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Background

m 3-D Stereoscopic Graphics allow human
viewers to interpret plots as realistic 3-D
Images

m EXists for paper, computer screen, or
projections

m 3-D effect because each eye sees a slightly
different image

m Human brain combines both images to 3-D
Image



Types of: Stereoscopic Displays

Stereoscopic Display Systems

Time-multiplexed Time—parallel
Electro—optical Mechanical Anaglyph * Separate image Freeviewing Autostereogram
PLZT Liquid crystal Rotating Shutters Red—green Red-cyan  Split screen Head-mounted
slitted Dual screen
tube
Aclive Passive

Adapted and extended from Hodges (1992);<* discussed in Part I; - discussed in Parts Il & IlI




Ereeviewing of Side-by-Side Images

m Viewer looks at 2 slightly different images,
drawn side-by-side

m No tools needed

m Viewing techniques
— Focus on point before viewing plane
— Focus on point behind viewing plane

m One 3-D Image & 2 ghost images




Anaglyphs

m \Word “anaglyphos” originates from Greek

m Meaning: object Is shaped relief-like, I.e., has a
non—flat surface

m Two projections of a 3—D image looked at
through filter glasses

m Common colors: red-green (print), red-cyan
(CRT), also: red-blue & magenta-green

m Filter glasses filter out one of the images
m Brain combines different images into 3-D image




Autostereograms (1)

m ook like random noise or colorful patterns

m 3-D image revealed when looked at in a
technigue similar to the freeviewing of side-by:-
Side Images
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Mappings at Eves

m Natural viewing of a point P that is located in front of a plane,
compared to points A, B, and C that are located in a plane



3-D Viewing via Anaglyphs

A p B P C

(red) {green)

green

m Viewing experience for anaglyphs where red and green filter
glasses filter out what becomes invisible for each eye



m \Wheatstone (1838) explains:

Had Leonarpo pa Viner taken, instead of a sphere, a less simple figure for the
purpose of his illustration, a cube for instance, he would not only have observed that
the object obscured from each eye a different part of the more distant field of view,
but the fact would also perhaps have forced itself upon his attention, that the object
itself presented a different appearance to each eye. Ile failed to do this, and no sub-
sequent writer within my knowledge has supplied the omission ; the projection of two



... IS\Wheatstone’s Success (1838)

XVIII. Contributions to the Physiology of Vision.—Part the First. On some remark-
able, and hitherto unobserved, Phenomena of Binocular Vision. By CHARLES
WhaEeatsToNg, F.R.S., Professor of Experimental Philosophy in King's College,

London.

Received and Read June 21, 1838.

i Fog b3, &

each eye successively while the other is closed. Plate XI. fig. 13. represents the two
perspective projections of a cube; b is that seen by the right eye, and a that presented
to the left eye; the figure being supposed to be placed about seven inches immediately
before the spectator.



Rollmann’s (1853) Description of
Anaglyphs

XI. Zwei neue siereoskopische Methoden; von
F¥V. Rollmann.

—_= s s = === -

Zu der grofsen Zahl der schon bekannten, durch Wheat-

stone, Dove, Brewster und Wilde entdeckten, stereo-
skopischen Methoden habe ich folgende neue gefunden.

2. Farbenstereoskop, bestehend aus einer farbigen Dop-
pelzeichoung und zwei gefirbten Glisern.

Man zeichnet zwei zusammengehtrige Korperansichten
um denselben Mittelpunkt, die eine fiir das rechte, die an-
dere fiir das linke Auge, Wenn es nun ein Mittel giebt,




More History on Anaglypns (1)

m French teacher Joseph Charles d’Almeida
(1858): used differently colored light to produce
anaglyphs

m Name “anaglyps” introduced by the French
Ducos du Hauron in 1891

m 1912: one of the first books dealing with
anaglyphs (Vuibert, 1912)

m 1930/401es: anaglyphs used In geometry
(Koehler, Graf & Calov, 1938; Graf, 1938,1941)



