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hǾŜǊǾƛŜǿ ƻŦ ǘƻŘŀȅΩǎ ƭŜŎǘǳǊŜ

ÅThe coded photography paradigm.

ÅDealing with depth blur: coded aperture.

ÅDealing with depth blur: focal sweep.

ÅDealing with depth blur: generalized optics.

ÅDealing with motion blur: coded exposure.

ÅDealing with motion blur: parabolic sweep.



Slide credits
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The coded photography paradigm



Conventional photography

ÅOptics capture something that is (close to) the final image.
Å/ƻƳǇǳǘŀǘƛƻƴ Ƴƻǎǘƭȅ άŜƴƘŀƴŎŜǎέ ŎŀǇǘǳǊŜŘ ƛƳŀƎŜ όŜΦƎΦΣ ŘŜōƭǳǊύΦ 

optics computationcaptured image enhanced imagereal world



Coded photography

ÅGeneralized optics encode world into intermediate representation.
ÅGeneralized computation decodes representation into multiple images. 

generalized 
optics

generalized 
computation

coded representation 
of real world

final image(s)real world

? ??

Can you think of 
any examples?



Early example: mosaicing

ÅColor filter array encodes color into a mosaic.
ÅDemosaicingdecodes color into RGB image. 
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Recent example: plenopticcamera

ÅPlenopticcamera encodes world into lightfield.
ÅLightfieldrendering decodes lightfieldinto refocused or multi-viewpoint images. 
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Why are our images blurry?

ÅLens imperfections.

ÅCamera shake.

ÅScene motion.

ÅDepth defocus.

last lecture: deconvolution

last lecture: blind deconvolution

conventional 
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flutter shutter, motion-invariant photo
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Dealing with depth blur: coded aperture



Defocus blur

object distance D ŦƻŎǳǎ ŘƛǎǘŀƴŎŜ 5Ω

Point spread function (PSF): The blur kernel of a (perfect) lens at some out-of-focus depth.

blur kernel

What does the blur kernel depend on?



Defocus blur

object distance D ŦƻŎǳǎ ŘƛǎǘŀƴŎŜ 5Ω

Point spread function (PSF): The blur kernel of a (perfect) lens at some out-of-focus depth.

ÅAperture determines shapeof kernel.
ÅDepth determines scaleof blur kernel.

blur kernel
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Aperture determines shape of blur kernel

object distance D ŦƻŎǳǎ ŘƛǎǘŀƴŎŜ 5Ω

PSF



Aperture determines shape of blur kernel

PSF

photo of aperture shape of aperture 
(optical transfer function, OTF)

blur kernel
(point spread function, PSF)

How do the OTF and PSF relate to each other?

What causes these lines?



Removing depth defocus

input defocused imagemeasured PSFs at different depths

How would you create an all in-focus image given the above? 



Removing depth defocus

input defocused image

measured PSFs at 
different depths

How would you create an all in-focus image given the above? 

Defocus is localconvolution with a depth-dependent kernel
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Removing depth defocus
ÅDeconvolve each image patch with all kernels
ÅSelect the right scale by evaluating the deconvolution results
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Removing depth defocus
Problem: With standard aperture, results at different scales look very similar.
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Coded aperture
Solution: Change aperture so that it is easier to pick the correct scale
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Coded aperture changes shape of kernel
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Coded aperture changes shape of kernel
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Coded aperture changes shape of PSF



Coded aperture changes shape of PSF

New PSF preserves high frequencies
ÅMore content available to help us 

determine correct depth



Input 



All-focused             
(deconvolved)



Comparison between standard and coded aperture
Ringing due to wrong scale estimation



Comparison between standard and coded aperture



Refocusing 



Refocusing 



Refocusing 



Depth estimation



Input 


