


FIXED FOLDING SEATING:

REDUCING WHEELCHAIR SPACE OBSTRUCTION

Fixed folding seating at the rear of the
wheelchair space was also incorporated in to
the inclusive SAV design to maximise seated
occupancy when a wheelchair user is not on-
board.

The low-profile seat design folds forwards
from the rear of the wheelchair space, in-
creasing its length and providing a fixed up-
right surface to back the wheelchair against
and mount the UDIG wheelchair restraint ap-
paratus.

Discussions with WU2 around the use of the
wheelchair space by other passengers led
to the concept of folding seating that is de-
signed in a way that demonstrates the prior-
ity of the space for use by wheelchair users.
Some wheelchair spaces on public transport
vehicles achieve this (whether intentionally
or not) through folding seating that is less
comfortable than other available seats e.g.
seats that folds down from upright to give an
uncomfortable 90° seat back angle. As SAVs
are much smaller than these public transport
vehicles, folding seating in the wheelchair

Wheelchair space folding seating in
folded and unfolded positions

space makes up a larger proportion of the
available seating and is more likely to be re-
quired by seated passengers. This increased
utilisation makes discouraging the use of the
folding seats by reducing comfort unviable.

Instead, the folding seating in this SAV de-
sign aims to reduce unnecessary occupation
of the seating through design cues intended
to ‘nudge’ passengers to choose other seats.
The seats are designed to blend in with other
interior surfaces when in their default folded
position, indicating that the use of the space
for seating is a secondary function and that
wheelchair users have priority. The additional
effort of folding the seat down may also serve
to direct passengers to other, more immedi-
ately accessible seats. For pre-booked SAV
journeys, where it is known that a wheelchair
user will be boarding, a simple electron-
ic locking mechanism could also be used to
fix the seats in their folded position and seat
reservation features could also be designed
to only allow the reservation of these seats if
all other seats are occupied.
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INTERIOR LAYOUT -
SOCIALISING AND
COMMUNICATION

Several inclusive design considerations indi-
cate a need for a degree of choice and variety
in seating orientation and location relative
to other passengers, allowing choices which
might create more private or more social
journeys.

The need for layouts which allow for socialis-
ing and communication with travelling com-
panions were suggested by disabled people
with impairments that might dictate their po-
sition in the vehicle or the position of those
that they may wish to communicate with.

When testing within a mixed reality SAV en-
vironment, a wheelchair user (WU1) initially
chose a seating position on the rear offside
of the vehicle, selected according to his de-
sire to sit in-line with a travelling compan-
ion. However, further testing of this position
determined that the wheelchair space would
need to be positioned in front of the back row
of seats due to the wheelhouse location and
any passenger sitting on the remaining avail-
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able seat would be behind WU1, making con-
versation challenging. Discussed solutions to
this included designing the passenger seat to
move forwards to align with the wheelchair
user or having folding seating in front of the
wheelchair space- leading to the reversible
seating design discussed previously.

The importance of seating layout in allow-
ing for communication was also noted in a
workshop with a hearing impaired partici-
pant, where facing seating was seen to aid
non-verbal communication through British
Sign Language (BSL) and lip reading.

In the inclusive SAV design, the option for fac-
ing seating configurations is provided by the
reversible folding seating. The adaptability
provided by this seating allows for the con-
figuration of two seating areas: a front area
with 3 rear facing seats and up to 2 forward
facing seats, and a middle seating area with a
forward facing wheelchair space or 2 forward
facing seats, and up to 2 rear facing seats.



SAV layout maximising
cargo/ standing space.

SAV layout for wheelchair
user facing a travelling
companion in a reversible
seat.

SAV layout maximising
forward-facing seating.
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INTERIOR LAYOUT -
PRIVACY AND SECURITY

Issues of security when sharing the vehicle with strangers were a key concern of workshop par-
ticipants- particularly women. Several discussions focused on how the layout and positioning of
seating and dividing elements of the interior space might improve passengers’ perceptions of

security.

SEATING LAYOUT AND DIVISION

Dividing the entire interior space into dif-
ferent sections was suggested by workshop
participants to provide a greater sense of
security when sharing an interior space with
strangers. In the workshops, various degrees
of whole-vehicle division were discussed.

Although offering the most complete division,
full height, opaque dividers such as screens
or curtains were not favoured among partici-
pants as they reduced visibility of other pas-
sengers. Instead, mid-height, transparent or
semi-transparent dividers were suggested to
allow for passengers to experience a degree
of separation from other passengers while
retaining the ability to see, anticipate, and re-
spond to negative passenger behaviours. The
use of angled mirrors inside the vehicle was
also suggested as a potential means of im-
proving visibility of other passengers inside
the vehicle.