More History on Anaglypns (2)

I Ideses and L Yaroslavsky

m Burkhardt (1963, 1972, 1974)
covered technical aspects and
problems of printed anaglyphs
such as optimal colors, best
filter glasses, etc.

m Ideses and Yaroslavsky
(2004, 2005) presented new
methods how to improve the
visual appearance of
anaglyphs




Mathematical Calculations (1

y CRT coordinates (z,, yp)

PB ZB Z0
| |:| |¢»|EO|—|PB|!
|EO| | ZO| | ZB |
Therefore
E=(x:,0,z:) T = T. = Tq - a ]
’ g ’ ! Yo + @
= (x0.yo, z0) ) . i
By analogy (as projection into the 2y plane)
£ =0, —a,l)
a

Figure 9: Projection for a single COP.




Mathematical Calculations (2

— | 20|
HOEPRZE
and
oAkl
E.O,|=| PB, | ——— =
| B0 1= PB. | -7 g = (=
Therefore
( +d a
T =\ — -
y l 0+ 3 o+ a
d) a
T, = |z90— =] -
"72) w+a

Z'! =|:_g~_'-'3|:'} 3 Zr'= [‘d_s—ﬂ.l:l}

Figure 10: Projection for two COPs. Subscripts ; and # relate to the left eye, subscripts

» and = relate to the right eve. and no subscript and < relate to the imaginary central
eye.




lications In Statistics:

Huber. Experiences With Three-Dimenslonal Scatterplois

m Freeviewing 1 ,
Of Side-by- 11 ¥ & LR f 1
- = 11 i mr‘?x i1
side Images: p1 et . i

> 11 4:-_1’,-1-. & 1,k
C C
Huber (1987)
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Figure 1. Rasults of & Principal Component Analysis of the Plato Sentence-Ending Data: Arst Three Principal Scores (a) Wewed Along the
Third Principal Axis and (b) Rotated by 457 Around the First Axis. r—{he books of tha Republic; e—the ofher eary works; l—the laws; T—Timasus;
S—Sophisl; C—Critias; P—Pollticus; F—Philebus.



4 CANZ (Extremities)

m Freeviewing of
Side-by-side —
Images:

>

CAN1 (Head)
Figure 2. Stereoscopic scatter piot of first three canonical functions,

H en d erson (1 9 8 9) canonical discriminant analysis of 336 WDMET wound patterns.
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Scott (1992)

Figure 1.17 Stereo representation of 3 e—contours of a trivariate Normal density. Gently
crossing your eyes should allow the 2 frames 1o fuse in the middle.



Applications in Statistics: Then ... (3)

= Anaglyphs:

— Extensively used within statistics by Carr, Littlefield, and
Nicholson (1983-1986): provided construction details for
3—d stereoscopic displays and compared such displays
with other visualization technigues for low—dimensional
multivariate data sets

— Work by Hering, Symanzik, and von der Weydt (1989-
1994): developed computer software to interactively
animate anaglyph images for multivariate statistical
applications



lications In Statistics: Then ...

m Anaglyphs: Gabriel &
PLATE 1 (Banchof] Y Odoroﬁ:

Figure 5 Three-dimensional biplot of American temperature data.

Figure 2

Banchoff (1986)

Symanzik (1992)

Bivariate Bets-Vertelilung



Carr, Nicholson, " VLM
Littlefield & Hall ! - i ol I

Exhibit 13 Five-dimensional views using stereo ray glyphs, The plot shows three views of five variables, V1, V3,
(1986) ¥4, V5, and V7, that partially describe individual replications of a high-energy particle physics scattering experi-

ment (Friedman and Tukey 1974). Exhibit 13b plots V1 as abscissa, V3 as ordinate, and V5 as stereo depth.
Exhibit 13a is the view looking into Exhibit 13b from exterior top. Exhibit 13c is the view looking into Exhibit
13b from exterior right. All three views plot V7 as ray orientation and ¥4 as ray length. Two reference points are
plotted with larger ray dots,




