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Abstract

Accessibility and autonomous vehicles are popular and highly talked about topics as
the issue of accessibility for people with disabilities is becoming relevant for business.
Despite people with disabilities being regarded as "early adopters", there is a lack of
testing and surveys during the design process relating to these target users. The
potential of autonomous vehicles for the target group users are explored in this thesis,
as well as the potential limitations or possibilities that would emerge when the driver

is removed.

In this Master Thesis, multiple studies with different methods are used: expert
reviews, usability testing, qualitative interviews and field observations. The findings
from these studies indicate that there are many areas or functionalities (multi-mode
for communication, emergency handling, proper alerts and notifications, customized
services/information, accessible buttons or elements) that need to be focused on when
developing and designing accessible autonomous vehicles in the future. Additionally,
this thesis evaluates the limitations and possibilities of vibro-tactile guiding aids in
helping the target users when tested in the context of the use of an autonomous vehicle.
The results indicate that the vibro-tactile aids are highly helpful to users, especially
users who are blind or visually-impaired, but less for the users who are deaf. The aid
needs to have a communication line with the autonomous vehicle and should also

support different modes of communication.
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Chapter 1: Introduction

The issue of Accessibility for people with disabilities is becoming relevant for business.
Companies have started giving importance to this area which has previously been
ignored. The many studies and initiatives regarding accessibility show that the leading
companies are focusing on this [1]. Within the transportation community, companies
such as Uber are developing technologies which help the mobility and independence
of transportation for users with disabilities [2]. The amount of research and studies in
the area of accessibility of transportation services indicates the rise in the importance
of accessible transportation for people with disabilities (blind, deaf, deaf-blind and
many others). Several studies have provided many concepts, product ideas and/or
products using new technologies to aid in navigating and guiding people with

disabilities throughout their daily routines (see Section 2.2 and 2.3).

1.1. Problem statement

Accessibility and autonomous vehicles are popular and highly talked about topics, and
the majority of the currently leading companies are developing designs and product
concepts which would increase accessibility for all. Autonomous vehicles can benefit
people with disabilities by extending their independence and smoothing their

transportation experience (see Section 2.2.5).

Elderly and people with disabilities are considered the “early adopters”, i.e., the first
user group, for autonomous vehicles. Yet, these users are not always tested or surveyed
during the design process [3]. Hence, there is a need to understand the accessibility
requirements for people with disabilities who use autonomous vehicles better, and to
identify missing features that should be added to the vehicles or the surrounding

environment.

Today, transportation customers are used to the drivers providing the help they (may)
need. Thus, it is important to understand and address the difficulties elderly and
people with disabilities face when there is no human support when they travel. This
Master Thesis focuses on a subset of people with disabilities: people who are blind,
deaf or deaf- blind.



There are several guiding technologies available on the market, especially vibro-tactile
aid in which the users receive information in the form of vibration signals as per their
needs and knowledge. But there is a lack of overall studies that have tested them, a lack
of empirical evidence on which solution is the best for the accessible transportation
scenario. It is important to see which of these technologies or which mix of
technologies are the best for assisting users who are blind, deaf or deaf-blind while

travelling in these driverless/autonomous vehicles (see Section 2.2.4).

1.2. Research Questions

1. What are the implications for target users (people who are blind, deaf, or deaf-
blind) when autonomous vehicles are introduced and there is no driver in the
vehicle? (R1)

a. What are the basic requirements of the target users during their
transportation experience?

2. What benefits and limitations does the vibro-tactile method have for people
who are blind, deaf and deaf-blind when used in combination with autonomous
vehicles? (R2)

3. What are the main areas that need to be focused on during the design and

development process of these autonomous vehicles? (R3)

1.3. Aim and Objectives

The aim of this Master Thesis is to explore the potential of autonomous vehicles for the
specific target group users, and to identify the potential limitations and/or possibilities
that emerge when there is no (human) driver. Additionally, the aim of this master thesis
is to gather insights from persons who belong to the target group. Therefore, real users

belonging to the target group are included in the process of the study.

To answer the research questions (see Section 1.2), the following objectives are
identified:
1. Expert review of autonomous vehicles and their pain and pleasure points from
an accessibility viewpoint.
2. Identify the role (actions, function) of the driver to identify the potential of

autonomous vehicles.



a. Carry out interviews with bus/taxi drivers and target users to map their
activity and interaction with the passengers.
b. Observation study of users of the target group using transport.
3. Identify the possibilities and limitations of the vibro-tactile guiding aid, for
helping the target user in having a comfortable travel experience, by conducting

an explorative user study of the prototype.

