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1. Executive summary

This pre-study has used a set of tools within tloegss The SEVS Way to identify potential
effects from autonomous drive concepts in relatthe Swedish transport political goals.
The SEVS Way, which is a workshop based processeadier shown to be a powerful tool
for multi-disciplinary teams to work cross- boamsler a structural way, but also a powerful
communication tool that facilitates the inclusidmew stakeholders along the journey.

The work within the pre-study has been performeduh a number of work packages
focusing on:
» Adriving force model, which is a very useful tdolfind the mechanisms and driving
forces which determine how AD influences the sgciet
» A scenario methodology, with further developed sciers that consider an AD-
environment.

» Use cases that describe the daily agendas and neot®of actors and goods. The use
cases should identify barriers and opportunitigt wutonomous vehicles (stage 4 and
5) in order for the actors to carry out the dadyivaties, and for the goods to be
transported, delivered and picked up.

* Methods for measuring and estimating effects rdl&aeAD, and how such concepts
contribute to the fulfillment of the Swedish trangppolitical goals.

Results from the pre-study include:

* The driving force model used in the pre-study goad candidate when analyzing
effects of AD. The outcome is just preliminary rkswhich can be used as starting
point for other investigations, but should be usét care until they have been further
verified.

In addition, it is important that the driving forogodel is only one of the tools in the
SEVS analysis of societal effects of autonomougedit can identify important
driving forces, likely effects and explain why antien they are likely to happen.
However, an analysis of how likely these changesnalt always need to be based on
deeper analysis of critical mechanisms. One exaoffleat is theuse caseand
transport selection analysighich are necessary to analyze a very critical tgaithe
driving force model, namely how the user needdepeaces and possibilities will
influence what transport solution will actually tigosen.

* The use cases for goods movement have been prepdrexhdly the same style and
following a similar methodology to those preparedgersonal mobility. This is to
help in understanding the interaction between peismobility and goods movement
which is likely to be more significant as AD devedo In addition, it allows the two
overlapping systems to be considered in a simiky which is helpful when trying to
understand trade-offs and changes that arise fiprsubstitution (a personal mobility
trip is replaced by a goods movement trip). Therettion between mobility and
goods movement will be followed up in more deptithe SEVS 3 for AD e-
commerce project that started in late December 2016

» Existing work looking into potential effects of ABencepts is dominated by studies
focusing on user expectations and system simulatiaies. This is natural since few
(hardly any) autonomous vehicles are on the roadsders to test at the moment.

0 2017 SEVS. All rights reserved.
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* Three main factors that impact the transport malitgoals for the use-cases in the pre-
study, were identified:

o Transport choice. l.e. does the AD-concept indufferdnt choices regarding
transport modes? E.g. a more comfortable car solutbuld increase car use.

o The amount of transport and impact on congestion.

0 Vehicle functionality and operation. Vehicles cantailored to fit certain needs
better and operation can be optimized, e.g. reggrsibeed, or regarding
usability for disabled drivers.

* Methods evaluating effects of AD-concepts needetalttle to handle both technical
aspects and performance of vehicles and systemglbas behaviors and perceptions
of users.

* By working according to The SEVS Way methodology pine-study has followed a
structured process and been able to handle thelewitydoth on a Macro system
level as well as on a Micro level. The SEVS compsereated a model of different
societies (scenarios), in which we let a speciftoainteract with different mobility
solutions in its context (use cases), and anatysepth if the system solutions fulfil
the functional and consideration requirements onco level (customer) as well on a
macro level (The National Transportation goals).

2. Background

The UN adopted in September 2015 the new globdsdoasustainable development in the
period up to 2030 the "Sustainable Development $So@hese objectives also include the
transport system and its contribution to a sustdeaorld. For example addressed in
Objective 3.6 Road Safet¥halve the number of global deaths and injuriesrframad traffic
accidents” Similarly, there are targets on other aspecth@transport system in sustainable
cities and communities, such as target 1Make cities and human settlements inclusive,
safe, resilient and sustainablehore specifically, it is stated in 11.2 tHBy 2030, Provide
access to safe, affordable, accessible and sudibdrieansport system for all, Improving
Road safety, notably by expanding public transpeitl) special attention to the needs of
those in vulnerable situational, women, childreergons with Disabilities and Older persons.
". Essential to these total 17 overriding objects/éhiat they should be seen and addressed as
a whole, a system perspective. The Swedish trahppbtical goals for a sustainable society
fit well with this approach.

Funktionsmal 7
Tillganglighet Overgripande
: x transport-

-« politiskt mal

Hansynsmal
Sékerhet, miljo
och hélsa

Great hopes are tied to the potential of automitatsport and transport systems and their
ability to lead to an efficient transport systeeguced environmental impact and improved

0 2017 SEVS. All rights reserved.




SEVS

Issuer Document-ID, version Page

Else-Marie Malmek SEVS3-FinalReport,v1.doc 6 (101)

Subject Date
28/02/2017

road safety. But society needs to take an actideincstimulating and evaluating which
solutions and business models that could benefitympaople and lead to a sustainable
demand. In order to steer towards this and theadivaistainability objectives, including
industrial growth and social development, neces&aulg to understand the effects on system
level need to be developed. We need to analyzefteets of different societies and
understand the driving forces that enable or hitlgeeffects that occur. It is crucial for the
ability to draw conclusions on a societal leveltthva can manage complex systems issues in
a structured manner and to take into account thenlying driving forces. Only then we can
take the right decisions that govern the transpaolity objectives and other societal goals. To
be able to measure effects on the societal systeeh Idriving forces must be identified,
understood and described; this is what this prdysisiabout.

In recent years almost all major automakers and evany technology companies announced
investments in autonomous drive (AD) vehicle flegtsluding Scania, AB Volvo, Volvo Cars
and Uniti AB. The most common arguments in favothaf introduction are higher road safety
and increased transportation efficiency, areas evBaredish actors and parties in this pre-
study have high credibility and reputation. In maities of the world there are several test
and demonstration projects with autonomous flektpods and / or people planned or
ongoing. Sweden and Gothenburg are well advancédesg. Drive Me. Most of the
demonstration projects have however a technolofpcals and is seldom about the societal
aspects, social impact or effects on the needdoisport. (In this pre-study we have included
the Drive Me project in our use cases).

The ADs effects on the societies are an extremiffigult and complex issue where no single
part has the answer. As with Electro Mobility salas, the AD solutions for goods and
people must be placed in its context (the socststiems) in order to obtain accurate values
of its effects. In SEVSphase 1 (The Electro Mobility Journey”, a FFI pujwith 18

partners from industry, academia and governmerg);auld show that the same EV Solution
gave different values on emissions, efficiency,necoy and safety depending on the type of
societal environment (infrastructure, behaviorj@es, etc.) in which the vehicle appeared. It
is very likely that this also applies to differeéppes and degrees of automated solutions, and
that is why it is important to identify and undewrsd both the direct and the indirect effects
and their connection but also the societal cor(®eenario) in which the solutions will be
implemented. That is why we have used the procag=icThe SEVS Way both as a working
methodology but also as a powerful communicatiah to

3. About the project

The characteristic of a SEVS-project is that ngleimctor can solve the complex societal or
technical challenges by they own. Many actorsasgmting industry, academy and authority
need to co-operate in cross-functional and muiseigdlinary teams, to be able to solve the
system challenges.

! SEVS Safe Efficient Vehicle Solutiomww.sevs.seThe SEVS phase 1 (SEVS1) “Green & Safe” wasateti
in 2008, SEVS phase 2 (SEVS2) “Electromobility” waisiated in 2012.

0 2017 SEVS. All rights reserved.
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The evaluation and measurement of the societatteftéd an automated transport system is a
complex system challenge. Stakeholders from inguastademy and authority, with different
perspectives and challenges, initiated therefasepite-study project, “SEVS for Autonomous
Drive (AD)”, (SEVS3), as a common journey to bridifferent perspectives together in a
holistic system perspective.

Det automatiserade transportsystemets
effekter pa samhallet?

\, SUSTAINABLE f™ 2=
';?JDEVELOPMENTG?‘.EALS = ‘,E_-:-'_'-?
7217 GOALS TO TRANSFORM OUR WORLD @ :y“/

REGERINGSKANSLIET o '
ﬁ Gbteborgs Stad
Trafikkontoret
/ Analyser av Samhallsystem \

¢ S
=

%

-----------------

[ ] L]
Transportlésningar, DR'VH',I":JGDE‘E'RCE Effekter?
projekt & koncept

USE CASES

K Orsakssamband /

"The SEVS Way” — methodology and tools

SEVS for AD is a SAFER associated project, withgghegpose to get a better understanding of
the automation direct and indirect drivers anddffiects in different types of societies. The
main goal of the pre-study was to suggest a metbggdow to measure the impact of
automated transport solutions and the effects ersthedish national transport goals. So far,
there are very little real life data to collect/raege from, so therefore we have to build
models representing different societies, userspasdible mobility solutions.

This pre-study has used The SEVS Way as methodadoglyalso some other results from

SEVS phase 1; Green & Safe Journey and phase @r&Mobility Journey. SAFER, as an
arena for Open Innovation use The SEVS Way, asategic analysis methodology in

0 2017 SEVS. All rights reserved.
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explorative projects to handle complex societal @otinological challenges. The
methodology has been further developed since 2908Uiti-disciplinary teams representing
industry, academy and authority. The methodologyaiso shown to be a powerful
communication tool within SAFER as well as extelyal

One main result from this pre-study is a suggestethodology how to measure and evaluate
the societal impacts of automated transport systerdsautonomous vehicles (AV). Other
results are a State-of the-Art research, an upddatering Force Model, a Stakeholder
Analysis, Scenario descriptions, two new use cddesRose and Gotaparcel and one re-used
use case; the Kungsbacka family, brief conclus@nspreliminary societal effects, a list of
new challenges and GO:es, and of course new kngeladd a well-functioning multi-
disciplinary team. These results will form the kdsir a possible continued project; an
implementation project.

The pre-study has already resulted in one spipafiect; “SEVS for AD and e-commerce”.
The purpose with this project is to analyse theaff of a combined AD solutions for people
as well as goods in a specific use case.

The SEVS for AD pre-study was initiated tiiédf June 2016 and finalized 3f December
2017. And the spin-off project was initiated in netdDecember and will end in April 2017.

The total budget for the pre-study was 1976 350 $EKhich 985 750 SEK (about 50%)
was so called in-kind and the other 50% was findrmeVinnova, the Swedish Energy
Agency and Formas via Drive Sweden.

3.1. Partners

Project Owner: Anna Nilsson-Ehle, SAFER
Project Manager: Else-Marie Malmek, SAFER/Malmeken AB

Consortium:

- CHALMERS TEKNISKA HOGSKOLA AKTIEBOLAG SAFER - Fordas- och
trafiksdkerhetscentrum

-  CHALMERS/SHC, Swedish Electric and Hybrid Vehicler@er

- Goteborg Stad, Trafikkontoret

- Goteborgs Universitet Foretagsekonomiska instihgio

- Malmeken AB

- SP SVERIGES TEKNISKA FORSKNINGSINSTITUT AB

- Uniti AB

- VTI, Statens vag- och transportforskningsinstitut

- Volvo Car Group AB

0 2017 SEVS. All rights reserved.
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Figur 1; Project partners (SEVS3)

3.1.1. Project organisation

The project was divided into six work packages (VR one team leader for each was
appointed:

WP1 — Driving Force Model, Anders Grauers, SHC

WP2 — Scenarios, Malin B Andersson, Goteborgs Stad

WP3 — Use Cases, Jessica Berg, VTI

WP4 — Measuring & State of the art, Martin Borgtgv&P

WP5 — Dissemination, E-M M, SAFER

WP6 — Project Management, E-M M, SAFER

The project was organized around a Core Team (fDd¥¢ partners with most project
resources and relevant skills) with weekly workimegetings.

A Steering Group (SG) was formed by one represeetéiom each partner. The SG just met
once, but several informal actions were handledWiB-forum or by mail.

The Reference Group (RG) consisted of the projecien at SAFER and one representative
from Drive Sweden, which was a prerequisite fromndva.

Other stakeholders were invited to three resultesiriwvorkshops, to gather input from a
broader group of individuals from different orgaatinns and different skills.

3.2. Methodology

When involving a large number of experts and staldrs there is a need for a structured
method for how to effectively perform the researcmulti-disciplinary teams. By involving
researchers and using well proven tools and metbges from SAFER, we can argue that
this pre-study has been conducted on a scientfstsbThis pre-study was performed

0 2017 SEVS. All rights reserved.
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according to The SEVS Way, a strategic analysihaugilogy applicable to explorative
projects to handle complex societal and techno®gicallenges. The methodology originates
from Malmeken AB and has been further developed bwilti-disciplinary team in SEVS
phase 1 and phase 2. In this pre-study we havaeatlapd further developed the
methodology according to AD and measuring effects.

The SEVS Way has shown to be a powerful tool foltirgisciplinary teams to work cross-
boarders in a structural way, but also a powerdnhimunication tool that facilitates the
inclusion of new stakeholders along the journeg.(eniti AB). One of the core values of
SEVS is to have an inclusive process with the dimaking a real life different. During the
“common journey” participants will achieve new knedge and understanding of the
different organisations perspectives.

The SEVS Way methodology starts by formulatinghef difficult questions (challenges) and
ends by proposing different GO:es, (suggestedretio be taken by different stakeholders).
Although SEVS for AD was a pre-study we worked tigio all nine process steps briefly.

" SEVS for AD

Dt automatiserade transportsystemets effekter pa sa mh':illet"@\.l
||

4

-
-
o
- -
A }

The trigger of the SEVS for AD project was thafeliént stakeholders from authority,
industry and academy were interested to know thie&d effects of different AD transport
solutions. Accordingly, the projects difficult quess wereHow can we measure and
evaluate different AD solutions effects on socsetie be able to assess if and in what way
they contribute to achieve the Swedish Nationah3part Goals?

0 2017 SEVS. All rights reserved.
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Figure 1: The SEV'S holistic sysiem perspective

In the end of the SEVS process, we will specifygbecalled GO:es, the proposals for new
activities, new projects etc.

3.2.1. The Driving Force Model (DFM)

The driving force model enables us to think in tewhreal causes and effects and to bypass
personal feelings, preferences and intuitionstdvad to be biased by what we want to find.
The model is a visual representation of how theinlgi forces influence the transport system

in both direct and indirect ways and how the digMarces interact with each other. Using the
model, each driving force can first be discussesllmpnone and as a second step be integrated
in the final analysis to create a holistic underdtag. The DFM is like a map that helps the
project team to decide the route for the exploratindicating what to focus on and what to
ignore in each step of the exploration.

As one of several results from SEVS2, a DFM wastiped. A large number of direct and
indirect driving forces were identified and orgasdznto six groups to make the DFM easier
to understand:

* Political/Legal

» Economical

» Spatial: Land use, City structure

» Social: Values, ideas, behaviour

» Technological

» Environmental and Natural resources
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PHYSICAL PLANNING

OF TRANSPORTATION

ENVIRONMENTAL &
NATURAL RESOURCES

Figur 1; The Driving Force Model (from SEVS2)

In this pre-study (SEVS3) we have re-used the DFvhfthe earlier SEVS2 project and
modified and extended it to also cover autonomaoived

3.2.2. Scenarios

The scenarios are pictures of possible futures, theveociety and the physical environment
can look like, and how people, companies and osgdioins behave.

The Driving force model illustrates which drivingrées shape the future, but not how they
will play out in different societies. In SEVS1 theenarios were developed by ranking the
driving forces according to how strongly they imhce the future transport system and how
certain/uncertain the development of them was.craated scenarios are not predictions of
what will happen, rather tools for exploring possibutcomes. They are selected to be rather
extreme, such that the future is likely to fall it the area that they span.

The developments of many of the driving forcesratker certain and will influence all
scenarios in the same way, while other importadtwarcertain driving forces will cause large
differences in the scenarios. The two main dimerssissed to generate the SEVS scenarios
are:

* Proactive political system vs. Reactive politicadtem

* Radical change in transport patterns by lifest\deNo change in transport patterns by
lifestyle
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PROACTIVITY
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TRANSPORTATION
PATTERNS BY
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LIFESTYLE

INCREMENTAL
DEVELOPMENT

ECO
INDIVIDUAL

POLITICAL PASSIVITY

Figur 2; SEVS scenarios

Although the scenarios from SEVSL1 are almost gentrey have been further adapted and
explored according to AD. See WP2 Scenarios.

3.2.3. Use Cases

One way to handle complexity is to work with sdeadlUse Cases and Activity based
approaches. A use case consists of an actor (apersamily, a company...) who interacts
with the (transport-) system for a specific purp@séillment of needs), in a specific context
(scenario). In SEVS2 we developed several usesdzsssed upon the actual challenges for
that project (The Electro Mobility Journey). Onetlo¢ use cases for personal mobility was
The Kungsbacka family, and this use-case has leeaaad and modified according to AD.

| PP
ﬁ Transport @

system m
B 55

PROACTIVITY
POLITICAL CONTROL

ECO RADICALISM

POLITICAL IN HARMONY
NO CHANGE IN RADICAL

B )
>, >
USE CASES (W) "3 USE CASES (899 3
TRANSPORTATION ?HANEE IN

PATTERNS BY ¥ ? 10N
PATTERN BY

LIFESTYLE

LIFESTYLE

Mrs Rose

INCREMENTAL |
DEVELOPMENT | INDIVIDUAL

B, Ry
< - USE CASES (%) "3

POLITICAL PASSIVITY

ECO

Gotaparcel

The use cases for goods transportation have beefoged almost from scratch, but now
integrated with the personal mobility. The reasanthis is that the mobility of people and
small goods/parcels will be even more integrate@iinbased solutions. In this pre-study we
have therefore developed two new use cases; Mrs &us Gotaparcel. See WP3 Use Cases.
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3.2.4. Measurements

Already in SEVS1 we tried to develop a methodoltigyw to measure sustainability”, but

we didn’t manage to achieve this. In SEVS2 we depedl a methodology to evaluate the
relative sustainability of different kinds of mabylsolutions. The assessment was performed
as qualitative multi criteria analysis (MCA), whighsuitable when there are criteria with
different dimensions that have to be valued contptreeach other and when there are
different stakeholders involved.

One of the most important results from SEVS1 and'SE was that we could show that the
extent to which one solution was more or less susitée depended on its context, e.g. in
which scenario it was applied to.

In this pre-study project the aim was to developethodology how to measure different AD
initiatives and evaluate in what way they effee 8wedish National transportation goals.
Accordingly we have not evaluated different kind\@f solutions in different scenarios just
showing some examples how to measure effects. $8eMéasurement.

4. Project Results
4.1. WP1 Driving Force Model

This part of the report will explain the DFM whittis project has developed to analyze
autonomous drive (AD), as well as the ideas andrthieehind it. Note that the purpose of
this project was only to be a pre-study for develgm method to analyze the societal effects
of autonomous drive, not to do the full analysisefiefore, the main purpose of this section is
to demonstrate that a driving force model is a wesgful tool to find the mechanisms and
driving forces which determine how AD influences Bociety. To do that we also present
results from the project regarding possible soteftacts and likely leverage points in the
system, as well as presenting the preliminary dgJyorce model. Note that these are only
based on a very short analysis, and are not thoipuwgrified. So, the main takeaway from
this section is that a driving force model likestis a good candidate when analyzing effects
of AD. The outcome is just preliminary results whizan be used as starting point for other
investigations, but should be used with care unél have been further verified.
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In addition, it is important that the driving foro@del is only one of the tools in the SEVS
analysis of societal effects of autonomous driveah identify important driving forces,
likely effects and explain why and when they akellf to happen. However, an analysis of
how likely these changes are will always need tbdmed on deeper analysis of critical
mechanisms. One example of that isube caseandtransport selection analysishich are
necessary to analyze a very critical point in theinnlg force model, namely how the user
needs, preferences and possibilities will influewbat transport solution will actually be
chosen.

4.1.1. Theoretical Background

Transition theories provide the intellectual tamiarry out a socio-technical analysis of
technological transitions considering social fagt@and conditions that exist around
technologies (Geels, 2002; Geels, 2005). Accorthr@eels (2002) these may be considered
as a result of evolutionary processes. As shownguare 1, there are three levels with which
technological transitions can be analysed, the mesioro- and macro-level.

On themeso-levelsocio-technical regimes drive innovative actigttewards incremental
improvements based on a set of different dimengiwiading social groups of various
backgrounds and interests, besides engineersrhabnnected with rather innovative
activities as part of technological niches (s. milgvel). On thanicro-level one can
recognise the technological niches. These sertfe.hgcubation rooms for radical novelties
[...]" (Geels, 2002) which means that niches are redplerfsir the generation and
development of radical innovations (e.g. Autonombug technologies or electric vehicles).
The importance about niches is that th@gvide locations for learning processd$eels,
2005), which may occur in different dimensionsteg socio-technical regime on the meso-
level. On themacro-levelthe landscape developments are external factgysdemographic
trends, political changes) that change slowly axténg with the regimes.

In this report, the transportation system is cogr&d the socio-technical regime and is
investigated in reference to the development oktimo-technical innovation of Autonomous
Drive as technological niche. As the majority ofisetechnical innovations often presuppose
a change in the relevant socio-technical systemge@mes) that they are embedded in, this
theoretical framework is employed to reduce compexy breaking down a complex system
in smaller parts (SEVS 2 Driving Force Model catégg) that can be analysed more easily in
a structured and effective way.

The system analysis unfolds in the following sewid-irstly, the technological niche level is
presented in the following section where futurigtidconomous transport solutions are
presented with basic technical specifications. 8gbently, the regime analysis, namely the
transportation system of a contemporary city indpet is presented in two sections. Firstly, a
stakeholder analysis provides an overview of theradrom the various social groups that are
related to the transportation system and theretotiee AD niche. Secondly, a Driving Force
Model is employed to demonstrate a series of inergal improvements, essential steps but
also institutional interrelations among actors aantions that take place in the transportation
system and its environment (interaction within tbgime and between the regime and the
landscape).
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Figure 1 A dynamic Multi-Level Perspective used fomnalyzing systems innovations including macro-
(Landscape development), meso- (Socio-technical iege) and micro-level (Technological niches) (Geels,
2002).

