43 % 55
2017 4 5 J]

A 3 b % i
ACTA AUTOMATICA SINICA

Vol. 43, No. 5
May, 2017

ETHENRARTNIEEEGBIHEER

Fgr fANEY ERE BEX

% FE OENRR S EGQNSPER, AR BB URIRET LS8 0 PR AN D IR, (H 2L 2 R 7 K [ B4
WK T MG R, s 15 g0l PR A BT, O TR PR B R R P A A G B AR S B RR E A, K
LR R A5 F 7~ (Nonlocally centralized sparse representation, NCSR) #1284 Jg BEaili) $2H 7 F+ 5@ M He gl F)
(Patch-group-cuts, PGCuts) 756 (190 75 GG 73 F Bt 7325, [RI SEI 2 e R /0 R gt Dy . SRATFSCIR I 5 i
SHEAR IR RGNS RERSIA B AIE Dt L TD ST R FIA S W 2 . T LD & % 9 225 X Bl B0 e 36 10EAT B &
NAHR, dF P BN X IR R D8, R 2 X 36 10 77 S — 2D P 75 . A SO R 2 P4 e 75 R RN B 8K
A7) A 75 QAT T B S, SEBRSR W, HE T BIE N H gL 5056 1 e 75 UG /- R B R, AR AN R [ R
FIE A TR, AN A o (P WAL 175 0 LR &5 P ARBLRE S5 VT 1, 10 FLAE A e DXt B AR U 1) 3 0 e i o

SR BOYIR, FRIR, AL, SRR

IR 20E, M/, WA, BEATAS. BT A IE N B4 EI G50 AR A SO > MR A B SRS, 2017, 43(5):
765—=T7T7

DOI 10.16383/j.aas.2017.c160268

Noisy Image Super-resolution Reconstruction with

Adaptive Patch-group-cuts Prior

LI Tao! HE Xiao-Hai' QING Lin-Bo! TENG Qi-Zhi!

Abstract To enhance resolution of a noisy image, the conventional method adopts a cascaded scheme of denoising
followed by super-resolution (SR) reconstruction. However, the denoising algorithm inevitably causes some loss of high-
frequency information in the image, especially in non-smooth regions, which significantly influences the quality of the
subsequent SR reconstruction. To incorporate all the high-frequency information from the noisy low-resolution (LR)
images into the SR reconstruction, a noisy image SR method with adaptive patch-group-cuts (PGCuts) prior is proposed,
based on the nonlocally centralized sparse representation (NCSR) model. The proposed method performs denoising and
SR reconstruction simultaneously. The PGCuts prior, which is built on a novel 3D neighborhood system and a patch-group
model, is able to denoise the image, restore smooth and sharp edges, etc. The edge strength measurement is introduced
to adaptively balance the constraint strength of PGCuts prior in reconstruction. As PGCuts constraint is weak in smooth
regions, a region-based fusion scheme is also used to further suppress the noise. Reconstruction experiments are conducted
on both synthesized and real noisy LR images. It is demonstrated that the proposed method can restore plenty of details
in reconstructed SR images while still suppress the noise, giving not only high scores in objective criteria like PSNR and
SSIM, but also very good visual effects in non-smooth regions in subjective evaluations.
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HEZE0 1 B RO A% ), ke st FEEABRE X o 2 ot
PR BRI A bR HEZE 4 )4 10, 15+ 204 25
R 30 M L SRS AR SRR R X
A {E (Bicubic). 2 BE R A IR AEAE (De-
noise+Bicubic, D+B). 5t %W H] Zeydel'™ 7
(Denoise+Zeydel*™), D+Z), Singh!*) fil NCSR["!