Table 1 provides information about each objective is connected to the research

questions.

Table 1: Objectives and their research questions.

Research Questions | Objectives

R1, R3 Expert review of autonomous vehicles and their pain and pleasure points
from an accessibility viewpoint.

R1, R3 Identify the role (actions, function) of the driver to identify the potential of
autonomous vehicles.

R1, R3 Carry out interviews with bus/taxi drivers and target users to map their
activity and interaction with the passengers.

R1, R3 Observation study of users of the target group using transport.

R1, R2, R3 Identify the possibilities and limitations of the vibro-tactile guiding aid, for
helping the target user in having a comfortable travel experience, by
conducting an explorative user study of the prototype.

This Master Thesis research activity has been carried out at RISE Viktoria, Sweden, in

cooperation with Pariception.

Lan pictures with faces of participants in this Master Thesis has been used after getting permission from them.
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Chapter 2: State of Art

This section discusses the major topics of this Master Thesis in detail. Furthermore, it

lists the existing, launched and concept technologies currently available.

In the context of this Master Thesis, Accessibility means being accessible or adaptable
or understandable for people with specific disabilities: persons who are blind, deaf or
deaf- blind. These would be the Target Users in the context of this Thesis.

In this document, the terms Autonomous Vehicles, Self-Driving Cars, or Driverless

Cars are considered to be equivalent.

2.1. Transportation and it's future

The face of transportation has changed a lot in the past decade. Within the
transportation industry, autonomous vehicles, otherwise known as self-driving
vehicles, are highly attractive and an emerging technology. Many are still discussing

and debating on the pros and cons of this new change in the transportation ecosystem

[4].

Levels of Automation

According to SAE, the Society of Automobile Engineers, there are 6 levels of vehicle

autonomy [5]:

e Level 0 - No Automation, ‘Full Human Control’: At this level of
autonomy, the driver controls all operating tasks such as braking, steering, and

accelerating.

e Level 1 - Driver Assistance, ‘Hands On’: For this level of autonomy, the
driver controls the major operating tasks like braking, accelerating and
monitoring the surroundings, but the vehicle will assist the driver with some of
these functions, such as instant braking when in close proximity to other

vehicles.

e Level 2 - Partial Automation, ‘Hands Off’: This level of autonomy is
currently being developed by most leading companies. At this level, the vehicle

assists the driver with steering, acceleration and braking during certain



circumstances, for example, Audi Traffic Jam Assist or Mercedes-Benz Driver
Assistance Systems. However, the driver remains fully responsible and must be

ready to take control of the vehicle immediately.

e Level 3 - Conditional Automation, ‘Eyes Off’: For this level of autonomy,
the vehicle monitors the environment and operates the vehicle for some
predefined routes. The attention of the driver is still critical for this level of

automation.

e Level 4 - High Automation, ‘Mind Off’: For this level of autonomy, the
vehicle is capable of all operating tasks such as steering, braking, accelerating,
monitoring the vehicle and roadway, as well as responding to events,
determining when to switch lanes, turn, and use signals. However, the
autonomous system notifies the driver when the vehicle is ready to activate
auto-pilot mode. This level of automation does not work efficiently in dynamic

driving situations such as waiting at traffic signals or merging into highways.

e Level 5 - Complete Automation, ‘Steering Wheel Optional’: For this
level of autonomy, the vehicle is capable of controlling all critical operating
tasks, monitoring the environment and work efficiently in dynamic driving
situations. This level of autonomous driving does not require any attention from
the driver. Thus, there is no need for a driver to control the wheels, pedals or

brakes, everything is controlled by the autonomous vehicle system.