lications In Statistics: ... & Now (1

(= Lattice - Multivariate Data Visualization with R - Figures and Code - Windo

- - . . 8- & oojectors
m Freeviewing of Side-by-Side R

I m ag eS : e Favorites
— R package lattice (Sarkar 2008) E_— ’

cloud(depth ~ long + lat, quakes, zlim = c(690, 307,
pch="" cex=1.35 zoom=1,
xlab = NULL, ylab=NULL, zlab =NULL,
par settings = list(axis line = list{col = "transparent™)),
scales = list(draw = FALSE))

npanel <- 4

rotz <- seq(-30, 30, length = npanel)

roty <- c(3, 0)

"_'é Lattice - Multivariate Data Visualization with R - Figure. ..

Lattice: Multivariate Data Visualization with B. - Fizures znd Code

&
o
rr
s

LT s R R e R e T e R e e R e R e R R |
SEREEERREERREEEL Y

## Figure 6.3
update(p[rep(1, 2 * npanel)].
layout = c(2, npanel),
panel = function( ..., screen) {
Crow <- current rowl()
ccol <- current cohumn()
panel cloud(.._. screen = list(z = rotz[crow],
x=-60,
y =roty[ccol]))

[LC O s VAL N (| (AL I s A 1 N Oy | O ) O mm
ORI R R R T o o
AR A A A A A A A A A AT 4

Chapter 7
Chapter §

Chapter g

Chapter 10
Chapter 11
Chapter 12
Chapter 13
Chapter 14

Extracts
Errata




Applications in Statistics: ... & Now (2)

= Anaglyphs:

— R packages tourr
& tourrGui (Cook,
Wickham, Huang,

Buja, 2011):

1:4], grand_tc
reoc(blue = r

Figure T: Four different projections of the 3—d grand tour of the Iris data set, shown as
red-cyan anaglyphs, were produced via the tourr package in E. The abbreviations
SL (Sepal Length), SW (Sepal Width), PL (Petal Length), and PW (Petal Width) are
used in these plots to denote the four variables of the Iris data set.



lications In Statistics: ... & Now (3

m [Freeviewing: N

— R package rgl
(Adler &
Murdoch,
2011):

< )/B[X) mURGL device 2 fFocus]

=

> demo ["mouseCal lbacks"™)



Applications in Statistics: ... & Now (4)

I R Graphics: Device 3 (ACTIVE) (=0(E3]

= Anaglyphs &
Autostereograms:
— R package rgl
(Adler &
Murdoch, 2011):

I R Graphics: Device 2 (ACTIVE)

> demo (st



Conclusions & Outlook

m 3-D movies (such as Avatar & Toy Story 3)
fascinated millions of spectators world-wide

m L_eisure books with autostereograms (€.g.,
Magic Eye series) widely popular since the
mid-1990ies

m 3-D TVs and convergence of TVs and
computer monitors

m => 3-D stereoscopic graphics (via anaglyphs
and others) likely to gain more popularity In
statistics In the near future
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m [he C2 Virtual Reality Environment

mDynamic Statistical Graphics (DSG) in the C2
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Virtual Reality (VR) - Definition

m Different understandings of the term VR:

m Pimentel, Teixeira: "Virtual reality is the place where humans and
computers make contact."

m Newby: "VR has to do with the simulation of environments."

= Anonymous: "Virtual reality Is a media to recreate the world in
which we live and to create illusions of new and yet unknown
worlds."

m  Cruz—Neira: "Virtual reality refers to Immersive, interactive,
multi—sensory, viewer—centered, three—dimensional computer generated
environments and the combination of technologies required to build
these environments."



