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Abstract
3D modelling takes on a unique shape in Virtual Reality. By creating a VR-3D modelling
application built on the principle of signifiers and affordances from Don Normans book
”The Design of Everyday Things” [D. Norman 1988] we not only reaffirm the strengths
of this principle in creating an easily understandable system, but we also highlight some
cases where it works less well. We then show how in these weaker cases, by applying
other design principles such as clear feedback and use of standards, we can overcome
these problems and create a system where different design approaches solve problems
that they fit particularly well with.
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1 Introduction
The idea of a Virtual Reality (VR) goes back many years, the idea of getting rid of the
computer interface and stepping into an alternate world that would react as if you were
there yourself, influencing it. However only recently have we have been able to success-
fully and commercially produce VR-equipment that is starting to scratch the surface of that
vision. In the last decade we’ve seen a lot of advancement in VR, not only technologically
but also in public interest, and with public interest, and an increasing amount of different
users, it has also become important to implement a good user experience(UX).

There are many decades of knowledge about good UX in the realm of the personal com-
puter, but since VR is a completely new interface, only some lessons from traditional UX
design can be copied over to VR, most of the time new solutions has to be thought up
specifically for VR.

This difference in interface can be easily seen when comparing inputs from the the tradi-
tional PC and VR. On a PC you most commonly have a mouse and keyboard, the mouse
allows for movement in 2 directions, and maps onto the screen, where the interface is
always(almost) designed as a flat plane. The keyboard allows for typing in text, com-
mands, or acts as a huge array of customizeable buttons. In contrast VR, as it is most
commonly seen right now, give you two controllers for your hands, and a head mounted
display(HMD) which acts as not only the output screen, but also tracks your head move-
ments. All of these controllers work in 3 dimensions, and additionally also tracks 3 dimen-
sions of rotations for what we call 6 Degrees of freedom(6DOF) controls. This adds a lot
of control compared to the 2 dimensional mouse, and simply porting over our 2d menus,
that worked with the mouse, is firstly a waste of all the freedom that we have, and sec-
ondly very awkward to control. Like a car with 2 steering wheels separated for the front
and back tires, sure it allows for more control, but we don’t need that amount of control
for what cars need to do. In short, with more degrees of freedom, we paradoxically loose
some control over each individual degree.

It’s clear that we need to tailor VR-applications to make use of the VR-interface. There
are already many great examples of people coming up with new user interfaces that has
been designed with VR in mind. Some examples will be investigated in the background
chapter.

This project aims to tackle this exact problem of designing good UX in a VR environment.
The project is a continuation of previous projects[Jensen 2019]&[Kamalov 2018] and is
also described in [Bærentzen, Frisvad, and Singh 2019] The product, that we are trying to
make work in VR, takes the form of a VR-3D-modelling application. To achieve this goal
several design principles has been chosen: First andmost importantly, the design is based
heavily on several ideas from Don Normans book ”The Design of Everyday Things”[D.
Norman 1988] Most central of these is the idea of signifiers and visibility, which means
clearly showing what you can interact with, and how you can interact with it. Another
principle is to make use of natural mappings, meaning that something interactable, takes
a form that gives an idea of how it works.

These principle can be seen in the fundamental actions of the system, figure 1.1 show
the basic signifiers in the system, there are 3 different kinds, the face handle, the vertex
handle and the edge lock. These signifiers are mapped to the thing they control, and they
are shaped to indicate their function, the face handle looks like a drawer handle, and hints
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that it should be pulled.
The vertex handles are attached to the vertices and look like pins, which hints that they can
be moved around. The edge locks are shaped like an open band, and when interacted it
closes, to indicate locking the faces together. Another important element is the feedback,
the face handle and hand trigger is highlighted, when a hand touches them, indicating
that your hand can interact with the handle. Another important feedback is the size of the
handles scaling depending on the distance from the hands. When a hand moves closer
to a handle, the handles grow, this shows an attraction to the hands.

Figure 1.1: A look at the handles that signify actions

These design principles and more, will be explained further in the theory chapter.

