














function creates a more spacious interior and enhances the outside view. The seat back of the
sofa may be tilted around a y axis which folds it into a plane surface that can be used for other

interior features (Figure 45 and Figure 46).

The fixed position of the sofa gives leads to a more ways to use the area beneath the seat, as
adjustment features is no longer needed. In this concept, this area is used to create two drawers,

enhancing storage space in the vehicle (Figure 45).

Figure 45: Final concept with folded sofa in the front of the vehicle. Two drawers are located beneath the sofa cushions.
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Figure 46: Illustration of how a foldable sofa could lead to enhanced outside view and interior space.

7.2. Human simulation and dimensioning

Dimensioning the final concept, the seat of the SAAB 9-3 from 2012 (attachment 1) was once
again used as a template. Human simulation in the Siemens Jack software indicated that the
seat was too big for Chinese users, as the seat cushion gave pressure on the back of the knee
which is not a favourable ergonomic preference (0). Therefore, the seat was shortened in x
direction. Looking at anthropometric data in Jack, there is a big difference in weight and length
between Chinese and American citizens (ANSUR anthropometric data). The Chinese are both
shorter and lighter which indicates that the seats aimed for this market segment could be

smaller.

As women are generally smaller and lighter than men, simulants were programmed to be of
95th percentile man and 5th percentile woman in both size and weight, rendering the following

anthropometric data:

Digital simulants Weight [kg] Length [cm]
95th percentile Chinese man 75 177,5

5th percentile Chinese woman 42 148

95" percentile American man 101 187

05™ percentile American woman | 51 153
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The simulation shows, if only two passengers are travelling (Figure 47), that interior space and

outside view is greatly enhanced compared to a trip with four passengers (Figure 48).

© OLA BENGTSSON 2017

Figure 48: Human simulation with two 95th percentile men and two 5th percentile women, all four Chinese. The front sofa is
unfolded.

If four people travels together, the simulation shows that there is enough space for the
passengers to stretch their legs in x direction, but they would need to share the space in y

direction (Figure 49).
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Figure 49: Top view of human simulation with four passengers.
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7.3. Seat frame

Defined in 4.6, an aluminium frame was the most sustainable material alternative. Looking at
the reference aluminium frame in Error! Reference source not found. it is designed as a
complete seat bucket shell with punched patterns. This concept has used that as reference and
is also based on an aluminium bucket shell. This shape has similarities with the plastic ABS
cover described in (2.3) which have the potential of eliminating these kinds of plastic

components.

Large parts of the aluminium shell are visible, and therefore need a more aesthetic touch.
Because of that, the shell has been given a more rounded shape completed by curved ambient

LED lighting making the space beneath the seat more visible (Figure 50).

© OLA BENGTSSON 2017

Figure 50: The back seats

The back seats are placed against the back wall of the interior space, and has no adjustment
features in x direction. This because foot space is already maximized in this position. Because
of this formation, some areas of the seat will hardly be visible. The back of the seat back for
example, turned against the wall, no user will probably pay attention to its design. Therefore,
this area could be used for features that are usually hidden, it may be mechanical components
or a punched pattern that reduces weight (Figure 51). This opportunity could also be used to

make servicing easier, like having replaceable components more available in the back.
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Figure 51: Back seats from behind. The green colours indicate areas that could be used for patterns.

Areas like these are also located on the bottom front the seat frame. The space beneath the seat
cushion, between the two frame edges of the seat base (Figure 52), could also be used for
functional features that needs to be hidden. The front of the seat base could on the other hand
be used to expose a design feature, it is suggested that the NEVS logotype is shown there.
(Figure 52).
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Figure 52: Back seat bottom. Green colours indicate areas that could be used for functional features. The NEVS logotype is
suggested to be applied on the lower frame front.

7.4. Seat cushions

The seat cushion is inflatable, with the purpose of providing an ergonomic adjusted pressure
considering body weight of the user (Figure 53). An inflatable lumbar support (Figure 53),
in combination with a slightly backward tilt of the seat cushion, reduces peak pressure points
and vibrational damages on the body (0). The seat cushion is flat in its surface, this because
the user should be able to change pressure points by changing position — letting go of the

steering wheel and pedals give this opportunity.