Virtual Reality (VR) - Tlerms

m Related Terms:
» Augmented Reality
» Artificial Reality
» Virtual Environments
» Cyberspace



Virtual Reality (VR) - History




Immersive Environments - History,

1991 CAVE: Electronic Visualization Laboratory,
Univeristy of Illinois, Chicago

1996 C2: lowa Center for Emerging
Manufacturing Technology, lowa State
University, Ames



C2 — Technical Details

m Projection—based, USES

» 3D computer graphics
» Position tracking
» Auditory feedback

m Projections onto three side walls and floor
m Floor print of 12 x 12 feet

m Height of 9 feet




-Appearance (1)

C2







C2 — 3D lllusion

m Created through LCD shutterglasses and
high—performance SGI graphics computers

m Alternating left and right eye viewpoints at 96hz
m User’s brain combines two views into 3D
stereoscopic Image

m Position and orientation of user’s hands and
head determined through magnetic based tracker,
cyberglove, and hand—held wand

m Audio feedback through multiple speakers



C2 vs. Other VR Devices

m Multiple viewers

m Lightweight and unrestrictive equipment

m High visual acuity, I.e., clarity of vision; depends on
» Optical factors

» Neural factors



DSG In the C2 - Concepts

®m |-, 2, or 3—dimensional projections of
p—dimensional data

m Viewing data in form of point clouds or
modeled surfaces

m Multiple views or continuous sequence of
VIEWS

m New user Interface

» Most DSG programs: like a desktop

» Immersive environment: whole room for data
analysis
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DSG In the C2 — lLatest Design (2)

Show Video:

Interaction Tools for Dynamic Statistical Graphics in a
Highly Immersive Environment.\VVOB



DSG In the C2 - Examples

m (Multiple) low—dimensional Views
m High—dimensional rotation and interaction

m Brushing / linked brushing






3-dim Grand Tour: of 6-dim Cube
Example (2)

Show Video:

Dynamic Statistical Graphics in a Highly Immersive
Environment.VVOB (starting at 3:05min)
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\AETORVATENY
Example (2)




B

Viap View Exa rmplc (3)2

(J

Statistical Graphics in a Highly Immersive
Environment_People-Version.V




Environmental Example (1)

Fir 4. In simulator mode: (lefty Low pH va

which are 1 adie [all higher up in the mountains. This corroborates what was
it is much Lo see the sites are at high altlude becau

arion of chemical contaminams over oo




Environmental Example (2)

Scatter plot




Unfinished Work (1997)

m 3D user interface for DSG
» 3D menus
» What to do with brushes
» How to place objects (e.g., maps)
» Sound (e.g., voice identification of points)

m Inclusion of maps and geographic information for
spatial data (e.g., satellite images)

m Connections to supercomputers for processing of
massive data
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Part Ill: Statistics and Virtual Reality

at George Mason University
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B The CAVE™ VVR Environment
m Motivation for the MiniCAVE™

H The MiniCAVE™ Environment

— Windows NT/Pentium |l Implementation
— Voice Interface

B Technical Challenges
W Status (as of 1999)



T'rademark Notes

B CAVE Is a trademark of the Electronic Visualization
L_aboratory at the University of Illinois, Chicago

B MiniCAVE Is a trademark of the Center for Computational
Statistics at George Mason University



CAVE Concept

B A Projection-based Immersive VR System
— Silicon Graphics-based with 8 to 12 processors
— RE? or RE Infinity graphics engines
— CRT-based projection system
— Stereographics Crystal Eyes shutter glasses
— Head tracking
— Usually 3 to 6 wall cube



CAVE Strengths

H Effective immersive environment
— Lightwelght non-intrusive glasses
— Can see own hands and other participants

m Effective for group VR
— Good tool for group collaboration



CAVE Weaknesses (1)

B CRT Projectors
— Projectors not very bright
— Shock, vibration & heat, hard to keep focus
— Geometric distortion at wall interfaces

m Tracking

— One user tracked, distorted stereo for users not
at viewpoint

m User Interface
— Usually 3-D extension of desktop metaphor



CAVE Weaknesses (2)

W Expensive
— ~$1,000,000 fully outfitted
— ~$600,000 SGI computers
— ~$30,000 per projector



