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Super-resolution image reconstruction based on sparse threshold
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Abstract; In order to solve the problem of the time consuming of the super-resolution reconstruction algorithm
based on dictionary learning, a method of super-resolution image reconstruction based on sparse threshold
model is proposed. First of all, the over-complete dictionary couple based on the theory of joint dictionary by
method of sparse threshold is obtained. And then, the sparse representation of feature block image is represen-
ted by sparse threshold OMP algorithm. Then, the initial super-resolution image is reconstructed by the high
resolution dictionary. Finally, the global optimization of the initial super-resolution image is improved by the
modified iterative back projection algorithm, which can improve the quality of reconstructed image. The exper-
imental results show that the average peak signal to noise ratio( PSNR) is 30. 1 dB; the average structure self-
similarity (SSIM) is 0. 937 9; the average computation time is 10. 2 s. This method can improve not only the
speed of super-resolution reconstruction, but also the quality of reconstructed high resolution images.

Key words: super resolution ;sparse threshold ;dictionary learning;iterative inverse projection algorithm

s B #A:2016-05-11;1&1T H#A:2016-06-13
EE&WE MADEE F K E S8 E A EAE I H (No. YA223FQ141)
Supported by Foundation Project of State Key Laboratory of Applied Optics of China( No. Y4223FQ141)



54

] BH 25 « B P 7 A P (R e 533

1 7]

e

R IR B R B — R BT R AL
HAIARZ — o R E R n] IR BE S
oy PR BR 73 3 A R A, 52 B X T 45 w85
PR MO BIR ARG, i T2 B F
PRI RO 247, R 73 B 24 P 450 L A58 DR X T L i
A PRS2 B i o B R B R E A — Fh
RIRAS H DR T 15

e G A A D7 20 PG 0 9 3 2 2R 4T 20
e, — el Lhg3 Sk 22t P4 i AR Bt P 5 A
B G PIAEIY Ho, Z i E R )7 5]
I BB R R B By 51 AT PR DL I
TSR G , WIS B 430 15 o FE RIS
DCRCASER T D0, SR 5 20 A B R i 2 Sk
IR XTSRS B, T2 B A
BT I W T5 8k WAIZRREAS o 3 HUIT 75 14 i 0t
Ak, DT X i A B B ot AT 4R 0 A Sy B
191 R, SR W SR A
TLWEMFIEET 2~ 3 Fh o $iH F AL
PR (E O = AR (B AN AR T (45 s 2 TR iy
PO B DU TS BRI AR
BOLEMIENAE 7 1445 B T o I T ik £ 24
RO F27 ) FE T 7 dr ) Uik aF . IR
(B PSR fy B 330N Py A B BE AR
ER P REWR R G A0 15 5 B 0, BT 3 1 1%
o AN 1R 5 T S 1 O o A ST A Y
IR, BEAE— 7 e REMR At PRI A1y, (2
TSI & 15 82 ARMER ] —Fh e
TN FCEAT R R 38, 7 B OO AR AR B R 1Y
THOLN ARG TR MRS HATR 2 e
# EEUER R T S WM LT O I %07
ILBENE SOMR Lok i, 3l o 5 > R IR R AR
ZI R FOR B G, H T BT IR T
e ELYE AN EAL 7 I BRI AL Y B 22 1 A1 £ R o

He oA 2] TR A AR m (R R
PR e 2 (] A6 [R] 4 1 , M A PSR 5 20
R EN . Freeman" 2 H {19 JEF- 071
Bk SRR T R ] ) 29 SR A T RS K R

FEAYAF . Sun % N LE Freeman 3% ) H: At
PTG, T 8 D PR RS B R S s
PR TT IR B P B 2k R, i v PRI 1 Tt
Ho Yang SF N HRH T TR B A R 1 G0R
OrHEAREASE ER AT IR BLAs , AMHE
PR T A2 PG P o 0 SE B P 2 F, T ELRE A8 A
fesenE B G N O (N e N A P
FIR T Z I TR B R E  FER E A A
PEFLL

