
Stereoscopic Displays and Virtual 
Reality for Statistical Graphics

Jürgen Symanzik
Utah State University, Logan, UT, USA

e-mail: symanzik@math.usu.edu
http://www.math.usu.edu/~symanzik

HU Berlin, IRTG Short Course (I)
July 20, 2016

http://www.math.usu.edu/%7Esymanzik


Outline

 Part I: 3-D Stereoscopic Plots –
From History to R

 Part II: Statistics and Virtual Reality at
Iowa State University (1995-1997)

 Part III: Statistics and Virtual Reality at
George Mason University (1997-1999)
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Background

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

 Exists for paper, computer screen, or 
projections

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

 Human brain combines both images to 3-D 
image



Types of Stereoscopic Displays

Adapted and extended from Hodges (1992);     discussed in Part I;     discussed in Parts II & III

∗

∗



Freeviewing of Side-by-Side Images

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

 No tools needed
 Viewing techniques

– Focus on point before viewing plane
– Focus on point behind viewing plane

 One 3-D image & 2 ghost images



Anaglyphs

 Word “anaglyphos” originates from Greek
 Meaning: object is shaped relief–like, i.e., has a 

non–flat surface
 Two projections of a 3–D image looked at 

through filter glasses
 Common colors: red-green (print), red-cyan 

(CRT), also: red-blue & magenta-green
 Filter glasses filter out one of the images
 Brain combines different images into 3-D image



Autostereograms (1)
 Look like random noise or colorful patterns
 3-D image revealed when looked at in a 

technique similar to the freeviewing of side-by-
side images

http://upload.wikimedia.org/wikipedia/commons/8/8f/Stereogram_Tut_Random_Dot_Shark.png
http://upload.wikimedia.org/wikipedia/commons/8/8f/Stereogram_Tut_Random_Dot_Shark.png


Autostereograms (2)



Natural Viewing

 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

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



History: Leonardo da Vinci’s 
(1452-1519) Failure …

 Wheatstone (1838) explains:



… is Wheatstone’s Success (1838)



Rollmann’s (1853) Description of 
Anaglyphs



More History on Anaglyphs (1)

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

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

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

 1930/40ies: anaglyphs used in geometry 
(Koehler, Graf & Calov, 1938; Graf, 1938,1941)



More History on Anaglyphs (2)

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

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



Mathematical Calculations (1)



Mathematical Calculations (2)



Applications in Statistics: Then … (1)

 Freeviewing
of side-by-
side images:

Huber (1987)



Applications in Statistics: Then … (2)

 Freeviewing of 
side-by-side 
images:

Henderson (1989)

Scott (1992)



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 techniques 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



Applications in Statistics: Then … (4)

 Anaglyphs:

Banchoff (1986)

Symanzik (1992)

Gabriel & 
Odoroff
(1986)



Applications in Statistics: Then … (5)

 Anaglyphs:

Carr, Nicholson, 
Littlefield & Hall 
(1986)



Applications in Statistics: … & Now (1)

 Freeviewing of Side-by-Side 
Images:
– R package lattice (Sarkar 2008): 



Applications in Statistics: … & Now (2)

 Anaglyphs:
– R packages tourr

& tourrGui (Cook, 
Wickham, Huang, 
Buja, 2011): 



Applications in Statistics: … & Now (3)
 Freeviewing:

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



Applications in Statistics: … & Now (4)

 Anaglyphs & 
Autostereograms:
– R package rgl

(Adler & 
Murdoch, 2011): 



Conclusions & Outlook
 3-D movies (such as Avatar & Toy Story 3) 

fascinated millions of spectators world-wide
 Leisure books with autostereograms (e.g., 

Magic Eye series) widely popular since the 
mid-1990ies

 3-D TVs and convergence of  TVs and 
computer monitors

 => 3-D stereoscopic graphics (via anaglyphs 
and others) likely to gain more popularity in 
statistics in the near future
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Virtual Reality (VR) - Definition

 Different understandings of the term VR:

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

 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."

 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) - Terms

 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: Iowa Center for Emerging
Manufacturing Technology, Iowa State
University, Ames



C2 – Technical Details

 Projection−based, uses
» 3D computer graphics 
» Position tracking 
» Auditory feedback

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

 Height of 9 feet



C2-Appearance (1)



C2-Appearance (2)



C2 – 3D Illusion

 Created through LCD shutterglasses and 
high−performance SGI graphics computers
 Alternating left and right eye viewpoints at 96hz
 User’s brain combines two views into 3D
stereoscopic image
 Position and orientation of user’s hands and
head determined through magnetic based tracker, 
cyberglove, and hand−held wand

 Audio feedback through multiple speakers



C2 vs. Other VR Devices

 Multiple viewers

 Lightweight and unrestrictive equipment

 High visual acuity, i.e., clarity of vision; depends on

» Optical factors

» Neural factors



DSG in the C2 - Concepts

 1−, 2−, or 3−dimensional projections of
p−dimensional data
 Viewing data in form of point clouds or 
modeled surfaces
 Multiple views or continuous sequence of 
views
 New user interface

