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PREFACE

This masters project was written by group VGIS1004, consisting of two 10th semester
Vision, Graphics, and Interactive Systems (VGIS) students at Aalborg University

The work in this report is a continuation of the authors 9th project, which revolved
around product assembly and menu design in VR, in collaboration with a company
called PDM Technology. This report stands on the shoulders of this previous project,
and instead focuses on interaction systems in HMD-based VR. As in the previous
project the current project is developed with support from the company. This re-
port covers the design, implementation, and testing of di [erknt interaction methods.

This report, along with the additional material found together with this upload
covers the knowledge needed in order to reproduce the results of the project. The
report references to the portfolio when more information on the topic is available.
It is structured in chapters and sections. Chapters always start on a right-hand
side (odd-numbered) page, and sources are cited using the bracket citation style. If
a figure is referenced in the text, it happens before the figure is shown or on the
same page as the figure is shown. It may sometimes appear on a later page. To
understand the report easier, make sure to find the referenced figure before moving
on to the next paragraph.

The project files consisting of: scripts, libraries, and scenes,- exist as a Unity project
which was placed in the digital exam system at AAU. The data acquired through
the experiment were also made available as raw data presented in Excel sheets. This
report is also accessible through the exam system, and through the AAU student
project database.
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ABSTRACT

This report presents the process of creating and evaluating dilerent interaction
methods for virtual reality applications using Head-Mounted Display (HMD) tech-
nology. Virtual Reality (VR) has, in recent years, moved from being primarily
available to academics and research to be something that is available to consumers
at a reasonable price. Virtual reality with HMDs has many use areas, and as the
sales continue to rise and more and more consumers, and companies, get their hands
on a VR-system, the requirements for these systems will steadily increased, also in-
creasing the need for more, and better, interaction possibilities. Currently, virtual
reality with HMDs is primarily used for visualisation and is missing something that
computers have had almost since their conception: a common way to interact with
it, i.e. mouse and keyboard for computers. The aim of this project was to explore
various interaction methods with the purpose of being able to precisely move, place,
and align objects with one another in virtual reality in a fast and reliable manner.
We identified strengths and weaknesses of the interaction methods through user
experiments gathering both quantitative and qualitative feedback from the users.
The results of this experiment showed that some interaction methods are faster and
easier to use than others, and that the learning rate di[erk between them. We also
attempt to show correlation between variables, such as the age of participants and
how fast they were. These results showed that some methods lend themselves bet-
ter for certain situations; some being better if the users have more time to to get
accustomed to them, whilst other are a better choice should the system require the
user to be able to pick it up and use it without much training. We also showed that
there did indeed seem to be some correlation between age, hours spent on comput-
ers, playing games, and participants completion times. However no causation was
proven. Important to note is that the project was only able to cover a portion of
possible interaction methods in virtual reality and a lot more could be explored in
the future.
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CHAPTER 1

INTRODUCTION

Virtual Reality (VR) technology has, to date, largely been limited to academics
and research, however, with new consumer oriented systems becoming more readily
available this is expected to change in the near future. Consumer priced systems
are ourishing with many products emerging from various companies, and with the
increase in computing power over the last couple of decades VR is no longer limited
to in-house research and academics. Some industries have already successfully been
using VR for many years in areas such as architecture, ight simulation, military
training, product design etc. for e.g. digital mock-ups which provide a reduction

in development time and cost of the design process. VR provides new possibilities
for interacting with digital media in a way that provides seemingly limitless direct
access engaging more of the human senses than more traditional interaction tech-
niques. This makes VR good for providing a better understanding of the task at
hand due to a more active participation in the task; be it viewing models or train-
ing a speci c task, such as assembling a product, thus providing a more engaging
overall experience [8]. The consumer oriented VR systems which are gaining the
most recognition in the VR community is the Oculus Rift and the HTC Vive head-
mounted displays (HMD), especially when looking at interaction in VR, as both
these systems are supported by tracked wands technology (Oculus Touch and Vive
Controllers). In October 2016 it was revealed that 140.000 HTC Vive headsets had
been sold since it launched in April the same year [11]. Comparatively Apple sold
approximately 3.3 million iPhones during its debut year in 2007 (six months) [5]
while the PlayStation sells roughly 1 million consoles a month. By the end of 2016,
research done by Canalys [6] suggests that 500.000 HTC Vive were sold and 400.000
Oculus Rift headsets along with 800.000 PlayStation VR. If this trend continues the
requirements of what is possible with VR systems will increase and as such a need
for more, and better, interaction possibilities will likely arise.

