
Synthesis and Visualization of 3D 
Video

26.6.2008

Ianir Ideses

Tel Aviv University

Under the supervision of Prof. L. P. Yaroslavsky



Contents

• 3D Perception

• 3D Visualization

• Anaglyphs and Anaglyph enhancement

• HVS and depth map redundancy

• 3D Video



Depth perception is based on:

– Binocular vision.
– Eye accommodation.
– Object motion.
– Object size.
– Occlusion.
– Perspective.
– Focus.

3D Perception

“You cannot depend on your eyes 
when your imagination is out of focus”

– Mark Twain.
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3D Visualization

• 3D content display is usually based on stereoscopic image 
pairs/streams.

• Display of stereo images can be achieved by the following 
methods:

– Autostereoscopic displays.
– Interlaced projection.
– Polarized projection.
– Color filtering (Anaglyphs).
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Current Limitations

• 3D Visualization
– High end equipment is extremely expensive.

– Autostereoscopic devices still offer limited 
viewable areas.

– Visual fatigue is still a critical issue.



Improvement on current solutions

• Anaglyph/Polarized/Toggling glasses based 
visualization:
– Reducing ghosting by alignment.

– Investigating tolerance to blur.

– Preserving color.

– Enabling 2D viewing to prevent visual fatigue.



Anaglyphs

• Anaglyph projection is based on color filters for image 
discrimination.

• Anaglyphs are created by permutation of color components 
from the stereo pair.

• Color filter glasses are used for viewing.
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Grayscale Anaglyphs
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Color Anaglyphs
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Anaglyphs – Pros, Cons

• Anaglyph based projection is most suitable for 
standard projection devices.

• These images, however, are characterized by 
ghosting effects and poor color preservation.



Enhancing Anaglyphs

• In order to enhance the quality of these images, 
several methods have been suggested and tested: 

– Alignment

– Defocusing 

– Depth map conversions



























Anaglyph Registration

• These anaglyphs were registered using target 
location techniques, namely, matched and adaptive 
filters.

• Target location can be performed locally or 
globally.

• These operations can be used either on one 
channel or one the 3 color components.



Localization using 3 components

Adaptive Matched



Localization using a single component

Matched Adaptive



Color Preservation

• It has been shown that stereoscopic perception is possible 
even when one of the images is in grayscale (or any other 
color component) and of lesser resolution.



Color Preservation

• It is therefore possible to view a color stereoscopic image 
by using one color filter.
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Color Preservation - Examples
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Color Component Defocusing
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Depth Map Manipulation

• Given the properties of the imaging devices and a stereo pair, the depth 
of every object in the image can be calculated.

• This can be performed by calculating the optical flow. Many 
algorithms exist for this:
– Correlational algorithms (L.P.Yaroslavsky, 

S. Peleg)

– Derivative based (S. Periaswamy & H. Farid,
Lucas & Kanade)

– PDE & Scale Space (A. Ran & N. Sochen,
L. Alvarez, R. Deriche, J. Sanchez, & J. Weickert)
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Anaglyph Enhancement – Depth Map



Anaglyph Enhancement – Depth Map 
Manipulation

• It is possible to construct an anaglyph from one of the 
images and the depth map.

• It is therefore possible to make manipulations on the depth 
map in order to increase the quality of the image without 
significant decrease in stereo perception.

• The task was to find a transformation that will decrease the 
dynamic range of the depth map.



Anaglyph Enhancement – Depth Map 
Manipulation

• One suitable transformation is: 

• a*xp, where 
x is a depth map pixel,
0<p<1,
a is normalizing parameter.



Depth Map Manipulation - Example

• Top images are original depth map and resulting anaglyph
• Bottom images are dynamically reduced depth map and resulting 

anaglyph

or

or



3D Visualization - Summary

• 3D visualization based on anaglyphs has been researched 
and greatly improved.

• It is possible to construct anaglyphs that retain color 
information and enable 2D viewing without the glasses. 
This is one way of dealing with the eventual viewing 
fatigue.

• Experiments verified the increase in visual quality of 
enhanced anaglyphs.

• These results were summarized in:
I. Ideses and L.P. Yaroslavsky. Three Methods that improve the visual quality of colour
anaglyphs. 2005.J. Opt. A: Pure Appl. Opt. 7 755-762.