» Most DSG programs: like a desktop
» Immersive environment: whole room for data

analysis



DSG in the C2 - Tools

 Viewing box 

 Speed pole 

 Variable spheres

 Goody boxes 

 Glyph types



DSG in the C2 – Latest Design (1)



DSG in the C2 – Latest Design (2)

Show Video: 

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



DSG in the C2 - Examples

 (Multiple) low−dimensional views

 High−dimensional rotation and interaction

 Brushing / linked brushing



3-dim Grand Tour of 6-dim Cube
Example (1)



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

Show Video: 

Dynamic Statistical Graphics in a Highly Immersive 
Environment.VOB (starting at 3:05min)



Map View Example (1)

Based on “Places Data” from Boyer & Savageau (1981)



Map View
Example (2)



Map View Example (3)

Show Video: 

Dynamic Statistical Graphics in a Highly Immersive 
Environment_People-Version.VOB



Environmental Example (1)



Environmental Example (2)



Unfinished Work (1997)

 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)

 Inclusion of maps and geographic information for
spatial data (e.g., satellite images)
 Connections to supercomputers for processing of
massive data
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Trademark Notes

 CAVE is a trademark of the Electronic Visualization 
Laboratory at the University of Illinois, Chicago

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



CAVE Concept

A Projection-based Immersive VR System
– Silicon Graphics-based with 8 to 12 processors
– RE2 or RE Infinity graphics engines
– CRT-based projection system
– Stereographics Crystal Eyes shutter glasses
– Head tracking
– Usually 3 to 6 wall cube



CAVE Strengths

Effective immersive environment
– Lightweight non-intrusive glasses
– Can see own hands and other participants

Effective for group VR
– Good tool for group collaboration



CAVE Weaknesses (1)

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

Tracking
– One user tracked, distorted stereo for users not 

at viewpoint
User Interface

– Usually 3-D extension of desktop metaphor



CAVE Weaknesses (2)

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



Motivation

 Installed MATLAB 5 on SGI Onyx and Pentium
– Benchmarks on 200 megahertz Pentium Pro ($3000) 

and 200 megahertz SGI Onyx ($120,000) similar 
 Liquid Crystal Projectors sharp, bright, and stable 

under shock, vibration and temperature variation
 Stereographics Crystal Eyes technology available 

for Windows NT



MiniCAVE Concept

Windows NT/Intel Pentium II 466 mhz
LCD-based projection systems
 12 ft cubes scaled to 6 ft cubes
Tracking optional, reduced latency
Voice command metaphor
 ~$100,000 entry level



MiniCAVE Appearance



VR from Workstation to PC

 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.



 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



 Principles of above-below CrystalEyes stereo

Graphics Card

Computer

Video signal

CrystalEye
Emitter

Double Sync video signal

Monitor/Projector

Emitted pulse

Left Right

L R L



Speech Motivation

 User Interfaces (Van Dam)
 Shortcuts in XGobi
 User Controls in the C2 Stats Application



Speech Recognition Products

Dragon Dictate

IBM ViaVoice



Speech Recognition Technology:
Evaluation

1. Can you train the software to understand additional words?

2. Is the software speaker dependent or speaker independent?

3. Can you store different pronunciations of one word into the same 
database so a spoken word is compared with different pronunciations?

4. How good is performance (i.e., percentage of correctly identified words 
before and after training)?

5. Does accuracy depend on speaker / accent / training?

6. What improves accuracy relative to the various sources of imprecision?

7. How long does it take to reach various levels of performance?

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



 What’s the good format for voice-controlled 
navigation in this application? What 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.



Voice 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 

MiniCAVE
Controller

MiniCAVE

Microphone

Command
Recognizer

Vocabulary
text

Scenario

Hardware
Software

T
E
S
T



Command
Vocabulary

Command Recognizer

Command
Recognizer

Speech
Recognition

Software

Visual Basic
Command
Front End

text

API

Custom
Dynamic 
Linkable

Library (.dll)

Requirement:Capture Voice Command & Output Text



Command
Vocabulary

MiniCAVE Controller

MiniCAVE
Controllertext

API

Other appsSkyFlyC-Interface

Requirement:Capture & Execute Text Command



Approach

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

Recognition of spoken word causes delay in 
SkyFly program on 300 mhz Pentium II -
much better on 466 mhz Pentium II



Technical Challenges - Successes

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

CrystalEyes interface on NT successful
Voice Recognition using Dragon Dictate 

successful
– But requires Training of Speech Recognizer



Remaining Challenges

MiniCAVE Libraries
– Compatibility to Existing CAVE Libraries

 Projection Systems
– Edge Blending with Digital Projectors
– Digital Projectors Themselves

» Frame Rates
» Decay
» Image Lock / Stereo Lock



Status (as of 1999)

 Patent Disclosure Filed
CRADA signed with U.S. Army (White 

Sands Missile Range) - Awaiting Funding
 Planned EDA/Data Mining Application 

with Voice Interface
Major Delay after 300 mhz Machine had 

been stolen
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Questions ???
– or –

send e-mail to:
symanzik@math.usu.edu
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