coded studies have been collected and coded in a dataset for analysis
purposes. After the first 20 selected sources, additional studies on maritime and rail sectors have
been identfied both by CTL and by other project partners expert in those fields. Studies have been
reviewed and coded according to the predefined template aiming to enrich the list of the already
available KPlIs.

A preliminary list of KPIs based on the literatursuiés was prepared

A systematic analysis of each pilot to identify the potential impacts of the project solutions has

been undertaken considering the nine basic impact mechanisms formulated in the Trilateral Impact

Assessment Framework for Automation ioald Transportatioril5] and the areas of impact of the

project.

9 Starting from the definition of the Use Cases provided in D1.1, Use Cases, pilots and impact
mechanisms have been paired and the variables affecting the impadtanexns are identified.
Lastly, one or more potential KPIs for quantitative analyses are linked to each mapped impact
mechanism in each Use Case.

= =4

Stakeholders Scenarios Criteria KPls
MNurriber of
accidents
Sewarity of
acciderits

Canflicts with
WRUS

Scenario 1

|
I

T

Safety

Senario 2 Seciufity

Iz

Figure35: Impact assessment framework
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Table30: Example 6 UC1¢ Safety KPIs mapping

KPI code KPI

Unit of measure

Measurement

tool

Related pilots

KPI.5 Rate of accidents caused I nr./100,000km Direct RO2, RO5
human errors observation
KPI.6 Rate of accidents caused I nr./100,000km Direct RO1, RO2, RO
machine errors obsenation RO6, RO7
KPI.7 Number of singlesehicle &| nr./100,000km Direct RO1, RO2
multi-vehicle accidents observation
KPI.8 Number of persons killed nr./100 accidents| Direct R
seriously  injured,  slightly observation
injured per 100 accidents
KPI.9 Number of involved vulnerabl{ nr./100 accidents| Direct RO1, RO2
road users (pedestriang observation
cyclists, elderly, children) i
accidents
G D 3 SNDA LIS NS L Index Questionnaire | RO1, RO4, RO
levels while riding the vehicl| RO8
(without operators on board)
KPI.37 Frequency of emergency stog nr./100km Direct RO4, RO6
observation
KPI.38 Frequency of conflicts. Numbg nr./100km Direct RO2
of traffic conflicts that could observation
lead to an accident, where T7
between 2 vehicles is less thd
2 seconds.
- Mean speed of the vehicle km/h Direct RO1, RO6
observation
- Standard deviation of vehicl Km/h Direct RO1
speed observation
- Take over time seconds Direct RO3A, RO4, ROH
observation
13.2. KPIs extraction, quantificationand MCA prioritisation per

a0l 1SK2f RSNAQ 3N dzLJ

Aset of KPIs was identified according to the pilot expected impacts. Relevant KPIs per assessment category
were specified and quantified by project partners as well as external stakeholders. Out of antieghiéBs

list, the project partners indicated the most relevant KPIs for each impact @tese were prioritised

during an interactive session in th& Drive2theFuture Workshop.

This set was next evaluated by external stakeholders in interactive w@gksA@ determine the
stakeholders for mobility and logistic solutions, a literature study was carried out. As such the different
stakeholder groups were defined. Also, the future automation scenarios for both mobility and logistics were
defined based on ademic literature and matched with the relevant pilot sites. Next, the interactive
stakeholder workshops were organised. In total 4 European stakeholder workshop were organised, in
cooperation and with the contribution of local partners and relevant repevere produced.
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Overall 16.14%
W54

W53

Ws2

W51

0% 10%% 205 30 4% 50 B0% 70 80% S0 100%

@ Rate of accidents caused by human errors

B Rate of accdents caused by machine errors

@ Number of gnglevehicle & multivehicle accidents

# Number of persons killed, seriously injured, sightly njured per 100 accidents

B Number of nvolved vulnerable road users [pedestrians oyclists, elderly, children) in accidents

B Frequency of emergency stops

B Frequency of conflicts. Number of trafic conflicts that could lead to an accident (with timeto collision kess than 2 sec)

Figure36 Example of prioritization results for safety KPIs

The final list of pilobased KPIs is shown in the following Table:

Table31:Pilot based KPIs for the Impact Assessment of thejgrt solutions

Impact area KPI Expected impact

User User acceptance rating on UAS scale Enhance AV user and VRUs acceptd

acceptance thanks to Pilots

User +SKAOfS 2LISNIY G2 NAEQ|Enhance AV vehicle operato

acceptance acceptanceahanks to Pilots

User Frequency of conflicts between automat¢ Enhance AV user acceptance thankg

cleeslcle=i vehicles and other traffic participants reduction of conflicts between AVs a
other users

User Comparative WTH/WTP before/after th Enhance AV WTH/WTP thanks

acceptance  EullS improved HMI, training or other proje

enabled interventions

User User experience (user experience refers tt Enhance AV user experience
cleeclele=i s persuasive,  affective,  trusted  an
personalized HMI)

User Comfort and stress levels of users Enhance comfort of users
acceptane
User Assessment of feeling of safety Increase perceived safety
acceptance
User Level of trust before and after the trial Increase trust in the system
acceptance
User Usability leel Increase usability of the system
acceptance
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Impact area

SEEY

Safay

Safety

SEEY

SEEY
Safety

Security

Security

Socie
economic

Socie
economic

Socie
economic

Socie
economic
Traffic
efficiency
Traffic
efficiency
Traffic
efficiency

Traffic
efficiency
Traffic
efficiency
Traffic
efficiency
Environment
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Expected impact
Reduce overall road accidents caused
AVs as opposed by conventional vehiq

Number of accidents caused by mach
errors

Reduce the current vehicle malfuncti
errors

Number of singlevehicle & multivehicle
accidents caused by AVs

Reduce single and muitehicle road
accidents caused by AVs as opposeq
conventional vehicles

Severity of road accidents

Same or reduced probability of injury
case of acciddn

Number of involved vulnerable road use
(pedestrians, cyclists, elderly, children)
accidents

Same or enhanced VRUSs safety thank|
AVs and project solutions

Frequency of emergency stops

Reduced probability of emergency sto

Frequency of traffic conflicts that could led
to an accident

Reduced probability of traffic conflicts

User's perception of security levels wh
riding the vehicle (without operators o
board)

User's perception of security levels wh
riding the vehicle (without operators o
board)

'aSNRAa LISNOSLIIAZ2Y |Increased perceived data priva

riding the vehicle protection

User opinion/rating of AVs tAf2G48 N8B SELISOI
view of automatedunctions

Overall acceptance rating before/after th Increased acceptance will affe

trial

transport mode selection and collecti
transport use

Overall acceptance rating from youn
elderly and mobility restricted people

Increased acceptance will affect tf
demand of AVs from elderly and mobil
restricted people

Consumer willingness to have and to pay
autonomous vehicles

Enhance User willingness to have/pay
AVs

Decreased numdy of vehicles thanks t
AVs in combination with Maas.