Side bolsters in the seat cushion are high and wide, giving both stability and armrest. Side
bolsters in the seat back are only present in the bottom half of the seat back, this in favour of

outside view.

Head rest is integrated behind the seat cover, and may be inflated like the lumbar support
(Figure 53) to give stability to the user’s neck — increasing comfort and reducing risk of

motion sickness (see paragraph 4.2.7).
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Figure 53: Inflatable cushion support. Headrest and lumbar support may be extended in x, seat cushion may be hardened in z
direction. The image to the right illustrates an extended head rest.

7.5. Seat cover

Seat covers are not analysed in this project, but it is suggested that it is sustainable,
replaceable, made of a strong material that endures wear and tear as it may be shared among

many people (4.2.10).

7.6. Seat belts

Defined in chapter 2.7, the risk travelling in an autonomous vehicle will probably be much
higher than riding with a train or an airplane. Three-point seat belts are therefore applied in
the seats both in front and back. Eliminating the tilting functions around z and x, the seat

belt may be attached in the floor behind the passenger or in the floor (Figure 54).
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Figure 54: Person belted with a three point seat belt in the back seat. Belt is attached in the wall behind the passenger.

In the front sofa, three point belts are attached in the frame of the sofa (Figure 55).

=
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Figure 55: Person belted with a three-point seat belt in the front sofa. Belt is attached in the frame of the sofa.
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7.7. Intelligent presets

Defined in 4.7, customization is of most importance. In this concept, the seat knows the user
and adjusts after his or her preferences. Using a personal key, a cell phone app for example,
for the car when it comes to pick the user up, it adjusts according to relevant factors like;

adjustments the user have done before, time of day or mood (Figure 56).

”Welcome, Danny!
I've prepared a
seat for you”.

\\\\
| |

BENGTSSON 2017
/ |

Figure 56: The seat knows the user, and prepares a seat for him/her.
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7.8. Conclusion of final concept

To get a wider understanding of how this concept would stimulate its user, it was analysed
according to the full specification of requirements (4.6) in a Pugh evaluation matrix (Figure 57,
method further explained in 3.10). The requirements are compared with the reference solution
(Volvo XC90 chapter, 2.3) except requirement 3.5 that is based on the dimensioning of a SAAB
9-3 seat (attachment 1).

Looking at this evaluation the new concept has advantages compared to the reference seat (2.3)
in both ergonomic and user needs aspects. It performs better in 12/20 of the user needs
requirements many of which may be derived to the new seat arrangement and the foldable sofa.
One interesting finding here is that stability, which was a prioritized feature, was not presumed
to be increased in the new concept. Modern car seats today give stability to its users through
bolsters, which is a function integrated in this new concept. The tilting functions described
would probably enhance stability even further, but should probably be integrated in the car
platform as there are negative side effects having relative movement between the seats and the

car interior.

The other three prioritized requirements, provide green status, customization and
spaciousness/clear outside view, all have obvious advantages in the new concept. Using an
aluminium frame and eliminating redundant plastic components enhances green status. Folding
the seat back of the sofa and pushing the furniture against the opposite walls stimulates
customization and spaciousness/clear outside view. The foldability and simplicity of the sofa
also give potential of extra storage space and surfaces for entertainment or other activities.
Depending on how a working position is defined, it is hard to draw any conclusions whether

that has been enhanced in this concept.

The concept seat is suggested to be better in some of the ergonomic aspects. Risk of motion
sickness is an important factor that is reduced by enhanced outside view and minimized need
for backward glancing as passengers now are facing each other. Digital human simulations
dimensioned according to Chinese anthropometrics showed that the early concept seat cushion
dimensioned according to the SAAB 9-3 (attachment 1) had such length that it would lead to
an extensive clash on the distal half of the thigh of a 05" percentile Chinese woman. As this

concept was later shortened in x direction, pressure on distal half of thigh was reduced. Having
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increased leg room extensively, that will also contribute to a more ergonomic pleasing situation

as seating positions may be adjusted in a greater extent.

In the dimensional aspect, the final concept only provides seats for four people, as the reference
provides five seats. The concept seat cushion is however slightly shorter in x direction

compared to the reference, which relieves interior space.

