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Image Inpainting for Object Removal Based on Structure Sparsity and Patch Difference

ZHANG Lei' KANG Bao-sheng®

(Department of Public Computer Teaching, Yuncheng University, Yuncheng, Shanxi 044000, China)'

(Department of Information Science and Technology,Northwest University,Xi’an 710127, China)?
Abstract Aiming at the problems of unreasonable filling order and the mismatch error in the image inpainting for object
removal,an image inpainting method based on structure sparsity and patch difference was proposed. Firstly, the struc-
ture sparsity of the patch is added in the priority computation, because not only the priority depends on the geometric
characteristics of target patch,but also its neighborhood characteristics are reflected, which can improve the identifica-
tion of the regional characteristics of target patch,so that the filling order is more reasonable. Secondly, the difference
between the target patch and the exemplar patch is defined,and the new matching rule is defined on the basis of this. In
the new matching rule,it not only measures the similarity degree between existing pixels,but also measures the differ-
ence degree between existing pixels and filled pixels.thus effectively preventing mismatch error and error accumulation.

Experimental results show that the proposed method can effectively improve the restoration effect, and make the re-

stored images more consistent with the visual consistency requirements.
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Fig. 1 Notation of structure sparsity
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Fig. 2 Image patches located in different feature regions

| /£

p(A)=0.0480 o(C)=0.9704
(a) R A () BB C

(a) ER R A () Efg B C

o(B)=0. 3222
(b B4 8 B

P03 ARBLEE PR K 235 4 7 i
Fig. 3 Similarity images and structure sparsity
B 3 AT LLAE 6 T A R R AE DX 380 109 181 45 e 10 &5 4 7
B R ES . BRI A iy o B fr F 7 0 Xk, H



55 M S

A AT KT PN 5B 19 H AR B BRI 1R 48 A 2ot

L0350 P AE A8 B B 2 A AL e, TRL Ot R 45 A 4 o 3 A0 5 IR
e C g vt S T 30 S K38, L AT 38 N AE 7R B0 B0 1 A
LB, PRI O L 25 0 A 0 3 K s IRR B B rp (1 vl B T AL
B3 JLAR 8 P9 A A B Bt D> T R B A T 2 T EIR B
C. Rt HL B85 A0 B B K F RR B A T/ F BG 8 C, Wik,
5 KR 13 T LA X PR BT A DX S5k 104 R A 0 AT A RO

2.2 RENHE

J T ARFE MRS ) % S 5 on B e W B AL T A%
Sl A L B0 TR A% M 0 S5 948 42, Criminisi 25020 9 A4 4% bk 2
SCT R SEAL AR B AR e AR/t s R B 1B BT . Bk

W, e TIN50 ELL p o iy B AR, WAL Fe AL
FE AR
P(p)=C(p) XD(p) (5
Hrf,COp) R BAETL D) WEHT . COp)5E LN
> Clp
C(p>:”7“”ﬂ;/)‘ (6

Hop [w, |38 ¥, KR/,
FIERG R Z LB F

Mﬁ(smuﬁtﬂ,mﬁ}%rha
o WIRALES . CCp) 1) 1 1R H

WHEHN:
0, VYpeQ
Cip)= 7
1, Vped
D(p)E LR
1,
D(p)zw (8)

Hh, I S p SR, 0, K p s WAL R
e WE—EF. N QOFTLIE W 2 p miny & HEL
PR 5 R R, DU B30 90 IO (K

GO AL e BUE Sy A T A0 B8 R SR B L B 1B
B AT RSB o i N AT A5 % H AR S T AL 67 B Y IR
FERRAL, S BUEE T A G 3, B, A ST e AuH R 5l
N H B G5 R R i B O B e AUE LR

P(p)=C(p) X (BXD(p)+rXplp)) 9
Her,pHy BNENF,H p+r=1,

(DO, D) BT H AR JUATFRAE , oCp) BT H
i B B S8 AR AR o R P SE B W] DX E A e i Ak DX 38 Re A
PEAT A BOBR A ¥ S n 4 2.