Number of users per vehicle (AVs + Maa

Increased number of users per vehi
thanks to AVs in combination with Mag

PT reliability

Increased PT reliability dinks to AVs in
combination with MaaS and perceivq
PT reliability thanks to improve
acceptance

Average passengdim travelled per day

Increased passengém travelled

Average number of passenger trips per d

Increased passengers trips per day

Average speed before/after the trial

increased commercial speed

Greenhouse gas (GHG) emissions (in
within the measurement period

CO2 and NOx reduction thanks
enhanced traffic efficiency
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Impact area  KPI Expected impact

S\ienlnEhiey Average daily vehicle consumption | Decreased energy consumption
energy

Market Comparative WTH/WTP before/after th Increase market uptake thanks

penetration trial enhanced AV WTH/WTP

13.3. Correlation of automation to MaaS

Within the objective to investigate the application and future prospects of the correlation between
automation and Maas, for both passenger and freight transpeotk has been focussed on establishing
relevant business schemes of combined automation with Mobility asreice (MaaS) to leverage the
adoption of such tendencies. In such a way, while MaaS expects to cause a shift between car ownership to
vehicle rent models through edemand mobility services, AVs advancements in safety, efficiency, and
congestion make a wthwhile contribution to the future of transport.

Relevant activities included

1 Definition of the methodological process towartte final business schernse

1 Establishment of@ammercial and/or professional procedurd®eview obest practices integratg
LINE2SOGa AYLXSYSyGlrdAazys aidl]1SK2fRSNA Ay@2f
developments.

1 The development of main business model schemes & riudased in part on the collected

information of thebest practicesand including considerations aedperiences from a workshop

performed with partners of SocialCar and MyCorridor projects. This has resulted in a wide and
deep understanding about the rules that can govern the correlation between automation and MaaS
that are included into the document.

Joecification of ky incentives in relation to automation and MaaS

Analysis obusiness aspesthat involve automation and Maagonsidering three schemes. Based

on the product, on the service and on the functions. The first one considering the valhe of t

product content, focused on the selling of pure products (e.g., AVs, aftermarket devices, etc.). The

next one, which introduces value considering services content (e.g., transport of persons, MaaS
services, Mobility services, V2X services) and sempiogfded to persons (e.g., transport of goods,

SO0 CAylLrftes GKS @FfdzS 3 @S G2 GKSSewmel IS

{eadasSvya ot {{0v¢ 6Sd®IADE /I NI {KFENARYy3IO
1 Analysis of Phase Ill road pilatistcomes considering the impact of autation and MaaS on the

dza SNRa F O0SLIit yosS

From the work performed, some very interesting results and considerations were concluded. Indicatively:

1 The classification of cities based on the existing transportation modes creates a framework about the
systemsrequired to a successful MaaS adoption; Even if the concept of MaaS as per se is not
understood, evidence suggest that transport service providers are integrating different transportation
modes with a payment option on a single app. (e.g., Cicero (Italy))

1 The correlation of MaaS and AVs is function of the specific user needs, and external situations (i.e., rain,
sun, hurry, emergencies, etc.)

1 The lack of maturity as well as the insufficient accessibility to MaaS applications (e.g., credit card,
smartphone evnership) reduces the changes of adoption of automation and MaaS technologies.
wSaARSyGa 2F NBY23GS ONHzNIt0 FNBFa INB ({y286y I a

9 Car manufacturers expect teverage MaasS platforms to support and accelerate thesttgpment and
deployment of automated driving technology. Real trials are employed to analyse technological
improvement, for example during the Tokyo Olympic Games 2021 a fully autonomous hedéetnjc
vehicle was adapted with large doors and electrimpa to allow groups of athletes to board quickly as
well as initiatives to provide Maas in dense urban environments.

October 2022 98

= =

2



D9.5: Projet Final Reporincluding the meetings outcomes of theRERFIME%

Drive2theFuture Advisory Board —

E—

1 Regulatory norms to promote fair competition are necessary to promote the coexistence of
experienced MaaS companies and automakers loadkiragld MaasS features

1 Digital information (e.g., Maps, guidance, lane advice, etc.) and features (e.g., blind spot, land departure
warnings, adaptive cruise control, etc.) enabled on AVs as well as MaaS app with booking, route
information and payment cangtentially overwhelm end users.

This work is presented in detail in D6.2.

13.4. Comparison to a priori expectations

Following the identification of initial open research issues and hypotheses, as specified in A1.4 (D1.1), along
with the implementation of the Dve2theFuture pilot activities, a crogxamination of the a priori
expectations to the actual findings is performed within A6.4. This is realised in-bysstpp approach.

{OGFNIAY3 gA0K GKS tAa0 2F 2twm K& ide b KeBfvhatiler eddi S LJIA |
of the hypotheses have been examined, verified or not within the respective pilot.

The next step was to analyse the results of the table and provide explanation for the findings vs the initial
expectation/hypothesis. To do thigpart from project partners, a group of external experts were also
consulted. This consultation was performed in terms of presenting the findings and justification, while
asking them whether they agree, have an alternative or complementary explanatidisamree with this
result. They were also asked to add (if any) additional open issues.

CAylLftftes 02y OfdzRRAY3I FNBY (KS [62@0S> | ftAad 2F a
summarizing the findings in a compendium of expected and unexpestat@ments regarding AV
operation.

Table32: Myths and Facts per mode

Mode Myths & Facts

ROAD 9 Acceptance, trust and willingness to use significantly raise upon hamésperience
The increase of trust and acceptance is considiyr higher for nonexperts after
training and experience.

1 AVs use, most notably in public transport, implies improvement in terms
coordination of traffic flows, efficiency through the reduction of travel times
congestion as well as mobility addéed y 3 dza SNBQ ySSRaod !
movement in low speed. This is positive in terms of facilitating the anticipation g
intention of the vehicle by other road users, however at the same time it becd
frustrating, resulting in excessrertaking by other drivers, which might have negat
safety implications.

1 Most passengers and other road users feel safe in a traffic situation with autono
vehicles, or at least as safe as in a regular traffic situation.

1 Advanced training, i.e. inclidy information about human factors impact
automation and capabilities/limitations of the systems, results in lower trust level
Fdzi2YlFGA2y>E +a AG AyONBlFasSa GKS RN
monitoring of the roadway.

RAIL 1 Higher aceptance levels upon training were achieved for drivers in comparisg
dispatchers, showing a more comprehensive view of technology, while indicatin
need for more targeted interventions for dispatchers.

1 Upon training, safety perception in terms obth subjective and objective situatio
awareness was significantly increased.
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Mode Myths & Facts

MARITIME[{ Training has not affected the trust in the system as much as its acceptanc
willingness to use it, mainly due to concerns on cybersecurity.

AIR 1 Drones are more @epted when their interaction with individuals is limited or abse
| 26 SHSNE NBadz Ga 2y FGGAGdZRSE G261 NJ
with concerns over privacy, security and safety reported aspaoticularly severe.

1 Even users that we already well aware of risk assessment methodology and sy
features, declared that upon training new knowledge was acquired.

The detailed analysis can be found in D6.3.

13.5. Impact assessment based on Pilots

5SG1IAft SR Fylfeara afermelKoSassedhé itpad O thalBltdeis developed By LIS
the Drive2TheFuture projean improve the acceptance of sedfiving vehicles in four transport modes:
road, rail, maritime and air transport.

