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Image Super-Resolution Reconstruction Based on MG-GMRES Algorithm
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Abstract A fast image super-resolution reconstruction algorithm is proposed based on multigrid
(MG) and generalized minimal residual (GMRES) algorithms. In the first, the image super-reso-
lution reconstruction model is put forward using regularization. After systemically introducing
MG and GMRES algorithms, an accelerative MG algorithm named MG-GMRES is proposed to
solve the sparse non-symmetric linear equation, which is often occurred in image super-resolution
reconstruction. The smoothing, restriction and prolongation operators are thoroughly studied and
the computational complexity is analyzed in detail. Experimental results demonstrate that the
proposed algorithm can greatly improve the speed of convergence compared with MG, GMRES,

and Richardson iteration.
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Background

In recent years, image super-resolution reconstruction
has attracted increasing attention, and the applications can be
widely founded in a broad range of image and video process-
ing task such as aerial photo, medical imaging, video surveil-
lance etc. The super resolution reconstruction methods can
be mainly divided into two classes: The frequency domain
methods and the spatial domain methods. Due to flexibility,
spatial domain methods have some important advantages than
frequency domain counterparts. On the other hand, the mul-
tigrid (MG) and generalized minimal residual (GMRES) al-
gorithms are two effective methods for solving partial differ-
ential equation (PDE) and large scale sparse linear equation.
In this paper, a fast image super-resolution reconstruction al-
gorithm belonging to spatial domain method is proposed
based on the MG and GMRES algorithms. After briefly in-

troduction of image super-resolution reconstruction model,
MG and GMRES algorithms, an accelerative MG algorithm
named MG-GMRES is put forward to solve the sparse non-
symmetric linear equation, which is often occurred in image
super-resolution reconstruction based on variation and PDE
diffusion. The MG-GMRES is a hybrid algorithm which ap-
plies GMRES to accelerate the MG algorithm or uses the MG
algorithm as preconditioner in preconditioned GMRES. In
this algorithm. the restriction, prolongation and smoothing
operators are thoroughly studied, and the convergence and
computational complexity are analyzed in detail. Experimen-
tal results demonstrate that the proposed algorithm can
greatly improve the convergence rate compared with MG,

GMRES and Richardson iteration.