ARTCAE Yang $ H 15 7 S 2 B8 10
il -, bt O g s SR M ARk, S B
P BEREA . W U HER B e
PRI X H ATl 0 HE AR PR EA

2 HmATAANRE

2.1 ERERIELR
PR VR 1) 3 9 R ) R 4 o — R A1 4
PERMEMR Y, W TR — 5 5% 0 & 4 BERAR X
WIS 2N AR5 R Y 2 o BERER X i
TR RN 2 J5 159 20 i UG, G AR B A
LA :
Y = SHX +n | (1)
A, S &R RS I, H R BRI I, n RoR
WM R T LA
X = arg min | Y - SHX | 3. (2)

Y — MR PR EUR, T AR M 295 5%
PR AT A YK ZAR 2 3 0 MR R . Yang %6 A
P& T I T RS HR B S50 A AR AT BG4

DeR™FRA—THA KAITLHE(K>n)
A& 7 W FIES X e RATLIA S 52 %
T D WA A FR

X = Day, lagllo =n, (3)
L, X FoRE PR ENR Y FoR R HER EIR
(ECE PRI SR A AR A3 PR R AL ) o D
oot X LR rE LI e s AR V.

Y = LDq, (4)
P Le R (k <n) JE B A . HRIE 00 3
W BGRB8 T B 2 AR

K
oy € E7,



534 o E A

9%

AAE ITE o 7853 7 i 116 00, AR 4l e 40 ek
FIEE T R B Y RT L  a f E E
ADE=N RS N

WEIMR X 5« A BB S 58 &7 D,
e RV TR

pi =Dyg', gl =K, (5)
X, B G BB R m Sk 3RoR K Kol
FERT T D R TR, ¢ 1 1 R R [
FEFITC R B NE R XTI 0 B 5 e
XF, () fTLAS3 .
pi = SHp, =SHD,
(i =1,2,3,,M) , (6)

PRGOS A R (] 7 s i % 4, Bt T LA S sk
SKARAR 53 PR EUR B 0 Rl i 3278, SR 05 a3 =X
(5) SRAFAE N 1) 55 5 HER UG
2.2 BKREFHFET]

PEIAR 1R 1 2R 7S 1 — 1 D B o] A 4k 3 it 5
TR T 45 ) — R = Ko PR AR
X" X U275 30, FR I 25 0 PELZ K00 Hh i B
B AR FE R B R e A IR A5 3 0 o8 &
#, Horr D, RN T 5 4 BER R PO g 1Y)
I SE A T T T Y DR AR A RS R
TR 2R W3 78 &7 3 245 200y D, DT
BRI A . N— BRIV GHEAR X = {«,,
Xy, x, LA IR B e A i, AT AR IR D

D = arg min IX=-DZ|3+AlZ],
s.t. |D|3<1,i=1,2,--K, (7)
P, Z W L a0 7 IRIERBrE, D AT L,
A BR ) 45 1 A 25 B B RO B k. =X
(7)AESCHR ™ A 5 PR T )32 BIF ST
XHFRAR A BER EGHo P = | X" Y] 7
SR SR Y B, IR P R BB B S A TR
MIFREL R o Horh i B G AMIR o B 1
G Bl A 7 e 7 [P AT DAREA T 40T 320
D, = arggg}g, IX" =D Z|3+A1Z],,(8)
D, = arg g;;jg I X' =DZ|;+XZ], (9)

% L& E A B v e A A M TR PR R 2, o 5K
(8) A= (9) 1 H A R RS &, 8 1 18 745 o5 F 20
B B G F A R R g 2 -

min [~ [ X' =D, 7|2 +

0.0z N
1 1 1
G IX =DZIT A+ 12101

(10)
o, N B MR AR RS SR R e e
R R K E

AT (10) 347 Al A5
min [ X, =DZ|T+ANZ], ], (1)