The methodology was adapted to the different spigtties existing at pilot level for each solution in terms

of data collection and availability, evaluation performed (befafeer or only after), impact area. The
approach includes an initial phase of framing and a quantitative assessment of the imparcijeuft
solutions and a second phase that includes a more qualitative assessment based on the findings of the first
phase with the involvement of pilot leaders.

Initial impact hypotheses were developed based on the initial aims of the project and thetedpepacts
defined inthe impact assessment frameworkypotheses are evaluated based on one or more evaluation
criteria defined within each. These criteria aim to identify data from the result consolidation of each pilot,
together with supporting refeneces that provide background evidence on the impact. At the end of the
evaluation of each hypothesis evaluation criterion, the hypothesis is reviewed, concluding whether the
hypothesis is supported, partially supported, or not supported by the availalde da

Qualitative evaluation is used to provide an overall assessment at the impact area level of the tested
solution(s), combining what emerges from the quantitative evaluation of the pilot with feedback from a
pilot expert(s), and providing an indicatiohtbe depth of the impact. An overall evaluation at the UC level

is conducted to provide a summary of the results from the impact hypotheses assessment at the pilot level
and to appraise the potential size of the impact of the UC in Europe.

Lastly, the reults of the pilot level assessments are combined with the results from stakeholder evaluation
workshops. First all pilot assessments are aggregated on scenario level for each impact area. If the impact
area was found to have a neutral impact for all se@® it is not further discussed. For the impact areas
safety, traffic efficiency and user acceptance, and environment, some effects have been assessed at pilot
level.

All the Use Cases had one or more impacts on acceptance and generally provided pasi¢inee, though
partially supported, increasing user acceptance due to the solutions that had been proposed. The
gualitative assessments from the pilot leaders gave in most of the cases at least substantial benefits in
acceptance improvement due to thelstion. There is no significant difference between the transport
modes on which receives greater benefits as a result of their corresponding solutions.
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Figure37: Overview of impact on user acceptance (green: positive, blacktrad)

Some key considerations for the remaining impact areas are summarized in the following:

1 Impact on safety

0 The qualitative assessments from the pilot leaders gave in several cases substantial benefits

in safety improvement witiDrive2theFuturesolutions.

1 Impact on Security

o Positive impact on security was reported in UC3 (eHMI) for road transport.

1 Socieeconomic impact and market penetration

0 UC1 (road training) and UC3 (eHMI) had positive impacts witleZtheFuture solutions.

1 Impact Traffic Efficieryc

0 Positive impact on Road and Maritime transport modes \itlve2theFuturesolutions.

9 Impact on Environment

0 UC1 (road training) and UC2 (operator HMI) had positive impact iibe2theFuture

solutions.

The detailed impact assessment analysis is inclinl&b.3.

13.6.

Towards an ESoP extension to automation

The first version of the European Statements of Principles (ESoP) was published in 1999 and updated in

2006. These principles summarise essential safety aspects to be considered for the-maotdane
interface for invehicle information and communication systems. They promote the introduction of well

designed systems into the market.

However, as the user experience from automated transport is a key factor of user acceptance and is even

connected to the safgt of operation, relevant AV HMI strategies need to be carefully developed, still

Ftf26AyI F2NJ GKS aTS858t | yR

G2 dzOK ¢

2T AYRAQGARIZ ¢

of AVs levels 3 and 4 (SAE levels of automation), it appears thetittent ESoP neesdn update in order

to be adapted to new technologies, especially as HMI necessary in the frame of control transition from

autonomous driving to manual driving (level 3) and fully autonomous driving are not taken into account the

ESoP cuent version.
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In this framework, upon analysing the existing ESoP, relevant analysis of the results of Drive2theFuture
regarding HMI development and testing was conducted, along with results of related projects, such as
Autoconduct & SUaAVe.

The result othis work is the issuing @8 recommendation topics for ESoP update on transition phase from
autonomous to manual driving and 9 recommendation topics for ESoP update for autonomous driving.

SAE Level 3 considered External HMI I:EHM”
Need for mmmmf‘;dam ns for ' = Only need to inform external users {f vehicle
safe transition is in AV mode or manual driving

+  gHMI behaviour
« eHMI display

Internal HMI (iHMI)

Information presentation & display

Driver / User Interface with display & control
iHMI behaviour principles

Intrusiveness

Audio, vocal, sound, lights, pictos

Support to driver actions

28 recommandation
topics

Figure38: Example ESoP recommendatiéor transition phase from autonomous to manual drivig3)

SAE Level 4 considered External HMI (eHMI)

VLe;'S |nee:s flodr recc;mfnar:?atlons » Only need to inform external users that
ehicle shoud act by itse vehicle is in AV mode

* No transition of control

* Need for information mainly o kM behadour

* eHMI display

Internal HMI (iHMI)

» System to inform the user about its status

* Information presentation & display
* System behaviour

* Information about system status

+ Safe Use

9 recommandation
topics

Figure39: Example ESoP recommendation for autonomous driving (L4)

The full list of recommendations on ESoP adaptation can be found in D6.4.
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14. Ethical, safety and legl considerations

Corresponding WP

@l =Salenellgle BRIEVE 0] [E5)] D7.1 Ethical, sociocultural, gender, safety, security and legal issueg
Objectives Investigate ethical, security and legal issues through a compar
assessment of vehicle vs. humarcigons in different scenarios.

Main achievements:

1 Overview of significant literature references the field of societal safety, security, legal and
regulatoryaspects of the future adoption of AVs

1 Identification of the (most) important experts relateo the topics of the ethical, sociocultural and
gender issues; the safety and security issues and the legal and user acceptancaridsug$orm
interviews with them

1 Panel discussiaon ethical, security and legal issues

1 Specification of ethical, sarity and legal issues related to user acceptance of AV

14.1. Ethical, sociocultural and gender issues

Regarding gender, socmltural and ethical issues, key findings (based on the literature review, online
survey and panel discussions) can be summarizeollas/s:

9 Transport is an area influenced by a set of gender inequalities, such as gaps in access to transport
infrastructure and services, segregation within the transpabour market, weak representation
of women in the decisiomaking process in the tresport sector or gendebased violence in
transport.

1 Men are more likely than women to respond positively to the proposed use of autonomous cars,
most women reporting that they probably do not want to use driverless vehicles, even reporting
that they wouldfeel uncomfortable to share the road with driverless passenger vehicles.

1 Women have greater doubts about the safety of autonomous vehicles, saying that they have doubts
about the effect of autonomous vehicles wide spreading on the number of injured @ded k
people.

1  Women and girls having to face endemic levels of harassment in public transport in their everyday
trips they therefore have to modify their travel patterns to avoid danger meaning that men and
women have different mobility realities.

1 Women hae poorer and more complex mobility than men, most of them having to plan trip
chaining.

f '+aQ RSaAIy &aKzdzZ R Gehagning by Bidliding Xeatdiés o savd tvm&to the/ R (i
destination, facilitate tripchaining, and offer driving options dh could improve travel time, but
also show that they are safe, as women are more reluctant to use AVs.

1 The gender dimension should be integrated in all phases of the policy cycle. It is therefore
recommended that information is gathered on the situatidm@mmen and men in a particular area,
with appropriate analysis of budgets from a gender perspective.