Leading vehicle manufacturing companies such as Tesla [6], Volvo [7] and BMW [8]
have already made their mark in the autonomous vehicle industry by launching
vehicles and concepts that are meant to change the face of personal transportation. As
of 19th October 2016, all vehicles produced by Tesla included the hardware needed for
a fully self-driving capability at a safety level which they promise to be substantially
greater than that of a human driver [6]. Due to the increase in individual mobility
needs, Volvo has developed a new concept called 360c (Figure 1). This new concept
envisions a variety of experiences based on the needs of the passengers, including
mood settings designed to help them relax. Volvo believes that such a standardized
system would play an integral part in making autonomous vehicle travel in a safe and
pleasant reality [7]. BMW is on the threshold of highly autonomous driving. They are

already offering driver assistance systems, such as speed, steering and lane control



assistants. Additionally, they are working with developing more innovative

technologies. However, the safety of their customers is their first priority [8].

Figure 1: Concept designs for the Volvo 360c [7]

Other leading companies like Google [9] and Aurrigo [10] are developing autonomous
vehicle concepts and have even tested them in real roads. The main interesting fact
about these concepts is how much of the effort is trying to bring this new technology
into the shared transportation behaviours of public transport. Google started its
autonomous project in 2009 with their Self-Driving Car Project named Waymo (Figure
2). Waymo One is their latest fully autonomous service. The vehicle understands the
road and shows the passenger what it observes in its surrounding. The vehicle sees in
all directions, is constantly vigilant and would be more experienced than any driver [9].
The company Aurrigo (Figure 3) are claiming to be the leaders in the autonomous

PODS (autonomous shuttles/cars), which is the new phase of transporting people
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effectively from the destination point to the last stage of their journey. Shopping
centers, airports, heritage sites, sporting venues and other city transport initiatives are
all actively moving forward with the application of driverless transport by trying to
bring these autonomous POD concepts in helping the passengers have a smooth last
mile journey. Autonomous POD’s would play a significant role in the future
development of transport systems within smart cities, eco towns and villages [10].
CLOUI is the world’s first inclusive mobility concept for autonomous driving, which
can be adapted to the specific needs of the users and this would be a huge support for

people with disabilities as these vehicles adapt to the special needs of the passengers

[11].

Figure 3: PARAVAN’s concept of CLOUI offering the world’s first inclusive mobility concept [11]

Despite its potential to improve traffic conditions, reduce the carbon footprint and

significantly reduce crash incidents, there are some difficulties with autonomous



vehicles. The main barrier for the industry to adopt this new technology is the lack of
public trust. There are often concerns about security and safety when any technology
is autonomous. Studies and public debates about autonomous vehicles show that this
emerging technology is still being tested, and many concept prototypes are being

launched constantly [12].

Autonomous vehicles are considered one of the key players in the next technological
revolution. These vehicles have the potential to substantially reform road
transportation by increasing safety and traffic flow efficiency as well as ensuring
mobility for all [3] [13]. A recent research study sponsored by the company Nissan [14]
found that autonomous vehicles would contribute $17 trillion to the European economy
by 2050. The study also found that autonomous cars would contribute 0.15% to
Europe’s annual growth rate over the coming decades. Autonomous vehicles, cars in
particular, are seen as a means to provide increased mobility to aging Europeans and

reducing isolation from and dependency on the state and family for assistance.

A research study [15] conducted by Lundquist in 2018 on “creating a set of interaction
strategies to provide an efficient and pleasurable journey for the passenger traveling
with an autonomous bus”, gave interesting insights on what characteristics people look
for in autonomous vehicles. Passengers use multiple platforms to search for the bus
timings before the journey and during the journey. However, the information does not
match most of the time. Thus, according to the aforementioned research study,
consistency in the mode of information is highly important, especially a better Al
(Artificial Intelligence) graphical layout of maps that show connection services. The
lack of consistency leads to passengers using multiple devices or applications to receive
customized information which can be hazardous. Therefore, one device or application
where all information is easily accessible would be well received. Another key thing
missing is the information itself. It can be difficult for passengers to find basic
information about departure times, which exit to take, or even which bus to board, etc.
Passengers acknowledge the improvements regarding the behavioral consistency of the
bus when it is made autonomous. However, passengers who need to reaffirm certain
information would lose an easily accessible source, the driver, otherwise available when

they board and disembark from the bus.

Additionally, in Lundquist’s study [15], most of the passengers who were

interviewed/surveyed mentioned that they were not concerned about the absence of



a driver to operate the controls in an autonomous vehicle, rather they worry about
handling a potential emergency when there is no driver present. Trust plays an
important role in public transportation. Passengers trust and rely on the driver(s),
especially in the case of an emergency. This is lost when a bus is made autonomous.
However, according to the study, trust could be built through showing passengers the
intentions of the bus, being transparent in error handling, and having a strong and
reliable communication source. This can create understanding of all actions of the

autonomous vehicle as well as the expected reactions.

