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Image Inpainting
Considering (Geometric Transform

and Similar Pattern Position of Textures*

Ryo Miyamoto

Abstract

Image inpainting techniques have been widely used to remove undesired objects
in images such as damaged portions of photographs and people who have acciden-
tally entered pictures. Conventionally, the missing or undesired parts of an image
are completed by minimizing an energy function which is defined based on pat-
tern similarity SSD (Sum of Squared Differences). Moreover, the SSD has been
extended by considering brightness changes of textures. However, the conven-
tional method still may generate unnatural textures due to the limited available
samples in an image. In addition, exhaustive search for similar patterns using
the SSD criterion which is sensitive to pattern changes causes high computa-
tional cost and inappropriate pattern correspondences which result in generating
blurs for missing regions. In this thesis, in order to improve the image quality
of the completed texture, the conventional energy function is newly extended by
considering not only brightness changes but also geometric transform of textures
to increase available samples. Moreover, in searching for similar patterns, the
positional relationship between adjacent texture patterns in an image is used to

decrease the computational cost and prevent the inappropriate correspondences.

*Master’s Thesis, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-MT0951124, February 3, 2011.
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In experiments, the effectiveness of the proposed method is successfully demon-
strated by applying our method to various images and comparing the results with

those obtained by the conventional methods.

Keywords:

image inpainting, image completion, energy minimization, geometric transform

v



0 0

1.

gooo

2. Jggobboboooobboooobobobooooboo

21 ODO0OO0OO0DO0ODO0O0O ... 0000000 oo
211 DOOOoOoOooboobooooboboboooooo ...
212 DOOOOoOoOoOOOoOoOoOoboooog o

22 00000OO0O0O0O0O0O .00 oo oo

gboboboooobbboooobboboooob
gooboooobobooooboboood

3.1 000000000 .00
32 ODOO0OODOOOSSbOOoOooooooboooono ...

3.3 dbobbouogbbobuoooobbbuooobobbood

34 00000000 ... s

341 0O00OOOOO0OobDOOOOoOOobbObOOoOoOon

342 0O000OOOOO0OOOOOOOOOLObDOOoOoOobDO ...
343 0O0bOO0O0ooOOoOooOOoDoOOoboOobooOoO ©o
3.5 Ubobbooogbobooooboog oo o000

HEN

41 DO0ODOO0ODOODOODOOD o000 oo
42 0000O0ODOOOOOODOO0 « .00
421 0000 .00 e
422 0000000 ... 0o o oo

43 DOO0ODOOO0OOOOOODOOOOOO0OOOO0DbOODbOon

5. 0oy

HRN

D xR e

14
14
14
17
18
19

21
23

25
29
32
32
32
38

44

45



gooo

vi

46



O 00

©O© 0 N O Ot = W N

e e e e
Tt = W NN = O

16

17
18
19
20

21
22
23
24

TeleaD [10]0000000000000 .. ... ... ..... 6
000 [250000000000000 .. .. ... ... .... 8
XuO [36)0000000000000 .« . .. ..o ... 9
Kawai [43]0000000000000 .. .. ... ...... 10
Orii0 [44]0000000000000 . ... ... ... .... 11
0000000000 .. ..o, 15
0000000 .. ..o 16
00 v0000000000000000000 ... ...... 19
00000000000000000000000000 .... 20
0000000000000000 .« .. ... ... ... .... 21
000000000000000 .. ... ... ... 24
0000000000 (1/3) « o v oo 26
0000000000 (2/3) « o v oo oo 27
0000000000 (3/3) « v v v v v e 28
00000000000000000000000000 (000

0:99) . oo, 29
000000000000000000000000000 (00

OO 99) o\ oo 30
000000000000000(@O00099) .. ........ 31
000000000000000000 . ... ... ...... 33
0000000000 .. ..o 34
Criminisi0 [32)0000000000000000000000

OO oo, 36

WexlerO [42]0000000000000000C0O0OOOOOO0O 36
Kawai0 [43]000000000000C0O0OOOOOOOOOOO 37
gobbooodgbbbuoooobbbooooboo ... 37
0000000000000 00000000OoooOoog A(94)

OO0 40

vil



25

26

0000000000000 0000000D0O000000 B(99)

OO0 o 41
O000000000000000000000000000 C(07)
OO0 .o 42
[]