3 ETREREHTE NN

3.1 HBIRERE

ik v, B TRHA R0 ELLp il Hirdk, M
JEIAE SZHE I Criminisi F0 MRS SSD BLTE IR X 3K @ of
FHEHICE AR A Y, SSD VT EC LI 8 LoH

v, = arg mmssd(ll’wqf ) 1o

Eqﬂ,s\d(qfﬁ,qf VAW, 5w, 2 SSD BB, E SR
ssd (W, , W) =2 |MY, —MV, |” an
SSD #E0 F AR Lb A 1 B, (A2 25 5 il AR B AN 3 A 1Y
BEARHAC R A IR IG . M 42 AT AWM R E
15 B 4(b) SR E A E 0y B AR K8, AL T i ER S
2B 5 1B 4 (o) AR R SSD A I & 31 i) T AL A e s 18] 4 (D
BRI FREA Yo B AR P S iy 25

=Eejugel=sel=s"

Ca) J5 1R PR (b) H AR X 3k (o) FEA B (DR

[ 4 HEIR DT
Fig. 4 Mismatch error

FEE 4o i THASS BiRHZ [\ 1Y SSD{EH 0,
B H B ke A DB RE AR B . (HR N 4 (D) AT LLE L Fi
AEAR YOS HAR AT B S 25 3 L T ) Ot 22 AN AT 5 1L
B —BOER, B TR ICES . T L. B TS AR A AN ] 3
PE B E B E AW IEAT I8 R B R R, & T BT
H AR DXL AN T T A L 4 L B8 1 % 5 o DTG 52 il [0 4% 7
BERR,
3.2 [Cg#m
LT R B AR 4, BAR B bR H SRR AR P 22 E]
SSD {H 2 0. B H A5 He R B i 15 R 5 FE AR P R i 48 R
Ew AR E 2 BiR R HUR R SRR SR AR EE W
BERZ Y22 53K RSl IHE AR B Z Bir k), HARER
AR A 22 TR Y 22 e BOR,  BOU B R L R — B A 4
(DR, HIL, A3 Biri &, 5FAT v, ZRHHRA
a5 R

d:/(xp,,fo)fE\LgA‘f —LEMA‘f |* (12)
TE M SE Rl b 78 ORI E R0 2 SR
‘I/—arg mlnud(‘I’,,‘I’ ) FAXif(¥, ,¥,) (13)

Hrp, Aﬁﬂvl‘l% HERERN:
A=2M (14)
B2 (13) ) 1, A SCUE e B AR AN A &2 7 H AR Seh 2 A7
TR R GRS D CAAER R Z H A AR FEBE , M0 HL A 1
Hireh BRI R SREA YA JH LB I 18 R Z A 1 22 v

FREE B LLAT 2B 1k 5 DT T 2R A L 2 5 LR s SR
4 EiERHE

AR SCHE B R A T

Step 1 i F AR X3 3 16 52 HE B A7 3R 1% X 35k 5

Step 2 M TATHIRRE A R0 ELLp KoK
By A AR R (O IR H B FE T C(p) MR (O IHEH
BT DCp) MR 4 2 () T3 H 25 M # 7 JEE

Step 3 ARG () TR A He 19 IR Se AL, I 28 R AR S AL
R ERIAE R Binik @,

Step 4 XM TEHMEARASRWEFERXADITFHEHE Hirk
W, Z[E ) SSD ., R A2 i+ HIH S Hirde v, ZH M 2%
5B 5

Step 5
v,

Step 6 MR FIHHEAL ¥, BEZ Hir ¢, .

