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Abstract

Traditional paper sketching is fast and intuitive. Finding a way to sketch 3D objects as
natural as with paper sketching is indeed an ambitious concern and using AR technolo-
gies may be a way to enhance sketching objects in 3D space. The research in this �eld
is pervasive, and there are research groups that already investigated the e�ect on using
AR and stereoscopic visualization in combination with object creation and manipulation
and the resulting advantages and disadvantages of it.

The focus of the thesis is on object creation and manipulation in conjunction with
AR technologies. In more detail, this means that users are creating objects by drawing
custom 2D shapes, extruding them along a custom extrusion path, manipulate the
created objects with basic object transformations (translation, rotation, and scaling),
and use a planar as well as a stereoscopic visualization for viewing the created objects.

The main objective was to �nd out if a stereoscopic visualization is supporting the
user in creating objects and also to �nd advantages and disadvantages when working
with stereoscopic visualization.

Therefore, a prototype has been developed which provides a user interface for sketch-
ing objects with extrusion, manipulating objects and also o�ers a planar and stereoscopic
visualization of the generated extrusion objects. A methodical approach has been or-
ganized and realized step by step, which included conceptual design, technical imple-
mentation, and the evaluation, which included a quantitative as well as a qualitative
evaluation.
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Kurzfassung

Eine herkömmliche Art und Weise, um schnell und intuitiv eine Idee einzufangen und
anderen Menschen zu präsentieren, ist, sie mit einem Stift auf einem Blatt Papier zu
skizzieren. Um jedoch dreidimensionale Objekte zu skizzieren, bedarf es etwas an Erfah-
rung, Können und einem räumlichen Vorstellungsvermögen, welches womöglich durch
die Verwendung von Augmented Reality Technologien erleichtert oder sogar verbessert
werden könnte. Die Forschungsarbeit auf diesem Gebiet ist mittlerweile sehr umfang-
reich und Forschungsgruppen haben bereits im Zuge von einigen Projekten die Aus-
wirkung von Augmented Reality Technologien und stereoskopischer Visualisierung im
Zusammenhang mit Objekt Generierung und Manipulation untersucht.

Der Fokus dieser Arbeit liegt auf der Erstellung eines Prototyps mit welchem Be-
nutzer in Verbindung mit Augmented Reality Technologien Objekte sowohl erzeugen
als auch manipulieren können. Genauer genommen erzeugt der Benutzer Objekte durch
das Extrudieren von zuvor gezeichneten, zweidimensionalen Formen. Der Benutzer be-
stimmt somit sowohl den Grundriss des Objektes als auch den Extrusionspfad. Nach der
Erzeugung des Objektes kann der Benutzer das Objekt mit etablierten Objekttransfor-
mationen (Verschiebung, Rotation und Skalierung) manipulieren und das Objekt sowohl
als planare Darstellung auf einer tablet-basierten Ober�äche als auch als stereoskopische
Darstellung mit Hilfe einer Mixed-Reality-Brille betrachten.

Das Hauptziel der Arbeit war es, herauszu�nden, ob eine stereoskopische Visualisie-
rung dem Benutzer während der Objekterzeugung und Manipulation behil�ich ist und
welche Vor- und Nachteile aus einer stereoskopischen Visualisierung resultieren.

Um dieses Ziel zu erreichen, wurde ein Prototyp entwickelt, welcher eine Benutzero-
ber�äche zur Verfügung stellt, mit dessen Hilfe ein Benutzer Objekte durch Extrusion
erstellen, diese Manipulieren und sie mittels planarer und stereoskopischer Visualisie-
rung betrachten kann. Hierfür wurde eine methodische Vorgehensweise gewählt, welche
aus dem konzeptuellen Design der Benutzerober�äche und den Benutzereinteraktionen,
der technischen Implementierung und einer anschlieÿenden Auswertung mit Hilfe einer
Benutzerstudie bestand und Schritt für Schritt ausgeführt wurde.
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Chapter 1

Introduction

A common way to present a concrete idea to someone else is to sketch the idea with
a pen on paper. Paper sketching is a fast and intuitive option for illustrating ideas,
capturing the personal vision, and also to make the own vision clear to other persons.
In order to sketch three-dimensional objects, however, it takes some experience, skill,
and spatial imagination, which could be facilitated or even improved through the use
of Augmented Reality technologies.Augmented Reality has gained much attention over
the last decades, and the possibilities o�ered by its technologies are continually being
researched, explored, and further developed. Of course, the stereoscopic representation
of objects can also serve as an additional aid during the creation process of three-
dimensional objects, scenes, and sketches.