I I 25
[0 I 1 P 35
goggobb3suodooooooooooooobbbooon
OO0 .o 35
OO0 ADCODOODO ... e 38

viil



1. 00O

gooobuoguoobobbobibodooouobbbbioooooooob
gbobogbobooodbbuooobboobbooobbobbooobban
gbobodgboboogdbbugobuobbuoggbboobuooobooon
goboobobooobooobooobbooobbooobbooobobobon
gbodgbbuogobbuooobbuobbooobbuooboboboobboob
gobobooobbbbboboooodggoooooooboobbboboobbb
gboboodbbuoobboobbuoboboobboobbuoooboboon
gbobooboogbooogbbogbboobboogbooooobbooon
goobboooobbboooobobboooobbboooobobbogoa

gboboggboodbbobbodobboobboobobooobboob
000000000 (D0ooooobo)oo0ooOooooooDoODOOoOOOOO
gbobogbbuoooboobboobbuooobboobbuoooboboon
O0000000000000000000000 121000000 oo0o0g
goobobuoobobobuoobobbboboobobuobooouoooobobn
gbodbodbuodgbuogbooboobbobbobbobobobobbobb
gbbogobbodgbobbooobboodobboobbooboobbooon
gbobogboboboodgboboobbuoobobooobobooobboobban
gbooboogobobboooobboboooobbbouoooon

e 100000D0DODODO [22-26]
e 1000000OD0O0O0000 [27-39]
e 10000000ODO0O00000 [40-44]

gbobogbbouooobboobbuooouooobbooobbuoooboboon
gboboodbbooobboobbobboogbboobbuoooboboan
gboobobooooboboooobbbooooobooon
gboboobooboboooboboobobuooboobobobobobo
gbboodgbbuooobboobbuooobooobbobbuoooboboan



googbodboogboogbooboobbobboboboobboobbonon
gbbodboodgbbboodobbuoobboobbooobbooobbob
gbbogbbugbobboobboodobuoooboobbuoobbooon
gbobogbuogoboobbuooobboobobooobbuoobobooon
gboobogboboobooobbooobboobbooobooobooon
goobobobobobobobbbbddoodoooooooooooboobooboobbD
gbbodgboodgbbooobbuoobobboobboobboobbodob
gbbogbobodgbbuooobbuoobobooobbooobbobobobob
gboboobboodbooobobooobbuoooboobbuoobobooon
gbobogboboodbbuogobbodobuogoooobbuoobobooon
SSbOoooO00oO000O0obO0bOobOODOobOOooOO0oOoOoobobOobOooboOooDo
gbooboooobbobooboboobobuoobobobobbobon
gbobooooobood
goboodoboobbuooobbuoobboobooobuoobboon
000 (42,4300 0000000000000 000O0O00O0OO00OO00O000
gbodgbuodbougbuogbogbogbbobbobobooboobbonon
gbooboboobobobodboboobobbobooboboobobon
gbbodgbboodbbuooboodgbbuoobobboobuoobbooob
gbobodgboboobbuogobboobbuooobboobbuoooboboon
gbobobbuogobbooobboogbbuooobbooobuoobbooon
gbobodgbbogobbogbbugoboodboobbuooobboon
gooobbobobobobbbdddooooooooooooobbbooboobobbD
gbogdgbodgbodgboobboboboobuoobooboobbobbab
gbbodgbbuooougobboobbuoooboboobbuoooboboon
goo
gob20000bbobdooooboboooobbobuoooobboooon
go3b0dggobobbooogobobogogbboboooobboboooon
gboodbbodgbboooboodobboobboobobooobboob
obobboboo400bo0buoobuoobuooboobooboobon



gooboobbuogoboboobobooobbuooobboobuoonoboobooon
gboobbosugubobbbooodgbbbuoooobbbooon



2. oo oooooooodgoooogoo
0o

gobodoboboodbboobbuoobboobboobbuobbooon
gbodbgbobbogbbdobobodgbobuoobobobobobbobob
gbbogbbooodbbuooobbobobbooobboobboobboon
gbobogbbuooobboobbuooobboogbboooboboobboan
gbooboobbuogobbooobbooobbuogoboooboobobooon
O00000000000000000000000000O0000O000 [45-48]
gbbodgbboodbbuooboodbbuooobbooobboooboob
gbbobuogobbbuoooobon