No.  Description Weight Ref. = New =
1. General user needs
1.1. | Express safety 3 0 010 0
1.2. | Provide fixed seat (when needed) 4 0 0 (0 0
1.3. | Provide working position 6 0 010 0
1.4. | Provide outside view 6 0 0 |+ 6
1.5. | Provide entertainment position 6 0 0 |+ 6
1.6. | Support relaxing/sleeping position 5 0 0 |+ 5
1.7. | Support active position 6 0 0 |+ 6
1.8. | Provide a social environment 5 0 0 |+ 5
1.9. | Provide convenience 4 0 0 |+ 4
1.10. | Provide personal expression 4 0 0 |+ 4
1.11. | Provide eating position 5 0 010 0
1.12. | Provide drinking position 3 0 010 0
1.13. | Provide customization 6 0 0 |+ 6
1.14. | Provide leather seats 4 0 0|0 0
1.15. | Minimize servicing 5 0 0 |+ 5
1.16. | Provide heat 5 0 010 0
1.17. | Avoid light coloured seat material 5 0 0 |+ 5
1.18. | Provide green status 6 0 0 |+ 6
1.19. | Express trendiness 4 0 010 0
1.20. | Provide storage 5 0 0 |+ 5
Net worth, user needs 0 0 12+ |63
2. Dimensional constraints
2.1. | Provide seats for a minimum of 3 |5 0 0 |- -5
people
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2.2. | Fit inside defined width 4 0 010 0
2.3. | Fitinside defined height 4 0 010 0
2.4. | Fitinside defined length 4 0 0 |+ 4
Net worth, dimensional constraints 0 0 10 -1
3. Ergonomics 0 0
3.1. | Provide stability 7 0 010 0
3.2. | Provide spaciousness 6 0 0 |+ 6
3.3. | Support head 5 0 0|0 0
3.4. | Minimize glancing backwards 4 0 0 |+ 4
3.5. | Minimize pressure on distal half of | 5 0 0 |+ 5
thigh
3.6. | Support ischial tuberosity 5 0 0|0 0
3.7. | Support back 5 0 0|0 0
3.8. | Provide lumbar support 5 0 0|0 0
3.9. | Provide change of pressure by user | 5 0 0 [+ 5
movement
Total, ergonomics 0 0 |4 20
TOTAL, ALL CATEGORIES 0 0 |16 82

Figure 57: Evaluation matrix of the reference seat and the new concept seat. Green colours indicate where the new solution is

defined to perform better than the reference solution, and red cell indicate where it has performed worse.

Summarizing this evaluation, the final seat concept has great potential of enhancing fulfilment

of presumed user needs in future autonomous vehicles, focusing on outside view,

spaciousness, green status and customization.
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8. DISCUSSION

The discussion chapter of this report is twofold; initially the results and conclusions from the
pre-study will be discussed, followed by the results and conclusions from the conceptualizing

phase.

8.1. Discussion of pre-study results

A modern car seat is very complex product, with a wide list of requirements to fulfil. The user
takes many functions for granted, simultaneously as the production cost must be minimized and
material strength maximized - with every single gram of weight calculated carefully. As
autonomous vehicles enter the market, this complex list of problems will elongate, as the car
interior becomes more than just a car interior — now it will be a living room, bed room, an office
or a private cinema — all at the same time. Therefore, this research naturally has its gaps, because

if all these aspects would be taken in account, no progressive ideas would have been generated.

This project focused on user needs, because that will probably be the major driving force of the
development of autonomous vehicle seats at the expense of driving experience and
performance. A finding that may be key in the user needs analysis, is that several functions are
able to contribute to more than just one need, which is crucial as the list of specific needs may
be too diverse to fulfil individually. Customization, stability and spaciousness are all features
that affects many areas of user needs like ergonomics, motion sickness, the need for different
activities, working and socializing to mention a few, and because of that, they should have high

priority.

Another important finding is that needs differ a lot between different groups of people,
especially when it comes to the opinion towards autonomous vehicles in general, but also for
specific activities. According to the polls performed to the wider public, not many would work
in an autonomous vehicle, while in the more niche interviews, that was the most probable
activity. This may be a key issue for the car manufacturers, how to develop a product that

requires mass production, but has such a diverse range of user requirements.