{

/\I:P:
/L_X” /L_D”
X, = N D, = Mo (12)
Lyl LDl
M M

FE MG R, 38 X R B AR 43 B %
Q2405 B R 7 Ab 3L, e 815 21 B 4 i
S50, A ZRE A AT DT R BUIR o R B R
e V' o ERAE , Freeman > fiff FH 25 451008 i 284 BUIG
SRR R B 1 3 2 A 8 Sun S {68 P G 3o
PR U P4 B PR 1A % B £ B 5 Chang 45 L1
o FH A2 — B R0 B Ak 20 108 2 B BUBRUIR RRAIE o
A SCELERT AT ARSI, (5 R A 2 4 4> —4EE
?ﬁ%&:

fi=[0-1,0,1], L=/
f=1,0,-2,0,10, fi=f

HEGHTERUREETR R 4 SR A0 R
FHRE

(13)

3 A THAEBRAGE,HEBREN

3.1 HiEH{E OMP &%

PR 1 2 s 1 Pl 160 70 e M) ) o
A 3 E LS, M s 2R W B AR P Y18
ATy B B A R B iR o AS S A i A L Y
{EARPT) OMP J7 35X [RGB I TRt 2 , B

q=argmin|p-Dgl|s+A|ql,
¢ , (14)

s. L. lgllo <t
K, q HEG B RN, A FaRARINA
B,re (0, +00), TEAH, | q | FRq WL



54

] BH 25 « B P 7 A P (R e 535

i P R ¢ B TBEAE 235 ) B AR 7 1 1B A 7k
JEE A I A P % PSNR'Y FESE I 25 5 2 1R
WA EUR PR B B {E ¢ BOEHN 6,

52015 B M J5 S R o R AL R AR
HAREERVE T, AN [F] 9 5 M 5 ] BE AR A5 A [F]
A E A UGB o FEFEA T 3 ] g R R I A
Wi 2 n B, BIFEC (1) JEaE Eon A &4 BR
1% || Z || o <Threshold , 7~ Hy

D2} = arg min | X, -DZ |+ A1 Z],

s.st. || Z ||y < Threshold
(15)
N T ARUE AR 2 B R GO HA AR
FH, R (15) I7iE NSk D, F1 D, 5 xR
AKX (15) HEAT SR A, RIS x) =7
SR D, FEAT I E , SRR TE I e B IR AR 1Y
Wi i 27 Z 3 SR I5 PR E MR B R 7, SK A o7 Box
D, HRMRBHUIT
AR 1SR IBEHL W M) R A 5 X D,
PR 2 [ E X D, IR AR Z5 4
=0 (14) [m), B .
Z =argmin || X, =D.Z |5+ Al Z],
s.t. || Z| ¢ < Threshold .
(16)
il (16) [, il bR i F g 19 {6 OMP
AL TOR AR 5
IR 3 [ E MR R Z, 0 5 DS

P (15) [l B .
Dc = arg n})in || Xr, - D(‘Z || g‘ (17)

KA, K-SVD™ B3 sk AT oR A 5

IR AR E PR R AL 0, 75 5K (] 45 R 2
ISR
3.2 BUHBERRIREY

SR BRI 2R AR 2 TR PR EUR
WHIREL N ¢, = o PR i G ST LLSR 1%
x'=Dyq', HE AR B B S E B G (v 5
M Bicubic Jfi (B K B G S 32 B IR0 5 B4E &
AT ISR = o PR B X, TR FE#
I FEH AR SECRE L Y = SHX, % X, i
TrBGE A A B0 1R = e PR R RE X o

SHX =Y.

(18)
X E R BGCR FAR R BE L  R it
(18) WP Ab I BRI e i i AR R 3 s,
HEE TR -
X, =X, +[(Y-SHX,)) Ts]®p, (19)
X = (1 -—a)X,, + (a=-B)X, +
BL(Y -SHX,) Ts) ®p , (20)

Ko BRFRE, T HSEREA WS, H
LB T 2205 — o & F. Y = SHX = RX ¥
R R=C-T, i C ZIEx HY TR
Mo o B REIBUEIEFEFT W2 0 <a <2,0 <
B <20/ A FMF, A R CT'R I I3 K FRAE
"o Y FR AR PERIEMR R = SH Jg I R 4
M, 1 s R RE T, p e REGEHR T, A
SR FH 2 e T i e 245

