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Abstract

New virtual reality (VR) technology has been developed and is reaching a broader consumer-base
than ever before. However, no consumer operating system (OS) has been released optimized for
VR. In this project, a concept VR OS user interface (Ul) was developed, and di [erknt interaction
patterns were developed and evaluated. Several concept applications were developed and evaluated
in user tests. The project resulted in a concept VR Ul application with basic OS features such
as viewing files and opening programs. The tests conducted suggest that some interactions, such
as throwing away programs to close them and opening programs through a hand menu with 3D
icons, are e LCcieht. The tests also suggest that new interaction patterns for interacting with legacy
2D applications in VR should be researched.



Sammandrag

Ny virtuell verklighets (VR) -teknik har utvecklats och nar en bredare konsumentbas &n nagonsin
tidigare. Dock finns ingen konsumentversion av ett VVR-anpassat operativsystem (OS). | detta pro-
jekt utvecklades det ett anvandargranssnitt for ett OS i VR dér olika interaktionsmonster utveck-
lades och utvarderades. Flera konceptapplikationer utvecklades och utvarderades i anvandartester.
Projektet resulterade i en koncept-VR Ul-applikation med grundldggande operativsystemsfunk-
tioner som till exempel att visa filer och 6ppna program. De tester som utférts tyder pa att vissa
interaktioner, som till exempel att kasta bort program for att stdnga dem och éppna nya program
via en handmeny med 3D-ikoner, &r e [eHtiva. Testerna foreslar ocksa att nya interaktionsmonster
for interaktion med aldre 2D-applikationer i VR bér undersokas.



Acknowledgements

We would first like to thank our supervisor for this project, Daniel Sjolie who helped us throughout
the course of the project. We would also like to thank Visual Arena in Lindholmen Science Park
who let us use their VR equipment during the development. Last but not least we would like to
thank all our test participants who gave us invaluable feedback in our tests.



Contents

Introduction

1.1 PUIPOSE . . . . . e

1.2 SCOPE . . . e
1.2.1 Delimitations . . . . . . . . ..

1.3 Projectoverview . . . . . . . . . e e e

Background

2.1 Introduction to operating systems . . . . . ... ... e
2.2 Traditional OS interaction . . . . . . . . . . . . e
2.3 VR hardware . . . . . . . . . e e
2.4 Current VR Ul limitations . . . . . . . . . . . . . e

Theory

3.1 Humanfactors . .. . . . . . . . e
3.1.1 Mentalmodel . . . . ... ... ...
3.1.2 Usability . .. ... .
3.1.3 Attention . . . ... e e

3.2 VRhealtheects . . . ... . . . .. . e
3.21 VRsSICKNESS . . . . . . . e
3.2.2 ErgonomiCs . . . . . . o o i

3.3 Designtoolsand methods . . . . . . . . L
3.3.1 Functionanalysis . . . . . . . . . . . . ..
332 TheKJImethod. . . ... ... . . . . ... . e
3.3.3 Usabilitytesting . . . . ... .. e
334 USECASE . . . . o i e e e
3.3.5 Brainstorming . . . . . ...

34 INterviewing . . . . . . e

Method

4.1 Analysis of functionality and features . . . . . . . . ... L L L.
4.1.1 Functionanalysisof OSs. . . . ... .. ... .. ... .. ... .. ...
4.1.2 Interviews on OS features importanttousers . . ... ... . ... .....

4.2 Concept development and usertesting . . . .. .. ... ... ... ... ...,
4.2.1 Developing CONCEPLS . . . . . . o o o
422 Concepttestsetup . . . . . . . . .

4.3 Concept evaluation and further development . . . . .. ... ... .. ... ....

4.4 Ulevaluationtesting . . . . . . . . . . . . . . e

Result

5.1 Analysis of functionality and features . . . . . . . .. .. ... ... ...
5.1.1 Functionanalysis . . . . . . . . . . . .
5.1.2 INterviews . . . . . . e