If this pre-study was to be developed further, it would be relevant to analyse the user needs
further, but maybe more focused on market segments that are the most probable to be the first

users — suggesting early adopters in Chinese mega cities. Another relevant area of research
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would have been implementation of aluminium seat buckets in private cars as the eco-audit of
this research show that it has a lot of potential in the area. The eco-audit can also be performed
in a more specific manner, as the audit in this research handled relevant material groups in
general with typical amounts and methods of recycling. The eco-audit could also be extended

to other relevant components, like ABS plastic or PUR foam that are common in the products.

8.2. Discussion of the generated seat concept

The new seat arrangement is the key feature in the final concept. It is basically a standard seat
arrangement flipped horizontally, where the back seats become priority seats. The word driver
seat does not even exist in these cars and that is a big change considering that the design of
these products has been more or less the same recent decades. This concept shows that, the most
relevant thing would be to put the extra effort in the back seats instead, enhancing
spaciousness/outside view and making several materials and adjustment features redundant as

the seats now are in ideal position with their backs against the front and back wall.

Analysing how other car manufacturers have approached autonomous vehicles, many have
clearly focused on new seat arrangements, which also have been prioritized in this research.
Some manufacturers, exemplified by BMW, presents innovative solutions for interface
technology that probably will affect several areas of interior design. Looking at their
holographic display solution, that could a future technology that would be compatible with the

intelligent seat concept (7.7) generated in this project.

Implementation of seat belts has high impact on the seat design. If the seats are to be flexible
in various directions and angles, the belts need to be integrated in the seat frames. This leads to
increased weight in the seat as it requires a tougher frame in the event of a collision. Because
of that, adjustment features were avoided as much as possible, without making the seat

uncomfortable or too static.

There are features in the generated concept seat that may be relevant in today’s seats as well.
One of those is that the seat frame could be used as a visible design element, eliminating plastic
that contributes to extra weight and negative effect on the environment. Using aluminium is
also a feature that could be implemented today, especially in electric cars as it is both lighter
and better in a sustainable perspective. It is more expensive compared to steel, but as some car

manufacturers focuses a lot on carbon fibre components as the lightweight material of the
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future, which is also more expensive, aluminium is a much more sustainable alternative

according to the eco-audit.

One aspect that has not been investigated, is the function of the airbag. Having a face-to-face
seat arrangement requires new thinking about this safety feature, as there is no longer an object
in front of the passengers where the airbag could be mounted. The ceiling, floor and side walls

could be possible areas for this function instead.

In the final concept, tilting function around x and z-axis were eliminated because of probable
weight and sustainability reasons. Whether it is installed in the vehicle platform or in the seat,
the feature should be further discussed nonetheless. It has both high potential of increasing
stability and comfort for the passenger, and just like the trains with this technology, the potential

of maintaining a higher speed in curves it increases traffic flow hence a lower risk of congestion.
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Attachments

Attachment 1: Drawing of a modern car seat

The following drawing describes a driver seat of a SAAB 9-3 that was in production until 2012.
It was part of the platform Epsilon that was developed in cooperation with GM. The drawing is
made by the author based on a CAD model provided by NEVS. The image is adjusted to A4,
resulting in an inaccurate scale in this document.
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Attachment 2: Other concept solutions

Relevant concepts from other car manufacturers have been analysed with the PNI-method. This

method categorizes feedback in positive (+), negative (-) and interesting (I).
2.1. Volvo §90 excellence lounge console concept

In this concept, the front passenger seat is removed, and instead a multifunctional console is

installed.

+ Comfortable - Maximum of only 3 passengers I: Focusing on luxury
+ Productive - Sensitive colours

+ Spacious

+ Prestigious

+ Compact

+ Seat stability

+ Feels safe

Figure 58. Volvo S90 Excellence console concept (http://teknikensvarld.se/volvo-visar-s90-excellence-med-lounge-console-

288994/)
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2.2. Nio Eve

Nio is an American startup who recently showcased the supercar Eve. It has an asymmetric seat
arrangement with one permanent seat turned backward and one foldable seat that also could be

used as leg support.