In the concept inclusive SAV, a divider sepa-
rates reversible seating from the aisle space.
A dividing screen is also positioned above the
fixed folding seating, providing a division be-
tween the back row of seats and the rest of
the vehicle. This divider is made from trans-
lucent material to provide a degree of privacy
while retaining visibility of other passengers’
movements.
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As floor-to-ceiling division cannot be in-
corporated in the location of the reversible
seating (due to the movement of the seats) it
has been assumed that the seats themselves
might serve to provide a degree of division
separating the front section of the vehicle
from the central, wheelchair space section.

In virtual reality co-design workshops con-
ducted with groups of women, a vehicle lay-
out design was demonstrated with a central
seating unit dividing the vehicle into two
halves, each with 5 seats facing each other.
This facing seating layout, while allowing for
complete interior division, increased the po-
tential for eye contact between passengers
which made some women feel uncomforta-
ble.

“l think | prefer not to face people be-
cause then that’s the least eye contact.
Less eye contact means you feel slightly
safer.”

The design of the inclusive SAV seating lay-
out, may address these feelings of discom-
fort by maximising the number of available
forward facing seats and affording a degree
of choice in seating position by using the re-
versible seating.



Whole-vehicle dividers: translucent divider and

luggage rack above folding seating (left), reversible
seating and luggage rack (right)
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AT-SEAT DIVISION

As well as whole-vehicle division providing a
general sense of separation between passen-
gers in different parts of the vehicle, more lo-
calised at-seat division was also considered
to be beneficial in improving security.

Participants discussed how armrests would
provide suitable separation between pas-
sengers but suggested that they should be
designed to fill the entire space between the
armrest and the seat to reduce the poten-
tial for contact between adjacent passengers.
Existing experiences of armrests in shared
transport contexts raised concerns about
the potential for conflict arising from shared
armrests between seats.

Head-height screens were also suggested to
improve feelings of security by separating
adjacent passengers and received positive
feedback when tested by women in the VR
vehicle. Participants stressed that these di-
viders should be retractable to allow for con-
versation when travelling with friends.

A fan shaped retractable divider with a fold-
ing armrest was presented to participants in
the second focused workshops. This design
was viewed positively by participants with
one sharing:
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“[Being] separated from the other peo-
ple. It helps, if it's complete strangers
around you, to feel in your own space.
There’s other people facing you but
they’re pretty far and the ones super
close you don’t see so then there’s no
eye contact so maybe it’s more comfort-
able.”

One suggested improvement to this design in
the second focused workshops was to extend
the divider to meet the armrest, removing
any open gaps between passengers. Partici-
pants also discussed the need for individual
dividers for each seat to reduce any potential
conflicts about their position between adja-
cent passengers, providing individuals with
choice and control over their own security.

In the concept inclusive SAV interior, arm-
rests and fixed dividers are used to separate
the seating at either end of the vehicle with
retractable textile dividers used to provide
configurable, complete division between
these seats. The folding seating does not in-
corporate the same degree of division due to
the movement of these seats but the distance
between these seats may serve to improve
security by providing a degree of separation.

Selection of
early at-seat
division ideation
sketches.




Retractable textile divider
between seats at front and
rear of vehicle.

Front and rear seat design
with dividers and armrests
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INTERIOR GUIDANCE

& SUPPORT

For several visually and mobility impaired workshop participants, moving and navigating inside
a vehicle presented challenges. Several suggestions were made for design interventions that
might help these passengers to safely and easily move around onboard the vehicle by providing
suitable guidance and support through physical features as well as the use of colour and texture.

GUIDERAIL AND GRAB HANDLES

A commonly suggested feature to aid vis-
ually impaired people in navigating the ve-
hicle interior was a continuous guide rail that
can be held by passengers, ensuring that
they are guided within areas designated for
movement and avoiding collision with any
seating, luggage, or fellow passengers. Con-
cepts for this rail system were created, seek-
ing to provide visually impaired people with a
continuous, unbroken rail that is immediately
reachable on entry to the vehicle and can be
followed to the passenger’s seat. This would
reduce the number of instances where a VI
passenger needs to feel for handles, seats,
and other features to navigate.

