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To decelve the
viewer as to Its
reality.
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Mixed Reality Properties

IS mere anoui

s Perception tham Perfection

s Receptiveness than Deception
s Imagination than limagery

x Convention than Irickery

» Recasting than Reinventing

s Story than Arcade
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Theme Parks

Chris Stapleton
Director, Vedia Converge [Lalk
Iirained i Fheatre
Matured 1n Faeme Parks



fheme Park Pesigners
Palnt Wit thiel Aualencers
lrmaginaton...

R .. . B

Universal Studios Islands of Adventure
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Elements of lllusion

Line & Shape
Eorm & Coelor
Lighit:
Shading
Perspective
Siacdews
Experlence Capture
Vietion
Imagination
Iimmersion
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Early Depth Technlques

=rom Shiading
=rom| Ferced Perspective
=rom Shadoew, =
=rem Value
=rem Chrema
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Depth from Immersion
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Applications of liusion

Copyright®1998- G ary Wayne

Diorama

Ciéorama NVareorama
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Applications of liusion

Glass Matte Painting
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Applicatiens of lllusio
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Chrema-Key Compositing
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Mixed Reality Goals

As intuitive as  As Immersive as As visceral as
Play Military Simulations: = Theme Parks
B "7,
As meaningful as.  As interactive as As compelling as
Education Video Games Motion Pictures
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MR EXPEriences

Examples from oulr
VMedia Convergence Lalb
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Time Portal Characteristics

Three types of experience
= Divers
. SWImmEers
a Waders
Audie
x Ambient (environmental, meod)
s Point source (fixed places in space)
s Positienall (attached toe virtuall elbjects)
Special Effects
Force feedback
Shakers
Smoke
Lighit control
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MR Interactive Trailers

hme Portal isireally: ...

s A “Stargate” interactive trailer

5 You have elements of the movie

x BuUt, you can participate in the action

General conceptis ...
a Movies live and die by “hype”

s [he first weekend Is the most critical

= Interactive trailers create a “buzz”
Consider “Blair Witch Project™
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Augmented Virtuality
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Placing Real Entities into Virtual Environments
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Demo Dome §
Portable & CoJJa

Mixed Reallty



MS Isle Characteristics

Unidirectionall retre-reflective curtain
s Light projected by each participant Isi cast back
s Each has a different color
s Each sees a blue/green/?? screen
s Real ebjects (people, etec.) do net reflect light
Efffects
s Seund, controlledight, ete.
Navigation (shared)
s We used a table with twoe handles (ene per User)
What was shared
a Anisland andlits undenvater envirens
a The table was a God's eye view. used to guide navigation
x The first person views Were on the surrounding curtain
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Demo Dome Characteristics

Relative te CAVE
s Lightwelght
s lnexpensive

s Can have distinct POVS
E.g., consider a city planner and an architect
Eachiwants specialized infermation
BUt both need te have a common context
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MR Virtualization

Virtual moedels inf real settings

Extension to; scientific visualization
x Real props

s Collaberaters

s Vitltiple POV off commoen medel(s)
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MR Cartoon Characteristics

Cartoon characters are real to kids
EXPErience cartoons frem the inside
Need to aveld HMDB use

Surround the diver with
= audio cues

s specilal efffect cues (rustling leaves, ...)
m composited video

SwWimmers and waders have VR wWindow
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MR MOUT (AR)

STC 3600 . - W 7/
SET | AN

MR MOUY
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Common Limitations

CAVES, Elats, Overlays
Milgramrs Continuum



Immersion beyond
the projection
| SCreen
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Not confined to exist In a
preset environment
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http://www4.army.mil/ocpa/uploads/large/URBN.jpg

Beyond 3D Spatialized
HUD! Overlays
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Milgram’s Reality-
Virtuality Centinuum

Augmented Augmented
Reality Virtuality

REALITY VIRTUAL

Hybrid Simulation
Live Simulation Virtual Simulation
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Mixed Fantasy
Continuum
(adding Imagination)

Milgramrs: Reality-Virtuality: Continuuim

Augmented Algmented
Reality (AR) \ / Virtuality (AV)
B.IE. Barnum _ Aristotiers-
Reality- Physical Virtual Media-
£, Reality _ Reality | -
Imagination (Interface) 4 \Sompeling ) maginaen
g Mixed Reality (I\/led|a) :
Continuum (The Play) Continuum
Tiraditional \ Eilm
fheme Park Imaginary

