
Aspects of Monocular  
and  

Binocular Depth Cues 

explorations in stereoscopic imaging 



Monocular  Cues 
• Occlusion 
• Relative Object Size 
• Linear perspective  
• Textural Pattern Scaling 
• Position relative to horizon 
• Atmospheric perspective 
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The perception of depth relies on a combination of cues derived 
from both monocular and binocular aspects of vision 

 
 

Binocular  Cues 
• Binocular Parallax 
• Vergence 
• Accommodation 
 

 Motion  Cues 
• Horizontal Parallax 

• Objects movement 
• Point of view movement 
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Monocular Cues 
 
 
 

 
 

•Occlusion 
•Near objects obscure the view of  farther objects 
 

 
 



explorations in stereoscopic imaging 

Monocular Cues 
 
 
 

 
 

•Occlusion 
•Near objects obscure the view of  farther objects 
 

 
 



explorations in stereoscopic imaging 

Monocular Cues 
 
 
 

 
 

•Relative Object Size 
•A priori knowledge of objects allows size comparison 
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Monocular Cues 
 
 
 

 
 

•Shape Constancy 
•Knowledge of how an objects apparent shape shifts with angle of view 
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Monocular Cues 
 
 
 

 
 

•Shape Constancy 
•Knowledge of how an objects apparent shape shifts with angle of view 
 

 
 



explorations in stereoscopic imaging 

Monocular Cues 
 
 
 

 
 

•Conception of linear perspective  
•Parallel lines appear to converge 
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Monocular Cues 
 
 
 

 
 

•Conception of linear perspective  
•Parallel lines appear to converge 
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Monocular Cues 
 
 
 

 
 

•Textural Pattern Scaling 
•Distant patterns appear smaller 
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Monocular Cues 
 
 
 

 
 

•Textural Pattern Scaling 
•Distant patterns appear smaller 
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Monocular Cues 
 
 
 

 
 

•Position relative to horizon 
•Higher objects seem further 
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Monocular Cues 
 
 
 

 
 

•Position relative to horizon 
•Higher objects seem further 
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Monocular Cues 
 
 
 

 
 

•Atmospheric perspective 
•Distant objects have less saturation and contrast 
 

 
 



explorations in stereoscopic imaging 

Monocular Cues 
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Monocular Cues 
 
 
 

 
 

•Atmospheric perspective 
•Distant objects have less saturation and contrast 
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Monocular Cues 
 
 
 

 
 

•Motion Parallax (dynamic occlusion) 
•Nearer objects shift a greater amount than farther objects 
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Similarities between successive (motion) and simultaneous 
(binocular) parallax 

 

The formal similarity between the information available 
from the succession  of retinal images over time 
(motion parallax), on the one hand, and two 
simultaneous retinal images (binocular stereopsis),  on 
the other, is reflected in the similarity of our 
perceptions in the two cases. It could be that the more 
recently evolved mechanisms of binocular parallax (that 
depend on the development of forward-facing eyes) 
utilize similar tricks and strategies to the more ancient 
mechanisms of motion parallax. 
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Depth Perception via Head Motion Parallax  

Many animals lack (or have minimal) 
binocular vision due to the positioning of 
their eyes. Research on head movements for 
depth perception in insects and birds has 
been applied in studies of robotic vision.  
 
This image, taken from a research paper by 
Bruckstein, et al, illustrates a scheme of the 
peering behavior of  the Praying Mantis --and 
the implementation of a miniature Mantis 
Head camera platform capable of lateral 
motion for distance estimation in a manner 
similar to that employed by the Mantis. 
 
 

http://www.cs.technion.ac.il/~freddy/papers/Paper113.pdf 
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 Binocular Cues 
 

• Binocular Disparity 
 The difference in the images projected onto the retina of each eye  
 (and then within the visual cortex) due to the horizontal distance  
 separating the eyes.  
  