4.1.2. AD Transport solutions — Technological Niche
analysis

To analyze possible effects of AD we first neethdwe an idea of what vehicles and transport
services will be offered, once AD is successfultyeloped. Based on literature search and
contributions by the project partners we have nedeort list of some of the main vehicles or
transport services we think will become availablee list could be much longer, but in this
pre-study project we have limited ourselves to amglyze a few main categories of transport
solutions, without dividing them into many subcategs. Even though the list is short we
believe that it covers many of the vehicle typescivltan emerge once AD technology is
available on the market.

The Autonomous transport solutions presented hera eesult of a series of weekly meetings
where the core stakeholders of this project took Rauring the meetings, open discussions
and brainstorming activities were employed to madtvthe mobility experts to contribute

with their knowledge of characteristics of Autonamdransport solutions. For these
solutions, it is considered that technological deeent will be in place to accommodate for
their advent. These solutions focus on goods Higion and passenger transport but they also
propose an integrated concept for both goods asskepgers, as it is shown in Figure 2. The
listed AD transport solutions will in our analysis offered in parallel with all the existing
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vehicle types, such that persons and companieseatacat if they prefer to use one of the AD
transport solutions or one of the conventionaldpamt solutions for their needs, or a mix of
them.

=
P

Alftonomous E-Pod City Mover Autonomous Taxis Distribution City E-van
delivery robots e-bus
Features: Features: / Features: \ / Features: \ { Features:

* Full Autonomy * Full Autonomy *  Full Autonomy ¢ Full Autonomy *  Full Autonomy
Size: 100-200 kg * Size: e Size: 2.1 tonnes * Size: 12-15 *  Max Gross
Speed: 4-5 km/h * Length<3m ¢ Top Speed: 205 tonnes Weight: < 3.5
Radius: 3-5km ¢ Height~3m km/h ¢ Top Speed: 70 tonnes
Carrying capacity: ¢ Weight < * Carrying capacity: km/h, design +  Top Speed: 90
20-50 kg 600 kg 5p plus packages 35km/h km/h (safety
Restriction: Only ¢ Top Speed: * Restriction: None e Carrying capacity: speed:
pedestrian or bike 70km/h * Type of cargo: 20-50 » Restriction: None
paths * Carrying capacity: Cargo & People passengers/max »  Type of Ioad:—

*  Type of load: 2p+small 10 tonnes Cargo
Cargo packages * Restriction: None

Restriction: Not ¢ Type of load:
on Highways Cargo & People
¢ Type of load:
w \ Cargo & People  / K / k / \ )

Figure 2 AD transport solutions

4.1.3. Stakeholder Analysis — Regime analysis

In a driving force model, many of the key factonsiet drive development are in some way
involving decisions by one or several persons, cmgs or organizations. Therefore, it is
very important to include all the key stake-holderthe analysis, in order not to miss some
important driving force. To do that the SEVS proj@cluded a short stakeholder analysis, to
identify key players in the system.

The regime configuration consists of 6 categoribglwvare taken from the SEVS 2 project:
Social, Economic, Political, Technical, Environnmedrégnd Physical Planning. Thus,
stakeholders that are presented below, represeapgmwhich are related to the AD
innovation. The stakeholders are divided into thresgegories, to make it easier to get an
overview of them. Brainstorming activities were diskiring the Core team meetings and the
Work Package 1 workshop to identify the main stakddrs that interact with AD.

It is important to note here that a stakeholdehaiis context dependent, in reference to the
relevant question that is examined. Here, the folig table (Table 1) provides an overview
of stakeholders that are connected with the tramsystem and AD. For a more
comprehensive and detailed list of stakeholderg\s&®s Independent flower shop in

Linnégatan the specific actor in this case is the owner of the flower shop is Mrs Rose (her first

name is Elisabeth but in the use case she is referred to as Mrs Rose). The shop also employs two
assistants who work at the store at different times/days. Mrs Rose has a son (Erik) at university

and a daughter (Julia) at school. She lives in Lindome about 20 kms from the shop in a small

house near her mother.
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Actors needs
a) To be able to deliver flowers and plants when ordered by customers.

Orders could come from:
- Customer who visits the shop
- Customer who telephoned
- Customer who ordered from somewhere else though a network such as 'Interflora’

b) Transport needs to able to take flowers and plants from the company location to the customers
home (or in the cases of a business customer to their establishment). Transport needs to be close
by or if possible parked at the flower shop (the latter is not possible in Linnégatan). The parking
place needs to be available to the van/car used by Mrs Rose.

¢) Transport needs to be available all the time as deliveries can be required 7 days/week.

d) Transport needs to be able to accommodate plants and flowers that are not packaged without
damage.

e) Transport needs to be low cost because the margin on plants and flowers is rather small.

Functional requirements, transport modes and route start and end
- Small vehicle
- Can be driven by someone with car driving licence
- Powered van or car (could be electric, hybrid or fossil fuel)
- Delivery cycle - electrically assisted?
- Route starts and ends at the home of the shop owner - but the main use of the vehicle is
for business

System without AD

One Thursday

Mrs Rose drives to the store every day in a small van that she uses both for the trip to/from work
and also for delivering flowers during the week. During the working day the van is parked ata
nearby parking space (which has to be paid for). Sometimes the van is parked up to 750 metres
from the flower shop which is time-consuming and occasionally problematic for Mrs Rose. When
loading the flowers and plants she sometimes has to park outside the shop which can cause an
obstruction and even incur a fine.

The van is diesel powered but Mrs Rose is thinking about getting a hybrid or electric vehicle but is
concerned about the additional capital cost. The main reason is to be seen to be more
environmentally aware and also because running costs could be reduced in the longer run.

Mrs Rose wakes up at 05:30, she has breakfast and makes sure that she is organised for her
work - at the end of last week she has placed a big order for flowers and plants; today will be a
busy day at the shop.

Her daughter Julia gets ready for school but today Mrs Rose will leave early for work and so she
will drive Julia to her mother's house where she will stay until it is time to walk to school
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As it happens her son is at home as well as the university term finished last week. But he has not
got up in time for breakfast. He said he would help in the shop in the afternoon and he will have
to get there himself by bus.

06:30 drive to her mother's house with Julia in the small van.

06:45 drives to Linnégatan arriving at 07:10; today there was not a lot of traffic. Parks the van 750
metres from the shop in a parking area and walks to the shop arriving at 07:20.

07:20 to 09:00 works in the shop getting everything ready for the day ahead. This includes
preparing the orders that need to be delivered. At 08:30 one of the two people that help in the
shop arrives (Karin).

09:00 the shop opens - on Thursday and Friday Mrs Rose has decided to open at 09:00 on the
other days she opens at 10:00.

09:15 Mrs Rose decides it is time to make some of the deliveries. She normally tries to do the
deliveries to offices at this time in the morning and then will deliver flowers to private addresses
later in the day. Of course sometimes there is an unexpected order that needs to be delivered
urgently.

09:15 to 09:25 Mrs Rose spends some time wondering whether it is better to wait for a loading
space outside the shop to be available or whether she will need to find a way to take the flowers to
the van. This problem has been getting worse recently with the lack of parking spaces.

09:25 a space is available - Mrs Rose hurries off to the van. She drives back (rather quickly) and
parks in the space (it is now 09:35).

09:35 to 09:50 Mrs Rose loads the small van - flowers have to be treated with care and this takes
15 minutes although she tries to do it more quickly - but flowers are difficult - they come in all
shapes and sizes as well as being fragile.

09:50 sets out on the delivery trip. Luckily she knows most of the places where she has to deliver
rather well although today she has to make a delivery to an address that she is not familiar with.
She knows her phone can help with this but today she has forgotten to charge it and she worries
that if she uses it to find the address the power will run out.

10:40 just this one delivery to make; now to the unfamiliar address. It is a bit annoying but two
people who had ordered flowers were not in so she still has their orders in the van (one was to a
private address and so that does happen from time to time but she was a bit surprised to find that
the delivery to the office that was planned could not be made because there was a sign on the door
saying 'back in 15 minutes' and she could not wait and hope that this would happen. However,
things improve - despite her uncertainty about this final address Mrs Rose finds it rather easily
and makes the delivery - another happy customer!

11:00 Just as she is about to get into the van her phone rings - it is Karin - the two people who
were out when she called earlier to deliver their flowers have both phoned to say how sorry they
are and to ask if there is any possibility that she can still deliver. Mrs Rose says yes and the
deliveries are only slightly out of the way. Mrs Rose is pleased that her phone still had enough
charge to take the call - just as well she did not use it to find the last address.

0 2017 SEVS. All rights reserved.




SEVS

Issuer Document-ID, version Page

Else-Marie Malmek SEVS3-FinalReport,v1.doc 20 (101)

Subject Date
28/02/2017

11:00 to 11:25 Mrs Rose makes the two deliveries and returns to Linnégatan. This time she is able
to part a bit closer to her shop and is pleased because in the afternoon she will deliver to five
people and one of them has placed a very big order.

11:25 to 14:30 A busy time in the shop and Karin and Mrs Rose have to find time to have coffee
and a sandwich. It was a good thing she was back by 11:30 though because a package was
delivered and one corner seemed damaged - this was a display stand that she needs to take with
an order she will deliver in the afternoon. Luckily Mrs Rose was able to ask the person delivering
to wait and they both checked the package and realised that it was just the box that was damaged
and the thing inside was fine. The van driver (Mrs Rose thought that her badge said her name was
Maria) was pleased as well since it saved another trip and more paperwork.

14:30 Mrs Rose decides that it is time to make the deliveries - her son should have arrived at
14:00 but just as she is thinking that she will have to organise the deliveries herself he arrives -
on his bike - he has decided to visit a friend later in the day and the bus was not convenient - since
all this was decided at the last minute he forgot that not taking the bus would mean he arrived a
bit late. Amazing thought Mrs Rose - he is studying 'logistics'.

Anyway he is here now and they begin to organise the deliveries and get things ready to putin
the van. Everything is ready and at 15:00 Mrs Rose is set to leave but the delays mean that she
does not have very long before the large order she placed last week will be delivered to the shop. If
only Erik (her son) could drive but he is still having lessons and so he cannot deliver the customer
orders on his own.

Mrs Rose decides that she will have to explain to Karin about the order that will arrive at the shop
and that she will now need to leave Erik in the shop to help when it arrives. Not what she had
planned that morning at 05:30.

15:10 Mrs Rose sets off to make the afternoon deliveries - she is late and she worries that her
customers will be stressed about this or (perhaps worse) that they will not be in.

But, everything goes quite well and almost all the deliveries are made by 16:30 (including the
large order that required the display stand) when Mrs Rose returns to the shop.

During the last deliveries she received a text message from her mother to say that Julia was back
from school and that she seemed to have caught a cold but was alright and she would look after
her until she could collect her later.

16:30 parks and gets to the shop at 16:40. Where she sees that the large delivery is still taking
pace - this is a surprise because it should have been finished by now because at 16:45 the shop
starts to get busy again. It seems that Karin and Erik insisted on counting all the boxes and the
plants and this has delayed everything. The delivery driver does not seem very pleased.

16:45 Karin leaves at 17:00 and another assistant (Anna) arrives to help until the shop closes at
19:00.

17:15 Erik asks his mother if she needs any more help and Mrs Rose says that it is fine for him to

leave and go and visit his friends - what time will he be home she asks and gets a rather vague
reply.
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17:15 to 19:00 Mrs Rose and Anna work together in the shop. Just before 17:30 a customer who
comes to the flower shop to collect a wreath that his wife has ordered. Mrs Rose mentions that
she also offers a delivery service and he says that he wished he had thought about that because
the traffic is very bad today and he thinks he will be late arriving home. He seemed pleased that
Mrs Rose had told him this because he said "well sometimes it makes sense to spend a little bit
more in order to save time and to have a more convenient day". On the other hand while he was in
the shop he also bought some flowers for his wife and that would not have happened if the
wreath had been delivered. Mrs Rose decides that life is quite complicated when you start to really
think about things.

Anna and Mrs Rose close the shop soon after 19:00 and Mrs Rose leaves for home at 19:20.

20:00 Mrs Rose collects Julia from her mother and they go home together - her cold seems worse.
Mrs Rose hopes she will be fine to go to school tomorrow.

20:10 Mrs Rose makes something to eat (Julia has eaten earlier) and as she is finishing her meal
Erik arrives. He eats and they talk for a while about how university is going - and whether he will
be able to help in the shop in the vacation.

Mrs Rose decides she has had quite a tiring day and goes to bed at 22:00 after watching television
show that she likes. Tomorrow will be a calmer day she hopes.
END OF USE CASE

OPTION 1 FOR AN AUTONOMOUS VEHICLE
In this optionwe have assumed that Mrs Rose has decided to own her own autonomous vehicle.
Activity of the AV

The autonomous vehicle is used to get from home to work just as it was before. However now
Mrs Rose can get out of the van at the flower shop and send the AV to park itself (in order to save
parking fees Mrs Rose decides to use a parking space further away than the one she used before).

When orders need to be delivered Mrs Rose can ask the vehicle to come to the store or park
nearby in order to load it.

After it is loaded the AV can be sent to make the deliveries of fowers and Mrs Rose can remain in
the store - this saves some costs because it is now possible to reduce the need for assistance in
the flower shop (of course this has employment consequences - these are not directly related to
driving the vehicle). Unfortunately not all deliveries can be made using the AV because the
customer needs to be there to take the flowers from the vehicle when it arrives. In addition Mrs
Rose has had to have a modification made to the original AV because she has to be sure that
customers can only access the flowers they have ordered and paid for. Therefore the vehicle now
has a system of small 'lockers' which has reduced its carrying capacity.

The need for a customised AV
Because of the limitation at the delivery point which used to be overcome by Mrs Rose getting out

of the van and making the delivery herself a new option for delivery has been created. This
enables the flowers to be left close to the customer at a nearby shop (or other facility) where
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several orders can be received (by the pick up point staff). The flowers/plants can then be
collected by the customer later on that day or in the evening.

Some problems of customer service

Of course not all customers are happy with this service as they preferred the personal delivery
made by Mrs Rose and for some customers (several office buildings for example) she offered an
additional service when she would arrange the flowers in the relevant entrance areas of the office.

This question of customer service has worried Mrs Rose since it was an important part of her
business and she has now decided that she will continue to offer a delivery service where
someone goes with the AV. This has reduced the cost advantages of the AV but it has enabled Mrs
Rose to employ her student son during the long university vacation periods - although he does not
have a driving licence he is of course able to travel in the AV and make the delivery. During the
university term time Mrs Rose asks one of the shop assistants to make some deliveries in the AV
and this has been a success because the job is now more varied. In addition Mrs Rose has been
able to spend more time in the shop and has realised that it needs some re-design and could be
made more welcoming to customers.

After the AV has made the various delivery trips it does not return to the store but finds a parking
space and parks there until it is needed by Mrs Rose.

Use of the AV for the journey to work trip

When it is time to go home Mrs Rose calls the AV and travels home in it. Of course in times when
she is not at work she has found the AV useful for other activities. Some of these things she used
to do on her way to and from work (sometimes referred to as trip-chaining). Now this is no longer
necessary and the AV can be sent to collect her young daughter from after school activities
without Mrs Rose needing to go along as well. Naturally the locker boxes that have had to be
installed (for the delivery trips) need to be removed and this 'pod' is then left at the flower shop
overnight.

Overall view of the change to an AV option

Overall Mrs Rose is pleased about the arrival of the AV option but she is a bit surprised that it has
not saved much money as she had been led to believe this was one of the key features of AVs. In
addition she has noticed that the AV travels almost 30% further than the van used to travel mainly
because of the parking distance and also because she no longer reduces travel by trip-chaining.

She was also a bit surprised about how difficult it was to obtain the locker pods for the delivery
service but this was because it appears that flower and plant deliveries are very specialised and
few businesses required this option.

Appendix . Moreover, a next step after forming skekeholder table would be to provide a
map of stakeholders according to their interest@wler, for a more in depth and complete
stakeholder analysis. However, that was outsidetbpe of this pre-study.
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Table 1 Stakeholders related to the transport syste and autonomous drive.
Families Banking sector Political Car mechanics Energy Urbam planners
Authorities Providers
Single-users Car dealers Urban Communication  Fuel providers Transport
Administration systems Oparators
providers
Groups with Mobility service Legislators Vehicle Transport
special providers Manufacturers netwaork
mobility OWNers
Pedestrians Logistics service Research Land owners
Institutions
Professional Insurance Real estate
Drrivers Companies agencies
On the fly serwice Parking
providers Administration
Vehicle interior Parking lot
designers oWners
Cloud Stores
Actors subject || Potential new
to change actors
4.1.4. Driving Force Model analysis

The Driving Force Model describes mechanisms thaps the future and helps a team to
analyse a complex system. It is a visual repretientaf how different driving forces
influence a system directly and indirectly and htbe driving forces interact with each other.
The Driving Force Model is one of the tools whitbgether with the rest of the SEVS
method, allow a team of experts to analyse a coxgystem in a structured way. The Driving
Force Model:

makes it possible to break down difficult questiorit®e manageable segments and the
results can thereafter be combined again, creatimgjistic understanding.

is qualitative and describes the most importanthmesms, not the exact effect of a
specific factor. It is a tool that structures dssions within teams of experts, not a
simulator that calculates what will happen.

needs to include a wide spectrum of direct and@utlidriving forces in order to
explain the long-term development of society ot@acin society.

can be used, for instance, to identify which digviarces are most likely to influence
transport needs and then support the assessmieotvahe transport system will
change and offer the opportunity to control andigun a desired direction.

can help us understand emergent system phenommshaas if there are any tipping
points in the system or why the disadvantages wfswutions seem to be greatest at
the introduction stage and then reduce after same whilst advantages seem to
grow over time.
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In this project the driving force model developadSEVS2 has been further developed and
extended to include an AD perspective. This work lii@en done by a workshop where the
involved experts worked in teams to generate smaileing force models focusing on
different aspects of AD. Based on the workshopltesiie understanding of driving forces for
AD was improved. The new knowledge was used to naakexample of how AD can be
introduced and what effects it will lead to. Thienk also lead to the invention of a new
analysis tool; thelriving force story The driving force story can be seen as a sinarlatone
with the driving force model. I.e. it has someialitonditions and assumptions as input, and
then describes how the driving forces act, as teads stepwise to more and more changes.
This tool is, again, not a way of getting “a cotrprediction” but it makes it easy for experts
of different disciplines to discuss what the likelgvelopment is, and identify where the high
uncertainties are. The driving force story is pnéseé later as a result that stems from the
workshops.

4.1.4.1. Workshop method and results

To build the Driving Force Model, a one day workshook place with the participation of
local experts in mobility.
The workshop was based on the following theoretiglorithm” for building the Driving
Force Model:
1. ldentify stakeholders. (see previous section)
2. Find key factors and how they influence each other.
3. Quantitative analysis of key factors — determine tlwe sum of different influence
adds up to a particular outcome.
4. Find important changes in the system:
* changes in transport solutions
* market forces
* Dbottle necks
* trends
5. Actively try to find counter forces or to falsifyne’s conclusions.

During the workshop, preliminary work done by tkspective core team of the Work
Package on how factors influence each other in gdatribution and passenger transport
was presented to the participants.

For this project and the workshop the followinguasptions were made:
Generally:

» Technological challenges are solved in a reasorgile.

» Autonomous Drive Vehicles have the required perforoe.
More specifically:

* No driver needed in the vehicle - Automation Ievel

* Sensors and advanced monitoring systems enablirgutonomy

Two working group sessions were designed and pagdr

In the first session, the participants were askexteate influence diagrams of their own
invention for the AD innovation system. More spigifly, they were asked to look for
potential radical changes in the transport systemveaknow it today (e.g. changes in the
vehicle design), important bottle necks, possitdads, factors that are likely to influence the
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direction of development of AD (e.g. changes intd@dance between different solutions) as
well as potential counter forces against theingsiof reasoning. For that both deductive and
inductive reasoning were encouraged.

In the second session, they were asked to comethirmst and second order societal effects
that are generated with the introduction and dearaknt of AD. Throughout the workshop,
the guidance provided was limited with a lot ofmofor subjective interpretation, for fear of
confining creativity among participants for sucbcemplex issue.

The following figures (Figure 3 and Figure 4) amdicative of the results from the collective
group work during the workshop.

The frames in blue dash outline represent thedigldhe transport system where actors,
processes, steps or interrelations (pale red abloo®es) take place. The frame in red dash
outline represents the first or second order effeattransportation or other sectors. The
arrows show mainly the causality or a generic i@tabetween the entities and processes of
the transportation system. Both figures are a #lighdited by the authors — for the sake of
readability - depiction of the participants’ worlrthg the workshop.
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Figure 3 Influence Diagram for an Automated Cleanimy service made by a working group during the
workshop.
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Effects on transport and other sectors
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Figure 4 Influence Diagram for Automated School Traasport service, made by a working group during the
workshop.

As a result of the workshops the concept of driiorge stories was developed and a few
examples were developed. In Figure 5 a simplifiexsion of the driving force story shows
possible development steps in the introduction@f&hicles into different market segments.
Notice, that the fully autonomous private carsare of the final steps, according to this
analysis, while there are many other segmentsmhwercial vehicles which may come much
earlier. In Figure 6 a part of the driving forcerstrelated to analyzing the effects of more
useful commuting time is shown, as an illustrabdimow to analyse the societal effects.