21 JOoooooboooodgd

gbobooboobobooboboboobobuoobooboboobobo
gbbogboboodgbbooobbuoodobbuoboobbuoooboob
gbobogbboodbbuogbbooobbooobbobbodobooon
gboboodgbboooobbogbbuooobooobboobuoooboboon
gboobodgbbogobbooboobbooobboobbuoooboboon
gboobobooboboboooboobobobobobobobbobon
gboboodbbogbbooobooobboobbuooobooobboab
gbooobogg

211 00bObOoooobobobooobbboood

goboggboodbboobobuoooboogboobooobboon
goooobboobobooobooobboobbooobbooobboon
gbboodgbbobbuoobboobbuooobboobbuoooboboob
00 [121)00000000000000000O0O0O0O000O0OOOO0OO0
gbooobooogoobooon



000 1000000000000 000000OODODOD0O0O0O0O000O00
gbbodgbboodbbuooobbobobboodobuoboboobbooob
gboboodgbbuooobboobbuooobooobbooobboooboan
gbooboodgbbogbbooobooobbuoobbuooobooobboon
0000000000000000000000000000Masnould [2]00
gbobogobooodboboobbuooobbooobobooobbobbooon
gbbogbboodbboobbuabboodobboobboobbooab
gbuoggbbugdgbbuoobbuboobbooobbuooobboob
0000000000000 0000000000OOliveirad [3]000000
gboboodbbogbbooobbooobboobbooobooobboan
0000000000000 000000O0HadhoudD 40000000000
gboobobooboboboboobobooboboobobobobobon
gbbogboboodgbboobbuobbuoogbbuagbboobbooon
gbobuogdgboogbbbooobuoobbooobbbooobboon
gboboboooobobobboooobobuoogobobbouooobon

e 0 000DODO (Partial Differential Equation) D 0 000 O [5-12]
e 000 (Total Variation) 1 D 00O O [13-15)

e J0DO0DO0DODOD [16]

e 1JJUDODDDODODOOOOOOO [17]

e J00D0OODDOD [18-20]

e JI0UJUDDOODODOOOOOO [21]

gbobogbbooodbbuoobooobbuoobboobbuoobobooon
gbobogbobogbboboobbuooobbooobbooobobbiloon
gobogobbooobobboogobobuoobbogbobbooobboon
gbbogbbboodbobooobbooobbuoobobooabbooob
gboboooobood



(a) DOO (hy DOOOOoOoOoOooOoooo

01 TeleaO (1000000000 OOOOO

212 0J00O00bOOo0obOo0obooboobo

goouobbbbooooouoboobobbooooouooboon
gboboodgbbogobbogbbuoobobogobboobbuoooboboon
gbdboogoobgoboboobobooboboboboobobon
gooboboobobooboobobooboboobobobobobon
gbobbuoogbobboooobbbuoogoooboobo

[D0000000o0oooOoO0o0oooooooooo]

gboboobogboboobdobobuoobooboboboboobobo
gboobobooboboboobboobobuoboooboboobobon
gbbodgbbuogobboobbuoobooobboobobooboboob
gbobobbuogobbooobboogboobbooobbuoobbooon
gbooooogn

0000000000000 0000000 22]0000000000000
gbooboboobobobooboboboboboboobobooobon
gbodbboboboodgbbuooobboobbooobbuoobbooob
gbobodgbboodboobboooboobbooobbuoobobooon
DooboooboobobbooboobuoobobboboobdubhOHirand



0 [23)]000000000000000000000O00ODO000OOO0O00
gboodbbodbodgboobboboboobuoobooboobbobbab
gbbbooobobbboooobbbuoooobbbouoobon

gbobogoboooboobbooobbuoobboooboogobboon
gboobodgbbogobbogbbuogobooboboobbuooobobooan
gbobodgbobooodbbuogoboobbuobobooobbuoobobbooon
gbboodbboodobboobbuooboboodobboobobboboboan
000000000000000000000000 BPLPO [24]000 BPLP
000000 kKkBPLPO 25|00 0000000000000 O0OOOOOOO
gbobogobbog20bggbobbooobbogobbuoobboodan
0000000000000 0000000000 2400000000000
obooboboobobobobooboboobobuobbobobooon
0 [26)0000000000000000000O000O0O000O0ODOO0O0O0
oooogoobob rFIbboboboobooooobobbobobobon
gobobobboboboobobobbdooooooooooooboobbbobooobbDb
gboobbuoooobbboogobboboogobobuooon

gobbobbooobbbbooooobbobbooooobbobbogo
gbouogboboodgbbooobbobboobbuoobobboobbooob
gbobogbuogobbooobbooobbuoobooobobobbooon
gbobodgbbooobboobbuooobboogbbooobobooboon
gbogobbogbbugobobogbbooobboobbuoooboboon
goobodgd