J7EE 4. Denoise+Bicubic fil Denoise+Zeydel™!
B ARG BRI, DXOnlAE T 20 P i T A
A (59, A DenoisedZeydel™ FlI Singh[1)
TIE TR I T R R B R DR, LIl
TR, NCSREO J5 ik Ik T BUZ 16 =l Jag i AH AN
P, PR LA 8 23 R e S R B A e Ty e, A T
LI 24 T 1, NCSRZO Jrvkrp th g hn T 26 2.3 Ay
o3 DX Sk & AR, DRI A SO A E NCSR 5
%, PERE TR TE B AR AR DI

3.1 THEETTE

U E {5 M [k (Peak signal to noise ratio,
PSNR) F1 45 #4 #H AL & (Structural similarity,
SSIM) & W™ H R G T PR fE b, PSNR FiI
SSIM F R 2 W o g IGOTT by, A M S bR o
Z=5r o 150 20 A1 25 UL T, A FR B AR
ff) PSNR Al SSIM {E AKX i3 1 H1%k 2 41t De-
noise+Bicubic #l Denoise+Zeyde!'®! 77255 2R A%
SRR B s PR SRIL S FR AR, S ) MR
DT R 2 5 Ze it i R B EAE A OR ¥ Bicubic
J7¥%. Singh™ J7i:3E T Denoise+Zeydel™ J7iZk,
FEIEPEME A 4071 DX 3k = 80 T [ HIUH Denoise 3
PR, W4 T E845r B Denoise $1K 105 B, {2 Haliih
HY Y Denoise 98, Johkoy T804 F Q0% I [n) EgE
PRGN 13 AR, IR ST 6 Zeydel® %
i, T s B SR PR R PR RE AR T 4 IR B BRI
PEgE, Ik Singh™) At Denoise+Zeyde™! J7i%k
PEREFRTHIME BEAR /. NCSRPO Jyidkrh, R #E%
WS KR BT AR RS il R E g, HiE
R ek SRR, T AR R A R T VA A M
I G O N RE8 SR =y () g P fe. (02, AR
ESIMETTE, 45 S5 i, % AT PR 2
ST A AR R AR e b A R A7 B R, A T 3R
oP R RS 2 T RS R AT B DRI O S
B, NCSRIZOT J5 i 0 v 4 1 s o Rt v ol 184 55 1)
Wers, FEMERE M. AT MSA R, HEr
E (M) HERIR R S AT B T- IR AR vh = 4l s 2
DRI AR ST AR KM e oL B ATIARIE . AeFRATI P
EHIZRZHCE, B KBEA ) Lena K& (o = 25
i) SRS K2 A, ARSCOTEE RS R PSNR
A SSIM AH a4k T-HAR V%, BR Bicubic 4b, H
AREVE TR AE B s bR vE 2= AR A 5 R
gy, RO MRS BGOK, B AT SR R R e AR
NBE, ARSI AR 1 fE. NCSREY
TIEAE KW S s O 2 e B A PR, Bt 35 e 75 1K)
NPERE T FREFABEN, A SCE VLR T A 22

Soft-cut-metric (SCM)BO i F 4% 14 % 73 )i
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FIVEO 545, SCM {E B8R KR IL Ger .t T
NCSRPO FIA ST v A Tl Ja i o U R R 7
B, % 3 i b NCSRIZY RiA S J57%: SCM A
MI2edm, Rk T ARG e 3R T BB IL Gor T TR

6 gyl T bRHER N 15 IR Racing )
AL, 8T M A bRHEZE N 25 I Butterfly ()
RS, AT HEMA LR, 4l T A HEX 5
PRPNAIIE )i NS R TEeAE= S & M k= S 3 i 7 2 /AW