One of the leading technology service companies, Bosch, recently conducted a survey
to better understand the reaction of car owners towards autonomous driving and its
features. This survey was participated by 1000 US based car buyers, mainly new. “52%
of new car buyers in the U.S. expect to own at least one autonomous automobile in the
next 10 years.” People are either not aware about the Advanced Driver Assistance
Systems (ADAS) on the current vehicles or the active safety systems. Another
interesting trend found in the study was the awareness or attitude of car buyers towards
the ADAS features on vehicles. The consumers find these features as a future
innovation and not something that is that is accessible already in the market, which is
not true. Most of the current vehicles in the market already have ADAS features such
as automatic emergency braking, adaptive cruise control and active safety technologies
such as electronic stability control and the buyers are not aware about these features.
More than 52% of the participants from the survey believe that autonomous cars would
become the next status symbol and nearly 50% of them believe that these cars would

be able to offer the best passenger comfort for their passengers [16].

However, one of the studies, which was mentioned earlier, found that the main barrier
to adoption of autonomous technology is the lack of public trust. Drawing on
quantitative evidence, the study found that the ability of the driverless car to meet
performance expectations and its reliability were important adoption determinants.
Significant concerns included privacy (autonomy, location tracking and surveillance)

and security (from hackers) [3].

Some of the other few drawbacks of this technology are the vehicle security and
cybersecurity, the impact these vehicles have on the driving jobs, the cost and the
passengers missing out on the joy of driving. Since these vehicles are autonomous,

there is a chance for glitches that can happen on the system. These glitches have already



happened on the pilot testing of these vehicles that are carried out by major vehicle
companies, such as the company Uber had a fatality when the vehicle flagged a “false
positive” for a detection of a pedestrian who was passing by. These system malfunction
can occur on rare cases. The vehicle even has to be smart enough to defend itself from
any cyber-attacks or system hacks which can lead to many issues with data handling.
There is always a section of people who gets affected by the invention of any new
technology. One such section for this technology is the impact this would have on the
drivers and their jobs. It is estimated that nearly 4 million jobs would be lost in America
alone, due to the implementation of these autonomous vehicles These self-driving
vehicles are supposed to be an expensive buy when it is launched in the market and this
would always make these an unattainable purchase for an average American consumer.
Then there is the joy of riding which is common among these car buyers. Most of the
people love riding a vehicle and this technology is taking away that important feature

from its functionality [12].

2.2, Accessibility

2.2.1. Accessibility and the Design Process

When conducting any user research it is a process in which the experts find and define
any problems that the users may face using the product or service, at the earliest phase
(initial design phase) as possible and about finding solutions or ways to address these
problems through the design and development [17]. One of the major or most
important criteria that has to be defined for any User Centered Design are the users’
goals. These goals are defined by the user by understanding their end result and what
they want to achieve in the end. Since most of the time, it is difficult for the users to
find those exact or in-depth goals or needs, it is highly important to keep the target
users always on the loop from the start of the design process (Figure 4) and make them
a part of the information gathering process and test the earlier concepts and ideas and
designs with actual users so as to create a more usable and user-friendly products or

services [15].

There are numerous assistive technologies available in the market right now due to the
numerous types of disabilities, from screen readers to keyboards that are modified

according to the user’s needs [1]. It goes without saying how important the smallest
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details such as blue color on a link can affect the interpretation of content by different
users and hence it has become a crucial function to include these smallest details in the
design process so as to create an equal user experience. For instance, the cloud-based
tools and service company Slack started its mission to approach accessibility by
releasing features such as sidebar themes, screen reader improvements (iOS and
Android devices), adjustable zoom preferences and the option for stopping any
automatic animations on the screen. All these new features were clearly released
keeping in mind of users with different disabilities or different assistive technologies
in the market. The company is now on the process of developing the support for using

the tool without a mouse.

Gains of using users during design process

% A richer understanding of a problem space from a different perspective. Potential users with
disabilities contribute as active participants, rather than being considered by the design team only as
abstract beneficiaries of accessibility guidelines. This helps organizations build practical empathy that
can positively influence design and help spark innovation.

