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APPENDIX1: FACTS

Facts that supports the choice to go for self-
driving cars:

1. Through our life we spend 38.000 hours behind a
steering wheel or in an automobile

2. 93% of the 1.2 million number of death world wide
due to road accidents are caused by human error.
This total cost worldwide is 1.2 trillion due to medical,
property damage and productivity

3.reduce time looking for parking place

4. double the current automotive market value

5. 99% of car brands consumer technology companies
as a catalyst of innovation

6. Americans sit around 50 minutes a day in a vehicle
driving

7. reduce CO2 emissions by 300 million tons per year
8. Introduce higher speed limits and make cars more
versatile

9. Self-driving cars will reduce traffic congestion

Facts that supports the choice to focus on

seats:

1. currently the average riders in any car ride around
the world is less than two, somewhere closer to 1.4

2. In a lot of cases, people misadjust their seat, which
could create significant long-term discomfort and even
injuries according to Faurecia

3. Seats typically contribute 6% of the car's mass

4. ].D. Power 2017 Seat Quality and Satisfaction Study
clearly provides convincing evidence that there is an
inverse relationship between consumer satisfaction
and the number of reported seat problems per 100
vehicles. Among the market segments examined, not
surprisingly, luxury cars and luxury SUV have the lowest
number of reported seat problems, and mass market
midsize cars and large SUV have the most problems in
seat design.

5. eighty percent of the time, the rear seats aren't in use
according to Hendriks, Yan Feng Interior designer.

Facts that explain the needs of the future

users (PwC report):

1.Auto tech intenders have acommon mindset, referred
to as ‘enthusiasts’ which make them the early adapters
(so not necessarily age-linked).

2.Automotive technology with the clearest practical
benefits have the broadest appeal.

3.More consumers are interested in ride sharing than
have so far adopted it.

4.A ‘personal autonomous vehicle’ may currently be a
consumer’s preferred transportation solution.
5.Consumers mentioned a partnership between
automotive and technology brands as being an ideal
auto tech offering. 61% wants to see an integration
between the car and their smartphone.

6.our cars may soon be seen as travelling computer
or entertainment centers, embedded with a myriad of
sensors and communication devices that transmit all
manner of information to and from our homes, our
phones and our other personal devices.

K&z

7.Currently, consumers are concerned  with
comprehensive vehicle tracking (74%), remote vehicle
shutdown (68%) and driver override system (67%)
8.More people are familiar with ride sharing (88%) vs
car sharing (70%). More people want to try ride sharing
vs. car sharing

9.72% say they would never rent their car to a stranger
10.Nearly all (95%) have heard of one of the terms used
to describe an autonomous vehicle. Mostly self-driving
cars.

11.66% tells that they are interested in trying an
autonomous vehicle, because this technology will make
it drive better than the average driver.

12.Safety is the major concern for the consumer. More
than 53% say they are scared of self-driving cars: 54%
say that autonomous cars are dangerous and 28% say
autonomous vehicles are susceptible to hacking.
13.According to consumers, the biggest advantages of
an autonomous vehicle are:

- better transportation for elderly (41%)

- it will be easier to take longer car trips (34%)

- fewer accidents (28%)

- more enjoyable travel in my vehicle (28%)

- ability to be more productive in my car (25%)

Audi’s 25th hour project facts:

1. A surrounding without distractions- blacked out
windows, optimized lights and no messages, create a
surrounding in which people can relax most and fulfill
their task best.

2.There are desired modes of spending time: productive
time for work, quality time with family and friends or
down time which is defined by watching movies or
playing a game.

3. Future car interior: very clean, digital and networked
4. Audi sees in-car-advertising as inevitable, so what
may be the most elegant way of integrating them.
(people find ads annoying).

5.The space within felt more like a space which was
designed for interpersonal communication that is more
a future living room than a future smartphone.

Facts about safety:

1.With current technology it is not possible to let users
rotate for 90 degrees because of the lack of airbags in
those positions in case of a crash

2.School buses don't have seatbelts because of
compartmentalization. The rear of each seat is higher
and of soft padding that functions as an airbag in case
of a crash plus generally, occupants sit higher than the
crash height which also helps.

Facts about seat adjustments:

1.According to Ford, the main reason to change the seat
position is vision, comfort, handling, safety and style.
2.According to Ford, occupants do not desire to have
the seat adjustment buttons on the seat but instead,
external.



APPENDIX2: TRENDS

Demographical trends

1.The UN predicts that by 2030, approximately 70% of
the world population, 4.9 billion people, will be living in
urban areas. It is expected that this rise of megacities
will have major effects on urbanite mobility and housing
patterns.

2.In 2030, most of developed countries are expected to
be hyper-aging society of which ratio of 65 years old or
older is 21% or more due to low birth rate and a rapidly
aging population. Because of this, future mobility will
take dynamic value of the elderly such as health, healing
and communication into account.

3.From a detailed analysis it becomes clear that dense
areas with a large, established vehicle base are best
fit for new mobility services i.e. cities and suburbs of
Europe and North America fit this profile.

Economical trends

1.Advances in networking technologies have reduced
the cost of sharing, lowering the bar for a “sharing
economy” and accelerating its adoption. This new
sharing economy, valuing economic rationality rather
than social status, has started to enter the mainstream;
goods are valued on their stories, experiences, and
other intangible values in this new shared society.
2.The annual growth rate of car sales will drop from 3.6
percent to around 2 percent by 2030. This drop will be
largely driven by car sharing and e-hailing. It is expected
that up to one out of ten new cars sold in 2030 may
likely be a shared vehicle.

3.In 2030, the share of electrified vehicles could range
from 10 percent to 50 percent of new-vehicle sales.

Political trends
1. The national Safety Council in the U.S. aims to reduce
traffic related fatalities to zero by 2050

Environmental trends

Social-cultural trends

1.Societal anxiety and chaos are being driven by
unrelenting technological evolution, causing such
as cyber terrorism/crime, class polarization, techno-
stress, and generational conflict to sharply increase. In
light of these pressures, consumers will demand spaces
and experiences that empathize and alleviate their
anxieties. Mobility as a healing medium will become
more important, no longer will it be simply a means of
transport; it's special value will drastically increase
2.Car brands like Porsche, Volvo, BMW, Hyundai and
Cadillac start to offer a ‘car subscription program’ which
let users have the flexibility to swap cars within the
brand whenever they want for a certain price.
3.Consumer’s new habit of using tailored solutions
for each purpose will lead to new segments of
specialize vehicles designed for very specific needs (like
commuting alone to work or taking the whole family to
the beach)

4.The importance of private-car ownership is declining:

in the United States, for example, the share of young
people (16 to 24 years) who hold a driver's license
dropped from 76 percent in 2000 to 71 percentin 2013,
while there has been over 30 percent annual growth in
car-sharing members in North America and Germany
over the last five years.

5.The product development and launch cycles of cars
have shortened (68% have a go-to-market under two
years) in order to meet the customers/users demand
and advances in technology.

Technological trends

1.Parts of the car interior will have multiple purposes
like smart windscreens that feature augmented reality
systems and provide information about real-time traffic
and weather forecasts.

2.It is expected that by 2020, 90 percent of new cars
will be connected to the internet, which will create a
demand for new consumer services and applications.
Examples are that paying for electricity will be done
through the cloud, occupants could be made aware of
local restaurants an attraction they might want to visit
in a new district.

3.Artificial Intelligence will be used more to anticipate
occupants needs, inspire their imaginations and
improve their lives. In the future, the vehicle learns
with the driver to build a relationship that is meaningful
and human. Furthermore, the Al can for example greet
passengers, scan personal condition of occupant, mimic
their driving by deep learning or measure emotions
that are mapped against where and when the driver is.
4.By 2023, all new cars could have V2V connection. This
is a connection between vehicles in which basic data
like speed, brake status, and heading is shared in order
to make vehicles adapt to each other better.

5.Later, V2X will be introduced. This is a communication
system between vehicles and all around them (like
traffic lights and smartphones of people on the street
or bike) which ensures a safer world.

6.Shared mobility solutions with shorter life cycles will
become more common, making consumers constantly
aware of technological advances, which will further
increase demand for upgradability of their cars.
7.Removable trim covers are another feature that
could become more common and used during car/ride
sharing. It could become personal and easy to change
for the occupants to fit their needs.

8.Use of sensors to learn more about the occupant’s
body size and shape and by looking at biometrics and
vital signs it can be recognized if occupants are drowsy
or stressed -> adapt system to it.

