L. Yaroslavsky. Course 5107212. Selected Topicslimage Processing, Graphics and Computer Vision
Lecture 5. 3-D imaging and vision2 hours)
5.1. Mechanisms of 3-D human vision. Evolution @foFeyed VisionVision in fishes, herbivorous animal and carnivo®greoscopic vision.
http://www.strabismus.org/all_about strabismus.htrinttp://www.strabismus.org/critical_period_Hubel.htm
http://pages.sic.edu/~ebj/sight mind/stereo/stbted. http://www.cee.hw.ac.uk/~alison/ai3notes/sectionZ.Btml
Stereopsis is from the Greek word for "solid sightid thus refers to perception of three-dimensisinape from any source of depth information. Withsychological
writings it refers to the perception of three-dirsiemal shapes and distances that results fromitieeeshtial views afforded by the two eyes.
5.2. 3-D displays;
In 1838 Charles Wheatstone published the first papestereopsis entitled "On some remarkable ah@td unobserved, phenomena of binocular visiomthis
decoratively titled, classic paper Wheatstone gaoirtut that the positional differences in the twestimages due to their horizontal separatiordgigldepth information.
Prior to this time the principal problem in thedfwof binocular vision was: how is the world sesrsingle when we have two different views of it®ple thought that only
objects with the same visual directions, fallingoamresponding points would be seen as singl®tlaéir points would be double. By means of the staepe that he
invented Wheatstone demonstrated that not only theestimulation of non-corresponding points yigilagleness of vision, it also results in the petiogpof depth.
Wheatstone's great rival was the professor of phyati St. Andrew's University, David Brewster. Bséav contested the primacy of Wheatstone's disgmfestereopsis and
an acrimonious correspondence in the Times ensMbdatstone prevailed but Brewster did invent thetrpopular
(http://pages.slc.edu/~ebj/sight mind/stereo/stbtad#Arditi)
Victorian stereoscope: thenticular stereoscope
Liguid Crystal Shutter Stereoscopes
Ross (1974gstablished that stereopsis can be obtained [ethand right images are separated by being ptedealternately in rapid succession; typicallyusa 20 times
per second for each eye. This technique requiezdrehic shutters in front of the eyes that caofened and closed in synchrony with presentatisuofessive images
corresponding to the two eyes' views on a screbis. i$ achieved with liquid crystal shutters drivna computer in synchrony with the image alteratPassing an
electric current through the liquid crystal chanijestate from transparent to opaque so the eyesalternately see and not see through the shuttieestwo eyes shutters
are lagged such that when one is transparent tiee ot opaque, and the stereo half images alteatdbe same rate
(http://pages.sic.edu/~ebj/sight _mind/stereo/stated#Arditi).

Anaglyph method

5.3. Redundancy of stereoscopic images
Tolerance of stereoscopic vision to blur of oreithages, its theoretical foundation and experialerinfirmation
Tolerance of color stereoscopic vision to lossatfisation of one of the images. Experimental camdiion. Relationship between stereoscopic and aidayn

5.4. New anaglyph method for stereoscopic display:
- Image alignment
- Blurring one color component
- Compression of the depth map dynamic range




How does human 3D vision work? Mono view vision




How does human 3D vision work? Stereoscopic vision




Stereoscopes

Half
Images

Charles Wheatstone’s stereoscope (1838)

By placing a plus lens one focal length in front of the half imggeallel convergence of the eyes will be enforced and the invatidase.
With this lens arrangement the size of the half imagesiselil to the size of the interocular separation. To overcome thitation Brewster
added prisms to his lenticular stereoscope. However this results in some prdistattion of the images.

Liquid Crystal Shutter Stereoscopes

Ross (1974gstablished that stereopsis can be obtained if the left and right images eateddpabeing presented alternately in rapid
succession; typically around 20 times per second for each eye. This technique réspin@seshutters in front of the eyes that can be opened
and closed in synchrony with presentation of successive images corresponding to thestwiewyg on a screen. This is achieved with liquid
crystal shutters driven by a computer in synchrony with the image alteratiomgPaslectric current through the liquid crystal changes its
state from transparent to opaque so the eyes can alternately see and not see thsbughrshel'he two eyes shutters are lagged such that when
one is transparent the other is opaque, and the stereo half images alternaterad thtesa



Methods For 3D
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W. Rollman in 1853 was first to illustrate the principlele anaglyph using blue and red lines on a black field idh
and blue glasses to perceive the effect, but this wdméodrawings only. In 1858 Joseph D'Almeida began projecting
three-dimensional magic lantern slide shows using rddyegen filters with the audience wearing red and ggeegles.

It is to Louis Ducas du Haurothat we owe the first printed anaglyphs, produced in 189%.prbicess consisted of
printing the two negatives which form a stereoscopic phapsgon to the same paper, one in blue (or green), one in re

d.




Redundancy of stereoscopic vision and

Images
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image blur and

(adopted from L.P. Yaroslavsky, On Redundancy ofe®tzopic Pictures,
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Scandinavica, n. 149. Image Science'85. Proceediadsinki, Finland., 11-
14 June 1985, V. 1, p. 82-85.)




Test iImages




Test depth maps and computer generated stereo images

Test depth maps

Computer generated random dot anaglyph

Computer generated random dot stereo pair Bela Julesz (1928-2003)




Stereopsis threshold as a function of image blur
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3D target localization accuracy as a function of irage blur using approximated low pass filter.

a) Random Dots (depth = 0.5)

b) Random dots (depth=0.75)
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Tolerance of 3D color vision to loss of color satation
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Color anaglyphs




Image alignment




Blurring anaglyph red component




Blurring anaglyph red component

e







Depth Map Manipulation
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Re-synthesis of stereoscopic images by means of themap manipulation
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