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Abstract— This paper explores the development of a prototype for
a digital connected service to be embedded into UK bus stops,
powered by solar energy and a Raspberry Pi to provide live sound-
based real time bus departure information to improve the
accessibility of bus stops for visually impaired people (VIP). In
keeping with the principles of disability justice, the prototype is
designed in such a way as to avoid the practice of “othering” by
treating VIP as different and therefore will contain elements such
as an LED floodlight and dot matrix display that will make the
prototype usable for more groups and avoid being exclusionary to
people with other disabilities such as the deaf or hard of hearing.

I. INTRODUCTION / BACKGROUND

For visually impaired people (VIP), the process of finding a
bus stop, waiting for and stopping the correct bus is a non-
trivial task, with many VIP frequently requiring additional
problem-solving skills to ask the right people for assistance
and to know how to interact with bus drivers [1]. To address
this challenge HCI scholars have explored solutions that
enable VIP to more confidently access buses, by using an app
on their smartphone [2-5]. However, smartphone-based
systems are imperfect and can frequently exclude those with
limited funds to purchase a smartphone [6] or can be at the
detriment of older adults, who may need to learn to use this
technology later in life [7]. Local authorities in the UK are
experimenting with non-technical solutions to this problem,
such as through initiatives like Bus Hailers [8], but these still
require VIP to carry additional objects with them and is
focused on VIP adapting to fit an inaccessible world, which is
in opposition to the disability justice centric view, where the
world should be made more accessible to people with
disabilities [9, 10].For visually impaired people (VIP), the
process of finding a bus stop, waiting for and stopping the
correct bus is a non-trivial task, with many VIP frequently
requiring additional problem-solving skills to ask the right
people for assistance and to know how to interact with bus
drivers [1]. To address this challenge HCI scholars have
explored solutions that enable VIP to more confidently access
buses, by using an app on their smartphone . However,
smartphone-based systems are imperfect and can frequently
exclude those with limited funds to purchase a smartphone
[2] or can be at the detriment of older adults, who may need
to learn to use this technology later in life [3]. Local

authorities in the UK are experimenting with non-technical
solutions to this problem, such as through initiatives like Bus
Hailers [4], but these still require VIP to carry additional
objects with them and is focused on VIP adapting to fit an
inaccessible world, which is in opposition to the disability
justice centric view, where the world should be made more
accessible to people with disabilities [5, 6].

Aligned with the principles of disability justice [11], this
research project is developing a prototype for an intelligent
system, that can be embedded into a physical bus stop and
powered by renewable energy sources such as solar. By
embedding technology directly into the bus stop, this
research aims to create more accessible bus journey
experiences for people with disabilities, as it will provide
additional information in an accessible format, but will not
require the user to have a smartphone to use the service. For
evaluation purposes, the prototype will adopt a Wizard of Oz
(WoZz) design methodology [12] to explore how the features
work in practice when used by people with disabilities,
without investing in development while the feature set is
being finalised.Aligned with the principles of disability justice
[7], this research project is developing a prototype for an
intelligent system, that can be embedded into a physical bus
stop and powered by renewable energy sources such as
solar. By embedding technology directly into the bus stop,
this research aims to create more accessible bus journey
experiences for people with disabilities, as it will provide
additional information in an accessible format, but will not
require the user to have a smartphone to use the service. For
evaluation purposes, the prototype will adopt a Wizard of Oz
(WoZ) design methodology [8] to explore how the features
work in practice when used by people with disabilities,
without investing in development while the feature set is
being finalised.

This project is contextualised as part of a larger PhD research
case study, which is exploring the role of data governance
and stewardship in the development of intelligent systems
that place improved accessibility to transportation as a
primary driver to justify the rationale for their existence. The
project involves collaboration with external organisations
including the North East Combined Authority (NECA), who
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are interested in the potential of such services at addressing
the challenges faced by disabled people in accessing bus
services in the North East England region. This study begins
with a co-creation stage, to include people with disabilities at
all stages of developing the requirements, producing a WoZ
prototype and, at later stages, is concerned with how such a
system, after it has been evaluated by users with disabilities
could be scaled up and deployed at scale across a dispersed
region such as the North East.

