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•  depends%on%depth%&%lens%
•  1%photo%%%%%%%%4D%sceneK

dependent%slice%of%PSF%
•  hard%to%capture%
•  hard%to%invert%
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...%and%can%we%infer%the%lens%parameters?%

%%%3rd%order%Seidel%aberraGons%
%%%geometric%opGcs%
%%%rotaGonallyKsymmetric%lens%
%%%≥1%unknown%lens%elements%
%%%known%opGcal%center%

Key%assumpGons%
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three%main%results%

singleKpoint%inference%

1%blur%kernel%known%exactly%
%%%%%%%%%%%%%3D%ambiguity%in%Seidel%coefs,%
%%%%%%%%%%%%%defocus%level%%&%5D%PSF%

)

mulGKpoint%inference%

K%≥%3%blur%kernels%known%exactly%
%%%%%%%%%%%%unambiguous%5D%PSF,%1D%scale%ambiguity%%
%%%%%%%%%%%%in%Seidel%coefs%&%K%defocus%levels%

)

pracGcal%modeling/inference%of%5D%PSFs%

5%lens%parameters%are%enough%when%
mechanical%vigne^ng%not%significant%

regardless%of%deblurring%quality,%
cannot%predict%lens%blur%at%other%
depths/image%locaGons%

reconstrucGon%of%depth%&%5D%PSF%
may%be%possible%from%just%1%shot%

instead%of%modeling%the%PSF%directly,%
model%the%aberrated%rays%
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approach:%we%characterize%the%space%of%blurKequivalent%arrangements%



i.%%%the%PSF%integral%

ii.%%the%ray%intersecGon%funcGon%

iii.%singleKsource%inference%

iv.%mulGKsource%inference%

iv.%preliminary%experiments%



PSF =

Z

x

2+y

2R

�a(x,y) · ✓(x, y) dxdy

blur%formaGon%model%

vigne^ng%
funcGon%

rayKsensor%
intersecGons%

blur%
%kernel%

complex%funcGon%of%
lens%params%&%defocus%

simple%3rd%order%
polynomial%

intersecGon%
of%discs%

a(x, y)

(x, y)



ii.  the%ray%intersecGon%funcGon%
(for%3rd%order%Seidel%aberraGons)%
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ray%intersecGon%%%=%%%perspecGve%%%+%%%defocus%%%+%%%aberraGon%
a(x, y) c (x, y) ·D v(x, y, c, D)

the%Seidel%displacement%field%

•  3rd%order%polynomial%of%pupil%coordinates,%
perspecGve%projecGon%&%defocus%

•  fully%determined%by%5%lensKspecific%
aberraGon%parameters%

%v(x, y, c, D)
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the%Seidel%displacement%field%

v(x, y, c, D)
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the%ray%intersecGon%polynomial%

hc, D,R,⌃1,⌃2,⌃3,⌃4,⌃5ic D
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radius%

perspecGve%&%defocus% aberraGons%
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pupil%coords%
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iii.  singleKsource%inference%
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iii.  mulGKpoint%inference%



mulGKlocal%inference%
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mulGKlocal%inference%

?%

what%do%K%blur%kernels%in%1%photo%tell%us%about%the%lens%&%the%scene?%%

hc1, D1, R,⌃1,⌃2,⌃3,⌃4,⌃5i⌃1,⌃2,⌃3,⌃4,⌃5D1c1
hc2, D2, R,⌃1,⌃2,⌃3,⌃4,⌃5i⌃1,⌃2,⌃3,⌃4,⌃5D2c2

5%lens%unknowns%

2K%scene%unknowns%



power%of%mulGKlocal%inference%

?%

Lemma:%space%of%blurKconsistent%arrangements%is%discrete%for%K≥3%

hc1, D1, R,⌃1,⌃2,⌃3,⌃4,⌃5i⌃1,⌃2,⌃3,⌃4,⌃5D1c1
hc2, D2, R,⌃1,⌃2,⌃3,⌃4,⌃5i⌃1,⌃2,⌃3,⌃4,⌃5D2c2
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QuanGtaGve%results%for%3%different%focus%se^ngs%
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concluding%remarks%

aberraGon%&%defocus%blur%give%a%great%deal%of%info%about%the%%
lens%&%scene%

oneKshot%recovery%of%depth%map%&%5D%lens%PSF%may%be%possible%

modeling%rayKsensor%intersecGons%easier%&%more%general%than%
modeling%blur%kernels%directly%

open%problems%
•  blind%esGmaGon%of%blur%kernels,%depth%&%5D%PSF%

•  modeling%mechanical%vigne^ng%
•  accounGng%for%changes%in%focus%se^ng%&%zoom%

%