The system is built using the Unity platformUnity 2019, and the model is represented by
a half-edge mesh data structure, this structure is handled by the GEL library [Bærentzen
2020 https://github.com/janba/GEL]. In this project the technical details of a half-edge
mesh data structure is not important, as we are working on a higher level, and the GEL
library has many high-level functions available.

2 Human Centered 3D Modelling in Virtual Reality



2 Motivation
The motivation behind this project is to explore the possibilities that a VR-3D-modelling
solution can bring, what can our approach bring to the table, that traditional software and
other VR-3D-modelling programs cannot? We are interested in finding out what works
and what doesn’t work with our approach and widening the knowledge of VR-UX.

VR brings something truly new to the table, double screens which provides depth percep-
tion, head and hand tracking with 6DOF which allows you to move seamlessly in a 3D
space.

The closest example to such an big interface change in newer times, could be said to
be the touchscreen of the smartphone. And with the smartphone we’ve also seen the
development of new UX solutions, such as swiping, multi-point actions and gyroscopic
features, that makes sense and is possible in the space that is the smartphone.

It is the same story with VR, and while there has already been dedicated a lot of time
and effort to find the things that work well in VR, it is still important to keep exploring and
developing VR over time.

With this work we are exploring a different approach than most of the other solutions
for VR-modelling, and hopefully some of our findings will show how we can improve this
experience.

The hope is that a more human-centered signifier approach is both easier to use, and is
feasible to implement.

Human Centered 3D Modelling in Virtual Reality 3
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3 Background
3D-modelling can be hard for a beginner to get in to, there are several barriers that has
to be overcome, mostly in the form of tools that has to be learned. Contemporary 3D
modelling software is like many other complex programs filled with menus, drop-downs
and tools, and you might sometime hear people say that a it would take a lifetime to learn
everything that program can do. Furthermore there is an abstraction layer when it comes
to working on a model in these programs, you are not modifying the model directly, all your
input has to come through a keyboard, mouse or in some cases a tablet. With VR we can
solve this second point quite easily, since accurate hand tracking is built into the foundation
of VR. In other words we can interact with a world directly through our hands,(or if you
want to be precise, through a very small abstraction layer in terms of controllers or hand
tracking), main difference here is still that one goal of these controllers are to accurately
replicate the hand. Something traditional controls do not aim to do.

This new type of input that VR enables brings a lot of interesting possibilities. There are
already a substantial amount of VR-3D-Modelling software out there with a varying degree
of user-friendliness.

But let’s also first look at some of the traditional 3D modelling solutions.

3.1 Other 3D-modelling solutions
3D-modelling is a big field with many people dedicating their lives to make 3D models for
film, games, advertising or more technical modelling such as for product manufacturing
or buildings.

Here is a variety of different 3D-modelling solutions that focus on different areas of 3D-
modelling.

3.1.1 Blender
Blender(1995)[Blender 1995] is a huge player in the entertainment industry, or for mod-
elling that focuses more on the artistic aspect of modelling. Along with Autodesk Maya,
which is one of Blenders main competitor, they are responsible for many of the 3D models
you see in films, games or advertisements.

Blender is a very traditional 3D-modelling application, it has many features and allows to
model pretty much anything your imagination can think of. To support this great versatility
comes the inclusion of many, many tools and options. Figure 3.1 shows an overview of
how the default blender editor looks, as can be seen there are dozens of different tabs, and
under each tab more options, or different editor views which allows for different modelling
workflows. It is not a surprise that beginners can feel very overwhelmed when starting
out, and there are a whole field of learning material for just Blender in the form of Youtube
videos, books or forum posts.

Blender shows the fundamental rule, that with functionality comes complexity. If you want
something that can do anything, it wont be simple.

3.1.2 Autodesk AutoCAD
AutoCAD[AutoDesk 1992] is a popular Computer Assisted Design (CAD) tool, which pro-
vides a more technical side of modelling. In a CAD program, there are more focus on pro-
viding tools for precise measurement of volumes and tools for simulating how the model
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Figure 3.1: What greets you when you first open Blender

would be affected in the real world, such as forces from gravity, weather, human use
etc. AutoCAD is very popular as well, and is used for many engineering disciplines, and
around manufacturing-companies all over the world.

