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ÅIntroduction

ÅDefinition of fundamental terms
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Goal for today
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Virtual Reality



ARQuake 
in 2002
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Virtual Reality vs Augmented Reality
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ÅGames demand it

ÅIndustry it the real user
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Virtual Reality
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Cave automatic virtual environment (Cave)
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ÅGames demand it

ÅIndustry it the real user
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Virtual Reality
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ÅHow would you define Extended Reality ?

Exercise in groups of 2 or 3 people

10 min



Extended Reality and Mixed Reality Continuum
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ûTheultimate 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
displayed in such a room would be confining, and a bullet displayed in such a room would be fatal.
With appropriate programming such a display could literally be the Wonderland into which Alice
walked.ü(Sutherland 1965)
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ûTheultimate 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
displayed in such a room would be confining, and a bullet displayed in such a room would be fatal.
With appropriate programming such a display could literally be the Wonderland into which Alice
walked.ü(Sutherland 1965)

ûVirtual Reality (VR) refers to the use of three-dimensional displays and interaction devices to 
explore real-time computer-generated environments.ü 
(Steve Bryson, Call for Participation 1993 IEEE Symposium on Research Frontiers in Virtual Reality)
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ûTheultimate 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
displayed in such a room would be confining, and a bullet displayed in such a room would be fatal.
With appropriate programming such a display could literally be the Wonderland into which Alice
walked.ü(Sutherland 1965)

ûVirtual Reality (VR) refers to the use of three-dimensional displays and interaction devices to 
explore real-time computer-generated environments.ü 
(Steve Bryson, Call for Participation 1993 IEEE Symposium on Research Frontiers in Virtual Reality)

ûVirtualReality refers to immersive, interactive, multi -sensory, viewer-centered, three-
dimensional computer-generated environments and the combination of technologies required to
build these environments.ü(Carolina Cruz-Neira, SIGGRAPHù93 Course Notes ûVirtualReality
Overviewü)
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Virtual Reality

Characteristics of Virtual Reality

Immersion

Presence 

Quantification
Subjective measures (questionnaires, ā)

Physiological measures (heart rate, pupil size, ā)

Performance measures (reaction time, ā)

Prof. Dr. Paul Grimm 



Virtual Reality

Characteristics of Virtual Reality

Immersion

Presence 

Quantification
Subjective measures (questionnaires, ā)

Physiological measures (heart rate, pupil size, ā)

Performance measures (reaction time, ā)
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Präsenzund Immersion

Immersion: Eintauchen in die virtuelle Welt

Präsenz: 
Gefühl der Anwesenheit in der virtuellen Welt

Quantifizierung:
SubjektiveMaße(z.B. Fragebögen)

PhysiologischeMaße(z.B. Pupillengröße)

Performanzmaße (z.B. Ausweichreaktion)
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ûAugmented Reality (AR) is a variation of Virtual Environments (VE), or Virtual 
Reality as it is more commonly called. VE technologies completely immerse 
a user inside a synthetic environment. While immersed, the user can-not 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, rather than completely replacing it.ü (Azuma 1997)
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Definition of AR by Azuma



Virtuality Continuum

28

Mixed Reality (MR)

Augmented 
Reality (AR)

Real 
Environment

Augmented 
Virtuality (AV)

Virtual 
Environment

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



Virtuality Continuum

Mixed Reality (MR)

Augmented 
Reality (AR)

Real 
Environment

Augmented 
Virtuality (AV)

Virtual 
Environment

[Milgram & Kishikino 94]
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Virtuality Continuum

Mixed Reality (MR)

Augmented 
Reality (AR)

Real 
Environment

Augmented 
Virtuality (AV)

Virtual 
Environment

[Milgram & Kishikino 94]
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ÅXR as a generic term for VR and MR or AR

ÅXR as an Abbreviation for eXtended Reality or Cross-Reality)
or X as a placeholder for V,M oder A

ÅWhat is the difference Expanded Realities vs Extended Realities?
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Augmented Reality



ÅNeed of AR Devices

ÅNeed of registration
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ÅNeed of AR Devices

ÅNeed of registration

35Darmstadt University of Applied Sciences

Augmented Reality29.01.2025



ÅNeed of AR Devices

ÅNeed of registration
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ÅNeed of AR Devices

ÅNeed of registration
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ÅDeveloper Versionen
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Augmented Reality
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XR Development

World 
Simulation

Output and 
Displays

Input and 
Interaction



World 
Simulation

Output and 
Displays

Input and 
Interaction
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Virtual Reality Systems
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Virtual Reality Systems
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VR/AR Development öAuthors and Technologies
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VR/AR
Application

Network Logic

RenderingDatabase

HardwareAnimation Tracking

Tracking

Sound

Audio

3D Modeling

Programmer

Artist 3D Modeler

Domain Expert

Game DesignerStoryteller

Animation 
Expert

Psychologist

Code

Asset Management

Interaction

UI

Navigation

UX Designer

Computer Vision
AI

Physics
Designer



ÅTechnical Requirements
ÅHigh performance
ÅRobust
ÅExtendable
ÅDevice independent 
ÅSupport of collaboration
ÅEasy to use

ÅSpecial software for special purposes
ÅAssets (generation, animation, management)
ÅUsage of libraries 
ÅCompiler
ÅDatabases
ÅTimeline

ÅĄReally good Editor to integrate everything
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Software-Design Requirements
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Outlook
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Gartner Hype Cycle for Emerging Technologies 2017
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[http://gartner.com/SmarterWithGartner]
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Gartner Hype Cycle for Emerging Technologies 2018
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Vision 2019
29.01.2025
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Interaction changes over time öWhat will be next ?
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Who knows this ?
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