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Abstract

With increased global information consumption, drivers are expecting better user
experience for information handling whilst driving and car manufacturers are
therefore offering more exciting technologies such as the head-up display (HUD).
The aim of the study is to find enhancements of the user experience for HUD in
vehicles. This has been done by building a working HUD graphical user interface
(GUI) prototype with the Qt framework from requirements gathered from interviews,
focus groups and competitor analysis. The prototype was field tested in a Volvo
XC90 which gave rise to a concept for how to increase the user experience for HUD.
The results from the evaluation of the prototype confirms that the user experience
can be enhanced with a more modern interaction, focus on usability and
functionality, and by keeping the information amount at a modest level while the
driver focuses on the road. The conclusion is that enhancing the HUD will enhance
the overall user experience allowing the driver to minimize the perceived inattention,
secondary tasks and gain better situational awareness. This is archived by moving
functionality to the HUD from the other information sources within the vehicle and
by displaying the information with design adapted to the HUD. The prototype has
received great feedback from key stakeholders both internally and externally. The
next step is to perform longer tests and in addition to develop functionality to find the
perfect balance between information visualization and safety.

KEYWORDS: head-up display, HUD, head-up display in vehicle, inattention,
secondary tasks, situational awareness, prototype, information visualization.



Abbreviations

CSD
DIM
HDD
HMI
HUD
GUI
QML
SA

UXx

Center Stack Display
Driver Information Module
Head-Down Display
Human-Machine Interaction
Head-Up Display

Graphical User Interface

Qt Meta Language
Situational Awareness

User Experience
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1. Introduction

In year 2012, 1.2 million vehicles worldwide were equipped with head-up display (HUD) and the
world market will according to IHS Automotive forecast expand to 9.1 million vehicles in year
2020. With an expected growth of 758 percent in the next 8 years (IHS iSuppli, 2013) will put a
great demand on the car manufacturers to supply new technical solutions and functionality
together with new ways of user interaction and design of user interfaces to maintain
competitiveness and be at the forefront of technology development.

Although HUD was first introduced in cars in the 80s (Chris, 2010) has the functionality offered
to the customer not evolved much since then. The user experience is mainly based on moving
existing functionality from the DIM to the HUD without adding any extra features, content or
graphical solution to the head-up interface. E.g. the top seventeen car manufacturers with models
with HUD are displaying the vehicle speed in the HUD as a digit and the navigation is
exclusively visualized with a basic arrow, see appendix A.

There are several different HUDs on the market today with different technical solutions that
offers different user experiences to the end customer. From high-tech solutions with the HUD
projected 2 - 2.5 meters ahead of the driver (Scoltock, 2011), to low-tech solutions where the
HUD is projected on a glass/plastic screen inside the car or on the windshield. It is only in recent
years as manufacturers have realized that they could create a better user experience for HUD by
taking advantage of the recent technical evolution within electronics and offer better solutions to
their customers.

There is a great demand of a HUD that enhances the user experience with new ways of
displaying and visualizing information without causing inattention or lowering the driver
awareness, see appendix D. By accumulating the information stored in the CSD and the DIM, the
HUD could take advantage of the active safety systems and minimize the risks when performing
secondary tasks while driving (e.g. reading text communication).

The goal of the master thesis is to create a graphical user interface for a HUD that enhances the
user experience and can be implemented in a working HUD prototype that will be demonstrated
in a fully operational test vehicle. Together with the prototype will also concept guidelines be
presented, unfolding how to enhance the user experience for HUD. Furthermore, these ideas and
solutions should be aesthetically pleasing, have a functional benefit and help to strengthen the
Volvo brand "designed around you".



1.1 Aim of the Study

The aim of the study is to utilize existing technology in combination of introducing new ways of
interaction and interface visualization to increase the UX in the HUD. The research question this
master thesis aims to answer:

“How to increase user experience for HUDS in cars with existing technology?”

1.2 Limitations

The prototype should not depend on expensive hardware or major changes to the car’s
architecture, but instead utilize existing technology in a new and creative way, to secure
implementation of ideas and solutions in future vehicles. To further limit the scope of the project
the concept and prototype will involve the HUD and exclude the user interaction with the CSD
and DIM but the project will take advantage of existing functionality in both CSD and DIM.

Clinical testing of inattention, secondary task and situational awareness while using the HUD
prototype have not been taken into consideration due to both technical limitations, insufficient
resources within the project and explicit focus on infotainment aspect of user experience in HUD
and therefor will only the perceived experience of inattention, secondary task and situational
awareness be taken into consideration. The working prototype functionality will focus on
infotainment and information visualization, and will thereby not take active safety functionality
into bigger consideration.



2. Background

Head-up displays have been around since the middle of the 20th century and have primarily been
featured in airplanes (Popular Mechanics, 1955). A few attempts to put it in cars have been
made, but it is only recently that several major car brands have put it in production models.
Therefore it is important to explore how it collaborates with other displays in a car as well other
aspects such as active safety, situational awareness, inattention, secondary tasks and what this
thesis aims to explore, user experience.