AT T H TR B (. OMP 8 43 BRA5 7k
Fc AR B L . G B E R
FEA SRS R R U 2545 20 10 = AR A et 58
D, D, WK 38 3 B (1 53 % A R B
AT AR , AR e o FE R A T R )
ey T =R BUNL Gl LY AW & s 8 0 RE9 ]
WILHEE S HHEG SE T 2 /AL, 3 — 25 3 & B R
PG T i, 3 P R AR TR R SR B A AP R
I

R AR BER MR Y 51T Bicu-
bic f{EFF 2] & 20 PR X, il =0 (13) S8 s
1R BFE BRI F AT o0 B A B EHG EEA {pi |5

AR 2 6 B ER He A I 45 21 5 U1 25 i
D, R R i g (. OMP B33 3K i =X (14 ) 1%
G ERRR g

R 3 R4S 2 1 5 o3 Pe 72 i D, ok
R PEREBI ' = D,g', 1 { o' | FLA Bicubic
FRE RS X, 4 O 2 i B AR AU A )
PR R X,

AR 4 -l F Ok 3k A R B R SR X,
i s X,

X* =argmin || X - X, || st

4 FERWRG R

ARFRFF R Matlab2011b 455 , T PR3 55



536 W [EDE2

%9 %

CPU 4 Interl (R) Core (TM ) 2 Duo; F #fi
2.79 GHz; A7 2.99 G, BlHLIEHRSCHR" 18114 4
W 10 J7 % ARG R U R R el ARy
A YIGRFEA . Horp, BRIV E 3 x 3, 1R
PR B e R E & =0 4R F 8 K/ R
1 024,80 D, e R°*'™ D, e R F i)l Z:1
EACURE R E 40 (4 0k 55 1) o o s ALk
ZH:A=0.18,a=1.67, =3.31, &M I, Fx
G 5T o R (L {5 148 Lk ( PSNR) FHENZ 4544 H
HMBURE (SSIM) 20 Wiy 34T PRA . 9230 3B 1L
PG AL 31 e AR o PR P8 Hh 1 RS A T3

21 RAnE QR il st 3 ROy K S R
ZE L) PSNR Fil SSIM A9 FbA 45 . MWK 1 AT L
F i, 1€ PSNR F1 SSIM Wi J5' 1 , A%} F Bicubic &
A Yang BRI E5 S, A SCRL A5 219 PSNR F1
SSIM %5 #B & fe i 1) 3 3 & L VE f Jr =X %t
PSNR FI SSIM i) %5 {8 #F 17 bb %8¢, A SCYF 4
PSNR 2 30. 1 dB, - SSIM 24 0.937 9, 4%} F
Bicubic 34 PSNR #2557 1. 4 dB, - SSIM
P2 7 0.021 4, FHX)F Yang 3 °F-3) PSNR 4
BT 0.6 dB, -2y SSIM #2557 0.011 1,

®1 3MEZFENEGIEEREL (PSNR/IB) F14545 518 0LE (SSIM) Xt bk
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Barbara 26.2/0.880 1 26.4/0.887 0 26.7/0.901 5
Bridge 24.4/0.870 5 24.8/0.899 9 24.9/0.903 0
Foreman 31.2/0.908 7 32.0/0.915 3 33.4/0.932 7

Lena 31.7/0.954 9 32.6/0.957 7 32.9/0.968 2
Pepper 32.4/0.969 9 33.3/0.965 1 34.3/0.979 1
Zebra 26.6/0.914 9 28.0/0.935 8 28.6/0.943 0

(a) X W B4 () R EE (c) Bicubic T Z5H
(a) Low resolution image (b) Original image (¢) Reconstruction result by Bicubic method

(d) Yang EEZH
(d) Reconstruction result by Yang method

(e) ASCHAEL R

(e) Reconstruction result by our method

BT 3 A5 HER Lena IR T LS

Fig. 1 Results of 3 x super-resolultion reconstruction for image of Lena
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(c) Reconstruction result by Bicubic method
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(e) Reconstruction result by our method

B2 345835 Pepper Rl B 45 R

Fig.2 Local details of 3 X super resolultion reconstruction for iamge of Pepper
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