This project revolves around interaction in HMD-based VR utilising wand-based
technology, also called Motion Tracked Controllers (MTC). Speci cally, we are us-
ing the HTC Vive VR headset mainly due to the availability of the headset but
also, in part, due the increased mobility it provides with room scale tracking (an
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image of the headset is displayed in Figure 1.1). Virtual Reality is most popularly

Figure 1.1. An image of the HTC Vive with the vive controllers
and the two lightowers making roomscale possible.

used by the general population to describe imaginary worlds that exist inside com-
puter games or in movies. Immersive virtual reality includes technologies that give
users the psychophysical experience of being surrounded by a computer-generated
environment, where immersion is the sensation of being present giving the user the
sense of reality - of "being there" - in the computer-generated environment [24]. In
this project Virtual Reality is used to describe an interactive arti cial environment
generated by the computer providing the same visual stimuli as the real world; and
we generally only consider VR with interaction through HMD-based technology.

Reading through VR literature and looking at some of the existing software solutions
utilising HMD based technology it is apparent that the technology is primarily used
for visualisations. Interaction is generally limited to being able to pick up objects
in proximity and moving around in the environment. Using VR to design and build
Virtual Environments (VE) is still something that is sparsely seen, most like due
to the di culty of interacting with objects of di erent sizes at di erent distances
seamlessly [27]. Another issue is providing good application control inside a VE
using the limited buttons available for interaction on MTCs [13]. Creating quality
interactions that works for multiple purposes and with multiple types and sizes of
objects is currently one of the biggest challenges for VR [8]. Furthermore, a thing
that is missing from VR interaction is a common acceptance of a single type of in-
teraction. Using a computer, more or less everyone accepts the mouse and keyboard
interaction and how it works, even when something might not work exactly the way
one wants; that is simply "how it is". This is something VR is still missing and
something we try to work towards with projects like this.

1.1 Project Delimitation

example of In this project we present di erent interaction patterns and a variety of techniques
technique or within each pattern. To clarify, an interaction pattern is a generalised high-level

pattern

interaction concept that can be utilised in di erent ways. An interaction technique
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is more specic and usually technology dependent and these techniques can usu-
ally be grouped under a common pattern that they share. Another way to think
of it could be a computer program with inheritance, where the parent class has
some common functionality shared by all the children classes; this is not entirely
the same, but close to it. Trying to solve interaction, speci cally manipulation, for
every shape of object would require a larger time-frame than what was available for
this project. As such, this project was focused on cuboid shapes; and as user testing
was something that was required to verify the interaction quality in the project, we
decided to work with a kitchen design scenario. The problem with most non-cuboid
shapes, especially non-symmetric shapes, is that it is harder to make an automatic
model of how they align next to one another. The placement should be more or less
the same no matter the shape of the object, so for placement it is mostly the size
that matters, but alignment is a more di cult task. To align non-symmetric and
abstract shapes to one another one would likely have to manually de ne how they
align by e.g. setting points or faces on each object to be eligible for alignment.

The purpose of working with a kitchen design scenario was to have something users
would be able to relate to, and most kitchen objects (cupboards, drawers, stove,
etc.) have cuboid shapes and are placed and aligned precisely next to one another.
Working with a kitchen design scenario also meant that we could restrict rotation
to cardinal directions (i.e. 90-degrees increments around the Y-axis - up/down),
and that objects had a distinct forward direction (front face of objects). Addition-
ally, kitchen elements typically only sit on the oor or the wall, providing a useful
limitation on how items can be placed, which simpli ed the problem area even fur-
ther. By applying these limitations, more time was saved and a foundation for
precise manipulation of objects was made, opening up for more complex shapes in
the future.

1.2 Problem Statement

The problem statement this project attempts to answer is:

What strengths and weaknesses do di erent interaction patterns/tech-
niques have for cuboid placement and alignment in VR when rotation is
restricted to cardinal directions?

This problem statement is twofold in the sense that, rst, the best pattern for cuboid
placement and alignment has to be identi ed, in order to further narrow down the
scope to investigate, and then techniques within that pattern has to be evaluated
to identify the strengths and weaknesses; and preferences.