A more detailed version the developed driving fatmy is shown in
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Appendix C — Driving Force Story. In that figureettriving forces are followed all the way to
the transport political goals and it also indicdilesly introduction niches as well as likely
order for AD to reach different segments of thehkatr

Simplified Driving Force Story (only example)

Politics [

Rules for AD
vehicles

Rules for new Rules for approval of
slower city vehicles Machine learning SW
| [

reduce Machine learning -> Reduced
Can handle any environment development cost
AD in low speed AD on motorways & Unlimited AD
(No driver) approved roads (No driver) (No dr|ver)
1 |

AD Technology

AD on motorways

(driver in vehicle)
Private car

Limited AD premium Limited AD on many Full AD on many \

cars (driver in car) cars (driver in car) cars (No driver)
Transport sqryices for people
Low speed AD AD city AD buses everywhere
city taxis buses AD taxis/ car shar|ng everywhere ]

Goods transpgrt

and publlct nsport
v
Long haul driver can ~ Lowspeed AD AD long haul, hub-to- AD goods transport everywhere ]
drive longer per day. distribution vehicles hub (outside city) )
X A\ 1 |
Transport syste [RAN 2 n|

reduced sensor cost

Big distribution vehicles Cheaper public Big long haul vehicles not more
not more cost effective. city transport cost effective than small
¥
Cheaper goods More point-to-point goods
distribution transport with own vehicle

|
Effects in “rest of‘ ociety” & \

More long distance car travel,
especially single person journey

for non drivers volumes for all (incl. non drivers)

[High accessibility in city ’ t Increased transport [ High accessibility everywhere ’

2017 Time

Figure 5 Possible development steps for AD in diffent market segments
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Driving Force Story — Commuting time useful
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required
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for commuting time l analysis increase road capacity
v
Longer commuting time ] Societal effects

Move further
from work

Lower property price in cities]

Copyright SEVS

Figure 6 Driving force story and societal effects
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4.1.5. Preliminary Societal Effects

Based on the driving force analysis several liledfgcts in different parts of the society can
be identified. By systematic search of the resulteng list of possible societal effect was
identified. In order to draw more general conclasiand to find patterns in the societal
effects they were categorized into the differemégaries developed in SEVS2, and they were
also divided into effects in the regime (the tramsgystem and directly related parts of
society), and effects in the landscape (indirefetot$ on society outside the transport system).
The resulting “map” of the effects of AD is shownTiable 2 below.
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Table 2 Societal effects of AD on a Multi-level anihtersectoral perspective

Driving Force Categories
Social .
Systemic Politicy and Economic -
Y Physical Planning ) Y N Market Technical Environmental
Level legislation .
Other effects practices
User .
(collective)
More free time Enhanced gender Higher capacity of Need for policies for New business Vehicle Mitigation of emissions
equality existing road efficient use of road models for customization (e g |and energy use with
infrastructure network (active capacity Automotive the concept of smart efficient driving
management) industries vehicle is
(Monetization of the |challenged, change
usage of the vehicle, |of interior designs)
focus: asset
efficiency)
Less road fatalities |Safer societies Possible rebound effect:|Gradual divestment from  |Possible vertical Lighter vehicles Better air quality
and accident risks Higher congestion policies on reducing the integration of with less materials
commuting time Automotive
industries
eliminating the
brokers
p— Higher accessibility |More inclusive and More decentralised New legislations for Lower cost for goods |New vehicle sizes |Rebound effect: Higher
E with on demand accessible societies parking infrastructure; |accident accountability and |distribution demand for
> mobility urban spaces gain more |Insurance products/services-->
Q functions energy & materials
6 Mobility for disabled |Cyber security risks New legislation for central |Lower cost for Development of  |Circling Fossil-fueled
(7,) groups or decentralised control of |passenger transport |safe and resilitent |vehicles might increase
Q AVs IT systems emissions and energy
E |use
f} Change in transport |Need for more New regulations for new Higher cooperative |Developmentof |Increased demand for
criteria (options of |advanced car mechanics vehicle categorization competition (More |dynamic capacity |Rare Earth Elements
Q personalisation and [familiar with electric multi-modal management (Hardware for
E customization might|and software issues mobility, more technology automated systems)
.b_.o make time less entrants more
Q important factor) transport providers)
m Reduced cost of Unemployment for New Legislation for Ethics  |Actors will haveto  [Development of  |AD technology provides
transport services professional drivers and and Artificial Intelligence  |acquire new machine learning |higher energy
car dealers technology efficiency
Higher comfort for |AD technology will Policy for replacing Car Car dealerships Development of
users become more reliable Ownership Taxes might transform to  |sensors and sensor
than manned driving central showrooms |fusion
More night travels  |Rebound effect: Possible need for Development of
Laggards are left behind open data exchange |[software for traffic
decision making
No need for car Opportunities for new New entrants in
ownership jobs in the transport Automotive market
system
Longer Commuting Rebound effect:
Higher demand for
products/services
Higher demand for Need for automation of |Geopolitical: Need for Further e-Commerce |Co-development |Mitigation of emissions
transport housing and market transnational legislation development of AD and Robotic [with smart efficient
6 infrastructure (esp. for bordering nations) technology driving
S
(S} Criteria for Rebound effect: Higher |Cleaner cities Geopolitical: Possible Cleaner cities
(C accommodation and |demand for (Automated cleaning inequality between
E housing change products/services/ener |service with higher Developed and Developing
~— gy frequency) countries
Q Q) |[Sleeping habits Elderly people visit Sprawling Need for broader Sprawling (land use
o > change more frequently their collaborations within and change)
© 2 children than vice-versa across EU borders
Q
72) Behavioral change in |People have higher Real Estate landscape
© daily life power to buy other changes ( Land value
g products services etc.  |reallocation)
-

Legend

Uncertain if the Social trends in

Positive effect Negative effect Neutral effect
effect occurs landscape
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4.1.6. Analysis of the societal effects table

Looking for patterns

First of all, it is important to note here, thaisttable was made intuitively as an attempt to
gather and converge the understanding and opifionsthe stakeholder meetings and
dialogues while reviewing relevant literature. Egply the reason for the color addition is to
ignite a discussion around the qualitative effe¢t&D development by providing a possible
picture of how the effects would appear in a Midtiel systemic perspective.

When one examines the colour “mosaic” of socia@¥ of the AD development as a socio-
technical innovation it is possible to find manytpms.

From a macroscopic perspective, when looking atélgame level on Table 2, it is easily
observed that the most positive effects are gathenethe user and the collective side while
there is high uncertainty on the policy-legislatanmd industry side. On the environmental
side, we consider any potential environmental issade detached from the AD development
per se, as most of them are thought to be resudbmfund effects that can be avoided with the
right policies and decision-making actions.

Even though there is high complexity it is alreaghparent, that policy and legislation are
crucial leverage instruments on such a complexiggthout underestimating the high
leverage from users and their behavior.

On the landscape level one can notice how presehfudure trends are inextricably
connected to the AD and the transportation syskésmwever, it is not an axiom that AD will
bring these trends into life or vice versa. Rathemds such as car sharing or internet of
things, electrical vehicles etc can occur regasdtdghe AD disruption even though their
potential synergies are obvious.

Zooming in to the Regime level

The beneficiaries

Firstly, as mentioned previously the user and tiikective (seen as a set of the social groups
in society) are the entities benefiting most (seimulation of green cells on the
corresponding columns). One of the most recurrouigs effects in our analysis is that AD
ultimately will have a positive effect on peoplgwality of life. Most notably, users gain
morefree time, use transport momafely (human errors are almost eliminated) &vaer
costandhigher comfort (e.g. more flexible on demand transport with abeeosf driver) than
today. The major factor for that will be the incsaey utilization of commuting time that is
nowadays considered as largely a waste of timeu$Shef the phone etc. means that not all
commuting time by drivers, (and this waste of tiangument only applies to drivers), cannot
be considered a total waste of time. In additibe,absence of the need of a physical driver
grantsindependence for vulnerable group®f people with limited mobility possibilities
(e.g. blind people) as they are empowered to tamem demand by self-driving vehicle
solutions and/or door-to-door transport solutidret ire enabled by the AD technology.
Hence, societies become manelusive ensuring autonomous mobility for all the social
groups therefore enhancing the individual and ctite quality of life.
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These effects might have a second order effelighfer transport volume patterns and exert
potential pressure for higher congestion affectirggphysical planning of societies.

Even though it seems that societies become molgsine and accessible, enjoying a more
reliable AD technology than manned driving, at shene time there is a risk of increased rates
of unemploymentfor professional drivers. This will also put presson the policymakers

and government bodies to create job opportuniiteerein the transportation system or in
other fields or markets. Through the analysis,dlese also predictions foew jobsand
professions in the field of transportation anddah&émotive industry as with AD the whole
concept of the car is challenged and gains mulfipietions. However, the expected much
lower cost for AD transportation is almost onlyateld to reduced need for drivers, so if there
would be as many new jobs created in the transgator as there are reduced driver jobs, the
cost will not be significantly reduced. A possikléect is of course that the per unit cost of
transport is greatly reduced, but transport volimeeesases so much that the total number of
employed remains the same, but now this workfofferdouble the transport capacity.

Many of the predictions about changing costs fortedhsport relate to cars or to the
platooning of trucks. In the case of urban delieethe driver's role is often split between
driving and loading and unloading packages. Indbedlking is taken into account much of
the driver’s day in an urban area does not invalwedriving

Need for resilient decision-making

The concentration of the yellow colour (Neutrakeff— things which requires change but
they are not negative or positive, per se) on ey industry and technical columns
portrays the need for strong decision making anitymaking regarding the changes
brought on by AD to the relevant actors. Most intaotly, there will be high need for policies
to balance the increasing transport demangdas well as aobust legislation update by the
state and public administration actors (e.g. lagishs on ethics and artificial intelligence,
schemes to control AVs, accident accountability.€dn the industry side, there is also a lot
of change happening mostly on thesiness model desigfe.g. shift to “pay per use service”
models with per mileage use) as well as on theaigpmom the actors to keep up with the
probable technological reform (especially for tloanotive industry). The absence of a
professional driver with AD will open enormous opjpmities especially for actors offering
transport services because of khwer costsand eventual high mileage use from the users.
Lower costs and the scope for more convenient iddat transport may induce a shift to
more rural living for those who currently seekitelin the city or at any rate in suburban
areas. Such a move could lead to urban sprawlsiplasning controls are made stricter. On
the technical side, with the AD, the whole conagpthe vehicle as it is known today will be
challenged and technical features such as sizesrattor internal design and material
intensity will change. Most notablgachine learningand dynamic traffic decision making
are considered crucial for the AD diffusion and OB#ors must keep up with these technical
concepts. Without machine learning it is unlikédgt a fully generic AD technology will be
viable, as it is very unlikely that it is possildtemanually program the AD vision system and
controller to handle all possible environments withthe use of machine learning.

4.1.7. Leverage Points
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This section introduces the concept of leveragatppwhich is a good way of understanding
why certain factors in the driving force model haveuch stronger effect than other
seemingly similar factors. In this section someegahexamples of leverage points from the
literature are presented, in the following sectiom specific leverage points of the SEVS AD
driving force model is discussed.

Apart from analysing and understanding a systemagptling systemic approaches, it is
highly relevant to understand how systems chandeéhaw one can steer a change. In order to
induce sustainability transitions, systemic thirgkoan also be applied effectively when so-
called leverage points are identified in advanceatdbws (2009) has been one of the pioneers
in systems thinking. More specifically, she hashhghted 12 leverage points which &re]
places in the system where a small change coultitea large shift in system behavior’
(Meadows, 2009) (s. Figure 7). The leverage pamtspresented in a list of increasing
leverage:

Numbers - Constants and parameters such as suhsakes, standards.

Buffers - The size of stabilizing stocks relatieetheir flows.

Stock and flow structures — Physical systems anit tftodes of intersection.

Delays - The lengths of time relative to the ratksystem changes.

Balancing feedback loops - The strength of thelfaels relative to the im- pacts they

are trying to correct.

Reinforcing feedback loops - The strength of thiea g&driving loops.

Information flows - The structure of who does awésinot have access to

information.

8. The rules of the system - Incentives, punishmentstraints.

9. Self-organisation - The power to add change, ohveveystem structure.

10.The goals of the system - The purpose or functidhesystem.

11.Paradigms - The mindset out of which the systetsigaals, structure, rules, delays
and parameters - arise.

12.Transcending paradigms.

arwnE

No

The power to shift paradigm to deal with new challenges —
The paradigm used to design the system —
The System Goal —
System structure/self organization —
System rules
Information flow structures
Reinforcing feedback loops
Balancing feedback loops
Delays relative to change rates
Stocks and flow structures

Buffer sizes

Constants,
parameters,
numbers l l l

Figure 7 The 12 leverage points on a system as diped by Meadows (2009)
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4.1.7.1. SEVS for AD and leverage points

The analysis of the driving forces around the difbn of the AD innovation and the
sociotechnical system that surrounds it has pravidewith some key questions. The answers
to these questions are highly uncertain; therefmgse questions function as “watersheds” in
the possible developments of AD in the future déejpenon “what values they take”. They
are the so-called leverage points, a term thabisolved from the System Sciences (see
previous section). They are the determinant fadtmascan shape drastically the different
scenarios of the future depending on their “valuetgnce, their answers should be either
assumed or considered as an input for the nexioétitye SEVS analysis for shaping the four
possible futures where AD might be part of and @lagle (see following section WP2
Scenarios).

Some examples of leverage points along with thaneene values are presented below:

* Will the volume of transport be higher or lower?

* Will people trust and accept transport disruptiand innovations?

» Will the users transport selection criteria chaoger time?

» Will Policymakers design policies for AD innovat®proactively or reactively?
* Will the legislation change follow and facilitateet AD disruption?

* Will machine learning be enabled to drive the A@lepment?

* Will the urban cities sprawl or become denser afthiure?

More examples of such leverage points can be fautfte Actorsindependent flower shop in
Linnégatan the specific actor in this case is the owner of the flower shop is Mrs Rose (her first
name is Elisabeth but in the use case she is referred to as Mrs Rose). The shop also employs two
assistants who work at the store at different times/days. Mrs Rose has a son (Erik) at university
and a daughter (Julia) at school. She lives in Lindome about 20 kms from the shop in a small
house near her mother.

Actors needs
a) To be able to deliver flowers and plants when ordered by customers.

Orders could come from:
- Customer who visits the shop
- Customer who telephoned
- Customer who ordered from somewhere else though a network such as 'Interflora’

b) Transport needs to able to take flowers and plants from the company location to the customers
home (or in the cases of a business customer to their establishment). Transport needs to be close
by or if possible parked at the flower shop (the latter is not possible in Linnégatan). The parking
place needs to be available to the van/car used by Mrs Rose.

¢) Transport needs to be available all the time as deliveries can be required 7 days/week.

d) Transport needs to be able to accommodate plants and flowers that are not packaged without
damage.

e) Transport needs to be low cost because the margin on plants and flowers is rather small.
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Functional requirements, transport modes and route start and end
- Small vehicle
- Can be driven by someone with car driving licence
- Powered van or car (could be electric, hybrid or fossil fuel)
- Delivery cycle - electrically assisted?
- Route starts and ends at the home of the shop owner - but the main use of the vehicle is
for business

System without AD

One Thursday

Mrs Rose drives to the store every day in a small van that she uses both for the trip to/from work
and also for delivering flowers during the week. During the working day the van is parked at a
nearby parking space (which has to be paid for). Sometimes the van is parked up to 750 metres
from the flower shop which is time-consuming and occasionally problematic for Mrs Rose. When
loading the flowers and plants she sometimes has to park outside the shop which can cause an
obstruction and even incur a fine.

The van is diesel powered but Mrs Rose is thinking about getting a hybrid or electric vehicle but is
concerned about the additional capital cost. The main reason is to be seen to be more
environmentally aware and also because running costs could be reduced in the longer run.

Mrs Rose wakes up at 05:30, she has breakfast and makes sure that she is organised for her
work - at the end of last week she has placed a big order for flowers and plants; today will be a
busy day at the shop.

Her daughter Julia gets ready for school but today Mrs Rose will leave early for work and so she
will drive Julia to her mother's house where she will stay until it is time to walk to school

As it happens her son is at home as well as the university term finished last week. But he has not
got up in time for breakfast. He said he would help in the shop in the afternoon and he will have
to get there himself by bus.

06:30 drive to her mother's house with Julia in the small van.

06:45 drives to Linnégatan arriving at 07:10; today there was not a lot of traffic. Parks the van 750
metres from the shop in a parking area and walks to the shop arriving at 07:20.

07:20 to 09:00 works in the shop getting everything ready for the day ahead. This includes
preparing the orders that need to be delivered. At 08:30 one of the two people that help in the
shop arrives (Karin).

09:00 the shop opens - on Thursday and Friday Mrs Rose has decided to open at 09:00 on the
other days she opens at 10:00.

09:15 Mrs Rose decides it is time to make some of the deliveries. She normally tries to do the
deliveries to offices at this time in the morning and then will deliver flowers to private addresses
later in the day. Of course sometimes there is an unexpected order that needs to be delivered
urgently.
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09:15 to 09:25 Mrs Rose spends some time wondering whether it is better to wait for a loading
space outside the shop to be available or whether she will need to find a way to take the flowers to
the van. This problem has been getting worse recently with the lack of parking spaces.

09:25 a space is available - Mrs Rose hurries off to the van. She drives back (rather quickly) and
parks in the space (it is now 09:35).

09:35 to 09:50 Mrs Rose loads the small van - flowers have to be treated with care and this takes
15 minutes although she tries to do it more quickly - but flowers are difficult - they come in all
shapes and sizes as well as being fragile.

09:50 sets out on the delivery trip. Luckily she knows most of the places where she has to deliver
rather well although today she has to make a delivery to an address that she is not familiar with.
She knows her phone can help with this but today she has forgotten to charge it and she worries
that if she uses it to find the address the power will run out.

10:40 just this one delivery to make; now to the unfamiliar address. It is a bit annoying but two
people who had ordered flowers were not in so she still has their orders in the van (one was to a
private address and so that does happen from time to time but she was a bit surprised to find that
the delivery to the office that was planned could not be made because there was a sign on the door
saying 'back in 15 minutes' and she could not wait and hope that this would happen. However,
things improve - despite her uncertainty about this final address Mrs Rose finds it rather easily
and makes the delivery - another happy customer!

11:00 Just as she is about to get into the van her phone rings - it is Karin - the two people who
were out when she called earlier to deliver their flowers have both phoned to say how sorry they
are and to ask if there is any possibility that she can still deliver. Mrs Rose says yes and the
deliveries are only slightly out of the way. Mrs Rose is pleased that her phone still had enough
charge to take the call - just as well she did not use it to find the last address.

11:00 to 11:25 Mrs Rose makes the two deliveries and returns to Linnégatan. This time she is able
to part a bit closer to her shop and is pleased because in the afternoon she will deliver to five
people and one of them has placed a very big order.

11:25 to 14:30 A busy time in the shop and Karin and Mrs Rose have to find time to have coffee
and a sandwich. It was a good thing she was back by 11:30 though because a package was
delivered and one corner seemed damaged - this was a display stand that she needs to take with
an order she will deliver in the afternoon. Luckily Mrs Rose was able to ask the person delivering
to wait and they both checked the package and realised that it was just the box that was damaged
and the thing inside was fine. The van driver (Mrs Rose thought that her badge said her name was
Maria) was pleased as well since it saved another trip and more paperwork.

14:30 Mrs Rose decides that it is time to make the deliveries - her son should have arrived at
14:00 but just as she is thinking that she will have to organise the deliveries herself he arrives -
on his bike - he has decided to visit a friend later in the day and the bus was not convenient - since
all this was decided at the last minute he forgot that not taking the bus would mean he arrived a
bit late. Amazing thought Mrs Rose - he is studying 'logistics'.

Anyway he is here now and they begin to organise the deliveries and get things ready to putin

the van. Everything is ready and at 15:00 Mrs Rose is set to leave but the delays mean that she
does not have very long before the large order she placed last week will be delivered to the shop. If
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only Erik (her son) could drive but he is still having lessons and so he cannot deliver the customer
orders on his own.

Mrs Rose decides that she will have to explain to Karin about the order that will arrive at the shop
and that she will now need to leave Erik in the shop to help when it arrives. Not what she had
planned that morning at 05:30.

15:10 Mrs Rose sets off to make the afternoon deliveries - she is late and she worries that her
customers will be stressed about this or (perhaps worse) that they will not be in.

But, everything goes quite well and almost all the deliveries are made by 16:30 (including the
large order that required the display stand) when Mrs Rose returns to the shop.

During the last deliveries she received a text message from her mother to say that Julia was back
from school and that she seemed to have caught a cold but was alright and she would look after
her until she could collect her later.

16:30 parks and gets to the shop at 16:40. Where she sees that the large delivery is still taking
pace - this is a surprise because it should have been finished by now because at 16:45 the shop
starts to get busy again. It seems that Karin and Erik insisted on counting all the boxes and the
plants and this has delayed everything. The delivery driver does not seem very pleased.

16:45 Karin leaves at 17:00 and another assistant (Anna) arrives to help until the shop closes at
19:00.

17:15 Erik asks his mother if she needs any more help and Mrs Rose says that it is fine for him to
leave and go and visit his friends - what time will he be home she asks and gets a rather vague

reply.

17:15 to 19:00 Mrs Rose and Anna work together in the shop. Just before 17:30 a customer who
comes to the flower shop to collect a wreath that his wife has ordered. Mrs Rose mentions that
she also offers a delivery service and he says that he wished he had thought about that because
the traffic is very bad today and he thinks he will be late arriving home. He seemed pleased that
Mrs Rose had told him this because he said "well sometimes it makes sense to spend a little bit
more in order to save time and to have a more convenient day". On the other hand while he was in
the shop he also bought some flowers for his wife and that would not have happened if the
wreath had been delivered. Mrs Rose decides that life is quite complicated when you start to really
think about things.

Anna and Mrs Rose close the shop soon after 19:00 and Mrs Rose leaves for home at 19:20.

20:00 Mrs Rose collects Julia from her mother and they go home together - her cold seems worse.
Mrs Rose hopes she will be fine to go to school tomorrow.

20:10 Mrs Rose makes something to eat (Julia has eaten earlier) and as she is finishing her meal
Erik arrives. He eats and they talk for a while about how university is going - and whether he will
be able to help in the shop in the vacation.