This paper will explore the latter stages of this project, which
seek to explore how the WoZ prototype can be developed
into a functional system that could be deployed cost-
effectively and at scale in bus stops across the North East
England region. In so doing, outputs from this summer school
will assist in generating measurable impact from this
research study and provide a more accessible travel
experience for bus passengers with disabilities.

II. RELATED WORK

Research has identified that urban spaces pose challenges for
people with disabilities, where historically the very design of
modern western cities such as London or Paris has been
biased towards able-bodied people and presents access
barriers for anyone with a disability [13]. Today, such ableist
urban design practices have yet to be eradicated with more
recent developments such as shared spaces and floating bus
stops presenting access barriers, particularly for the visually
impaired [14, 15]. HCi scholars have also observed how the
built environment poses challenges, even when steps are
taken to make it accessible for one group of disabled people
[16] while other crowdsourcing projects such as Project
Sidewalk have sought to use the assistance of a network of
volunteers to identify obstacles [17] or verify the location of
bus stops within a city [3].Research has identified that urban
spaces pose challenges for people with disabilities, where
historically the very design of modern western cities such as
London or Paris has been biased towards able-bodied people
and presents access barriers for anyone with a disability [9].
Today, such ableist urban design practices have yet to be
eradicated with more recent developments such as shared
spaces and floating bus stops presenting access barriers,
particularly for the visually impaired [10, 11]. HCi scholars
have also observed how the built environment poses
challenges, even when steps are taken to make it accessible
for one group of disabled people [12] while other
crowdsourcing projects such as Project Sidewalk have sought
to use the assistance of a network of volunteers to identify
obstacles [13] or verify the location of bus stops within a city
[14].

To address the immediate challenges of independent
navigation for VIP, HCI scholars frequently resorted to the
affordances of the smartphone to present solutionist
approaches for VIP, that view the smartphone as an enabler
for independent navigation. Broadly this includes challenges
such as indoor navigation, where a smartphone’s sensors can
provide turn-by-turn directions [18], with private companies
developing commercially available systems that use a similar
underpinning of the smartphone being central to the
navigation experience [19, 20]. With respect to public
transportation and bus travel, the smartphone too has been
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adopted to provide VIP with confidence when traversing
urban spaces, such as in the development and subsequent
enhancement of the OneBusAway system [21], that uses
smartphones to provide live bus departure times to VI
passengers [22].To address the immediate challenges of
independent navigation for VIP, HClI scholars frequently
resorted to the affordances of the smartphone to present
solutionist approaches for VIP, that view the smartphone as
an enabler for independent navigation. Broadly this includes
challenges such as indoor navigation, where a smartphone’s
sensors can provide turn-by-turn directions [15], with private
companies developing commercially available systems that
use a similar underpinning of the smartphone being central
to the navigation experience [16, 17]. With respect to public
transportation and bus travel, the smartphone too has been
adopted to provide VIP with confidence when traversing
urban spaces, such as in the development and subsequent
enhancement of the OneBusAway system [18], that uses
smartphones to provide live bus departure times to VI
passengers [19].

While some works have explored the use of embedded
technologies into bus stops, research projects such as
BusMyFriend still require that the technology connects to a
smartphone to initiate the interaction between the bus stop
and the approaching vehicle [23]. Other physical prototype
systems involving VIP have involved the use of virtual reality
(VR) to simulate urban environments [24]. However, In
keeping with the principles of disability justice [11], this
research seeks to build on a real-world WoZ prototype, that
has been tested by VIP and explore avenues whereby this
prototype could be realised into a deployable product that
could be rolled out in collaboration with relevant
organisations or local authorities.While some works have
explored the use of embedded technologies into bus stops,
research projects such as BusMyFriend still require that the
technology connects to a smartphone to initiate the
interaction between the bus stop and the approaching
vehicle [20]. Other physical prototype systems involving VIP
have involved the use of virtual reality (VR) to simulate urban
environments [21]. However, In keeping with the principles
of disability justice [7], this research seeks to build on a real-
world WoZ prototype, that has been tested by VIP and
explore avenues whereby this prototype could be realised
into a deployable product that could be rolled out in
collaboration with relevant organisations or local authorities.

