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Abstract:
weight are fixed, and the best match patches of the patch to be filled are searched in the whole source region. However, it decreases

In the existing patch sparsity based image inpainting algorithms, the exemplar-size and neighborhood-consistence

the connectivity of structure and clearness of texture while increases the time complexity of this algorithm. To address these prob-
lems, an adaptive image inpainting algorithm is proposed based on patch structure sparsity, in the light of the relationship between the
characteristics of damage region and patch structure sparsity . According to patch structure sparsity value of the point which has the
maximal prority value, the size of patch to be filled, the neighborhood consistence weight and the part-search region size are adap-
tively confirmed through setting some parameters, then these parameters are analysed and discussed by some experiments. Experi-

mental results show that the PSNR is increased by 0.3 ~ 1.2dB and the speed is improved by 3 ~ 7 times compared with the existing

algorithms.
Key words: image inpainting; patch structure sparsity; sparse representation; consistence of neighborhood
1 E= BRI (R I S5
=

B BB 15 5 Bertalmio % T 2000 4F 42 H, &
A FHASAR P10 1 A5 R, AR — 2 1A B0 sEORL U )
AR DA T AN, DLk B 58 b B OR i+ 4F
kBT RIR B BTGB T PR K Jig , I 27 3
PIPRAP RN R T 1 O] 15 2 i 45
O Ky MR AL BT — A E 200 52 BUA R 18
SATA3 R TR 3 O R I R AE S SR S T

Wik H #1:2012-06-07; & 71 B 11 :2012-08-23

Criminisi 2P H T 38 FREAR e i 16408 52 500k
AR TR 2 A S AU, SR S
PELL B KA e BUE S R O B HVE A S R AR e e, 78
58 DX 358 r AR A1 UG P 7 0 9 2% 5 1 0 7 B B A 4B g G i
st 7 2 o Fe e p A XSk 25 s TR R E AR
%, EHE R R E 2 W X IR 5E e E S H SR 3]
S E BT A A R s L R DG T o U S 4%
PSS ] BT R BEAR L A AR 40 F 0 10 7 B EL S

T E K B AR5 (No.60970122) 5 Hr 9 AR SEABHIF L 55 & Wik 43 (No. SWITU09CX039, No. SWJTU10CX09)



550 H +

2 2013 4f:

AESDC B0 5 K70 IG5 R DG o U 2 5 ) P4 1
1652 Fih , 5T 41X 33 WA 1) B8R T T IR ARG . R
2 S o VR I 52 R B 2R A S8 2 S5 A IR A LU R
SERHR Y10 7 B . T 0 A DB B (0 L AR A E
DG JE ) o, W T D IC R 5 ol LV ) 22 B A
A3 Ia B PG 5 R 0 000 3 e 2 i S 3 7 0
VCHCHED . b A 37 34 1 e -4 B A9 S5 A8 DG e e 33
FERNBE R X Sk p 2, B 0B S KR ™ A By S
BEHON T R T RN 5 B4 AUV, Wong 25T R £
ANDC JE B 1) 2 M AR Sk 35 7 45 B iE 47 35 78, Bugeau
2SI O (i 43 7 R 2% 18 18 R B P 249 S0 IS T £ 6
PEATARBR, SCHR[9 1R XL 37 B0 B 4 R 7 i 51 A B
FEASUE R Sk R SR ms a] DL — i 78 B 1] 55 sk
3 FEE A SO0, H 2R A8 5 DX P B S B &4
PR T 2 s A T8 R 08 221 1) L P A 5 0 R e R M A
P4 5 0L S oy e Ry U A AR B T R
FHLARTE N B3t A B A1 5 25 R RE AR B B 5 18 R
L2 WD AR BN, 5 3 85 3800 . SCHR [ 12 K REAS B
7S () U AL SRy AN 58 3645 5 i it = m) At , ) 144
R E M SO B 458 DX IR AT A 8 2R I AT 5 Wang
2 N\ TR He 55 22 DT IC B A Sk A R B, )
FHAE U R R A0 oK ff s I 725 8 ANt SCiik (12,13
PR SRR [ 3 TH AT S B E 38 T 16 R ff e B 7 )7
AREARLT PR R & 5T EE v 25 46 38 40 1) 7% 51 . Xu 1
Sun V) FFT 45 R R 5 B S S FE T K 24 DE i Bk
MR E MIH G R, -2 E TRBRERZDY
JFcte 0 SCHR (14 ] BTS20 07 % B, %38 WA A REAR B 1
ARFFGERGT 43 1) 328 B MR Ko 235 A6 F0 a0 358 40 1Y 1 M b
SEREAR TR I /I 208 35— SO 2 3R KN 3 R 24
0 HAFETH S B A = W a2 R & R4 R R g
TR