9.More effort is put into massage systems now
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APPENDIX4: CHARACTERISTICS

Personal vs. Public

An automotive interior is seen as personal when it
provides solutions which resemble the desires of the
individual occupant. Think about an Al which knows
what you want and adapts the interior accordingly to
it or a combination of the right seat set-up, materials,
and setting.

Focus on drive experience vs. cabin experience
The automotive interior of tomorrow may focus on
driving or on the cabin experience itself.

Practical vs. Non-Practical
An automotive interior is seen as practical when it
fulfills its functions up to a satisfied level.

Versatile vs. Limited

An automotive interior is described as versatile when it
does more than ‘only supporting’ the occupant during
seating. Examples are like additional room for luggage,
massage capabilities, providing information to the
occupant but also the ability to propose multiple modes
like work mode or relaxation mode.

Humanlike vs. Nonhuman

An automotive interior of the future may become too
robot-like and cause anxiety. This will result in a desire
to have a more humanlike interior.

Connected vs. Disconnected

An automotive interior that is connected, is capable
of getting information through the cars V2V/V2X
possibilities and the cloud.

Safe vs. Unsafe

All automotive interior, in production, need to be within
safety regulations but some may provide more, or at
least look like being safer.

Use of high-end materials vs. Cheap looking
Materials that provide a ‘premium’ look. With a new
interior, this does not necessarily need to be leather. It
is more about what the interior provides you when you
desire it. Think about materials that look premium, by
the right amount of detailing and that is not sensitive to
stains when having a party in the vehicle.

Multiple materials vs. Single material

The use of different materials provides a contrast within
the automotive interior which can either create a nice
balance or be overdesigned.

Comfort, by supporting different postures vs.
Discomfort

Providing comfort in an automotive interior happens by
implementing several options. One of it is the support
for different postures when commuting for a long time.
An extreme example is the possibility to change for
seating to laying down for relaxing.

Hygienic vs. Unhygienic
An automotive interior which is easily cleanable is
perceived as hygienic.

Flexibility in size & design vs. Fixed

An automotive interior is seen as flexible when it
provides the user to change the interior's size and
design to his likings. For example, the possibility to
easily add or remove a seat or to move the interior
around, while it is also easily upgradable over time or
the possibility to change things like the seat cover and
stiffness of cushioning.

Additional luxury

An automotive interior has the additional luxury if the
main function of it is strengthened by things like lumbar
support, massage systems, sensory adjustments, etc.

Complexity of production

An automotive interior could have different levels of
complexity regarding production, based on the material
use and connection between the parts.

.
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- = working iver posture s study passanger p : upright, standard, relaxed

. using Mobie device
- taking/discussing
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(Kilincsoy, U., Wagner, A. Figure 2. Research o Figure 6. Visualization of the results in RAMSIS: upright posture (lefi), standard posture (middle), relaxed posture (fight)
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2014)
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(Audi, 2018) e, '
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THE 25TH HOUR

Making phone call B
. Using PDA I
Working on laptop I
Talking

Writing I
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Reading from paper

Listening music I
Eating drinking

Other
(Groenesteijn, L., Hiemstra- } ! 1
van Mastrigt, S., Gallais, C., 0 5 10 15 20 25 30 9%
Blok, M., Kuijt-Evers, |., Vink,
P.2014) Figure 2. Distribution of activities (in percentages of total) based on frequencies of 786 short observations.
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Use Air To

Massage
system

Adapt to
range
difference
between
p5-p95

reduce weight (compared with
mechanical systems
make comfort personal by
memory systems

2R

Fig. 2. Three stages in the seat development of the light weight 3 >
with blankets to prevent that the subjects

seat: measuring the human contour (left), the CATIA 3d model
(middle), the scat shell with inflatable cushions (right).

Fig. 3. The test set up for

Adapt seat
unto ‘ideal’

Adaptable
modulair
car interior

With ride sharing, we can think of modulair car interior
that is adaptable to the situation of the user, for
example, alone vs. together and type of travel
(commute vs vacation).

amount of people sitting in a car
type while commuting or on
vacation

Objects that were used during

different scenarios

New headrest
with neck
support

head

10
A Literature
review of mobile
devices used in
ergonomic
seating settings ithin t|
as smell

11

Application of the
ideal pressure
distribution in an
automotive car sea

Study shows that c
based on the whole interac

arole in measuring comfort

Indepth influences of seat
surface and metal structure

shape

Smartphones were not only stored within the primary
reach of users like other valuables e.g. wallet or other CE
devices, but also within the primary field of vision. This
personal object was stored exclusibely upon the
passenger front seat, the middle console and cup
holders, but never on the floor or rear seats.

Table 2

Sear Maps Jacket/ Tablet Boule Supplies Hand-  Bug Laptop Smarcphone/ Sports_ Suits Shoes Umbrella
cou PC bag ok mobile_cquipment (we)
Seating Tl67% 83% 83% 00% 00% 00% 00% [83% O00%  00% 00% 00% 00%

Fraisah  24%  48%  00% [S3EVISSE 6% 63 US6E  00% 00% 00% 00%
Rarseas 0% [207% 006 5% 42 35%  49% (636 00%  BAGS6%00% 00%
Underthescas [125%| 00% [125%  00% 00% [25%| 00% 00% 00%  00% 00% 00% 00%
00% 00%  00% (63 00%250% I88E

005 00% 10 F0& T0% 0% 606 206 00% 206 00% 90 0%

passenger
Floorreardriver  00%  00% 00% 114% 1006 86% 1436 86%  00%  [57% 00%129% 29%
Floor, 00% 00% 00% 2506 219% 31% [125% 1% 00  00% 00%125% 3%

Table 3
Storage use cases of the door comparument

Tisues  Swnglawes  Wallt otk Keys

Door companment ___10.1% 02% 83% 83% 7%

Smartphons

Urnbrella (dry)
55% 55%

Table 4

Comersonsole Smorphone_Keys _ Wallet__Sun glasses _Tisues _Glasses _Gum/mints _Supplies _Botle
Centerconsole front X Ge%  23%  00%  08%
Comerconcole middle  148%  93%  130% 5% S6%  93%  14% 123

00%  00% [iLi%  00% _ 00% 00% 00 00% [4kd%

‘The places of these objects within
the car

and necksupport were
found

see the chair.

Sensitivity

Play with the sensitivity of the
human body and use different
softness of foams (or even
airbladders that create different
sofness) to remove discomfort.
Franz did this for example by
using different softness in the
headrest for the neck and head

Spnwe Sinless
Censte sewitve

| .

Fig. 3. Headrest with neck support in different positions.

Environment

ort i

his interaction, even stuff}
and vibrations could play

Fig. 2. The comfort model of Vink and Hallbeck [6].

BodyMap

Picture of seat surface

CAD of seat indicating

distribution withdiscomfort

has been made

discomfort

Dynamic
comfort

Static comfort vs. dynamic
comfort, so reducing physical
fatigue from static seating by

enabling passive posture
variation by passive
micro-movements (a variation in
seat pan angle between -1and +1
and a variation of backrest angle
between 0 and +1.5 seemed
plausible.)

Designing the seat for only a
‘ideal’ shape has no benefit when
the interaction is longer than 40

min.

e

Fig. 4. The discomfort pyramid of Bubb [20]
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APPENDIX6: PRELIM-SURVEY

Front page prelim-survey Rear page prelim-survey
Imagine that you are sitting in a seat of an future car that Personal . Durable
drives itself. This vehicle does not have a steering wheel or Sympathic
pedal and does not focus on the driving experience anymore Beautiful
but instead, lets the occupant(s) enjoy the time they spend Adaptable
within the cabin as they wish. Honest Functional
Which attributes of the interior of this cabin is important to Social Innovative
you as possible future user, during this scenario? Moveable Easy Multifunctional
Hygenic
Comfortable Emotional
@ Sustainable X
Reliable  Adjustable
Versatile
@ Supportive Soft Secure
Understandable Usable
@ . Safe
Flexible Long-lastin
Stylish g g
@ Relaxed Luxurious
Connected
Ergonomic
@ Detailed
Practical Smart Humane
@ Simple Convenient
@ Environmental-friendly Minimalistic

Results data

attributes Converted to statements
- Statements
comfortable, 18 hygenic 3 The seating position seems
ergonomic comfortable
safe, secure, 16 honest 2 The seating position looks safe
controllable The seating position seems pleasant
pleasant, relaxation, | 12 innovative 2 inuse . , ,
user friendly, simple The seating position is multifunctional
humane ’easy ' The seating position seems practical
— in the functions it proposes
muIt|func§|onaI, 10 moveable 2 The seating position is nicely
versatile adaptable to my needs
practical, convenient | 9 luxurious 1 the seating positions looks reliable
adaptable 8 freedom 1 The seating position looks
- aesthetically pleasing
reliable, durable 7 connected 1 The seating position has smart
beautiful,stylish, 6 private 1 options that | would use
luxurious The seating position seems to value
smart 6 flexible 1 being social N
<ocial c minimalistic ] The seating position gives the ability
. to feel disconnected from technology
environmental- 5 soft 1 The seating position respects my
friendly invididual space
spacious, accesible 4 innovative 1
personal 4 detailed 1
humane 1

Koz




Page 1/12

Designing a seating arrangement for a self-driving car

24/05/2018, 13:52

Designing a seating arrangement for a self-driving

car

Thanks for participating in this survey! With this survey, I've started my graduation thesis in which
1 will propose a ergonomic design of an interior within self-driving cars. The goal of this survey is
to find out what you, as future user, will desire of this interior. It does not matter if you do not make

use of a car as main transport, as long as you travel by car, train or bus so Have fun!