5.2 Concept prototypes . . . . . . . e

N



Contents

521 Testlevel 2 . . . . . . e 17
5,22 Testlevel 3 . . . . . e 17
5.2.3 Test application prototypes . . . . . . . . ... . 18
5.3 Feedback from concepttests . . . . . . .. . ... ... 19
5.3.1 Environment . . . . . ... e e 19
5.3.2 Navigation . . . . . . . . . . 20
5.3.3 Interaction . . . . . . . ... 20
534 Globalmenu . ... .. .. ... 20
54 UseCases . . .. . . . . . e 21
55 FinalOS Uldesign . . . . . . . e 21
5.5.1 Environment . . . . . . .. e 21
5.5.2 Navigation . . . . . . . . 21
5.5.3 Interaction . . . . . . . .. 22
554 Globalmenu . ... .. .. ... 23
555 Hints . . . . e 24
5.6 Application concepts . . . . . .. 24
5.6.1 Filebrowser . . . . . . . .. 25
5.6.2 AllPrograms . . . . . . . . . 26
5.6.3 Web browser . . . .. ... 26
5.6.4 FaceWall . . . . . . . . . e 27
5.6.5 Harbour workstation . . . . .. ... ... 28
5.6.6 Keyboard . . . ... .. ... 28
5.6.7 Ponggame . . . . . ... 29
5.6.8 Resizer . . . . .. 29
5.6.9 Running applications . . . . . . . .. ... e 30
5.6.10 Snapgrid . . . . . . ... e 30
5.6.11 Sound control . . . . . . . ... 31
5.6.12 Thermometer, weather forecast and dynamic weather . . . . ... ... .. 32
5.6.13 Portal . . . . . ... 33
5.6.14 Throw ballsgame . . . . . . . . . .. .. . .. . . ... 33
5.7 Polymorphism. . . . . . . . e 34
5.8 Implementation of features and interactions . . . . ... ... ... ... .. .... 34
581 Player pawn . . . . . . . 34
5.8.2 Teleport . . . . . . 35
583 Grab . . . . .. 35
5.84 Point . . ... 35
5.8.5 Alt-button . .. . ... 35
5.8.6 Hint . . . . . . . 35
5.8.7 Lerphelper . . . . . e 35
588 3DiCONS . . . . . e 35
5.8.9 Context menu button . . . . . ... 36
5.9 Evaluationtestingresults . . . . .. .. .. ... . ... . 36
6 Discussion 38
6.1 Designprocessesandtesting. . . . . .. .. .. ... ... 38
6.1.1 Dierent levels of detail and theme when testing environment . . . . . . .. 38
6.1.2 Limited testing of VR sickness and ergonomics . . . . ... ... ... ... 38
6.1.3 Inexperienced VR USErS . . . . . . . . . ... 38
6.1.4 Limitations of testers and interviewees . . . . . . .. ... ... ... .. 39
6.2 Final Ul . . . . . . 39
6.2.1 Ensuring user adoption . . . . . ... ... 39
6.2.2 Launching applications. . . . . . . . . . ... 39
6.2.3 Navigation . . . . . . . . . . .. 40
6.2.4 Filebrowser . . . . . . . 40
6.2.5 Actionfeedback. . . . . . . ... 40
6.26 Handmenu . . . ... . . . . . ... 41



Contents

6.3 Further development . . . . . . . . . . 41
6.3.1 Potential accessibility features . . . . . ... Lo Lo 41
6.3.2 Potential implementation of the OS in augmented reality . . .. .. .. .. 41
6.3.3 Multiplayer . . . . . . . . . e 42
6.3.4 Customization of the environment . . . . ... ... ... .......... 42
6.4 The developed Ul compared to other solutions . . . . ... .. ... ........ 42
6.4.1 ComparedtootherOS:s . . . . . . . . . . . . . e 42
6.4.2 Compared to other VR solutions . . . . . ... ... ... ... ....... 42
6.5 Othergame engines . . .. . . . . . . . .. e 43
7 Conclusions 44
Appendices
A Function analysis I
B Interview questions 1"
C Interviewee information v
D Test protocol \%
E Test interview protocol Vil
F Test 1 tester information IX
G Test 1 results X
H Use cases XVII
| Interfaces XIX
J Test 2 procedure XX
K Test 2 tester information XXII
L Test 2 results XXII



List of Figures

1.1 An overview of the major development steps of the project.. . . . . . . ... ... 3

2.1 A screenshot from Bigscreens youtube channel showing a user interacting with two
2D screens ina VR environment.. . . . . . . ..o
2.2 A screenshot of the Ul of Oculus Home.. . . . . . .. ... ... ... .......

o Ol

5.1 To the left, the environment used in test level 1. To the right, the tool belt menu.. 16
5.2 To the left, the environment and to the right, the lever-based menu used in test level

2 17
5.3 To the left, the environment and to the right, the 'taskbar' menu used in test 3.. . 17
5.4 The rstimplementation of the le explorer, used in test 1, consisting of a navigation

tree to the left and the content of the current folder to the right, divided by a handle.18