BT SCHR [ 14 AR BB, AR SOt 3 T E 254 7
B RE 1 30 L R 18 52 0 . e 245 4 T o B BB R AT I
W AE A BRI Ak DX 3R R 1 AR S VR AR 4R e 5 4 7 8
TEAEREA R R /N A AS B S B 3 — B 29 o, H 3 B
R B 48 05 8., REUS 3 4T 1) PR+ R 4544
HRAY A2 5 P B ST S8 10 T T 1 5 9 4 i B &5 44
B RE(E F 3 e U R X SR/ BRI RE . 5
SCHR[ 13,14 ] X bb 2 56 25 SR 3R B, A SR IR A /N R
WediE 2 I B AR BR 7 1 3 3K45 T 547 I8 =2 0R
[) o AR SR VR A SCHR [ 14 VR B s STl B 3 ~ 7 £

2 REMFBHRERRBERT

2.1 REMBRE
FHBEEEG 1, BIXEN Q. LB R 6, b
p BOAHGSRNTRE R v, SRS S (p) &

XA

CIN(p) |
S(p) - [ke%;,nw%’k] | N(P) | (1)

Hep INCp) 1R L p R s i — A 4B S (R T4
AP ) PITENEG IN,(p) L RES N,(p) T E
N @, REARS W, SRS, BRI . N, (p)Fl
w, I IE S -
N(p)={kIkEN(p) and ¥,cI\Ql (2)
wqu:ﬁp)exp( ~ d(\Ifzs,g’k)) (3)

Hoh @ FoRBEAREZ [0 O MG R SR 5 s, 7
(p) RIEH— L HL, 515 Zkewa,,,k =1.

BB R BT AR 00 KNSR, T FEAR e T Ak X 3 174
RFAE , 24 HR5 F 775 0 13 (20 Kol ¢ 7 F I 4% b i 4%
SELERERAL , RS /N30 A T S0 X, fe /N A
3 DI, LAATIE B 1 L STk 14 ] .

2.2 BRBHRRE

B v, ATRETEY, FORE 205 0 5 B v, 1Y
MR B ARG B AR W, ) oy M A
LU Ee e R M AN VC R B 3 R i S e

v= 2" o, (4)

Heh, O, WRRHFEREE, @ = {a,ar e, ay | B
FoR B R F R RSB W, A PR S, e
—E AT S O AIE BT A, S RSN 6

(DBHFEREE & SHEHEEHR v, M0
43 74 HEE -

|Fo,- Fo,[|*<s (5)
(2) Jg IRIE 5 AR 1B 1 e 28— BOME, W 2 15
B W, AR ETE W, B S EA F A
BlEV. -EX .\, @u¥)| <6 (6)
For | B AR — Bt 24 T AT 28, K A
2y AT .
T RF AL L AR TR
argmin{ Ha”o} s.t. || Dﬁ’p— 'I’TH2< 0 and ZiMaizl
(7)

Horpr
D=[FE]", ¥ = [F¥, BEX., o] .

