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Definitions

AtgmeEnted realitys Relers o a system
I WhICh the USER VIews: and acts Within: an
enfiancea version of the real world. The
enhancements are virtual (computer-
generated), and canlinclude oljects; or
infermaton.

Vinxed reality: Refers to a system that
combines real and virtuallehjects and
Infermatioen.
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Mixed Reality: Continuum
Mixed Reality (MR)

w

Reality Augmented Augmented Virtuality
Reality (AR) Virtuality (AV)

Milgram (1994)
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AR/MR Application Areas

Maintenance

raiming

Teursm: / Culturalfheritage
[Design /. construction
Battlefieldi information: display.
Entertaimment
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AR/MR Tiechnology. - Displays

See-threugh HMDs:
n Video see-through
n Optical see-through

Handheldidisplays
Projection
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AR/MR: Technoelogy - Tracking

Optical / visien-hased

tracking

= AR toolkit

m ensures, portability.

n large number of
tracked ebjects

Registration and' low,

latency: are: crucial fior

AR systems
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AR/MR: technoelegy - Tracking

Sourceless inertiall erientation| tracking
GPS position| tracking

u enables mobile outdoer AR

Varkerless tracking
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Mobile outdoor AR

*r) o S ," Wi :I:_|_
{ _%ul_m& ) §=§

S ey

“Backpack systems” ﬂ* = ,‘

User wears/carries:

s Computer

a HVD
Inertiall tracker
GPS! unit/antenna
Input device(s)
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Mixed Reality: lnterfaces

Azuma (1997)

u combine real and
virtualfelbjects

u interactivein realltime

n Vvirtuall objects, are
registered! in 3D
physical world

KARMA, Feiner, et al. 1993
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Challenges: in AR Interfaces

Confiict between real
world and virtual

m Not neatly’separated o E,._
anymeore .-

Limitations of' displays >’ ’{

u precise; fiast registration & - >
tracking <A

u spatially’seamless display;

Limitations; ofi controllers

m precise, fast registration) &
tracki ng Image Copyright Sony CSL

m spatially'seamless interactivity,
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AR Interfaces as 3D Information
Brewsers (1)

3Dvirtuall eljects are
registered in 3D

n see-through HVIDs; 6DOF
opticall, magnetic trackers

m “VR in Real \World™
lInteraction

u 3PNvirtual viewpoint
control

Applications

u Visualization, guidance; :
training State, et al. 1996
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AR Interfaces as Context-Based
Infermation Brewsers (1)

Infermation is registered to real-
world context
s Hand held AR displays

Video-see-through (Rekimoto,
199¥7)ror non-see through
(Eitzmaurice, et all 1998),

magnetic trackersi o computer:
vision based

Interaction

u manipulation;ofa window,
Intoelinfermation’ space

Applications
u context-aware informatien displays Rekimoto, et al. 1997
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AR Info Browsers (111):
Proes; and Cons

Important class off AR
Interfaces

= Wearable computers
s AR simulation, training ' i

Today's New Journals:

. . . . . e Prese
Limitedlinteractivity [ ACM Multimadia Systems
~H y g P!i IEEE Software

= modification and ] T -‘
P i NVl ; 4
authoring virtuall content: B

is difficult Rekimoto, et al. 1997
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3D AR Interfaces (1)

Virtual ehjects are displayediin 3D -
space andican loe alse
manipulatediin 3D

m see-throughi HViDsiand 6DOF
head-tracking fioir AR display

s 6DOF magnetic, ultrasenic; or
otiher liand trackers fer inpui

Interaction
u Viewpoint contiol

= 3D user interface interaction: Kiyokawa, et al. 2000
manipulation; selection, etc.
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3D AR Interfaces (I1):
Infermatien Displays

How tor move! informationt in AR
context dependent infermation
PreVwsers?
InfeRoeint (1999)

hand-held device

computer-vision; 3D
tracking

moves augmented data \
petween marked locations e Bz

HMD is not generally Khotake, et al. 1999
needed, but desired since

there are! little display,

capabilities
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3D AR Interfaces (I11):
Proesi and Cons

Important class of AR Interfaces
s entertaimment, design; tramning
Advantages

s seamless spatial interaction: User can interact with 3D,
virtual ebject everywhere in physical space