[000000000000000000000O0oOO0]
gboboogbbugbobooobbuoobbooobbuaobbuoobboon
gboboboogobbbooogbbobuoooobbbuooobbbooogn

e JOUUOOODLDDOUOOODLDOOO

gboobooooboobooobobuoobuooboboobooboon
Dbhoooboobbgobbooobooobooobobooobbon



() OO (hyOOOoOoOooooooooo

02 000 25|0000000000000

goodoobobobbbbbbbob3sooooooobbbobobon
ggbobobooogbboboooobbbuoogaobo

0D0000000000000000000000000000000
000000000000000000000000000000000
O0OEfresD [27/0000000000000000000000000
00000D0000000000D0000000BertalmioO [28] 000
0000000000000000000000 50000000000
0 [27/0000000000000000000000000O00000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
0000000000000000000000000000000000
000000000000000000000000000000000
000000 [29-36)0

— 0OOoOO0O00O0O0 [29
— inverse matte [30]

- 00oooooo (31



() 000 (b)ODO (0)D00O000O0000

03 Xull 36)00000000000O00O0O

- 000000000 0ooooo0 [32-34]
- 00000000 OoOoOoooooooon (35

- 000000000 [36]

gbobobobobooboobbuoobuoobbooboobbooboon
gbobooboobbooboobboobooboobbooboon
goooo

gbuodgbobobdoboboboboobuoobobooboobobo
0000000000000 000O000OU0oOUOooOooooOo [37-39]
goggobobboobbbouooooobobboodooooobboobobo
gbogbouooboobgooboobo

e DUOUOODLDLDDUOOODLDOOO

gogobobbbbouooooooobobobobbouoooooboobo
gogobobbobbotbooogoobobbodooooooboobobo
000000000 4044]00000000000CDOO0OOODOOOODO
gbobobobobobooooooobobgooobobobooobn
ggbbobuogogobbod

Komodakis 0 [40] O O Belief Propagation 0 O 0O 0O O Priority-BP 0O 0O O

9



(a) DODO ()OO (DOOOOooO)0D0ooUOoooOooo

04 Kawaill 43|00 00000000000

gogobbobobbodooooobobooboodooooobooobo
goobboobobodoooooobbobobodoooooobobobooobo
O00000O0OAllened (41000000000 O0OCOOOOOOOOO
gogobbbboboooooobbobbouooooooobobobobo
gogbobbobbobouodoooooobboboobbboooooooboobo
gogobobbobbuodoooooobbobobbbooooooboboobbo
O00000000OWexlerD 4200000000000 O0O0OOOO
oooosSssbooboooOopooOoboOoDoOobooOooOoboooooOooDo
gogobbbbobuooooooobbbboodooooobbobobo
gogobbbobbbouoooooobbobooooooooboboooo
godgobbbboooooogobobobboooooooboboobbo
gogobbobobobooooooobbooboboooooooobobooobo
gbboobboobooooboooboooboobooobboon
g ooobbodoobuooobbbuooobbooobbuoooboo
gbbobobobobobbobobobobobbobooboobbobo
O000000000000000000000000KawaiO [43]000

10



() 00 (00O0D0)0D00000 (byO0ODOOOOOO

05 Orii0 [4]0000000000000

gboboboboobbooboooboooboobboobbo400
gogobbobobbouooooobbobbbooooooobobooobo
0000000000000 000000000000O0ODoOniO 44|00
gbbooboobboobooobooboboobboobosuoun
gbobooboobbooboobboobooboobbooboon
gogobbbbouooooobobbobbouooooooobobobobobo
gogobbbobbooooogobbobbodooooooboboobobo
goodgoobbbbooobbbobbbbbooddoooooboboboo
gboooboobobuoobboobbobuoobbooboooboon
gbobooboobbooboobbooboobboobooboon
gogobbbbbodooooobbbbobbuoooooobbobobo
gooduooooooooooobbbboboooboobbbobobbboo
ggooboogoooo

goboooboobboobboobbooobbuooboboooboon
gbobooboboboobobobobboboboboboobobon
ggoddodooooooobobbbbobobbbdooooooooooooobon
gobobbooooobboooooboo