Blender and AutoCAD have very different use cases, but the thing they have in common
is the amount of functionality and tools they provide the user.

3.2 show how a typical AutoCAD layout looks, as with the Blender layout 3.1, it also has
a ton of menus everywhere, again confusing for a beginner, and again many resources
for learning the skill that is AutoCAD.

Blender and AutoCAD are both traditional desktop application, controlled with a mouse
or keyboard, or maybe sometimes a drawing tablet.

Now we’ll take a look at what the world of VR has to offer when it comes to 3D-modelling
software.

3.1.3 Google Blocks
Google has a foot in many domains and VR is no exception. Google Blocks[Google
2017] is an application by Google that allows the user to ”play” around with shapes in
a VR environment. While the program does allow for some more complex traditional
tools, such as extrusion and subdivision of faces, Google Blocks is mainly presented as
an experience where you can construct scenes or models by placing primitive shapes in
different patterns. More advanced actions that manipulate the shapes, are not directly
available and the user has to look for them, and sometimes enable them in hidden away
menus.

Google blocks uses a tool interface, as I like to call it. A tool interface works by having a
selection of different tools, very much like traditional 3D-modelling software, the difference
being that in VR the tools have a physical form to them, that represent what they can do.

Figure 3.3 shows the tools that Blocks offer you, there are tools for placing, drawing,
painting, moving, modifying and erasing shapes.
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Figure 3.2: How an AutoCad scene might look

With these limited tools, and having a physical representation of them. Google Blocks
manages to keep its interface pretty simple to understand and use for a beginner, espe-
cially if you already have some experience in modelling and/or VR.

3.1.4 Adobe Medium
Adobe Medium[Adobe 2018] is a 3D Modelling application focused on sculpting, and is
like Google Blocks built for VR. In fact Medium and Blocks also use the same type of
tool-based interface, in figure 3.4 mediums tools can be seen on the left, located around
the wheel, and on the right is a more traditional options menu.

Since Medium is a sculpting program, it is not focused on making rigid structures and is
different from what the product of this report, tries to do in this aspect.

But they are still similar in the aspect of being VR modelling applications, and there are
similar challenges such as UI and tool limitations.

3.1.5 Gravity Sketch
I don’t think it would be unfair to call Blocks andMedium, consumer oriented artistic experi-
ences, sure youmight be able to makemodels for professional use, but the tools are at the
end of the day pretty limited, especially compared to the traditional giants(Blender/Maya).

Gravity Sketch is what happens when you try to go the other direction. Lot’s of tools,
precise editing and it is designed for professional use in companies.

You can do a lot of things with gravity sketch, they support both freehand drawing and
modelling controlling faces and vertices, and each mode has many tools.

To support all of this, gravity sketch does have to rely on several menus, and many button
combinations. Because of this Gravity Sketch does tend to look more like some of the
traditional modelling programs, and does require a bit of knowledge to control.

Human Centered 3D Modelling in Virtual Reality 7



Figure 3.3: Google Blocks’ tool based interface

3.2 Notable Academic Research
3.2.1 Plane, Ray, and Point: Enabling Precise Spatial Manipulations with

Shape Constraints
The paper ”Plane, Ray, and Point: Enabling Precise Spatial Manipulations with Shape
Constraints”[Hayatpur et al. 2019] explores how to constrain movement in a VR environ-
ment. Especially interesting is how it shows how much easier an object is to precisely
control when you introduce constraints. The study also makes use of intuitive hand con-
trols to control the constraints, by mapping hand gestures to similar actions, examples:
when pointing upwards with your thumb a upwards ray constraint is created, when pointed
forward with an index finger a forward facing ray constraint is created, and when pointing
forward and upwards, essentially indicating a plane with your fingers, a plane constraint
is created.

This makes the actions in the real world map to actions in the virtual world in a intuitive
way, and makes such actions much easier to remember. No arbitrary buttons needed.

