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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 fromHodges (1992);     discussed here.



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�


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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