11



22 JOooooobooodg

goouobbbbibdoodooouaobbbbbodoooouoboob
gboboobbuogobboobbooobbuoobboobuoobbooon
gbobogoboodgbbooobuoobobooobooobbooobban
goooboobbobobbbbobobobbooboboboobbboboobobbbobbbDb
goobobboboboobbbbbobobobodddoooooooobobbooboobobbD
gbboodgbbooobbodobbuooboboooboobbuooobboab
gbboodgbbuooobboobbuooobooobbobbuoooboboab
gbbogoboobuooobooobbuooobbuooboooobbooon
gbobodgbogbbuogobbogbbooobboobbuoooboboon
gbobogoboodoooobbooboooboooboboobbooon
gboobooooooboboooobobobobobobobobobobon
gboudbogbbobobobogbuooboobbobobooboobooobn
gbbogboboboodgbuooobbuoobobbodobbooboobbooon
gbobooobbooobboobbuoobooobboooboboobbon
gobbooobobbbbbdoooodooooooobobbobobbooobobbn
gboobooobobooboboboobobobobooboboobobon
gbbogoboobobobobbooobbuoobbuooobboobboob
gbobogbboodbbuogobboobbooobbuaobbobbooon
gbobogbbooobboobbuooobobooobbooobobooboon
gbobogoobbuoggbbuooobbooobbobboooobbooon
gbooboogooood

gboboogoggbuodgbbuoobobooobboobbooobboob
gbbogbuoggbugobboobbbooobbooobbuooobobon
goboboogbobooobbboobbbooboboooboboooboboon
0000000000000 000000000 WexlerDOODO [42]00000
gobodbbogobboobbuooobbooobbooobbobboon
gbbogboboodbbooobbobbbooobboobbdobboodab
gboobodgbbuooobboobbubbuooobboobbuooobooon

12



gbobogobooobbooobbuooobooobbooobboooboobon
gobobbboboboobobbbbobdoudodooooooobbbbbobobbb
gbobodgbodbbuoobbuoobboobbuooobboobbooon
gbooboooooo

13



. oo uoooooot
Jodooooboobotobooboooood

3.1 Jogoooood

O0b00O0bobobo0oobooobooobossbobooooooooooboo
gboobobooboboboobobobobouooooboboobobon
gbbogboboodbbooobbuooobbuoobbooobbboodan
gboboggbobetboouobbbuobbboooobbuooobbooon
000000000000 0000000 ()00 0oooooooooooo
00000000000000 (bh)DOOOOO00000000oooooooo
00000000000 ()000000000000000000000o0o
00 (d-H)0000000 (d-I)0D00000000000ooooooooog
gboouoogobobodgo

goo32000000000bO0boOoooobobooSSsbogoooogon
gobbobbboogoggs3uuuooooobooboooooooon
gbooods4dbbooooobbooubobboooobbuooobbooobn
g U0bgoboobobooboobbooboooboobbooboobn
goo

3.2 J000O0O0OOSSbOODoooooooooog

O0000OWexlerD [42]000000000000SSDOOOOOOOOO
gbooboobobobooobobooboboobobboobobyoboo
0000000000000 0O00O0oQoooooD QoDooooo Qooo
00000 000000 QUO0000OD0O0OOOO00O0OOODDO 00000
gbobogobooodbboboboobbooobobooobbuoobobooon
Owoooooo QUidoooooooooooooooo Quoooooo
0000000000000 ooooooo Qoooo0 x; 000000 ¢00

14



[ 1soEEEAR |

|
()% S SRS (RIBMEIE) DIETE
|

(b) RIETEIBS DERICH T S
SN EDEE

v

() RIETEEH D HHAEDERTE

lﬁ

(d-NRIEFEBADRERICXT S
FHLNF—AIEDIER

|

(d-1)RIETRE A DE R EDEH

TRILE—H L
IR L 1=hH
A
[ 1oEEE |

U6 boggobobodgd

15



— @
TR ARSI
X
DA W Q
X} R A8 7R EL
/
()