1.3 Report Structure

The report is focused on the exploration of interaction patterns and interaction
techniques for VR. In Chapter 2 the work related to this project is described with
examples of other applications using interaction in VR as well as ample examples
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of interaction patterns and technigues that have been developed in the past. In
Chapter 3 the design of the overall system system is described as well as the patterns
that were explored in this project. In Chapter 4 a preliminary test is discussed

in order to gure out which pattern is preferred by users to then further develop
techniques for that pattern. Crefchap:desimpb covers the design and development of
techniques as well as the thoughts behind them and Chapter 7 presents and discusses
the results of an experiment conducted to identify the strength and weaknesses of
the developed techniques. Finally, Chapter 8 we conclude on the ndings from the
experiments and the project as a whole.



CHAPTER 2
RELATED WORK

This chapter discusses existing 2D applications for room con guration, as well as
examples of VR used in existing 3D applications, and previous research related to
interaction in VR. When mentioning 2D applications and 3D applications in this
report we are referring to the dimensionality of the interaction interfaces. A 2D
application in this sense is an application where the interaction is done with e.g.
traditional mouse and keyboard input on a regular computer monitor, and a 3D ap-
plication uses interaction in three dimensions using e.g. wand based technology like
the Vive and uses a peripheral capable of displaying 3D. The purpose of discussing
existing applications for room con guration is to gather inspiration from what users
might have tried before and thus be used to experiencing. Furthermore, it gives an
idea of what the current technology is capable of. The same argument can be used
to researching previously implemented interaction patterns and techniques used in
VR, where the focus will be on patterns and techniques that can be used with an
HMD. The interaction patterns and techniques will be considered when designing
and implementing patterns and techniques later in this report in Chapter 3 and
Chapter 5.

2.1 Related Applications

Looking at related applications, two di erent types are explored. 2D room planners
and 3D applications usings HMD-based VR. The 2D room planners explored in this
project are free to use and are all browser-based. It is possible, probably likely,
that better applications exist if one were to pay the price and get a stand-alone
application, however, as previously mentioned, the primary purpose of looking at
existing 2D planners is to gather inspiration and to see what some of them do well
and in what areas we imagine that VR could improve upon this process and vice
versa. The 3D applications are analysed from video and textual information only,
meaning we have not tried these applications ourselves. The 3D applications are
all applications that currently use HMD-based VR and here the interaction in the
applications will be analysed based on the available information.
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2.1.1 2D Room Planners

Looking at some of the di erent 2D room planners, some traits are common, and
they generally have a few things they all can do. However, there are also some clear
distinguishing factors as some of them have quite a few more features to ease the
process of 2D room planning. As there are quite a few 2D room planners, we will
primarily focus on three of them while also focusing on what is common features
for the di erent planners. The three planners we will focus on are the Planner 5D
[18], the Ikea Home Planner [7], and the Autodesk Homestyler [1]. The choice fell
on these three as they provide the most broad functionality as well as Ikea and
Autodesk, both being well known companies. Each of these planners provide quite
a few features, thus explaining and discussing all of them would be out of scope of
this project; as such we focus on theoom layout , view controls , and object
placement as these are the most relevant features with this project in mind. To
show an example of what a planner looks like, the IKEA home planner is displayed
in Figure 2.1 with an example of a kitchen setup. Most of the room planners come

Figure 2.1. A screenshot of the IKEA home planner

with a room layout con gurator , and the ones supplied in the three mentioned
applications allow for an almost complete custom room layout. It is possible to
control everything from room size, to where doors and windows should be placed,
as well as how the room should be shaped to some extend; some only have presets
to select from, such as the IKEA planner, where only the lengths of the walls are
changeable. The ceiling height is also adjustable. The rooms are all con gured from

a top down orthographic projection.