RAFITREA (D) BHRET R @ = | ars a0,
| T SR AR B W, IR AT B, B
EV, = EV,.
3 FXEE

B SO 14 )50 R R UF (5 M £ 6 % B



3 M

ERTT T BRAS M L ) O N PR A A 0k 551

TG A5 B | ELE AR V8 5 2 B o 1 ke, 5
TR 2 R R A e T b ISR e Y O R
T M HO R B A 1138 I PR B s
WHHE R RN 1B R IR Q08 -
(DB FED R 69 LB & p 1L e AL
P(p):
P(p)=S(p)-C(p) (8)
Hirh, S(p) B ES M B, sk (1) iR, € (p) W
TERET, i XH
Cp) = > Cl |, (9)

€ rN2

Hop, Cc(p)FomkiA v, ha S CAFEENZ D, 45
pE R, C(p) WG I 0, BRI LA Ky 15 [ Bf PR 5
SER TR G P AT BT, W L AT e AR 4 fi
P HIBUETE Y 0.2~ 1:

S(p)=6-S(p)+0.2 (10)
H 0 IRF 1 IE L.

()RR SAUE R p,, MG S(p, ) BERA
Bewd 11242 w A — Bk R BGRB8 R X I,
W BRI 3.1 R 3.3 7.

(3)EI R XSG SSD(Sum of Squared Difference)
R AT M A BB IE R W,y

(OIPEALTE B B & N AR i 2 m 1 48 205 2
85 M A VCECH R B 2 , B A0 B 3R R (5 B I 7 5
v, .

(5)HHTEAF BT, X T v p' € ¥, N R, &5
BRC(p')=C(p,); BHFHERE X @ KA
S, JERHE T A LU In SR IL JeAU . R 2P BR
(2) ~ (5), B 2B X 2 a7
3.1 BiEMFARLEOKN

FREAFEFEAR I KN IR B E 45 R — 2 %
M), #7 FEAS BB IBOR /N, TR A A B A 5 2 68 1) S B
FEL A FEAR e B K, I 2 5 O A B S B B
PR35 ) it L ) R/ N B A IS 1 AR AR B il A IX 358 )
AL WORF R SR A T 300 G S 25 0 5 HY 1 L D I, I 328
BRBNREAS B 1 DA AR5 25 0 5 8 1 8 38 15 24 7
FHCHER A i), B S BR R R MR AR B g 11 AR R Br B
FRAE SR ME HAS 25 2R 200 S RS 5 24 0 - 3 5
G SRR A R AR A S g 11 LD s A H ROy K 42 4%
SN = L E 3R a0 BT SRR AR B T A AR ek R 5 B
SEFRFR G A /N G R TN, B A s i B A K
B U I RE A B B O, [ 22 IR, TR AR S ik A
AP R w hy

2’ S(p)2A2‘<pmax_pmin)+pmin
3’ A .(pmax_pmjn)-'—pmin<s(p)
w= ‘ (11)
< A2-<pmax - pnin) + P min

4’ S(p)skl.(pmax_pmin)+pmjn

HH Do Puia M T 25 110 00 285 ) 5 675 B8 1L 1) o K (L A
B/ME LA 5 A, 43 BIE0. 15 F10. 55, FLIRUIE 2 M 48 52
IR AR .
3.2 BiEMNPE—BMHEAR

SCHR [ 14 )53 R 11 502 1 20 3 — B0k 20 5, SR 1]
BAFERZ T Z R0, BG5S 283 A v AR A
— B T 24 SRR A o AN — A A — B £ R ) R A
A ER R B B S e, Xof AN TR) X 38 AT 3 i PR 4 B (B 3RS
NGRS G AT T £ 15818 A w2 311573
PRI 55 08 1 R R AR, D 7 SR BB /D 114 48 i — 38
PEL I DAL 285 48 358 43 10 385 B M 5 X4 1R 3 R B o
TR A3 B PRI HL 5 0 385 ) R B PR 5 v Dz SR BB v 1Y
R332 5 AR AR B AL 5 4 BE 00 . A SCAR
S AE i B A A S B — oM 2 R AR
£ PN R 7 AN EE (== o (= ST U e = 03/ S L
P B 5 FA 5 7 (L %) 1 T R et ) A i B A A K
INEFRR B — B 2 A RN B L Y BT R A
B AR B0 2 (12) 5 , DR B &85 /) 7 858 B2 (L FE 0. 2
~ 1 Z[8) A3 RE R R T 1, R LA LB R B o, A S
o he.