Reality

Mlagic Sho
Y ki (Story)
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Producing an Experience

Concept Stery + Artistic Rendering
Animatic (ene POV, reugh Work)

VR (many POVsS, interaction peints)
Refined Moedels and Prmitive Apimations
Mixed Reality Experience
Elleen Smith
Matt O’Connor, Scott Malo, Darin Hughes,
Nick Beato, Scott Vogelpohl,

Shane Taber, Theo Quarles, Peter Stepniewicz
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Operations in Urban Terrain

Mixed Reality
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MR MOUT ——aaiil |
STC 360° : . el il |

MRAWINI-MOUT

g S

Asset Planning
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VIRTUAL SET FROM MOUT 3.0 & %

Virtual Urban Surroundings

Extend world, provide imposters
and occlusion models

UNDER 20000 TRIANGLES
MULTIPLE TEXTURES

Animatic
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MOUT VR Cu oS MILITARY OPERATIONS IN URBAN TERRAIN

lgrellpiel Reelitles

Mirxead reality



http://erix.tv/mcl/v2_b.php

MR SEA at Science Center

NEew experience at a science center
Extend existingl Dine Digs exnibit
See (real) dinesaurs and boenes

Water (Virtual) fills the hall; you are undenyvater
Nl prenisteric times

You can navigate to find benes

Your vehicle vacuums Up benes, extracts, DNA and
recreates reptiles

I you are not gooed at fiinding/ benes, a giant
torteise comes and leads you

At endi of experience, water recedes and you see
real bones again
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MR SEA at ISMAR

Redoees experience but with Demo
Deme; tWo players

Navigation and ehbser/ation Is a
shiared experience

Youlcan shine (virtual) light en hone,
asi It passes through DNA analyzer;
[IgAT 1S cast enr other player wWith
Shadew. off bene
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Under the Hood

llechnologies
Engines
(story, graphics, audio, SEX)
Science



lechnoelogies

HIVID
Tracking
Light Acquisition
Audio
Special Effects
Seon (3d scanner, depth camera)



Tools of the Trade

Video See-
Thru Display
with Tracker

Virtual Assets ) J__\:
- --_Em. |
r & !
!\ ‘ Desktop and
-&E
AR ; Embedded
, é- Projection
' At Na Display
X4
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Canon Coastar HMD

VIDEO SEE-THROUGH DISPLAY

LIQUID CRYSTAL DISPLAY

~ [CHARGE-COUPLED
DISPLAY AN

TRACKING | | TRACKING
SENSORS | | TARGETS

N
n
—p
[]

Front View Side View
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Tracking

Acoustical
Viagnetic
Optical
Vision
s Marker-based
s Shape-hased

3-June-04 Mixed Reality
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Capturing Real Light

Lady Bug Acquires Dynamic Lighting

Mixed Reality
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Audio Capture

-------
''''''

™

W steree mics placed back-
to-back in XY configuration g r
Withl cardielids pickup patterns

Ambience was captured in
courtyard near busy road at
varieus time during the day
and evening

Captured tracks were panned
to firont left, front right, rear
lefit, and rear right within the
MR Seund Engine

Virtual ambient seunds were
added in post (e.g. distant
explesions, guniire, helicopter
flybys, etc.)

L]
L]
L]
L]
[
L}
i
L)
L
i
L
"

Virtual sounds have an Rear Left & /Rear Right
Increased sense of validiity ! : g f
when mixed wiith real world .

ambient surreund capture

=
= -
. ..._,i-
-
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Special Effects

_,.F"

- Colorkinetics SmartJack3 (USB'to DMX) I” | j
- Colarkinetics JuiceBax2///iCalor MR Lights :

- Gilderfluke MP3:50/40

- 4 Channel Dimmer. Packs

- Pneumatic //'Smoke System

- Soeund| Transducers ("Bass Shakers?)

we
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Bringing It Together



Engines

Software Infrastructure



The Engines

Story.
s XMIL-based agenit scripting
s soon drag and drep (Hellywood backlor)
Graphics
s OSG, Calsb
s scene analysis
AuUdio
= ambient, point, dynamic
SEX / DMX

s smoke, lights, many ether actuators
Simple, efficient communication protocol

3-June-04 Mixed Reality
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lllumination and Shadows