In general terms, a multitude of input modalities, such as with mouse, keyboard,
pen, hand gestures or touch input, have been researched in the �eld ofHuman-Computer
Interaction , and there is also a variety of displays which have been developed in the �eld
of Augmented Reality, ranging from simple desktop applications to hand-held displays
and head-mounted displays, to display virtual data. It is therefore essential to �nd the
best possible combination of input modality and content display in order to achieve a
positive e�ect during the development process of three-dimensional objects.

1.1 Motivation

The focus of the thesis is on the extrusion of custom 2D shapes and the stereoscopic AR-
based presentation of the extruded 3D objects. Creating 3D objects out of custom 2D
shapes is not a trivial task, and early creation of three-dimensional geometries with 2D
interfaces requires experience and knowledge. To preserve the simplicity of traditional
paper sketching, a tablet-based user interface with which the user can interact and
create 3D objects by using a pen would be desirable. Regarding the thesis, 3D objects
are created with extrusion and perceived either on the planar and tablet-based surface
or as stereoscopic visualizations. Based onAugmented Reality (AR), the stereoscopic
visualizations are displayed directly in the �eld of view of the user with a head-mounted
display (HMD) the user is wearing during interacting with the interface.

1



1. Introduction 2

1.2 Research Question

The user should be enabled to interact with the 2D interface, and stereoscopic augmen-
tation should be used to visualize the corresponding three-dimensional object which the
user created with extrusion. Therefore, the focus of this master thesis will be on the
following research question.

How does AR-based stereoscopic visualization support the user in creating
extrusion objects, and what are the advantages and disadvantages of it?

1.3 Goals and Methodical Approach

In order to investigate the introduced research question, the following methodologi-
cal approach was chosen, which consists of three steps: Concept, Implementation, and
Evaluation.

1.3.1 Concept

The main goal of concept development is to create sketches for the user interface and
user interaction of the prototype, which are then implemented.

1.3.2 Implementation

The role of the thesis project is not to implement a modeling tool, but to focus on
extrusion, amongst the set of possible modeling operations.

The project consists of two applications: one for the tablet-based surface and one
for the see-through head-mounted display. Those two applications are communicating
with each other over a network connection.

The user draws a custom 2D shape on a planar and tablet-based surface and ex-
trudes this shape by drawing another custom line or path in 2D. Accordingly, the 2D
shape will extrude into 3D space along the user-de�ned path. The extruded 3D objects
can be displayed either on the planar surface or as an AR-based stereoscopic visual-
ization directly on the 2D surface. The stereoscopic visualization is placed respectively
to a planar image marker with which the position of the tablet-based surface can be
recognized and tracked. Additionally, the user can apply fundamental transformations
such as translation, rotation, and scaling and can select and delete objects.

1.3.3 Evaluation

With the help of a user study, the resulting prototype will be evaluated in terms of
advantages and disadvantages when using AR for stereoscopic visualization.

On the one hand, registration of AR-based stereoscopic visualization directly at-
tached to and and placed on the tablet and on the other hand, a conventional planar
3D presentation on the tablet will be compared in a given usage scenario. The user will
be given a prepared task, for instance, to sketch a prede�ned object. The user has to
rebuild the object in di�erent scenarios: with AR-based stereoscopic visualization on
the tablet-based surface and without stereoscopic but with planar visualization on the
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tablet-based surface. A quantitative and qualitative evaluation will accompany the user
study.

Quantitative Evaluation

For quantitative evaluation, time and precision will be determined to investigate how
much time it takes for the participants to �nish a task, the error rate (How often is the
undo, redo and delete option executed?) and to rate the precision of the result object
the participant has created.

Qualitative Evaluation

For qualitative evaluation, the perceived workload for participants will be rated with the
NASA Task Load Index (NASA-TLX), which is a widely used assessment tool. NASA-
TLX includes aspects such as mental and physical demands, e�ort and frustration and
asks participants to rate and weight these aspects.



Chapter 2

Fundamentals and Related Work

This chapter presents publications and related projects which form an important part
of the research �eld of this thesis.

2.1 Terminology

In the following section, the term Augmented Reality is shortly introduced since it is
part of the fundamentals for the topic of this master thesis.