This paper also really highlights the point that it’s hard to have precission with all the
freedom we have in VR, so to give the user more control, we need to provide tools for
limiting control.

3.2.2 CASSIE: Curve and Surface Sketching in Immersive Environments
Another study ”CASSIE: Curve and Surface Sketching in Immersive Environments” [Yu
et al. 2021] describes how by combining the freedom of drawing in VR and smart au-
tomation, well defined models can be obtained easily from the ideation stage. What is
really interesting here is the task of recognising user intention, and providing automatic
precision and cleanup, which would be impossible to do manually.

If user intent can be correctly understood, it is possible to provide a lot of help and support
the action to provide a much easier experience. However, wrongly predict a users intent
and the experience suddenly becomes very frustrating.
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Figure 3.4: Adobe Mediums tool based interface

To get this dynamic right, testing is often needed to see if the automation creates a good
experience or frustration.

3.2.3 The VR Book
While not really a piece of research, I felt like this book needed to be mentioned some-
where. ”The VR Book”[Jerald 2016] is a fitting name, this book documents and explains
an broad amount of the aspects of VR, it goes through the history, different forms of real-
ity, also collectively called mixed reality (MR), different perceptions and how we faithfully
stimulate them, health/physical challenges with VR and content creation in VR, to just
name some of the broad themes. While I’ve only dipped my toes in what this book offers,
listing some of the basic design principles that this book provides seems fitting for this
project.

• Focus on the user experience rather than the technology

• Simplify and harmonize the communication between user and technology

• Focus on making the technical intermediary between the user and content transpar-
ent so users feel like they have direct access to the virtual world and its entities

• Since presence is a function of both immersion and the user, we can’t entirely control
it. Maximize presence by focusing on what we do have control over— immersion

• Minimize breaks-in-presence

Especially the points relating to reducing the gap between user and content, lies very
close to points that [D. Norman 1988] also makes, as we shall see in the next chapter.

3.3 Box modelling
Box modelling is a widely used method for creating 3d models, box modelling focuses
on the manipulation of rough geometry, through direct control of faces and vertices. The
usual workflow of box modelling is to ”block out” the model in rough shapes, and then
adding more detail through dividing faces and moving vertices.
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3.5 shows an example of different steps in the box-modelling approach.

Box modelling creates a low-poly blocky look, but often a surface subdivision is applied to
the model if more soft shapes are needed, for example animals or characters. Programs
such as blender are often used for box-modelling.

This project is built on this box modelling approach, in contrast to some more free-form
modelling, like Adobe Medium shown earlier.

Figure 3.5: Example of box modelling, taken from http://dcdesign.wikidot.com/wiki:box-
modelling
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4 Theory
4.1 The Design of Everyday Things
4.1.1 Signifiers and Affordances
The book ”The Design of Everyday Things”[D. Norman 1988] introduces the concept of
signifiers and affordances. An affordance is described in the book as òthe term affordance
refers to the perceived and actual properties of the thing, primarily those fundamental
properties that determine just how the thing could possibly be usedò Here examples of
simple objects are mostly used, shapes can have affordances, balls afford to be grabbed
(if the right size) or rolling, cubes have the affordance of being stacked, and materials
have affordances too, wood can be carved or burned, glass can also be carved (but it’s
harder) and smashed. Objects can have many affordances, and listing every affordance
of even these simple objects would seem like a very hard task.

Signifiers is what signifies an objects affordance, for simple objects an affordance seem
to blend together with it’s signifier, again a ball shape signifies being grabbed and affords
to be grabbed.D. Norman 2008

But for more complex objects such as doors or drawers, a handle is a signifier that signifies
the affordance of opening by pulling.

All of this is also closely related to a persons knowledge of the world/domain and stan-
dards.

4.1.2 World and Domain Knowledge
Let’s imagine a well designed door that leaves no question as how to operate it, it is clear
which way it opens, and the handle is clearly visible. Would this door never be used
incorrectly? What if someone who had never seen a door in their life encountered it?
Would they know that the handle has to be pushed down and not up?