= natural, familiar interfaces
Disadvantages
s usually no tactile feedback and HMDs are often: reguired

m [nteraction gap: user has to use different devices for
virtual and physicall objects
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Tangible interfaces and
augmented surfaces (1)

Basic principles
u Virtual ebjects are projected
0N a surfiace
backsprojection
overhead projection
u physicallebjects ale used!as
controls;fior virtuall ehjects
trackedion the surface

virtual ebjectsiarne registered to
the physical ebjects

physicallembodiment of the user
interface elements

= collaborative
Digital Desk. 1993
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Tangible Interfaces and
Augmented Surfaces (II)

Graspable interfaces; Bricks system
(Fitzmaurice; et al. 1995) and Tangible
interfaces, e.qg. Metabesk: (Ullmer Oir):

u hack-projection, infrared=llumination computer
vision| tracking

u  physicall semantics, tangible handles for virtual
interface elements

$El!lglhls:Ul ‘ q “ l, .-" ‘3.?

gyal}::hica]U[ __ ' —] ﬂ - metaDesk 1997
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Tangible Interfaces and
Augmented Surfaces (111)

S |
Rekimoto, et al.
1998
= front projection
= marker-based tracking
= multiple prejection surfaces
s tangible, physical
Interfaces + AR interaction

withr computing devices
Augmented surfaces, 1998
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Tangible Interfaces and
Augmented Surfaces (1V)

Advantages

= Seamless; interaction flow — User hands are
usedifor interacting with bothivirtualland
physical ebjects.

m NO Need fior speciall purpose iInput devices

Disadvantages
a Interaction Is; limited only te 2D surface

n spatial gap in interaction - full 3D interaction
and manipulation is difficult
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Orthogonal Nature off AR
Interfaces (Poupyrev, 2001)

SDIAR AUgmEeERtLEd
surfaces

Spaual gap NG Yes
Interaction I1s interaction| Is only.
everywhere on 2D surfaces

Interecuenrgan Yes NG
separate devices for | same devices for:
physical and virtual physical and

objects virtual ebjects
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Tangible AR interfaces (1)

Virtual ohjects are registered tor marked
physical™“containers”

u HIVID

u Videorsee-through! tracking andlregistration
using computer visiontracking

Virtualinteraction by using
3D physical container:
u tangible; physicallinteraction
u 3D spatial interaction
Collaborative

. Shared Space, 1999
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Tangible AR (11): Generic
Interface Semantics

Tiles semantics
s data tiles

m Operation tiles
menu
clipboard
trashcan
help

Operation on' tiles

u ProXimity,

u spatial arrangements
m space-multiplexed
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Tangible AR (111):

Data authoring in Tiles (Poupyrey, et al. 2001). Left, outside
view of the system; right, view of the left participant.
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Tangible AR (IV): Time-
Multiplexedi Interaction

Data authoring in WOMAR
E _ interfaces (Kato et al. 2000). The
[ Sl user can pick, manipulate and
| T

3 < 3 arrange virtual furniture using a
‘ physical paddle.
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Tangible AR (V): AR - VR
Transitery. Interfaces

Magic Book (Billinghurst, Augmented Reality
et al. 2001) 7 T
s 3D pop-up book: a

transitory. Interfiaces

augmentedi Reality
interface

portaliter Virtual
Reality,

immersive virtual
reality, experience

collaborative
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Tangible AR (V1):
Conclusions

Advantages
m seamless interaction with: both virtual and
physical teols
nerneed for special purpese Input devices

s seamless spatial interaction with virtuall ebjects

3! priesentation offandi manpulatien with virtual
objects anywhere: inphysicallspace

Disadvantages
s reguired HMD:
= markers should be visible for reliable tracking
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Devices must be
handheld

NG tracking or limited
tracking fier devices

Interaction at-a-
distance

Tinmith’ preject
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Challenges inf AR/MR

Occlusien and depth perception
Text display: and! legibility

\/istial differences between real and virtual
objects

Registration; and tracking
Bulky HVIDs; andl ether equipment
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Next Class

Paper presentations hegins
Finall preject proposals due Eriday (3-21-08)11!
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