2.1.1 Augmented Reality

The term Augmented Reality (AR) describes a domain that focuses on embedding vir-
tual objects into the real world. Subsequently, AR enables the user to see the real world
and virtual objects coexisting in the same space and is, therefore, part of thevirtual-
ity continuum described by Paul Milgram [21]. The concept of a virtuality continuum
includes pure real and virtual environments as two opposite poles and combines dif-
ferent mixtures of reality and virtuality ( Mixed Reality) which are arranged along the
continuum between these two poles. According to Azuma [2], systems can be consid-
ered as AR systems if they feature characteristics such as the combination of real and
virtual objects, interaction in real-time and registration in 3D. Those are the essential
components of AR.

2.2 Core Aspects of the Thesis

The focus of this master thesis is on extrusion of custom 2D shapes and the stereoscopic
AR-based presentation of the resulting extruded 3D objects. Therefore, the main aspects
of this subject area are researched in the following section.

2.2.1 Drawing Custom 2D Shapes

ILoveSketch [3] is a 3D curve sketching system that focuses on natural pen-and-paper-
like interaction and is therefore closely related to the current topic since they focus on
sketching on a 2D surface using a pen. Features such as automatic view rotation, 2D
to 3D navigation, and an intuitive gesture vocabulary have been introduced, which are

4



2. Fundamentals and Related Work 5

Figure 2.1: Gesture set of ILoveSketch which de�nes drawing patterns for the user using
a pen [3].

shown in �gure 2.1. The so-called gesture set [3] of ILoveSketch includes some pre-de�ned
gestures which are very similar to classic paper sketching mechanisms. The gesture set
consists of patterns that are drawn with the pen by the user.

In terms of pre-de�ned patterns, a new design for a sketch-based modeling interface
by Islam Gharib [13] also contributed patterns for 2D input drawings which are mapped
to 3D objects, and for instance, a drawn circle is mapped to a sphere.

In general, some of the requirements and design goals for ILoveSketch are amongst
others minimal interruption to sketching by GUI and gestures, a minimal set of intuitive
gestures, immediate access to 2D and 3D navigation and dynamic information display
to assist 2D and 3D sketching [3].

Zabramski et al. [31] also strengthen the assumption of pen interaction being the
most accurate one besides touch and mouse input. Therefore, pen interaction is a very
appropriate input method for the use case of this thesis because users have to draw
lines, and using a pen is also the most intuitive way for drawing.

2.2.2 Extrusion

In terms of computer graphics, extrusion refers to generating 3D objects from 2D forms
and shapes by essentially stretching out a line of the 2D form along a new third axis. For
example, a quadratic form de�ned within the xy-plane can be extruded and therefore
be turned into a cube by using extrusion along the z-axis.

Regarding the project related to this master thesis, to create a 3D object, the user,
�rst of all, has to draw strokes by using a pen. Then, those strokes are interpreted as
a 2D shape, and the user can create a 3D object by extruding the previously drawn
2D shape into 3D space which has also been investigated by Eggli et al. [10]. The
system, described by Eggli et al. [10], �rstly interprets pen strokes as geometric pro�les.
Afterwards, the system allows extrusion of 2D pro�les (previously drawn pen strokes)
by sweeping the pro�le along a straight line or a sketched curve. Pen strokes can also
be drawn on existing objects to quickly add new geometry to existing objects, similar
to [30] and [16].

SKETCH [32] focuses on combining pen and paper sketching with features of a CAD
system to close the gap between hand sketching and full-grown modeling systems by
only sticking to a gesture-based interface. SKETCH also features freehand drawing of
closed curves and extrusion paths and additionally o�ers the possibility to attach both
endpoints of an extrusion path to two objects so that the extrusion adapts accordingly
if one of the objects is moved or transformed.
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(a) (b) (c)

Figure 2.2: Sketched input (a), Extrusion result (b), Generated Mesh (c). Source: [30]

Figure 2.3: Extruding a drawn shape by rotating view and drawing extrusion silhouette
[16].

A sketch-based mesh extrusion has also been researched and investigated by Wang
and Yuen [30]. As presented in �gure 2.2, their approach enables users to sketch closed
as well as open shapes onto other surfaces or on boundaries of given object meshes.
After sketching the shape, the user can extrude them by adding extruding strokes. The
mesh extrusion algorithm of Wang and Yuen [30] is divided into four steps which are
illustrated in �gure 2.2. The �rst image in �gure 2.2 presents the �rst and second step,
which is about the sketched input. The user creates the base curve at �rst (which is a
circle in the image) and then draws so-called extruding strokes afterwards which are,
in this case, funnel-shaped. The third step is sweeping the base curve to generate the
resulting extrusion object, which is shown in the second image in �gure 2.2. The fourth
step is to merge the resulting extruded object with the adjacent curves of the original
surface or mesh. This approach is also very closely related to the extrusion method of the
Teddy [16] system at which point Teddy is limited to extrusion of only closed shapes
on meshes. As shown in �gure 2.3, the extrusion work�ow involves drawing a closed
shape onto an object, rotating the view and drawing the extruding stroke or rather
the silhouette of the resulting extrusion object. The red line indicates the extrusion
mode. According to Igarashi et al. [16], this extrusion method is a sweep operation
that generates a 3D object by moving the closed 2D shape along the extrusion lines
(silhouette) in which the extrusion direction is always perpendicular to the surface.