Mrs Rose decides she has had quite a tiring day and goes to bed at 22:00 after watching television

show that she likes. Tomorrow will be a calmer day she hopes.
END OF USE CASE
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OPTION 1 FOR AN AUTONOMOUS VEHICLE
In this optionwe have assumed that Mrs Rose has decided to own her own autonomous vehicle.
Activity of the AV

The autonomous vehicle is used to get from home to work just as it was before. However now
Mrs Rose can get out of the van at the flower shop and send the AV to park itself (in order to save
parking fees Mrs Rose decides to use a parking space further away than the one she used before).

When orders need to be delivered Mrs Rose can ask the vehicle to come to the store or park
nearby in order to load it.

After it is loaded the AV can be sent to make the deliveries of flowers and Mrs Rose can remain in
the store - this saves some costs because it is now possible to reduce the need for assistance in
the flower shop (of course this has employment consequences - these are not directly related to
driving the vehicle). Unfortunately not all deliveries can be made using the AV because the
customer needs to be there to take the flowers from the vehicle when it arrives. In addition Mrs
Rose has had to have a modification made to the original AV because she has to be sure that
customers can only access the flowers they have ordered and paid for. Therefore the vehicle now
has a system of small 'lockers’ which has reduced its carrying capacity.

The need for a customised AV

Because of the limitation at the delivery point which used to be overcome by Mrs Rose getting out
of the van and making the delivery herself a new option for delivery has been created. This
enables the flowers to be left close to the customer at a nearby shop (or other facility) where
several orders can be received (by the pick up point staff). The flowers/plants can then be
collected by the customer later on that day or in the evening.

Some problems of customer service

Of course not all customers are happy with this service as they preferred the personal delivery
made by Mrs Rose and for some customers (several office buildings for example) she offered an
additional service when she would arrange the flowers in the relevant entrance areas of the office.

This question of customer service has worried Mrs Rose since it was an important part of her
business and she has now decided that she will continue to offer a delivery service where
someone goes with the AV. This has reduced the cost advantages of the AV but it has enabled Mrs
Rose to employ her student son during the long university vacation periods - although he does not
have a driving licence he is of course able to travel in the AV and make the delivery. During the
university term time Mrs Rose asks one of the shop assistants to make some deliveries in the AV
and this has been a success because the job is now more varied. In addition Mrs Rose has been
able to spend more time in the shop and has realised that it needs some re-design and could be
made more welcoming to customers.

After the AV has made the various delivery trips it does not return to the store but finds a parking
space and parks there until it is needed by Mrs Rose.
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Use of the AV for the journey to work trip

When it is time to go home Mrs Rose calls the AV and travels home in it. Of course in times when
she is not at work she has found the AV useful for other activities. Some of these things she used
to do on her way to and from work (sometimes referred to as trip-chaining). Now this is no longer
necessary and the AV can be sent to collect her young daughter from after school activities
without Mrs Rose needing to go along as well. Naturally the locker boxes that have had to be
installed (for the delivery trips) need to be removed and this '‘pod’ is then left at the flower shop
overnight.

Overall view of the change to an AV option

Overall Mrs Rose is pleased about the arrival of the AV option but she is a bit surprised that it has
not saved much money as she had been led to believe this was one of the key features of AVs. In
addition she has noticed that the AV travels almost 30% further than the van used to travel mainly
because of the parking distance and also because she no longer reduces travel by trip-chaining.

She was also a bit surprised about how difficult it was to obtain the locker pods for the delivery
service but this was because it appears that flower and plant deliveries are very specialised and
few businesses required this option.

Appendix D.

An important observation while examining the leggrg@oints around AD is that the order of
leverage is challenged (see Figure 8 below). It sucomplex system as the diffusion of AD,
market forces could exert more leverage with theeatlof Automation level 5. The absence
of a driver will lower the costs radically, puttipgessure on all the other system entities to
follow that shift, which potentially would play aare impactful role in the acceleration of

AD. This can be seen in Figure 8 as the fact tatmarket forces and economy” is a weaker
leverage point than “policies” for automation legebut when reaching automation level 5
the “market forces and economy” becomes a stroiogee than “policies”.
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Paradigm shift:
Behavioral change

System Goals:
Policies

System structures:
Market forces and
Economy

System Rules:
Legislation

Stocks & flows:
Buildings and
Urban planning

Constants,
parameters:
Number of
transport users

The
development
of the AD in
the transport
system

Automation
level 5

Automation
level 4

Source: Meadows (1937)

Figure 8 The Leverage Points tool (Meadows, 2009pplied on the AD case. Here one can also witnesswo
the tehcnological advance from Automation Level 4a Level 5 can influence strongly the market forces.

Using the leverage points tool as presented inrBi§uthe points of highest leverage were
selected. Namely, thradical change of transportation pattern by lifestyte (equivalent to
paradigm shift according to the tool) and Bwdicies proactivity (equivalent to system goals)
were chosen as the ones of the highest leveragergaitance. However, their high
uncertainty calls for further analysis. Hence ha hext sections, scenario design method is
employed to investigate these uncertain leveragggd he fact that economic market forces
can outweigh the force of policy when presentirglédverage points is not in conflict with
having policy as one of the scenario axis. Scerat@s are selected to be the factors which
areboth of big influence and uncertain The strong economic force for AD is one of the
few certain factors and therefore it is not neealed variable in the generation of the
scenarios.

The leverage point of radical change of transpiomngbattern by lifestyle needs further
elaboration as it is a priori very challenging talyse and predict. Thus, an additional
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Transport Analysis follows and Use Cases are deeeldo reduce uncertainties and to enable
a structured analysis of the user’s behavior (s€8Wse Cases section).

4.2. WP2 Scenarios

4.2.1. SEVS and Scenarios

The Scenario methodology is a powerful tool foeing one’s mind from the present and
personal presumptions and to actually transporsanend to possible futures while
evaluating different solutions in relation to theeds of key actors.

It is important to point out that the scenariosraepredictions, but possible outcomes of
uncertain and important driving forces playing mudifferent directions. A scenario analysis
starts with identifying and ranking driving forcdst working in the scenarios is actually the
best way to understand how the driving forces vaor#t how they are connected.

The two axes of the scenario cross SEVS 1, refgtdrihe two most important and uncertain
driving forces as described in the text above. Vdréical axis represents the degree of
political initiative (reactive or proactive) andethorizontal the level of change in lifestyle due
to shifting values and norms.

This pre-study has now further developed the soenénat were identified and described in
SEVS 1 and SEVS 2. Some new perspectives basedtiupoaviewed Driving Force Model
have already been integrated into the charactessgnarios below.

4.2.2. Four possible futures by 2030+ adapted to AD

Incremental Development by 2030+

P E I ES TR
DEVILOEE ENT
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BACKGROUND THE ROAD TO THE INCREMENTAL DEVELOPMENT
SCENARIO

Southern Europe’s low economic credibility instegh@ free fall on the financial markets. EU
financial officers tried to regain the markets’ ideance, but to no avail. After the “Brexit” in
mid-2010’s, more EU members followed UK to the &min. The financial and political
downturn made it impossible for the Paris UN Agreaton Climate change of 2015 to be
practically implemented and the 17 Sustainable eweent Goals to be reached. Combined
with the psychological effect of a depression lamgnon the horizon, the political right and
left parties focused on economic growth and welfgB@stainability movements were
marginalized.

When the economy recovered, higher oil price statad electric and alternative fuel vehicle
sales and some sporadic investments on Autonomehiel¥'s were made but the underlying
motivation was strictly economical with no politicasion. High fuel, battery prices and high
costs of Autonomous technology increased demangublic transportation, but not enough
for a revolutionary change. The transport behakims remained roughly the same with the
mid 2010’s, along with high car ownership and lesset efficiency (vehicle usage). Sharing
models and sustainable mobility patterns failedriter the, financially driven, rigid transport
landscape. As a result of the political mistrust dlso the lack of political guidance towards
sustainable and shared models, mobility users haea characterized by suspicion and lack
of trust towards changing their transport patterns.

Traffic fatalities remained stable failing to dediover the years, largely due to increasing
traffic but also the failed diffusion of safe Autamous transport technologies and solutions.
Lack of coordinated and collective actions didiifow for building a reliable infrastructure
for diffusing Autonomous vehicles. The latter arevately owned and driven by the elite of
the society. Fully Autonomous solutions are onlplegal to restricted areas that are privately
owned with regulated access and circulation of geeidams. Low average speed rates are the
main contributor to keeping casualty figures down.
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Society:

Mainly individualistic values. Cities are polarisedto high income and low income areas. In
general, low awareness of the environmental etiedifferent diet choices. The majority of
the citizens still eat meat. People are informenliakthe greenhouse effect, but they are too
busy with their daily lives to take personal iriti@s. Private ownership rules. Those who
choose to buy AD is not because of safety or momigestions, but because it makes life
easier (e.g. your car can park by its own)

Politics: Focus is on economic growth, jobs and generalarelfCompetitiveness of the
Western world is commonly discussed; global warnisngot. City officials are passive,
taking no actions to stimulate clean and safe niglaitcessible to all groups of society.
Short-term economic decisions counteract long-tevhations.

EconomicsSevere fluctuations in the price of oil due to upgs or downturns in the
economy. These variations make the economy mosgilolVery few investments and
subsidies in Autonomous transport systems.

Public transportatiorinvestments have been made in an effort to coge imireasing traffic
congestion. Very little has been done to stimytatielic transport. No stimuli from cities to
order invest in implementing sustainable transport.

InfrastructureNew roads are built all the time, but they looleltke roads of today. Private
roads for those who can afford them, such as ADclehowners. Absence of standardization
in marking, mapping, signage and signals espedialtyral places prevented AVs from
circulating.

Safety:Is taken for granted, but not a priority. Most fiaijuries are caused by frustrated
drivers hurting each other, more or less delibérdtead rage).

EngineeringAlternative fuels and electric vehicles are devetbfrom a cost-efficiency
perspective only.
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Products and serviceSmart logistics systems for private and commeitigtomers. The few
fully Autonomous Vehicles are found sporadicallypnotected” environments such as
Autonomous pods in Airports and private facilitiegrototype stage.
Vehicles:Heterogeneous mix; old and new, small and lange ,naany different fuel
alternatives. Primarily Premium Autonomous vehieoléh some autonomous functionality is
standard k, eg driver involvement is needed; fewoAamous Pods or full Automation for
limited use.

Energy supplyMainly oil-based. Many alternatives (natural gas,fbel etc) are available
but they are used only when they are cheaper tidnased fuel.
CommunicationVehicle-to-vehiclevehicle to consumer and vehicle-to-infrastructiuack

of standardization will hinder the developmenteducing congestion, enhancing safety and
comfort for the owner.
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BACKGROUND THE ROAD TO THE ECO POLITICAL SCENARIO

In the mid-2010s, a succession of severe rainsemthing summers nearly created an
ecological disaster. After the 2015 UN Paris agresnfor Climate Change, a coordinated
campaign on application of Sustainable Developr@dls resulted in politicians with a
green agenda coming into power. However, the cifizeave heard about climate change for
some decades now and are more interested in sharigsues of unemployment, education
and tax cuts. Conclusive evidence that the drabtitate changes were caused by sunspots
compelled people to forget their brush with disadtevertheless, the politicians try to
implement policy measures that lead towards theatk targets, but are at the same time
cautious not to annoy the citizens too much. Theege public largely disregards the steady,
less dramatic increase in global temperatures.

Despite public opinion, European politicians innod an ambitious program aimed at a better
environment with innovative and green technologmsinly Autonomous technology systems
and alternative fuels. More specifically, governtsefinancially support upstarts offering
promising new green technology. At the same tirhey tmake considerable investments and
broad partnerships in introducing such technoloii¢ke public transport.

The program is partly funded by high taxes on tdsgls and road pricing amid protests and
demonstrations. Users enjoy a reliable ubiquitotsgesof the art public transportation

network with Autonomous transport solutions thatéhbeen provided to them in a top-down
fashion. However, trends related to shared andieffi mobility and mutual trust are not

diffused enough and people keep attached to tH&i0'@ lifestyle. After some sporadic

incidents of privacy and data violation, extra meas have been taken against cyber
terrorism connected to Autonomous Transport. Thentss have caused an increasing
skepticism against Autonomous Transport. In 2022 nhaximum speed limit is lowered to 70
km/h to decrease carbon dioxide emissions andlsesein traffic.
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KEY ISSUES:

Politics The goal is a cleaner, more inclusive greenelespclaxation, standardization and
legislation are used to realize this goal, regasited whether the general public wants it.
Policies:Policies and measures to increase road capacitiigduture rather than investing in
new infrastructure. In many cities where AD is parthe public transport system, legislation
has already been updated even though not complatetyalized by the citizens.

Public transportatiorDrastic expansion of the public transportatiortesys which is
subsidized to gain acceptance among the generbtplilcentral control system has been in
place to maintain and administrate the networlhefAutonomous vehicles and their
interaction with the environment. Autonomous systérave been mainly used in connecting
rural areas.

InfrastructureThe drastic expansion of the public transportasigstem will have a big
influence on the city center infrastructure in terofiroad and energy distribution.
Infrastructure for AD solutions has been in plaageibis still expensive for the general public,
hence most people still choose individualistic artional transport. City plans for moving
parking lots outside the city have been receivdt vasistance from the public.

Safety:Car traffic restricted to driving slowly. Downtovaneas are safe for walking,
bicycling and driving small electric vehicles witlvanced Driver Assistance Systems and
no extensive collision zones. High congestion stlises road rage. There have been threats
and some rare incidents for cyber vulnerability twt infrastructure seems robust enough.
TechnologyApart from the vehicle itself, new innovative ITigtions are advocated, making
mass transportation solutions more convenient.
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Products and serviceBocus on co-modality opens up for new IT solutiand business
models like smooth ticket services, provided bigiedtparty. A few innovative niche business
models exist, based on pay per mileage, use ocsptisn.

Vehicles:Alternative fuels, electricity and Autonomous Drivansport solutions are heavily
subsidized (directly or indirectly), while fossudl is heavily taxed.

PartnershipsEnergy companies and more transportation provithetscollaborate with
public authorities. Insurance companies and IT jolerg; information opens up for lower
insurance costs for those who drive carefully. Ligbbelongs to OEMs.
Economy:Standardization will favor traditional vehicle coames since they have influence
over those who set standards.

Roads:More plants and trees. Grid networks will be depeld to supply vehicles with
energy. Clear separation between pedestrians #ededit types of vehicles.

Energy supplyGround and air-located energy distribution systéngublic transportation
vehicles. Personal electric vehicles can be chaagsttategic locations.
CommunicationVehicle-to-vehicle and vehicle-to-infrastructugestems. Traffic guidance
systems and route planning tools for proper ensrggagement.
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Eco-individual

.................

ECO
IMOIVIDUWAL

BACKGROUND THE ROAD TO THE ECO INDIVIDUAL SOCIETY

In the mid-2010s elections, most politicians arotimelworld focused primarily on jobs. After
the 2015 UN Paris agreement for Climate Changé&\tbied leaders failed to deliver a viable
and radical enough scheme to apply the UN Susti@maévelopment Goals. Consequently,
all green and safe incentives were discarded amdlridstic measures needed were not taken.
However public disappointment in traditional pgotlicies as well as strong self-organization
initiated by global and local nongovernmental orgations led to the formation of a robust,
green subculture. This new green bottom-up wavbiéabquite hard getting business actors
on board as well as consumer organizations andamBdople care and show it by modifying
their consumption patterns, both in terms of goad transportation. The former subculture
is no longer a subculture and trends such as $haeonomy and alternative sustainable
transport models become mainstream.

On the transport market, new actors entrance thtkahand offer different kind of vehicles as

well as a lot of different functionalities and sees, which quickly become popular among
the public but the infrastructure is not there yiéte legislation, the urban planning and the
political readiness and willingness are far behtodaccommodate for the diffusion of

Innovative Autonomous solutions. There is greatquadity observed locally among the

regions, cities or even smaller municipalities regay the adoption of AD as people self-

organize and bring novelties in their neighborhod®isblic transport is obsolete and people
have started their own initiatives to push forwartgtainable solutions such as clean AD
solutions with the support from some new innovatiarket entrants. Traditional Automotive

industry actors couldn’t follow all the way the griog green trends amid political passivity
and their offer of efficient transport is also guitutdated.
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KEY ISSUES

Society:Green and safe has a very high status. Therwiliregness to spend more on green
and safe transportation, even without incentiveegulation. Trends such as circular
economy, dematerialization, sustainable consumatrwhlifestyle rise. Exit the “0-to-100
generation”.

Technology:No standardization. Green and safe due to constegairements. New battery
technology and business models support new lochtanentralized energy sources and
diversified transportation alternatives such asosfiomous technologies.

Sustainable transportatioBExtreme diversification, unique solutions for difat purposes.
Small-medium scale, flexible solutions such as @alipg and ridesharing with friends and
neighbours.

Businesslarge, established companies suffer due to ineétertups with innovative mindset
grow offering all-inclusive safe and sustainablégxwmous solutions. Innovative business
models on pay per mileage, per use or subscrigtoerge.

Safety:Caring is a key word, including caring for the enniment as well as caring for the
safety of all. More and more growing transport §ohs are equipped with guaranteed safety
by autonomous systems.

Products and service€arpool service including cars, logistics systesesyice and
maintenance, ridesharing, package and ride haiogrhe automotive industry has just
started selling not only products, but transpastagolutions such as integrated goods
distribution with people transport, as well integaatransport solutions with cloud stores.
InfrastructureSlow change driven by consumer demands, not irnenor regulations.
Parking lots are located outside cities and arebdoed with public transportation.
Roads:Maintained, but not improved with governmental fungd
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Energy supplyLocal, small entrepreneurs dominate. Green andssddgions attract venture
capital. New battery technology supplies small-seghd power to the grid.
CommunicationNeed for faster, more precise navigation with gtiom for the greenest
route as standard. Need for vehicle-to-infrastmectitonnectivity. Need for a more digitalized
infrastructure compatible to new transport solution
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Radicalism in Harmony

RADICALISH
N HARBMONY

................
|||||||

BACKGROUND THE ROAD TO RADICALISM IN HARMONY

It all started when the European green partiesdéelodbn a common agenda. The strategy was
to own “The Big Story”. Just like the liberals owhthe story of freedom and the left owned
the story of justice, the greens would own theystidra clean, safe earth. The best PR and
advertising consultants money can buy communidditedcew strategy. The Green Wave in
Europe was an immediate success, making it cleamotie could live a cool, green, efficient
and affordable life using the latest technologi@ésally, voters and elected officials
understood each other and tried to outdo each othming, living, voting and governing
green. Old, smoggy technologies were banned, ang@rading program was implemented
in all sectors including vehicles, houses, roausustry, energy production and agricultural
production. The scales had shifted to green onddarall.

World leaders have reached an unprecedented carsseith the populace. Individualistic
transport solutions have been coexisting in congiht shared mobility models and a state of
the art ubiquitous public transport. In this “hytisustainable model of transport system,
Autonomous solutions are close to enjoying the'dishare. It has just been forbidden to sell
new non-Autonomous Vehicles including at least aiolly autonomous technology for
years and now some local authorities are consigatiandoning the circulation of
conventional vehicles of high Automation functiahasolutions in city centers. The risks of
cyber-attacks have been mitigated after transitigio a more decentralized system. The
transportation market has opened and many new smargreen private actors have been
participating actively. Soon Public transport viaél running for the first time in history with
public subsidy lower than 20%. Local city officiase facing a dilemma between dense and
sprawling planning as rural areas have been suctlgssonnected to the city. The “on the
fly” market has emerged and is the number one hypesiness start-ups.
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KEY ISSUES

Transportation markeRadical change to greener alternatives, offerimgenmiche products.
The green aspects determine transportation. Sogistics solutions dominate.
Economy:Willingness to pay more for green, safe produdterfg legal and financial
incentives and public opinion that demand fastediffeations creates a positive spiral. New
business models have emerged as new business @ptoate for offering services on the fly.
Technology:Quicker shift towards green and safe. Public opirind government co-act for
greener and safer engineering solutions for tramafon. Vehicles and infrastructure is a
perfect match — development activities are cootdshaHardware, software, and logistics
solutions are matched.

Sustainable transportatioNew drive- lines. Public transportation is dramaiticenhanced,
and as are goods and passenger freight solutions.

Safety:Low, adaptable speed limits. Separate lanes, avitlismgness and acceptance for
more expensive infrastructure in general geare@itdwhe ultimate objective of being as
green and safe as possible.

Products and serviceBiversified products. Co-planning for goods andseasgjer
transportation and services. Incentives for suatdealternatives. Sustainable “servitization’
business models in place. New business actors amtienew services are offered all along the
life cycle of a transport service.

Infrastructure Always building the safest infrastructure. Morgbfic transportation solutions.
Adaptable speed limits (low). Separate lanes.

Roads:Safety first! Willingness to spend both more moaay time in order to realize the
Zero Vision Goal.

Energy supplyThe safest source of energy is used. The safdstieatpossible — rapid
advances here! Green electricity. Solar power.
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CommunicationAdaptable road guidance for safe and smart tratespan. Vehicle-to-
vehicle and infrastructure- to-vehicle systemsiamgemented efficiently.
PartnershipsBigger companies initiate partnerships with smattanpanies with emerging
technologies at a faster pace, driven by strigslagion.

EnvironmentSustainable leadership and lifestyles have achiaeegositive impact on the
environment.

4.3. WP3 Use Cases

The purpose with use cases in is to describe tinvatgendas and movements of actors and
goods. Actors can be an individual, a househotthrapany, or individuals working in the
company that is studied. The questions that aredaskien studying and analyzing use cases
are: Who does what? At what time and at what placesctivities carried out? What
activities can be moved in time and place? How aiedactivities to certain individuals and
vice versa? The use cases should identify bamisisopportunities with autonomous vehicles
(stage 4 and 5) in order for the actors to cartytloel daily activities, and for the goods to be
transported, delivered and picked up. People coatédiwith others- with family members,
with colleagues or with customers, and often triawginvolves more than going from A to B.
It also includes errands on the way. Thereforedtlamof individuals, as well as trip chains
are important units of analysis in order to descahd measure the factors that influence
choice of transport mode. The use cases shouldifiglaow an autonomous transport system
can satisfy the actor’s needs as regards accéysiatfordability, mobility, safety, security,
health and quality of life.

