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ABSTRACT

An Inclusive Design Approach to Integrating an External Human Machine Interface

with Autonomous Vehicles

Sandra Roksic

As autonomous vehicles become more prevalent in urban traffic settings, the safety
of vulnerable road users, predominantly pedestrians, must be placed in high regard
relative to the design of the autonomous vehicle’s (AV’s) external human machine
interface (HMI). Traditionally, there exist communication methods between drivers
and pedestrians, such as hand gestures, eye contact, and verbal cues that convey the
driver’s awareness of the pedestrian’s presence. However, with autonomous vehicles,
there is a shift in communicative responsibility from the driver to the vehicle itself.
It is the vehicle’s responsibility to intuitively and clearly indicate its actions to the

pedestrian.

This research analyzes the factors contributing to AV skepticism and the ways in
which the visual aspect of an AV’s external HMI can be improved from traditional
vehicle designs to accommodate visually impaired pedestrians. This was achieved
by performing a study on 27 participants varying in age, gender, and vision impair-
ment type. The study includes a survey and interview portion. Findings indicate
that yellow and blue colors are viewed as most welcoming and memorable. It is sug-
gested that these colors be used in the projected light system of the external HMI
design. Quantitative results indicate that there is a moderate degree of correlation
between the following: the use of cruise control and vision impairment severity (neg-
ative correlation), a participant’s willingness to ride in an AV and vision impairment
levels (positive correlation). The study also found a low degree of correlation in a

participants willingness to ride in an AV and their trust in AVs.

v



Based on these findings and under the assumption than an external HMI is needed on
the AV, it is recommended that the external HMI contain a light projection system
on the vehicle’s front body. Based on qualitative results, the light projection system
should use a teal color light and project a directional arrow onto the ground when
identifying a pedestrian in its path while turning. Intuitive signals such as these help
ensure pedestrian safety and promote trust and acceptance of the use of autonomous

vehicles on public roads.
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Chapter 1

INTRODUCTION

In a traditional tra c setting, the driver actively interacts with the pedestrian through

eye contact, hand gestures, verbal cues, and the vehicle's turn signals [14] [15] [16]
[17]. However, as autonomous vehicle technology evolves, cars are transforming from
human-driven systems to fully-autonomous vehicles [18] [19]. The driver simply be-
comes a passenger in the AV, redirecting the pedestrian communication responsibility
to the vehicle itself [20]. It is in this modern tra ¢ setting that vehicle-to-pedestrian

communication becomes critical for pedestrian and tra ¢ safety [21].

This research, through an inclusive lens, focuses on two main components: a study on
AV skepticism and a design recommendation of the external HMI of the autonomous

vehicle.

This development of an external human-machine interface (HMI) aims to aid in AV-to-
pedestrian communication in urban tra c settings. Using participant data, gathered
via a survey and interview, this study analyzes the ways in which visually impaired
pedestrians perceive AVs. Additionally, this study analyzes the importance of context
relative to colors and visual signals that helps de ne the colors used in the external

HMI design recommendation presented in this research [22].

This research has the potential to increase tra c safety with respect to pedestrians
and the visually impaired community, in particular. Based on survey and interview
results, this research provides insights into the factors contributing to AV skepticism.
Additionally, this research provides a design recommendation for an external human-

machine-interface with respect to AVs to promote an inclusive, safe, and re ned



vehicle-to-pedestrian communication method as it relates to user experience (UX).
Using a diverse participant pool to ensure broader representation, this research pro-
vides insights into the visual limitations of communication methods between vehicles
and pedestrians. Although vehicle-to-pedestrian communication includes non-visual
forms of communication, such as sirens and other audio cues, this research focuses
on visual communication methods. Additionally, this research focuses on the social
skepticism associated with autonomous vehicles. Based on the results of this study,
this thesis presents a design recommendation for an external AV HMI in an e ort to

promote pedestrian trust and safety relative to autonomous vehicles.

Although existing research addresses vehicle-to-pedestrian communication through
external HMI design, there is a great need for additional research in the eld with
respect to autonomous vehicles and visually impaired pedestrians [23] [24] [25] [20].
This thesis aims to provide insights into the behavior, needs, and expectations of
these vulnerable road users (VRUS) relative to their interactions with autonomous

vehicles and various factors that impact the pedestrian's skepticism regarding AVs.

It is necessary to address user interface (Ul) design relative to the user's behavior and
expectations and adhere to the distinct needs of the general pedestrian population.
The external HMI design of the autonomous vehicle needs to be acceptable by the
general pedestrian population while ensuring the safety of vulnerable, visually im-

paired pedestrians who are more at-risk of automobile accidents in the urban tra c

setting. This research focuses on the visually impaired pedestrian community and
provides an external HMI design recommendation based on their unique needs and

behaviors.