Stmanita Pattanaik
Erik Reinhard
Matt O’'Connor (former UG, now: IIST)
Jaakkoe Kentinnen (UG senior)

RuUlfeng Xu (PhD student)
Ahmet Akyuz (PhD student)
Mark Colbert (PhD student)

Jareslov & Pascal (IRISA)



Blending the Real and the Virtual

- Use color-transfer-for-ambient: lighting| (ER)

o LIghting (SNP)
s\/irtual light an real/virtuallohjects
Realllight on virtual eljects

s Shhadoews

sCast by virtual olbjects on real/virtual ebjects
sCast: by real ebjects

o Fire
sCreating light and shadows on real/virtual
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Color Transfer

Erik Reinhard



Compuiter generated Images

Can be very realistic,
but color selection Is
sometimes a problem

Not so with holiday
snaps
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Fool the human visual system

Into accepting ‘realistic color schemes’

3-June-04 Mixed Reality 66



VVan Goegh's IHeliday: Photes
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The Process

Reinhard et al., 2001

5| Compute mean andivariance: off color attributes
o prxels in seurce and target

s Impose mean and variance of source on target

= Requires source and target be similar in
compesition; hard te controel in dynamic MR

Chang et al., 2004

x Name colors and maiptain each pixel 1niits
color group

5 Avoldsiswatches but may ve hard to maintain
frame rate; will try to optimize
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Color Space

RGBS dimensions are correlated,
making analysis a 3-d preblem

Can get three 1-d prekiems by using
Lol space: (Independent In practice)
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Extending to MR

Get examplefreom real; target Is virtuail

Experimenitally have found legl space Is noi
necessary; thus use CIE Lab

Can chamnge RGB space to LMS and then te
CIE [Lal 1nfa matrdx multiply; InVerse Is
alse ene multiply

Canioptimize mean and variance
computation By IgNOKING transparent panrts
of target; alsoi tried optimizingl by skipping
mean/variance compuitation omn every
other frame and/or every other pixel
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Current Method

L example _ _
OL target L = d |:__L-s-.1-'.:1.n'1]:-le - Lt.a.r:.'_.r_-s-t. _,|
_ Ta,example : d |:_"-'_!-E-_1r_:1.n'1]:-l-s- - "-T!-t.:arget- :|
I:r"-'t:-1:'5'-1--:-E':E"t' . = I'.'E |:_.|I.l'-'|5-_'|'_3njl:|]|5- - ll."-'t.:a.r:'._.r_E-t-_J
Th exampls

T target

SL |:__Lt.ar_get. — Lt.a.rget._J + Lt.arget. + "-{L

Sa |@target — Gtarget) + Grarget + da

8y I:_’.'-'t.a.r:gr_-s-t. — btarget | T+ brarget +
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The Parameter d and s

User selected conitrel and degree of
Shiifit teward seuree’s variance and
mean, respectively.

A current experiments we: use
Ss= 0.4 and d = 05 set and forget
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Video S

J Loclo Uricorreciad
m -0g0.Cerrected
s d=0; s=0.4

Mixead R

cealty



Frames in Video Seguence
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Frames in Animation
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No Color Adjustments

N\
I EEmy,
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Full Color Adjustments

B e— . R

X
‘.'“nn ;'.-.’ 3 .} = .

i

Wum
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Partial (s=.4) Adjustments
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3-June-04

Frame Rates

4

3
B
k]
=
& 5
A,
B
[

Humber of rendered pixels
Time per frame with color comection
Time per frame without color comection
0
1 20 3 40 50 60 T 80 90 10D
Frams number

Figure 6: Frame times and rendered pixels as funclion of frame-
number.