SESAME [24, 25] also supports extrusion of 2D shapes along a straight path which
is basically along the surface normal. SESAME will be introduced in more detail in
section 2.3.1.

ConMan [14] supports a visual programming language with which users can de�ne a
program by using two dimensional notations instead of one dimensional instances such
as streams of characters. As shown in �gure 2.4, users can create and modify components
which can be connected with each other and users can change these connections with
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Figure 2.4: Example image of user interface of the ConMan system [14].

the connection manager (ConMan). Hence, ConMan has a structured format where
separate components describe how a shape is going to be transformed. For example,
the curved component (which contains the 2D shape) in �gure 2.4 is connected with a
sweep component which is again connected with two viewed components that de�ne the
transformation that is used to create the swept or rather extruded object. For example,
an extruded object can be generated by rotating the 2D shape around the x or y-axis
or by translating it in the z-direction.

A di�erent approach to constructing 3D objects out of 2D shapes has been investi-
gated by Shum et al. [27] and Zi-Gang et al. [11]. This approach is nested in the �eld of
reverse engineering and reconstructs solids from orthographic views using incremental
extrusion. As shown in �gure 2.5, six orthographic views are extracted from a 3D object
with camera images which are interpreted as 2D line drawings. Those views need to
be opaque, which means that the 2D drawing only contains visible edges of the opaque
object. The next step is to group all six views into three pairs and continue with incre-
mental extrusion which is illustrated in the second image of �gure 2.5. Each pair consists
of two views: the so-called generatrix view and the directrix view. The generatrix view
is the one which will be extruded along its adjacent directrix view.

As a result, a primitive solid is created, and this process will be repeated with the
other two pairs as well. Finally, all solids, which have been created incrementally by
extrusion, are merged into one resulting extrusion object which is shown in �gure 2.6.
According to Zi-Gang et al. [11], constructive solid geometry (CSG) based approaches
can be used to generate the resulting solids with Boolean operations which are applied
on the primitive solids.

2.2.3 Stereoscopic 3D Visualization

The planar visualization of 3D objects is a popular way to present three-dimensional
content to the user since it is known, for example, from CAD systems, video games, or
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Figure 2.5: 3D solid reconstruction with the use of six orthographic views of an object
[27].

Figure 2.6: Extrusion solids are merged to a �nal solution object [27].

television. According to Bruder et al. [7], a monoscopic (both eyes perceive the same
image) presentation of 3D content has a negative impact on the spatial perception of
3D scenes as well as on the performance when completing tasks in 3D space due to the
inferior perception. Another option for presenting spatial content to the user is with
stereoscopy.

Stereoscopic displays, as stated by Valkov et al. [29], present a stereoscopic visualiza-
tion of a 3D scene by showing two slightly di�erent images of the 3D scene separately to
the left and right eye of the user. The human brain is capable of merging these two im-
ages to produce an illusion of depth when viewing an image [19]. Therefore, stereoscopy
is a way to enhance spatial understanding of 3D scenes, as stated by McIntire et al.
[20], because users showed a clear bene�t when it comes to understanding complex 3D
scenes and their readability and also when manipulating 3D objects while familiar depth
cues [4], for example, shadows, occlusion, and texture, are also applied. Bruder et al. [7]
mentioned that there are also drawbacks when it comes to stereoscopic visualization.
The stereoscopic visualization may appear detached from the screen, which could be an
undesired aspect and that the stereoscopic perception of the object may be impaired
depending on the focus of the viewer, for example, blur and having double vision when
focusing on the 2D user interface which is behind the stereoscopic visualization [7].

