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• Proof of near-optimality of focus sweep in depth and 2D 
motion invariance and in high-frequency preservation 

• Comparison of all the existing computational cameras for 
deblurring via 5D (4D light field + 1D time) analysis 

• Prototype camera demonstration 
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• 58% of the upper bound in high-frequency preservation 
• 67% of the upper bound in depth and 2D motion invariance 
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Standard camera image Focus sweep camera image Deconvolution result Narrow-aperture short-exposure capture 

Spatially-uniform
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Depth and 2D motion-

invariant image capture

Proposed joint defocus & motion deblurring
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Defocus deblurring Motion deblurring

High 

frequency 

preservation

(requires blur 

estimation)

Coded aperture

[Levin et al. 2007;

Veeraraghavan et al. 2007]

Lattice-focal lens

[Levin et al. 2009]

Coded exposure

[Raskar et al. 2006]

Orthogonal parabolic 

exposures

[Cho et al. 2010]

Circular sensor motion

[Bando et al. 2011]

Invariant 

capture

(no need for 

blur 

estimation)

Wavefront coding

[Dowski and Cathey 1995]

Focus sweep

[Hausler 1972;

Nagahara et al. 2008]

Diffusion coding

[Cossairt et al. 2010]

Spectral focus sweep

[Cossairt and Nayar 2010]

Motion-invariant 

photography (for 1D motion)

[Levin et al. 2008]

We prove its near

depth and 2D motion

invariance
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