The use cases for goods movement have been prepdrexhdly the same style and
following a similar methodology to those preparedgersonal mobility. This is to help in
understanding the interaction between personal lholnd goods movement which is likely
to be more significant as AD develops. In additiba)lows the two overlapping systems to
be considered in a similar way which is helpful wheying to understand trade-offs and
changes that arise from trip substitution (a peakorobility trip is replaced by a goods
movement trip). The interaction between mobilitg @oods movement will be followed up
in more depth in the SEVS 3 for AD e-commerce mijleat started in late December 2017.

An activity based approach

The use cases have been analysed according toiatyd@sed approach, which is based on
the time-geographical approach. Time- geographplesa visualisation of the relationship
between activities in time and space and how ewsrite is organised and structured
(Hagerstrand, 1970; Hagerstrand and Lenntorp, 19@dividuals use their time carrying out
activities that are always taking place somewhacteraquire different types of resources.
Even if time is available as a resource, people thfferent types of constraints that limit
their freedom of action. Three types of constraguisound the individual and limit his or her
freedom to implement activities (Hagerstrand, 19H&gerstrand et al., 1990 apacity
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constraintsconcern an individual’s biological characteristexl his or her access to tools and
ability to use them. Some constraints limit theigbio use time or compete for time. Eating
and sleeping are limiting because they usually oatspecific places (home) and with
certain regularity. Other capacity constraintstaeeindividual’s physical and psychological
abilities, material resources, as well as beingrawéthe existence of certain tools and
services and knowing how to use them. To be abls¢ a variety of transport modes
demands for example; knowledge of where and hdvotk a car or a bike, where to get on
the bus, how to buy a ticket etGoupling constraintgoncerns the fact that individuals, tools,
material objects and the physical environment sterdependent, which is vital in order for
production, consumption, socialising, and everydayo work. For example, some activities
require coordination between family members oreagjues in a production chafuthority
constraintsare the laws, rules and norms and expectatioaarimstitutionalized and societal
context that make certain places or domains availatly for certain persons and activities at
certain times. The workplace may require an ad@aptad certain working hours, and the
public transport system may reschedule its time&al#n individual’s daily schedule is thus
dependent on a large number of decision-makingiesnthat are beyond his or her own
control.

Thus, by using the activity based approach to shaly an automated transport system
influence transport of people and goods, this stahsiders travel behaviour as secondary to
activity behaviour. Sequences or patterns of a@iand linked trips, not individual trips, are
the relevant unit of analysis. Further, householthgosition, life stage and other social
structures influence individual activity patterrdahus travel behaviour. In the following
paragraphs, the use cases of personal and freagisiiort are described.

4.3.1. Transport analysis

4.3.1.1. Personal Mobility

The actors are a family with children living iniagle attached house in Kungsbacka, 25 km
from Gothenburg CBD. The family consists of fatB@irn 46 years old, mother Lena 43
years old, one son David 10 years old and one dau§ktella 14 years old. The father works
as an engineer in Torslanda, 45 kilometer from horhe mother is a teacher at a school in
Kungsbacka. There are no direct connections betKeegsbacka and Torslanda by public
transport. Both parents work fulltime. The son DRiagoes to a school in Kungsbacka. His
main leisure activity, scouting, is located in tmaintryside 5 kilometers from home. The
daughter Stella attends a school located in thealesity and has basketball as a leisure
activity located in MdIndal, 20 kilometers from henBj6rn is disabled and mostly uses a
wheelchair but he can walk short distances at hamdeat work. The family has a dog that
stays at home every day. The mother and the senttaks walking the dog during the days.
In the original use case, the household has twa car

One Thursday

Lena and Bjorn wake up at 06:00. Bjorn starts &ppre breakfast while Lena walks the dog
for 20 min. The children are awake when Lena gatklinome and they all have breakfast
together. Each and every one get ready for the day.

Lena

0 2017 SEVS. All rights reserved.




SEVS

Issuer Document-ID, version Page

Else-Marie Malmek SEVS3-FinalReport,v1.doc 55 (101)

Subject Date
28/02/2017

Today Lena takes the bike to work at 7:25. It tdkes15 minutes to get these by bike.
Classes start at 8:10. She works until 11:15 wtieriime for lunch. Due to an incident at
school she needs to stay at work over lunch taidssthe incident with her colleagues and
can therefore not go home to walk the dog. She ta&if father who is retired and lives in
Kungsbacka as well. He drives to Lena’s house amléisithe dog. Lena’s classes are finished
at 3 pm but she has a lot of work to do still atays at work until 5:30. She bikes home and
takes the dog out for a walk. When she gets hdmagssgoing through the post and calls her
mother who lives in Askim. The mother needs honre bait Lena helps her with grocery
shopping and they make a list together on the phimereafter Lena makes dinner. Lena and
David eat together and by the time they are firdsfB6rn comes home. Lena gives David a
ride to scouting at 6:30 and continues after thahé store to grocery shop for her mother.
After the store she drives to her mother and stagte until 8:30 p.m. when she drives back
home. When she gets home, she talks to the othlyfenembers and goes to bed at 10:30
p.m.

Biorn

After having breakfast Bjorn gets ready and stepsthe car at 7:15 a.m., together with
Stella. He gives her a ride to the bus stop wha&les 4 minutes. He then continues to work
which usually takes about 45 minutes in rush hburing the trip to work he calls a

colleague so they can plan a client meeting theesdag. On his way, he needs to go to Kurt’s
bakery on Hisingen to pick up some pastries fomtieeting. He can manage to walk in there
with a crutch (krycka). However, this morning thekng lot right outside the bakery is
occupied by a van and he has to park further awdynalk quite far. This makes him very
angry and disappointed. It is not the first timatthe experience that some places are
inaccessible for disabled persons. This detoursémyg takes him 15 minutes extra. After
parking he shows up at work at 8:30. If Bjorn sldogib by public transport to work he would
have to make two transfers. First bus, then tthien a 5 minute walk to the last bus. The total
travel time would be 1 h and 10 min, excluding edsasuch as the stop at Kurt's bakery.
Buses and trains are overcrowded during morniniy hasirs and Bjorn feels that it is difficult
to get on the buses with a wheelchair.

Bjorn works until noon when he goes to the restaturathe same building and has lunch.
After lunch he works until 5:15 when he walks te frarking lot. At 5:25 he drives from

there. On his way home he stops at Mrs Rose’s flshep to pick up a wreath that Lena will
put on her grandparents grave this coming weekEmeljourney (including the stp) takes 20
minutes extra in total due to the traffic jamshe tity. After that he continues the trip home,
comes home at 6:20 but just misses to have diniter@na and David because they need to
get ready to leave for the scouting activity. Aftigmner he takes care of the kitchen, answers
some e-mails and goes through the post. Afteritbajoes out to the garage and starts loading
things in the car that he needs to take to thectimgystation the next day. When the rest of
the family gets home they spend some time togetheémwvatch TV. At 9:30 p.m. he takes a 20
minute walk with the dog. He goes to bed at 10:30.

David

David bikes to school around 7:45 and is thus neside for locking the house. Sometimes
Lena and David bike together. After school he bikesie. After scouting, he gets a ride back
home with a friend’s parent since Lena visits hethmr. Since eight out of ten children in the
scout group are being picked up by their parergeetis always someone who can give
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another child a ride back home. Two of the childzemable to walk back home since they
live close to the scouting cottage.

Stella

Stella goes by bus and commuter train to schoGlathenburg city. It takes one hour. There is
one bus stop close to the house but to get ther@ahto cross a road with a 90 km speed
limit and is very busy with cars, trucks and bu3eswait at this bus stop means that she will
be exposed for noise and air pollutions. SometiB)ém can give her a ride there, otherwise
she can walk to another bus that departs from anathfe bus stop but that is located further
away from the house. During the winter and whes dtark outside she tries to avoid this bus
stop because she needs to walk through a dark@aet there, which makes her feel
uncomfortable. Often she bikes there but she isygvafraid that the bike will be stolen.
School finishes at 4 o clock and then she goestiijreo basketball training in MéIndal. The
tram to the training center in MoIndal leaves eV#tli minutes and takes 32 minutes. She is
there at 4:47, and had time to change and staitsrig at 5 o clock. She trains until 6:30 and
takes the commuter train and bus back to Kungshdatiatrip takes 39 minutes. She walks
from the bus stop which takes 12 minutes. Wherisheme she’s having dinner, takes a
shower, chat with friends and talks to the regheffamily before she goes to bed.

4.3.1.2. Goods Transportation

The actor is Gotaparcel, a company that providésetg services for packages in the
Gothenburg region. The company is sub-contractarlémger organisation that provides a
national service across Sweden. Most of the paskagedelivered to business addresses but
about 10% of the volume is now delivered to priveddresses. Sometimes the items
delivered to a business address are to a pick imp gch as a small shop where packages are
collected. This use case considers the deliverycatidction of packages mainly within the
municipal area of Gothenburg (but this also inchidengsbacka and Mélndal).

The vehicle fleet is a variety of vans below 3.Bres. A total of 10 vehicles are kept at the
distribution centre. A large truck delivers sevdrahdred packages every night (from a
central hub). These arrive at about 03:00 andreme $orted into the rounds for delivery the
next day. Packages that have been collected fratomers in Gothenburg are sent every
evening to the central hub from where they areilisted to other distribution centres very
similar to the one in Gothenburg. The locationh# distribution centre is in Mdlndal.

One Thursday
Here we will follow one vehicle from 00:00 on Thdey to 23:59.

00:00 to 05:00 vehicle is parked waiting to be used

05:00 the vehicle is driven by a member of the ilogdeam, Berit, to one of the doors where
the outbound loads are being assembled.

05:00 to 06:30 the vehicle is loaded with packa@esthis Thursday it is a busy period in the
year and there are almost 200 packages of varipeis smost of them can easily be picked
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up but there are two items that have to be deld/ereich are very awkward size and shape
and difficult to handle. They are also marked 'Heagrhis has resulted in a small delay in
loading the van.

Packages need to be loaded in the order that svithbst effective for the delivery round. This
task is done manually and is based on the knowletitfee loading team. In this distribution
centre the driver (Berit) also performs some pafthis activity as she knows where there are
some stops which are complicated in terms of adoetbge addresses etc.

06:30 the van sets off and the first deliveriestaree made in Kungsbacka.

06:55 the van arrives in the centre of Kungsbacihraakes the first delivery of 10 packages
to a small shop. There is a delay while the pemnsdhe shop checks whether the packages are
correct but everything seems fine and they signerdelivery.

07:10 The van makes further deliveries without problems and there are 5 stops each
taking 5 minutes.

07:35 The van arrives at Kurt's bakery - Beritlgays pleased when there is a delivery to
Kurt's bakery because normally she will get a tnee of coffee and a trial piece of the special
fika that has been made that day. Kurt is pleasesg¢ Berit who he knows quite well. They
chat and Berit then delivers the three packag#stems that are needed in the bakery for
packing cakes when customers come to collect thmehabso products such as paper
serviettes etc.

All this takes a few minutes and it is just aftér®D when a customer comes in the bakery -
he seems slightly annoyed and complains to Kuttahan has decided to park in the place
that he understood was reserved for customerst f8efs she should say something and
points out that unfortunately there are so fewgsao stop that this was the only space
available and she had no choice this time. Theooust appreciates this explanation but Berit
realises it has been a problem and thinks thaigpsrin future she will have to park a bit
further away and that means this stop will takegyérthan it should (she will have to tell the
person who plans the rounds).

08:00 the van is back on the route and all theakite Kungsbacka deliveries are made -
most of the packages are to a business addrefiseoatare a few to private houses. Although
these deliveries are usually small they often takger than the business ones because it can
be hard to confirm the address and also sometinesecessary to find someone at home to
sign for the package. One package that Berit hdslteer has a clear house and street
address but the name of the person is not cleaalhBerit can see is 'Lena ...". She finds the
house but nobody is at home although when she tirggbell she can hear a dog bark. What
to do? Well the package will not quite fit into timail box but there is a plastic box with a lid
that holds some outdoor things - Berit decideg&vé the package in the box and place a note
in the mailbox. She is almost sure she remembdirgeedag here once before and this is what
she had done then.
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Berit hurries back to the van and drives to Molngdhére the large packages need to be
delivered at an agreed time (09:30). Traffic is seothan usual and so the van arrives a few
minutes late.

09:39 Berit parks and walks to the address abomé&ides away and finds the person who is
expecting the large items - unfortunately they hage sent one of their colleagues away to
do something else and so there is nobody to hdlptaking the packages out of the van and
bringing them across the road and into the deliagelgress - a small specialist engineering
company. There is no choice but to wait - espgcasdithe customer points out that if the van
had arrived at 09:30 then there would have begmdilable.

09:50 Berit is about to say that she will havedatsue on the round when the person who
can help reappears. Everything is now fine ang#uokages are delivered without further
problems.

But now the delivery round is about 20 minutes bédhhe planned schedule.

Berit thinks about the remaining items that neelddalelivered. She knows that the order
planned for the route will mean that one of the@ners will not be there when she arrives
and she decides to change the route slightly becshesis also aware that one of the
deliveries scheduled for 10:45 can in fact be natde:15 or 11:30 without any problems
from that customer.

10:20 to 11:30 More deliveries are made betweembifilland Gothenburg and then the last
few packages are now left in the van.

11:30 the last package is delivered to a flowepshd.innégatan and it is quite a big box of
what seem to be display stands - one corner isgabiaged but when the box is taken into
the shop Berit and the shop owner (a Mrs Rose)kctiecitem and agree that it is in fact
undamaged so there is no need to take any furttiena

11:40 the van leaves Linnégaten and returns to tiéblimaking two stops to collect packages
on the way back.

12:15 arrives back at the distribution centre.

12:15 to 13:15 lunch break - the van is parkedBerit goes home - today she has driven to
work because she needs to collect something owdehome. Also when she starts very
early she sometimes prefers to drive becausedffetis not busy and she feels certain she
will be on time.

13:15 the van is loaded with a small number of pgek that need to be delivered in central
Gothenburg. Many of the items are clearly for pigveustomers and will be delivered to
several pick up points. In some cases there vat) Bk packages that need to be collected
from these locations.
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Another driver (Johan) is driving on the afternabrift - in fact he also made a delivery round
this morning but he did not start work until 08&d so he is well within his driving time
allowance.

14:15 to 14:25 the first afternoon delivery is made
14:25 to 15:30 deliveries continue with some furit@lections.

15:30 to 17:00 Now most of the work is to make @dtiibns. These do not take as long as a
delivery but sometimes it can be difficult to finchew address and Johan is not that familiar
with this round as he normally deals with the dafies and collections just outside
Gothenburg. Nevertheless everything goes quite uveil the final collection needs to be
made - it is now 17:15.

17:15 to 17:20 When he arrives there it turns bat the wrong address has been typed into
the plan as in fact the company he is collectiogifhave two offices. Really it is time to go
back to the depot but when the person in the o#iiqdains to him how important the package
collection is and that it must go this evening beides that he will make the last collection
and in fact he knows exactly where the other offiddress is and it is not far away.

17:20 to 17:30 Johan drives to the other addredsraakes the collection. The office manager
is delighted and says that she will be making shmethey use this company for all their
collections if possible.

17:30 to 18:00 return to the distribution centtke traffic is rather bad this evening and it has
started snowing.

18:00 Johan ends his driving shift after parking\tan at the unloading door. Today he will
go home by bus - this journey is not too bad butdeto change twice and he is a bit fed up
that it is snowing.

18:00 to 19:00 the van is unloaded and the packagesansferred to the large vehicle that
will then take them to the central 'hub' location.

19:00 to 23:59 the van is parked in the parking@lar the companies van fleet.

4.3.1.3. Discussions on ad for goods movement

The following points were identified at the Workghand following discussions as being
relevant to the potential use of AD in goods moveine

1) The significant interactions between goods mamnand personal mobility should be
noted. These arise for various reasons and inw&mays including:

a) Trips that can be combined (for example: pensiipeto collect packages; use of
AD vehicle to collect packages without the needaf@ersonal trip).
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b) Small vehicles (typically vans) that are usedrngependent businesses for both
personal and business trips - e.g. vans that soeneses to go to a place of work and
that is then used for delivery and other activi{f@ésrvice trips: plumbers, carpenters
etc; Goods trips: retailers such as flower shoptigae dealers etc)

The interactions are also important in terms oficlehuse (distance travelled, average trip
length, utilisation, allocation of trip betweenyate and business - important for
data/statistical purposes).

2) Driving time (and cost of the driver) may notdmeimportant in the context of urban goods
deliveries. Much more important may be questiomseming the role of the driver in
delivering (and collecting) goods during a trip.tidiut a driver the system will need to
evolve in a significant way - probably to a muckaer extent than is the case for personal
mobility. The use case for GotaParcel makes thisttear in a qualitative way.

3) Parking directly outside the delivery addresy mat be possible, particularly on key
arterial roads where parking may not be permifiéetre can, therefore, be a significant
element of walking between the vehicle and theveeji address. An example from London -
walking comprised a total of 3.4km of the totaltdigce of 9.6km travelled (a ratio of walking
to driving of 35% / 65%).

4) Vehicle routing software and planning modelgitemsignificantly over-estimate driving
distance as a result of being unable to modell4apgproach’ walking. Delivery rounds in
many multi-drop operations are combined with caitets. While most collections are known
in advance and can be planned, some are dynamatume with collection requests being
received from clients during the round and relatgethe driver who then determines if and
how they can be incorporated. In some cases, turiagiwhich the driver is away from the
vehicle making deliveries can account for as muecB7#apercent of the total time for the
route.

4.4, WP4 Measurement

The purpose of WP4 has been to look into ways efisnring and estimating effects related
to AD, with the aim of proposing methods to deterenhow AD-concepts contributes to the
fulfillment of the Swedish transport political geal

4.4.1. The Swedish transport political goals

The transport political goals were establishedd@and consist of:
* An overall goal; to ensure a socioeconomic efficemd long-term sustainable
transport provision for citizens and business atnole country.
» Afunctional goal targeting accessibility, qualégd usability.
* Aconsideration goal targeting safety and enviromtalempacts.

The two latter goals are built up of a number ofendetailed specifications. The goals are
detailed in e.g. Transportanalys (2015, 2016).RPgere 9.
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Figure 9, The transport political goals

The authority Trafikanalys performs an annual feHop on the transport political goals, in
which the state of the transport system is preslesg@inst the specifications for the
functional and consideration goals. The changeaté since 2009 is also presented, as well
as an assessment of the fulfillment of the goatsne.

The transport political goals are evaluated ongh Ievel using macro-statistics from
Trafikanalys and other authorities (e.g. The Sweéisergy Agency and the Swedish
Environmental Protection Agency).

Even if the goals describe desired attributes efttansport system, they are designed to
manage and monitor the state of an existing trahsgstem and they do not say how a new
better system should be developed.

4.4.2. Approach

As mentioned, the state of the transport systeznatuated using macro statistics, meaning
that the effects of specific solutions, such asvbicles, are not seen until those solutions
exist in large numbers in the system. Also, theestathe transport system is not expressed by
metrics, but rather by an assessment based onab statistics. Nevertheless it is of interest
to evaluate if the impacts of a certain solutiorulddoe aligned with a desired development,
e.g. reduced climate impact or increased safetyrder to do so it is necessary to describe the
relations between goals and factors that influehee.

Our aim has been to start with the transport palitgoals as a framework and use a
traditional measurement technology process to ifyenhat is relevant to measure and how
to do it. This involves a breakdown of goals intb-gjoals and measurable entities from
which it is possible to identify measurement methddis would later on result in metrics
and methods that tell how a specific AD-concep orefined context (scenario and use case)
performs against the goals on a local level (&.¢he context of a smaller scale pilot project).
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However, during the project it has become evideat the larger scale effects in society also
are of high interest, i.e. what are the effecta t#rge degree of Avs.

As a consequence, two main approaches have bemrssksl during the project;
A. Methods formeasuring effects in real world testing of AD involving user
B. Methods forestimating impacts and effects in society with a larger degrieAD-
vehicles in the transport system.
Focus has however been on approadbove.

The process has involved a state of the art iny&tsin as well as identifying relations
between technology, its use and the transportigalligoals. The latter has been performed
through discussions within the core team and aksfwps involving more stakeholders and
experts. The results from this are presented irfialh@ving sections.

4.4.3. State of the art overview

This section gives a short overview of previousknarthe field of potential effects related to
autonomous vehicles. The overview is not a compr&ke literature study; however it gives
a rough indication on the focus of previous redearc

Two main approaches are identified,;
» Studies on expectations and attitudes towards aatons vehicles
» Simulation studies and system analysis of poteaffatts based on system models

The dominance of work looking into potential efle(® estimating) is natural since few
(hardly any) autonomous vehicles are on the roadsders to test at the moment (A
measuring).

4.4.3.1. Studies on people’s attitudes towards

autonomous vehicles and transport systems

Several studies in the field are based on the @slipinion of or attitude towards the use of
automated transportation systems and autonomoude®[private vehicles and public
transport). The following section gives a summdrg aumber of such studies; a longer
description is presented in Appendix E.

Individuals have in most cases not experiencednamaus vehicles, and focus is therefore
on individual expectations and beliefs about the @simarily surveys are used to examine
people's attitudes towards fully autonomous vebidigerviews and focus groups also exist,
or a combination of methods, such as surveys aedviews. The target audience has usually
been "public" and sometimes focused on a speaifieeace, such as students at a university
or visitors to a science museum.

Highlighting the themes of previous research isartgnt in order to identify what researchers
have been interested in measuring earlier. Theviatig themes have been identified in
previous studies:
» People’s attitudes to acquire and choose autonomuwekicles This theme includes:
o Intentions to buy and willingness to pay for thiated costs (e.g. Kyriakidis, et
al 2015, Payre 2014).
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o How individuals may begin to use autonomous vehjateg. by retrofitting an
existing vehicle, buying a new one or through tke of public transport, taxi
or car sharing (e.g. Howard and Dai 2013, Piao 2016

o Public awareness and understanding of autonomansgorts (e.g. Schoettle
and Sivak 2014Db).