AT 1/(1+n0(g2+92)), 9. M g, 3 EREUGLE = Fly
®1GFEEGEYER BRI (PSNR (dB))
Table 1  PSNR (dB) comparison of different SR methods on noisy LR images
b 2 ik Sail  Woman Racing Bridge Man  Church Butterfly Lena Ppt  Status Average
Bicubic 28.36 27.43 25.17 25.32 25.18 27.16 23.29 27.48 23.27 25.76 25.84
D+B 30.61 28.94 25.77 25.86 25.53 28.56 23.47 28.88  23.66 26.28 26.76
15 D+ 7Z 31.50 30.78 27.03 27.10 27.73 30.59 25.72 30.18  25.90 28.71 28.52
Singh 31.58 30.82 27.05 27.14 27.89 30.66 25.81 30.24  25.91 28.71 28.58
NCSR 31.64 31.58 27.50 27.61 29.42 32.04 27.75 30.42 27.52 29.46 29.49
Proposed 32.01 31.83 27.78 27.74 29.52 32.65 27.90 30.64 28.43 29.63 29.81
Bicubic 26.89 26.26 24.43 24.59 24.50 26.13 22.78 26.28 22.85 24.97 24.97
D+B 30.32 28.67 25.55 25.61 25.19 28.38 23.23 28.57  23.54 25.94 26.50
20 D+ 7Z 31.03 30.27 26.65 26.69 27.04 30.23 25.21 29.65  25.64 27.97 28.04
Singh 31.10 30.30 26.67 26.73 27.21 30.30 25.30 29.68  25.65 27.90 28.08
NCSR 30.81 30.62 26.83 26.92 28.20 30.84 26.78 29.21  26.38 28.28 28.49
Proposed 31.12 30.98 27.13 27.17 28.41 31.85 27.01 29.72 27.67 28.51 28.96
Bicubic 25.53 25.14 23.63 23.81 23.79 25.08 22.22 25.13 22.36 24.15 24.08
D+ B 30.04 28.40 25.34 25.39 24.85 28.19 22.99 28.28 23.40 25.60 26.25
95 D+2Z 30.62 29.81 26.31 26.33 26.39 29.87 24.73 29.18  25.36 27.31 27.59
Singh 30.64 29.83 26.31 26.37 26.58 29.92 24.82 29.19 25.37 27.20 27.62
NCSR 29.71 29.77 26.20 26.28 27.05 29.78 25.95 28.29  25.48 27.35 27.59
Proposed 30.72 30.34 26.63 26.72 27.47 31.00 26.33 29.11 26.80 27.90 28.30
*2 g EBES PR E RS R LR (SSIM)
Table 2~ SSIM comparison of different SR methods on noisy LR images
bRt ik Sail ~ Woman Racing Bridge Man  Church Butterfly Lena Ppt Status Average
Bicubic  0.6101 0.6587 0.6102 0.6277 0.7203 0.6725 0.7225 0.6523 0.8180 0.7716  0.6864
D+ B 0.8475 0.8536 0.7028 0.7332 0.8572 0.8988 0.8122 0.8075 0.9380 0.8519  0.8303
15 D+ 7Z 0.8648 0.8728 0.7347 0.7704 0.8895 0.9173 0.8577 0.8297 0.9654 0.8870  0.8589
Singh 0.8669 0.8729 0.7356 0.7724 0.8903 0.9175 0.8572 0.8300 0.9655 0.8838  0.8592
NCSR 0.8653 0.8764 0.7448 0.7844 0.9083 0.9276 0.8898 0.8183 0.9742 0.8915 0.8681
Proposed 0.8731 0.8816 0.7496 0.7867 0.9156 0.9333 0.8986 0.8311 0.9771 0.8975 0.8744
Bicubic  0.5054 0.5656 0.5402 0.5584 0.6510 0.5781 0.6661 0.5659 0.7556 0.7138  0.6100
D+ B 0.8380 0.8449 0.6885 0.7179 0.8437 0.8948 0.7999 0.7951 0.9325 0.8393 0.8195
20 D+ 7Z 0.8515 0.8616 0.7165 0.7499 0.8717 0.9116 0.8415 0.8132 0.9590 0.8697  0.8446