Nevertheless, stereoscopy has become very popular in various application areas, for
instance in surgery, scienti�c visualization and the entertainment sector including the
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(a) (b)

Figure 2.7: Hardware setup (a) and scienti�c stereoscopic visualization presented on the
Personal Interaction Panel (PIP) (b). Source [12]

3D cinema and television [4]. In a survey of AR [5], two approaches have been compared
to combine the real environment with virtual objects which are on the one hand optical
and on the other hand video see-through head-mounted displays (HMD). Both have
trade-o�s regarding resolution, simplicity, registration, temporal delay, depth occlusion,
and �eld of view. A signi�cant advantage of an optical HMD over a video-based optical
HMD is the resolution because the user is viewing the real world with his own eyes which
can hardly be outplayed by technology. Furthermore, the simplicity of an optical see-
through HMD as another bene�t since it is more basic and cheaper to achieve than video
blending. Problems with the see-through HMD occur especially regarding registration
of virtual objects in the real world, temporal delay compared to a video-based HMD
and depth occlusion [5].

Studierstube [12] is an example of using multiple optical see-through HMD for a
collaborative AR system setup. Their approach is to let multiple users study 3D scienti�c
visualizations simultaneously and in a collaborative way which means that they also can
work together on visualizations at the same time.

The �gure 2.7 shows the hardware setup of Studierstube. The setup includes an
HMD for augmentation, a 3D mouse as the input device for each user in the system as
well as magnetic trackers.

Users can also interact with the virtual objects or the stereoscopic visualization itself
by using a panel and a pen which allows interaction in 2D as well as 3D and which is
tracked by the HMD [1]. The panel is pictured in �gure 2.7 and Studierstube used AR
to build a 3D user interface that is presented to the user on this panel. The hand-held
panel is also calledPersonal Interaction Panel (PIP) which is similar to Construct3D
[18].

As described by Gervautz et al. [28], there are di�erent forms of the PIP which range
from an intelligent and pressure-sensitive display and a pen to a simple �at panel and
a pen where the menu is augmented onto the panel.

Amongst others, Studierstube features customized views which means that a user
can choose to see lines added to a visualization whereas another user hides them. Hence,
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Figure 2.8: Decoupled Simulation Modelfor structuring Mixed Reality applications [26]

two users can see di�erent versions of the same visualization at the same time which
can be very helpful in a collaborative working process.

Regarding collaborative AR and stereoscopic visualization, Construct3D [18] also
provides color-coding which marks the contribution of each user participating in the
working group with a separate color. Construct3D [18] also implements features such as
transparency of stereoscopic 3D visualizations and a layering system to enhance working
with augmented 3D geometry and are explained in more detail in section 2.3.2.

Studierstube [12] also uses a slightly simpli�ed version of the so-calledDecoupled
Simulation Model which has been described by Shaw et al. [26] and which is illustrated
in �gure 2.8.

The Decoupled Simulation Modelis a well-structured architecture form for applica-
tions in the �eld of Mixed Reality. As shown in �gure 2.8, the model consists of four
components: the Interaction, the Computation, the Presentation, and the Geometric
Model component. The arrows which are drawn between these components represent
the data �ow within the system.

The Computation component is responsible for non-graphical computations and
controlling tasks and therefore, forms the core of the application system. Usually, the
Computation component operates independently of other components and continuously
outputs the current state of the Geometric Model component.

The Interaction component is listening to any form of input given by the user which
can be for example the current head position tracked by an HMD or the current hand
position, orientation or gesture similar to the Mockup Builder [17] (see section 2.3.3) sys-
tem which is using depth cameras and �nger tracking to fetch input by hand movement.
The voice can also be used as input.

The input data is forwarded to the Computation component, which processes the
input data. When the Computation component has �nished with processing the new
data, it asynchronously updates the Geometric Model component.
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Hence, the Geometric Model component maintains a representation of the computed
data and gets presented by the Presentation component which displays the current
model state and shows it to the user by audible (sound), haptic (vibration) or visual
(display) odds. The Geometric Model component can, as well as the Computation com-
ponent, receive input data directly from the Interaction component because not every
user input requires computations.

Concerning the thesis project, this model can also be applied. The user interacts
with a surface using a pen. For example, when the user is drawing a line, the input data
is processed and forwarded to the Computation component. In the Computation com-
ponent, amongst others, the mesh is computed, generated, and stored in the Geometric
Model component. The current representation of the Geometric Model is transmitted to
the HMD, which contains the Presentation component and presents the computed mesh
as a stereoscopic visualization to the user. As shown in �gure 2.8, various Mixed Reality
applications also support direct interaction with the virtual environment or rather the
stereoscopic visualization itself, which is not planned for the current prototype of the
thesis project.