*Required

1. Q1. Name (optional)

2. Q2. Gender *
Tick all that apply.

[] male
[ | Female

@

Q3. What is your age? *
Mark only one oval.

() Under 18

() 18-24yearsold
() 25-34yearsold
() 35-44yearsold
() 45-54 years old
() 55-64yearsold

(") 65o0rolder

4. Q4. What is your current occupation? *
examples are student, accountant, researcher
or lawyer

Page 3/12

Designing a seating arrangement for a self-driving car

8. Q8. Currently (daily) takes me approxi H
Mark only one oval.
( ") 0. I do not make use of any form of travelling (car, bus or train)

() 15-30 minutes
(") 30-60 minutes
(_ ) 60-90 minutes

() more than 90 minutes

9. Q9. When | am currently commuting, it is mostly: *
Mark only one oval.
() Abone

() With 1 person

(") With more than 1 person

24/05/2018, 13:52

10. Q10. When | am commuting in an future self-driving car, | would like to spend my time

with (multiple answers are allowed): *

APPENDIX7: ONLINE SURVEY

Page 2/12

Designing a seating arrangement for a self-driving car

o

. Q5. What is your current household situation? *
Mark only one oval.

:‘ Single, living alone
:\'7 ) Single, living with family or friends
(") Married, no children

) Married, with one child

) Married, with two children

) Married, with more than two children

Statement Cards

24/05/2018, 13:52

COMMUTING means using a transportation vehicle to go from A to B. This could be a car, train or

bus.

6. Q6. Statement Cards *
Mark only one oval per row.

Completely  Mostly Slightly
disagree  disagree disagree Undecided

| value personal T ) ) C
space R — — — —
| am scared of
travelling in an (
future self-driving ~— — — —
car

| often want to
feel
disconnected
from technology
I would value
being social with N )
strangers when ) (D) N )
using ride

sharing

| value being - _ N
social with family (@D} C (@) @)
or friends

7. Q7. For the following modes of travel | would like to use: *
Tick all that apply.

Slightly Mostly Completely
agree  agree agree

Compact

Daily commuting L
Long distance

Sedan

L]
L]

Van Convertible Coupe

L]
L]

L
L]

L]
L]

suv Wagon

L]

Station  Sports

Car

L]
B

Vacation L u u J u

Page 4/12
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L]
N
HEE NN

24/05/2018, 13:52

12. Q12. How important are the following attributes in an self-driving future car? *

Mark only one oval per row.

Not Slightly Moderately
important  important Important

Comfort ) ) (
Safety D) —

Pleasant in use D)
Multifunctionality ) -
Practical in its functions ~ —— N —
it provides / / \

13. Q13. In the future when | am

commute mostly: *
Mark only one oval.

{'7] Alone
( 7; With 1 person, preferably family or friends
(i) with 1 person, possibly a stranger

( 7\ with more than 1 person, preferably family or friends

Very
Important important

in an future self-driving car | would prefer to

Tick all that apply.
() With more than 1 person, possibly strangers
By
By using my By socialising With . y . ’ .
With By  smartphone/tablet X with other I In this Ia_sl part, | would like to knov\_/ which seating a(rangemenl you would prefer during daily _
sleeping eating for reading or preparing people entertainment commuting. All concepts have multiple modes to satisfy occupants (and use new technology which

entertainment within the  Within the car makes it possible to put airbags and safety belts into the seats) and the idea is that you score them

car according to the statements below. There are 4 seating concepts.
Morning j —‘ r j

afternoon J J L J
evening j —‘ r j
night 0 O L] L]

11. Q11. Are there any other activities which you would do while commuting in a self-

driving car? (optional)
For example, exercise or just stare to the environment

]
L]
L]
L]

CONCEPT 1/4

4
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Concept 1:

Standard Mode For example, during ride Private mode
face to face sharing with friends rotated

For example, during ride

. sharing with strangers
Social Mode ® &
Totated

Page 7/12
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Concept 2:

Individual relaxation
Enjoy your own thing

Friends Mode
Talking freely

24/05/2018, 13:52

24/05/2018, 13:52
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14. Statements about concept 1: *
Mark only one oval per row.

24/05/2018, 13:52

Completely  Mostly Slightly Slightly Mostly Completely
Undecided a

disagree  disagree disagree

The seating
arrangement
seems
comfortable
The seating
arrangement
looks safe

The seating
arrangement
seems pleasant
in use

The seating
arrangement is
multifunctional
The seating
arrangement
seems practical
in the functions it
proposes

The seating
arrangement is
nicely adaptable
to my needs
The seating
arrangement has
smart options
that | would use
The seating
arrangement
respects my
invididual space

15. What score would you give to the overall concept? *
Mark only one oval.

Page 8/12
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16. Statements about concept 2: *
Mark only one oval per row.

gree

agree

agree

24/05/2018, 13:52

Completely  Mostly Slightly Undecided Slightly Mostly Completely

disagree  disagree disagree

The seating
arrangement
seems
comfortable
The seating
arrangement
looks safe

The seating
arrangement
seems pleasant
in use

The seating
arrangement is
multifunctional
The seating
arrangement
seems practical
in the functions it
proposes

The seating
arrangement is
nicely adaptable
to my needs
The seating
arrangement has
smart options
that | would use
The seating
arrangement
respects my
invididual space

17. What score would you give to the overall concept? *
Mark only one oval.

agree

agree

agree
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Concept 3:

Traditional mode

Page 9/12

Cinema Mode

Full relaxation
spacious luxury
Individual

front seats

Private
traditional

mode
rotated

Private mode
rotated

Page 11/12
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Concept 4:

Full relaxation
spacious luxury
face to face

Standard Mode

face to face

Full

relaxation
spacious luxury

24/05/2018, 13:52

24/05/2018, 13:52

Designing a seating arrangement for a self-driving car

18. Statements about concept 3:
Mark only one oval per row.

Completel
disagree

Page 10/12

y  Mostly  Slightly

24/05/2018, 13:52

htly Mostly Completely

disagree disagree

Undecided Slig
ag|

ree  agree

agree

The seating
arrangement
seems
comfortable
The seating
arrangement
looks safe

The seating
arrangement
seems pleasant
in use

The seating
arrangement is
multifunctional
The seating
arrangement
seems practical
in the functions it
proposes

The seating
arrangement is
nicely adaptable
to my needs
The seating
arrangement has
smart options
that | would use
The seating
arrangement
respects my
invididual space

19. What score would you give to the overall concept? *
Mark only one oval.

Page 12/12
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20. Statements about concept 4: *
Mark only one oval per row.

Completely
disagree

Mostly Slightly

" " Undecided
disagree disagree

The seating
arrangement
seems
comfortable
The seating
arrangement
looks safe

The seating
arrangement
seems pleasant
in use

The seating
arrangement is
multifunctional
The seating
arrangement
seems practical
in the functions it
proposes

The seating
arrangement is
nicely adaptable
to my needs
The seating
arrangement has
smart options
that | would use
The seating
arrangement
respects my
invididual space

21. What score would you give to the overall concept? *
Mark only one oval.

24/05/2018, 13:52

Slightly Mostly Completely
agree  agree agree

)
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APPENDIXS8 SURVEY A

Page 1/5

Survey A: Section A

Survey A: Section A

Thanks for participating in this survey! This survey will be used to score seating arrangements
that you make during this observation study. The goal of this survey is to find out what you, as
future user see as personal space within the proposed cabin.