Vision impaired individuals, including those who are blind, colorblind, and individuals
with moderate to severe single-vision prescription glasses, are vulnerable in trac
settings and require additional assistance to ensure their safety [26] [19] [27]. The
main motivation for this research relates to the unique challenges faced by visually
impaired pedestrians and the need for a more inclusive design approach to vehicle-
to-pedestrian communication methods to promote tra c safety and the well-being of

a more diverse pedestrian population.



Chapter 2

BACKGROUND

This chapter de nes several key concepts and topics relating to AVs and various forms

of vision impairments.

2.1 Autonomous Vehicles

A vehicle is considered to be fully self-driving if it is capable of performing all driving
tasks with no human intervention. As shown in Figure 2.1, the Society of Automotive

Engineers (SAE) categorizes vehicle automation based on the following criteria [1]

[28]:

Figure 2.1: Society of Automotive Engineers (SAE) automation levels [1]



Level O - No Automation

The vehicle does not have any autonomy features. The driver is fully responsible in

performing driving tasks and ensuring the integrity of the driving experience.

Level 1 - Driver Assistance

The driver is responsible for controlling the vehicle but there may exist certain driving
assist features such as lane keep or lane assist that enhance the driving experience.
Some examples of Level 1 automation include adaptive cruise control and dynamic

brake support [1].
Level 2 - Partial Automation

The vehicle has enhancement features in place that allow for multiple automated
controls at one time. A vehicle must have the ability to accelerate and steer automat-
ically while the driver is still engaged. This can be observed in lane keep assistance
technology in combination with adaptive cruise control that recognizes the necessary
speed of the vehicle with respect other vehicles in its surrounding. The driver's en-
gagement is assessed in various manners: capacitive touch or torque sensing steering
wheels and eye monitoring systems ensure that the driver is still alert at the wheel
and capable of taking over any automated tasks at any moment during the driving
experience. The driver must be alert and actively partaking in the driving tasks in

order to maintain these partial automation capabilities.



Level 3 - Conditional Automation

The driver is still necessary but is not required to maintain full engagement as in
Level 2 automation. The driver does not need to monitor the environment during
the driving experience but must still be ready to take over drive controls at any time
with notice from the vehicle. The vehicle will notify the driver when they need to
take over driver controls. This noti cation can be either a vibration in the steering
wheel or driver's seat or an audio sound within the cabin accompanied with visual

noti cations in the instrument cluster.

Level 4 - High Automation

The vehicle is capable of performing all driving functions within certain environmental
constraints. For example, the vehicle may only be capable of driving at 25 mph in
clear weather conditions. The driver may be able to take over drive controls or have

the option to disengage the automation feature.

Level 5 - Full Automation

Full automation enables the vehicle to perform all driving tasks under all environmen-
tal conditions. In this situation, the driver becomes a passenger and is not required
or able to take over drive controls at any point during the driving experience. The
vehicle does not allow the driver to take over and the steering wheel is non-existent
in this level of automation. The driver does not need to be engaged with the vehicle
and all responsibilities are shifted to the vehicle itself. In this research, Level 5 fully

automated vehicles will be referred to as AVs [29].



Many vehicles on the road today have driver assistance in the form of adaptive cruise
control or stop-and-go assistance which allows the vehicle to track and mimic the
speed of the vehicle in front them [30]. Additionally, some cars have lane departure
warnings which alert the driver if they exit the colored lines on the road through

a manner of various audio and visual warnings signals in the driver's cabin [31].
These technologies are categorized as Level 1 or Level 2 according to the Society of

Automotive Engineers (SAE) de nitions [1].

Figure 2.2: Orientation and positioning of various sensors on Cruise's
autonomous vehicle [2]

As demonstrated in Figure 2.2, the Level 5 self-driving car design is considerably
more complex than Level 1 or Level 2 automation levels with a signi cant number of
sensors incorporated on the vehicle's exterior. Compared to Level 1 or Level 2 vehicles
that rely on simple cameras and shorter range radars, Level 5 autonomous vehicles
use multi-sensor fusion to gather complete data inputs and account for redundancy to
a greater degree than in Level 1 and Level 2 vehicles which primarily rely on limited
radar and camera sensors [29]. For the majority of AV companies in the U.S., Level
5 sensors include long-range LIDAR, short-range LiDAR, radar, near- eld cameras,
far- eld cameras, and microphones (used for siren detection) that are all used in

conjunction to allow the AV to accurately observe its environment.



Having a wide range of sensors allows the AV to make informed decisions and lowers
the risk of vehicle level failure [32]. If any sensor fails, there are other sensors in place
that can allow the vehicle to lead itself to a safe location and ensure passenger safety.
As shown in Figure 2.3, the position and placement of various sensors ensures that

the elds of view overlap to con rm that all relevant objects are detected around the

vehicle [32].

Figure 2.3: Autonomous vehicle sensor elds of view [3]



Autonomous vehicles are actively being researched and their full functionality is still
under development. During these early stages, it is necessary to consider the vehicle
design as it relates to pedestrians. Accounting for the design and external HMI of
the AV early on can help ease the iterative design process as it relates to pedestrian

safety.
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