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A Binocular 3D displays
I Color Anaglyph
I Polarization
I Active Shutter Glasses
I Head-Mounted Displays
A Autostereoscopic (Glass-free 3D) Displays
I Parallax Barriers
I Integral Imaging
I Multi-layer displays
I Holographic displays
A Head-Mounted Displays with accommodation cues
A Multi-projector displays
A HDR displays
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Binocular Stereovision
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Binocular 3D Displays

A Capable of providing sense of 3D by simulating

binocular disparity
I Color Anaglyphs

I Polarization

I Shutter Glasses

I Head-Mounted Displays

A They mostly do not provide accommodation depth cue
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Color Anaglyphs

A Left and right images are filtered using different colors (usually
complementary):
I RedT1 Green, Redi Cyan, Greeni Magenta
I Amber i Blue (ColorCode 3D, patented [Sorensen et al. 2004])
A Limited color perception (since each eye sees only a subset of whole

colorspace)

View of the right eye

Images adapted fromtp://axon.physik.uabremen.de/research/stereo/color_anaglyph/
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http://axon.physik.uni-bremen.de/research/stereo/color_anaglyph/

Polarization

A Usually a wire grid filter converts the unpolarized light beam to a

polarized one

Unpolarized Wire grid filter

light source

Polarizing Filter
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Projector

Glasses with polarizing filters
Images adapted fromips://cpineties-gergy.fr/S6Electromag_files/figl.pdf
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https://cpinettes.u-cergy.fr/S6-Electromag_files/fig1.pdf

Shutter Glasses

A Exploits the fimemory effecto of the H

1980]

A Glasses have shutters which operate in synchronization with the display

system
A Left and right eye images are shown in alternation

A Color neutral; however, temporal resolution is reduced

IR receiver for
synchronization

Images adapted fromtps://en.wikipedia.org/wiki/Active_shutter 3D _system
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https://en.wikipedia.org/wiki/Active_shutter_3D_system

Head-Mounted Displays

A Separate displays for the left and right eye

A May provide current orientation of the head (and update the

stimuli accordingly to provide a VR)

Images adapted fromttp://www.oculus.com
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http://www.oculus.com/

Autostereoscopic Displays

A Stereo displays which are viewable without special glasses or

head-wear equipment

A Simulate an approximate lightfield with a finite number of views
I Parallax Barriers
I Integral Imaging

I Multi-layer Displays
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Image adapted froi@eng Jason. "Thredimensional display technologies." Advances in optics and photonics 5.4 (201-533.56
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Parallax Barriers

A Occlusion-based working principle and key features
[lIves 1903]:

Parallax Barrier
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Parallax Barriers

Video adapted fromhttp:// www.youtube.com/watch?v=sxFOPGRiafivwG | aaBses 3 D Gami ng f or
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http://www.youtube.com/watch?v=sxF9PGRiabw

Parallax Barriers

Video adapted fromhttp://www.youtube.com/watch?v=sxFOPGRIaAvG | aaBses 3D Gami ng for $5 (Par
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http://www.youtube.com/watch?v=sxF9PGRiabw

Parallax Barriers

A Itis possible to switch between 2D and 3D modes

A Parallax barrier of Nintendo 3DS turning on/off under microscope:

Video adapted fromhttps://www.youtube.com/watch?v=LrRT7BvcO
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https://www.youtube.com/watch?v=D-LzRT7Bvc0

Integral Imaging
A Refraction-based working principle [Lippmann 1908]:

Lenticular Lenslets
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Images adapted fromttp://www.3dforums.com/threads/autostereoscegisplays.1/

Pixels
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http://www.3d-forums.com/threads/autostereoscopic-displays.1/

Integral Imaging

gl
Ny Array of lenses (multiple
EQ cameras each with a single
lens [Wilburn 2005] or a
3D Scene single camera with multiple

lenses in front of the sensor
[Ng 2005])
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Elemental Images

| mages adapt eCbrral, Manuoel, éflal.r'3D éntegrat imaging monitors with fully programmable display parameters."
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Integral Imaging
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| mages adapt eCbrral, Manuoel, éflal.r'3D éntegrat imaging monitors with fully programmable display parameters."
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Multi-view Autostereoscopic Display

A Smooth transitions Multi-view autostereoscopic display

Antialiasing for automultiscopic 3D displayso[Zwicker et al. 2006]

P

iew 2
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Multi-view Autostereoscopic Display

A Smooth transitions Multi-view autostereoscopic display
A Blur increases with depth

U

Weaker depth percept

Antialiasing for automultiscopic 3D displayso[Zwicker et al. 2006]
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Multi-layer Displays

A Improved resolution over parallax barriers and lenslet arrays

A Provides a solution to accommodation-vergence conflict

Images adapted frohVetzstein Gordon, et al. "Layered 3D: tomographic image synthesis for atterumasad light field and high
dynamic range displays.” ACM Transactions on Graphioss). Vol. 30. No. 4. ACM, 2011.
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Tensor Displays

A Lightfield emitted by a multi-layer display is represented by a tensor where rays

span a 2D plane in 3D tensor space

A Target lightfield is decomposed into Rank-1 tensors using Nonnegative Tensor

Factorization

A Rank-1 tensors are shown in quick succession with a high refresh rate, which are

perceptually averaged over time by the Human Visual System

Video adapted froriVetzstein Gordon, et al. "Tensor displays: compressive light field synthesis using multilayer displays with directio
backlighting." (2012).
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Rendering images in Tensor Displays

Xq g rxg

I B Backvirtual plane

N Front virtual plane

Huang et al. (Siggraph 2015)
Moon et al. (IEEE JSTSP 2017)

Target Light -fields: 0(bhd ) OO ) OO ) 'Y

Optimization equation : 0(0l ) @
o) ®w
o) ®w w

Realistic Image Synthesis SS18 i Modern Display Technologies



| Lightfield Displays
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