M¥, — M, 15

Step 7 MRAEX A6, HH HIR ¥, MR RN EE
WCp):

A3 B E 5 H AR v, i DU E R R AR B



258 AN I A =

2018 4F

A A
Cp=C(p). Y pe¥,NQ (16)
A b BRAE PR BEAT , L2 H AR X =5

5 LBWERKRSN

R T SR AR SO B 7 Bk (0 AT AT M R AL . DA Berkekey
K2 BSR_BSDS500 K 4% 4707 36 £ [ 28 %k 47 50 50
SIS NG N Matlab 2014, HLESEC & M Intel(R) Core(TM) i5-
6200U 2.3 GHz AbBEZR .4 GB A7,

Ry AE % A BT 3 R SR C12 ] 84 D i SCiik [ 13 1Y
J5 W SCHRC24 1R J7 1 SOk 27 109 7 1 A B A Se s 818 B 4
MR, Hoh, & B A S HOE NN BRI R
92X 95 7 SCHR L1305 1 o AHARURE A B (g B0 iE o 105 76 SCTR
(24005 b B WALE H 0. 618, BETAL & M 0. 382; ¢
A TF g, (@2 6=5,(8) 1 «a=255,2 (D p=0. 7,
7=0.3.

X FE IR E G E e BAR 4 R RIS kB E
HFRxF 2 B #e i X3 1 8 s a5 il 5 — 1| 7 iR,
KT AEX L 8 B O vk A8 A SR b R AR G AE 11
X 3 A B AE LR

@FREZR T (b)) BRI (o) 3CHk[12] () 3CHR[13]
IPESEN DEAES
Ce) SCHR[24 ] My 45 5L (D3CHRL27 18 45 (@ A3

B B 1R

Fig.5 Restoration results of image 1

@EREZR 2 (b)) HiR KR (o) 3CHk[12]

IFEEE

(d) 3CHik[13]
PEEES

() SCHRL24 Ty 45 2R (D SCHRL27 i 4528

6 ER2 MR

Fig. 6 Restoration results of image 2

(@) A ICEE R

o
() IR R 3 (b) H 7 X 3 (o) 3CHk[12] () 3CHk[13]

IIEEES IIEES

]
{
|

|

(D kL2792
B 7 MR 3 R LR

Fig. 7 Restoration results of image 3

() STHRL24 1945

(@) AR ICH

MPL g5l DU ek L 120 M ik e e B g i AR
25 A B AR X 38 51K o] WU 4 97 2L %k g2 . il
FEFE 5Coh, 55— HU8 R /NS 43 B 0k bl 0 20 H AR X B0
e 6Co) i e HARX i B T 5 40w HUBE i 38 4 B
S HEE TCo v FB A A R DL R A R R R /N 43 DR B R Bk
SEHET HARXK I, B b R ) A R A T e R R
FORELT B bR B AR P e (0 4 R T S O B 2
ARWIEAT S AR AS WT SRR, B K 807 s DX B 2
BLBI A B 2, AT 5% i) P45 B 18 SR80

AR LG SCHRC12009 7 6, SCRR L1309 J7 16 K459 T 8848 19 4%
LR, Fn L 5D R 7D FgE TR B X 52 i K/
W /N FE S(omME 7o, HIFRET  ZFEERT 24
AR HL i 34 (ER AR s A AR Pt B AR S AT I8 &, Wl DL R
B g /0 DU B 5 22 L B R A A . (B H T XA H AR B AR
K ZAREAR Y BE AT B G AR 5 7E B bR X 30 1
SUERANT Y R T S BOT WG W 6 (D TR,

SCHRL24 09 2 R B8 4 43 01 5 B0 AR e A5
—ERE LR S B ESOR, Bl R s P —H
JB (R AR /N — 35 4 B A 4 52 0 B H bR KSR B 6 (e L H
b X IR A A BB 0 55 A RBE S B A B ik, (R,
TEE 7Ce) P, HobR X A BT WA A LA A e AR A R R
WX 48 5 45 R AR A N o — BobE ok, R T
BRI E PR E R

SCHEkL27 109 5 10 48 BOE =X B0HE o e AU H 58 7 vk L Al
16 5 G T A B AELZEAS 52 2 R P 473 AR A R A R DL TR LA R
A SRR BRS040 L 7 PR 5 CD L R B /N 3 B 4 ol 42 4 )
F s X s 22 6 CD v, H A X rp AR I A R BRI 6 (o)
e B BE S A 8 40 B A L (8 2 3 Ak 0 23 A A 1 A ) H B IX
oA FE L 7CO R, B BR KO B2 A B R ST O A
BT EGBREERCR.