* People’s attitudes towards using autonomous vetsclghis theme is focused on
different aspects related to the use of autonomebiles and transport systems, e.g.:

o Safety and reliabilityWill there be fewer accidents? Will | feel safesirch a
vehicle? Is the technology reliable enough?Whasdbmean to lose control
of such a vehiclete.g. Piao 2016)

o Comfort; e.g. not needing to search for a parkotgdnd being able to do other
things (than driving) while riding in a car (e.goward and Dai 2013).

o The liability issue; Who is responsible if the amvolved in an accident?
(Underwood, 2014

o Environmental reasons; are environmental benefpeeed? (Piao 2016)

0 Reduced driving ability requirements— the possipiior disabled persons to
move (e.g. Payre 2014 et al.).

o Infrastructure; e.g. will autonomous cars use #raeslanes as conventional
cars?

o Different degrees of automation (Kyriakidis 2015).

o0 Autonomous transport within public transport

» The feasibility of autonomous transport$he theme includes the questions if and
when people expect that autonomous transport @il beality (Begg, 2014) as well as
barriers and possibilities (Underwood 2004).

» People’s background and present situatid®ocioeconomic background as well as
present travel habits and how this affects peopltisides towards autonomous
vehicles. In this theme, perspectives like genday. KPMG 2013, Casley, 2013),
income, house-hold characteristics, educationaagecountry are included.

Besides studies on people’s expectations andddsiuthere are also projects that investigate
the interaction between users and AVs. A numbeuoh research projects are conducted in
Sweden by RISE Viktoria, e.g. the projects AIMMIAdBAVIP (RISE Viktoria, 2017a,

2017b). These projects address, among other thilegges and experiences of drivers,
interaction with other road users, as well as reastto encounters between pedestrians and
autonomous vehicles. In some cases, Wizard of g bawve been performed, i.e. that the
users in the test think they are interacting withachine, but the machine is actually
controlled by a human. This method allows autonasrfeatures to be simulated. Some of
the projects have used the test facility AstaZEsqeriences from completed projects suggest
that in many cases it will not be noticeable thaéhicle is autonomous.

4.4.3.2. Studies on system analysis of autonomous

transports

A number of studies use cities as a use case qig fapecasting methods like ripple effect to
predict the future, e.g.:

0 Driving Changes: Automated Vehicles in Toronto. (Ticoll, D. 2015)

0 The ripple effect of automated driving (Milakis, D., Van Arem, B., & Van Wee, B. 2015)
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0 Development of automated vehicles in the Netherlands: scenarios for 2030 and 2050
(Milakis, D. et al., 2015)
The studies aims are focusing on long term strateffects and are used as a tool to guide
and influence city planners in terms of the needccfange in legislation. All studies are based
on assumptions and have a great deal of uncegsinti

Several studies have performed theoretical preshstof reductions of vehicles due to
sharing, e.g.:
0 Estimated Bounds and Important Factors for Fuel Use and Consumer Costs of Connected and
Automated Vehicles (Stephens et al. 2016)
0 Urban Mobility System Upgrade. How shared self-driving cars could change city traffic.
(OECD, 2015)
0 Potential impact of self-driving vehicles on household vehicle demand and usage. (Schoettle,
B., & Sivak, M., 2015).
A common problem with the studies is that they laskr’s attitude towards sharing and the
perceived value of owning and having full contrbborehicle. Simulation models could
greatly benefit from "calibration” by using realtddo lower the degree of uncertainty. The
“calibration” data could be acquired from real psland tests.

4.4.4. Break down of goals into measurable entities

In order to measure performance of e.g. an AD-qoinggainst goals, measurable entities
need to be identified and there needs to be a nsasen how these entities are measured.
Since the transport political goals consist ofrgéa number of specifications, see Figure 9,
the picture becomes complex. E.g. looking at clematpact, which is only one of the
specifications that build up the consideration gaalumber of factors of importance can be
identified. This is illustrated in Figure 10.
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Figure 10, Break down of the climate impact speciation

Measurable entities in this case could for exarbple
» Distance travelled and energy used over a timegeri
* Type of fuel used
* Availability of fuel
* The degree of use of different transport modeshferusers involved, i.e. does the AD-
solution have impact on the kind of transport maties are used? This would
probably require a method that captures the trahspoice of users.

A similar break down of the specification safetpresented below.
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Specification Indicators Factors Measgl.‘able
entities

Frequency of risk Location
situations
» ADAS-data
afety (driver warnings)

Percieved safety -

It would be possible to construct a model that ukessalues of measurable entities in order
to create indicators based on the specificatiomgs mate impact). Such a model can use
both measured and estimated values. The challsrigenever to integrate and weigh
different indicators and specifications togetheo inne indicator, since this means that the
importance of different goal specifications neexlbe defined. E.g. is safety more important
than climate impact?

4.45. What to measure

There are a number of potential goal conflictsADrsolutions in relation to the transport
political goals. E.g. a more comfortable self-duiyicar could result in more car travel and
thus more emissions, i.e. a goal conflict betwemnfortable transport for citizens and
reduced environmental impact. This is natural; esithe transport political goals have a
number of conflicts among their specifications, Sesdikanalys (2015, 2016) for examples.

In order to identify the factors that have impottanpact for the transport political goals, two
workshop exercises were performed within WPde first exercisehad the purpose of
identifying the relationship between different ADkgtions and the goals as well as
identifying goal conflicts on a higher level. Thene several goal conflicts among the goals,
e.g. reduced speed for improved safety has a wegatpact on quality and accessibility.
Three workshop groups discussed the relations leehaespecific AD-concept and the goals
and indicated if the AD-concept contributed in &ipee, negative or neutral way towards the
different goal specifications and why. The analysss performed based on the following use
cases:

* DriveMe car and the Kungsbacka family

* Uniti vehicle and the Kungsbacka family

» AD delivery robot and the company Gotaparcel
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In the current pre-study the use cases were ndvmegin the context of each of the
scenarios. This assessment could and would bededen an implementation project
yielding a richer set of insights.

The second exercisead the purpose of identifying how different typpéstakeholders view
and value the goals. When measuring new entitiese tneeds to be a consensus among the
stakeholders on the methods to measure. A stgstirg is to discuss the meaning of the goals
that constitute the frame work for measurements.

The workshop attendants were divided into threkestalder groups based on the
organization they represent; OEM, City, Citizencliatakeholder group discussed the
meaning of the transport political goals basedheir Wifferent perspectives.

Workshop results
Three main factors that impact the transport malitgoals for the current use-cases were
identified based on the outcomes of the first eiserc

» Transport choice. l.e. does the AD-concept indufferdnt choices regarding
transport modes? E.g. a more comfortable car solutbuld increase car use.

* The amount of transport and impact on congestion.

* Vehicle functionality and operation. Vehicles canthilored to fit certain needs better
and operation can be optimized, e.g. regardingdspeegarding usability for
disabled drivers.

The outcomes are illustrated in Figure 11.

Team work 1

l Overallgoal |

Impact on Congestion |

Safety (number of
' d and killed)

| Vehicle operation I

7 7
. Usable for Childrens
Bk disabled possibility to use
- — =

I Impact on Congestion

More transport
{and less work out) | Impact on Congestion |

| Comfort I

Figure 11, Overview of outcomes from workshop exeise one.

Vehicle operation
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The three identified main factors correlate tofthdings from the driving force model in
WP1, see sections 4.1.4 and 4.1.7. Collecting ecapidata from real AD use regarding
transport choice, transport volume and vehicle ajpmn, could give insights into the effects
in relation to the transport political goals.

Regarding different stakeholders views, the se@xmuicise indicated that the OEM and city
groups in general had a system and strategy pérgpechile the citizen group had a more
emotional perspective on the transport politicalgoThis is exemplified in Figure 12 below,
which shows the highlighted perspectives from takeholders regarding the consideration
goals. E.g. the OEM and city groups viewed safstyay important issue that they have
strategies for, while the citizen group highlightbdt safety has to do with the poor driving
ability of others.

To conclude, methods evaluating effects of AD-cpte@eed to be able to handle both
technical aspects and performance of vehicles gstéras, as well as behaviors and
perceptions of users.

Consideration

OEM City Citizen
goals

Priority,
Necessity continouos

work since long

Attitudes,
perception of
own ability

Safety

Cost,
understanding
of sustainability

Zones, travel
mngt, political
pressure

Electrification,

Climate impact
energy use

Figure 12, Example of outcome from workshop exercéstwo.
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4.4.6. Development of measurement methods

Effects from AD-concepts depend on the contexd dperated in, since there is interplay
between the vehicle, its users and the use cager@13, Context for measurements
methods). Methods to measure and estimate effeets to take this into account.

Use Case — An actor’s interaction
with the system in a specific scenario Transport System

PROACTIVITY

POLITICAL CONTROL
ECO RADICALISM
POLITICAL IN HARMONY ‘
l m\‘ ‘ E-Pod City Mover
NOCHANGEIN  \ 1 - RADICAL _ ¥
TRANSPORTATION CHANGE IN / _~‘

PATTERNS BY i
LIFESTYLE

Actors

delivery

PATTERN BY
LIFESTYLE

| AD SUV (DriveMe)

|
INCREMENTAL ECO
DEVELOPMENT INDIVIDUAL @‘?

Distribution City e-bus
11 H

Gotaparcel POLITICAL PASSIVITY m

E-van

Mrs Rose

Figure 13, Context for measurements methods

To measure new parameters a number of steps néedserformed according to a method,
e.g. the one laid out by Emardson et al. (2012):

» Defining the concept

* Breaking it down into components

» Identifying measuring instruments

* Ensuring validity

* ldentifying scales

» Defining a reference to make measurements traceable

If the transport political goals are used as thenework for measurements of effects, many
different types of factors needs to be measured.réason for this is that the specifications of
the goals are many and rather complex. Howevegrdrg to this pre-study it seems that a
smaller number of factors have influence on margt gpecifications. These factors are
important to measure in order to evaluate or esératiects of AD-concepts and it is
suggested that development of methods shouldvgilrthem. The factors are:

* Vehicle operation — which relates to the desigthefvehicle concept.

» Transport choice — which depends on user behavior.

* Amount of transport — which depends on system deggy. infrastructure, policy, etc.
as well as the two factors above.
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Regarding the factorehicle operation,methods could most likely be based on existing in-
vehicle measurements such as e.g. speed, disfDA&-data, warnings etc. The factor
Transport choice requires qualitative methods that involve usehe factorAmount of
transport is relevant to measure on a system level, e.ginvé certain part of a city where
AD is implemented.

Developing methods to measure the identified faatequires more efforts and is a possible
next step from this pre-study. Also, when measunieqy entities, there needs to be a
consensus among stakeholders on how these eatiéieseasured. It is not necessary to agree
on the meaning of the metrics, but it is centrat the method itself is fully agreed. Therefore,
it is suggested that the stakeholders in the proddave Sweden are involved in the
discussion on the set of measurement methods.

4.5, WP5 Dissemination

The characteristic of the SEVS methodology is ihiatan inclusive process with several
multi-stakeholders workshops and seminars.

“ '} _ H

The following seminars and workshops have been penrfmed during this pre-study:
» Kick-off
* Workshopl — Driving Force Model
» Workshop2 — Scenarios & Use Cases
*  Workshop3 — Analysis & Measurements
* Result seminar

Other dissemination activities:
- The ongoing pre-study was presented at Chalmeiatineé Seminar the 27of
October.
— The project was also presented to Drive SwedenrBrogommittee in October 2016.
— All working material, background information angbcets are available at Webforum.
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— Adocument describing the project and working pdaces [About the project and
Instructions] was sent to all stakeholders in AtQH 6.

— A project description was written and publishe®datve Sweden’s Web page.

— The project results were presented at Drive Swedaward meeting in February 2017

— The project is planning to write at least one &tto the ITS EC Strasbourg
conference in June 2017.

Publications:
— A Final public report will be presented to Vinncaiad Drive Sweden.
— Areport including all results will be available participating partners.
— Some of the results will be presented to a widélipuat www.sevs.se.
— Scientific articles will be presented at applicabbaferences.

4.6. WP6 Project Management

This pre-study was performed according to The SE¥$. The project used Webforum as a
project planning tool and as well as a documerttiaec All participants have access to
Webforum on request.

4.6.1. Working procedures

Characteristics of SEVS is to work in an inclugprecess, with as much learning and new
knowledge as possible to the participants.

A document [About the project and instructions,whs written and sent to all stakeholders in
august. This document included general informadilbout the project; scope, organization,
budget as well as practical things like workinggadures with Webforum and how to report
time spent etc.

We have tried to work as sustainably as possikécwresulted in a lot of Skype meetings
instead of a lot of transportations to physical imgs in Gothenburg, Lund and Link6ping.
But, co-creation in creativity workshops via Skypdifficult.

The Core Team consisted of about six team membkis group was almost too small to be
able to keep the momentum in the project procéssd or two members were not able to
participate in the Skype meeting, it ended up witly one or two persons in front of each

computer screen, and in those cases it was harggect manager to inspire the creativity
and create the right atmosphere. Although the te@mbers

4.6.2. Economy

The table 3 below shows the pre-study originalgobpudget.

0 2017 SEVS. All rights reserved.




SEVS

Issuer Document-ID, version Page
Else-Marie Malmek SEVS3-FinalReport,v1.doc 72 (101)
Subject Date
28/02/2017
Table 3
Proiektpart Betald Insats Totalinsats i
JEKIP SEK Inkind (SEK) projektet (SEK)
SAFER 140250 46750 187000
SAFER 140250 46750 187000
Chalmers 140250 169150 309400
Goteborgs 100000 79750 179750
universitet
Goteborg stad 0 288000 288000
Trafikverket 0 72000 72000
SP 265000 88333 353333
VTI 200000 66667 266667
Volvo Cars 0 72000 72000
Uniti 0 61200 61200
985750 990600 1976350

5. Conclusions

This project has developed a method to analyseraabure the societal effects of
autonomous drive. The overall method has beendudiveloped as well as its main parts:
Driving force model, Scenarios, Use-cases and Measnt methods. The method has been
demonstrated through a first analysis.

It shall be stressed that the project is only agtwely, and did not have the resources to
develop all details needed for final conclusiongtanvery complex questions related to how
the society will change due to autonomous drivesdite that, the analysis method is found to
be very useful for analysis of these questions.r€kalts also have led to several important
insights which can serve as a basis for comingeptsj

The strength of the developed method is that ith@ardle analysis on both an abstract
societal level, and connect it with analysis adl tiiy down to the level of individual users. In
order to deal with complex questions about socoiaklopment it is necessary to be able to
include both these perspectives.

5.1. WP1 -Driving Forces

Within WP1 the project has made a driving force eiddr autonomous drive, and used it to
derive effects on the transport system and wideiesal effects. This project also introduces
what is calleddriving force storieshich is a new tool to analyze how AD is introdd@yer
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time. The driving force stories also show whicHuefce mechanisms are the cause of the
effects in the transport system and society. Filtimanalysis leverage points and societal
effects have been identified and a way of categayithem is also demonstrated.

The analysis of societal effects demonstratesnimeanse AD benefits for the individual user
but also for the collective (social groups as alhmainly in the quality of life and the
inclusiveness and accessibility in future societies the rest of the dimensions in the driving
force model such as policy, legislation and induatrd business sector there is higher
uncertainty. However, some factors are apparemtportant. Firstly, the need for robust
strategies and policies to proactively offset aglyound effects. Secondly, strong decision
making is required from the side of the industaders to keep up with and benefit from the
technological advance. The technological change&Xavill happen eventually, but how
quickly depend strongly on the two dimensions didyand Industry.

Also, there are indirect effects on society thagmioccur with the AD development that
should be dealt with as separate challenges. fitsiemployment for drivers should be dealt
with, both trough any possibilities to create nempéoyment opportunities in the transport
system or to strengthen the employment in othdose the society. That said, the impact
of unemployment from machines replacing humanslshoei tackled proactively, but AD is
only one of many reasons for this. In addition,gilole environmental deterioration that might
happen will not stem from the AD development itself rather from rebound effects of for
example resources misuse or over-use of naturaliress. AD technology is primarily (or
essentially) a facilitator of transportation andusdamentally decoupled from environmental
pressure itself. Thus, again policy and decisiokerawill be key players for ensuring
sustainable development in general and, of coaise,for an automated transport system.

Overall, WP1 has contributed with tools requireddnalyzing societal effects, and the results
demonstrate that these tools are effective. Naethe specific results have not been tested as
much as desirable, due to resource limitationt@foroject, so they should mainly be
considered as examples of possible results.

5.2. WP2 — Scenarios

The scenarios are an important part of the anatgsihiod, as they allow the team to handle
uncertain factors with a large influence on theal@wgment of autonomous drive. In this
project the scenarios have been based on scedatetped in the SEVS2 project but they
have been modified to better include factors relédar the development of AD solutions.
However, by considering each question in the cdraéat least one scenario indicative
results have been obtained and are noted in thegpreport.

5.3. WP3 — Use Cases

By studying sequences of activities among the acting the activity-based approach, we
can gain an understanding of the actors’ travekpag and their choice of transport modes.
Most importantly, the study of activities shows th#ferent types of space-time restrictions
that the actors face when implementing various/aiets during one day, including travel
activities. Coupling restrictions among the actmwacerned relying on parents for transport to

0 2017 SEVS. All rights reserved.




SEVS

Issuer Document-ID, version Page

Else-Marie Malmek SEVS3-FinalReport,v1.doc 74 (101)

Subject Date
28/02/2017

bus stop and scouting, opening hours at the fl@hep, caring for an older parent, dealing
with conflicts at work, traffic jam, crowded busehich gets complicated with a wheelchair,
and public transport routes and timetables thatatdit to use between home and work (for
the father). In the case of goods movement, cogpbstrictions can include the need for a
vehicle to be present at a specific location ireotd be loaded or unloaded, the need to
match the shift time of drivers with vehicle availdy, and incompatibility between customer
demands in terms of delivery slots. Capacity retstms in the use cases were physical
limitations to use public transport and inabilibywalk far, for example from a parking lot.
Again in the case of goods transport such restnstcould include limitations on the distance
over which packages could be transferred from kguhvehicle to a customer, lack of space
on a vehicle for a specific product, or the neadsfiecialist capacity that is not available.
Authority restrictions that were identified concedrbus stops along busy roads, dark
parks/walking paths to bus stop, traffic jam, neb@gh space on buses for wheelchairs, roads
unsafe for biking, norms regarding taking careldeoparents, public transport not available,
and working obligations and norms. In the goodsgpart use cases then regulations limiting
times or places for the delivery of packages caodmsidered as authority restrictions. In
addition, there are many such restrictions on djpgy@ractices for goods transport.
Restrictions should evidently not necessarily beéeustood in a negative sense. Coupling
restrictions often arise from a desire to careafot spend time with others. Restrictions as a
conceptual tool, explains the limitations in the v$time and space since one can only be at
one place at the time.

In this pre-study, the relevant questions are tatvetixtent can AD satisfy the actors’ needs
based on the activities described? And what ar@adissibilities and potential constraints with
AD and driverless vehicles? Such an analysis has dene during the workshops and can
identify relevant measure variables (see examphppendix A). The analysis is based on the
Kungsbacka family and the eco-political scenarssuaning a car free city centre. The
possibilities with different types of transport nesg e-commerce and work from home are
analysed. The analysis shows that there are masgiplities with AD-solutions but in many
cases the trip would be too expensive or not aviglautside the city centre, which is to no
use for those living or operating in suburban arBasgther, in many cases AD would not
necessarily improve mobility among the actors #ratstudied.
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We recommend that studies based on real worldhtestith users are conducted once
vehicles are available, in order to collect experéeefrom actual use. This could e.g. be
performed within local pilots, where qualitative tilmeds are used to collect empirical data.
Empirical data could complement system analysispamtaps help to calibrate simulation
models and in that way give a better understandimgotential effects in society from the use
of autonomous vehicles.

Methods for evaluating effects of AD-solutions shibloe developed based on the following
important factors:
* Vehicle operation — which relates to the desigthefvehicle concept.

» Transport choice — which depends on user behavior.
* Amount of transport — which depends on system deggy. infrastructure, policy, etc.
as well as the two factors above.

When measuring new entities, there needs to be@seosus among stakeholders on how
these entities are measured. It is not necessagrée on the meaning of the metrics, but it is
central that the method itself is fully agreedtHa case of this pre-study it is suggested that
the stakeholders in the program Drive Sweden @stabhd agree on a set of methods for
measuring effects of AvV-concepts and efforts shanglenade to establish a national consensus
to be able to compare results on a wider level.

5.5.  GO:es — Proposal Next Steps
According to The SEVS Way methodology, the lagb stethe process is to propose new
actions or initiate new projects, the so called €&0They are often a result of new research
guestions that have been identified during thegatofor might to be outside the scope of the
existing project, e.g. from a Pre-study to an Impdatation project). Some input to the GO:es
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from this pre-study can be found from Appendix Beverage points and from Appendix J —
Input to GO:es.

GO - Methodology:

> Develop_an electronic simulation system based tperSEVS Way and from
different user perspective (OEMs, politicians, @tgnners, researchers etc). Describe
different scenarios (worlds of context), defineoast AD mobility solutions (private
and public), define Use Cases, define parametersetsure and how to measure etc.
Go out and measure in real life e.g. the Drive Mgqtt.
Set up a living-lab and apply the SEVS uses casd#ferent functionality tests etc.
Calibrate the system model based on real life nreasents. Verify the quality and
consistency etc.
Refine the model and include more use cases.

Y YVV

GO- Societal System perspective of AD solutions:

» Societal perspective — Benefits and drawbacks system level for e.g. Gothenburg
region. Public and/or private AD-solutions. Conseages of lower speed regarding
congestions, emissions, safety, noise, accesgihitil economy? Density vs sprawl
(Urban vs rural)? Requirements on a Traffic managggmaystem? The interaction
between different AD pods/vehicles, humans in esagty environment?

» User’s perspective — Benefits and drawbacks fdeidiht customer categories,
acceptance for sharing business models, AD techg@oceptance, willingness to
pay, customers’ choice and behavior? etc.

