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Abb. 1.1 Ein Hermann-Gitter
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Goal for today

Alntroduction

ADefinition of fundamental terms
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Virtual Reality vs Augmented Reality
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Fig. 1.7 Pioneering work in the field of VR/AR. (Left) Sutherland’s data glasses with 6-DOF
ultrasound tracking; image courtesy of © Ivan Sutherland, all rights reserved. (Right) Replica of
the MARS system of 1997 (Bell et al. 2002). (Image courtesy of © Steve Feiner, all rights reserved)
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Virtual Reality

AGamesdemand it
Alndustry it the real user
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Cave automatic virtual environment (Cave)

Projektoren



Virtual Reality

AGamesdemand it
Alndustry it the real user
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Exercise in groups of 2 or 3 people

A How would you define Extended Reality ?

10 min
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Definition of Virtual Reality

0 T hudimate display would, of course, be a room within which the computer can control the
existence of matter. A chair displayed in such a room would be good enough to sit in. Handcuffs
displayedin such a room would be confining, and a bullet displayedin such a room would be fatal.
With appropriate programming such a display could literally be the Wonderland into which Alice

walked.t (Sutherland 1965
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Definition of Virtual Reality

0 T hudimate display would, of course, be a room within which the computer can control the
existence of matter. A chair displayed in such a room would be good enough to sit in. Handcuffs
displayedin such a room would be confining, and a bullet displayedin such a room would be fatal.
With appropriate programming such a display could literally be the Wonderland into which Alice
walked.t (Sutherland 1965

aVvirtual Real ity ( VRJmensoohaedisglayd aad irtehaetionudsvieestof t hr e e

explore real-time computer-gener at ed environments. U
(Steve Bryson, Call for Participation 1993 IEEE Symposium on Research Frontiers in Virtual Reality)
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Definition of Virtual Reality

0 T hudimate display would, of course, be a room within which the computer can control the
existence of matter. A chair displayed in such a room would be good enough to sit in. Handcuffs
displayedin such a room would be confining, and a bullet displayedin such a room would be fatal.
With appropriate programming such a display could literally be the Wonderland into which Alice
walked.t (Sutherland 1965

aVvirtual Real ity ( VRJmensoohaedisglayd aad irtehaetionudsvieestof t hr e e
explore real-time computer-gener at ed environments. U
(Steve Bryson, Call for Participation 1993 IEEE Symposium on Research Frontiers in Virtual Reality)

0 Vi r tReabty refers to immersive, interactive, multi-sensory, viewer-centered, three-

dimensional computer-generated environments and the combination of technologies required to

build these environments.t (Carolina Cruz-Neira, SIGGRAPH®3 Course Notes U Vi r Reality|
Overviewl)
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Characteristics of Virtual Reality

N Immersion

=~ Presence

Quantification
Y Subjective measures (quest
Y Physiological measures (he

Y Performance measures (reac
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Definition of AR by Azuma

UAugmented Reality (AR) 1 s a vari a
Reality as it is more commonly called. VE technologies completely immerse
a user inside a synthetic environment. While immersed, the user camot see
the real world around him.

In contrast, AR allows the user to see the real world, with virtual objects
superimposed upon or composited with the real world. Therefore, AR
supplements reality, rat her than c

&

|

v »

a) VR b) AR



Virtuality Continuum

| Mixed Reality (MR) |
—
Real Augmented Augmented Virtual
Environment Reality (AR) Virtuality (AV) Environment

[Milgram & Kishikino 94]
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Definition of the Reality - Virtuality - Continuum (Milgram)

it m Reality- Virtuality- Continuum (according to
Milgram): Mixed Reality (MR) is a continuum

~ that extends between reality and virtuality

- (Virtual Reality), whereby the share of reality

- continuously decreases while that of virtuality

Increases. As far as the share of virtuality is

prevailing here, without the environment

being completely virtual (Virtual Reality), one

. speaks of Augmented Virtuality. If on the

- other hand the share of reality is larger, then

we are talking about AR.

Augmented Reality

Augmented Virtuality

Mixed Reality (MR) Continuum

Virtual Reality




[Youtube Minecraft Earth]

Virtuality Continuum

Real
Environment

Mixed Reality (MR) |

Augmented Augmented Virtual
Reality (AR) Virtuality (AV) Environment

[Milgram & Kishikine

[voutube: Tilt Brush]



Virtuality Continuum

Real

Mixed Reality (MR) |
—
Augmented Augmented Virtual
Reality (AR) Virtuality (AV) Environment

Environment
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Richte deine Kamera auf Gebaude und

Schilder an der Stralle

[Milgram & Kishikino 94]

[youtube: Google Earth]
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Extended Reality or eXtended Reality

A XR as a generic term for VR and MR or AR

A XR as an Abbreviation for eXtended Reality or CrosReality)
or X as a placeholder for V,M oder A