The view controls are one of the main di erences between the applications, and
something that greatly in uences the usability of the room planning. Having the
ability to freely chose which perspective and which projection to view the room from
makes it a lot easier to place items exactly as wanted. Here the Planner 5D and
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Autodesk Homestyler both use a top down orthographic projection as well as a 3D
perspective projection as their only two options, whereas the IKEA room planner
allows for several orthographic projections where it is possible to also view it from
all sides in 2D. This is especially useful when placing objects on walls and above
other objects, as the top down view provides no useful information in that scenario,
and interacting and moving objects precisely in the 3D view can be di cult at times
where the 2D view provides more precise control. The view controls are controlled
through the applications interfaces which have a similar style to them with a side
menu for selecting di erent types of objects to add to the design. Menus at the
top or bottom have settings for things such as controlling the perspective, zoom
and other general application settings as well as settings for the currently selected
object. Some other functionality included through the interface is the option to take
pictures of the room for printing as well as adding a ruler to the planner in order to
get a proper measurement of the setup in the planner. There is also a few manual
input options in most cases in order to control e.g. the height of an object or if it
should be raised from the oor (depending on the application).

Object placement in the di erent applications also vary slightly. In the Planner

5D the placement of objects is completely freehand and there is no collision checks
which means you can move objects through one another as well as through the
walls. Both the IKEA and Autodesk planners use collisions and objects snap to
both walls and other objects when in close proximity, with the IKEA planner using
more aggressive snapping. Visually, they are also quite di erent, where the Autodesk
Homestyler has a discrete snapping contrary to the IKEA planner which uses a very
visual indicator of how the object is going to snap when released. All the planners
allow for rotation which is also guided by snapping at 45 degree- or 90 degree angles.
Though con guration is not a focus of this project, all the planners o er varying
degrees of product con guration. The Autodesk Homestyler and the Planner 5D
allow for change to the size of objects, whereas the IKEA planner allow for changes
such as which handles should be on e.g. a drawer; this is something that should be
explored more in the future.

2.1.2 3D Applications

As previously mentioned, examples of complex interaction in VR are still quite lim-
ited, but some have made an attempt at using HMD-based VR as a creation tool.
The main examples we use here is the MARUI plug-in [15] for Autodesk's 3D mod-
elling tool Maya and the EditorVR for the Unity3D game engine (VRtisan [26] was
also an interesting candidate). Other plug-ins and programs exist, but these either
have limited interaction capabilities compared to the MARUI plug-in and EditorVR,
which allow you to create content while wearing the HMD, or they are not publicly
available. Other plug-ins, such as the VR-Plugin Viewer by VR-Plugin [25] (also for
Maya), are mainly meant to assist in viewing the content you have already created
in VR. When looking at these 3D applications we look at how thénteraction is
handled in the application and thefunctionality provided and in the end they are
compared from an ease of use standpoint.
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Looking at the MARUI plug-in, displayed in Figure 2.2, it provides an example of
how interaction can be done in VR. In the gure its shown that the plug-in makes
use of the HTC Vive and the trackpads it provides which in this case are used for
radial menus. To interact with the menu and the objects in the scene two red arrows
are used, sprouting from the top of the controllers; like the standard laser provided
in the Steam VR user interface, except shorter. The arrows are able to interact with
everything visible in the scene through a projection from the origin of the view to the
tip of the arrow selecting whatever is visible at that point in screen space. As we did
not have access to the application it is hard to say exactly how the interaction works
in terms of button presses, accuracy etc. However, if it follows general convention
of the HTC Vive and applications developed for it, then the trigger underneath the
controller is used for selecting objects and the two buttons on the side (grip but-
tons) are used for moving objects. In the example given in the YouTube video the

Figure 2.2. A screen shot of the MARUI plug-in for Autodesk
Maya from a YouTube clip presenting light setup in the plug-in [14]

user creates a new cone light which is scaled and moved around while also switching
between di erent types of views (shaded, wireframe, etc.). Some of tHsnction-

ality does not exactly advertise the strengths of content creation in VR as most of
it could have been done just as easily from the 2D editor. However, the strength is
really displayed when the user constrains the camera to the Vive view and records
key-frames of the movement done with the headset. This could drastically cut down
on the time needed to move a camera around in the 2D editor and set key-frames
to get the desired recording of the virtual scene. Another advantage of VR content
creation is that you get a better feel of the scale of objects compared to one another
and compared to the size of the user/character, and if the content is meant for VR,
being able to directly preview and change things from VR could potentially save
a lot of time. One of the potential issues with content creation in VR is precision
and functionality as one would want to be able to do everything possible in the 2D
editor inside VR as well so it is not necessary to take the VR head-set on and o all
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