M 5Ce) 6 FIE 7(g) Jra] LA H AT HoAb 7
B AR SO R BUR T A N R A 458 A8 H bR X R R
B AT U B AL FLBERE A S e B A R N A AN
T3 — B R,

ERIE MNEGREEZMMERR. HARBREEMS AR
BE BB K AT 8 . BP0 B R IE B 7 i TP AR A 1 TR
AR SCHRE T — 0 3 5 R B I R B 25 S I E AR RS TR R
B Ik . — 5 AR e O3 AT 245 4 5
S A G S AU AT LR e H A B i JLARTRRAE i B S LS
FLARBUARAE , 48 180 T XF B A B BT Ak XS 4 i B 93, 1548 52
FEEAAEL, P — 5, T H bR H SRR B e i 2 5
BE I T et D BRI L A R BT Ak T A IR DL A R A S
WSS R B A SO RN LA AR RS B AU s R R
AR P ORFFEI A — B, W R B — B R FE R — B BT
FE P R ARG At B v 1 A 0 b AR AR B KN i —
A 2 i R 18 52 R B 4 0%

& % x W

[1] GUILLEMOT C,LE M O. Image Inpainting: Overview and Re-
cent Advances [ J]. IEEE Signal Processing Magazine, 2014,
31(1) . 127-144.



55 M S

B S B TS M B A B 22 S Y H B AR R R 2 A

259

(2]

[3]

[4]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

NIE H Y,ZHAI D H,YU J,et al. Large Damaged Area Image
Inpainting Algorithm Based on Matching Model for Broken
Structure [ J]. Computer Science, 2016, 43 (10); 292-296. (in
Chinese)

UL BRI VT, AR R TR 2448 M 2R DT RCASE B 1 R R IX
ARG LR E ], LR . 2016,43(10) : 292-296.
WANG W, Study on Exemplar-based Tangka Image Inpainting
Technologies [ D]. Chengdu: Southwest Jiaotong University,
2016. (in Chinese)

FR BT REAR YR R R ERE R DS (D], BU#S 75 R 38
K2, 2016.

BHARDWA] N,AGARWAL S. Review of Image Defect Detec-
tion and Inpainting Techniques and Scope for Improvements
[J]. International Journal of Emerging Sciences, 2015,5(1):
49-67.

ZHANG L,KANG B, LIU B, et al. A New Inpainting Method
for Object Removal based on Patch Local Feature and Sparse
Representation [ ] . International Journal of Innovative Compu-
ting, Information and Control,2016,12(1) :113-124.

M ULLER J S. A Coupled Variational Problem of Linear
Growth Related to the Denoising and Inpainting of Images[ ]].
Journal of Mathematical Sciences,2017,224(2) :1-26.
BERTALMIO M, SAPIRO G, CASELLES V,et al. Image in-
painting[ C] // 27th Annual Conference on Computer Graphics
and Interactive Techniques. ACM Press/Addison-Wesley Pub-
lishing Co. ,2000:417-424.

CHAN T F,SHEN J,ZHOU H M. Total Variation Wavelet In-
painting [J]. Journal of Mathematical imaging and Vision,2006,
25(1):107-125.

CHAN T F,SHEN J. Nontexture Inpainting by Curvature-dri-
ven Diffusions[ J]. Journal of Visual Communication and Image
Representation,2001,12(4) :436-449.

ZOU W G,ZHOU Z H,WANG Y. Image Inpainting Techno-
logy Based on Non-subsampled Contourlet Transform [J]. Jour-
nal of Computer Applications, 2017, 37 (2):553-558. (in Chi-
nese)

AREE N, JE] AL T R TR R SR R B U A i R B A
LI T SEHLR L 2017,37(2) £ 553-558.

HUANG Y, LI K, YANG M. An Improved Image Inpainting
Algorithm Based on Image Segmentation [J]. Procedia Compu-
ter Science,2017,107:796-801.