%+ Feedback on what works and what doesn’t. You'll learn about features that are valued by people
with disabilities and examples of good practices to follow (or not to abandon!). This helps isolate the
high-priority design problems that you should focus on solving.

<+ First-hand experience of people with disabilities talking about and using technology, and the enabling
impact it can have on their lives. This helps demystify and humanize accessibility and provides
valuable stories that can be recorded and reused to educate and motivate.

«*» The change in the dynamic between the people who are producing the technology and the people
who are using it. We’re involving people with disabilities as partners in research and design—rather
than as test pilots sent out to find flaws and barriers after a product has already been created. And
when organizations integrate design thinking and inclusive design, that makes better products and
services for everyone.

Figure 4: Some of the gains of using target users in the design process by Sloan, D [17]
Accessibility and UX Testing

One of the best and most popular methods of conducting user studies is the UX Testing
method. It is highly important to consider the needs of people with disabilities in
comprehensive usability testing. But for a better cost effectiveness and efficiencys, it is
better for these testing with people with disabilities to be conducted after all the other
usability tests and accessibility evaluations. There are some main guidelines for
conducting a UX testing with participants with disabilities (Figure 5). Always try to use
the think-out loud technique as a methodology where the users would have high
interaction with the facilitator. It is also highly important to make sure that the test

focus is on the errors that are related to accessibility and not on the user satisfaction or
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the time taken for completion of a task. The findings of the test should be the potential

barriers for access rather than finding some general usage [18].

Planning consideration for conducting UX Testing on users with disabilities

»+ Participant characteristics: If you're testing for different disabilities, you’ll need at least 3-5
participants for each disability. Be aware, though, that people with disabilities don’t often fit neatly
into categories.

*»+ How to recruit: Connect with organizations for specific disabilities, local senior centers or university
programs. Be sure to allow enough time to recruit, especially if your requirements are very specific.

¢+ Choosing the best location: Many users may have trouble with transportation, and keep in mind the
accessibility of your lab itself. Consider also whether it’s best to provide a lab’s assistive technologies
or use the participant’s.

¢+ How much time to allocate: Testing time will be impacted by the participant’s disability, so expect
testing to take longer. It might be best to break up testing into shorter sessions as well.

Figure 5: Some of the considerations for planning and conducting UX Testing on users with disabilities [18]

2.2.2, Design for All Principles

According to the Center for Universal Design, Universal Design is the design of
products or environments to be usable by all people, to the greatest extent possible,
without any need of adaptation or customization in its design [19]. The Center for
Universal Design has formulated seven principles (Figure 6) that could be applied for
the purpose of evaluating existing designs or used as guidelines in the developmental
stage of the design process. These principles can also have the educational purpose of
informing designers and customers about how to develop a more usable and accessible

products and/or environments [4].

Equitable Use Design is useful and marketable to people with diverse abilities.

Flexibility in Use Design accommodates a wide range of individual preferences and abilities.

Use of design is easy to understand, regardless of the user’s experience,
knowledge, language skills, or current concentration level.

Simple & Intuitive Use

Design communicates necessary information effectively to the user,

Pl o B I e regardless of ambient conditions or the user’s sensory abilities.

Design minimizes hazards and the adverse consequences of accidental or

Tolerance for Error . .
unintended actions.

Design can be used efficiently and comfortably and with a minimum of

Low Physical Effort fatigue.

Size and Space for Appropriate size and space is provided for approach, reach, manipulation,
Approach and Use and use regardless of user’s body size, posture, or mobility.

Figure 6: Seven Universal Design principles by the Center for Universal Design [19]
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2.2.3. Accessibility in Transportation

People with disabilities, such as persons who can’t see or hear or any other physical or
mental disabilities, often rely on others or local government or nonprofit agencies for
daily transportation [20]. Public transport being accessible to people with disabilities
have gained a lot of importance in designing and evaluating transit system in terms of

mobility and sustainability.

Many researchers have already revealed some impacts of public transport accessibility
to the environment and other aspects it have on the daily life of the public. They found
that the mobility through public transportation gives rise to the opportunity to decrease
inauspicious effects of car usage on the environmental condition and healthfulness. It
is also highly important to include accessibility factors in designing the infrastructure

of public transport so as to provide a more attractive accessible public transport service

[21] [22].

