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Abstract

Augmented Reality which allows extending the real surroundings with virtual objects
was improved a lot in the last few years. Everyday devices are already able to interpret
real objects using sensors, visual data and Computer Vision algorithms. Other embedded
sensors such as gyroscopes and accelerometers are used to track the devices in 3D space,
allowing to merge the data of the surroundings with virtual data creating the illusion
of legitimate holograms.

Shared Experienceswhich o�er multiple users at the same time and same space or
in di�erent parts of the world to experience Augmented Reality applications together,
are supported by most developers of Augmented Reality systems but limited to users of
the same platform. This makes, for instance, the use and supervision of theMicrosoft
HoloLens (wearable smart glasses with a superior experience) very expensive since mul-
tiple HoloLensesare required. The creation of a system which synchronizes the status
of a holographic application in space and time platform-independently would allow a
more cost-e�ective way to supervise users of theHoloLens and furthermore support
cross-platform Shared Experiences.

This thesis should describe the creation process of a cross-platform Shared AR Ex-
perience using theMicrosoft HoloLens and ARCore, describe and discuss the methods
used and evaluate a test-case for the system, giving more insight in the possibilities of
closing the gaps between di�erent Augmented Reality solutions.
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Kurzfassung

Augmented Reality erweitert die reale Umgebung mit virtuellen Objekten. Durch die
Forschung der letzten Jahre ist es bereits möglich auf tagtäglichen Geräten Objekte
durch Sensoren, visuelle Daten und Computer Vision Algorithmen zu erkennen. Weitere
Sensoren wie Gyroskope und Beschleunigungssensoren werden verwendet um das Gerät
im drei-dimensionalen Raum zu tracken, das es in Verbindung mit den virtuellen Daten
der Umgebung möglich macht Hologramme realistisch darzustellen.

Shared Experienceserlauben es mehreren Personen mit mehreren Geräten zur selben
Zeit und am selben Ort oder an verschiedenen Orten der Welt Augmented Reality An-
wendungen gemeinsam zu erleben. Shared Experiences sind mit den meisten Systemen
bereits möglich, aber auf die Plattform limitiert. Dies macht eine Verwendung der Mi-
crosoft HoloLens (tragbare Smart-Brille) sehr kostspielig, da mehrereHoloLensesbenö-
tigt sind. Die Erstellung eines Systems, das den Status einer AR Anwendung in Raum
und Zeit plattform-unabhängig synchronisieren könnte, würde eine kosten-e�zientere
Lösung für die Unterstützung eines HoloLens-Benutzers und weiters Cross-Platform
Shared Experiences ermöglichen.

Diese Arbeit soll sich mit der Erstellung eines Systems für Cross-Platform Shared
Experiences in Augmented Reality für die Microsoft HoloLens und ARCore befassen
und eine Test-Anwendung für das System evaluieren.
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Chapter 1

Introduction

Augmented Reality (AR) and its new way of presenting information is getting more
accessible and useable every day. Especially smartphone AR systems likeARCore by
Googleand ARKit by Apple are already available on all newAndroid and Apple devices.
Not only are the costs of such devices decreasing, but furthermore the companies invest a
lot of research into their systems to make them more stable and more powerful. Not only
is the access to a supporting device probably granted, but the community has already
created hundreds ofARCore and ARKit applications for a very promising future of
Augmented Reality in our pockets.

These smartphone systems o�er device tracking and therefore a three-dimensional
AR experience in which the users can run around freely, only limited by real boundaries
in their environment, but the systems lack real interactions with objects of the real world.
Object recognition is barely possible, even with more advanced mapping techniques as
for instance the Microsoft HoloLens uses. Still, ARCore and ARKit can identify �at
planes such as the �oor and walls, sometimes even the shape of a staircase, which can
be used for surface related placement.

Furthermore, many AR frameworks including the smartphone's can detect for in-
stance printed images in the three-dimensional space if they have enough information
about them given as a database. So not only �at surfaces can be referenced, but using
the image recognition the position can be de�ned more precisely and � most importantly
� controlled by the user by simply moving cards with tracking markers around.

Google's ARCore and Apple's ARKit o�er many features that can be already used
by developers to already build applications for augmenting the real surroundings, even
though cross-references betweenreality-virtuality are barely possible now. The systems
o�er as well platform-dependent networking features which allow synchronized content
across the globe.

In addition to these systems, the Microsoft HoloLens � head-mounted AR smart
glasses � are becoming more popular in exhibitions because of its far superior reality
mapping which is not just limited by �at surfaces, but even more complicated shapes are
at least roughly detectable and understandable. Companies likeCurvSurf are already
quite successful in detecting desired objects with their softwareFind Surface which
opens up more reality-speci�c tasks theHoloLens could assist at (see �gure 1.1).

Creating prototypes or full applications specialized for theMicrosoft HoloLens are

1
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