O7 0000000

O0x,0000000000SSDO0O0O0O0O0O0O0O0O0O0O0O0O00000000

Eog = Z Wy, SSD(x;,X;) (1)

x; EQ/

0000SSD(x;,x;) 000000000000

SSD(x;,%;) = »_ {I(xi+p) — I(x; +p)}’ (2)
peW

O000Ix) 000 x,000000000000000O0O0OO wy, JOO00O0
ONQUID0D00D0ND0O0OoOoooon wy, = 10000 Q0000000
Oooooooooocooooon wxi:c_d(dD QUO000000 x;, 000
DDDCDDD)DDDDDWGXIGIDDDD [42]DDDDDDDDDDDDDD
E,,000000000000000 I(x,)000000oooooooooo
x, J0gododooooooagodgodn

16



3.3 oo uooouobbuoooobobbuooa

0000000 (1)0D00O00O0D0O0000000000000000 E,y
gbogbbogdgbbuooobbuoobobboogbuooobbobbooon
gbobogbboodbbuooobboobbooobbobbobobooon
00000000 3000000000000 ooooooooooooog
gbooobooooobooan

E= ) weSSD'(x;, %), Tayx,) (3)
XiEQ’
0000SSD (x,x;, Txx,) 00 000000000000000000000
00000000000000o000

SSD'(xi1,%j, Toxy) = O A1(%i +P) = O, [(%) + T 0) } (4)
peEwW
0000y, 000000000000000000000000000000
00T., 0000000000000000000000000000000
000000000000000 axe, 0000000 Ty, 000000000
D00000 axy, 00x,x,0000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000 (5)
00000000 (1-D<ays <1+D0000D0O0<D<1000)00
oooo

1-D (Bux, <1-DOOD)
Oxix; = Py (1= D < By, <1+DO0D) (5)

1+D (Bxx, >1+DO0ODO)

gooo

e I+ @)
V Zaew 1%+ @)?

5xixj'

17



gobogobbogooobbooobboobobooobboobobon
gboodbboobboooboodobboobboobobooobboab
00oD000oooooooooooonooioniiod Ty, 000000

ooooon
Q5 0
Txixj' = ’ (7)
0 bij

0000yl = b,/ 0000

0D0000000000000000000000 Q00000 I(x,)000
(00000000000000000000 x,0000000000000
0000000 ay,by; 0000

3.4 JO0O0oooon

O000000Greedy AlgorithmO0000O0OCO0OCODO 3)00000O0OOOOO
rogogodbooobooobooobobbooboboobobobobnooon
cU0D00O00O0DOOOO0OO0OODDOOOOOLODOOOODLODODOOOObLDbOODDO
OO0 pOO0O00QUOOOD0O0ODO0ODO0OO0OOOOO0OD0OO

(d-I) D0 Q0000000000000 O00O000OOD (Doooono)
(d-) 0000 QUOD0OD0O0OD0OC0OO0O0O0 (boooooooooon)

gboobodbbogobboobbuoooboobboobbuooobboon
gbodbboboboboobbooobbuooobboobobboobbooob
gbouogbbbdbuooogbbodgboobobuoobobobooboobbob
gbobogobboobbuoobbooobbooobooobooboboon
gboobodgbbogobboobbuogoboogbbooobbooboan
gbobogobbodgobboooboboobooobbooobboboon
gbbodgbboodbbuoobbodobbuooobboobboooboob
000000000000000000000000000O00 (d-ng (d-m d
000000000 (bh)DDOO0O8UIUI00000O0OUIDDIOIOD QUOOOd

18



fgiz) Ex AR 1Ll %
] AR t

g8 obvgbooobooboboboooooboooo

0000000 VY00000vY000000000000000000000
00000000000000000000000 Q00000009000
00000000000000000000000 (d)00000000000
00 (b0 (d-DO(d-N)0000000000000

3.4.1 Jdooboooobbbuoooooboood

00 (bO00O000 (-)000000QO0000000000000000
000000000000000000000000000000000000
0008000000000 NOIOx00000000000000%O000
00%00000000000000 %0000 SSD'(X;,%;,Txx,) 0000
00000000 f(%)=x,000000000 ¢(Tx ) = Tax, 000000
00000000000 @¢000000000000000000000 aj, by
0000000000 SSD00000SSY000000000000000

19



f(xi) [ mamm :

1otk Xi

U9 bugoobbbuoooobbobuoooobbouooon

00000000 f(%)0¢(Ts ) 0000

3.4.2 J0d0obobooooobbboooobbbooon

00 (d-)00000000000000000000O0000x0000
0000000000000 (b)000000000$00000000000
D0000000000000000000000000000000000 9
0000000x0%00000000000%x000000000 f(%)0
000000 g(Tssx)) 00000000000 f(%) — 9(Ts ) (Xi — x) 0
00000000 Alxi—%|/0000 (ADDDO0)000x0000000
000000000000000000000000000000 ¢(Ts,sx)) 0
000 SSD'(xi,%;,9(Txsx))) 000000 f(x)=x; 00000000000
0000000v000000000000000000000000000O0
000000000000000000000000000000000000