1 In economic terms, it is expected that Cooperative, Connected and Automated Mobility provides
profitable opportunities for sectors like automotive, elemtiics and software, telecommunication,
data services, digital media and freight transport whereas sectors like insurance and maintenance
and repair are identified as businesses that might suffer important decreases in revenues in the
future

1 At a societaldvel, a Cooperative, Connected and Automated Mobility could bring important
LINE RdzOGAGAGE 3IFAya ONBRIZOSR O02aid 2F GN¥ @St GA
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labour market.

1 Data protection is a key issue as AVs generate lots of data that must be treated, stored, protected.
All data treatment should be GDRfiendly in European countries.

f Moral dilemmas mainly concern road AVs facing situations wherétGeK A Of S KIF a (G2 ¢
behaviourthat could lead to a critical situation, whatever will be decided by the AV.

1 In a more general view, the ethical implications of introducing AVs will not only be inherent to the
technology itself, but mainly will deperah social choices and decisions of law and policy makers.

M If AVs should become the main vehicles on roads, different rules for different countries will need
to apply, considering moral and ethical complexities in design engineering.

14.2. Safety and security mues

Regarding safety and security issues, the most appealing findings (based on the literature reviews of 40
most recent scientific articles, online surveys of 60 experts and 2 panel discussions) are:

1 Many believe that AVs have the capability to mitightenan errors and thus reduce the accident
numbers by ca 90 %. However, any deployment of AVs into regular traffic can also introduce new
risks into the transport system. Therefore, the accident reduction by AVs (especially during a
transition period) mighnot be as high as expected by many people.

1 The largest publicly available source of accident data is available from California Department of
Motor Vehicles (DMV). Many researchers have been harvesting this database and publishing the
studies on AV acohts. The transferability of these studies into European context might be limited.

1 The still relatively small number of km driven by AV in regular traffic limits the determination of AV
safety performance. Using the accident data, it is currently notitidedo compare the safety
performance of AVs with conventional cars. A meaningful comparison would require a naturalistic
approach.

1 AVs are mostly tested in specific traffic environments/infrastructure. Therefore, the findings of
accident analyses are héully transferable to the whole infrastructure network and to various
environmental conditions.

1 In the majority of so far recorded accidents involving an AV, the AV was SAE level 2 vehicle and
often was driven manually in the moment of accident. Therefdhe validity of the findings for
more advanced AVs is questionable. Regarding fatal accidents, there have been only several
confirmed cases worldwide so far.

1 Rapid pace of technological development of AVs (i.e. sensors, software, detection) meahs that
results of recent studies might already be outdated.

1 As AVs are mostly deployed in developed countries, the results of current studies might be relevant
only for those countries.

1 So far, there has been only a few studies from regular traffic, suoltasalistic or observational

studies. Many studies rely on simulations, which have significant limitations (such as limited

possibilities to include effects of severe weather conditions and infrastructure characteristics).

Very limited number of studiesn most advanced AVs (SAE level 4 and 5).

Lack of research on VRU (cyclists and pedestrians) in urban areas.

A potentialbehaviouraladaptation of other road users to AVs needs to be studied

As an alternative to accidents, applying surrogate safety measuorght present a suitable

approach to explore safety of AVs under current conditions.

i Safety experts are rathescepticakegarding the expected time horizon for wider implementation
of SAE level 4 vehicles into regular traffic.

1 Several respondents of éhsurvey mentioned the challenges linked to the interaction between Avs
and other users, particularly within the transition period of laggale AV deployment and
vulnerable users.

=A =4 =4 =9
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9 Safety indicators can be both linked to specific technological vehiclgrezgents (e.g., reaction
speed, Al alarming system and other technical standards) while a stepwise evaluatidmsaiféty
can also be considered, to support public acceptance and the safe deployment of AV.

1 A wide range of conditions may impact the adoptof A/s at the national level, ranging from costs,
demand, and trust to cellular network connection availability, to legal, policy and responsibility
aspects, making it central to provide technical guidance, legal clarifications and enable dialogue
between stakeholders.

1 To ensure the prevention of cybersecurity attacks and threats, two levels of preventions can be
identified: on the strategic level (e.g., vehicle design) as well as at the tactic level (e.g., monitoring
of vehicle and operating procedunes

9 Standardisation and harmonization regarding data collection and access, security channels and
communication between infrastructure and vehicles is seen as crucial for-dagde safe AV
deployment.

14.3. Legal and regulatory issues

The legal and regulatogonditions across European countries which affects the affects the adoption of AVs
were explored. This was done through a literature review of more than 100 sources to focus on legal and
public acceptance issues on Unmanned Aerial Systems and the gegatadncerns on the usage of UASS,

the current regulations among EU countries analysed for more than 20 countries (Belgium, France, Poland,
Sweden, UK, etc.). Legal and public acceptance issues on Unmanned vessels were also analysed, looking at
current regulations among EU Member States of Italy, Greece, Portugal, Spain, France, Germany, Poland,
Belgium, and Finland. Legal and acceptance issues of autonomous for road vehicles were also analysed,
taking the case of Slovenia. Attention was paid to the raaffit rules, insurance of AVs, police and traffic
information Centre, and speed limit for autonomous vehicles proposed by the lawmakers.

1 Regarding questions on the perceived maturity of regulation, experts reported on the existence of
regulationin their home country. For instance, one expert stated that draft regulation would be
available, whereas another expert opined that the AV area is only slightly regulated in his or her
country.

T 9ELISNI&AQ FGidSyidazy gl a |f&a2 RiNlegalyssue2Whilksbnie (K S
experts pointed to the issue of responsibility in general, others were more specifically referring to
(i) civil liability for accidents; (ii) liability for defects in AVs; (iii) and criminal liability for accidents.
Fourthly, the one solution to the issue was thought to be the definition of the responsibility of all
parties

1 While some experts do not see any special legal barriers or opportunities, others mentioned that
the advantage of AVs could be their size facilitating pitojgets. Other experts criticised the use
of existing legal frameworks that seem to concern autonomous vehicles over which human can take
control at any time.

1 The definition of the responsibility of all involved parties (such as vehicle users) was cethsider
of the main challenges related to introduction or adoption of AV, as well as a principal challenge on
the question whether or not legal provisions regarding the AVs should be unified.

I The question was raised concerning data protection as a key fesube deployment of As.
Responsibilities for storage, use, transmission of data must be legally defined and liability in case
of data protection breach must be clear fov&\users/owners.

1 For Unmanned vessels, the considerable challenges with respebetinternational regulatory
framework and related insurance aspects are related to crew definition, ship registration, labour
market, operation in foreign jurisdictions, ship seaworthiness, security and data protection.
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15. Disseminationactivities

Corresponding WP WP1:

(0] ((=50fola o Iple RISVl 0] (55| D81 Dissemination material

D8.2, D8.7, D8:8Dissemination Plan, User Forum and events

revisions)

Objectives 1 To disseminate key project developments to external actors ang
stakeholders.

1 Toimplementand update an appropriate online presence (webs
social media) and other relevant dissemination material to eng
continuous outreach of the project results, as well as knowle
transfer.

1 To organise project key events and demonstrations and en
cooperation with the most important international forums, as wi
as liaise with related projects and initiatives.