We all walk around with untold amount of knowledge about the world, and in the case of
doors this is knowledge that we’ve all built since childhood, it is so familiar and ingrained
we rarely think about what we know about doors. In general we know a door can open, and
will lead to another space, and that there is some mechanism that allows it to open. We
have this knowledge because we have tons of experience with doors, that has culminated
into this general idea of doors.

On top of that there are many standards that are associated with things. With doors for
example, if we have a normal lever door handle, the standard is to push it down to open the
door, design a door where you have to pull the lever up, and most people would probably
be confused and maybe think that it was locked.

Standards are kind of arbitrary, and usually stem from something that works pretty well,
even if a new idea comes along that could replace that standard, it has to be much better
than the old standard, because the standard has a lot of value in its familiarity, changing a
standard is frustrating for users, because what used to be automatic now requires some
thinking.

Take for example the Dvorak keyboard layout, in tests it’s been shown to perform 10%
better than the widely adopted standard QWERTY,D. Norman 1988 but because learning
to type on a keyboard is relatively hard, people who know the QWERTY layout simply
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doesn’t want to learn something new from scratch. And since the majority of people use
the QWERTY layout, the industry produce these keyboards, and young people learning
to type will only encounter that layout and will learn that layout without knowing any better,
and the cycle continues.

There are tons of standards like this all around us, and often the standard arose in the
past, because of some restraints that we don’t have any more. The QWERTY layout was
designed to prevent typewriters from jamming, but we don’t use typewriters anymore.

It’s important to be aware of standards when designing, you can come up with a great
design on paper, but because it differs from a standard, the user is confused, and subse-
quently frustrated at your design. Standards can be a big frustration for a designer who
wants to create a beautiful and efficient design, but departing from a standard is usually
more trouble than not. On the bright side, standards can be utilized by a designer to
make their design more familiar. And a complicated feature might be easily understood
because it has a standard attached to it.

4.1.3 Design for exploration
A designers dream would be to produce a design that is so elegant that the user under-
stands it just by looking at it or holding it. That dream is as far from reality as it gets, a
design is never perfect, you might get a lot of good results with one group of people, but
suddenly someone with a different background completely misunderstands your design.

A principle to mitigate some of this confusion is to design for exploration, what this es-
sentially means is to design something that can be explored and played with to build
understanding of how it works.

This requires the designer to follow some principles. From D. Norman 1988

• Make it easy to determine what actions are possible at any moment (make use of
constraints).

• Make things visible, including the conceptual model of the system, the alternative
actions, and the results of actions.

• Make it easy to evaluate the current state of the system.

• Follow natural mappings between intentions and the required actions; between ac-
tions and the resulting effect; and between the information that is visible and the
interpretation of the system state.

If a user is presented with a design with no explanation of how to operate it, will they be
able to learn how on their own? Maybe, if the system is transparent and consequences
of actions are easily understood. Clearly indicating places where the user can interact
with the system is a good start, buttons or handles could work for this. Then when the
user interacts with a button or handle, clearly showing if that action had an effect through
feedback. And also clearly showing why some action did not have an effect if possible.
Another good practice is to prevent certain actions, if they are pointless in a current state,
this can be hard on a physical design, but still possible through locking or hiding buttons.
In a computer system this is much easier, but can also be problematic, if you hide controls
that the user suddenly wants to access again, and don’t understand why they are gone.

Another paper (co-authored by Don Norman), also show the strength of these principles
in what they call Direct Manipulation Interfaces [Hutchins, Hollan, and D. A. Norman 1985]
The idea behind a Direct Manipulation Interface, lies very much in the name, what you see
on (for example) a screen, is what you canmanipulate directly, is there data on the screen?
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pull it directly over on a graph to graph it, no need for intermediate commands. This is
also what you might call ”What you see is what you get”, the operations and interactable
parts of the system are laid clearly out for the user.

