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Aberrations are common
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Properties: thin lens vs. aberrated PSF

A

in-focus
plane

far } > \

plane
left right M left right
< > > >
corner corner corner corner
Thin lens PSF Aberrated PSF

sharp when in focus less sharp when in focus
attenuates high frequencies preserves high frequencies

spatially invariant varies spatially
symmetric about in-focus plane asymmetric in depth




Key contributions

 Parametric PSF model that accounts for aberrations
& defocus in photographic lenses

* Light field analysis of frequency-preserving
properties of aberrated PSFs

e Algorithm that use aberrations to extend depth of
field of wide-aperture panoramas
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Extended-depth-of-field panoramas

preserved
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Goal:
Efficient panorama acquisition

Method:
Take photos with large aperture,
remove aberration afterwards

Idea:
Each photo preserve frequencies
in a specific direction
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Related work

aberration theory
[Smith0O0] [Janssen, JOSAO02]
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aberration coding
[Cathey & Dowski, Appl. Opt.02]
[Dorronsoro et.al, SPIEQ7]
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Related work

observation of “donut” PSFs
[Joshi et.al CVPROS8]

aberration removal from in-focus photo
[Kee et.al, ICCP11]
[Schuler et.al, ICCV11/ECCV12]




Related work

generalized mosaicing
[Schechner & Nayar, ICCV01]
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Aberrated PSF model

—\
X
PSF = aberrated
image of source

back lens

front lens

1. Integrate contribution of all light paths from source to sensor
2. Account for ray occlusions
3. Account for natural illumination fall-off




Aberrated PSF model

A(q,e\)/ | ,

PSF

aberrated
light path
back lens St P

front lens
point light source
1. Integrate contribution of all light paths from source to sensor
2. Account for ray occlusions
3. Account for natural illumination fall-off
4. Account for thin-lens defocus & aberrations




Displacement field of light paths
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Displacement field of light paths

ray displacement A(e, q)

astigmatism: (X, 0) field curvature: e field distortion: (1, O)




Displacement field of light paths

ray displacement A(e, q) distort PSF shape
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Displacement field of light paths

ray displacement A(e, q)
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Displacement field of light paths

ray displacement A(e, q)
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Displacement field of light paths
ray displacement A(e, q)
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Measured vs. Fitted PSF
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PSF measured using PSF fitted to
[Joshi et.al, CVPR2008] our 6-parameter model




Light field analysis of frequency-preserving properties

4D light field
[Levoy and Hanrahan,
SIGGRAPH 1996]




Light field analysis of frequency-preserving properties

2D slices in the Fourier light field of a thin lens
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[Levoy and Hanrahan, [Levin et.al, SIGGRAPH2009]
SIGGRAPH 1996]




Light field analysis of frequency-preserving properties

2D slices in the Fourier light field of an aberrated lens
focal slices
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Light field analysis of frequency-preserving properties

Each slice is filtered with the Fourier .
transform of effective aperture
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* Ray occlusion cause anisotropic modulation in image periphery




Light field analysis of frequency-preserving properties

(thin lens) (thin lens)
focal slices focal slice focal slice focal slices
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* Ray occlusion cause anisotropic modulation in image periphery
* Preserves frequencies on one side of the in-focus plane




Extended-depth-of-field Panorama




Extended-depth-of-field Panorama

blurry patches of the same scene
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Results: Canon 50mm F/1.2L
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Results: Canon 24-70mm F/2.8

some input patches
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Concluding remarks

e Optical aberrations significantly change out-of-focus
regions in photos

* anisotropic
e asymmetric in depth

e frequency preserving in specific depths & directions

e Aberrations are useful to extend depth-of-field of photos




