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A Fast Decoupling Algorithm for Image Super-resolution

Reconstruction of Space-invariant System

HUANG Li-Li%? XIAO Liang® WEI Zhi-Hui' ZHANG Jun®

Abstract Super-resolution reconstruction has been a very hot research topic currently. In this paper, we study a fast
decoupling algorithm for TV-based (Total variation) image super-resolution reconstruction. A new TV-based decoupling
model is proposed by utilizing the half-quadratic regularization approach. The treatment is separated into measurements
fusion, deblurring and denoising by exploiting the alternating minimization algorithm and the property of the space-
invariance blur. The fusion part is shown to be a very simple non-iterative algorithm. The deblurring part can be
solved by transform-based preconditioning conjugate gradient method for improved convergence. The subspace projection
method is employed to solve the denoising problem. The proposed algorithm reduces the computational complexity.
Super-resolution experiment results demonstrate that the proposed algorithm is not only able to restrain the noise and

preserve the important geometric structures in the image such as edges, but also able to maintain the fidelity of flat regions

without producing the staircase effect.
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Table 1  The parameters values and computational results corresponding to Figs. 2 ~5 (The numbers in the bracket

under the “Iteration” column refer to the total number of the inner conjugate gradient iterations.)

Experiments GD FD
Estop Iteration Time (s) PSNR (dB) ReErr &stop  lteration Time (s) PSNR (dB) ReErr
Fig.2 (b) 2x 1074 212 100.406 27.718 0.0053 10—4 137(7) 14.281 32.769 0.0017
Fig.3 (b) 2 x 1074 212 101.453 27.643 0.0054 104 143 (7) 15.938 32.455 0.0018
Fig.4 (b) 3x 1074 217 102.688 23.272 0.0145 10—+ 183 (7) 19.828 28.504 0.0044
Fig.5 (b) 3x 1074 217 102.891 23.220 0.0147 10—4 189 (7) 20.453 28.335 0.0045
#*2 GD SET S EIE KR 45 R
Table 2  The parameters values and restoration results of the GD method
“Woman” image “Lena” image
o T € Estop Iteration  Time (s) o T € Estop Iteration  Time (s)
25 103 10! 2x107% 212 100.406 25 103 10! 3x 1074 217 102.688
2.5 103 10—° 2x 1074 252 119.391 2.5 10-3 10-° 3x 1074 266 126.203
25 2x 1073 10—t 2x 1074 1000 480.734 25 2x 1073 10~ 3x107* 1000 477.141
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(256 x 256, a = 25, T = (256 x 256, a1 = 4, a» = (256 x 256, o = 25, 7 = (256 x 256, a; = 4, an =
1073, e = 101) 6, 7 =0.1) 1078, e = 1071) 6, 7 =0.1)
(c) The restored image by  (d) The restored image by (c¢) The restored image by  (d) The restored image by
GD method FD method GD method FD method
K4 Jr7h s @i stEie T “Lena” KR M2 5 K5 JiZl 10 FEATE T “Lena”
Fig.4 SRR results of “Lena” image in the Gaussian Fig.5 SRR results of “Lena” image in the Gaussian

noise case with variance 5 noise case with variance 10



2 SN A8 ) AN AR 28 8 PR 70 1% i FX) DRk A R S5 235

3 FD SEPANFR 725 AR BT 52 i 4 2R
Table 3

subspace projection iterations in the FD method

Restoration results for different numbers (p) of

p Iteration Time (s) PSNR (dB) ReErr
2 137 14.281 32.769 0.0017
100 155 171.797 32.704 0.0017
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