1. Name (optional)

2. What is your age?
Mark only one oval.

() Under 18

() 18-24yearsold
() 25-34yearsold
() 35-44yearsold
() 45-54yearsold
(") 55-64years old
() 65o0rolder

3. What is your current household situation?
Mark only one oval.

ing with family or friends
(") Living with boyfriend or girlfriend
(") Married, no children

() Married, with one child

(") Married, with two children

(_> Married, with more than two children

4. What is your weight?

5. What is your height?

Page 3/5

Survey A: Section A

10. Scoring situation 4:
Mark only one oval per row.

Completely ~ Mostly  Shightly ;. oy

disagree  disagree disagree agree  agree
The seating
arrangement that
we decided on '/j /—) :—\ — o )
respects my — p— — — AN W

personal space

that | require

The seating

arrangement that /—) ~ e N Y
we decided on is I/D — C/ \:) C (-
comfortable

The seating

arrangement that — - ~ ~
we dsclded on (- - J (@) O O
feels safe

I would be able

to enjoy my

personal space

in this seating

arrangement C ) C ) ( D] <_)
even if there

were two more

occupants sitting

in the cabin

11. Scoring situation 5:
Mark only one oval per row.

Completely  Mostly Slightly -
disagree  disagree disagree Undecided agree  agree

The seating
arrangement that
we decided on
respects my
personal space
that | require

The seating
arrangement that |
we decided on is - - O () L
comfortable

The seating

arrangement that s IS ~— /7\ —
we d:fcided on O O ) J

feels safe

I would be able

to enjoy my

personal space

in this seating

ageren. (O (O O O O O
even if there

were two more

occupants sitting

in the cabin

0

o O O <

)
0

.

\

0
0

30/04/2018, 17:09

30/04/2018, 17:09

Slightly Mostly Completely

agree

-

Slightly Mostly Completely

agree

e
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Survey A: Section A

6. Statement Cards
Mark only one oval per row.

Completely  Mostly
disagree  disagree disagre

| feel comfortable

being alone with Is N
the other () - f—

participant

| experience

nausea while C - Y
commuting in — \7) L—
general

Survey A: Section B

7. Scoring situation 1:
Mark only one oval per row.

Completely  Mostly
disagree  disagree disagree

The seating

arrangement that

we decided on O — e
respects my — —) N—
personal space

that | require

The seating

arrangement that

we decided on is C)
comfortable

The seating

arrangement that s N
we decided on Q D C/
feels safe

| would be able

to enjoy my

personal space

in this seating
arrangement C
even if there

were two more
occupants sitting

in the cabin

v
M
N
I}
v

Shightly ;1 fecided
ee

O

(-

SHahtY ) decided

Slightty
agree

O

(N

Slightly
agree

O

\
J

C

Mostly
agree

Mostly
agree

30/04/2018, 17:09

Completely
agree

Completely
agree

e
)



Survey A: Section A

12. Scoring situation 6:
Mark only one oval p

The seating
arrangement that
we decided on
respects my
personal space
that | require
The seating
arrangement that
we decided on is
comfortable

The seating
arrangement that
we decided on
feels safe

| would be able
to enjoy my
personal space
in this seating
arrangement
even if there
were two more
occupants sitting
in the cabin

13. Scoring situation 7:

er row.

Completely  Mostly

disagree

-

Mark only one oval per row.

The seating
arrangement that
we decided on
respects my
personal space
that | require
The seating
arrangement that
we decided on is
comfortable

The seating
arrangement that
we decided on
feels safe

| would be able
to enjoy my
personal space
in this seating
arrangement
even if there
were two more
occupants sitting
in the cabin

Completely  Mostly

disagree

O

Page 4/5

Slightly

disagree disagree

(@)

-]

Slightly

disagree disagree

[

O

Undecided

O

Undecided

()

Slightly
agree

)

Slightly
agree

O

Mostly

agree

(@)

Mostly
agree

()

30/04/2018, 17:09

Completely
agree

-

Completely
agree

)

Survey A: Section A

8. Scoring situation 2:
Mark only one oval pe

The seating
arrangement that
we decided on
respects my
personal space
that | require
The seating
arrangement that
we decided on is
comfortable

The seating
arrangement that
we decided on
feels safe

| would be able
to enjoy my
personal space
in this seating
arrangement
even if there
were two more
‘occupants sitting
in the cabin

9. Scoring situation 3:

er row.

Completely  Mostly

disagree

(@)

Mark only one oval per row.

The seating
arrangement that
we decided on
respects my
personal space
that | require
The seating
arrangement that
we decided on is
comfortable

The seating
arrangement that
we decided on
feels safe

| would be able
to enjoy my
personal space
in this seating
arrangement
even if there
were two more
occupants sitting
in the cabin

Completely  Mostly

disagree

Page 5/5

Slightly

disagree disagree

(-

)

Slightly

disagree disagree

Undecided

O

Undecided

o O o O

o o o O

oo o O

o O o O

Slightly
agree

-

Slightly
agree

-

Mostly

agree

Mostly

agree

30/04/2018, 17:09

Completely
agree

)

Completely
agree

-

)



APPENDIX9: PROTOCOL

Materials check-up:

1. Twenty copies of Survey A

2. Forty copies of the consent form

3. GoPro with the battery pack. Make sure that the
battery is full, that there is enough memory and that
the recording starts before the first scenario.

4. Food & Drinks, Two books, A laptop, Atablet, Headset,
two pens, cushions

Give a short introduction to the project:

With the introduction of autonomous cars, the space
within these vehicles will drastically change. We as
users can now define how we would want to sit and
spend our time in it. Before doing in-depth researches
into optimizing comfort in the seating, we should look
into possible new seating positions that are possible
when all driving tasks happen by the car. Ride-sharing
is booming and you, as a future user, will surely make
use of this. So, imagine being with a friend sitting in this
car. How would you want to position the seats? You are
asked first to fill in Section A of Survey A and after it, we
will start with the observational study. In this study, you
can make use of the seats and position them as you
like. Here are 7 scenarios and we will do all of them.

In the first example, Participant A is asked to sleep
while Participant B should eat. Please position the seats
within the boundaries of the cabin. The main goal is to
place the seats while thinking of each other’s personal
space, comfort, and safety. so interact with each other
and come up with a solution in which you are both
satisfied. When satisfied, take a seat and start doing the
tasks that are described to you. After 20 seconds | will
ask you if you are satisfied as it is, if not, you can move
the seats around until you are both satisfied. When
satisfied, you can fill in Scenario 1 of Section B. In the
meantime, | will take the seats out so we can start with
the next scenario.

During this study, | will take a top view video which will
be used to analyze your seating positions. Please think
loudly and interact with each other. Thanks, and enjoy.

r’(ﬂ

Let them fill in Section A of survey A
Make sure that section A is filled in before continuing.

Propose the following scenarios:

(Start with one seat in a relaxed posture and one in
standard posture)

-sleep and eat

-private and sleep

-sleep and sleep

(change the standard posture to relaxed posture)
-eat and private

(change both seats to standard posture)
-socialize

-private and private

-eat and eat

Let them fill in the scenario questions in Section B
of survey A after each scenario



APPENDIX10: CONSENT FORM

Ivolunteerto participateinthis Experimental Exploratory My Signature
Study conducted by Onder Turgut (the Researcher) in My Printed Name
collaboration with Martur and TU Delft. | understand For further information, please contact:

that the study is designed to gather information about Prof. Dr. Peter, Vink

the future of automotive interior in self-driving cars. | Date
will be one of approximately 20 people that participate Signature of the Researcher
in this study.

1. My participation in this study is voluntary. |
understand that | will not be paid for my participation. |
may withdraw and discontinue participation at any time
without penalty. If | decline to participate or withdraw
from the study, no one on my campus will be told.

2. | understand that most participants will find the
study interesting and thought-provoking. If, however, |
feel uncomfortable in any way during the study, | have
the right to decline to answer any question or to end
the study.

3. Participation involves being observed by the
researcher. The study will last approximately 20-30
minutes. Notes will be written during the study. A video
of the study and subsequent dialogue will be recorded.
This video will only be used for educational purposes
and will not be shared with third parties unless noted
otherwise. If | don't want to be recorded, | will not be
able to participate in the study.