Main achievements:

1 Developmentand appropriate usef all the image of the project: logotype, basic dissemination
materials, etc.

Project laflet, poster, roll up3 Newslettes

Active presence in social media (LinkedIn, Twitteryer 200.000 views

Website development and maintenangever 5.000 visitors

Organisation of3 Drive2theFuture Workshapwith the attendance of more the 40 parti@pts
each

Population of project User Forum and establishment of AV Ambassadors

Presence of Drive2theFuture 39 scientific events

Publication o228 papers.

=A =4 =4 =4
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15.1. Disseminationactions

In order to be able to disseminate the key project developments to esteantors and key stakeholders,
project partners made use of a variety of mechanisms defined by the Dissemination strategy. These
mechanisms, detailed below, were used to target mobility providers, research institutes, public authorities
and policy makersSMEs and larger enterprises.

Table33: Disseminationactivities

M1-42

Website http://www.drive2thefuture.eu/- The Drive2theFuture website has beethe
main communicationtool for the project. It is the online & ¥ I & $é project
and includesall relevantinformation, both for externalstakeholdersandinternal
(Consortium). All the general communication is addressed to our website.
SocialMedia Twitter and Linkedln account/page were created. Drive2theFuture Twitter
account (@Drive2Future) has reachtr followers and it wasusedto:

1 sharerelevant information/newon Drive2theFuture

1 inform audiencesabout the participation to relevant events, included o
plenary meetings

1 sharepictures/imageselatedto Drive2theFuture

1 retweetinformation/newsfrom other relevant projects/accounts
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The Drive2theFutureproject also launched a LinkedIn profile. It has obtained
1.142 followersincluding transport service providers, universities, transpat
associationsyesearchcentres, private companiegnobility startups.

Publications

Ownevents

Flyers, posters
videos,

newsletters, logos
project identifiers

October 2022

Since the beginning of the project, Drive2theFuture was presented at 30 ¢
(see Annex Ias individual presentations (e.g. Forum Mobility&Society, 13th
Confeence on intelligent steering systems, ITS Spain, Connecting Europe [
Lyon, ITS Europe in Toulouse or ITS World Congress in Hamburg), through
sessions (SHOW EU Project, Workshop Social and training aspects of auton]
road transport: what next?), participating in a panel (Lange Nacht
Wissenschaften 2020). 2 publications were linked to the 25° ITS World Cong
Copenhagen. 2 publications were presented at other events. More than 30 ¢
articles (project website, partner websitasther websites; MaaS Alliance, POLI
have been released.

In total, 28papers havdbeenpublished(see AnneX).

1 4 cluster meetings (online)

1 2 workshops: 15t Drive2theFutue Workshop, March 2020, Brussel$? 2
Drive2theFuture Workshoparch2021, Online

1 1 Final Workshop in Barcelona (October 202@nline and Physical.

The visualidentity of the project, defined by ACASA/RAC@sas inspired by the
name of the project and itsnique objective to address AVs in all transport mo
The colours used add a dynamic feature while the lines below the text provi
feeling of the rapid developments in the area with future perspective. The p
flyer offers quite a concise yet mlant information on the project, its objectiv
and partners involved, timelines and expected outcomes. The project flyer pr
the following information:

Objectives

Pilots

Methodology

Main Results

Expected impact

Consortium information / Logos

Sociaimedia and coordinators information

=A =4 =8 =8 -8 -8 -9

The preparation of a project rallp is not explicitly listed under the WP8 actig
However, it is an important tool to further define the visual identity of the prg
and properly capture audience attention when gaipating at events. The proje
roll-up is especially used during the Drive2theFuture workshop, and other ¢
project representatives attend to present Drive2theFuture work. Theum)lig
reproducing the visual identity already developed under WR8 iarstructured g
follows:

Logo

Name of the project

Official photo

{dzo GAGGESY atdzidAy3d GKS dzaSNJ
Consortium information / Logos

Social media and coordinators information

= =4 =4 4 A A

The 1%, 2"9and 3¢ Project Newsletter havéeen issued, containing the follow
features:
T 'y GORAG2NRLFIEE Fa FANRG AGSYO®
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1 Main news and information about the Project: Mainly Events, result

information of the Pilots.

Table34: Key Performancéndicatorsfor disseminaton activities.

KeyPerformancelndicatorsé6 Yt L Qa 0

Performance(until M42)

Yearl

Year2

representatives and
with 20 (by Month
6) and 40 (by Month
12) external
members

posters printed in | publications  in | publications in | yp (2 units) and website
good quality and | journals and 5 | journals and 12 | jmplemented. As well as
web site | project papers in | project papers in | the social media accounts
functioning. Conferences. Conferences. twitter and LinkedIn.
Year 2: leaflet update with
the new pilots map, on pdf
version ony.
14 papers published
Year 3/4:12 papers have
been published.
User Forum Project web site| Project web site |Year 1. User forum
encompassing all | \uith at least 50 hits | With at least 50 hits | established; about 200
key stakeholder per month per month members by M12

Year 2: Project website with
113 hits/month in 2019 and
88 hits/month in 2020.

Additionally:

7 news published

8 Public deliverables
published

112 subscribers at
the website

Year 3/4:Project website
with 225 hits/month in
2021 and 76 hits/month in
2022.

Additionally:
7 news published
All Public deliverables
submitted are
published
315 subscribers at the
website and Newsletter
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15.2. User Forum and events

The users iad stakeholders addressed by AVs are the primary recipients of Drive2theFuture work, thus
continuous contact with them is being maintained throughout the project duration. Several means are used
towards this goal.

At first, contact is maintained through ¢hproject website and social media. In particular, during the first
18 months the following actions have been undertaken:

83 posts on LinkedlnMore than 45.000 viewsnlyin the last year of the Project
149 tweets- More than92.000 impressions

Updatesof the website to upload news and information

1142LinkedIn followers achieved

247twitter followers achieved

=A =4 =4 =4 A

In addition to that, Drive2theFuture partners have been very active in presenting the project in the scientific
community, through their partigiation in events related to automated mobility as well as through their
publications.30 events were attended by consortium members a®lpapers published (complete lists
included inAnnexes | & Il and details in DB.8

The XWorkshop of Drive2theFuturproject took place in Brussels, Belgium on tfeMarch 2020, with
the participation of more than 40 people (physically and onlifepject achievements were presented,
while the participants also contributed in the action, through dedicated interastasions.

Figure40. Drive2theFuturels Workshop

The 29 Workshop of Drive2theFuture project took place remotely on" March 2021. Project
achievements were presented, while the participants also contributed through dedidatedhctive
sessions. Some related Projects participated.