III. CONNECTED BUS STOP PROTOTYPE

Given the current stage of the project, requirements are still
being determined through the co-creation process at the
time of writing, but what follows is a representation of
technologies that could be adopted to create a similar
prototype, to improve the accessibility of bus stops for VIP
using assumptions of the technologies and designs that
might be adopted in the final prototype.

While the eventual prototype may harness a camera and the
use of Al models for shape recognition etc. This prototype
avoids using Al at this stage, steering away from complex
ethical questions that will be explored elsewhere in this
research and will instead focus on proving what is possible
using non-Al powered technologies. To do this, a Raspberry



Pi will provide the processing backhaul and will be connected
to the following components:

- Motion sensor

- Weatherproof speaker

- Dot matrix display used to provide real time
information (RTI).

- An LED floodlight, to provide illumination to the bus
stop for all passengers which will be triggered based
on activity detected by the motion sensor.

- An LTE/5G antenna to connect to online live
departure services.

- Aseparate button located within the bus stop, to be
used to request that an approaching bus will stop at
the bus stop. This will communicate a message to
vehicles on the bus route, indicating that they are
requested to stop at this bus stop.

It is also important to note that while the motion sensor only
explicitly describes its functionality in relation to the LED
floodlight, the motion sensor will also be used to trigger the
dot matrix display and audio from the speaker, ensuring
these components function only when there is a presence
detected inside the bus stop’s waiting area, thus reducing
unnecessary energy usage which is important given the solar
powered elements of this prototype.

The current early stage of the project means that a physical
prototype has yet to be developed, but the following sketch
outlines how this system may look, if built using off-the-shelf
components available from retailers such as the Pi Hut. This
willillustrate how this system may be attached to existing bus
stops, though it is hoped more intricate aspects of this design
process could be refined and developed during the summer
school.

Raspberry Pi (for
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n LTE antenna (for data

o
g connection)

Speaker for
reading departure

information

Request bus * - y

\ to stop button _
3 :

Fig. 1. Adetailed diagram of all proposed components of the smart
bus stop.

A. Encasing the design

Earlier research in this project identified from participants
that vandalism is a key concern in the deployment of
technology to improve the accessibility of public transport
and the risk of vandalism impacted on their willingness to
trust and use such systems. Therefore, it is important to
ensure the casing around such a device is secured to protect
against anti-social behaviour and is fully weatherproof, as
many bus stops are exposed to the elements. Additionally,
while the final components have yet to be decided, for the
purposes of this prototype, using cost-effective components
such as a Raspberry Pi provides a level of scalability for the
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system to prove that these systems can be deployed at scale
across a wider bus network. Critically, they do so while
maintaining a small physical footprint and avoid making
accessibility a bespoke feature, that is required if this system
is to embody the disability justice values it is built upon.

The following figure illustrates how components of the
prototype will be encased to ensure their effective usage on
a public bus stop. This will include the encasement of all key
components, leaving exposed only the dot matrix display,
stop request button and solar panels to provide power.

Metal case to
enclose all circuitry
»  and components

o~y = T
.. Speaker grill to
protect speaker
from damage.

Fig. 2. A mock-up of the smart bus stop system, when delicate
components have been covered by weatherproof materials.

IV. RESPONSIBLE INNOVATION

This prototype will make use of solar power to provide all
power to the system. In so doing, the system will build on
suggestions from earlier work within this research project,
where participants identified that accessibility should not
come at the expense of environmental consideration.
Additionally, the inclusion of solar power for this system
means that traditional bus stop infrastructure, such as lights
and real time departure boards, that previous discussions
with relevant professionals have shown are usually powered
from the National Grid will now migrate to solar power, thus
enabling bus stops to simultaneously become more
accessible and more environmentally friendly.
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