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The Projection-Screen Dilemma

Say, what's that vase 
doing on the top of 
Kate Winslet's head?

And what fool buys 
a projector when he 

doesn't have a free wall to
project against?
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Cameras Projectors

Computer Vision Computer Graphics
Models of  Visual 

Perception

Adapted
Optics

Adapted
Optics

Surface or  Volume

transport of light:
‣ measuring
‣ representing (T)
‣ processing (TT, T-1, Tn, ...)

‣ smart displays
‣ smart light sources
‣ smart cameras 
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Projector-Camera Systems
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Schloß Paars, 2010

ALOFT hotel Brussels Schuman, 2010
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SmartProjectorTM
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Castle Altena, 2009
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SmartProjectorTM
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EON, 2010
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SmartProjectorTM
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IVETE-Show Madison Square Garden, New York, 2010
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Essence Music Festival, New Orleans, 2010
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What does a Camera Capture?
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Principle of regular Camera

Image Sensor

Camera Optics

1826 analog digital
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Image Sensor

Camera Optics

Principle of Light-Field Camera

Microlens-
Array

What are Light Field Cameras?
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What are Light Field Cameras?

Lytro Stanford U.
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What are Light Field Cameras?

                    Lytro                                           Raytrix                            Adobe
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Light-Field Rendering
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Synthetic Aperture Reconstruction
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Synthetic Aperture Reconstruction
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Spatial vs. Frequency Domain
•Spatial Domain:

• 4D light field is sheared and 
integrated on 2D image plane 
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Spatial vs. Frequency Domain
•Spatial Domain:

• 4D light field is sheared and 
integrated on 2D image plane 

•Projection-Slice Theorem: 

• projecting a higher-dimensional 
signal onto a lower-dimensional 
slice and Fourier-transforming it, 
is the same as Fourier-
transforming higher-dimensional 
signal and take the slice, that is 
perpendicular to the integral 
direction in spatial domain   
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Spatial vs. Frequency Domain
•Spatial Domain:

• 4D light field is sheared and 
integrated on 2D image plane 

•Projection-Slice Theorem: 

• projecting a higher-dimensional 
signal onto a lower-dimensional 
slice and Fourier-transforming it, 
is the same as Fourier-
transforming higher-dimensional 
signal and take the slice, that is 
perpendicular to the integral 
direction in spatial domain   

•Frequency Domain: 

• Fourier-transform 4D light field,  
take 2D slice, inverse Fourier-
transform 2D slice

s

u
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Focal Stacks and Z-Stacks

convolution

deconvolution
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Z-Stacks to Light Fields
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disparity

angular range

angular resolution (u,v)
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Z-Stacks to Light Fields
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Transformations

Light Field Focal Stack

Z-Stack

shear + integrate

4DFFT + slice + 2DIFFT

deconvolutionshear +
integrate
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Light-Field Processing
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Image Retargeting

MERL (Siggraph 2007)
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Image Retargeting

MERL (Siggraph 2007)
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Light-Field Retargeting

Siggraph 2011, Eurographics 2012
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Light-Field Retargeting

Siggraph 2011, Eurographics 2012
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Complexity of Light Fields
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Light-Field Caching

Siggraph 2011
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Visualization of Large Datasets
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Visualization of Large Datasets

green: new volume 
rendering (full 
resolution)

red: new volume 
rendering (low 
resolution)

gray: cached light-
field rendering 
(full resolution)

blue: cached light-
field rendering 
(low resolution)



49

Institute of
Computer Graphics

Light-Field Imaging and Illumination
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Closed-Loop Feedback Illumination

SLM pixels: (1.64µm)²
camera pixels: (1.1µm)²

on specimen (field plane)
TVCG 2010
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Closed-Loop Feedback Illumination

Modulation by 
Specimen

Record Image
Estimate 

Modulation

Compute 
Illumination

Project
Illumination

Initialize

Process

TVCG 2010
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Closed-Loop Feedback Illumination

TVCG 2010
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Closed-Loop Feedback Illumination
SLM (p)

TVCG 2010
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intermediate
image plane                  

specimen                

focal plane                

Light-Field Microscopy
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Light-Field Microscopy
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Flexible and Transparent Image Sensors

University of Illinois 
(Nature 2008) 

Palo Alto Research Cente 
(Applied Physics Letters 2008)
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Luminescent Concentrators
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2D Light-Field Camera
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Image Reconstruction
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Current Results
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Color and Superresolution
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Where is the Potential?

Analog 
Photography

(-)

Digital 
Photography

(direct view, change 
contrast, brightness, and 

color)

Computational 
Photography

(change focus and 
perspective, reconstruct 

3D)

2D TV 
(1 image/frame, no 

depth)

Stereoscopic
3D TV 

(2 images/frame, depth 
but no perspective)

Auto-Stereoscopic
3D TV 

(many images/frame, 
depth and perspective)

Analog Lighting
(bulbs: on,off,dim)

Digital Lighting
(LEDs: temporal 

multiplexing)

Fully Multiplexed 
Lighting

(light modulators: 
spatial+angular+ 

temporal multiplexing)

Im
ag

in
g

D
is

pl
ay

Li
gh

tin
g

we are here now

Light Fields
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•maybe not...
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Lytro

UBC (Siggraph Asia, 2011)

•Imaging?

•maybe not...

•Displays?



68

Institute of
Computer Graphics

What are the Challenges?

Oliver Bimber                                                                                                                                           The Potential of Light Fields
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•Imaging?

•maybe not...

•Displays?

•maybe...

UBC (Siggraph Asia, 2011)
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Lytro

•Imaging?

•maybe not...

•Displays?

•maybe...

•Processing?

UBC (Siggraph Asia, 2011)
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Lytro

•Imaging?

•maybe not...

•Displays?

•maybe...

•Processing?

• definitely!
UBC (Siggraph Asia, 2011)
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• Imaging: light-field camera instead 
of normal camera

• consistent and adaptable 
rendering (occlusion, 
illumination, focus, etc.)

• improved tracking and 
registration 

• etc.
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• Imaging: light-field camera instead 
of normal camera

• consistent and adaptable 
rendering (occlusion, 
illumination, focus, etc.)

• improved tracking and 
registration 

• etc.

•Displays: light-field displays 
instead of normal displays

• consistent and adaptable 
focus

• improved eye-tracking

• etc.
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Thank You!

www.jku.at/cg

www.displaysbook.info


