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A Fast Algorithm for MAP Super-resolution
by Frequency-domain Optimization

MASAYUKI TANAKAt and MASATOSHI OKUTOMIY

A super-resolution process produces a high-resolution image from a set of low-resolution im-
ages. A MAP super-resolution is one of famous reconstruction-based algorithms. The MAP
super-resolution is a sort of optimization problem with respect to the high-resolution image.
An evaluation function that is optimized is a posteriori density. The evaluation function is
usually defined with respect to the high-resolution image in spatial domain. In this paper, a
MAP algorithm that optimizes with respect to the high-resolution image in frequency domain
is newly proposed. The optimization in frequency domain is equivalent to the optimization in
spatial domain, because Fourier transformation which maps from spatial domain to frequency
domain is one-to-one mapping. Experimental results show that the calculation time of the
proposed method is reduced 0.10 [%] of the calculation time of the conventional method. A
calculation cost is also reduced 8.12 [%].
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Fig.1 Basic idea of super-resolution process.
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Fig.2 Block diagram of error component and its derivative of spatial domain op-

timization, where ® is multiplication of each elements, and * is convolution

operator.
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Fig.3 Block diagram of error component and its derivative of frequency-domain

optimization, where ® is multiplication of each elements, F is Fourier trans-

formation, and F~1! is inverse Fourier transformation.
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Table 1 List of multiplications of image operations, where
Ny is number of pixels of PSF kernel, Nj, is num-

ber of HRI, and Nf is minimum number of pixels
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for FFT error components and their derivatives, where Np
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Fig.11 Super-resolution result by spatial domain
optimization method.
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Fig.12 Super-resolution result by frequency-domain
optimization method.
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Table 3 Average of PSNR and UQI, where “Capel” is

Capel’s method, “Elad” is Elad, et al.’s method,
“Spatial” is spatial domain optimization, and
“Freq.” is frequency domain optimization.
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in bracket.
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