However, the reality of providing such a com-
plete guide rail alongside other necessary
elements of the interior layout is difficult. A
guide rail positioned around the edge of the
interior space, above the seat backs would
require all seating to be foldable to prevent
visually impaired people colliding with the
seat pad while holding the rail, it would also
require seating at either end of the vehicle to
be positioned inboard of the wheelhouses to
allow for open floor space to the side of the
rail.

A rail positioned around the edge of the inte-
rior space, without the use of folding seating
would require seats to be positioned in the
centre of the vehicle with clear space around
each edge reducing or removing the potential
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for an open wheelchair space and reducing
the amount of interior space that can be used
for seating. During the course of this PhD, the
researcher was responsible for facilitating
inclusive SAV design workshops with mobil-
ity design MA students. One of these groups
of students, focusing on visual impairment,
created an alternative concept for a guide
rail in the centre of the vehicle, with seating
around the edge, facing inwards. This con-
cept presents perhaps the most efficient, ful-
ly continuous guide rail, but the absence of
clear central floor space presents challenges
for incorporation alongside other inclusive
design opportunities e.g. wheelchair space
and manoeuvring.

The guide rail concept was initially suggest-
ed by visually impaired participants, and
was generally considered to be beneficial
in navigating the vehicle when tested in fo-
cused workshops. Some VI people, however,
suggested that vertical grab handles should
also be incorporated into the vehicle design
as these are more familiar from other vehi-
cles. Vertical handles were also suggested
by mobility impaired people to help steady
themselves when moving inside the vehicle.

In the inclusive concept SAV interior, a guide
rail follows from the door of the vehicle to
the nearside front and rear seats. The rail
transitions into a grab handle that indicates
proximity to the seat and can be used to help



mobility impaired people with sitting and
standing, and visually impaired people with
locating their seating position. As mentioned
in previous discussions of layout, the relative
ease of access to these seats could make them
suitable to be designated as priority seats,
reserved for use by disabled passengers.

Offside guiderail

|

Exterior > interior j

guiderail

Throughout the rest of the vehicle, other
horizontal guide rails are located on the top
of the fixed folding seating and along the off-
side wall of the vehicle. Vertical grab handles
are also placed at the doors and next to both
sets of folding seating..

Guiderail-integrated grab handle

Vertical grab handles

EETRE S A i A A F AL TR R R

Interior Layout showing locations
of guide rails and handles
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TACTILE SURFACE TEXTURES

While guide rails and handles allow visually
impaired people to move and position them-
selves in the vehicle without collisions, cer-
tain details about the interior navigation can-
not be intuitively understood by the presence
of these features alone. Notably, guide rails
do not give a sense of proximity or direction
to vehicle touchpoints e.g. the vehicle door or
seating. To help VI people understand their
position relative to these features, tactile sur-
faces can be incorporated into the design of
the guide rails and other interior surfaces.

During focused workshops with visually im-
paired people, a selection of 3D printed tac-
tile surfaces were tested with participants to
prompt discussions regarding this kind of
tactile navigation. These surfaces were de-
signed to represent a range of uses of tactile
surfaces including radial textures which could
be used to direct VI people to a touchpoint at
the centre and textures designed to indicate a
single direction.

The range of samples created also used a
variety of texture types including the overall
shape of the surface (e.g. a circular recess),
the shape of protrusions (e.g. triangular or
chevron shaped to indicate direction), and
the feeling of the texture determined by the
shape of its profile (e.g. a sawtooth texture
designed to feel smoother in one direction).

Texture samples and chevron
texture on SAV exterior guide rail
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Participants discussed how obvious bina-
ry distinctions between smooth and rough
surfaces were easy to recognise and could
be used to indicate proximity to certain fea-
tures e.g. the rail is rougher when closer to
the door. Understanding direction from the
samples provided, however, was more chal-
lenging with the ambiguous direction of tri-
angular shaped protrusions, and the fine
texture of the sawtooth ridges making both
directions feel similar.

The texture that participants most favoured
for communicating direction was chev-
ron-shaped protrusions. These allowed par-
ticipants to either feel the outside point of the
chevron, or the interior angle to determine
the direction. In designing these textures,
however, it is important that the distance be-
tween adjacent chevrons is wider than a fin-
ger’s width to ensure that these gaps are not
misread as interior angles.

In the final inclusive SAV design, a repeating
chevron texture is used to direct passengers
from their seat to the doors of the vehicle and
from the outside of the vehicle towards the
door. The prominence of the chevron shaped
protrusions gradually increases as they get
closer to the door. Near the door, the chev-
rons are replaced with vertical straight lines
to indicate proximity to the step or ramp.




