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ÅNarrow apertures  

Ålarge depth of field (= high frequencies in out-of-focus regions) 

Åin low light throughput (= low signal-to-noise ratio) 

ÅJPEG compression  

Åattenuates high frequencies (in focused and out-of-focus 
regions) 

ÅCan we optimize apertures with respect to JPEG compression? 

Åfrequencies attenuated by JPEG compression do not have to 
be supported optically by the aperture  

Åresults in higher light throughput (= higher signal-to-noise ratio 
or shorter shutter times) 

Motivation 
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(Adaptive) Coded Aperture Projection, Grosse, Wetzstein, Grundhoefer, 

and Bimber, ACM Transaction on Graphics, 2010  
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set aperture and capture image 
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set aperture and capture image JPEG compression and  

frequency filtering 
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set aperture and capture image JPEG compression and  
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Prototype 
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Frequency Filtering 
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Construct a binary frequency mask (m) and compute intensity aperture 
pattern (a) by minimizing the variance of its Fourier transform for all 
important frequencies: 

 

 

Aperture Computation 
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M is the diagonal matrix containing the binary frequency mask values 
of m, F is the discrete Fourier transform matrix (i.e., the set of 
orthogonal Fourier basis functions in its columns), a is the unknown 
vector of the coded aperture pattern, and e is the vector of all ones - 
this can be solved quickly with the pseudo-inverse: 

 

Construct a binary frequency mask (m) and compute intensity aperture 
pattern (a) by minimizing the variance of its Fourier transform for all 
important frequencies: 

 

 

The conjugate-transpose pseudo-inverse matrix F  zis constant and can 
be pre-computed! 

 

Aperture Computation 
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q=70 masked spectrum masked spectrum 

MTF of coded intensity mask MTF of coded intensity mask MTF of binarized mask MTF of binarized mask 

magnitude low high 

q=50 

binarize 

Aperture Computation 
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bokeh transformation 

Bokeh Transformation 
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Bokeh Transformation 
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Capturing an image through an aperture with given PSF can be 
considered as convolution (multiplication in frequency domain): 

 

Bokeh Transformation 
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Capturing an image through an aperture with given PSF can be 
considered as convolution (multiplication in frequency domain): 

 

Bokeh transformation can be carried out as follows: 

 

However, the scales (s´ and s´´) are entirely unknown since the scene 
depth is unknown! 

 

Bokeh Transformation 
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