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A The coded photography paradigm.

A Dealing with depth blur: coded aperture.

A Dealing with depth blur: focal sweep.

A Dealing with depth blur: generalized optics.
A Dealing with motion blur: coded exposure.

A Dealing with motion blur: parabolic sweep.
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Slide credits

Most of these slides were adapted from:

A FredoDurand (MIT).
A AnatLevin (Technion).
A GordonWetzstein(Stanford).



The coded photography paradigm



Conventional photography
1

real world optics captured image computation enhanced image

A Optics capture something that is (close to) theAfinaI Image. X o
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Coded photography

generalizedcoded representationgeneralized
optics of real world  computation

real world

final image(s)

A Generalized optics encode world into intermediate representation. Can you think of
A Generalized computation decodes representation into multiple imageany examples?



Early examplanosaicing
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generalizedcoded representationgeneralized .
real world . . final image(s)

optics of real world computation

A Color filter array encodes color into a mosaic.
A Demosaicinglecodes color into RGB image.



Recent examplalenopticcamera
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optics of real world computation

A Plenopticcamera encodes world intmhtfield
A Lightfieldrendering decodebghtfieldinto refocused or muliviewpoint images.



Why are our images blurry?

A Lens imperfections. «—— last lecture: deconvolution

conventional
A Camera shake. <— last lecture: blind deconvolution photography
A Scene motion. <— flutter shutter, motioninvariant photo coded
A Depth defocus. «— coded aperture, focal sweelattice lens | Photography



Why are our images blurry?

A Lens imperfections. «—— last lecture: deconvolution

conventional
A Camera shake. <— last lecture: blind deconvolution photography
A Scene motion. <— flutter shutter, motioninvariant photo coded
A Depth defocus. «— coded aperture, focal sweelattice lens | Photography



Dealing with depth blur: coded aperture



Defocus blur

Point spread function (PSF): The blur kernel of a (perfect) lens at sowief@eiis depth.
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What does the blur kernel depend on?



Defocus blur

Point spread function (PSF): The blur kernel of a (perfect) lens at sowief@eiis depth.
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A Aperture determineshapeof kernel.
A Depth determinescaleof blur kernel.



Depth determines scale of blur kernel
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Depth determines scale of blur kernel
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Depth determines scale of blur kernel
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Depth determines scale of blur kernel

PSF
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Depth determines scale of blur kernel

PSF




Aperture determines shape of blur kernel

PSF




Aperture determines shape of blur kernel

What causes these lines?

photo of aperture shape of aperture blur kernel
(optical transfer function, OTF)(point spread function, PSF)

How do the OTF and PSF relate to each othe



Removing depth defocus

Sleje]-]-

measured PSFs at different depths input defocused image

How would you create an alHoacus image given the above?



Removing depth defocus

Defocus isocalconvolution with a deptldependent kernel

depth 3

Input defocused imagt
depth 2

depth 1

measured PSFs at
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How would you create an alHocus image given the above” different depths



Removing depth defocus

Defocus isocalconvolution with a deptldependent kernel

depth 3

Input defocused imagt
depth?2

depthl

measured PSFs at

. . "
How would you create an alHocus image given the above” different depths



Removing depth defocus

A Deconvolve each image patch with all kernels
A Select the right scale by evaluating the deconvolution results
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How do we
select the
correct scale?



Removing depth defocus

Problem: With standard aperture, results at different scales look very similar.
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A ' ‘ correct scale ?
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‘ ' ‘ correct scale ?



Coded aperture

Solution: Change aperture so that it is easier to pick the correct scale
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Build your own coded aperture
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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

» " Canon EF 100 mm 1:1.28 Lens,
Canon SLR Rebel XT camera
Mask

~

. Aperture

in-focus photo out-of-focus, circular aperture out-of-focus, coded aperture



Coded aperture changes shape of PSF

New PSF preserves high frequencie
A More content available to help us
determine correct depth
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Comparison between standard and coded apert

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













Depth estimation