TACTILE FLOORING

Tactile floor surfaces are regularly used to
communicate environmental information to
visually impaired people through the feel-
ing underfoot, or the use of a cane. Visually
impaired participants discussed the need for
tactile surfacing to indicate the location of the
step off the vehicle and as a beneficial tool in
navigating the interior space.

“You could have a ridge around where
the wheelchair is going to be, or some-
thing. So, you don’t walk into it.” -V1P1

As tactile paving surfaces are standardised
to communicate specific functions to visually
impaired people (Department for Transport,
2021), similar surfaces should be used to aid
navigation inside the vehicle. For navigating a
path, a series of raised, flat-topped bars ori-
ented in the direction of the path are usually

COLOUR AND CONTRAST

Many visually impaired people rely on a
degree of vision to help them navigate an
interior space. During workshops, visually
impaired people suggested that bright, con-
trasting colours should be used to indicate
the location of different interior components.

When discussing folding seating concepts,
visually impaired people suggested that
contrasting colours could be used on differ-
ent parts of the seat to make it clear if the
seat is folded up or down. The design of fixed
folding seating that integrates with the vehi-
cle interior surfaces discussed above, already
allows for this with contrasting colours for the
seat upholstery and underside. As the design
for reversible seating requires seat uphol-
stery to always be visible, this same contrast

used. To replicate this style of surface, flat-
topped ridges are used to line each edge of
the inclusive SAV’s main interior walkway up
to a distance of ~300mm from the front of the
seating- to account for passengers’ legroom.
For narrower passages between folding seats
and fixed seats, these ridges converge into a
single strip, positioned to avoid legroom of
nearby passengers as best as possible. More
prominent ‘corduroy’ ridges are used across
the doorway to indicate the edge of the vehi-
cle, as these are commonly used to indicate
the proximity of steps.

As tactile floor surfaces can cause discomfort
for wheelchair users, the central wheelchair
section does not feature the same system of
ridges but allows a clear, smooth route for
manoeuvring.

cannot be used to indicate the status of these
seats. Instead, the inside of the seat lever is
given a contrasting colour which is visible
from the side when folded down.

The overall design of the inclusive SAV, seeks
to intuitively indicate the location and func-
tionality of all vehicle features through use
of colour and contrast by categorising com-
ponents and features and giving distinctive,
contrasting colours to indicate their use.
Particular examples of this can be seen in
the use of an orange highlight colour for all
guide rails and grab handles, contrasting wall
and floor colours, and three colours indicat-
ing different zones of the floor layout (blue -
wheelchair space, grey - luggage/ reversible
seating space, navy - general moving space).
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INTERIOR STORAGE &

LUGGAGE

While luggage storage is a general need for
passengers in any vehicle, excluded groups
have specific requirements for storage spaces
that can store specific assistive devices/ ac-
commodate assistance dogs, are accessible,
close by- for security, and non-obstructive.

To discourage misuse of wheelchair spaces as
luggage storage - a common experience in
public transport services - the inclusive SAV
design provides overhead luggage storage
above the seats at each end of the vehicle.

As overhead luggage storage is not accessi-
ble to those with disabilities impacting their
strength and reach, additional floor-level
space may be used including: space in front
of the armrests of the 4 corner seats - also
considered a suitable additional space for
assistance dogs, space underneath the fixed
folding seating (if occupied when no wheel-
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chair user is onboard), the space underneath
the reversible seating (if occupied) and the
space in front and behind the reversible seat-
ing (if in the folded position). These luggage
locations provide nearby, mid-sized luggage
storage for 8 out of 10 seats, addressing the
needs of some women and visually impaired
workshop participants to keep their personal
belongings nearby to avoid theft. Other un-
used space such as that found to the side of
the corner seats’ armrests may also provide
secure, nearby storage in positions where VI
people can maintain contact with their be-
longings.

As passenger preferences for forward facing
travel could result in lower utilisation of the
front row of rear-facing seats, the inclusive
SAV design also allows for these seats to
fold down into additional, low-level luggage

spaces.

Front/rear
folding seat
luggage rack.