4.1.4 Testing
No matter how much time is spent on designing a great system, the user WILL show its
flaws when they get their hands on it. This is why testing is crucial to obtain the best
result, when you are creating something, you become blind to a lot of aspects, and you
have a domain knowledge, and also knowledge of how it works behind the scene. A new
user won’t have all of this, and testing is done to highlight this gap, and find the obvious
oversights and pain points.

4.1.5 Final words
All in all designing is not easy, we are designing stuff for humans, and humans are very
different and complicated. For this reason we can’t have perfect design laws, we can only
have principles that might or might not apply to a specific design. And secondly why we
need to test designs often, and learn from feedback.
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5 Analysis
5.1 The Original System
To get an idea what changes were implemented and why they were implemented, this
chapter will start by describing the previous state of the system. In it’s previous version
the system had the following features.

• Face extrusion (freeform & guided): by grabbing the handles on the faces it is
possible to make an extrusion, this extrusion will follow the hand, and can be limited
to the face normal if the thumb is touching the thumbstick.

• Vertex translation: Vertices can be moved by grabbing them and moving them
around.

• Edge collapsing: If two adjacent vertices are put closely together they will merge
into one.

• Edge loop subdivision: It is possible to make an edge loop by grabbing a vertex
with each hand and making a snapping motion, like breaking a stick.

• Vertex allignment by sensing: By grabbing one vertex with one hand, and touching
another vertex(with a flat hand) with your other hand, it is possible to align the first
vertex with the second on the closest world axis. The model starts aligned with the
world axis, but if non 90◦ angles are introduced to the model, the edges will not be
aligned with the world axis anymore, which makes the vertex alignment behave a
bit confusing.

• Face alignment by sensing: Very similar to the vertex alignment it is possible to
align a grabbed face with another face, that you are holding a flat hand on, the
grabbed face will be moved so that the two faces are on the same plane.

• Interlocking faces: Between every face there are small face locks that can be
activated by touching them with your index finger, when faces are locked together
they will extrude together.

• Load and save model: Under the model there is a worktable, this worktable has
buttons for saving and loading up to three different models.

• Undo Redo actions: The worktable also has undo and redo buttons, which enables
undoing and redoing operations.

• Rotate model: The worktable sits on a turntable, this turntable has handles for
rotating the model, this only allows for rotating around the vertical axis.

• Scale and move model: The turntable also allows for scaling and moving the
model, this is done by grabbing two handles and moving them around together(to
move), or apart/towards from eachother(to scale).

• Move user: It is also possible to move the user around, this is done by using the
thumbsticks.

Here are some pictures of the old system.5.1
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Figure 5.1 Figure 5.2

5.2 Challenges in the original system
From the previous work on this application, several pain points had already been identi-
fied, this gave a good starting point for improvements. This is a list of some of the points
that this thesis, aimed to address.

• Limited control over merging and snapping:

• Limited feedback on alignment of vertices and faces

• Optimization

An example of the limited control in merging an snapping can be seen in (5.3) because
the extrusion is happening up against another face, the system sees it as a collision and
won’t let the action go through.

Figure 5.3: This operation wouldn’t go through in the previous version of the system

In addition to these points, as part of me learning about the system I did an initial test of
the system with myself as the tester.

The test followed a similar structure as from the previous work by Jensen 2019.

In short it consists of 3 tests,

• A discoverability test where the user is completely new to the system, and is asked
to reproduce some simple models without guidance.
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• A design test where the user learns about the more advanced features, and is then
asked to create some more advanced models.

• A creativity test where the user can create whatever he/she wants.

Since I already knew the advanced features of the system, I wasn’t able to faithfully do
the first test, but it was still done.

These are the main points that came out of that test.
The full test thoughts are attached as Appendix A.

• Moving around the model is tedious, the turntable feels too far away from the model,
and rotating is limited.

• Using the analogue sticks to move the model around feels weird and against the
goal of making the system feel intuitive and immersive.

• Sometimes it would be nice if you could move faces, the only way now is to either
move it in very small increments, or moving the 4 vertices of the face.