CRIMINISI A,PEREZ P, TOYAMA K. Region Filling and Ob-
ject Removal by Exemplar-based Image Inpainting [ J]. IEEE
Transactions on Image Processing,2004,13(9):1200-1212.
WONG A,ORCHARD J. A Nonlocal-means Approach to Exem-
plar-based Inpainting[ C] // 15th IEEE International Conference
on Image Processing. IEEE,2008:2600-2603.

EFROS A A,LEUNG T K. Texture Synthesis by Non-paramet-
ric Sampling [C]//1IEEE International Conference on Computer
Vision. 1999:1033-1038.

DENG L J,HUANG T Z,ZHAO X L. Exemplar-Based Image
Inpainting Using a Modified Priority Definition [J]. PLOS one,
2015,10(10) :1-18.

ALILOU V K,YAGHMAEE F. Exemplar-based Image Inpain-

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

ting Using Svd-based Approximation Matrix and Multi-scale A-
nalysis[ J ]. Multimedia Tools and Applications, 2017, 76 (5)
7213-7234.

ZHANG Z,XU Y, YANG J,et al. A Survey of Sparse Represen-

490-530.

ZHANG L,KANG B, LIU B,et al. Image Inpainting Based on
Exemplar and Sparse Representation [ ] ]. International Journal
of Signal Processing,Image Processingand Pattern Recognition,
2016,9(9):177-188.

AHARON M, ELAD M, BRUCKSTEIN A. K-SVD: An Algo-
rithm for Designing Over-complete Dictionaries for Sparse Rep-
resentation [ J]. IEEE Transactions on Signal Processing, 2006,
54(11):4311-4322.

ELAD M,STARCK ] L,QUERRE P,et al. Simultaneous Car-
toon and Texture Image Inpainting Using Morphological Com-
ponent Analysis(MCA) [J]. Applied and Computational Har-
monic Analysis,2005,19(3):340-358.

DAI L,JTIANG D H.DING B, et al. Improved Digital Image Res-
toration Algorithm Based on Criminisi[]]. Journal of Digital In-
formation Management,2016,14(5) :302-310.

ZHANG S H, WANG K G,ZHU X. Improved Criminisi Algo-
rithm Constrained by Local Feature[ ] ]. Computer Engineering
and Applications,2014,50(8) :127-130. (in Chinese)
kA E v W BUEF. SR AR AR B 20 SR A B0 Criminisi 575
(1] A SHL TR 5 B . 2014, 50(8) :127-130.

LIU Y F,WANG F L,XI X Y. Enhanced Algorithm for Exem-
plar-based Image Inpainting [C]// 2013 9th International Con-
ference on Computational Intelligence and Security. IEEE, 2013
209-213.

NAN A, XI X. An Improved CriminisiAlgorithm Based on A-
New Priority Function and Updating Confidence[ C] // Interna-
tional Conference on Biomedical Engineering and Informatics.
IEEE,2014:885-889.

WANG J,LU K,PAN D,et al. Letters: Robust Object Removal
with An Exemplar-based Image InpaintingApproach[J]. Neuro-
computing,2014,123:150-155.

XI X,WANG F,LIU Y. Improved Criminisi Algorithm Based on
a New Priority Function With the Gray Entropy [C]//2013 9th
International Conference on Computational Intelligence and Se-
curity. IEEE,2013:214-218.

LIU Y F,WANG F L,XI X Y,et al. Improved Algorithm for
Image Inpainting Based on Texture Synthesis [ ]]. Journal of
Chinese Computer Systems, 2014,35(12):2754-2758. (in Chi-
nese)

XA, AR e B AR, . SR Y Criminisi BRB 2 5 3:
(0. NIRRT B HL R B8, 2014, 35(12) : 2754-2758.

XU Z, SUN ]. Image Inpainting by Patch Propagation Using
Patch Sparsity [J]. IEEE Transactions on Image Processing,
2010,19(5):1153-1165.

ARBELAEZ P,MAIRE M,FOWLKES C,et al. Contour Detec-
tion and Hierarchical Image Segmentation [ J]. IEEE Transac-
tions on Pattern Analysis and Machine Intelligence, 2011,
33(5):898-916.





