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What underlies 3D-TV?

Depth from
Di itDisparity 
ProcessingProcessing
by the 
Human 
Visual SystemVisual System



Horizontal DisparityHorizontal Disparity



Changing Horizontal DisparitiesChanging Horizontal Disparities



Two Types of Disparities

U d Di itUncrossed Disparity

Crossed DisparityCrossed Disparity



Differences/Implications

Stereo deficiency
Performance

y

Visual comfort
Vi l di l
Visual comfort
Visual display
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6% vs 30%6% vs. 30%



Display Duration and  p y
Depth DiscriminationDepth Discrimination



ApparatusApparatus



Front or Back?Front or Back?



Left or Right?Left or Right?



Front/back?
L ft/Ri ht l ?

Depth 
Left/Right closer?
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Discrimination
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Dynamic tracking
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Results



R ltResults
breakdownbreakdown



AgeAge



HoursHours 
watching 
TV



Inter-Inter-
pupillaryp p y
separation



Conclusion
Individuals vary along a 

ti i th i bilit tcontinuum in their ability to 
process stereoscopic depthprocess stereoscopic depth 

informationinformation 



I t lInter-ocular 
Averaging HAveraging How can

b d idthbandwidth
b d d?be reduced?



3D-TV



Interocular masking of g
blur in one eyey

Julesz ’71



3D-TV



Asymmetrical Qualityy Q y



Subjective j
evaluation of eva uat o o

Image QualityImage Quality
For different extentsFor different extents

of asymmetry in imageof asymmetry in image 
qualityquality
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3D-TV

Viable



Left eye Right eye

Scene Cut

Cross-switch



C l i
A i i

Conclusion
Asymmetrical coding
with cross-switching 
at scene cuts
is a viable method for 
bandwidth savingsg



Motion &
Visual Comfort How mightVisual Comfort How might 

visual comfort
be affected by
stereoscopic 
objects
i ti ?in motion?



Motion in DepthMotion in Depth



DisplayDisplay
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Horizontal MotionHorizontal Motion

Crossed Disparity



DisplayDisplay

Uncrossed Disparity
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C l iConclusion
Aside from disparity, 
object motion can 
i ifi i fsignificantly influence 
i l di f tvisual discomfort



Surrogate
Depth Maps How to create 

3D contents
from 2D?



2D-to-3D 
Conversion TechniqueConversion Technique

Object segmentation
and horizontal shifting



2D-to-3D2D to 3D 
Another ApproachAnother Approach

Depth Maps



2D + Depth2D + Depth

Two views for stereoscopic displaysMultiple views for autostereoscopic displaysp p y y



AdvantagesAdvantages
bandwidth efficientbandwidth-efficient,

lti l i &multiple images & 
viewpoints



C t D th MCreate Depth Maps
using information fromg

2D source images2D source images



M k fMake use of 
human visual perception

for 2D-to-3D 
conversion



Depth Filling/InterpolationDepth Filling/Interpolation
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Depth Surface Perceptionp p
The region surrounded byThe region surrounded by

a disparate boundaryp y
tends to take up the same 

depth as its boundary



First Studyy
Sparse Depth MapsSparse Depth Maps
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ConesCones



MealMeal



ConesCones

EdgeFull
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Double stimulusDouble-stimulus 
Continuous Quality ScaleContinuous Quality Scale
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Image Qualityg y
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Depth Qualityp y
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S t D th MSurrogate Depth Maps
Clearly different but y

functionally equivalent y q
in a critical way
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New Method
based on the graybased on the gray 

level intensities of alevel intensities of a 
colour componentcolour component
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Components of Colour ImageComponents of Colour Image



Components of Colour ImageComponents of Colour Image



Components of Colour ImageComponents of Colour Image



Experimental Study
Surrogate Depth Maps

based on
g p p
based on 

colour componentcolour component
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Test sequences
Ten eight-secondTen eight-second 

video clipsvideo clips
ITU-601 format (720x480, 30fps)



AquariumAquarium



Camera TestCamera Test



ConfettiConfetti



CrowdCrowd



FlowerpotFlowerpot



Red LeavesRed Leaves



Street OrganStreet Organ



TrapezeTrapeze



TulipsTulips



WaterslideWaterslide



Single stimulusSingle-stimulus 
Continuous Quality ScaleContinuous Quality Scale
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Single stimulusSingle-stimulus 
Continuous Quality ScaleContinuous Quality Scale
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Depth ResultsDepth Results
Image Depth Quallity
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Visual Comfort ResultsVisual Comfort Results
Image Visual Comfort
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H it ibl “ k”?How can it possibly “work”?
- Natural Images
- Foreground-background 

separationseparation
- Shading within objectsShading within objects
- Visual experienceVisual experience
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D th lDepth reversal
F ili it i f tiFamiliarity information

http://www.kyb.mpg.de/bu/demo/index.html



Surrogate Depth MapsSurrogate Depth Maps
can be useful forcan be useful for

2D t 3D2D-to-3D
conversion



SSummary
1. Stereopsis (& disparity type)

2. Stereoscopic deficiencies 
(& display duration)

3. Inter-ocular averaging
(& bandwidth reduction)

(& display duration)

4. Object motion (& visual comfort)

(& bandwidth reduction)

5. Surrogate depth mapsg p p
(& 2D-to-3D conversion)



Take Home MessageTake Home Message



H Vi lHuman Visual 
Perceptionp

can be exploitedp
for 3D-TV



Thanks!Thanks!



Half Colour



Half Colour



Sony GDM F500Sony GDM-F500 
21” CRT monitors21” CRT monitors 

4H i i di4H viewing distance
Field-sequential Stereo q



S bj ti A tSubjective Assessment
Depth Quality

Vi l C f t

p Q y

Visual Comfort
21 Viewers