HVS

• Stereo pairs are very redundant in nature. Therefore, it may 
be sufficient to calculate sparse depth maps and choose a 
fast optical flow algorithm at the expense of accuracy.

• In order to quantify this, a series of visual tests were 
performed.

– Stereopsis and blur threshold testing.
– Stereopsis accuracy tests
– Quantization tests
– Depth map blur tests
– Depth map bandwidth tests



Results -Threshold
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Results -Accuracy
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Depth Map Quantization

• Methodology:
– A reference image and a quantized (depth map quantization) image 

were shown to viewers in increasing (or decreasing) quantization
levels.

– The viewers were asked to specify when the images were 
indistinguishable (or became distinguishable).



Depth Map Quantization

• Results:
– Results for textured random depth maps with different bandwidths, as well as testing 

with deterministic objects have shown that ~20 levels are sufficient.



Depth Map Quantization



Depth Map Quantization
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Depth Map Resolution

• Methodology:
– Accuracy tests similar to image resolution, only this time the depth map 

is blurred.

– Tests to determine the fusing threshold of depth maps of different 
bandwidths.



Depth Map Resolution
 



Depth Map Resolution

• Results:
– Results are similar to image blurring, however show more 

resilience to blurring.
– Results show great variance for different viewers.



Depth Map BW

• Different approach to measure depth map resolution:
– Use a pseudo-random field.
– Filter it in frequency domain – take a fraction of the 

bandwidth.
– Check for ability to fuse.

– Find Maximal fusable bandwidth.
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Experimental data  for these tests were summarized in:

•L. P. Yaroslavsky, J. Campos, M. Espínola and I. Ideses. Redundancy of stereoscopic images: 
Experimental evaluation. 2005, Optics Express,V.13 No 26, pp. 1085-1090.

•I.Ideses, L.P.Yaroslavsky, I.Amit and B.Fishbain, Depth Map Quantization – How Much Is 
Sufficient ?, 3DTV CON, Kos, Greece 2007.

•I.Ideses, L.P.Yaroslavsky, B.Fishbain, How Sharp Must Depth Maps Be for Good 3-D Video 
Synthesis: Experimental Evaluation and Applications, ICO Topical Meeting on Digital Holography 
and Three-Dimensional Imaging, 2007, Vancouver Canada.

•I.Ideses, L.P.Yaroslavsky, B.Fishbain, Depth Maps: stronger, Faster and Higher ? EI 2008, San Jose, 
California.



3D Video

• In order to synthesize 3D video from 2D video, one can 
use the motion in the video to create disparity maps and 
consequently depth maps.

• These depth maps can then be processed in order to reduce 
ghosting effects (trade off between 3D and 2D viewing).

• This is straightforward for lateral motion, not so for 
complex motion.

• 3D from 2D video algorithms were presented at:
I.Idesesand L.P. Yaroslavsky, 3D Video from Arbitrary 2D Video, Electronic Imaging, 
San Jose, California, 2006. 



3D Video using MPEG

• Since the depth maps need not be very dense and accuracy 
of the depth maps for 3D visualization is not crucial, one 
may use the motion vectors found in modern video 
encoders, for example: MPEG.

• For this, we implemented a software that extracts the 
motion vectors. These can be used to synthesize 3D video.



3D Video using MPEG

• 2 Adjacent frames.
• The encoder was directed to calculate motion compensation for every 

block.
• Motion maps were extracted.
• Presented at:

– I. Ideses, L.P. Yaroslavsky, B. Fishbain, Real-Time 2D to 3D Video Conversion, Journal of 
Real-Time Image Processing, Volume 2, Number 1 / October, 2007.

– I.Ideses, L.P.Yaroslavsky, B. Fishbain and R. Vistuch, 3D Video from Compressed 2D Video, 
Electronic Imaging, San Jose, California, 2007.

• Patent pending.



3D Video using MPEG
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Depth Map Manipulation
 

• Spatial-Temporal Median filtering.
• 3D-DCT LPF.

• I.Ideses, L.P.Yaroslavsky and B.Fishbain, Depth Map Manipulation for 3D Visualization, 3DTV 
CON 2008, Istanbul, Turkey 2008.
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Medical 3D Video Examples
(Cooperation with Hillel Yafe Hospital)



Medical 3D Video Examples



Medical 3D Video Examples