Finally, the Final Workshop was held in Barcelona 8rt%ober 2022. The event was hybrid (with physical
and remote attendance available). The first pamtiuded akeynote speech by Judith Chan (Monash
University Accident Research Centre). The main results obtained in the Drive2theFuture project were
presented. After the coffee break, two discussion panels took place: The first panel discussed about the
impact and business perspectives reldto autonomous vehicles. The second one was about the guidelines
and roadmap in terms of autonomous vehicles adoption.
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FINAL WORKSHOP:

1 = & :
A user : ptance path =
to automated vehicles deployment )R V FINAL \ <
IVE2 .
! - oRwe HE FUTURE A ysera L \
> W D - - == -

ce path
e to automated vehicles deployment

Figure4l. Drive2theFuture Final Workshop Panels

The User Forum is another tool for communication, caastig a wide group of representatives of all key
stakeholders, within which developments and concepts of Drive2theFuture are promoted and discussed.
Through them this development and concepts are also disseminated to relevant user groups, to the target
audience at European level and beyond. Thus, it is important to include in our User Forum representatives
from different clusters (of the ones identified in WP1). In this respect, the first pool of User Forum members
derives from our Newsletter subscriptigres these are people that are interested in the project (by default,

as they spontaneously subscribed to receive our news) and come from different Emesdgst include815
subscribersMoreover, in order to enrich this group and include targeted ggvants, consortium partners

were invited to contribute in further populating our user forum. A template has been prepared in order to
classify by cluster and country, thus ensuring the representation of the relevant groups of stakeholders and
users. Dug¢o GDPR regulations, it was decided that each partner keeps their own lists. Currently34out
contacts are included in the list. For each project event, significant result, announcement, etc. the partners
are asked to disseminate a pdefined text totheir lists. Moreover, feedback from the User Forum
memberswas providedn relevant project work, upon request, always through the respective partners.

Finally, the concept of AV Ambassadors involves, key opinion setters, such as famous scientists, artist
writers, athletes, bloggers and influencers that will be attracted, to convey the positive image and benefits
2F 1 +a3 RN} g AYyUSNBad 2y LINR2SO00Qa RSY2YyAGNI GA2y
support initiativesIn order to identifyand activate such people several actions are undertaken. First, the
project partners have been asked to identify possible Ambassadors, at local (country) or even broader level.
Second, through our concertation activities, relevant contacts were made eutperating projects,

clusters and organisations, in order to join forces on this initiative. As a result of this task, 11 AV
Ambassadors were recruited.

16. Business models and exploitation

Corresponding WP

(@%0] (= ofolalo [ploBLEIIVEI = 10] (5 D8.3 Business Mdels Suite

D8.4,D8.9 Exploitation Plans (and revision)

Objectives 1 To create business models suitable for market uptake of conne
shared and automated transport.

I To elaborate and preliminary validate business model concepts
develop an Exploitatio Agreement foDrive2theFuturénnovations.
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Main achievements:

T [AGSNY GdzNBE NBGASG F2NI ! +Qa odzaAySaa Y2RSta |y
to define how some fundamental characteristics, product/service design, development,
production, market, selling, income can be applied in the automated vehicles area.
5808t 2LIWSyid 2F GKS LINR2SOGQa AYyAGALFE O9ELX 2AdGL
5S@St2LIYSyd 2F I adaNBSe 2y GKS 0dzaAy Stégaugel? G Sy i
their current level of knowledge.

f 580St2LIYSyid 2F ! +Qa odzaAySaa Y2RSta FyR Saidlo
define how some fundamental characteristics, product/service design, development, production,
market, selling, incomeam be applied in the automated vehicles area.

1 Development oFinalExploitation Plans (DS).

= =4

16.1. Business models suite for market uptake of connected,
cooperative and automated transport

Business Models Suite aims to specify a séusfness models categorizger mode and project product,
including mobility as a Service (MaaS) and overall uptake of AV technologies in transportation. As a result,
win-win business strategies and plans for all involved stakeholdersdevised toenlarge AVs market
penetration

To achieve this goal, a stepwise methodology has been followed, as depicted in the following figure.

Literature A6.3 Business A4.5 User Pilots
Review Schemes Incentives feedback
Expected Stakeholders Enablers and
Benefits Architecture Barriers
Win-win Business Validation Roadmap
Business Schemes Models Allignment

Modeling

Figure42. AVs Business Models Methodology

As $&own, there arethree main phases. First, the study which deepens in aspects &si the literature
review, correlation withA\\MaaSbusiness schemgsee section 13.3 and ¥.and user incentive, and
LIAf204Q FSSRolFIO1® {SO2yRXI LINBLINIYG2NE Fylfeara
architecture, enablers and barrie Finally, the business modelling which integrates-wiim schemes,
business models, validation aspects, and a road map alignment.

The work performed during the study phase has integrated a collection of relevant literature sources about

l + Q& g5 duadels Bhich has brought out how weflown companies (e.g., Ford, Toyota, Nissan,
MercedesBenz) are opting to perform strategic partnerships to advance in the automated vehicles area.

2 KSNBIF&as avYlff O2YLI yASa I NBf ypEfyvéotTeOStmp SREAY
analysis has required the definition of fundamental characteristics such as: Product/Service design,
development, production, market, selling, and income. The establishment of those general principles
helped to deternine how those concepts can be applied in the area of the automated vehicles. Thus,
O2yaARSNAY3I | 3ISYSNIf O2YLIYyASaQ RSAONALIIA2y S O2)
product development stage and customer segmentation is expecteldetased as a first stage in the
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penetration.

The final part of the study has been dedicated to performing a business analysis of the exploitablessutcom
considering inputs from road pilots. In addition, it has been disseminated a survey to gather experiences
and additional perspectives of project partners regarding automated transport modes and business
aspectsDuring a workshop held online on Febru@@22, project partners contributed with insights and
advice about the evolution of the automated industry as well as the challenges to overcome. They examined
the next categories of actors in a pigp, on-trip, and posttrip phase.

Consumers: Looking emnticipate needs and difficulties in an automated transport

AVs: Devising actual and future requirements

Public Authorities: Defining the public policies required to cooperate with the private industry
Incentives: Specifying measures to attract users@mdpanies to the automated mobility

Mobility Services Integration: Designing alternatives to the integration of transport modes in
mobile applications

=A =4 =4 =4 =9

Main Goal: Maximize AVs Market Penetration

Current Requisites?, Necesities?, bemefits, issues, problems
to solve?, impacts

Consumers

Autonomous
° Vehicles

... Governernment/
Authorities

" Incentives

Mobility Services Integration

Figure43. D2F Workshoj Analysing Needs and Requisites in the Automated @wademand Mobility

Thisserved as thévasis to specify a business model canvas for automated vehicles, shuttles, MaaS and
shared mobility services, automated railway systeggee following tablepnd the delivery of packages
through robots and drones

Tale 35: Example Business Model Canvas for the Automated Railway Systems

BM Canvas block | Characteristics
Cust S ¢ Customer Segments: The group of clients
ustomer o€gments serve. Who are we solving the problem for?

B2C- End usersdifferentiated by local user
(e.g., regular commuters) and visitors (e
business, tourist)

B2B¢ Railway Freight transport

#1 Customer
Segments
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(7) Value proposition: The product/service missi
What is the problem to solve?