B=1/(p-S(p)) (12)

3.3 BENBmEHRXE KN

SCHR[14 3BT R e B A s B R R O R 42
SR A . R AR AR, T 5 e 5 L AR B AL
B —E WAHALE , P AR SR R Jmy 33 48 28 5K s LA B 1K
BRE 2R .l AN AR AS He 5 4 R B A ], i
FAOE N A ). G S n ] F i 2 B 8O3 X
A, 5 AR IR AU BTG, 7 36 B A R A 44 2 IX 3 D A
TEREY R B e L VT FL B s Y B o 7 i XS, I
SRR AR Bl A v, W] SR A /NI A R XA DA
TR B (1) A AR B33 A 2% J3E . ) I AR 33 B 485 A4 4 i 2 (L
ST AR DX IR 56 22 0] AT, e g B R AR oK S
PR IR/ B IE HE G . DR AR SRR 35 B 255 ) 7 i
FEARL 385 0 6 1 R XA AR W, =X (13) R, R B
SRFRHEAE S(p) < 1, MLk v ZHAH v
60:
:{y-SQﬁ,Hy-SUO>30 (13)

30, others

4 LRERSHH

AR S H R Matlab2009b 7 8 T B, 76 Intel 2.
5GHz CPU (5 ML B AT I 5 3CHR (13, 14 155k 2EA T
Fedst , R B A5 M EL (Peak Signal to Noise Ratio, PSNR)
Je a5 FELLPE (Structural SIMilarity , SSIM ) [15] VE R 16 B 3k
REMIEMAEHR, PSNR B A F R, Hrb f
g o3 ml 2 I AR R A B 52 R



552 H +

2 2013 4f:

PSNR = 10 * log
255

(kxS 2" (G - gCi)?)
4.1 /MREBHEESG

B 1~ 4 45 T B X /N ROBE i 43 % i 18 42 465
HrpFE (a) ~ (e) 205 R 4G E G i 6 S STk
(13 ] AE 2 BOUR  SCHik [ 14 1553248 2 BUR A SCHR 72
B3R . B HE S Je A8 2 X3k, 144 30 ff Ab AR T
FESE N2 X3 R A T . B 1 3¢k [ 13 ] 5% FH Sk [ 3]
Hh OGS A R R T A g fa g, Bl T I S AN

(14)

(b) HBER

(b) WiBE R

E <l Ve Vs ¥

() CRR[1B1EE R
Bl /NRIRAE R B R RN

(c) SCRR[131E 5 3R

FRTEIE W 1(e) ~4(e) Bin. B 1(d) ~4(d) B
TRHGAET I GBS B ZEN S, JE T3
PR 122 D [ Ao AR R DR /I o 08— B R/ 3 i
F . T AR ST 125 AR B R 23 A s g B2 (LA A [ X3 8l 265
‘%Tqa#ZlKﬁ%j(/J\&”Biﬂi BRI, ARG ALY 5 5
R SRR I 0 {5 B B B R, A RS T

SRR 73 1A T B B S A A L i e Bk A
(e) ~4(e) Irom A SCHIEAE SRR A URE BEAF (1 196 22
NHRASEEER , HAL R WPFA 16 br B0 T S0k [ 14 153
L WRRR TRRE RS Nk 1 KR 2 s

