
Light touch 

Auto-random-dot stereograms 
We perceive depth in our normal v is ion 
because our b ra in s te reoscop ica l l y 
combines the two s l ight ly different 
views from our hor izontal ly separated 
eyes. A l though there are other (mo
nocular) depth cues such as shading 
and perspect ive, humans are part icu
larly recept ive to this b inocular dis
parity. In fact, p icture pairs (or stereo
grams) can induce stereopsis when they 
are contr ived binocular dispar i ty. 

Typ i ca l s tereograms, such as 3-D 
mov ies , con ta in severa l monocu la r 
depth cues because each component 
image forms a realistic, two-dimensional 
scene when v iewed separately. Con
v e r s e l y , r a n d o m - d o t s t e r e o g r a m s 
combine two seemingly random black-
and-white patterns of dots, wh ich , when 
v iewed s te reoscop ica l l y , p roduce a 
three-dimensional figure solely on the 
basis of b inocular dispari ty. 1 Because of 
the lack of several interacting depth 
cues, it may take several minutes for 
the observer to recognize depth from 
the random-dot patterns, whi le it only 
takes mi l l iseconds to perceive ord inary 
stereograms. 

Whi le most stereograms require spe
c ia l v iewing equipment, such as polar
ized glasses or co lor f i l ters, the auto-
random-dot s tereogram 2 in Figure 1 
works by free viewing. In this case, you 
must only focus your eyes correct ly on 
a single pattern of " random" dots to 
perceive a three-dimensional scene. 
Y o u may have already exper ienced a 
simple vers ion of this type of stereop
sis if you 've ever looked at a repeti
t ively t i led floor and had the d iscon
cert ing sensat ion of seeing the ti les 
floating above your feet. 

To v iew the auto-random-dot stereo
gram in Figure 1, focus your eyes on the 
page whi le hold ing a penci l between 
the stereogram and your eyes. Y o u 
shou ld see two misfocused penci l im
ages. M o v e the penc i l to al ign the 
blurred images wi th the two f ixation 
markers—the heavy black dots—on the 
stereogram. Then, without moving your 
eyes, focus on the penc i l . The two 
blurred penci ls should converge into 
one sharp image that points at the cen-

sees both markers, but they are shifted 
hor izontal ly such that only the right 
marker in the left eye's image over laps 
the left marker in the right eye's image. 
Thus, you saw three markers at correct 
convergence. In fact, each eye sees its 
own v iew of the ent ire s tereogram 
shifted wi th respect to the other by the 
convergence distance. These two views 
cor respond to the two sides of a stereo 
pair. However, unl ike a standard ste
reogram, both views are ident ical , so 

Figure 1. A raised checkerboard pattern appears from this auto-random-dot 
stereogram. Viewing instructions are given in the text. 

tral spot of three b lurred markers. Con
tinue focusing on the penci l unti l the 
central spot sharpens in focus. (This 
may take seconds or minutes.) When 
this happens, you should begin to see 
the raised checkerboard pattern. 

The fixation markers are separated 
by the convergence distance. This dis
tance is the amount by wh ich the image 
in the left eye is shifted from the image 
seen by the right eye. As you saw in 
try ing to v iew the stereogram, each eye 

the single dot pattern itself contains 
the depth discont inui ty information. 

Depth is encoded into the stereo
gram by assigning a near l y random pat
tern of black-and-white dots to each 
row of the stereogram array wi th a 
length cor responding to the conver
gence distance. This pattern repeats 
itself along the row unti l a depth dis
cont inui ty is encountered. The pattern 
is interrupted by a number of dots 
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m a n u f a c t u r i n g e n v i r o n m e n t . Re 
storing Amer ican compet i t iveness re
quires putt ing increased emphasis on 
high qual i ty efficient manufactur ing 
methods. 
• Engineering problems are rarely as 
"c lean" as a course 's homework prob
lem set. Advanced courses should in
volve engineering trade-offs, inc luding 
the ambiguities that usual ly accompany 
real engineering tasks. 
• Part ic ipat ion in cooperat ive educa
t ion programs and deve lopment of 
summer student internship programs 
must be encouraged and expanded. 

Education—from page 53 

week and was consequent ly more in
tensive. Future workshops, fol lowing 
the 1990 format, w i l l l ikely be held ev
ery two years beginning in 1992. Pro
ceeding of the 1990 workshop was video
taped and copies are available. For further 
details, please contact the authors. 
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propor t ional to the perceived height of 
the discont inui ty. A new pattern arises 
from the remaining dots that cont inues 
unt i l the next depth discont inui ty is 
reached. Fol lowing this recipe, crude 
stereograms can be made using a type
wri ter. The more sophist icated stereo
gram in Figure 1 was produced by David 
G. Stork at Stanford Universi ty using a 
Mac in tosh computer . Using his pro
gram, 3 a typ ica l stereogram containing 
18,000 dots takes only a few minutes to 
create. Accord ing to Stork, future auto-
random-dot stereograms wi l l use gray 
levels and co lor to enhance the 3-D 
effect. 
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