Value Propositions

End Users

Precise scheded timetables

Safer and faster transportation

Lower ticketing price

Multimodal trip integration: Endo-end
journeys

1 Single payment for the whole trip

= =4 -4 A

#2 Value Proposition

Railway Freight transport
1 Immune to weather disturbances
1 Sustainably seffowering
1 Resistant to E&énquakes

h I Channels: Strategies to deliver a product
Channels N service) to the customers

End users can be reached through:
1 Mobile application
1 Web site

#3 Channels

APIs: Businesses and public entities can
dedicated APIs to reach the required service
information

customer
C2NJ SYR dzaSNNa Odzaidz2y
1 Subscription  services:  personaliz
service
1 Nonregistered users: Pay per use

. . m Relationship: the interaction wi
CustomerReIatlonsthQ Customers Relationship: the interaction wi

#4 Customer
Relationships

Revenue Seams: The cash inflows. How
company makes money

Revenue Streams

B2Cc End Users
1 Subscription: Onéime fees to registered
users for advanced and premium servig
0o Yearly
0 Monthly
o Daily
9 Unsubscribed users: Advertising fees
app

#5 Revenue Streams

B2B- Mobility service providersattracted by the
interurban extended solutiong sales and
transaction fees,.
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Characteristics

B2B- Value Added Service (VA8xtended to
reservations and bookings; sales and
transaction fees.

B2B ¢ Advertising on trains or ads for
unregistered users in the app fees for
advertisingg.

B2B ¢ Authorities (City transport or traffic)g
taxes reduction due to the use of sustainat
sources of energy

B2B¢ MaaS operatorsan obtain benefits fron
a B2B platform wused for conten
interoperability, and payment servicedees
for traffic data provisior.

Key Resources

#6 Key Resources

Key Resources: Company assets
Customer relationships

Payment and clearing mechanisms
Big data management

Security mechanisms

GDPR compliant mechanisms
Hosting and telecommunications
Matchmaking algorithra

Multimodal routing algorithms
Public relations

Technical and software engineering
Marketing

R&D resources

=4 =4 =4 -4 -8 8 4 9 _a_9a_9._-2

Key Activities

#7 Key Activities

Key Activities: Tasks to operate the company
Content aggregation

End user registration and dai
management

Big data managemerand data analytics
On line ticket purchase: One stop shop
On line reservations

Mobility token issuing

Payment and clearing

Loyalty schemes

Mobility services integration

Security

GDPR compliance

Hosting and telecommunications
Customer support and relatiahips
Public relations and Marketing
Technical and software engineering

= =4

=4 =4 =4 -4 -8 8 8 -8 _a_9_9a._°_-°
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BM Canvas block | Characteristics
9 Platform maintenance
1 R&D activities
TN Key partners: Relationships
Key Partners % City Authorities: regulating and providing
authorizations
Content providersproviding mobility cotent
Booking systems:providing reservations an
2 tickets for long haul travel
f:j Traffic service providers:providing real time
CcLTs traffic information and navigation
- Mobility service operators:providing mobility
N content and reservations to their services
® Traffic management operatorsproviding traffic
content and traffic strategies
Payment facilities: providing payment and
clearing services
Maas$S operators: providing B2C one stop shop
Value added service providers for example
tourist service providers etc
Cost Structure Cost Structure: The cash outflows. How
company spends money in operations
1 Railway infrastructure
) 1 Systems deployment and maintenance
2 1 R&D investments
= 1 Customer support costs
« f Customer relationships cost
3 f Hosting fees
) 1 Telecommuication fees
1 Payment facility fees
1 Maintenance of APIs
1 Content upgrade

Moreover, business modelling of all the Drive2theFuture exploitable products has been performed, with
the identification of the business potential of each exploitable outcome beimgidered through the
business model Canvas.

Table36: Example of business model Canvas for a Drive2theFuture exploitable prgeihdt development toolkit
for AVs)

Exploitation Outcome
1 HMI developmentoolkit for AVs
Product Type
1 S/W platform & tools
Exploitation Scheme
1 IV. Private; Sales B2B
Business Proposition and Market Potential
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The product has been projected to be used in automotive and trangptated industries, where ney
HMI concepts are developed, test, and optimized. With this software, concepts can be made acceg
for testing user acceptance in early stages of the development cycle. Also, the product can be |
awareness creation in the public, e.g., at conferences, expo days and faissforgobtotyping in VR fo
the automotive domain already exist, focusing on the user group of drivers. However, they a|
dedicated tools for comprehensive HMI development over different modes and for different
clusters. Additionally, existing safare does not aim at end users. Existing tools, such as VREXPE
by the company Ansys or cCARVR by Athena, aim rather at expenrs. The HMI development toolk
developed in Drive2theFuture shall be interactive and easy to use to raise acceptarmeanfdiMl
solutionsamongendza SNBE ® DA GSY GKIFG +zw deaidsSvyaqQ | gl A
homes is still limited, using the software platform might now still be bound to the lab with a dedi
setup, e.g., specific input devicesowkver, until the launch of the product, availability of consumer
devices might be more widely spread. Possibilities to make the platform available to users af
without VR goggles, e.g., by interactive-@Beos for training is also considered. Afanm that, motion
sickness is still a problem that many users experience when they use VR goggles, which is a gen
inherent to interactive simulations.
Customer Segments

1 B2B- Original equipment manufacturers (OEMS)
1 B2B-Transport industry (g., road operators, traffic authorities)
1 B2B-The developer of the course can sell the content of its course to other centres, drivir|
schools, organisations, or offer it with some fee for specific period (i.e., per year).
Value Proposition
1 OptimizedHMI concepts for user acceptance testing Tools for prototyping in VR
Channels of Communication
1 Web site
Mobile application
Social media channels
Viral marketing
Fairs in universities and organizations
1 Car shows
Customer Relationship
1 Personnel and webased assistance
1 Cocreated trainings
Revenue Streams
9 Direct selling
1 Services based model
1 Subscription Model and Fees
Key Resources
1 Project Findings, services, and tools development

= =4 -4 -

Details of this work and the full list of business plans dgyed can be found in D8.3.

16.2. Exploitation plans

5NRDPSHUKSCdzidzNE LINRP2SOG FAYa Fd 620K SyKFyOAy3a R
use of connected, cooperative and automated transport modes, while assisting the automotive and
communicatiorhA Y RdzAa G NBE (2 | RRNBX&aa LIS2L) SQa ySSRa | yR LINR
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of initiatives, technologies and training programmes have been defined, developed and tested. In this
framework, a business framework is being proposed forcttramercial exploitation of the Drive2theFuture
products. The exploitable outcomes consist of both training programmes and software tools, since the
target audience comprises of professional drivers (taxi and truck), users of public transport, driving
instructors, rail, automated ship and drone operators and typical drivers and road users. Upon the initial
issuing of the exploitation plans in D8.4 (on M18), updated plans have been issued in D8.90{MH),

12 exploitable outcomes have beelefinedin Dive2theFuture as seen in the following Table

Table37: Drive2theFutureExploitationoutcomes

No ExploitationOutcome Type Exploitation Relevant Lead/ Timeto
type Deliverable Involved market
Partners after
projectend
1 PI/B2B i
A_V . acceptance | S/W platform D21/ D2. NTUA Immediately,
simulation  platform & tools after
and tools
2 | Sentiment analysis| S/Wtool B2B D2.2 INF 12months
andsocialmedia
3 | HMI  development| S/Wplatform B2B D3.2 FhG/ 6 months
toolkit for AVs & tools IAO
4 Trafflc management| Serviceknow B2B D6.2 SWM 24 months
services how
5 | Multimedia training S/W for PC| B2B/B2 D4.1(part) CERTH/HIT 12 months
s/w for AVs environment C VTI
D4.2 (part)
6 | AV Training Training B2C
programme for PT| packagef D4.2(part) UITP 6 months
professionals service
7 | AV Training Training B2B
programme for truck packageof D4.2(part) IRU 6 months
and taxi drivers services
8 | AV Training Training B2B/B2
programmefor driving| packageof C D4.2(part) IAM 3months
instructors services
9 | AV Training Training B2B VT
programme for rail packageof D4.2(part) 3 months
operators and services EURNE
signallers X, TUB
10 | AV Training Trakmlngf B2B/B2 Immediaely
programme for | Packag® c D4.2(part) TUCO after
. services
automated ship
operators
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No ExploitationOutcome Type Exploitation Relevant Lead/ Timeto
type Deliverable Involved market
Partners after
projectend
11 | AV Training Training B2B Immediately
programme for dron| Packageof D4.2(part) DBL after
operators services
12 | HMI development ar|  Training BB D42 (par) PIAGGIO& | oo
test for Advanced Ridi|  package of C.Sp year
Assistance Systems services

The final exploitation plans are presented in detail in D8.9.