With all of these points collected, there are several problems to work on
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6 Design & Implementation
6.1 Universal Face Merging
To solve the problem of the user having limited control over the extrusion of the model, for
example not being able to merge two faces, the system needed some more freedom, ini-
tially the idea was to connect two faces if an extrusion was done next to another extrusion.
This would make the user have a lot more freedom, and prevent them from having to think
many steps ahead when building the model. This initial solution worked well, but some
situations would still not work, that you probably would expect to work, and we wanted to
follow the principle of least surprise.

Figure 6.1: extruding up against
neighbouring face

Figure 6.2: Let go and the faces
merge

Then came the idea of a universal face merge feature, meaning that any face that lies
approximately on top of another face and face the opposite direction, after an action will
remove both of the faces and merge the model together. Being a global rule makes it
much easier for a user to understand, if two faces lie on top of each-other they cancel
each-other out, no exceptions. This new feature made the modelling approach a lot less
strict, and also makes it possible for different sequences of actions to lead to the same
outcome.

Figure 6.3: extruding up against an
arbitrary face

Figure 6.4: Let go and the faces
also merge

This in principle also meant that the facebridging feature was replaced by this more gen-
eral facemerging. It was however decided to keep facebridging and make it a little less
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strict, now if you connect two facehandles, as you would do to make a facebridge, they will
always connect, they don’t need same orientation or same size, only a matching amount
of vertices.

6.1.1 Implementation
To implement this we need information about the faces, luckily the this is very easy to get
from theGEL library through a function call manifold.GetHMeshIds(vertexIds, halfedgeIds,
faceIds); which will write the faceIds, to the provided array.

With faceIds you can access vertex information easily through the GEL library.

Now with all the faces available, we could just compare every face with all the other faces,
this is however pretty inefficient, and will runO(n2) time, with n being the number of faces.

This can easily be done much more efficiently by only comparing the faces that are being
extruded to all the other faces. This will run inO(n∗s) time where n being the total number
of faces, and s being the extruded faces(which will in most cases only be a constant 5).

Now we just need to be able to compare two faces, as already described we want the
faces to cancel out if they are facing eachother and are on top of eachother, a facing
check can easily be done comparing normals of the face, which is available through GEL.
To check if the faces are on top of eachother, what we do is compare the vertices, if there
are the same amount of vertices in each face, and they match up pairwise, they must be
on top of eachother, this operation is a bit more expensive, so to save some time we first
compare normals, and only if the normals are facing eachother do we further compute the
vertex pairs.

Finally if any faces match up, we delete both faces and run a stiching command that GEL
provides, this stiching command will locate any ”cracks” in the model i.e. an edge not
connected to two faces. and try to stitch that crack up by merging vertices together.

6.2 Moving the model
It was identified that moving the model around was a bit restrictive, and the turntable that
provides the means for the movement, could sometimes be in an awkward spot.

One advantage of the turntable is however how it has a clear signifier, and it uses handles
like the rest of the model. It was initially a wish to keep this aspect of having the physical
signifier that the handles provide, so the first implementation consisted of two turntables
instead of 1 (6.5), one at the top and one at the bottom of the model, to improve the prob-
lem of the turntable being in an awkvard spot. It was also decided to make the turntable
into flat rings instead of a cylinder, this was done to make the turntables take up less
space and not obstruct the view too much.

While I think this iteration did improve on some aspects, it still felt clunky and awkward,
and there was still the problem of having to use the thumbstick to move the turntable
around, if you maybe wanted to switch from sitting to standing.

An additional idea was thought up, what if we could move the turntable and model on the
vertical axis using a rope, imagining that the whole thing was hanging from that rope (6.6)
you would grab the rope and pull it up and down to adjust the position of the turntable and
model.

While this was following the idea of having a signifier for the action, it was still quite a big
thing for the simple action of moving the model on one axis, what if we wanted rotation or
movement along other axis?
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Figure 6.5: A first try of improving movement of the model

Feeling a bit stuck coming up with a smart way to signify the moving of the model, a step
was taken back. Maybe we had to take another approach?

The signifier approach was proving to be quite clunky for this specific problem, so a new
idea was proposed, what if we just try implementing a more standard movement feature?
In most VR applications it is very common to be able to grab objects and directly move
them around, like you would with an object in real life.