» Industry’s/OEMs perspective [limited to e.g. Gotherg region scope by 2030 |-
Business opportunities and risks for different istdial stakeholders, new demands on
vehicles/pods, new business models, new techndegite for moving on/off goods,
synergies between industries e.g. Open-sourceda@ftfor autonomous driving and
cloud data, standardization regarding communicatiratocol (ITS stations)?

> Politician’s perspective — What policy instrumeats needed to provide maximum
benefit to society, based on AD technologies? Wateruld the policy instruments be
introduced? Legal aspects on physical environmemiedl as data? Legal aspects on
open source software for AD solutions (e.g. in cafs&ccidents).

GO-Implementation of this pre-study:

> Implement the use cases in all four scenarios Rbrse, GotaParcel and the
Kungsbacka family)

> Define what to measure and how to measure accotditigs pre-study methodlogy

» Measure in real life what is possible to measumg (@rive Me), and use The SEVS
Way methodology as a complement.

» The Autolog project “SEVS for AD e-commerce” haseally been initiated. This use
case is about measuring and analyzing the effé¢heancrease of internet shopping,
and when a personal transport becomes goods trdaspo. \We compare different
mobility alternatives and then evaluate the effegtslifferent measurement methods.
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Stakeholders:
Authorities Organizations / groups Private companies
Bl&ljusmyndigheter /raddningstjansten Organisatfonslisabled Eldistributdrer

Lawmakers (safety rules and standardization)

dri€asi, truck ,...) and their unions

Transport sendoenpanies (Uber, etc.

City planners

Fraktmottagare (kontor, afférer, privatpersoner,

Apare till lastnings och lossningsplatser

0y

Transport authorities citizens Laywers
Polticians _(trafiknamnden, ...) Entrepreneurs Sensor suppliers

Suppliers of Autonomous drive technolof
Regional authorities Philosphers (f.ex. Apple, Google, Volvo, ...)
Citiy authorities Qil industry and its owners
national authorities Infastructure buiders

Freight companies (Post service,
Parkforvaltningen Users: distributers, contruction freight,...)
Parkeringsforvatling/bolag Children Architects
City fleetowners/operators (Gatubolaget) Teenagers Realestate owners and managers
Lanstrafikbolag / region kollektivtrafik myndighete Young single property developers
Tax authority Couples Vehicle OEMs
Service developers for mobility services Famiies transport equipment OEMs
Valet(Wallet?) parking - parkeringstjanster Elders manufacturing companies

Package delivery service

City inhabitants

trading companies

Hospitals

Country inhabitants

Maintenance companies

drivers

Data security

richer and poorer,...

insurance companies / re-insurance
companies
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Telecom suppliers

Telecom operators

Private fleet owners

Bicycle sharing systems (styr&Stal)

Car dealers

Car sharing companies

car rental

Operatorer av kollektivtrafik
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Appendix B — Leverage points

Leverage points questions related to AD:

What will be the cost of transport service for tiser in the future?

Will the volume of transport be higher or lower?

Will people trust and accept transport disruptiand innovations?

Will transport criteria change over time?

Will Policymakers design policies for innovation®actively or reactively?
What will the mix of public and private transpod™

What sizes of vehicles will emerge in the future?

What types of vehicles will emerge in the future?

Will we have robust security systems?

Will be Privacy ensured?

Will Technology development be in place?

Will business actors be willing to change?

Will transport users be willing to change?

How will the Human — machine relationship develop?

How will the Vehicle ownership develop?

Will the infrastructure be in place?

Will we have more or less collaborative models aghactors in the future?
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Influence diagram: AD’s effect on the transport system and its effects on society

Feedback mechanisms:

Vehicle and transportindustry: (for transporting
Time and investments nceded to
build new production capacity.

Users needs for transport:

User selection criteria:
* Increased preference
for sharing (?)

Infrastructure,
« tay,

themselvesorgoods.)
. KKK

AD Technology:
New
functionality
New HW
New SW

Vehicles:
= New
functionality
Changed
vehicle cost
Changed
operating cost

*  Regulations, ...

External conditions influencing
the transport cheice

Transportsoclutions:

+  Changedbalance
between cost,
functionality and user
convenience.

=> New Trp services offered.

New vehicle types offered

Transpert system:
= Transportvolume

*+ Modeshare

Road capacity utilization

Transport
choice
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Politics and Authorities:

Effects on “Rest of Society”

Where tolive and where o
place businesses and service.
City planning

Property prices

Business models

Resources needed for
ransport.

Effects on transport receivers
Life style/values/Behaviour
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Appendix E — Studies on people’s attitudes

Studier om manniskors instéllning till autonoma fordon och
transportsystem

Flera studier inom omradet baserar sig pa allma@nisaippskattning om/installning till att
anvanda automatiserade transportsystem och autoiooduen, (privata fordon samt inom
kollektivtrafiken). Individerna har i de flesta fajalva inte kort ett sadant fordon, och det
handlar alltsd om individers forvantningar och &éiningar om anvandning. Primart har
enkater anvands for att undersoka manniskors instgltill helautomatiska fordon.

Intervjuer, och fokusgrupper forekommer ocksa ralekombination av metoder, t ex enkater
och intervjuer. Malgruppen har vanligtvis varitltaiinheten” som ibland kan vara fokuserade
pa en viss malgrupp sdsom studenter vid ett urifeeedler bestkare pa ett science museum.

Nedan ges en inblick i olika studier och val avodetdarefter ges en bild aadstudierna
undersoker.

Enkatstudier

En del av studierna ar av tvarkulturell karaktéen studie av Kyriakidis, Happee och Winter
(2015) studeras méanniskors acceptans och angekitgemblaterat till automatiserade
transporter, liksom deras benagenhet att inforakettffordon som antingen ar delvis, i hog
grad eller helt automatiserad. Studien baserag fidt@rnetenkat insamlad fran 109 lander
(40 lander med atminstone 25 respondenter). 508@abade enkaten.

Schoettle and Sivak (2014) har genomfort tva tvifmkella enkatstudier: | den forsta
studerades allménhetens asikter om autonoma dekd@j@nde fordon | USA, Storbritannien
och Australien.

| den andra studien studeras allménhetens asikterubonoma och sjalvkorande fordon i
Kina Indien och Japan. 610 respondenter i Kina,r@8pondenter i Indien och 585
respondenter i Japan medverkade i enkatstudien.

Tvarkulturella studier som sarskilt ar fokuseradekpllektivtrafiken forekommer ocksa.
Alessandrini mfl (2014) presenterar erfarenhei@n fsrojektet "Citymobil2” som handlar om
automatiserade vagtransportsystem for kollektiikeasf (ARTS), vilket involverade
pilotprojekt fran 12 olika lander. Alessandrinislnstudie handlar om att understéka
anvandarnas attityder gentemot ARTS och konventebessar: vilka ar att féredra?
Enkéatundersokningen har genomforts genom kortaeevimer dar fragorna har stéllts direkt
till respondenterna och i en del fall genom enra@nkat i tolv olika europeiska stader.
Antalet respondenter i varje land varierar mell&i-282.

Exempel pa enkatstudier som ar genomforda i ersskilidder ar Payre mfl (2014) som har
genomfort en enkatundersokning for att studeraaiimetens forestallningar/forvantade
acceptans, attityd, personliga varderingar ochniide att anvanda helautomatiserade
transporter. Studien genomférdes i Frankrike ochg&soner deltog, 153 mén, och resten
kvinnor. Enkaten distribuerades online och foregjial tva pilotstudier (semistrukturerade
intervjuer med fem personer och en mindre enkansd#aing (n= 45).
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Howard och Dai (2013) har genomfort en enkatundamisg for att undersdka allménhetens
attityd till sjalvkdrande bilar. Studien genomfésdeKalifornien, USA. Deras intention var att
vanda sig till en population som troligtvis varregserade av att anvanda sig av sjalvkorande
bilar. De patalar det metodologiska problemet d@hga personer inte ar tillrackligt
informerade om automatiserade bilar for att tilfudesvara fragorna. Darfor kompletterade
de enkaterna med en filmvisning om helautomatisebildr som respondenterna fick titta pa
efter att de hade besvarat en del av fragornakdten far respondenterna forhalla sig till tre
olika scenarier kring hur sjalvkérande bilar kand@mlas.

Casley (2013) har studerat i vilken utstrackningiehter vid Worcester Polytechnic institute
tilltalas av autonoma bilar. 450 respondenter begleaen enkét om deras uppfattningar,
forvantningar och forutsagelser om tekniken. Enkatigick fran tre primara faktorer som
forvantas paverka allmanhetens instéllning tilloaama bilar: hur "séker bilen ar”, vad den
kostar, och hur bekvama manniskor &r med det raamidliska upplagget betraffande
utveckling, forsaljning och anvandning av autondsitar. De sekundara paverkansfaktorerna
var den nytta som autonoma bilar skulle kunna @tgider en dag; samt faktorer kring kop
sasom huruvida dessa "nyttor skulle paverka kopb&sbch om miljéfaktorer spelade in.

Studierna ovan vander sig primart till lekman, raean enkéatstudier riktat till experter har
genomforts. Underwood (2014 a och b) har genomiférvlika enkater med experter fran
olika discipliner och yrkesomraden inom transpornt@aet for att undersoka tekniska och
sociala trender relaterat till automatiserade fard@amt hinder och majligheter for
introduktion av automatiserade fordon.

Ovriga metoder

Nagra studier har kombinerat flera olika metodsos&Begg (2014) som ocksa vander sig

till experter inom omradet. Begg har studerat bé@mé konsekvenser av automatiserade
transporter, liksom om och i sa fall hur snart enatiserade transporter blir en verklighet i
London. Beggs har genomfort saval intervjuer, gdigkussioner sasom enkater (3500) riktat
till Londons transport experter.

Piao mfl (2016) har studerat allmanhetens asikteaatomatiserade fordon (bussar och bilar)
med stdd av en online-enkat (148 respondenterjedefonintervjuer (500 respondenter) i La
Rochelle, Frankrike. Studien belyser, allmanhetedvetenhet och forstaelse av
automatiska fordon, samt deras installning tillbaudtiska bussar, taxi, bilpooler samt privat
agande.

Om sjalvkorande fordon vore sakra och tillganglglalle du anvanda dem? Denna fraga var
temat for fokusgruppsintervjuer genomforda meddosdigare pa tre platser i USA; Los
Angeles, California, Chicago lllinois och IselineiN Jersey. Studierna genomférdes av
konsultforetaget KPMG, med syfte att understka vanfor och hur konsumenter kan komma
att anvanda sjalvkérande bilar. (KPMG, 2013).

Metodologiskt dilemma

Studierna behandlar i stor utstrackning individérgéntningar och férestallningar om
anvandning. Ett dilemma ar att individerna inteilfndckligt informerade om automatiserade
bilar for att tillfullo besvara fragorna. Da kraatt forskarna forst informerar anvandarna,
vilket ocksa har gjorts i en del av enkatstudieriaatext, bilder eller film.
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Att lyfta fram vilka omraden/teman som har behatsdigidigare forskning ar av vikt for att
tydliggora de fragor som har uppfattats som vaggnétt studera, m.a.o. vad ar det som
forskningen har varit intresserad av att mata:dfilg stycke ger en dversikt av detta med
utgangspunkt i teman

Manniskors instéllning till att inforskaffa och yélautonoma transportfordon

Inom detta tema undersoks individergention/6nskarom att kdpa ett helautomatiskt fordon,
samt individers benagenhet att betala for #esgnader (se t ex Kyriakidis, mfl 2015, Payre
2014).

Det handlar ocksa om att undersdka individer kan tankas borja anvanda automatiska
fordon t ex skulle det ske genom ombyggnad av befihiligll sjalvkérande teknologi, eller
genom att kdpa en ny bil eller genom att anvanéalgjrande fordon via kollektivtrafiken,
taxi eller bilpool. ( se t ex Howard and Dai 20P%0 2016Medvetenhet och férstaelddar
allmanheten hort talas om autonoma transporteex (choettle och Sivak 2014Db).

Manniskors instéllning till anvandning av autonofeadon

Merparten av fragorna i enkaterna kretsar kringeotispekter av den konkreta anvandningen
av automatiserade transportsystem och fordon. gopande fragor om positiv respektive
negativ installning, vad som ar mest respektivestattraktivt liksom olika for- och
nackdelar med att anvanda fordonen ar av intreBse ar ofta relaterat till féljande aspekter
som var for sig kan delas in i underteman:

Sakerhet/palitlighetForvantas olyckorna t ex minska? Kanner jag migséktt sddant
fordon. Ar tekniken tillrackligt palitlig? Kor detutomatiserade fordonet lika bra som en
mansklig forare? Vad innebar det att forlora kolteroover fordonet ("att ge upp kontrollen
till en maskin”)? (t ex Piao 201&ekvamlighetatt t ex slippa leta efter en parkeringsplats,
att kunna gora annat samtidigt som man aker hib ¢doward och Dai 2013).
Ansvarsfragan/juridisk regleringVVem har ansvar fér om bilen rakar ut for en olyZkéur
ska ansvarsfragan regleras? (t ex forsakring dg@ninydlig part &r ansvarig, agaren,
tillverkare, leverantor, staten. (Underwood, 2014)

Miljoskal : Férvantas det bli nagra miljévinstetex minskade avgaser, minskad
energianvandnin¢Piao). Nedsatt korformagandjlighet att forflytta sig for personer med
nedsatt korformaga; grad av intresse for detta. x(Payre 2014 mfinfrastruktur: Aspekter
relaterat till transportnétverket t ex, ska sjahddie bilar kéra i samma korfalt som normal
trafik? Skulle allmanheten stddja en ny infrastauktr sjalvkérande bilarSammanhang:
Under vilka omstandigheter ar individer benagnaattinda automatiserade transporter?
Olika grad av automatiseringdenna aspekt behandlar manniskors installninglika grader
av automatisering fran manuellt (som referens)dilvis, i hog grad och hel-automatiserad
transporter. Relaterat till aspekter sasom undeihgl enkelhet att kora. (Kyriakidis 2015).
Autonoma transporter inom kollektivtrafikelBelyser aspekter sasom kostnader (t ex lagre
taxa for att kostnader for forare saknas), sandgmerarsakerhet.

Automatiserade transporters genomférbarhet

Behandlar fragan, om och hur snart manniskor fadardsig att automatiserade transporter ska
vara en verklighet (Begg, 2014) liksom hinder odjligheter relaterade till det, sdsom
juridisk palitlighet, reglering, infrastruktur, kimeder, konsument acceptans, social acceptans
och teknisk utveckling. (Underwood 2014).
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Manniskors bakgrund och nuvarande situation

Individers socioekonomiska bakgrund liksom nuvaearesevanor och hur det inverkar pa
deras instéllning till automatiska fordon &r ofteirtresse i enkaterna. Det handlar ocksa om
att synliggora hur autonoma fordon kan ténkas pavelika samhallsgrupper.
KonsperspektiviFinns det t ex skillnader mellan méns och kvisrnsym pa automatiserade
transporter? (t ex, KPMG 2013, Casley, 201183omst: Finns det skillnader i syn mellan
hog och laginkomsttagare? T ex benagenhet atalférahelautomatiserade fordon eller
angelagenhet om sakerhet, kontroll och ansvarsirdgashallskaraktaristika, Utbildning,
alder och land Finns det nagon skillnad i syn mellan olika aldengper, utbildningsniva
och mellan landerRuvarande resevanor och innehav av fordoh ex Hur pendlar man
vanligtvis till arbete och fritidsaktiviteter?

Kvalitativa undersokningar

Nedan ges en kort inblick i studier som bygger yalitativt orienterad data, dvs som inte
utgors av statistiskt material och siffror. Kvdiiva data ger en djupare och mangfacetterad
forstaelse av ett fenomen, samt bidrar med konlkresarivningar av hur olika foreteelser och
effekter kan ta sig uttryck.

| texten nedan ges en kort bakgrundsbeskrivning exedhpel pa kvalitativa
metoder/analyser som har anvands for att studestadtians forutsattningar, erfarenheter och
angelagenheter relaterat transport.

Intervjuer:
Intervjuer ar en vanligt anvand metod for att usdka anvandningen av transporter utifran

hushallens perspektiv. Intervjuerna ar vanligteisistrukturerade, dvs forskare forbereder
och utvecklar en intervjuguide med teman och fragwon ligger till grund for intervjun, men
som inte ar helt styrande. Ett exempel ar Pierfe(8011) som genomforde 1-2h langa
semistrukturerade intervjuer med personer somrtiarskaffat elbilar (Frankrike). Fokus
med studien var att undersoka olika stadier/momadityruket av elbilar sdsom forvantningar
och medvetenhet, ink6p, den tidiga anvandningem raénméssiga anvandningen, underhall
och ev haveri. Om Pierre m.fl (2011) vande sigstlearly adopters, dvs pionarer néar det
galler anvandningen av elbilar vander sig Grahama® m.fl. (2012) intervjustudie i
Storbritannien till icke kommersiella bilister (0innor och 20 man) som provar pa att
anvanda en elbil under en veckas tid. Respondenietervjuades direkt efter
forsoksperioden, betraffande deras kunskap och etedliet om elbilar, férdelar och
nackdelar erfarenheter av att kdra osv.

Caperello och Kurani (2012) genomférde ett liknafiileok i USA som dock varade i fyra

till sex veckor och genomférdes med stod av savalitativa och kvantitativa metoder for att
undersoka resendarernas erfarenheter och angeldgentedet galler anvandningen av
elbilar. Intervjuer genomfordes med 36 hushallrjdx® mitten och i slutet av testperioden

Studierna ovan beror anvandningen av elbilar. Exempd intervjustudier kan givetvis hamtas
fran andra omraden sasom Carreira mfl (2013) samm&rde semistrukturerade intervjuer
med 49 bussresenarer (for vardagliga resor ocsttesor) for att understka deras
erfarenheter av bussresan. Eller Lowe mfl (2016) sted stdd av intervjuer undersokte 1ag-
inkomsttagares dagliga erfarenheter av transporter.
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Observationer

Med intervjuer och fokusgrupper ar det mojligtattierstka foreteelser som kan beskrivas i
ord. Observationsstudier innebar en majlighettatiera mer dolda beteenden och behov som
respondenterna ifraga inte sjalva vill eller &r netda om. | Carreira m.fl (2013) studie
genomfdrdes, forutom intervjuer aven initiala olbationer av bussresenarer for att battre
forsta resenarernas beteende och behov, en sardiecksa Iag till grund for utvecklingen av
intervjuguiden.

Tidsdagbdcker och resedagbdécker

Tidsdagbocker har anvands for att undersoka hestsiiesmonster. Berg och Karresand
(2015) utgick exempelvis fran tidsdagbocker forsatidera hushallens forutsattningar att
utféra vardagliga aktiviteter med stdd av minskadebande och 6kad anvandning av
kollektivtrafik, cykel och gang. X och Y

En tidsdagbok skrivs av en enskild individ (oftanéiégga 6ver 10 ar i ett hushall) under ett
eller flera dygn. Personen skriver ned de aktigitétan eller hon gor under en dag, vilket
beroende pa syftet kan vara mer eller mindre aetdlpch med fokus pa vissa aktiviteter
(exempelvis transport). Vilka som medverkar i akéten anges ocksa.

Tidsdagbdcker kan anvandas vid interventionsstudest autonoma fordon for att synliggéra
resmonster. Det &r ocksa tankbart att studerateeia forandringar i resmonster, fore och
efter interventionen. Tidsdagbotcker kompletterasl fidrdel med kvalitativa intervjuer. (Se
Berg & Karresand 2015)

Scheiner mfl. (2013) anvander sig istallet av sledagbocker, dar alla som fyllt 10 ar i
hushallet far notera sina resor (vilket fardsédatgang, tidpunkt osv) under en veckas tid.
Avsikten med metodvalet var att samla informatiomae resor hushallen genomfor.
Resedagbocker genomfordes under tre ars tid (dmwerje ar) for att understka
forandringar i hushallens resande.

Kombination av metoder

Det ar inte ovanligt att olika typer av kvalitativeetoder anvands for att undersdka en
foreteelse, sdsom intervjuer och observationex (Carreira m.fl. 2013), eller intervjuer och
dagbdocker.

Kommentar

Matning och kvantifiering av effekter av automatémte transportsystem och autonoma
fordon pa samhallsniva, kan med fordel komplettenad pilotstudier pa lokal niva dar olika
grupper av anvandare provar att kdra automatisicdlofounder en viss tidsperiod . Sadana
studier kan med férdel understkas med stod avtltatk metoder. Merparten av tidigare
studier nar det galler automatiska fordon bestamamniskors férvantningar, och i nasta steg
handlar da om att undersoka faktiska erfarenhsésgm exempelvis gjorts i tidigare skede
nar det galler elbilar.
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Appendix F — Workshop Results WP4-1

WP4 Workshop results, team work exercise 1
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Appendix G — Workshop Results WP4-2
WP4 Workshop results, team work exercise2
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Appendix H — Mrs Rose

Actors: Independent flower shop in Linnégatan the specific actor in this case is the owner of the
flower shop is Mrs Rose (her first name is Elisabeth but in the use case she is referred to as Mrs
Rose). The shop also employs two assistants who work at the store at different times/days. Mrs
Rose has a son (Erik) at university and a daughter (Julia) at school She lives in Lindome about 20
kms from the shop in a small house near her mother.

Actors needs
a) To be able to deliver flowers and plants when ordered by customers.

Orders could come from:
- Customer who visits the shop
- Customer who telephoned
- Customer who ordered from somewhere else though a network such as 'Interflora’

b) Transport needs to able to take flowers and plants from the company location to the customers
home (or in the cases of a business customer to their establishment). Transport needs to be close
by or if possible parked at the flower shop (the latter is not possible in Linnégatan). The parking
place needs to be available to the van/car used by Mrs Rose.

c) Transport needs to be available all the time as deliveries can be required 7 days/week.

d) Transport needs to be able to accommodate plants and flowers that are not packaged without
damage.

e) Transport needs to be low cost because the margin on plants and flowers is rather small.