A What is the diff E Realiti E d Realities? :
at is the difference Expanded Realities vs Extended Realities Mediated R



Augmented Reality
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Augmented Reality

ANeed of AR Devices
ANeed of registration

der virtuellen Inhalte
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Augmented Reality

ANeed of AR Devices
ANeed of registration
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Augmented Reality

ANeed of AR Devices
ANeed of registration

der virtuellen Inhalte
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Augmented Reality

ANeed of AR Devices
ANeed of registration




Augmented Reality

ADeveloper Versionen
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Virtual Reality Systems

World

Simulation

Input and Output and
Interaction Displays
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Virtual Reality Systems

Accelerometer Sensors Loudspeaker

Hearing

Optical Tracking

Displays
Input Depth Cameras Visual System Output
Microphones Proprioception
Motion-
C
T, Platform
User
Pressure Sensors .
Haptic
Mechanical Tracking Force Feedback
oent N <>
Sensorfusion vents / > LB SImUI?tlon Data- |——®» Rendering
Streams Al / Behavior
base
A
ER-System '
Network and

-4— P Streams

Collaboration
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VR/AR Developmento Authors and Technologies

Artist 3D Modeler

Designer Code

Logic
Network g Audio

Database RIAR Rendering
3D Modeling o Al  Tracking
.\ _Application
Ul

psychologist Hardward\n'mation Trackings,
Interaction Navigatio

) Domain Exper
Physics

Programmer,

Animation
Nt Expert

Storyteller _
UX Designer
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Software-Design Requirements

A Technical Requirements
A High performance
A Robust
A Extendable
A Device independent
A Support of collaboration
A Easy to use

Artist 3D Modeler

Designer

Code

Network  LOgiC ~ Physics
Audio

Database Rendering
3D Modeling VR/AR Al Tracking
i Application
Computer Vision PP Asset Management

Ul . . )
Hardware Animation Tracking Sound

Interaction  Navigation

Domain Expert

Programmer

Animation
Expert

Psychologist

Game Designer

Storyteller

' i UX Desi
A Special software for special purposes esigner

A Assets (generation, animation, management)

A Usage of libraries .
A Compiler @ Unlty
UNREAL

A Databases ENGINE
A Timeline

A A Really good Editor to integrate everything



Outlook
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Gartner Hype Cycle for Emerging Technologies 2017

Gartner Hype Cycle for Emerging Technologies, 2017

‘ | Connected Home
| Deep Learning Plateau will be reached in:

: Machine Learning O less than 2 years
¥\ Autonomous Vehicles 210 5 years
Nanotube Electronics ‘ Y

@ 5to10years

Cognitive Computing /\ more than 10 years

Virtual Assistants
loT Platform . ™
SmartRobots .

Edge Computing. ™

Augmented Data . . :
Discovery X, Blockchain

! Commercial UAVS (Drones)

Smart Workspace ( )

Conversational

Brain-Computer /\ User Interfaces Cognitive Expert Advisors

Interface : Volumetric
Quantum — Displays
Computing Digital Twin
@ Serverless
g PaaS
= 5G
8
] £\ Human
o i Augmentation y
o ﬂeudromorphlc Enterprise Taxonomy
ardware i i
Deep Reinfrcement and Ontology Management Virtual Reality
Learning Software-Defined
£\ Artificial General Security

4D Printing /\ " Intelligence

Augmented
Reality

Smart Dust /X
As of July 2017

s of Enliahtenment
2 OFT Enligntenment

[http://gartner.com/SmarterWithGartner]
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Gartner Hype Cycle for Emerging Technologies 2018

Hype Cycle for Emerging Technologies, 2018
‘ Digital Twin

Biochips

Smart Workspace
Brain-Computer Interface
Autonomous Mobile Robots

DeeDCNWfa' Nets (Deep Learning) Plateau will be reached in:
arbon Nanotube @ less than 2 years
loT Platform . 210 5 years

Virtual Assistants . 51010 years

Smart Robots Silicon Anode Batteries
Deep Neural Network ASICs Blockchain A\ more than 10 years
Al Paa$

(Quantum Computing
Connected Home
Rlving Level 4

Volumetric Displays

Self-Healing System Technology
Conversational Al Platform
Autonomous Driving Level 5 2\

Edge Al

Mixed Reality

/\ Exoskeleton

Blockchain for Data Security

Neuromorphic Hardware

Knowledge Graphs

Expectations

/\ 4D Printing

A\ Artificial General
Intelligence

Augmented Reality

Smart Dust /%
/\ Flying Autonomous Vehicles
/\ Biotech — Cultured or Artificial Tissue

As of August 2018

Time

[http://gartner.com/SmarterWithGartner]
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Who knows this ?

Interaction changes over time6 What will be next ?