(d) CHR[141ME S 3R () AICH BB

(d) CHR[141E L RCR

(e) AR HR

B2 DNRIBREG R BRR

i | ({{HF |
(@) B ER (b) Hif &

() SCRR[131E T3 R

e ' Tl
(d) CER[141BEBR (o) ACHIEBERR

B3 /R 1 R RN L

(@) BB

(b) HBER

() XHR[1BMER R

(d) CRR[141E 20 R

(e) ASCHHEAESIBOR

B4 /DRI B R RN

F1 {EEH:% PSNR (dB).SSIM Xttt
PSNR (dB) SSIM
E1 K2 K3 K4 E1 K2 K3 K4
SCHR[13] 31.28 32.18 32.34 32.49 0.96140.94550.9712 0.9416

SCHk[14] 31.53 32.85 33.69 32.76 0.96620.94500.9763 0.9416
ASCEY: 32,74 33.24 33.94 33.36 0.9694 0.9494 0.9780 0.9431

4.2 BBk

El 5.8 6 S HERR bR & AU B Hoh 7Bl (a)
~ Ce) o0 3 R b G B0 R SCHR [ 13 ] ke &2
B SCHR [ 14 B8 S 8UR MR SCRIE B U N
5. 6 FTLAE HSCHk[ 14 15k Re g Sk [13 13k 15 5
RS FRROCR | 3 S B Ry SOk [ 14 553 1 B8 I 458 3C
BR[ 13 13E A S MRS . T T A SCR AN K 38k A



S

£ 3 H

PRI T HRES ML 1 Al

IAGE A CFEE-RS 553

TN PR T REAR TR /N AR I — B 2R RS TR
SCHR[ 14 TGP p 8 ORI 5 (d) Hh 46 77 3 Tt e
Kl 6(d) Pk i E D7 i G )% PRy, P 6( o) H

PR BR IG5 5 A A i 2 — B R AN A SR ik
BOCHR[ 14 AR E S EA — &R s, sk 3 B
Ziy

K2 EEHEEZRBEX

EEET AN W E CHik[13] k[ 14] ASCEY: YRR (B[ 14])
&1 243 % 273 13.86% 1468.02 1190.01 301.31 3.95
. &l 2 243 % 328 13.74% 1905.51 1517.41 347.51 4.37
A1) (s)
[l 3 269 * 237 13.85% 1231.53 1032.91 288.01 3.58
&l 4 235 * 256 13.48% 1221.53 906.09 269. 14 3.37

(@ EeER ®) HF R

(a) J?ﬁ‘*l@

(©) SCHR[131EE SR L
Es BERBRIENH

© B‘CER[B]%E%I%

() SCRR[14]E AR

(e) Zli)tﬁ&{*ﬁ%%

) B‘Cﬁ[m]{éﬁﬁ%

Ee6 HIRBRMREXH
*x3 fEEEERETLE
EEET AN W E ST SCHk[13] SCHk[14] A REEEE (B[ 14])
&l 5 167 * 192 16.56% 983.26 313.76 105.04 2.99
B (s)
&l 6 314 % 420 4.50% 906. 89 1127.05 162.72 6.93
5 Mg paintings J] . SIAM Journal on Applied Mathematics, 2001, 62
=R (3):1019 - 1043.
SRR [ 14 B AN GRS I AR g A0 1 Tk & [3] Criminisi A, Perez P, Toyama K. Region filling and object re-

T OO 4 b B3 52 23k R R ) TR, A SR Y e T B 4
e BE 1) 35 7 [ 0 A 2k AR R 2 s
{6 3 L 0E U 18 SRR AR B 11 RN, 4B — Sk 24
AU e 4% 3R DI/ S 9 SR SR WA SCR v
SCHRL13, 14 V3R AE /N RO R S AR B 7E %
WLV bR MRGERICR S Sk e E XA 4w, sE it
W T ASSCRRE AT 28 ol T RTEE G H AR RS B 1 141
BAEE TRL, B AREE IR PR, RO A X B
Jite 1 B AT ST

S 30k

[ 1] Bertalmio M, Sapiro G, Caselles V, et al. Image inpainting[ A] .
Proceedings of ACM SIGGRAPH [ C]. New Orleans: ACM
Press,2000.417 — 424.