An interesting project was developed by four researchers from China and France where
they created a concept for a dedicated public transportation service access system
which supports and enhances the mobility experience for passengers with disabilities,
named the Mobi+ project (Figure 7). This access system consists of three subsystems:
wireless communication subsystem, that provides data exchange and network
connection services between buses and stations in the complex urban environments;
bus subsystem, that provides the DWB (disabled, wheel-chaired and blind) class
detection and bus arrival notification services; and station subsystem, that
implements the urban environmental surveillance and bus auxiliary access services.
After the study on this prototype, the experiential results show that the system
performance meets the design expectations and can also provide an effective bus access
service for people with disabilities as this concept helps the users be aware of the right

timing and notifications about the bus [23].

13
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Figure 7: The Mobi+ Project framework of the concept [23]

The multinational transportation network company, UBER, is also taking a lot of steps
in recent years to make their contribution towards making transportation accessible.
Their technology is helping to increase the mobility and independence for passengers
with disabilities during transportation, by launching new features and capabilities such
as Cashless payments, On-Demand transportation, Upfront pricing, Uber
anti-discrimination policies and Sharing ETA (Estimated Time of Arrival) and
location feature. They even have special features for people with different types of
disabilities. Passengers who are blind or low-vision can ride UBER smoothly and
easily with their app which has VoiceOver i0S, Android TalkBack and wireless braille
display compatibility. Passengers who are deaf or hard of hearing can make use of their
app easily since audio is not needed for the functionality of the app. The app is highly
adaptable for assistive technology such as visible and vibrating alerts and some in-app
features such as ability to enter destination, able to facilitate non-verbal

communication between the passenger and the driver-partner [2].

2.2.4. Accessibility and Navigation Guiding Tools

Alot of navigation guiding technologies for people with disabilities already exists in the
market, at least in preliminary forms. These technologies are made to make the lives of
people with disabilities smoother and easier. Microsoft released an app called “Seeing
AI” and a research project concept called “Soundscape” recently. Seeing Al app acts as

a visual or guiding aid for people who are visually impaired by using machine learning,
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natural language processing and computer vision to understand the world or
environment around and describe it in words to the user [20]. Soundscape is an audio-
based technology that helps people with visual impairment or blindness by providing
information about the users surrounding by creating the effect of 3D sound [24]. This
section discusses some of the interesting navigation guiding technologies found during

the research.

Outdoor Navigation System for Blind Pedestrians

The Outdoor Navigation System concept [25] is a novel, wearable navigation system
for visually impaired and blind pedestrians which consists of a global positioning
system (GPS) for the user outdoor localization and a tactile-foot stimulation for
information presentation (Figure 8). The real-time data from the GPS by the
smartphone is processed by a dedicated navigation software which determines the
directions to reach the destination. These navigational directions are then encoded as
vibrations and would be conveyed to the user using a tactile display which is inserted

into the shoe. This prototype was evaluated in 2 stages.

The first test verified the interface’s ability to transmit the tactile information to the
user and the users understanding or comprehension level to the feedback received. The
result from the first study showed that the users recognition rates for the feedback was

high, which suggests that the displayed information is intuitive and fast to understand.

The second test evaluated the system and the user’s performance in real outdoor
environment. The result from the second study showed that the system is capable of

guiding users from Point A to Point B by providing pertinent directional instructions.

Bluetooth
module

Embedded
system
Tactile display

Figure 8: The framework for outdoor navigation system using GPS and tactile-foot feedback [25]
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UbiBraille

UbiBraille [26] is a vibrotactile braille-reading device which allows blind users to
leverage their knowledge in braille by using similar metaphor to traditionally known
braille writing systems (Figure 9). This developed concept prototype consists of 6
actuators which are placed on the user’s index, middle and ring fingers on both hands
and this device takes advantage of the mnemonic association with braille characters by
communicating letters through simultaneous stimuli on the user’s fingers. The
researchers conducted two user studies to assess both character and word reading
performance. The result from the studies showed that the character recognition rated
ranged from 54 - 100% and were highly character and user-dependent. During the
study they also noticed that the participants with greater expertise in braille
reading/writing were on a greater advantage and that they could achieve higher
accuracy rates when compared with the rest of the participants. Another interesting
finding from the study was that UbiBraille enables users to read complete sentences

which is not achievable from other braille-based reading approaches.

