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Presentation Notes
First version of this course was a mathematical section in the Computational Photography course taught at SIGGRAPH 2007. Later versions taught as a full course appeared at Eurographics 2008, CVPR 2008, ECCV 2008, SIGGRAPH Asia 2009, and Electronic Imaging 2010.



Background and Motivation
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In a traditional camera light is used as a tool for sampling the scene.

There are limitations to what can be done if we just sample the light as it hits a 2D sensor.
What do we mean by limitations?  You can go to any electronics store and buy a 10Mpixel camera these days. 

So why do we need to do more?




What’s Wrong with This Picture?
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Is it accurate? Are you sure?




What Is Wrong?  It’s Just a Picture!
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It’s the same thing that’s wrong with every traditional photograph: It’s just a picture, not reality.

As early as the 16th century, some artists used a camera obscura to project and trace what they were painting.  They were attempting to capture ‘reality’ in a painting, as closely as possible.  But no matter how realistic the painting or portrait, we immediately know it is art and not the world that we are observing.

Can we make a photograph that is visually indistinguishable from reality?



What is Wrong with Pictures?
 The current most perfect 

photographic print only shows one 
aspect of  reality; it reduces to a 
single image fixed on a plane, 
similar to a drawing or a hand-
drawn painting. The direct view of  
reality offers, as we know, infinitely 
more variety. We see objects in 
space, in their true size, and with 
depth, not in a plane.
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Quotation from Lippmann’s 1908 paper:

http://www.tgeorgiev.net/Lippmann/Lippmann2.pdf




Can We Create More than Pictures?
 Can we request that Photography 

renders the full variety offered by 
the direct observation of  objects? Is 
it possible to create a photographic 
print in such a manner that it 
represents the exterior world 
framed, in appearance, between the 
boundaries of  the print, as if  those 
boundaries were that of  a window 
opened on reality.
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Yes, through integral photography, because it captures the entire 4D radiance of a scene and can leverage that data to create Lipmann’s “window opened on reality.”  Lippmann first proposed technology (which he called “integral photograph” or “reversible print”) to do this -- back in 1908.  



Different views
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A photograph represents only one of many possible renderings of a scene.  If you were at the scene, you could focus on whatever you decided and look at the scene from an infinite number of different perspectives.  




Different views
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Camera viewpoint is moved slightly down computationally.



Different views
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Here, the focus is moved to the background.



Different views
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Here, the focus moved close to the observer.



Different views
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Now the focus is condensed to an even more narrow “slice” in the foreground...



Different views
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... to a thin band immediately in front of the observer ...



Different views
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... and finally converging on a single flower stalk.



Change Aperture / All-In-Focus



Rodin Radiance Capture



Change Viewpoint



Change Focus



Change Focus



Radiance (aka Lightfield) Photography
 A picture is a rendering of the light rays in a scene
 Determined by lenses, aperture, viewpoint, etc.

 Radiance (lightfield) photography records the rays
 Rays can be reproduced to render “the full variety offered 

by the direct observation of objects”
 We can also synthesize arbitrary pictures

 Idea is over 100 years old (Integral photographs)
 Technology now exists to make radiance photography 

practical
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The idea with radiance (or lightfield) photography is that we will record all light rays in a scene rather than just the irradiance of light on the sensor. This is not a new idea – it is 100 years old. But the digital imaging and processing capabilities we now have are finally making it practical.



Course Schedule
Time Topic

1:30-1:40 Intro and Background

1:40-2:10 Lightfield in Projective Space

2:10-2:50 Ray Transforms

2:50-3:00 Radiance and Radiance Capture (Plenoptic Cameras)

3:00-3:15 ===   Break   ===

3:15-3:45 Focused Plenoptic Camera

3:45-4:00 Radiance Manipulation, Basic Rendering

4:00-4:25 Refocusing, Depth, Stereo: GPU Implementation

4:45-5:00 Hands On and Software Demo
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