2.3 Overview of Computer-Aided Sketching Tools

Enabling users to interact in a way that feels as natural as possible is one of the oldest
problems in the �eld of computer-aided sketching [25]. Over time, di�erent approaches
emerged to improve natural interaction for sketching 3D models. Several sketching
tools, sculpting tools, tangible interfaces, and immersive modeling tools exist to simplify
sketching in the early development process [23]. In this chapter, several papers will be
introduced which focus on aspects that are relevant in the research �eld of the thesis
topic. For the thesis and the related work, three aspects are considered: drawing custom
2D shapes, extrusion, planar, and stereoscopic visualization of 3D objects.

2.3.1 SESAME

SESAME (Sketch, Extrude, Sculpt, and Manipulate Easily) is a system that supports
the creation of general types of shapes by providing 2D drawing capabilities and an
extrusion operation. The natural object motion and the directional dragging technique
are implemented in this system to support the easy manipulation of a scene.

SESAME [24, 25] enables users to draw lines, arcs and also free forms on a planar
surface and then let them extrude closed shapes into 3D space. They focus on the
presentation of 3D objects on a planar surface. Nevertheless, the presentation of 3D
objects on a planar surface is also interesting regarding this thesis since the planar
presentation of 3D objects will be compared with a stereoscopic presentation with a
see-through HMD.

User Interface

The user interface of SESAME, which is shown in �gure 2.9, includes a main 3D scene
view, which presents the resulting 3D model to the user, and a menu panel which is
placed on the right side. In the menu panel, users can select primitive 2D shapes such
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Figure 2.9: User interface of SESAME [25].

as lines, arcs, rectangle or free forms as well as 3D shapes such as a cube, cylinder,
or sphere. The menu also provides a color and texture palette, an eraser, and an undo
button, a recycle bin and a navigation mode switch button. By selecting either a 2D or
3D shape in the menu panel, the user enters the corresponding 2D or 3D mode. The
system interface utilizes a 3-button mouse and a few modi�er keys to perform all actions
such as sketching a contour or moving objects. If the user selects one of the 2D shape
tools such as lines, arcs or erasers, then the user enters the 2D mode and manipulates
2D shapes in this mode using the left mouse button and modi�er keys. If the user selects
one of the 3D object tools, the user enters the 3D mode and manipulates 3D objects
(move, add) using the left mouse button and modi�er keys again. Additional mouse
button functions are independent of the selected mode.

Extrusion

If the user wants to create a new object, he can either choose a 3D primitive in the
toolbar and drag it into the 3D scene view or selects a 2D primitive and draws a 2D
shape. If the 2D shape is closed, the system is going to detect it, and it will become
possible to extrude the shape into the third dimension. Therefore, the user has to drag
the 2D shape from the inside out.

To manipulate the extruded object, the user has two options: add new volume or
subtract volume from an existing object by extrusion. As illustrated in �gure 2.10, the
user draws a 2D shape either freely or on an existing 3D object and extrudes the shape
either outwards or inwards the object. The red line in �gure 2.10 indicates the path of
extrusion. This way of object manipulation o�ers a �exible way of forming and sculpting
an object and is also very intuitive.
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Figure 2.10: Extrusion operation in SESAME [25]

2.3.2 Construct3D

With Construct3D, Kaufmann and Schmalstieg [18] evaluated a collaborative AR tool
which has been created to ease geometry education using an immersive setup. By using
see-through HMDs for presenting stereoscopic 3D objects and geometries, users or rather
the students can see 3D objects from arbitrary perspectives which they previously had
to calculate �rst and than construct them with conventional methods for instance with
paper and pen.

The goal of Construct3D [18] was to �nd out which impact it has to build and
create 3D objects directly in 3D space using AR in terms of spatial comprehension of
complicated spatial structures. Since Construct3D is meant to be a geometry education
software and not a fully grown computer-aided design (CAD) system, they relied on
an intuitive interface with a focus on the construction process with simple geometric
primitives and operations.

User Interface

As shown in �gure 2.11, the user interface and accordingly, the menu of Construct3D,
is displayed or rather augmented on a so-called Personal Interaction Panel (PIP). The
students are interacting with this user interface by using a pen and also are enabled
to interact with the stereoscopic visualization directly in 3D space. Construct3D is also
very concerned to keep the menu system simple compared to complete CAD systems
which typically come with deeply nested menus and a vast number of features. The
�gure 2.11 also presents the menu which consists of just a few 2D interface components
such as buttons, sliders and dials [18]. All features of the system can be accessed easily
and fast in contrast to a CAD system.
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