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Virtual reality has beginnings that preceded the time that the concept was coined and

formalised. In this detailed history of virtual reality we look at how technology has

evolved and how key pioneers have paved the path for virtual reality as we know it
today, such as stereo pictures (1838), and flight simulators (1930's).

https://www.vrs.org.uk/virtual-reality/history.html
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VR Applications

Training

Tactical Iraqi Language & Culture Training System (TILTS)
https://www.alelo.com/tilts/

VR Exposure Therapy

https://alexishuefner.wordpress.com/coursework/spring-2014/mind-machine-consciousness/virtual-reality/

Mixed Reality (MR)

"Augmented Reality: A class of displays on the reality-virtuality
continuum". Proceedings of Telemanipulator and
Telepresence Technologies. pp. 2351-34. Retrieved
2007-03-15.

Introduced the concept of Reality-Virtuality continuum

— Mixed Reality (MR) ——————
<

Real Augmented Augmented Virtual
Environment Reality (AR) Virtuality (AV) Environment
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VIRTUALITY CONTINUUM

li MIXED REALITY —I

REALITY AUGMENTED AUGMENTED VIRTUAL REALITY

REALITY (AR) VIRTUALITY (AV)

What is Augmented Reality?

« According to Ronald T. Azuma:

- Teleoperators and
Virtual Environments 6, 4 (August 1997), 355-385.

« AR is a variation of VR (Virtual Reality) or VE (Virtual
Environment), where the user can see the real world with
virtual objects superimposed upon or composited with the real
world.

« AR supplements reality rather than completely replacing it.

Augmented Virtuality is not commonly used yet.

REAL VIRTUAL

ENVIRONMENT MIXED REALITY (MR) ENVIRONMENT

Tangible User Augmented Augmented Virtual
Interfaces (TUI) Reality (AR) Viruallty (V) Reality (VR)
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htps:// lideshare.

07/08/19



Mediated Reality
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http://wearcam.org/presence-connect/

Concepts

. Augmented Reality: system where the user

interacts with an “augmented” version of reality.
“Augmented” things are virtual (computer
generated).

. Mixed Reality: system where the user interacts

with real objects, virtual objects, and

information.
. Mixed Reality Continuum (Paul Milgram 1994)
. Real reality, Augmented reality, Augmented

virtuality and Virtual Reality.

Wearable
Technologies

Does AR requires Head Mounted Display?
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Are we ready for AR?

‘ P2P VolIP

Inkjet Manufacturing
Electronic Ink/Digital Paper

Model-driven Approaches
Carbon Nanotubes
Podcasting

Text Mining

Augmented Reality

Business

Process

Platforms
Corporate

Semantic Web

4G

} DNA Logic

Prediction Markets
Networked Collective intelligenc:
Quantum Computing

Biometric Identity Documents
BPM Suites

Desktop Search
Micro Fuel Cells

Really Simple Syndication
Biometric User Identification
Corporate blogging

Grid
Computing
802.16 2004 WiMAX
Organic Light-Emitting Devices
Mesh Networks--Sensor
Trusted

Wikis

Web Services-
Enabled
Business
Models

Video Conferencing
RFID (passive)

Service Oriented

Architecture (SOA) .
Internet micro-payments

Linux on Desktop for Mainstream Business Users

Telephony and Call Center

Business Rule Engines Synthesis

Location "Aware" Applications
Software as Service/ASP
Handwriting Recognition

Key: Time to Plateau

O Less than two years

O Two to five years

® Five to 10 years
More than 10 years

Internal Web
Services
Speech Recognition for

Text-to-
Speech/
Speech

Draft as of July 27, 2005

4

expectations On the At the

Sliding Into

Rise Peak the Trough
Activity beyond

Supplier early adopters

proliferation

Negative press begins
Mass media
hype begins

Early adopters and failures

investigate Second/thrid

First-generation rounds of ol

products, high price, venture capital
funding

lots of customization
needed

Startup companies
first round of venture
capital funding

Supplier consolidation

Less than 5 percent of
the potential audience
has adopted fully

Climbing Entering
the Slope the Plateau
High-growth adoption

phase starts: 20% to 30%
of the potential
audience has adopted
the innovation

Methodologies and best
practices developing

Third-generation products,
out of the box, product
suites

Second-generation
products, some services

Technology Peak of Inflated Trough of

Trigger Expectations

Disillusionment

Plateau of

Slope of Enlightenment Productivity

time

Gartnel

Figure 1. Hype Cycle for Emerging Technologies, 2009

expectations Cloud Computing

Behavioral Economics

Context Delivery Architecture
Quantum Computing
3D Flat-Panel Displays

Speech Recognition

Idea Management
Web20

Social Network Analysis
Over-the-Air Mobie Phone Payment Systems,
Deweloped Markets