[2] Chan T, Shen J. Mathematical models for local nontexture in-

moval by exemplar-based image inpainting[ J]. IEEE Transac-
tions on Image Processing,2004,13(9) :1200 - 1212.

(4] AR, 2 LT B Shas g SE i i R IE 40 D712 00] . A
EhAk2AR ,2009,35(8) : 1041 — 1047.
ZHU Wei, LI Guo-Hui. Image completion based on automatic
structure propagation [ J]. Acta Automatica Sinica, 2009, 35
(8):1041 - 1047. (in Chinese)

[5] &0y, EHR, . —FH AR B G B 5k [1] 06
HLF - 06,2009, 20 (5):677 - 689.
LEI Ming, WANG Chun-dong, et al. A new exemplar-based
image completing method [ J]. Journal of Optoelectronics -
Laser,2009,20(5) :677 - 689. (in Chinese)

(6] 5K, IMEXS Wb . 5T 07 1] L B A6 AL 43 ik (1 1R 1B 2
[T 4, 2010,38 (2):257 - 262.
ZHANG Yan, SUN Zheng-xing, YAO Wei. Image completion

based on direction empirical mode decomposition [ J]. Acta



554 H +

2 2013 4f:

Electronica Sinica,2010,38(2) :257 — 262. (in Chinese)
[7] Wong A, T Orchard. A nonlocal-means approach to exemplar-
based inpainting[ A ]. IEEE International Conference on Image
Processing[ C]. San Diego, CA, USA: IEEE Press, 2008 . 2600
—-2603.
[8] Bugeau A, Bertalmio M, Caselles V, et al. A comprehensive
framework for image inpainting[ J] . IEEE Transactions on Im-
age Processing,2010,19(10) : 2634 — 2645.
[9] Wu J Y,Ruan Q Q,An G H. Exemplar-based image comple-
tion model employing PDE corrections [ J ] . Informatica, 2010,
21(2):259 - 276.
(10] ZRPER WIS . — i B 4 o 45 2 L2 3] iy [R5 26 1
5T AR, 2009,37(2) :347 - 350.
CAI Ze-min, LAI Jian-huang. An over-complete learned dic-
tionary-based image de-noising method[ J]. Acta Electronica
Sinica, 2009,37(2) :347 - 350. (in Chinese)

(1] FhES, FEME, 55 . 205 Mg 1 1 W B P58 73 B
FEILLI] . AL F2441,2010,38(12) :2898 — 2902.

EEET

EFF A, 1985 4EA TR R A,
FEHE T TR B R
E-mail : dan. 807 @ 163 . com

SUN Yu-bao, WEI Zhi-hui, et al. Multimorphology sparsity
regularized image super-resolution[ J]. Acta Electronica Sini-
ca,2010,38(12) :2898 — 2902. (in Chinese)

[12] Shen B,Hu W, Zhang Y M, et al.Image inpainting via sparse
representation[A] . IEEE International Conference on Acous-
tics, Speech and Signal Processing[ C] . Taipei, Taiwan: IEEE
Press,2009.697 — 700.

[13] Wang Y X,Zhang Y J.Image inpainting via weighted sparse
non-negative matrix factorization| A] . IEEE International Con-
ference on Image Processing [ C]. Brussels, Belgium: IEEE
Press,2011.3409 - 3412.

[14] Xu Z B and Sun J, Image inpainting by patch propagation us-
ing patch sparsity[ J]. IEEE Transactions on Image Process-
ing,2010,19(5) : 1153 — 1165.

[15] Wang Z,Bovik A C, Sheikh H R, Image quality assessment:
from error visibility to structural similarity[ J] . IEEE Transac-
tions on Image Processing,2004,13(4):600 - 612.

FARGBIEEE) 2,197 4F4E TR,
L, Rl , E 2057 I o BT R AL B,
17 B
E-mail : hjhe @ swjtu. cn