4.1 understand that the researcher will not identify me
by namein any reports using information obtained from
this study and that my confidentiality as a participant
in this study will remain secure. Subsequent uses of
records and data will be subject to standard data use
policies which protect the anonymity of individuals and
institutions.

5. | understand that this observational study has been
reviewed and approved by the Department of Design
Engineering at the faculty of Industrial Design, TU Delft.
For research problems or questions regarding subjects,
the researcher may be contacted through email:
reyberturgut@gmail.com

6.1 have read and understood the explanation provided
to me. | have had all my questions answered to my
satisfaction, and | voluntarily agree to participate in this
study.

7.1 have been given a copy of this consent form.

.
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Scoring scenario 1

group The seating layout the seating the seating I would be able to enjoy my personal
that we decided on layout that we arrangemenent space in this seating layout even if
respects my personal decided on is that we deicded there were two more occupants sitting
space that i require comfortable on feels safe in the cabin
1 5 6 6 4
6 6 6 5
2 6 6 6 5
7 7 7 4
3 7 7 7 7
7 7 6 6
4 6 6 6 6
7 7 7 7
5 7 7 7 5
7 6 7 6
6 6 7 6 3
7 3 3 5
7 6 6 4 3
5 5 6 3
8 7 7 6 6
7 7 7 7
9 6 6 4 3
6 6 6 5
6, 6,2 5944444444 5
Scoring scenario 2
group The seating layout the seating the seating I would be able to enjoy my personal
that we decided on layout that we arrangemenent space in this seating layout even if
respects my personal decided on is that we deicded there were two more occupants sitti
space that i require comfortable on feels safe in the cabin
1 5 5 5 3
6 6 6 6
2 6 6 6 5
6 7 7 7
3 7 7 7 7
7 6 7 6
4 7 5 4 3
7 6 6 5
5 7 7 7 6
7 7 7 3
6 7 7 6 3
5 5 3 2
7 6 6 5 2
6 6 6 5
8 7 7 7 7
7 7 7 7
9 7 6 6 7
6 6 6 7
6,444444444 6,222222222 6 5,055555556

APPENDIX12: SCORING ATTRIBUTES SURVEY A

4§



Al

Scoring scenario 3

group The seating layout the seating the seating I would be able to enjoy my personal
that we decided on layout that we arrangemenent space in this seating layout even if
respects my personal decided on is that we deicded there were two more occupants si
space that i require comfortable on feels safe in the cabin
1 6 6 6 3
5 4 6 5
2 7 7 7 7
7 7 7 4
3 7 7 6 3
7 7 7 4
4 7 7 5 3
5 5 5 4
5 6 7 7 6
7 7 7 6
6 7 7 5 1
7 6 5 1
7 7 7 7 6
6 6 6 5
8 7 6 6 5
6 6 7 3
9 6 6 7 3
6 6 6 3
6,444444444 6,333333333 6,222222222 4
Scoring scenario 4
group The seating layout the seating the seating I would be able to enjoy my personal
that we decided on layout that we arrangemenent space in this seating layout even if
respects my personal decided on is that we deicded there were two more occupants sitti
space that i require comfortable on feels safe in the cabin
1 6 5 6 6
6 6 6 6
2 7 7 7 3
7 7 7 6
3 7 7 7 7
7 7 7 7
4 7 7 7 7
7 6 5 3
5 7 7 7 4
7 7 6 2
6 7 7 6 5
6 7 5 7
7 5 3 2 2
6 6 6 5
8 7 7 7 7
7 7 7 7
9 6 7 5 3
6 6 6 6
6,555555556 6,444444444 6,055555556 5,166666667




Scoring scenario 5

group The seating layout the seating the seating I would be able to enjoy my personal
that we decided on layout that we arrangemenent space in this seating layout even if
respects my personal decided on is that we deicded there were two more occupants sitting

space that i require comfortable on feels safe in the cabin
1 6 5 6 5
6 6 6 5
2 7 7 6 6
7 7 6 7
3 7 7 7 7
7 7 7 7
4 5 7 3 7
7 6 7 2
5 7 7 7 3
6 6 4 2
6 7 7 6 1
7 7 7 1
7 6 6 5 3
6 6 6 3
8 7 7 7 7
7 6 7 7
9 7 7 6 6
7 7 7 7

6,611111111 6,555555556 6,11111M111 4777777778

Scoring scenario 6
group The seating layout the seating the seating I would be able to enjoy my personal
that we decided on layout that we arrangemenent space in this seating layout even if
respects my personal decided on is that we deicded there were two more occupants sitting

space that i require comfortable on feels safe in the cabin
1 6 6 6 3
7 6 6 6
2 7 7 7 5
7 7 7 6
3 7 7 7 7
7 7 7 7
4 7 7 7 7
6 4 3 3
5 7 6 7 6
7 7 6 2
6 7 7 7 2
5 5 3 2
7 7 6 7 7
6 6 6 6
8 7 7 7 7
4 7 7 7
9 7 7 5 5
6 7 5 5

6,5 6,444444444 6,111111M 5,166666667
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Scoring scenario 7

group The seating layout the seating the seating I would be able to enjoy my personal
that we decided on layout that we arrangemenent space in this seating layout even if
respects my personal decided on is that we deicded there were two more occupants si
space that i require comfortable on feels safe in the cabin
1 6 6 6 7
6 6 5 6
2 7 7 7 6
7 7 7 6
3 7 7 7 7
7 7 7 7
4 7 6 4 6
7 7 5 6
5 7 7 7 3
6 6 6 2
6 7 7 7 6
7 6 5 1
7 6 6 7 7
7 7 6 6
8 7 7 7 7
7 7 7 7
9 6 5 6 7
6 6 6 7
6,666666667 6,5 6,222222222 5777777778




APPENDIX13: SgRP COUPLE DISTANCES

seating position in
scenario 1

Digitally measured in Illustrator

SgRP Couple Distances

Correction at 500mm height

group 1 6,42 95,658 84,46397872
group 2 71 105,79 93,41031915
group 3 15,98 182,172 160,854
group 4 18,25 208,05 183,7037234
group 5 9,92 113,088 99,85429787
group 6 15,81 180,234 159,1427872
group 8 13,1 149,34 131,8640426
min 95,658 84,46397872
average 147,7617143 130,4704498
maximum 208,05 183,7037234

seating position in
scenario 2

tally measured in lllustrator

SgRP Couple Distances

Correction at 500mm height

group 3 17,47 199,158 175,8522766
group 4 19,7 218,538 192,9644043
group 5 208 237,12 209,3719149
group 7 23,05 262,77 232,0203191
min 199,158 175,8522766
average 229,3965 202,5522287
maximum 262,77 232,0203191

seating position in
scenario 3

Digitally measured in Illustrator

SgRP Couple Distances

Correction at 500mm height

group 1 9,48 141,252 124,7225106
group 4 8,72 99,408 87,77514894
group 7 27 307,8 271,7808511
. 87,77514894

mn 99,408
average 182,82 161,4261702
maximum 307,8 271,7808511

seating position in
scenario 4

tally measured in lllustrator

SgRP Couple Distances

Correction at 500mm height

group 1 9,25 137,825 121,6965426

group 2 9,4 140,06 123,67
group 3 13,01 148,314 130,9581064
group 6 1,12 126,768 111,9334468
group 8 110,7255319

n 125,4
o

min 125,4 110,7255319
average 135,6734 119,7967255
maximum 148,314 130,9581064
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seating position in
scenario 5

tally measured in lllustrator

SgRP Couple Distances

Correction at 500mm height

group 2 n7 174,33 153,9296809
group 3 2,71 247,494 218,5319362
group 4 19,72 224,808 198,5006809
group 5 21,94 250,116 220,8471064
group 6 25,59 291,726 257,5878511
min 174,33 153,9296809
average 237,6948 209,8794511
maximum 291,726 257,5878511

seating position in

scenario 6
Digitally measured in Illustrator SgRP Couple Distances Correction at 500mm height

group 5 20,45 233,13 205,8488298
group 6 25,92 295,488 260,909617
group 8 14,93 170,202 150,2847447
min 170,202 150,2847447
average 232,94 205,6810638
maximum 295,488 260,909617

seating position in
scenario 7

tally measured in lllustrator

SgRP Couple Distances

Correction at 500mm height

group 2 78 116,22 102,6197872
group 6 11,48 130,872 115,5571915
group 8 10,47 119,358 105,3905745