Years to mainstream adoption:
Olessthan 2years © 2to5 years
Source: Gartner (July 2009)

Human Augmentation RFID (Case/Pallet) As of July 2009
Peak of
Technology Trough of EnE, Plateau of
Trigger Ex Irihte_d Disillusionment Slope of F ivity
time -
obsolete

® 5to 10 years A more than 10 years @& before plateau
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expectations Internet TV
P Activity Streams NFC Payment X
Wireless Power: Private Cloud Computing
Social Analy}i&s Augmented Reality
Group Buying Cloud Computing
Gamification Media Tablet
3D Printing Virtual Assistants
Conte nlré‘:r?:h::?egrcliz: In-Memory Database Management Systems
Speech-to-Speech Translation Gesture R.eozgni:ion c
| Internet of Things Sevices
Natural Language Question Answering
Mobile Robots Mesh Networks: Sensor
"Big Data" and Extreme Information

Processing and Management

Social TV!

CloudWeb

Video Analytics for Cl‘JsIomer Service: Platforms

Computer-Brain Interface, Hosted Virtual
Quantum Computing, Desktops dea Management
Human Augmentation ViualWoride gg’ng::enl (':zo:l ;n
3D Bioprinting

E-Book Readers

Location-Aware Applications

Speech Recognition
Predictive Analytics

Mobile Application Stores
Biometric Authentication Methods

As of July 2011

Peak of

Trigger

Technology Inflated o Trough of Slope of

Plateau of
P y

time
Years to mainstream adoption:

Olessthan2years O2to5years @ 5to10years A morethan 10 years & before plateau

L

obsolete

Internet of Things

4 Nalural-Language Question Answering
\Wearable Userlnterfaces
Speech-to-Speech Translation
Autonomous Vehicles Gonsiima 3D Erining
Cryptocurrencies
SmartAdvsors Complex-EventProcessing
Data Science 8ig Data
Prescriptive Analtics In-Memory Database
Neurobusiness ContentAnalytics
Biochips

Affective Computing Hybrid Cloud Computing

SmartRobots SpeechRecognition

Consumer Telematics

3D Bioprinting Systems 3 ’
Volumetric and Holographic Displays gﬂﬁ‘.‘,’:ﬁ:ﬁ:}ﬂ?'"’ 3D Scanners
Software-Defined Anything Senices
ntum Computing
H%n:a:‘u Computing Mobile Health Enterprise 3D Printing
Brain-Computer Interface Activity Streams
Connected Home In-Memory Analytics
Cloud comoutog Gesture Control
Virtual P 1al, t 1 Virtual Reality
Digital Se_wmy
Bioacoustic Sensing
As of July 2014
i Peak of
Innovation Trough of i Plateau of
Trigger i Inflated Slope of Enlightenment Productivity
time 4
Plateau will be reached in: obsolete

Olessthan 2years ©2to5years @5to10years A morethan 10years @ before plateau

. Cognitive Expert Advisors
expectaﬁrgg” Machine Leaming
75 Software-Defined Security
Autonomous Vehicles
St Robols Nanotube Electronics

Software-Defined Anything (SDx)

Quantum Computing
Data Broker PaaS (dbtrPaaS)

General-Purpose Machine Intelligence

Olessthan2years O 2toSyears @ 5to 10 years

Source: Gartnar (dy 2016)

4D Printing
|
‘Smart Dust,
As of July 2016
Innovation Eeak of Trough of Plateau of
Trigger Ex:;?::;:l‘:ms Disillusionment Slope of Enlightenment Productivity
time >
Years to mainstream adoption: obsolete