Singh 0.8522 0.8612 0.7171 0.7524 0.8718 0.9111 0.8393 0.8115 0.9590 0.8634  0.8439
NCSR 0.8395 0.8590 0.7198 0.7567 0.8836 0.9144 0.8629 0.7743 0.9642 0.8637 0.8438
Proposed 0.8558 0.8680 0.7285 0.7650 0.8936 0.9253 0.8785 0.8014 0.9690 0.8742 0.8559
Bicubic  0.4197 0.4884 0.4774 0.4963 0.5917 0.4994 0.6162 0.4916 0.6973 0.6595  0.5437
D+B 0.8294 0.8371 0.6767 0.7050 0.8304 0.8906 0.7878 0.7843 0.9262 0.8266 0.8094
95 D+ Z 0.8397 0.8519 0.7011 0.7330 0.8543 0.9053 0.8257 0.7994 0.9520 0.8542 0.8317
Singh 0.8364 0.8507 0.7012 0.7354 0.8540 0.9034 0.8222 0.7957 0.9519 0.8451  0.8296
NCSR 0.8118 0.8423 0.6969 0.7318 0.8576 0.9002 0.8371 0.7387 0.9536 0.8379  0.8208
Proposed 0.8416 0.8577 0.7113 0.7463 0.8745 0.9156 0.8618 0.7837 0.9595 0.8598 0.8412
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31k —& — Denioise + Zeyde 0.89“\\\ —& — Denioise + Zeyde
§ —+ — Singh S ~ —+ — Singh
= —+ —NCSR R, —+ - NCSR
Lo oo : ~~ .
30 b\ - —z'glﬁyf 0.87 Ny \\l‘\ ~ —e - 2'§I7j‘/zt>,
+\ ~— \ \‘G
29T e ~ ™ 085 R .
Teeee S % —— N it
28| o i 0.83 T I - T N
e — e~ g
... — I
NI e ™ %
27— T e ~1 0.81 o —_ '\\ 1
T T
26 L 1 -._.,,:_ T 0.79 N N L
10 15 20 25 30 10 15 20 25 30
(a) AN[F M FE ARUEZE MY PSNR $E (b) AN[igg i br il 22 1) SSIM ¥R
(a) The average PSNR versus noise standard (b) The average SSIM versus noise standard deviation
deviation for all the test images for all the test images
Bl 5 ANIn]g S brdE 2 1) PSNR SS{E A SSIM )1
Fig.5 The average PSNR/SSIM values versus noise standard deviation for all the test images
(b) itk 7 P R
(b) Original HR image
(c) Bicubic 5% (27.16 dB, 0.6725) (d) D + B 5% (28.56 dB, 0.8988) (e) D +Z %k (30.59 dB, 0.9173)
(¢) Bicubic method (27.16 dB, 0.6725) (d) D + B method (28.56 dB, 0.8988) (e) D +Z method (30.59 dB, 0.9173)
(f) Singh 5% (30.66 dB, 0.9175) (g) NCSR /77 (32.04 dB, 0.9276) (h) AT (32.65 dB, 0.9333)
(f) Singh method (30.66 dB, 0.9175) (g) NCSR method (32.04 dB, 0.9276) (h) Proposed method (32.65 dB, 0.9333)
Kl 6 KGR Church @ FPR 4RI (355 M ECT 2> IR 7R PSNR il SSIM)
Fig.6 SR results of noisy LR image Church (PSNR and SSIM values are shown in bracket)
#3 EdmPPRER SCM HHEK (o = 20)
Table 3 SCM comparison of the reconstructed HR image (¢ = 20)
ik Sail Woman Racing Bridge Man Church Butterfly Lena Ppt Status
NCSR 1.35 1.92 2.62 2.51 4.08 2.00 5.96 2.46 3.50 5.24
Proposed 1.09 1.71 2.27 2.22 3.80 1.79 5.46 2.08 3.19 4.94
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(2) IR RS ER (0= 25)
(a) Noisy LR image (o = 25)