5.5 The two clock applications accessible inthetest.. . . . ... ... ... ...... 19
5.6 To the left, a concept music player, and to the right a web browser. These applica-
tions conceptualize interaction with legacy 2D apps. . . . . . .. ... .. .. ... 19
5.7 View outwards of the user accessible area in the VR Ul environment. . . . . . . . 21
5.8 View inside of the user accessible room in the VR Ul environment.. . . . . . . .. 21
5.9 A teleporting user, the green spheres represent snappoints. The blue line, extending
from the users hand, preview where the user will be located after teleporting.. . . 22
5.10 A close look at the users right hand which is starting to grab a hologram 3D icon,
which is appearing over the Pong hand menu shortcut. . . . . .. ... ... ... 23
5.11 To the left, a user looking at the hand menu on the left hand. To the right, a hint
text telling the user what can happen when 3D icon is grabbed. . . . . . . .. .. 24

5.12 The le browser application. An overview of where the user is in the folder hierarchy
is displayed to the left, while les in the current folder is displayed in the larger
central area. The red dot represents the current page, which is the only page for the

current folder. . . . . . . L 25
5.13 The application holding shortcuts to all installed programs. Each icon creates a 3D

hologram when the user puts his hand in frontofit. . . . . ... ... ... .... 26
5.14 The web browser application. . . . . . . . . . . . ... L 26
5.15 The saocial application concept FaceWall. Users can stick photos to the wall by grab-

bing them and throwing them at the FaceWall. . . . . ... ... ... ....... 27
5.16 A professional workstation concept application. . . . . .. .. ... ... ... ... 28
5.17 The system keyboard. The user can press a key by enabling the poke action on the

controller and touching a key.. . . . . . .. .. ... 29
5.18 The ping-pong game application with a grabbable user paddle and an opponent Al

paddle.. . . . . . e e 29
5.19 The resizer-application. Touching the left side to a compatible object would shrink

it, and the right side would expand it. . . . .. ... ... ... ... ... ..... 30
5.20 The running apps indicator . . . . . . . . . .. L 30
5.21 The application organizing app "snapgrid" with an attached folder. . . . . . . . .. 31
522 The OS sound control. . . . . . . . . . . . . . 31
5.23 The thermometer application. . . . . . . .. . . .. ... ... . ... . ... ... 32



List of Figures

Vi

5.24 The weather forecast application showing the predicted weather for the next 5 days,

updated from the internet. . . . . . . . . .. 32
5.25 An immersive VR application portal. Activated by putting on users head.. . . . . . 33
5.26 An immersive VR application conceptgame.. . . . . . . . . .. ... 34

6.1 An example of what a blueprint can look like. Allowing to control the ow without
having towrite code. . . . . . . . . . . . ... 43



1

Introduction

Over the last two decades, the use of computers have constantly been growing and become a fully
integrated part of our society. With the latest consumer friendly virtual reality (VR) hardware,
such as Facebook's Oculus Rift and HTC's Vive, consumers are introduced to new ways of ex-
periencing and interacting with computer systems through virtual environments. This allows for
interaction that to a greater extent resembles the interaction with objects in the physical world.

There are VR-applications, such as Big Screen Beta (Epic Games, 2017), which provides the user
with a way to use and interact with the underlying operating system (OS) by duplicating and
projecting its two dimensional (2D) graphical user interface (GUI) inside the VR-environment.
Therefore, even though the interaction is taking place in a fully immersive 3D-environment, the
interactions within the OS is 2D and optimized for the windows, icons, menus, pointer design,
shortened WIMP (Marko, 2009). Due to that the WIMP design is based on windows which
are two dimensional, and pointers which do not normally exist within VR space, WIMP can be
considered unoptimized for VR use. There is currently no commercial VR-application designed as
an operating system utilizing the new possibilities VR provides.

1.1 Purpose

The purpose of this project is to create a user interface (Ul) where the user can, in a VR environ-
ment, get access to the most essential features taken for granted in a 2D operating system, such
as starting applications and viewing les. Several Ul concepts related to opening, managing and
closing programs, les and legacy applications are to be developed and evaluated to nd e cient
and intuitive solutions for the Ul. Several applications will be implemented to allow the user to
interact with the Ul in a realistic way. The Ul shall use the new opportunities that VR entalils, in
forms of utilizing the 3D environment and intuitive interactions with virtual objects and tools.

1.2 Scope

Within the scope of the project is to create a Ul which gives the user access to the most common
features of an operating system, such as starting applications and viewing les. The project
will include proof-of-concept interaction implementations for starting other VR applications and
traditional 2D desktop applications. All these functions should be accessible from within the VR
application, without taking the VR headset o .

The Ul will allow the user to multitask, i.e. use multiple running programs simultaneously, and
customize the work area by moving the di erent programs around in the 3D space. The Ul will
also allow the user to nd and close currently running programs.
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The Ul should be usable by people with normal variation of height, arm length, sitting, standing,
without causing the user discomfort.