One of the main limitations of this device found during the study was the six wired rings
which had to be worn by the users. The researchers envision to create futuristic versions

where the device is more miniaturized, wireless and easy to attach actuators.

Figure 9: The framework for UbiBraille prototype [26]

MoBraille

MoBraille [27] is also a novel framework that enables braille display users to benefit
from android phone’s GPS and 3G network connectivity features to interface with
braille display through HTTP requests over Wi-Fi connection (Figure 10). The braille
display would be tethered to the android phone over Wi-Fi and then the braille display
user loads a MoBraille webpage on the display’s built-in browser. This webpage would

then send a request to the android phone, processed by a Java servlet and this servlet
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can then access the sensors on the phone and enable braille display user access to a 3G
network, GPS, a compass and other feature. This prototype is considered as a powerful
device as it enables developers to write applications that interface with braille displays
without any device specific knowledge. The developers just need to write an HTML
page and a Java servlet that runs on android platform. MoBraille can facilitate the
development of a low-cost braille application which has the potential to improve the

public transit experience for blind and deaf-blind users.

* Running webserver MoBraille Webpage running
* MoBraille jil\"d serviet on built<in browser

Figure 10: The framework for MoBraille prototype [27]

Monitor, a vibrotactile aid for environmental perception

Monitor [28] is a device that gives access to information about things happening in the
surroundings for people with severe hearing impairment or deaf-blindness (Figure 11).
This vibrotactile aid uses vibratory senses and is programmed to handle environmental
sounds by detecting these sounds from the environment and adapts this to the
frequency sensitivity range of the skin, using algorithms, transposition or filtering
principles. The device translates these signals as vibrations and the user can detect
them and identify the character and direction of the sound source. The researcher
conducted a study using this aid and found that Monitor can help in improving the
mobility, social interaction, forward planning and feeling of safety and decrease the

users feeling of stress by using this device.
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Figure 11: The framework for Monitor prototype and an image from the user study [28]

Smart Cane, outdoor navigation system

Researchers in Finland [29] build an outdoor navigation system in assisting visually
impaired persons navigation that can help them navigate independently in urban areas,
even if they have hearing issues as well. Smart cane is an augmented cane, with
magnetic point or continuous metallic trails, a pulsing magnet apparatus and the
transmission of serialized vibration braille encoded guidance. The sidewalks of the city
would also be installed with trials of magnetic points or metal and pulsing magnet
apparatuses. The users would be able to sense the magnet points or the metallic trial
through the cane and the system would assist them to walk independently. After
conducting testing with real users, the system received positive feedback from them
and from the stakeholders. Out of 15 participants of the study consisting of blind and
visually impaired persons, 13 of them were able to successfully complete the tasks given

to follow the test track using the prototype.

OrCam MyEye 1

OrCam MyEye1 device [30] is a breakthrough invention for wearable artificial vision
which was designed and developed to assist people who are blind, visually impaired or
people who have reading difficulties or disabilities (Figure 12). This device has a highly
intuitive and lightweight camera which is smart, so it instantly reads out printed and
digital text aloud, but discreetly. This device can recognize texts from any surfaces, both

printed and digital, but also can recognize faces, products and money notes and all this
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is done in real time. This device helps in making things such as newspapers, books,
computer and smartphone screens, restaurant menus, labels on supermarket products

and street signs more accessible, that too in real time, more efficiently.

Figure 12: The advanced wearable AI Devices for the blind, OrCam MyEye [30]

Thea

Thea [31] is a concept which was developed for an artificially-intelligent, on-the-go
navigation assistant for the blind and the visually-impaired (Figure 13). From the
continuous positioning functionality from the 5G wireless technology, the device would
recognize the most effective way to get around and would guide the user through the
route mapped by the system. The main objective with this prototype concept is to
design a near- future product or service which helps in improving mobility for people

with disabilities.

Figure 13: The concept developed for Thea, artificial intelligent navigation assistant [31]
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2.2.5. Accessibility and Autonomous Vehicles

The autonomous vehicles are a new way to think about transportation and accessibility.
Their main potential is to change the neighborhoods and lives of people who cannot
drive, especially people with disabilities. Autonomous vehicles would be able to provide

significantly more independence to all people with proper planning and research [20].