17. Guidelines, Recommendations and Roadmap to the future

Corresponding WP

@)= elenalellale BBV 0l S5 D8.5 Guidelines and policy recommendations
D8.8 Automation User Ameptance creation path roadmap
To issue guidelines, policy recommendations and a roadmap on the
acceptance path for automated transport deployment in Europe

Objectives

Main achievements:

1 Development of Guidelines and policy recommendations usingp@lknowledge acquired during
the Project.

1 Development of Automation User Acceptance Path roadmaps for each transport mode and
multimodal transport

17.1. Guidelines and policy recommendations

The overall goal of the Drive2theFuture project is to raise awaersxl enhance acceptance for
automated vehicles (AV), by investigating key aspects of the automated driving ecosystem, from HMI
concepts and training needs, to acceptance creation measures, ethical, sociocultural, safety and security
issues. Such aspecteaxplored in selected pilots according to the principle of using a wide variety of tools
FYR 2LISNIdGA2ylf a0SYINAR2& Ay 6KAOK RNAGSNEZI LI aaSs
to be evaluated.

On the basis of themain findings of Bve2theFuture a concise list of guidelines and policy
recommendationshas been definedA review of all contents produced in the Drive2theFuture lifetime
(deliverables, surveys, reports, tools) has been performed and integrated with the results of auslesid

a0l 1SK2t RSNBRQ O2yadzZ GFdA2y LISNF2NXYSR Ay @I NR 2 dz

The technical guidelines are intended to support mainly (i) vehicle and equipment developers in the design
of AVs, with a focus on HMI concepts, and (ii) training providers and regulatordl #8Axelated industry

in developing appropriate training material, tools and awareness creation activities for both professional
and nonprofessional users. Guidelinese presented in a simplay, and they are intended to be self
explanatory. However, ken possible additional background information and clarifying examples are
provided via links to project deliverables andlore sources.
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Complementary to the guidelines, polioptions forauthorities at localpational,and European level are
derived fom the project experience asnely actions to facilitate the shift to automated operations for
professional users and increase the willingness to use and trust for AVs in the general pulséc. The
recommendations areaummarised as follows

Table38: List of Drive2theFuture Guidelines and Recommendations

ENSURING APPROPRIATE SKILLS

9 Offer opportunities to all current as well as new employees to participate in continuctis(ise
or external) training programs for &killing and taining.

I Ensure that training activities for professional users are built on a flexible approach, s
lifelong learning to help drivers adapt to requirements changing over time.

9 Ensure that social partners and workers are involved in the developmerdining activities

1 Adapt existing curricula as well as promote education in fields where there will be future de
such as ICT and engineering, traffic control and logistics.

I Promote sectoispecific cybersecurity trainings and certificates to provideigérs and transpor
professionals with an understanding of the developments and limitations of the AV ope
systems, to reduce daily risks and threats of external interferences and potential disrupti
the network

1 Provide funding and training faelfemployed and SMEs transport professionals

ADAPTING THE LEGISLATIVE AND REGULATORY environment

1 Establish an EU regulatory institution that develops and appligglalevel framework for the
design, development, and operations of automated drivingss Europe

1 Revise the relevant EU legislations impacting the overall functioning of the road transport §
to adapt it to technological, behavioural and operational change and to modernise the di
profession and encourage the roll out of autonoansovehicles across European roads

9 Initiate and support consultation with stakeholders to ensure a standardization of interna
external HMI to be adopted at the national and EU level, to ensurdatdgay AV operations.

I Review certification schemes fall drivers, emerging professions directly related to automati
as well as existing professions that will be indirectly impacted by CAD deployment

I Developa harmonised and strong cybersecurity and data legal framework for the full ran
product develpment stages from development, testing, validation up to implementation
operation.

1 Provide vehicle and equipment developers with incentives to invest in cybersecurity

ADDRESSING SOCIETAL CHALLENGES AND ACCEPTANCE

1 Support the image of the transportgfession.

I Promote social dialogue at the EU level on the impacts of automation on employment

1 Support the development of shared AVs services which are integrated in mobility and
planning to meet policy and societal goals

I Promote R&D initiatives to fther investigate HMI aspects affecting acceptance of AV.

17.2. Automation User Acceptance creation path roadmap

Up to now, most roadmapeelated to automated transporéxamine the path towards full automation in
terms of the availability of relevant technolieg 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 DrivedtheFu
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
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activities and actions that could foster and speedthig process. The roadmap is defined in three time
horizons: shorterm (until 2024), miderm (until 2035) and longerm (until 2050), following the
milestones of existing roadmaps for different transport modes.

For the definition of this roadmap, therdt step was 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. Moreosject gindings,
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 eahce user acceptance. In this step, apart from own project results, findings
coming from other related and simultaneously ongoing projectginly (but not exclusively) the ones with
which Drive2theFuture has been undertaking clustering activities throuigks duration- are also included

in this pool of measures, from Europe and beyond.

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 anchmon grounds are constituting the basis

for the multimodal roadmap. The roadmap, as already mentioned, is targetthggie-time horizons: short

term (by 2024), miderm (by 2035) and long term (by 2050). In this sense, the findings are placed on the
timSt AyS Ff2y3 6AGK GKS O2NNBALRYRAYy3I (SOKy2f23AS4a
within the Drive2theFuture consortium and beyofatilitatedthe finalization the roadmap preparation

The overall roadmap is composed, as already noeetil, by five separate roadmags, 3-time horizons,

each addressing one of the four different transport modes, i.e., road, rail, maritime and air, as well as a
multimodal one. Moreover, for each timeframe, a main objective is set, followed by a sedesarfs that

would foster its achievemenaspresented in the following figures.

ROAD

Until 2024 Until 2035 Until 2050
| Pilotin l[}ep\‘oyment as 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 legielated/homologated

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 schoals)

Training of TMC and reskilling
stakeholders

Integration of infotainment and
wearables

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

HMI and functionalities
personalisation, harmonisation
and standardization

Socio-economic adaptation of
services to user groups

Figure44: Drive2theFuture Automation Acceptance Roadmdoad
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Figure45: Drive2theFuture Automation Acceptance RoadmaRail

Figure46: Drive2theFuture Automation Acceptance RoadmaMaritime
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