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Single-image Super-resolution Algorithm Based on Multi-scale Nonlocal
Regularization
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Abstract Multi-scale structural self-similarity refers to that there are many similar structures in the same image,
which are either in the same scale or across different scales. In this paper, a single-image super-resolution method
based on multi-scale nonlocal regularization is proposed. In this method, the multi-scale nonlocal and the multi-scale
dictionary learning methods are combined to add the extra information exploited from multi-scale similar structures into
the reconstructed image. The multi-scale nonlocal method exploits extra information from multi-scale similar structures
by searching for similar patches in the image pyramid and constructing the multi-scale nonlocal regularization according
to the correspondence between multi-scale similar patches. The multi-scale dictionary learning method exploits extra
information from multi-scale similar structures by using the image pyramid as training samples in dictionary learning, so
that the patches in the pyramid have sparse representations over the learned dictionary. Experimental results demonstrate
that the method achieves better image quality compared with ScSR, SISR, NLIBP, CSSS, ASDSAR and mSSIM methods.
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Fig.5 Reconstructed results of various SR methods without reference HR images

2http://sipi.usc.edu/database/database.php?volume=aerials.

3ScSR HEM BRI T 2 0L http: / /www.ifp.illinois.edu/~jyang29/codes/ScSR.rar.
ANLIBP H:)scBARAS AT 2 0 http: / /www4.comp.polyu.edu.hk/“cslzhang/code/NL_Back_projection.zip.

S1E CSSS HIEP RS A FVE M R AR R EL.

SASDSAR SiEH ARG A 2 W, http:/ /www4.comp.polyu.edu.hk/~cslzhang/ASDS_AReg.htm.
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Fig.6 Reconstructed results of a city image with various SR methods
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Fig.7 Reconstructed results of an airport image with various SR methods



10 341 WA T 2 RUBEAR JR PR A SR ) P Pl 5 2 W 2 Ak 2243
# 1 PSNR F SSIM FAE SR HiEEAMUL I (PSNR/SSIM)

Table 1  Comparison of PSNR and SSIM of reconstructed images with various SR methods (PSNR/SSIM)
b ScSR SISR NLIBP CSSS ASDSAR mSSIM mNLDL
2.1.01 23.96/0.5646 23.87/0.6043 24.91/0.6354 25.74/0.6978 26.61/0.7583 26.65/0.7616 27.67/0.8168
2.1.02 21.14/0.5044 20.97/0.5506 22.04/0.5506 22.83/0.6681 23.83/0.7455 23.86/0.7491 24.93/0.8147
2.1.03 29.16/0.8177 28.74/0.8274 30.19/0.8423 31.16/0.8663 32.19/0.8929 32.23/0.8942 33.35/0.9163
2.1.04 24.47/0.4958 24.14/0.5367 25.33/0.5774 26.09/0.6530 26.91/0.7262 26.94/0.7298 27.91/0.7943
2.1.05 25.25/0.7141 24.84/0.7389 26.96/0.7770 28.50/0.8244 30.06,/0.8742 30.10/0.8763 32.02/0.9158
2.1.06 24.70/0.5927 24.49/0.6302 25.93/0.6725 27.03/0.7411 28.19/0.8052 28.23/0.8082 29.53/0.8616
2.1.07 28.16,/0.7084 27.84/0.7194 28.82/0.7387 29.27/0.7646 29.97/0.8039 30.03/0.8067 30.90/0.8482
2.1.08 31.68/0.7963 31.79/0.8201 33.34/0.8468 35.28/0.8922 36.74/0.9232 36.80/0.9246 38.00/0.9430
2.1.09 31.94/0.7986 32.05/0.8087 33.00/0.8218 33.97/0.8418 35.06,/0.8706 35.14/0.8727 36.29/0.8968
2.1.10 26.85/0.6400 26.81/0.6799 28.00/0.7084 29.04/0.7650 30.25/0.8248 30.30/0.8278 31.82/0.8780
T 26.73/0.6633 26.55/0.6916 27.85/0.7171 28.89/0.7714 29.98/0.8225 30.03/0.8251 31.24/0.8685
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