A survey directed in the United States with around 500 participants with visual
impairment was conducted to investigate the opinions of people with disabilities, such
as blind or visually impaired, towards their acceptance, concerns and willingness to
owning an autonomous vehicle. More than 50% of the participants had an extremely
positive attitude towards the technology (50.18% extremely positive, 30.44%
moderately positive and 7.75% slightly positive). The study clearly showed that the
participants were slightly concerned about riding in a fully autonomous vehicle acting
as the primary operator (38.96% slightly concerned, 22.82% moderately concerned,
16.70% very concerned and 21.52% not at all concerned). 93.18% of the participants
had major concerns about equipment failure or system failure. 92.69% of the
participants were concerned about getting confused in unexpected situations and
87.55% about the interaction between these autonomous vehicles with pedestrians and

bicycles [32].

The National Federation for the Blind (NFB) in the US conducted a challenge, Blind
Driver Challenge [33], where a blind participant from NFB drove a vehicle, which was
customized, around a track which had obstacles and other vehicles. Dr. Dennis Hong,
head of this study and leader of the team who designed the customized vehicle,
estimated that blind drivers would be able to travel on the public roads within five to
ten years, which is proving to be true. The test drives conducted on the customized
vehicle was successful, but the vehicle did vibrate excessively, on which the team was

working on for their next design [34].
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Chapter 3: Methodology

Several methods have been used throughout the work carried out in this Master

Thesis: expert reviews, usability testing, qualitative interviews and field observations.

3.1. Study 1: Expert Review

Expert reviews inspect the design to identify usability problems in compliance with
heuristics, known usability guidelines and principles of usability-related fields such as
human-computer interaction using the expertise and past experience of the reviewer

in the field of user studies [35].

Aim and goal

The main goal with the expert review study was to understand the experience a user
has while using the autonomous PODs. Autonomous vehicles are still not used
frequently by many, and there are often trust issues related to these forms of new
technology. The main aim of the study was to explore the PODs and investigate if they
are user-friendly and provide useable service. More specifically, to research whether
the vehicles have complicated functionalities which could confuse or create a negative
approach for the users. In addition, the study also aims to identify if the PODs are

accessible for all users by viewing them from the perspective of people with disabilities.

Procedure

The method used for the study was expert review where a list of questions or checklist
(Appendix A1) was created. The researcher explored and analyzed 2 PODs (Figure 14)
that are currently deployed in Stockholm and Gothenburg in Sweden, using these
checklists as guidelines to find the pain and pleasure points people with disabilities
face while travelling in these PODs. From the study, a list of pain and pleasure points

that the passengers would face while using these autonomous vehicles was defined.
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Figure 14: The PODs that are currently running in Stockholm and Gothenburg respectively which were used
for the POD Expert Review studies.

3.2. Study 2: Usability Testing in the field

Usability tests are conducted to improve the usability of a product which is being tested

[36]. The participants for the tests are real users who would be asked to perform some

tasks which are observed and recorded for analysis.
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Aim and goal

The main goal for conducting the usability test was to validate the findings of the
previously conducted expert review on the PODs functionalities with actual users.
Through the earlier expert study, it was identified that the PODs are not highly
accessible for All users, especially the blind users, due to the lack of alternate or
multiple modes for sharing information and many other functionalities. This study

validated the findings (both pain and pleasure points) from the expert review study.

Procedure

The method used for this study was a Usability Study conducted in the field together
with Qualitative Interview. This study was conducted with an individual (Participant
ID: S2T1) and with a group of 4 participants (S2T2-S2T5). The participants were asked
to perform tasks with the goal of identifying possible usability/accessibility issues that
were compared to the findings of the previously performed expert review (Figure 15).
The task was to take a return trip on the POD at Gothenburg to explore and experience
it. The participants were asked to think-out loud during the ride. On the return trip,
the participants were asked a few questions regarding the functionalities of the POD

based on the pain and pleasure points identified from the expert review (Table 2).

The whole journey of each participant was recorded using a voice recorder and a video
recorder, with their permission. Hand written notes during the interview are relatively
unreliable, and the chances of missing some key points were high. The recording of the
interview makes it easier for the researcher to focus on the interview content and
verbal prompts. For a more detailed description of the participants tasks and the

questionnaire of the study, refer to Appendix A2.

Table 2: Tasks/Questions created for the participants for validating the pain and pleasure points during
commute in autonomous PODs.

Validation | Journey | Findings from Tasks/Questions for the pa