Functional requirements, transport modes and route start and end
- Small vehicle
- Can be driven by someone with car driving licence
- Powered van or car (could be electric, hybrid or fossil fuel)
- Delivery cycle - electrically assisted?
- Route starts and ends at the home of the shop owner - but the main use of the vehicle is
for business

System without AD

One Thursday

Mrs Rose drives to the store every day in a small van that she uses both for the trip to/from work
and also for delivering flowers during the week. During the working day the van is parked at a
nearby parking space (which has to be paid for). Sometimes the van is parked up to 750 metres
from the flower shop which is time-consuming and occasionally problematic for Mrs Rose. When
loading the flowers and plants she sometimes has to park outside the shop which can cause an
obstruction and even incur a fine.

The van is diesel powered but Mrs Rose is thinking about getting a hybrid or electric vehicle but is
concerned about the additional capital cost. The main reason is to be seen to be more
environmentally aware and also because running costs could be reduced in the longer run.
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Mrs Rose wakes up at 05:30, she has breakfast and makes sure that she is organised for her
work - at the end of last week she has placed a big order for flowers and plants; today will be a
busy day at the shop.

Her daughter Julia gets ready for school but today Mrs Rose will leave early for work and so she
will drive Julia to her mother's house where she will stay until it is time to walk to school

As it happens her son is at home as well as the university term finished last week. But he has not
got up in time for breakfast. He said he would help in the shop in the afternoon and he will have
to get there himself by bus.

06:30 drive to her mother's house with Julia in the small van.

06:45 drives to Linnégatan arriving at 07:10; today there was not a lot of traffic. Parks the van 750
metres from the shop in a parking area and walks to the shop arriving at 07:20.

07:20 to 09:00 works in the shop getting everything ready for the day ahead. This includes
preparing the orders that need to be delivered. At 08:30 one of the two people that help in the
shop arrives (Karin).

09:00 the shop opens - on Thursday and Friday Mrs Rose has decided to open at 09:00 on the
other days she opens at 10:00.

09:15 Mrs Rose decides it is time to make some of the deliveries. She normally tries to do the
deliveries to offices at this time in the morning and then will deliver flowers to private addresses
later in the day. Of course sometimes there is an unexpected order that needs to be delivered
urgently.

09:15 to 09:25 Mrs Rose spends some time wondering whether it is better to wait for a loading
space outside the shop to be available or whether she will need to find a way to take the flowers to
the van. This problem has been getting worse recently with the lack of parking spaces.

09:25 a space is available - Mrs Rose hurries off to the van. She drives back (rather quickly) and
parks in the space (it is now 09:35).

09:35 to 09:50 Mrs Rose loads the small van - flowers have to be treated with care and this takes
15 minutes although she tries to do it more quickly - but flowers are difficult - they come in all
shapes and sizes as well as being fragile.

09:50 sets out on the delivery trip. Luckily she knows most of the places where she has to deliver
rather well although today she has to make a delivery to an address that she is not familiar with.
She knows her phone can help with this but today she has forgotten to charge it and she worries
that if she uses it to find the address the power will run out.

10:40 just this one delivery to make; now to the unfamiliar address. It is a bit annoying but two
people who had ordered flowers were not in so she still has their orders in the van (one was to a
private address and so that does happen from time to time but she was a bit surprised to find that
the delivery to the office that was planned could not be made because there was a sign on the door
saying 'back in 15 minutes' and she could not wait and hope that this would happen. However,
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things improve - despite her uncertainty about this final address Mrs Rose finds it rather easily
and makes the delivery - another happy customer!

11:00 Just as she is about to get into the van her phone rings - it is Karin - the two people who
were out when she called earlier to deliver their flowers have both phoned to say how sorry they
are and to ask if there is any possibility that she can still deliver. Mrs Rose says yes and the
deliveries are only slightly out of the way. Mrs Rose is pleased that her phone still had enough
charge to take the call - just as well she did not use it to find the last address.

11:00 to 11:25 Mrs Rose makes the two deliveries and returns to Linnégatan. This time she is able
to part a bit closer to her shop and is pleased because in the afternoon she will deliver to five
people and one of them has placed a very big order.

11:25 to 14:30 A busy time in the shop and Karin and Mrs Rose have to find time to have coffee
and a sandwich. It was a good thing she was back by 11:30 though because a package was
delivered and one corner seemed damaged - this was a display stand that she needs to take with
an order she will deliver in the afternoon. Luckily Mrs Rose was able to ask the person delivering
to wait and they both checked the package and realised that it was just the box that was damaged
and the thing inside was fine. The van driver (Mrs Rose thought that her badge said her name was
Maria) was pleased as well since it saved another trip and more paperwork.

14:30 Mrs Rose decides that it is time to make the deliveries - her son should have arrived at
14:00 but just as she is thinking that she will have to organise the deliveries herself he arrives -
on his bike - he has decided to visit a friend later in the day and the bus was not convenient - since
all this was decided at the last minute he forgot that not taking the bus would mean he arrived a
bit late. Amazing thought Mrs Rose - he is studying 'logistics'.

Anyway he is here now and they begin to organise the deliveries and get things ready to putin
the van. Everything is ready and at 15:00 Mrs Rose is set to leave but the delays mean that she
does not have very long before the large order she placed last week will be delivered to the shop. If
only Erik (her son) could drive but he is still having lessons and so he cannot deliver the customer
orders on his own.

Mrs Rose decides that she will have to explain to Karin about the order that will arrive at the shop
and that she will now need to leave Erik in the shop to help when it arrives. Not what she had
planned that morning at 05:30.

15:10 Mrs Rose sets off to make the afternoon deliveries - she is late and she worries that her
customers will be stressed about this or (perhaps worse) that they will not be in.

But, everything goes quite well and almost all the deliveries are made by 16:30 (including the
large order that required the display stand) when Mrs Rose returns to the shop.

During the last deliveries she received a text message from her mother to say that Julia was back
from school and that she seemed to have caught a cold but was alright and she would look after
her until she could collect her later.

16:30 parks and gets to the shop at 16:40. Where she sees that the large delivery is still taking
pace - this is a surprise because it should have been finished by now because at 16:45 the shop
starts to get busy again. It seems that Karin and Erik insisted on counting all the boxes and the
plants and this has delayed everything. The delivery driver does not seem very pleased.
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16:45 Karin leaves at 17:00 and another assistant (Anna) arrives to help until the shop closes at
19:00.

17:15 Erik asks his mother if she needs any more help and Mrs Rose says that it is fine for him to
leave and go and visit his friends - what time will he be home she asks and gets a rather vague

reply.

17:15 to 19:00 Mrs Rose and Anna work together in the shop. Just before 17:30 a customer who
comes to the flower shop to collect a wreath that his wife has ordered. Mrs Rose mentions that
she also offers a delivery service and he says that he wished he had thought about that because
the traffic is very bad today and he thinks he will be late arriving home. He seemed pleased that
Mrs Rose had told him this because he said "well sometimes it makes sense to spend a little bit
more in order to save time and to have a more convenient day". On the other hand while he was in
the shop he also bought some flowers for his wife and that would not have happened if the
wreath had been delivered. Mrs Rose decides that life is quite complicated when you start to really
think about things.

Anna and Mrs Rose close the shop soon after 19:00 and Mrs Rose leaves for home at 19:20.

20:00 Mrs Rose collects Julia from her mother and they go home together - her cold seems worse.
Mrs Rose hopes she will be fine to go to school tomorrow.

20:10 Mrs Rose makes something to eat (Julia has eaten earlier) and as she is finishing her meal
Erik arrives. He eats and they talk for a while about how university is going - and whether he will
be able to help in the shop in the vacation.

Mrs Rose decides she has had quite a tiring day and goes to bed at 22:00 after watching television
show that she likes. Tomorrow will be a calmer day she hopes.
END OF USE CASE

OPTION 1 FOR AN AUTONOMOUS VEHICLE
In this optionwe have assumed that Mrs Rose has decided to own her own autonomous vehicle.
Activity of the AV

The autonomous vehicle is used to get from home to work just as it was before. However now
Mrs Rose can get out of the van at the flower shop and send the AV to park itself (in order to save
parking fees Mrs Rose decides to use a parking space further away than the one she used before).

When orders need to be delivered Mrs Rose can ask the vehicle to come to the store or park
nearby in order to load it.

After it is loaded the AV can be sent to make the deliveries of flowers and Mrs Rose can remain in
the store - this saves some costs because it is now possible to reduce the need for assistance in
the flower shop (of course this has employment consequences - these are not directly related to
driving the vehicle). Unfortunately not all deliveries can be made using the AV because the
customer needs to be there to take the flowers from the vehicle when it arrives. In addition Mrs
Rose has had to have a modification made to the original AV because she has to be sure that
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customers can only access the flowers they have ordered and paid for. Therefore the vehicle now
has a system of small 'lockers' which has reduced its carrying capacity.

The need for a customised AV

Because of the limitation at the delivery point which used to be overcome by Mrs Rose getting out
of the van and making the delivery herself a new option for delivery has been created. This
enables the flowers to be left close to the customer at a nearby shop (or other facility) where
several orders can be received (by the pick up point staff). The flowers/plants can then be
collected by the customer later on that day or in the evening.

Some problems of customer service

Of course not all customers are happy with this service as they preferred the personal delivery
made by Mrs Rose and for some customers (several office buildings for example) she offered an
additional service when she would arrange the flowers in the relevant entrance areas of the office.

This question of customer service has worried Mrs Rose since it was an important part of her
business and she has now decided that she will continue to offer a delivery service where
someone goes with the AV. This has reduced the cost advantages of the AV but it has enabled Mrs
Rose to employ her student son during the long university vacation periods - although he does not
have a driving licence he is of course able to travel in the AV and make the delivery. During the
university term time Mrs Rose asks one of the shop assistants to make some deliveries in the AV
and this has been a success because the job is now more varied. In addition Mrs Rose has been
able to spend more time in the shop and has realised that it needs some re-design and could be
made more welcoming to customers.

After the AV has made the various delivery trips it does not return to the store but finds a parking
space and parks there until it is needed by Mrs Rose.

Use of the AV for the journey to work trip

When it is time to go home Mrs Rose calls the AV and travels home in it. Of course in times when
she is not at work she has found the AV useful for other activities. Some of these things she used
to do on her way to and from work (sometimes referred to as trip-chaining). Now this is no longer
necessary and the AV can be sent to collect her young daughter from after school activities
without Mrs Rose needing to go along as well. Naturally the locker boxes that have had to be
installed (for the delivery trips) need to be removed and this '‘pod' is then left at the flower shop
overnight.

Overall view of the change to an AV option

Overall Mrs Rose is pleased about the arrival of the AV option but she is a bit surprised that it has
not saved much money as she had been led to believe this was one of the key features of AVs. In
addition she has noticed that the AV travels almost 30% further than the van used to travel mainly
because of the parking distance and also because she no longer reduces travel by trip-chaining.

She was also a bit surprised about how difficult it was to obtain the locker pods for the delivery

service but this was because it appears that flower and plant deliveries are very specialised and
few businesses required this option.
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Appendix | — Transport Analysis Use case; “Kungsbac ka Family &
Eco Political”
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Appendix J — Input to GO:es
Lite input pa GO:es som jag kommer pa:

Forst nagra nyckelfragor som &r viktiga for att@®a utvecklingens riktning och
samhaéllseffekter:

« Undersoka vagkapacitetesutnyttjiande for sma autarjamfort med stora
autonoma fordon (och samtidigt jamfora deras paregd hur direkt man kan
resa och hur bekvamligheten ar for anvandarnapn®evaret pa vad som ar
effektivast beror pa storlek pa en stad, elleriwéaden transporten sker.

« Jamfora agande mot delade transporttjanster undavgerspektivet med
utgdngspunkt fran use-casen. Vad ar billigastnmyeket smidigare/krangligare
blir delade tjanster? Hur fungerar det i rusnirgfgtrmed eget fordon eller med
transporttjanst?

Nagra andra saker som jag tycker ar viktiga atlyaeea djupare, for de paverkar AD-
utvecklingen patagligt:

e Machine learning/ hur trdnas och certifieras mjukn& Vad bér man stélla for
krav pa en "tranad mjukvara” och hur kan OEM:erata\att de har en godkand
och saker l6sning? Maste en OEM dela data frandirekor med
konkurrenterna sa att deras bilar kan tranas pansesituation?

» utveckla automatisk lasthantering som éar tillragtkgienerella for 99,9% av allt
gods for olika typer av maskiner fran sma hushalfistar till Iangtradare och
sjofart/flyg.

» Leta synergier med robotutveckling for att undvéitedet sker parallell
utveckling dar bada systemen borde ha delade IganiKanske titta pa hur
motet robot/AD fordon fungerar.

Hej!
Forslag pa GO:es fran min sida:

GO Research/GO Home:
» Utveckla metoder for att méta och utvardera
« Anvandarstudier med personer som anvander tekmi&eiktigt
« Tafram metod som kalibrerar systemmodeller melp g data fran anvandarstudier
(t.ex. uppmatt tilltro och willingness to share)
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| ett projekt som inte &r stérre an detta ar/hait éa det ju forstas alltid nat som saknas, som
vi inte kan tacka. Har kommer nagra punkter eftavameflektioner fran den sista
workshopen.

- Det individualpsykologiska perspektivet. Hur haatdbrare/passagerare ett
system som kor sjalv? Hur bra ar vi pa att dvenatkaystem? Vad hander om
foraren griper in, vad gor fordonet da? Och vaditéta for effekter pa
sakerheten? Dessa fragor kan vi ju inte besvaE/iSSsom det &r nu men det
kan vara bra att fora en diskussion om detta raghporten om det finns
utrymme (och om vi tycker att det ar relevant). Blenbehover vi i
fortsattningen nagon person som har individualpkgdiek bakgrund? Detta kan
vi ta med oss till "Go research” och "Go demo”

- Ansdlange ar det svart att sia om hur ett ADesystommer att fungera och
fylla for funktion for manniskor och foretag efters det inte finns nagot
befintligt system att utvardera. P& den niva vidghar det diskuterats att det
inte handlar s& mycket om fordonen i sig, utanwiddmmer att géra med den
sparade tiden. Vad ar det for behov transportetadytla? Har skulle det vara
intressant att dra paralleller till andra innova@o som har integrerats i var
vardag, t.ex. internet, e-post och smartphonesgBidsanvandningsstudier
som SCB har genomfort har vi ju inte namnvart éndfea vanor vad géller de
grundlaggande behoven som sémn och mat under dsteed0 aren. Kan vi
anta att AD kommer att gora det? Detta &ar ockshdga vi kan ta med till "go
research”

Vi hors imorgon. Jag kommer som sagt att behdviavidr ett annat mote kl 14 som
efterféljs med avtackning av var generaldirektdnsslutar pa VTI vid arsskiftet.

Hej Else-Marie,
har kommer nagra spontana reflektioner:

Punkt 1. Du namnde svarigheten for deltagare attetd sig deras insikter hem. Det &r en
pedagogisk utmaning forstas, men kan man stotta tatbetssattet? Hur ger man
perspektiven vidare till nAgon annan? Jag tankgrpéverkansdiagrammen som ett mojligt
verktyg for att skapa narrativ som kan vara enklalgi meningsfulla att beratta vidare. Nu
spanar jag lite, men jag tror att pilarna emelkspektive ruta ar det som skapar “beréattelsen”
och mening fér andra.

Men paverkansdigarmmen &r ju bara en del av SErmride kan sékert finnas i de andra
delarna ocksa. Hur paketerar man resultaten pa battfér nagon som inte varit med i
resonemangen? Kanske borde detta goéras i slutetrgyworkshop for att skapa en tydlig

bild av vad dagens resultat blev.

Punkt 2.

Go Political: det vore intressant att se SEVSHiliés hos beslutsfattare som ett verktyg for
beslutsunderlag och forstaelse om effekter. Hatiked som anvandare av SEVS nagra
sarskilda behov?
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Go Home: Galler nog systemtank i allmanhet int@l&fEVS, att vi i vara projekt i m in

grupp pa Viktoria med stort anvandbarhetsfokusgdatiorde budgetera for en systemanalys.
Finns ocksa personer pa Viktoria som gor intressanalyser inom hallbarhet (miljo,
ekonomisk, social), och att tanka vidare vad somdB&med en ny teknik i nasta, och nasta,
och nasta steg (dvs en representation fran oliksppktiv :) ar viktigt. Ibland blir det for
mycket fokus pa utvardering av prylen/tekniken readyrupp av anvandare.

Go Demo: ar det mgjligt att validera SEVS, och étrmeningsfullt? Om vi gor en SEVS-
process med tex P-shuttle, sedan tittar hur det Bi&mmer analysen och fangade metodiken
upp relevanta saker? Eller ar omvarlden sa fordigdatt vi har svart att visionera om de

stora disruptiva forandringarna? (Sakert bade wem fangar upp en hel del och missar vissa
saker - fragan ar vad..)

Sma godspoddar eller underhallsmaskiner. Fungerat dilka relationer? Hur upplevs de av
manniskor? Vad hander nar de hamnar i gaturumnsetesnde sakerhet for gaende och
cyklister, trangsel, upplevelse, skador pa fastighendbler i gaturummet?

Kollektivtrafiken. Vilken betydelse skulle AD-teknfa for kollektivtrafiksystem? Finns det
kommersiella nyttor? Finns tekniken? For vilka fmmdtyper och trafikupplagg ar det
relevant? Vad hander med passagerarsakerhet? #Hadien?

Robotifieringen av samhallet, vad innebar den?dféade arbetstillfallen, viljan och féormagan
till kroppsarbete, social exkludering, inkomsteh aélfard?

Restidsnyttor? Betalningsviljan for restidsvindtar en stor betydelse i samhéllsekonomiska
kalkyler. Nar restiden ar dyrbar, dvs inte kan andas till nAgot annat &n forflyttning av
person eller vara, skattas den ocksa hogre av dawda Nar restiden kan dubbelutnyttjas for
andra andamal, tenderas betalningsviljan att mifi@ksnabbare framkomlighet. Vad hander
med betalningsviljan for framkomlighet pa vag onawfiorer kan géra annat, medan fordonet
transporterar sig?

Sambhallets kollektiva upplevelse av sjalvstyrarekaik och individens upplevelse av dito.
Hur tas tekniken emot? Som ett hot eller som duldgi foreteelse? Hur reagerar individer i
motet med autonoma fordon? Hur reagerar forare@dsant bade pa objektniva (mote
fordon-manniska) och systemniva (automation i ksyfstemet, i samhallet).

Vad hander avseende hastigheter och emissiongsfgnmiva? Mer an 50% av korda
kilometrar i Sverige sker 6ver lagstadgade hastagnénser. Hastigheterna paverkar flera
parametrar, bland annat trafiksakerhet, bullerspmigl, spridning av luftféroreningar,
energiforbrukning och framkomlighet. Om alla fordétjde hastighetsbegransningarna
skulle detta ha stor effekt inte bara pa trafiksii&eutan ocksa for energiférbrukning,
koldioxid- och andra luftutslapp samt antalet budleh vibrationsstérda i Sverige.

Cloud och samhallets roll. Ska olika fordonstilkare erbjuda olika kvalitet pa
trafikinformation? Hur organiseras ett gemensaoad?

Behover befintlig trafikinformation i gaturummetréindras? | sa fall hur? Behover
trafikinformation i kartor och annan open-data fiéas? Hur?

Vilka juridiska forutsattningar fungerar som driakier?

Vilka styrmedel behdvs for att autonom teknik skastbrsta moéjliga samhallsnytta? Nar
behover de inféras?

1. The regulatory feasibility of open-sourced aotoy software

Open-source software is an established paradigmhich software development is
undertaken by usually large groups of people (dgraknt communities, which typically
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interact only through the internet), and who ardivated solely by the prospect of using the
resulting software to simplify or enhance their caativities, or to provide these features to

the community. Due to the amount of people worlanghe same project, open-sourced
software has properties that differentiate it froommercially developed software, such as
fewer bugs, an increased rate of updates and Faéettefeatures that address better the needs
of the users. These advantages, along with no olgwent costs, have been harnessed for the
development of commercial software by using opairead software as a base. Salient
examples of this approach include Google's Chromeder (based on Chromium) and the
Red Hat Linux distributions (based on Fedora distions).

The social significance of open-source softwarestfom co-creation, where the final users
(or a subset of them) develop the software whiladsupported by a commercial vendor,
who supplies software development tools. In autopadhis introduces the democratization of
self-driving vehicles, potentially making this tedtogy accessible to more people and at the
same time introducing features that may be ovedddly the companies currently
developing autonomy software. However, this apgiqaesents some challenges, of which
the greatest one is perhaps the regulatory bamegexding safety. This is an especially
important concern, since open-source software doeasually undergo a formal, centralized
quality control/assurance procedure.

The legal feasibility of open source software watsaexploration, where a solution might be
government-funded quality assurance of open-saoftevare, along with updated
regulations regarding the testing and operaticsubdnomous vehicles. In fact, the subject of
a centralized control framework for autonomousidgyor the lack of said framework) arose
from one of the scenarios that we studied in tleeipus SEVS project. | think following this
line of inquiry is natural.

2. The enforcement of V2V (Vehicle-to-Vehicle) conmmications

There is a number of studies suggesting that velochehicle communication has a great
potential to increase safety by having vehiclegdioate their actions in complex situations,
such as crossing intersections, minimizing the chp&dhuman error (I can provide you a
reference to one such study, if you need it). Wosld require car software manufacturers to
agree on a protocol, which is unlikely to happeongganeously. Given that the governments
of some countries are already planning to banwdbhsoutdated technologies (such as fossil-
fueled motors) in the future, it is conceivabletitheey may ban cars without communication
technologies that can be demonstrated to makepiatasion safer - especially when this
technology can be retrofitted to current cars.

The participation of regulatory agencies in thigteracan affect the way software companies
develop their V2V software and can also guide #sgh and manufacture of the hardware
the supports it. Needless to say, it would haveeatgmpact on when this technology is made
accessible to the public, which in turn will likethange the way people drive their cars (such
as how much attention they will pay to the stregtde driving). This issue also arose from
one of the scenarios studied in SEVS, and | thimkay be of interest to pursue the idea
further.

---End Of Document ---
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