i 102,6197872

min 116,22
average 12215 107,8558511
maximum 130,872 115,5571915




APPENDIX14: SgRP COUPLE DISTANCES

XX | YY zz
A Bt | B2| C1 | C2|D1|D2|D3|D4|D5E|E2|E|E4|F | F2F|F|F |G |G]|G]| G4
A 0 3 2 2 3 1 2 0 2 3 1 4 5 4 3 1 2 3 3 5 1 1 2 53
B1 3 0 1 5 2 4 3 2 3 2 4 4 4 0 3 4 3 5 4 2 3 2 63 3 21
B2 2 0 3 2 2 4 2 2 3 2 4 5 2 3 2 4 3 3 4 2 1 2 57 4 14,25
al 2 1 3 0 1 3 2 1 2 1 3 5 3 2 2 3 2 4 3 1 1 1 46 3 15,33333333
c2 2 1 3 0 3 5 3 3 3 3 1 3 5 3 2 5 1 0 3 3 2 3 57 4 14,25
D1 1 2 2 1 3 0 X X X X 0 4 6 4 3 1 3 3 3 5 0 1 2 | 44 1 44
D2 2 4 4 3 5 X 0 X X X 3 6 8 6 5 3 0 5 5 7 3 3 4 76 1 76
D3 0 3 2 2 3 X X 0 X X 1 4 6 4 3 1 2 3 3 5 1 1 2 46 2 23
D4 2 2 2 1 3 X X X 0 X 2 4 6 2 2 1 5 3 3 6 2 1 2 49 1 49
D5 3 3 3 2 3 X X X X 0 3 3 5 4 3 2 4 1 3 4 3 2 2 53 1 53
E1 1 2 2 1 3 0 3 1 2 3 0 X X X 3 1 3 3 3 5 0 1 2 39 1 39
E2 4 4 4 3 1 4 6 4 4 3 X 0 X X 4 3 6 4 1 2 4 3 2 66 | 4 16,5
E3 5 4 5 5 3 6 8 6 6 5 X X 0 X 6 4 6 5 3 0 5 4 3 89 1 89
E4 4 4 2 3 1 4 6 4 2 4 X X X 0 2 1 5 3 3 6 2 1 2 59 1 59
F1 3 0 3 2 3 3 5 3 2 3 3 4 6 2 0 X X X X 4 2 2 2 52 2 26
F2 1 3 2 2 2 1 3 1 1 2 1 3 4 1 X 0 X X X 3 1 1 1 33 2 16,5
F3 2 4 4 3 5 3 0 2 5 4 3 6 6 5 X X 0 X X 7 3 3 4 69 1 69
F4 3 3 3 2 1 3 5 3 3 1 3 4 5 3 X X X 0 X 4 3 2 2 53 1 53
F5 3 5 3 4 0 3 5 3 3 3 3 1 3 3 X X X X 0 3 3 2 3 53 1 53
G1 5 4 4 3 3 5 7 5 6 4 5 2 0 6 4 3 7 4 3 0 X X X | 80 2 40
G2 1 2 2 1 3 0 3 1 2 3 0 4 5 2 2 1 3 3 3 X 0 X X 41 2 20,5
G3 1 3 1 1 2 1 3 1 1 2 1 3 4 1 2 1 3 2 2 X X 0 X 35 1 35
G4 2 2 2 1 3 2 4 2 2 2 2 2 3 2 2 1 4 2 3 X X X 0 | 43 1 43

Table 5 The number of steps to go from any seating layout made by the participating group to any other seating layout. To find out which letter-
combination is which seating layout, have a look at figure 9. XX=the sum of steps for that seating layout, YY= The amount of time this seating layout

was chosen, ZZ= the resulting score, less is better.
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APPENDIX15:QUOTES FROM CONVERSATIONS

Group 1:

Scenario 1:

1. When eating she does not want to face someone
face to face, so instead decide to sit next to her.

2. Prefer to have foldable table while eating.

3. Want to sleep on her side and this is not
currently really possible.

Scenario 2:

1. While being private, she wants to enjoy the view
and not distract the other occupant that is sleeping and
at the same time she does not want to block the view
for the other occupant.

2. She wants to avoid the window area and sleep
in a dark space.
3. She wants a curtain to divide the occupants. This

gives her a feeling that she is more safe and relaxed.

Scenario 3:

1. Normally she is used to sleep next to each
other, but opposite is also okay in this case.

2. One occupant mentions that she does not want
to sleep backwards because she may get car sick.

3. Sleeping opposite is compared to Chinese
dormitory.

Scenario 4:

1. When spending time private, she wants to work
Scenario 5:

1. After seating they notice that it's a little too far
for socializing.

Scenario 6:

1. While being both private, they would like to see
the view

outside.

Scenario 7:

1. They would like to have a conversation while

eating and having a table. Like during dinner.

Group 2:

Scenario 1:
1. “I do not notice a lot of my surroundings when |
sleep so it is okay”
2. “When | eat it does not really matter how | sit”
Scenario 2:
1. “When | really feel sleepy, | want to have some

personal space for myself”

Scenario 3:

1. “Let’s swivel a little bit so we can look outside”
2. “Before sleep we could watch each other”

3. “When we sleep behind each other we really
have space for ourselves”

Scenario 4:

1. “I'm going to sit in the front, so you do not look

at me while | eat”

R

2. “When | sit in the car | prefer the right side. Oh,
| always prefer the left side.”

3. “Maybe | should sit a little bit more to the back.
It will be safer probably this way. Oh well!”

Scenario 5:

4, “Should we sit opposite to each other or next

to each other? | think when we sit next to each other
you really need to turn your head, and this will not be
comfortable if you do it for an hour. So, let's sit opposite
to each other, next to the window. [after placing the
seats] It looks a little far, so we should come closer to
each other.”

5. “When we sit next to the window, it's easier to
look outside compared to sitting in the middle. Plus, it's
easier this way, if you had two more occupants.”

Scenario 6:
1. “I think that | would like to swivel it like how my
boyfriend has done it."

Scenario 7:

1. “When we both eat, we should not be totally
opposite to each other, but next to each other and
swivel toward each other. Then you have space for
yourself, but you can be together.”

2. “Oh, but this way we could not really look
outside so maybe we should just sit straight so we can
enjoy the view outside while we eat.”

Group 3:

Scenario 1:

1. “Can you sit a little bit in the front because you
will be eating, and | will be sleeping?”

Scenario 2:

1. “When | want to be alone, | do not want to see
him. The only thing that | want to see is the road and my
phone.”

Scenario 3:
1. “Should we sit like this, we will have a lot of
space and will be looking to each other while sleeping.”

Scenario 4:
1. “I'm going to sit in the back and you can be
alone and do your thing."

Scenario 5:

1. “Shall we sit opposite to each other or next to
each other? Let's try to sit next to each other, oh no,
forget about that. | will get neck pain in that position.”

Scenario 6:

1. “Let's sit opposite to each other with the
backrest against each other. This way we will have more
space and can really be alone.”

Scenario 7:
1. “Can we talk and eat? Yes, like how you want.”
2. “When | eat, | want to enjoy the view, so | will sit



in the front. This way Il can look at things.”

3. “l do not want to see you eat.”

Group 4:

Scenario 1:

1. “| want to look outside when | eat.”

2. “I need space for my legs when | sleep.”
Scenario 2:

1. “[longitudinal seating position] In this position |

get carsick, so the best is to sit facing the front.”

Scenario 3:

1. “When | sleep like this, you would sit there. It
feels quite good to sleep in this position.”

Scenario 4:

1. “l do not really care how she sits, as long as | can
eat.”

Scenario 5:

1. “Are you going to sit like that? We should sit

opposite to each other. Of course not! We normally
always sit like this. But this is not a normal car.”

2. “Iwhen seating opposite] You should sit to the
left, then we will have more space, so that other people
can sit there. Let's sit to one side.”

Scenario 6:
1. “I do not want to swivel the seat, because | will
not have the view. The A-pilar will be in my way.”

Scenario 7:
1. “You aren't going to eat like that. | need to be
next to you. Or wait, let’s sit like this, this is quite fancy.”

Group 5:

Scenario 1:

1. “I'm going to sit next to him while eating. Oh,
as long as you do not make any noise while eating, it's
okay.”

2. “I'm fine with him sitting next to me, as long as |

have space for my legs.”

Scenario 2:

1. “Do you want to look at me while I'm sleeping?
| do not want you to do that. | do not feel comfortable
like that.”

2. “You do not want me to look at your phone,
right? While you are doing private stuff.”