Overhead
luggage rack
above reversible
seating.
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EXTERIOR
DESIGN

The following section includes concepts
for more inclusive SAV exterior design in
the areas of:

« Exterior guidance and support for
visually and mobility impaired people

« Accessible boarding for wheelchair
users and other mobility impaired
people

While the exterior of the vehicle is only responsible
for a very small part of a passenger's journey expe-
rience, there are a few inclusive design considerations
that may impact the design of the exterior. While
many of the interior and SAV platform-related ele-
ments discussed above inevitably impact the design
of the exterior (e.g. door positioning), these design
decisions do not directly addressing an issue of exclu-
sion through the design of the exterior and are, there-
fore, not detailed in this section. Instead, considera-
tions related to the boarding of the SAV provide the
focus of this section.
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INCLUSIVE DESIGN
CONSIDERATIONS

Make the location of vehicle doors, steps,
ramps, and buttons obvious to visually
impaired people

Provide means of physical support for
disabled people when boarding

Guide visually impaired people towards
and through vehicle doors

Provide ramps, lifts, or steps to ensure
ease of boarding in multiple scenarios-
including from kerb & road levels

Allow automatic deployment of ramp/
Lift access for wheelchair users

Reliable operation of ramps and lifts
to reduce delays and diversions for
wheelchair users



EXTERIOR GUIDANCE &

SUPPORT

As with navigating the interior of the vehicle,
visually impaired people can have difficulty
navigating from the outside of the vehicle to
the doors. Guidance and support features can
help visually impaired people and mobility
impaired people to board the vehicle.

In the inclusive SAV design, guidance to the
door is provided by extending the interior
guide rail to the outside of the vehicle. Con-
tinuing the rail and textures along the length
of the vehicle allows people to approach the
side of the vehicle from any point and locate
the rail. Visually impaired participants in fo-
cused workshops discussed that the broad-
ly symmetrical nature of the vehicle would
make it challenging to identify the direction
of the door, suggesting contrasting left and
right textures could be used to achieve this.
As contrasting textures would need to be
learnt and remembered by VI people, more
intuitive directional textures as used inside
the vehicle, have also been incorporated into
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the design of the exterior railing to aid learn-
ability. The guide rail has also been designed
with additional depth (compared to cylindri-
cal railings) and a bright contrasting colour to
aid visibility of the rail and give a distinctive
graphical design to the vehicle exterior which
might be more easily recognised by visually
impaired people.

A sliding door reduces the risk of collisions
with waiting passengers by safely tucking the
door behind the handrail. Suitable clearance
is incorporated between the rail and the door
so a VI passenger could locate the rail of a
stopped vehicle before the door is open. This
would be particularly relevant in spontane-
ous access scenarios where a passenger may
be required to interact with external interfac-
es to access a stopped vehicle.

Vertical handles have also been incorporated
into the exterior design by the door, provid-
ing physical support for mobility impaired
people when stepping into the vehicle.



[F - I
i (5000 - , l

Vehicle exterior showing
handles and guide rails.

ADVANCING AUTONOMY FOR ALL | 83



ACCESSIBLE
BOARDING

To aid disabled people in boarding the SAV,
a retractable ramp and kneeling suspension
system has been incorporated into the exte-
rior design- as discussed in the SAV platform
design section above.

This ramp is designed in two parts to allow
for a shorter ramp to be deployed to kerb
height - operated each time the vehicle stops,
and a longer ramp which can be used where
boarding from ground-Llevel is required by a
wheelchair user.

The short section of the ramp is designed to
be stowed on the outside of the vehicle and
to utilise a simple, fold-down operation. This
method of deployment is intended to reduce
the risk of failure that more complex systems
might create and to allow for a fail-opera-
tional manual deployment where an emer-
gency override switch can release the ramp
and allow it to drop into place. Such a system
would enable wheelchair users to always exit

I H I »
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the vehicle at their stop, and avoid the cur-
rent difficulties they experience where faulty
ramps require them to be diverted to a trans-
port hub to exit the vehicle.

The longer section of ramp is stowed beneath
the vehicle floor and slides out in a similar
fashion to other transport service vehicle
ramps.

The use of a ramp instead of a lift- as used in
some SAV designs- could serve to reduce the
stigmatising impacts of long, complex board-
ing processes where wheelchair users can
sometimes feel embarrassed about delay-
ing other passengers. The deployment of the
short section of the ramp at each stop may
also serve to reduce this stigma as it forms
part of the standard boarding process, al-
lowing all passengers to benefit from a step-
free boarding experience e.g. improving ease
of access for those with wheeled luggage or
pushchairs.

Longer
wheelchair ramp
to ground-level.



1 SAV arrives 2 SAV lowers
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Short wheelchair ramp and
door opening sequence.
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