Motivation

m [nstalled MATLAB 5 on SGI Onyx and Pentium

— Benchmarks on 200 megahertz Pentium Pro ($3000)
and 200 megahertz SGI Onyx ($120,000) similar

m Liquid Crystal Projectors sharp, bright, and stable
under shock, vibration and temperature variation

B Stereographics Crystal Eyes technology available
for Windows NT



MiniICAVE Concept

B \\Vindows NT/Intel Pentium Il 466 mhz
m | CD-based projection systems
12 ft cubes scaled to 6 ft cubes

B Tracking optional, rec

uced latency

H \/oice command meta
m ~$100,000 entry level

ohor



MiniCAVE Appearance




VR from Workstation to PC

H Project Purpose

— Can the NT workstation really match the SGI
workstation in 3D graphics area?

— Possibility of VR implementation in PC
environment, especially MiniCAVE

— Explore the hardware and software capacities of
PC for VR application




| Initial Approach

1. Porting one SGI GL application, SkyFly, to
OpenGL, which Is a platform-independent 3D
API.

2. Porting this application to NT environment.
3. Performance comparison between SGI and NT.
4., Stereo display on PC using CrystalEyes.
5. Controlled by voice command.



W Stereo using CrystalEyes
— Above-below stereo

— Image resolution 1024x384 each eye

— Vertical refresh rate 120-150 (60-75 each eye)
» SGI monitor can handle both 120 and 150
» CRT projector can only handle 120 refresh rate



B Principles of above-below CrystalEyes stereo

Graphics Card

Emitted pulse

Video signal

Double Sync video signal

CrystalEye
Emitter

Computer
Monitor/Projector

[ [ [




Speech Motivation

m User Interfaces (Van Dam)
m Shortcuts In XGobi
m User Controls In the C2 Stats Application
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Speech Recognition Technology:
Evaluation

. Can you train the software to understand additional words?
. Is the software speaker dependent or speaker independent?

. Can you store different pronunciations of one word into the same

database so a spoken word I1s compared with different pronunciations?

. How good Is performance (i.e., percentage of correctly identified words

before and after training)?

. Does accuracy depend on speaker / accent / training?
. What improves accuracy relative to the various sources of imprecision?
. How long does it take to reach various levels of performance?

. What if we aren’t able to train? What should we expect?



m \What’s the good format for voice-controlled
navigation in this application? WWhat are the
recommendations on the maximum number of
words for the application? What do they suggest
as maximum number of words in one command?
We currently only have a simple command format:
single word, with an around 20 words vocabulary.
The generalization appears achievable.




Hm \/oice Control

— Command Set
left, right, up, down, fast, slow, forward,
reverse, stop, start.

— Link directly to Dragon Dictate (locally), or
link to Custom-DLL (network possible)



Overview of \Voice Interface
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MiniICAVE Controller
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Approach

B Integrate successfully on one machine, then
attempt a multi-machine solution

B Recognition of spoken word causes delay In
SkyFly program on 300 mhz Pentium |1 -
much better on 466 mhz Pentium 11



Technical Challenges - SUCCESSES

m Port of SkyFly Stereoscopic Demo to NT
successful with adeguate frame rates on 300
Megahertz Machine

m CrystalEyes interface on NT successful

B Voice Recognition using Dragon Dictate
successful

— But requires Training of Speech Recognizer



Remaining Challenges

® MiniCAVE Libraries
— Compatibility to Existing CAVE Libraries

B Projection Systems
— Edge Blending with Digital Projectors

— Digital Projectors Themselves
» Frame Rates
» Decay
» Image Lock / Stereo Lock



Status (as of: 1999)

m Patent Disclosure Filed

B CRADA signed with U.S. Army (White
Sands Missile Range) - Awaiting Funding

® Planned EDA/Data Mining Application
with Voice Interface

B Major Delay after 300 mhz Machine had

been stolen
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