Scenario 3:

1. “Let sit in the rear and just chill down. Or wait
maybe it's better to move to the front a little in case that
someone will hit us from the rear.”

2. “I will stay in the rear. | just feel comfortable like
this.”

Scenario 4:

1. “Iwhen sitting opposite to each other] Oh wait,

he wants to be alone? Let me turn the seat so that he

will have the space he wants.”

Scenario 5 [use for presentation]:

1. “Iwhen sitting next to each other] Oh, you want
to sit next to each other? When | socialize, | need to look
you in your eyes!”

2. “l do not trust the technology! | need to watch
the road.”

3. “Iwhen sitting next to each other] But if we are
like this, we will get pain in our neck at some point.”

4, “Iwhen sitting opposite to each other] To be
honest, | do not like it to look him in the face the whole
time

5. “lopposite to each other swiveled] this is chill,
because you do not need to look at each other but you
still feel like socializing.”

Scenario 6:
1. “Itis a little bit cold like this, but it respects being
private.”

Scenario 7:
1. “When we are eating we should talk. Let's sit like
during socializing.”

2. “We should maybe sit a little closer, in case that
we want to give something to each other.”

Group 6:

Scenario 1:

1. “Iwhile sitting opposite] | do not like to sit like
this, because of nausea. So, | want to sit next to my
brother.”

2. “Iwhen sitting next to each other] We need to
change this. There is a lot of room and | do not want to
hear her eat so she needs to move forward a little or
something should block the sound.”

Scenario 2:

1. [When one occupant is sleeping longitudinal]
sleeping like this feels strange? Why, while we take a
long road you always sleep like this?”

2. “When I'm private | want to either play on my
phone or look outside and occasionally | will look at
you sleep. Normally this is strange, but because it's my
brother, I'm okay with it.”

3. “When | sit like this, | have the feeling that |
make use of all the space around me and that just feels
relaxed.”

Scenario 3:

1. “If you get disturbed by me making sound while
we sleep, | should move forward a little.”

2. “| like to sleep in the rear, its more relaxing
somehow.”

3. “This gives me a feeling like we are sleeping in
a bunk bed. We are not too far removed and get the

space that we need.” a
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4, “Imagine people outside seeing me while | am
sleeping. Oh, do not worry about that, you can use
opaque windows or curtains to block that.”

Scenario 4:

1. “Because we know each other, | don't mind
eating next to you, plus we are family, so | probably
have asked you if you want to eat also.”

2. “If you were eating while | was sleeping, | would
get annoyed but because I'm awake and probably
listening to music on my phone, it's okay.”

Scenario 5:

1. “Normally (while eating, sleeping or being
private) | would not like to sit opposite but during
socializing it is okay.”

2. “[while sitting opposite] If you feel that you need
your own space for your legs | could move to the left.”
3. “Socializing is really looking each other in the
face.”

4, “You can make sound while you sleep. Do not

worry nobody sees you.”

Scenario 6:

1. “When | sit forward, | still need some leg room
for myself.”

2. “This is like sleeping. When you sleep, you are
also alone.”

3. “When I'm being private, | occasionally want to
look outside.”

4, “During socializing | want to also watch outside
occasionally.”

5. “While being private, | do not even need to see
you."”

Scenario 7:

1. “l want to sit next to you because, | want to look

forward while eating. We can imagine a table between
us. | do not want to sit opposite while eating.”

Group 7:

Scenario 1:

1. “l do not want to look at you when | wake up
and | see you eating.”

2. “l do not want to be opposite to each other
when we sleep. | do not want to be looked at while
sleeping.”

3. “Let’s sit like this, it feels like sunbathing. But
somehow this feels less save.”

Scenario 2:

1. “When I'm not sleeping, | don't mind being

opposite to another person.”

Scenario 3:

1. “[opposite to each other] When I'm sleeping, we
should both swivel a little so that we don't face each
other.”

Scenario 4:
/
Scenario 5:

k11

1. “We should sit diagonal so that we have more
space.”
2. “We should sit a little closer to each other so

that others do not hear our conversations.”

Scenario 6:

1. “When we are both being private, we should
just both take the outer corner of the vehicle.”
Scenario 7:

1. “We should just be opposite to each other while
we eat.”
2. “When we eat we should not be so close to each

other as during socializing because of the sounds we
make.”

Group 8:

Scenario 1:

1. “It's good like this. | do not see her face while
sleeping.”

Scenario 2:

1. “When | sleep, | like to sleep against a wall (in a
corner).”

2. “I need a curtain that makes the places dark, so
| can sleep.”

Scenario 3:

1. [sitting longitudinal] When seating, during
brakes I will shake all ways.”

2. “When | sleep, | need my personal space. | need
to be alone.”

3. “l do not even see you. Don't worry, you can
sleep.”

Scenario 4:

1. “Oh, now we are sitting in the front and | can
enjoy the view.”

2. “If he was eating something that makes a lot of
sound, | would like him to sit far at the back.”

Scenario 5:

1. “Iwhen seating opposite] would you like to have

a conversation like this? No, we should move forward
and in a more upright angle.”

2. “[swivel next to each other facing forward] We
should swivel the seats, so we can enjoy the view at the
same time.”

Scenario 6:
/

Scenario 7:
1. “When we eat | shouldn't sit in front of you, we
should be close to each other and talk.”

Group 9:

Scenario 1:

1. “Sleeping must be in the rear.”

2. “When | sleep | want to face forward: The way

the car drives.”



3. “l want to sleep inwards, and | do not want to
see you eat.”

Scenario 2:

1. “l want the seat to move gently while | sleep to
give a massage-like feeling.”

2. “I do not want to sit diagonally, while being
private.”

Scenario 3:

1. “l do not want to look at you while | sleep, and |

do not want to sit next to you because it feels to close. |
want a capsule that close me from you.”

2. “I' will not fall asleep as long as he is looking at
me."

3. “I will never sleep if | am with a stranger.”

4, “Iwhen sleeping opposite to each other] Lets

rotate so we will see each other less.”

Scenario 4:

1. “I will never just only eat, instead while eating
| watch a movie or do something else.” Why are you
always in a corner? | do not know, | like it like this.

Scenario 5:

1. “Let's sit next to each other without seeing
others face.”

2. “l want a table in the middle and just game.”
Scenario 6:

1. “Let's not see each other but at the same time

the seats should not touch each other.”

Scenario 7:
1. “We always eat together.”

L



The following assumptions
are made:

1. The shared autonomous car is
used between 06:00-24:00

2. The average commute time in
the future is still around 50 minutes
3. The car is constantly in use with
10 minutes pick-up break

4. All possible seating layouts are
used maximally once during the
specific daytime

5. The figure (right) and table
(beneath) are used to count the
amount of possible seating layout
during the specific daytime

With sleeping

[ By eating

By using a smartphone/tablet for
reading or entertainment

By preparing work
By socialising with other people in the car

B with entertainment in the car

APPENDIX16:EXPECTED USE CYCLE MECHANISM

Ways of spending time during daily commute in a shared autonomous car
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Morning Afternoon Evening Night
Part of the day

Activity & activity Participant 1:

Participant 2:

Scenario 1: sleep & eat Sleep (relaxed posture)

Eat (standard posture)

Scenario 2: private & Sleep Private (standard posture)

Sleep (relaxed posture)

Scenario 3: sleep & sleep Sleep (relaxed posture)

Sleep (relaxed posture)

Scenario 4: eat & private Eat (standard posture)

Private (standard posture)

Scenario 5: socialize & socialize Socialize (standard posture)

Socialize (standard posture)

Scenario 6: private & private Private (standard posture)

Private (standard posture)

Scenario 7: eat & eat Eat (standard posture)

Eat (standard posture)

Result

daytime time use Amount of uses | possible seat-
ing layout
(amount)
morning 06:00-12:00 full use =10 6 1,2,3,4,6,7(6)
minutes break
afternoon 12:00-16:00 full use =10 4 4,5,6,7, work,
minutes break entertainment in
car (6)
evening 16:00-19:00 fulluse =10 3 4,5, 6,7, enter-
minutes break tainment in car
(5)
night 19:00-24:00 fulluse =10 5 1,2,3,45,6,7, 4
minutes break occ, entertain-
ment in car (9)
total 18 26

2220660 use
cycles

expected use cycle per dynamic
seat

(Total amount of
users) * (To-

tal amount of
possible seating
layouts) * 13
years (Solopcms,
216)

R11




APPENDIX172PROGRAM OF REQUIMENTS

The seating mechanism:

Requirements:

1. The seating mechanism should provide lateral-
and rotational movements, which make all seating
modes possible for the dynamic seats and reduce neck
rotation during socializing.