1.2.1 Delimitations

The project will not produce a full edged operating system, but a Ul concept with emphasis on
the implementation of the user interface and the interaction design of the system. The operating
system Ul will be constructed in the game engine Unreal Engine 4 (UE4) developed by Epic
Games. Programs built with UE4 requires a compatible operating system to run. Therefore, the
project will be limited to exploring the possibilities of the front end design of a VR operating
system. Backend components such as drivers and kernel will not be implemented. Frameworks for
developing applications for the OS will not be developed. The project will not attempt to support
applications designed for running on 2D operating systems, instead prototype applications will be
developed to represent legacy applications.

The Ul will be developed for the VR and computer hardware that is available to students at
Chalmers University of Technology. The computers are Windows computers, and the graphic cards
are nVidia Gtx 1070 or higher performing equivalents. The VR technology available is Oculus Rift
and HTC Vive head mounted displays (HMD), Oculus Touch and Vive motion controllers. The
application will not be tested on other hardware or software con gurations.

The Ul will not be developed with accessibility features. Common user disabilities such as color
blindness will not be considered during development. This is due to time constraints. Reading
longer texts in VR can be very stressful for the eyes due to the low resolution of existing hardware
(Applebee and Deruette, 2017). This project will not attempt to create any alternative reading
methods, but instead minimize the amount of text.

1.3 Project overview

The project will use an agile development process consisting of four major steps: Requirement
analysis, solution design, development and testing. Each step will use established methods, in-
troduced below, which are explained in further detail in section 3.3. The steps, or phases, were
performed twice in an iterative fashion according to the agile methodology, as can be seen in Figure
1.1, where the initial step was "requirement analysis".
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Figure 1.1: An overview of the major development steps of the project.

In order to con rm that most of the necessary components of the system are identi ed, the starting
point will be a requirement analysis. The requirement analysis step will use semi-structured in-
depth interviews with experienced computer users from dierent backgrounds. In the second
iteration the results from the test step is used as input for the requirement analysis. These results
are then aggregated and evaluated using the KJ analysis method, information about the KJ analysis
method can be found in chapter 3.3.2.

Once the requirements are identi ed, solutions are proposed by developers and designers in close
collaboration during brainstorming sessions. The proposed solutions are put into a backlog and
prioritized for the development phase.

The development phase will be split into sprints according to a modi ed version of SCRUM, where
the daily scrum meetings were omitted. Each sprint is one week long. At the end of each week
there is a sprint review, consisting of retrospective and dividing tasks among users and planning
for the next sprint (Scrum, 2017).

Tests will be conducted in order to receive input from users and make sure that the needed features
are included and design solutions are perceived as intended. In total two tests are conducted, one
for each iteration. The results of the rst test is used in the next iteration of the requirement
analysis phase, and thus the process is repeated.
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Background

This chapter contains background information about user interfaces, operating systems and VR
technology relevant to this project.

2.1 Introduction to operating systems

Computer system architectures are often built upon abstracting lower levels of data, making the
implementation of the complex systems manageable. The same concept is applied to the front end
implementation. By moving many commands away from the end user, the system becomes easier
to interact with and in turn accessible for a broader audience. At the core of personal computers,
no matter if the physical implementation is a desktop computer, laptop, mobile phone or gaming
console, there is an operating system managing the interaction between processes and hardware,
handling networking, 1/0 etc. (Dhotre, 2008). All these features are abstracted away from the end
user by introducing a Ul, helping the user perform various tasks without the need to know about
how it is done behind the scenes.

2.2 Traditional OS interaction

In a traditional OS the default input actions are left and right click on the mouse, in combination
with keybinds on a keyboard. For mobile phones there is the touch, long touch and swipe actions.
But none of these actions can be directly applied to a VR, as you do not have any surface to touch
nor a mouse to click. Looking at previous implementations in programs such as Oculus Home
(Oculus VR, 2017a), Steam VR (Valve Corporation, 2017), Big Screen beta (Bigscreen Inc, 2017)
and many VR games, the traditional WIMP interface is introduced by extending a laser pointer
from the hand controller to a menu option, and simulating the left (and sometimes right) click
with a button on the controller. Although this solution is very familiar to any user experienced
with a desktop computer, it does not utilize the familiarity humans have with our hands.

2.3 VR hardware

A few years ago, access to VR technology was limited to specialized developers (Lily Prasuethsut,
2017) as no consumer VR hardware was readily available. Recently several new developers of VR
technology have appeared. Facebook, HTC and Sony all have released powerful VR products,
consisting of HMDs and hand tracking controllers, and made them widely available to the public
(Durbin, 2016). Today consumers that are curious can get hold of high quality VR hardware
(Jerald, 2015) for less than $1000 (Amazon, 2017).
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