(b) S5 o o e A
(b) Original HR image

() D +Z (24.73 dB, 0.8257)
() D + Z method (24.73 dB, 0.8257)

Bl 7 WS Butterfly #3 Hi g R LLEL (5 W IEC 723 378 PSNR H SSIM)
Fig.7 SR results of noisy LR image Butterfly (PSNR and SSIM values are shown in bracket)

() Singh 57 (24.82 dB, 0.8222)

T3 T PRVBREE. m Fa T 6 B8 7 S AE 0 2k I v g S I
R, AN, D A ARG R AR DI L 2
DR BR 22 53, T adkoK, Il S 59 10 Gk )6 B
P R TTFR AR, R ARSI b o IR KE 0.01,
PO 10 2% K RERL A IR BE 22 3. K 6 A 7
FTLUE AR SCT7 R g 45 A A6 X A T 4 4
VST A0 AT RN TS L LT HIE M, T
3 DIl A T DX 3, 5t LA ) T A
B R PR I b, AR 0 e g R
SAMSUNG GT-19508 Ff#& % #14% (ISO 1000,
BEEITIA] 1/17s). & 8 LLER T BUSE M UG 4y
PR A IR, WIS B BT S0 AH R R PP 4 45 L.

3.2 iB{THE

ARATHEAT SRS AT I A ) LL L. Bicubic J7vE
(Ryiz 47 i [A) ] LS AN TF, BRI AT A . BT 5
IS AT IR #RAH ] (Intel CPU 4.0 GHz, 16 GB
WAE). X 4l FAT AR RS BTl k1] 5,
AWK T W RRAEZE N 20, 43 HEEETBON PR 143 5l

(c) Bicubic 5% (22.22 dB, 0.6162)
(c) Bicubic method (22.22 dB, 0.6162) (d) D + B method (22.99 dB, 0.7878)

(g) NCSR /71 (25.95 dB, 0.8371)
() Singh method (24.82 dB, 0.8222) (2) NCSR method (25.95 dB, 0.8371) (h) Proposed method (26.33 dB, 0.8618)

(d) D + B %% (22.99 dB, 0.7878)

(h) A3 57 (26.33 dB, 0.8618)

R4 GFEEBEB PR EAIBITIE (s) B4 (o = 20)
Table 4  Comparison of the running time (s) of

different SR methods on noisy LR images (o = 20)

Mg KT/ R~ID+B D+Z
2/320x480 0.5 1.3x10 0.5x10% 0.6x103 1.4x103
Man  3/480x720 0.5 2.5x10 1.0x102? 1.6x10% 3.4x103

Singh  NCSR Proposed

4/640x960 0.5 6.4x10 2.1x10% 2.9x10% 6.1x10°
2/256x256 0.2 0.5x10 0.2x10? 0.2x10% 0.5x10%
Butterfly 3/384x384 0.2 1.0x10 0.4x10% 0.5x10% 1.3x10?
4/512x512 0.2 2.7x10 0.9x10% 0.8x10% 2.2x10?
2/656x528 1.2 2.7x10 1.1x10% 1.4x10°® 3.5x10%

Ppt 3/984x792 1.2 5.5x10 2.1x10% 3.8x10% 8.4x10°
4/1312x1056 1.2 14.7x104.8x10% 4.9x10% 14.6x103
2/170x138 0.05 0.2x10 0.08x10%0.05%x10% 0.2x10?

Status 3/255x207 0.05 0.4x100.13x10%20.16x10% 0.5x10?

4/340%x276 0.05 0.9x10 0.3x102% 0.23x10% 0.8x10?

K20 3. 4 A ERFEM ST R, LA,
Denoise+Bicubic J7iia T & &, HIH 3 HHE
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(a) Real noisy LR image (b) D + B method (c) D + Z method

% oo

(d) Singh 57
(d) Singh method
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Denoise+Bicubic J5 s 17 B [AIANRIBOA K48
L N B e B 4 R D | B e B e SR WY R T el
TR T (R AR SR st e DL R B i B e 56 i v B, B
R AE N O(o*n), H, o NHCKFT, n K5
PR BB IR R REH.

30.0

29.5

29.0

285

PSNR /dB
NN
[ ®
n o

]
ey
=3

26.5%

i
26015

L i
10? 10° 10*

Running time /s
K9 g (KR A B K P B L S AT I ) 2 1 LE A&
(0 =20,0=2)
Fig.9 PSNR versus running time for different SR

i
10!

methods on noisy LR images (o = 20,0 = 2)
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r
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(e) NCSR #.i:
(e) NCSR method

B8  EAMEF KIS fan B PR RILE
Fig.8 SR results of real noisy LR image fan

() A3CT7k
(f) Proposed method
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