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Abstract: Blind single-image super-resolution refers to reconstructing the high-resolution image from a single low-
resolution one with an unknown blur kernel, which is a severely ill-posed inverse problem. The additional information
about the latent high-resolution image can be incorporated by adding the regularizer in order to recover or reconstruct rea-
sonable high-frequency details for the low-resolution image. In this paper, we propose a blind super-resolution method
based on the cross-scale low rank prior from a single low-resolution image, which alternates between updating the blur ker-
nel and the high-resolution image by a jointly modeling approach. According to the self-similarity across the high-resolu-
tion image, the low-resolution image and its down-sampled image, we search for similar patches from the down-sampled im-
age for the low-resolution patch, and group into a matrix the cross-scale similar image patches consisting of the parents of
the low-resolution patch and its similar patches in the high-resolution reconstructed image and the low-resolution image re-
spectively. Since the cross-scale similar patches in the low-resolution image provide potential details for reconstructing the
high-resolution image patches, the low rank matrix approximation applied to the cross-scale similar patches enforces the re-
constructed image to recover more high-frequency details and thus promotes the accuracy of the kernel estimation during
the iteration. In addition, the low rank regularization elegantly indicates the non-local structure of data inherently robust to
noise. Experimental results on real and simulated images show that the proposed method can accurately estimate the blur

kernel and reconstruct high-resolution image with sharp edges and fine details, which outperforms the existing blind super-
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resolution methods based on unsupervised learning.
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IKCH N WS B 2 ) (I H M R ik, W B m PR
& 4% FASR 4% BLAE K 1 25 W 4% . Michaeli 25" F Ker-
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BbT , L B SR T A
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L AfEE PR E AL R . ’eME 79 K (o) B
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T X 5 1 40 45 18] . SRGAN'™*, DRN-S'® /1 DRN-L'* %)
AL B . Michaeli 251 0 il IO 5
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PSNR: 25.17 / SSIM: 0.811 4
(b) B=YAE

PSNR: 25.57 / SSIM: 0.834 2
(¢) SRGAN™

PSNR: 21.52 / SSIM: 0.714 6
(d) “Michaeli 25"+ ZSSR!'”

PSNR: 28.90 / SSIM: 0.902 0
(e) “KernelGAN®+ ZSSR!"™”

PSNR: 31.10/ SSIM: 0.915 7
() A3

4 AATIIEAE DIV2KRK B4 v — IRl K45 F 2 il 7 A< d 4 2R i LE AR

1 BNEEEEME R R PSNR 0 SSIM L E

. PSNR/SSIM

Sk 24% 41
W= WAiE 27.22/0.786 9 23.83/0.646 8
SRGANP 28.95/0.815 7 25.31/0.684 4
DRN-S"! — 25.62/0.692 8
DRN-L*! — 25.62/0.692 9
IKCH — 27.54/0.760 4
Michaeli %"+ZSSR!"* 29.37/0.837 0 26.08/0.713 8

Kernel GAN"®+ZSSR!™

30.46/0.868 1 26.80/0.732 5

ENQIU=R7

31.24/0.876 9 27.09/0.730 4

B . L TE DIV2KRK $di 4 E IKCH oA SCH 1Y
A AE L ELAA T = A SF- 24 PSNR AN SSIM, 2K 1 i1
AN EE U i W B 5 SN ERIEHR S A R AS
— B, EUG E A P SR 25 . TKCH B0 FH 45 1 ]
PE R TS AZ AL B 00 X 3 KA R EUS s 42 kI

SR 2%, PR T25J 1i) R 1 2 S R 45 1) 5
M i ORI , A BEHEBA A0 T TR . I Ah  TKCH 533
el SuR i O e Ot RE) S Nl S B
ARSCHY S M REGETEERR A ORI AZ A [RI) , B S
M A3 5 RITRE 22 B AR 1Y, 1 31 R A AL E R
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(d) “Michaeli 2"+ ZSSR!™”
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PSNR: 27.50 / SSIM: 0.838 5
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PSNR: 22.54 / SSIM: 0.547 4 PSNR: 23.83 / SSIM: 0.576 8
(b) YA A (¢) SRGAN™
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(d) DRN-S*! (e) DRN-L*! () IKCH

PSNR: 15.30 / SSIM: 0.403 0 PSNR: 24.88 / SSIM: 0.639 1 PSNR: 25.42 / SSIM: 0.647 3
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PSNR: 22.60 / SSIM: 0.633 6
(b) W= fE

PSNR: 24.29 / SSIM: 0.673 7
(d) DRN-S*!

PSNR: 24.29 / SSIM: 0.673 7
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(2) “Michaeli 2"+ ZSSR!™”
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(a) FOTHERIER
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