A more than 10 years @ before plateau

http://www.gartner.com/newsroom/id/3412017

Expectations

Hype Cycle for Emerging Technologies, 2018

h:;m' ™ —Deep Newral N":Du?p Learning) Plateau willbe reached in
u
Jess than 2 years
mart Workspace 1ol Platform S 205years
Brain-Computer Intertace. @ 2rsye
510 10 years
Smart Robots- Silicon Anode Batteries z maore than 10 years

Deep Neural Network ASICs- Blockchain
AlPaas
Quantum Computing
Connected Home
Autonomous Driving Level 4

Volumetrc Displays

Selt-Healing System Technology-
Conversational Al Platiorm
utonomous Driving Level 5

Edge Al

Mared Realty

Blockehain for Data Security

Neuromorphic Hardware

Knowledge Graphs

4D Printing

Atificial General
Inteligence

Augmented Realty

Flying Autonomous Vehicles.
Biotech — Cutured or Artifcil Tissue
A8 of August 2018

I ti ReaKol ™ h of Plat f
nnovation Toflatad rough of . e lateau o
Trigger EYractations Disillusionment EStopslotEnSohiepoett Productivity
—
Time

gartner.com/SmarterWithGartner
e e 21 oaton At gt renervec Gartner
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AR characteristics

1 - Combines real and virtual
2 - Interactive in real time
3 - Registered in 3D

« Therefore
- Films are not AR
- 2D overlays are not AR

https://www.scientificamerican.com/article/is-pokemon-go-really-augmented-reality/

Applications

« Maintenance
« Training

« Travel

« Entertainment
« Design

« Architecture

« Construction
« Military

iOnRoad

http://www.roadtraffic-technology.com/news/newsionroad-releases-real-time-navigation-app-for-ios-6

AR Windshield

http://www.augmentedrealitytrends.com/augmented-reality/virtual-windscreen.html
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Smart Headlights (CMU)

. tlnmgm:
Beam splitter e P EOLLA Svstem
g SERATI latency
D
Projector
control
AW
Overall
. B
Approach Camera Operating range

The headlight is a co-located imaging and illumination
system consisting of a projector, camera, and 50/50
beamsplitter. The camera images the precipitation at the
top of the field of view, the processor determines the
future locations of the particles and the projector reacts
to dis-illuminate the particles. The entire process from
capture to reaction takes about 13 ms.

Reactive

Google

« Google Earth

« Google Translate

« Zygote Body (was Google Body Browser)
« Sky map

« Ingress (AR Game)

« not to mention cardboard

and many more...

. Yelp

« Layar

« Wikitude browser
« Ink hunter

« Snap chat

« Quiver

07/08/19



How to combine real
and virtual?

. Requires object models (computer graphics)
Knowledge of their locations and optical
properties of the objects and the cameras and
the displays (computer vision)

. System calibration

. Use of Markers r

Placing Assets

. Register 3D models
with 3D scene locations
(using markers)

. Track the markers, the
user, the interactions of
the user with the
markers and scene.

Without markers

Google Project Tango
Use depth camera

ARCore
Tracking using inertial sensors
Plane detection

AR is only about graphics?
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Display technologies

. Display
. Mobile (smartphones and tablets)
- Notebooks
. projectors

. Head mounted
. Video see-through
. Optical see-through

AR using displays

Very Simple Augmented Reality

=

How Google GLAsS works

3PS)

Fun facts
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(a) . (% | (c) | (4 (e)
1980 Mid 1980s | Early 1990s Mid 1990s| Late 1990s

Steve Mann

Hugo Gernsback (of "Hugo Awards" fame), wearing his TV Glasses in a 1963 Life magazine shoot.

https://github.com/grrrwaaalcourses/blob/master/film6246/vr.md

Input Technology

Gloves

Chorded Keyboard
Switches

Hand and head gestures
Eye Gaze
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Technology Challenges

. Placement

. Scaling

- lllumination, shading, shadows
- Occlusion

. Context and Collision

. Size

. Power

. Heat

HCI Problems

. 3D Interaction

. User interface x user experience

. Display Limitations (output)

. Tracking precision and seamless rendering

. Control Limitations (input)

. Tracking precision and seamless rendering
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