• Vergence 
  The rotation of each eye so that it is facing a common focal point. 
 An inward rotation is a convergence and an outward rotation is a 
 divergence.  There is a proprioceptive sense of vergence based on 
 tension in the muscles responsible for eye movment. 
  
• Accommodation 
 An active focusing of the retinal image is achieved via muscular tension on  
 the lens of the eye.  The proprioceptive sense of accommodation is interrelated  
          with that of vergence. 
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Because our two eyes normally look at the world from slightly 
different angles, objects that lie in front of or behind the plane 
of fixation (the distance of a spot at which our gaze if fixed) 
project to non-corresponding points on the two retinas.  Thus 
a disparity exists in the images projected on the retina of each 
eye. 
 
Binocular disparities are generally thought to be the basis of 
stereopsis. When the eyes are fixated on point  b, points that 
lie beyond the plane of fixation (point c) or in front of the 
point of fixation (point a) project to non-corresponding points 
on the two retinas. When these disparities are small, the 
images are fused and the disparity is interpreted by the brain 
as small differences in depth. When the disparities are greater, 
double vision occurs (although this normal phenomenon is 
generally unnoticed). 

a 

b 

c 
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Positive Parallax Negative parallax Zero Parallax 

The red dot represents the apparent position of a point in space as determined by the angle 
of convergence necessary to fuse the left (green) and right (blue) images of the point 



Charles Wheatstone invented the stereoscope in 1838 and  
used it to demonstrate his controversial theory of stereopsis. 

’ and  are mirrors to which the viewer places the eyes and  
’ and  are the binocular disparity images seen in the mirrors 
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Charles Wheatstone invented the stereoscope in 1838 and  
used it to demonstrate his controversial theory of stereopsis. 

’ and  are mirrors to which the viewer places the eyes and  
’ and  are the binocular disparity images seen in the mirrors 
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A Diagrammatic view of a mirror stereoscope illustrating the  
principles of Charles Wheatstone’s invention (Lenny Lipton) 
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Some of the original drawings of 
stereo pairs that Charles Wheatstone  
created for viewing with his  new 
Stereoscope. 
 
Within a few years of the invention 
of the stereoscope the invention of 
photographic reproduction allowed 
for the creation of binocular camera 
images for stereoscopic viewing 
 
This technical development led to a 
widespread interest in stereoscopic 
card viewing which lasted into the 
early years of the next century. 
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A left and right stereo pair from the collection of the New York Public 
Library.  These have been processed into an animated GIF through 
Joshua Heineman’s software, Stereogranimator.  The software has 
been made available for interactive use on the NYPL Labs website: 
 
http://stereo.nypl.org/create 

New York Public Library: Harvesting onions, truck farming, near Buffalo, N.Y., USA 




My face pressed against the glass in front of a mirror stereoscope 
display of a Salvador Dali painting at the Dali museum in Figueres 
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A modern version of the Wheatstone stereoscope being used  
to view stereo pair images from a ship based LIDAR system 
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A build it yourself mirror stereoscope constructed of corrugated 
cardboard, several mirrors, and a stereoscopic pair of photographs 
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The portable stereo viewer was invented 
by Oliver Wendell Holmes in 1859.  Its 
further development by Joseph Bates  
served to  popularize stereoscopy  as a 
mass medium 
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 The clever hack above uses iPods to 
display the left and right images on a 
classic Holmes/Bates stereopticon 



A Holga viewer hack for iPad and Unity  
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The FOV2GO DIY viewer for smartphone and iPad 

FOV2GO is a project of the MxR Lab at USC. You can 
download templates and instructions for making your own 
FOV2GO viewer for your iOS or Android phone or tablet.  
And they provide free production tools - integrated with the 
popular game engine UNITY - for building your own virtual 
worlds. 
 
 http://projects.ict.usc.edu/mxr/diy/ 
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175 years after Charles Wheatstone’s discovery  
of stereopsis we see the proliferation of compact 
3D mobile camera phones and gaming units utilizing  
parallax barrier autostereoscopic displays.  No coda! 
 