While there is no direct signifier, it is a very intuitive way of moving objects, it’s how we
do it in the real world! And with it being a standard way of moving things in VR we will
assume that it won’t be weird for the user to move the model this way.

Figure 6.6: A rope idea to still have a signifier attached
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It is also possible to scale the object by grabbing it with tho hands, and pulling them apart
or pushing them together.

This ended up being the final implementation(for now), and we decided to let the test
results judge how well it worked.

6.2.1 Implementation
Implementing this new movements is in theory easy, but in practice it’s a little more tricky
because were working in different coordinate-spaces.

What we in essence want to do, is to lock the position and orientation of the model to the
hand, when the hand grabs the model. After that any change in the hand position is also
applied to the model, simple in essence since we just need to note the change in hand
position and apply the same change to the model. The model and the hands are however
in different coordinate-spaces, so we need to transform the hand movements (which are
in world space) through the space-change matrix that gives us the model-space. Unity
provides this world to model space matrix, so we luckily don’t have to calculate it our-
selves.

We can now move and rotate the model, but we still need to implement the scaling of the
object. To make it intuitive we want the hands to stay where we grab the model, if I for
example grab a chair by two feet, my hands should stay at the two feet while I scale it.

To achieve this we need to take several factors into account.

First we need to simply scale the object linearly with the distance between our hands, if
the distance doubles, so does the size of the model.

Second we need to move the center of the model away/toward where we grab it, as we
scale it. Otherwise our hands would slide along the model as we scale it.

Finally we also want to be able to move the model while we scale it, this is simply to take
the difference of the initial center point between the controllers with the new center point.

6.3 Making the worktable dynamic
With the way to move of the model now changed, the problem of being limited to a specific
space was now much better, if you want to model somewhere else you can just grab the
model and take it with you. There was however still one thing keeping the user bound to
a specific location, the Worktable (6.7)

The worktable was situated on top of the turntable, but with the turntable gone it was just
floating there, bound to a specific point in space, we somehow needed a way to bring it
with us if we wanted to give the user freedom.

The obvious idea is to just connect the worktable to the model or to the user, so we did
that, it was decided that the position of the worktable should follow the position of the user.
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Figure 6.7: The worktable in the previous version of the system

The question now became how should it follow the user? Should it always appear in front
of the user, or maybe be remodeled to fit on the hand?

Having it somehow connect to the hand seemed like a good idea, since you would then
always have it at hand! heh. An initial experiment was to put the undo/redo button,
from the worktable, on the back of the hand 6.8, this seemed to a very convenient place,
and very easy to access, however there was a problem with expanding it to also fit the
save/load buttons.

Figure 6.8: The undo/redo buttons on the arm

So to find a balance between functionality and ease of access, it was decided to put the
worktable itself on the hand, and to avoid it being in the way, you access it by facing the
palm of the hand upwards 6.9.

Figure 6.9: The menu is summoned by facing your left palm upwards

Human Centered 3D Modelling in Virtual Reality 23




	Preface
	Abstract
	Acknowledgements
	1 Introduction
	2 Motivation
	3 Background
	3.1 Other 3D-modelling solutions
	3.2 Notable Academic Research
	3.3 Box modelling

	4 Theory
	4.1 The Design of Everyday Things

	5 Analysis
	5.1 The Original System
	5.2 Challenges in the original system

	6 Design & Implementation
	6.1 Universal Face Merging
	6.2 Moving the model
	6.3 Making the worktable dynamic
	6.4 Symmetry by sensing feedback
	6.5 Optimisation
	6.6 Full code

	7 Testing
	7.1 Format of the test
	7.2 Local Tests
	7.3 Remote Tests

	8 Discussion
	9 Conclusion
	9.1 Future Work

	Bibliography
	A Initial self test
	B User tests
	B.1 Tester E.K. - local test
	B.2 Tester F.J. - local test
	B.3 Tester Emilie Yu - remote test
	B.4 Tester Rahul Arora - remote test