+ Spacious - Requires large dimensions I: Cost 1 million $
+ Productive - Seats has thin side cushions

+ Social - Stability

+ Large passenger capacity

+ Flexibility

Figure 59: Nio Eve (Theverge.com)
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2.3. Local motors Olli

Olli is a vehicle designed to be shared among many users. The manufacturer is Local motors.
The vehicle is supposedly meant to drive at slow speeds and over short distances — Local motors
exemplify the use of the vehicle like it could “...transport students across campus efficiently”

(Localmotors.com, 2017).

Figure 60: Local motors Olli (Local motors.com)

+ Spacious - Requires height I: This may be good at slower speed
+ Supports standing - No head support and shorter journeys

+ Social - Not very stable seat

+ Outside view - Sensitive colours

- Does not feel safe

91



2.4. BMW interior concept from CES 2017

BMW showed off an interior where the four seats had a lot of interesting functions. Head rest
had built in speakers. The seat could monitor its user’s heartbeat and helps its him/her make
decisions based on that information. Controlling the front display were holographic, which
meant that the seat does not have to be near it while interacting. In the back, touchscreens are
integrated in the armrest. Holographic displays are further described here:

Wired.co.uk (2017-01-04) Holographic screens are coming to cars, courtesy of BMW, by

Heathman, Amelia, retrieved 2017-05-16 at http://www.wired.co.uk/article/bmw-holiactive-

touch-system-ces

Figure 61: BMW interior concept (https://www.cnet.com/roadshow/news/bmws-ces-sculpture-forecasts-our-in-car-future-ces-

2017))

+ Spacious - Sensitive colours I: Head rest mounted in roof
+ Outside view - Flexibility

+ Productive position

+ Stability

+ Intelligent
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2.5. Mercedes F015

Mercedes luxurious autonomous concept FO15 has an interior filled with exclusive materials
like nappa leather and walnut. It is supposed to reflect Mercedes style of ““...modern luxury,

emotion and intelligence” Referens.

| —

Figure 62: Mercedes FO015 (https://www.mercedes-benz.com/en/mercedes-benz/innovation/research-vehicle-f-015-luxury-in-
motion/)

+ Spacious - Sensitive colours I: Seats has an interesting mix of classic
+ Prestigious - Expensive car seat and a lounge chair

+ Productive position - Requires large dimensions

+ Stability

+ Flexible

+ Intelligent

+ Calm
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2.6. Lexus kinetic seat

This seat is supposed to follow the movement of the user while in motion. The seat and the back
rest can rotate in the direction of the vehicle which “...helps stabilize head movement caused
by vehicle motion, keeping the field of vision steady”. The environmental friendly spider web-

like back rest (*QMONOS™ material developed by Spiber Inc.) is supposed to give customized

support to the user.

Figure 63: Lexus Kinetic Seat (https://www.lexus-int.com/press-room/lexus-kinetic-seat-concept-world-premiere-at-the-2016-
paris-motor-show)

+ Spacious - Sensitive colours I: Could this be a solution for stability

+ Unique look - Head rest seems thin in curves and acceleration?
+ Productive position - Requires large dimensions

+ Stable

+ Organic material

+ Insensitive colours
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2.7. Tesla Concept Model X 2013

Tesla has become one of the most influential actors on the car market today. This model is

chosen in the benchmark mainly because of its simple seat attachments in the middle row.

A

Figure 64: Tesla Model
(https://www.a2macl.com/AutoShowsNew/autoshow.asp?service=1&sourceid=230&levellid=0#photos| DE13Car207|0)

+ Spacious - Messy look I: Middle seats’ attachment in floor
+ Feels safe - Mixed colours is very simplistic
+ Productive position - Requires large dimensions

+ Stability

+ Flexible

X

95



2.1. Hyundai mobility vision concept

In this concept, Hyundai uses the car as an extension room of the home. This may reflect the

needs of the crowded mega cities in Asia.

Figure 65: Hyundai mobility vision (https://www.cnet.com/roadshow/pictures/hyundai-mobility-vision-concept-joins-the-
home-and-car-into-one-ces-2017/4/)

+ Spacious - Hospital look I: Extension of home
+ Comfortable - Mixed colours
+ Productive position - Insensitive colours

+ Stability

+ Flexible
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