Mixed Reality

Fendered pixels x 10
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Cost of Ad]

ustments

Eeund ne advantage in computing mean
and variance every other firame or on
every other pixel (actually cost 3 fps)

Primary. cost IS I shlfting pixels, not 1n

computing means ane

\ariances

Unrolling leeps brought majer gain

Current cost overheaoc

IS about 23%%6

There are many Imprevements te e made

EXperiments continue
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Shadows & Fire

Sumanita Pattanaik

Markers used but: technigues are
Independent oif tracking methed



()

ceality

L
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o

Dynamic Shadow Volumes

Mixed Reallty



Phantoms and Fire

(b) Marker Placed (c) Surface Polygon

(f) Lit by V Fire (e) Different Angle (d) 3D Phantom
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llumination by Virtual Eire

(a) Original (b) Hluminated (c) Composed
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Effects of Virtual Fan
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Other Research Projects

Elicker in Eire (Adabala)
Lighting Animated Oljects



Mixed Reallty
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Combine

Animation seguence
Compression
GPUispeed-up

Get

a Rendering with
Dynamic lighit
Dynamic moetion

s Interactive time

Mixed Reality

Precomputed radiance
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Yet Other Projects

Continuation' of ferest werkk (Paulius; Kadr, Julien)

Pynamic shared: state maintenance in distributed
Interactive VESs (IKadi, Jean-Eudes)

Adding emotion te characters (WU, Falbrice)
Linkage withi semi-automated fiorces (Garfield)

Depth perception in MR (Paulius, Hassan Foroosh,
Eric Marchand)

VIR audie

New audioe teols for preduction and delivery.
Audie expectation

L systems & training sets (Kadi, Julien)
Media asset management (With EA)

3-June-04 Mixed Reality 90



Virtual Forest

J. Michael Moshell
Paulrus MicCIkevicius



Research Underlying Trees

Large scenes ofi vegetation

s forests, fields, efc.

s thousands toe milliens off UNIguUe trees
Biolegically/ accurate moadels

m trees

= forest (context for trees)

Realistic rendering; Interactive firame rates

Interaction with vegetation
s accelerating the growth rate; changing fire rate; drought
s fluttering Inwinds; breaking| branches, trees
Applications
s Informal science education
s urban planning
s search and rescue training

3-June-04 Mixed Reality 92



Challenges

Computationally intensive

5 growing” the forest

.-System fior bielegical correctness and
variations

planit Interaction
fires, droughts, efc.

s rendering the forest

eachl tree isiunigue and has complex
geometry,

a large numiber of trees can everwhnelm
current graphics hardware
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Our Research

Increasing the frame rate
s LOD models fior the trees

s [ramework for selecting LOD at run-time
NO pre-computation; step

s Parallelization

PDetermining EMmpPIIases

s Perception as a hasis te emphasize What
matters (Valerie Sims, Psycholegy)
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Visual Cues Showing Various LODs (red/blue/black)
Mixed Reality
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LINIVERSITY OF CENTRAL FLORIDA

Primary UCF Faculty Collaborators
Chris Stapleton — chris@mcl.ucf.edu
Sumanta Pattanaik — sumant@cs.ucf.edu
Erik Reinhard — reinhard@cs.ucf.edu
Mike Moshell — j.m.moshell@cs.ucf.edu

Our Laboratories
IST Media Convergence Laboratory — http://mcl.ucf.edu
CS Graphics Laboratory — http://www.cs.ucf.edu/graphics/

Joint use Simulation Training Center
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UNIVERSITY OF CENTRAL FLORIDA

Other Faculty Collaborators (partial list)
Paulius Micikevicius — post-doc, now faculty in Georgia
Hassan Foroosh — CS, vision-based registration
Valerie Sims — psychologist, human factors

Student Collaborators (partial list)
Ruifeng Xu — PhD student, lighting on animated objects
James Burnett — PhD student, dynamic range
Felix Hamza-Lup — PhD student, distr. infrastructure
Jaakko Kontinnen — undergraduate, shadow/fire

Peter Stepniewicz — at CMU ETC, gadgets

Staff Collaborators
Eileen Smith — user experiences
Matt O’Connor — chief software developer at MCL
Darin Hughes — 3d audio researcher/producer
Scott Malo — chief modeler and content producer
Shane Taber, Theo Quarles — modelers
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LINIVERSITY OF CENTRAL FLORIDA

Charles E. Hughes

School of Computer Science
& Media Convergence Lab
& School of Film and Digital Media
& Text and Technology Program (English)

E-Mail: ceh@cs.ucf.edu

Home Page: http://www.cs.ucf.edu/—ceh/
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