2. The seating mechanism should provide enough
stability against the vibrations that are caused during
driving.

3. The seating mechanism should withhold normal
forces up to 1500N

4. The seating mechanism should be controlled by
the occupants with their smartphones or tablets

5. The seating mechanism should only change
modes when the vehicle is not or minimally
accelerating (highway-only).

6. The seating mechanism should have a lock feature
that disables the seat from moving lateral or rotational
(for example by an occupant moves on the seat) when
it is not required.

7. These lock features should withstand the forces
that are generated during a car crash.

8. The seating mechanism should not reduce
freedom of movement (of the legs) of occupants

9. The seating mechanism should accelerate with

a maximum acceleration of 0.5m/s/s and move not
faster than Tm/s to ensure a pleasant movement
(Rollon, Sander Gears, ATBautomation, 2018)

10. The seating mechanism should move the seats in
a smart way without colliding occupants.

11. The seating mechanism is expected to work for
13 years with yearly maintenance (Solopcms, 2016).
For one day it is expected that the seating mechanism
changes approximately 468 times between modes.
This accounts for a life cycle of approximately
2.200.000 cycles (see appendix 16).

Wishes:

1. The seating mechanism should function as simple
as possible

2. The seating mechanism should be as light as
possible.

3. The seating mechanism should not be viewable by
the occupants.

The dynamic seats:

Requirements:

1. The seats should be able to provide the standard
and relax postures

2. The chair height of the seats should be adjustable
between (230mm-378mm) (Dined, 2018) so that P5
Dutch children (8 years old) and P95 Dutch Male
20-years old can all sit within these postures while
having foot support

3. The dynamic seats should support side-ways
sleeping.

4. [alternative] The dynamic seats should have
adjustable foot support to compromise for the chair
height difference between P5 Dutch children (8 years
old) and P95 Dutch Male 20 years old males.

5. The dynamic seats should be made of robust
materials that function properly while being used by
dozens of different occupants.

6. The dynamic seats should fit all occupants
between P5 Dutch children (8 years old) and P95 Dutch
Male 20 years old males.

7. The dynamic seats should have a seat belt that is
implemented into the seats.

8. The dynamic seats should have options that
provide extra comfort like a massage by moving air
bladders, lumbar support, various foam hardness, etc.
9. The dynamic seats should have armrest support
10. The dynamic seats should have a foldable table
11. The dynamic seats should use materials that
have good resistance towards flammability, uv, tear,
fluids, dirt, and wear. Examples are polyester and
acrylic fibers.

Secondary seats:

Requirements:

1. The seating pan of the secondary seats should be
foldable into the backrest to save space.

2. The seating pan of the secondary seats should
withhold normal forces up to 1500N

3. The secondary seats should fit all occupants
between P5 Dutch children (8 years old) and P95 Dutch
Male 20 years old males.

4. The secondary seats should use materials that
have good resistance towards fluids, dirt, and wear

The cabin

Requirements:

1. [alternative] The DLO should start at a minimum
of 750mm and cover up until a height of 1300mm. (eye
height 8 years old children + 20 years old male)

2. There should be room somewhere within the
cabin for smartphone(s), coat(s), umbrella(s), bag(s),
bottle(s), wallet(s), sunglass(es), and tablet(s)

3. There should be a foldable table that can be used
during eating and socializing

4. The DLO should either have opaque window
possibilities or curtains that give occupants the feeling
of having privacy from outside, especially during sleep.
5. The cabin should use suicide door similar to the
BMW i3, which makes easy ingress possible

6. The cabin should have corners that give the
occupants the feeling that they are covered while
sleeping

Wishes:

1. The styling of the cabin should resemble BMW's
interior design, which is made of dynamic, fluid forms
and resemble a perfect harmony of lively yet calm
design (BMW, 2012).

2. The styling of the cabin should at the same time
provide an atmosphere that makes it feel like your
second living room.

3. The styling of the cabin should provide a feeling to
the occupants that feels personal

4. The styling of the cabin should provide a feeling
that it is safe

5. The styling of the cabin should provide the luxury
in materials and details that above-average income car

enthusiasts may have



APPENDIX18:ADDITIONAL REQUIREMENTS

Seating mechanism

1. The seating mechanism should exist out of
sliders, rails, a non-elastic rack with teeth, a connection
platform, electronics (including batteries) & motors
and a connection to the swivel prototype made by
Martur

2. The sliders should have wheels that are tightly
placed around the rails providing a locking system in
case of a side collision

3. These wheels should have bearings in them,
which make it possible for the wheels to follow a
curved rail

4, The sliders should have a maximum speed of
1m/s on the outer rail

5. The rails should have a 4-points contact shape
(similar to an I-beam) which divides the forces caused
by the sliders, minimizing slip.

6. The outer rail should have an offset of 400mm
to accommodate for the width of the dynamic seats.

7. The inner rail should have a radius of 120mm
on the curved corners

8. The outer rails should have a dimension of
around 2260mm * 1325mm

9. The rack should have teeth that have the same

module, pressure angle, depth and thickness as the
gear that is found on the shaft of the motor.

10. The rack should be a solid non-elastic shape,
which ensures that the connected platform is following
the same path as the rails.

11. The rack should be in-between both rails
(offset around 200mm).

12. The connection platform should have multiple
servo-motors at the middle that are connected to the
rack

13. The connection platform should have M6
screws which connect the sliders unto the platform
14, The connection platform should be at least

emm thick (when carbon steel is used) to ensure a safe
FOS of 3 (SAE, 1966) with a normal force of 1500N on
it (seat + occupant).

16. The connection platform should leave space
for the batteries
17. The connecting parts should make use

of standard industry material used for high load
applications (Aluminium 2040 alloy for example)

18. The DC Motor should have atleast 250W power
and an invertor

19. The thickness of the sheet metal should be
minimalized to save weight and space

R
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APPENDIX20:PLACEMENT OF ITEMS

Socialize:

Amount of participants that
mentioned it

- no strong desire for plants (2/5) 2outof5
- carpet in the middle (4/5) 4 out of 5
-table next to seat (3/5) 3outof5
-table in the middle (3/5) 3outof5
-tables always used to put drinks away (bottle, coffee) (5/5) and some- 2outof5
times for tablets or the necessary stuff (2/5)

-phone should be kept either far away, or in the pocket during socializing | 4 out of 5
(4/5)

- stuff like bags, jackets and umbrellas are kept out of view (4/5) 4 out of 5
- electronics (tablets, tv) are used as additional option during socializing |4 out of 5
when occupants do not desire to look outside or to each other or when

they just want to hear something on the background (4/5).

- The tv is in the opposite direction to the windows (3/5) 3outof5
- The necessary things and shoes are also sometimes placed at the en- 3outof5
trance of the vehicle (3/5)

- cushions are used to make the conversations more comfortable (3/5) 3outof5
Eat:

- long table in front of the occupants (4/5) for food and bottles 4 out of 5
- Tvis placed at the front of the vehicle (5/5) 5 out of 5
- Occasionally, plants were placed next to the TV (2/5) 2 outof5
- Surround sound (speakers in every corner) seems important while 2 outof5
eating (2/5)

- carpet in the middle (4/5) 4 out of 5
- bags are hold close by in case that something is necessary for the occu- |2 out of 5
pant (2/5).

- otherwise, big luggage is hold behind the TV ((2/5) or behind the occu- |3 outof5
pants (3/5)

- the phone is kept away in the pocket (3/5) or in a table far away (2/5) 2 outof5
- a fridge for drinks is mentioned (2/5) 2outof5
Sleep:

- a night table is used (4/5) 4 out of 5
- carpet in the middle (3/5) 3outof5
- The necessary things are hold on the night table (3/5) 3outof5
- luggage is kept behind the occupant (4/5) or in front of the occupant 4 out of 5
(1/5)

- entertainment like digital content or books are in reach to the occupant |4 out of 5
(4/5)

- surround sound system is used as distraction (2/5) 2outof5
- plants are next to the occupants (1/5) 1 outof5
- blankets are mentioned (2/5) 2outof5
- phone is kept on the night table instead of pocket (4/5) 4 outof 5
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APPENDIX21:MARTUR SEAT UNDERLAY

Production Models BMW

7

Concept Models BMW
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