2.1 Head-Up Display

The head-up display (HUD) is a display projected on the windscreen or on a transparent screen
in front of the windscreen and gives a feeling of a secondary layer on top of reality, see figure 1.
Airplanes have had it for over 60 years (Popular Mechanics, 1955) and the concept of HUD is
used daily by pilots in commercial aircrafts such as in the Airbus A380. The display offers
crucial information during takeoff and landing while the pilot can have situational awareness and
can thereby focus on the primary task in all weather conditions (Airbus, 2007). Already in 1969
did the Bureau of Public Roads of the U.S. Department of Transportation vehicle tests with a
HUD that was illuminated on a windscreen. The HUD was tested for navigation by displaying
directional arrows and text, and had a maximum of 16 different predefined views (Car head-up
display, 1969). The first car on the market with a HUD was the Oldsmobile Cutlass Supreme in
year 1988 but unfortunately was the HUD not a big commercial success (Chis, 2010). Since a
few years back due to technological advances HUDs have once again been something that more
and more car manufacturers are offering their customers. With better HUD technology it has
been possible to display advanced information and animations making it an extension of the DIM
(Weinberg, Harsham & Medenica, 2011). In the same time the cost been decreased from
staggering $100 000 for a HUD in an aircraft to around $1000 in a modern car (Stanton, 2014).
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Figure 1. lllustration of HUD in vehicle (grey area)

There are different types of projectors that generate the HUD picture on the windshield. The
most common ones are cathode-ray tubes (CRT), liquid-crystal displays (LCD), light-emitting
diode (LED) and plasma displays (PD). A computer is then supplying the projector with a signal
and an optical collimator that prevents parallax error from the emitted light from the projector.
Unfortunately the collimator does limit the view angle of the projected image preventing anyone
else except the driver and in some extent the passenger behind the driver to see the HUD. The
benefit of the collimator is that it allows the driver to see the HUD without refocusing on the
projected image while looking at the same direction as the HUD. Beyond using a projector to
generate an image are the technology of using optical waveguides and scanning laser beams that
are expected to be the future solutions for better HUD performance (Stanton, 2014).

2.2 Driver Information Module

The driver information module (DIM) is a head-down display (HDD) and is the main area in
modern cars for displaying driving related information. It is also commonly called instrument
cluster and is a part of the car’s dashboard. It is located behind the steering wheel in front of the
driver, see figure 2, to provide easy access to information through short glances. Some
information displayed in the DIM is mandatory by law, such as speedometer, fuel and turn
signals (Olaverri-Monreal et al, 2013). Traditionally the DIM has been mainly analog with
several gauges, two larger for displaying speed and revolutions per minute (RPM) but it also
contains smaller gauges for fuel and heat and an area for warning messages. With technological
advances the analog gauges has been replaced either partially or completely with digital displays



(Howard, 2012). With digital displays replacing the physical gauges, different ways of
displaying information have been introduced, especially the possibility to have dynamic
information visualization depending on the importance in certain situations. Although gauges
have often been kept in digital form for information such as speed. It is usually controlled with
buttons on the steering wheel and/or levers around the steering wheel.

Figure 2. lllustration of DIM in vehicle (grey area)

2.3 Center Stack Display

The center stack display (CSD) is the display placed in the center of the instrument panel
between the driver and the passenger seat, see figure 3, in other words, it is placed in the center
stack. The center stack usually has non-driving related information and controls. This includes
features such as the climate and media system of the car. E.g. all new Volvo’s of model year of
2014 with Volvo Sensus Connected Touch have the following features in the CSD; car phone
and mobile phone integration, navigation system, radio, TV, web browser, online music, internet
sharing and individual applications (Volvo Car Corporation, 2013b). The input part of the
instrument panel has usually consisted of physical controls and with haptic feedback. As with the
DIM with technological advances it has been replaced partially with a digital display, which is
controlled either with separate physical controls or with a touch interface. With a display in the
center stack many new possibilities have been introduced and with dynamic information more
features can be added. It has also made it possible to add more sensors to cars such as reversing
camera and night vision. With each new generation has the screen been made bigger, and it is not
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unlikely that it will replace all the previous controls in the center stack as seen in many concept
cars (Private Fleet, 2013) and even some production cars. The CSD is also included in the HDD
family together with the DIM.

Figure 3. lllustration of CSD in vehicle (grey area)

2.4 User Experience

User Experience (UX) is about a user's behavior, emotions and attitudes towards a particular
product. This involves the entire experience of the interaction with the product (Nielsen &
Norman, 2013). Therefore it is also important to distinguish between the complete UX and UX
towards a particular area of a product. A user using the CSD of a car will not only experience the
interaction with the CSD but also the underlying information and their attitude towards the car
company will also affect the UX. Since UX is based on individuals’ perspective of a certain
product it can be seen as very subjective. UX should not be mixed up with usability. Usability is
the quality of the attributes of a product whereas UX covers a much larger area. It is also
constantly changing due to circumstances and changes to the product and its uses. User
experience (UX) as defined by the 1SO 9241-210 standards:

“2.15. User experience: person's perceptions and responses resulting from the use and/or
anticipated use of a product, system or service”

(International Organization for Standardization, 2010)

Information architecture is a good way to explain UX since there is a interface, system or





























































































































































































































































































































































































































































