20



D f(x; + ) — 9(Txrip) foxrtp) )P
X

//
o,

N
N
r/\ R 6{3\4‘13

/ AR
f(x; +p)

010 obobobooobooboobon

goooboobbobobobobobbbbobobogooooooooboobooboobbn
oboboobooboon

3.4.3 U000 OoOoooobbboooon

00 @-I00000 (d)000000000000000000000 (3)
0000000000 FO0D000O00000000 Q00000 I(x)000
000000000000000000000000000000 I(x,)000
00000000000000000000000 E0000O0O0O0OOOOO
00000000 E(x)0000000100000000000000000
0000 x0x, 00000000000 WO0O000000x;+p(peW)O
0000000000 x+p0000000000000000000000
00 f(x;+p)00000000000000000x 00000000000
Fxi+P) — 9(Tieapisp)p 000000000000 x,00000 EODO

21



00000 E(x)00%x0 f(xi+P) — 9(Tixipfoasp)p 0000000000
000000000000000x0 f(x)0000000000000000
00000000000

B(x;) = Z w(xi+P){[(Xi)_a(Xier)f(xier)I(f(Xi_'_p)_g(T(Xi+p)f(xi+p))p)}2 (8)
peEW

0000000000000 0000 FO000000O000OO0OD Ex)00
gboobogogooobod

E=> E(x)+C (9)
x; €0
CO0000 YNQ000000000000000000000 (d-I)0000
000000000000000000000000000000000000
E(x;)0000 I(x;)000000E000000O000O00O0O000 I(x;)00
00000000000 FO00000O I(x)0000000000000

OF OE(xy)

ox) 2= i) " (10)

X €N

00000000 I(x,) 0000000000000 0000000000

HRERERE
aO‘ka(xk) _

000000E(x)/0I(x;) =0k 00000 (10)00000000000

0(vxy, € ) (11)

OE  0E(x;)
oI(x;)  0I(x;)

—0 (12)

00000 (8)0(12)000FEO00000000I(x,)0000000000000

ZpEW w(xﬁ-p)a(x¢+P)f(xi+p)I(f(Xi + p) - g(T(Xi+p)f(Xi+p))p)

> pew Wixi+p)

I(x;) = (13)

0000 (13)00 (11)00000000000000I(x,)000000000
00000000«000000000000000000000000000
nooooo

22



3.5 Jduounoboooooobobouood

O00000Greedy Algorithm 00000000000 DOOOOOODOODOO
gobbobbbouoduooooooobobbbbbbboug 11o00oon
gboodbbuogobboobbooobbugobooobboooboon
gboboodbbogbbooobooobbuoobbuooobooobbodan
gbobooooboboobbobuooobboooobbooob 2001000
obobobobooboobooboobooboobuooboo 3400000
gbbogboboodbbooobbuoobobbuooboboboobbooob
gbogboboboboobogbuogbouogbooboobooboobboon
gboboodbbogbbooobobooobboobbooobooobboan
gbogdbogbboobodboobboobuoobbobbooboooon
gooboboobooboboobobuobooboboobooobobon
gbbobuoogobbbuooaobob

gogdgbobboobbboodgoooobbbobobbobbouo 11o00oon
gboodbbuogobbooobboobbooobbooobbuoobobooon
gbgbooodbobobobobogbobuoooboobobooboon
gbooboboobobooooboobobooboboboobobooon
gbbooboooogbbbod

23



ARr—JL1/4

Ar—)L1/2

U 11 0bbooggoobooogn

24

NAFI7TVUAT

I



4. 00O

000000 12~1400000000000 1000000 (200x20000)0
gbobogbobooodbbuogobooobbuooobooobboooooon
goobuogdgbbuoggbbuogobbooobogooooobbooon
gobobogdloobboooobboboooobbboooobobboooon
gbouodboobbbobboobuooboobbbobboobooboobb
goooouobobbbbioooooobobbbbooooouoouoooon
0000000000000 000000000000O0o000nPC (CPU:Xeon
32GHz 0008GB) 0000000000000 0OOOOOOODOOOOOO
gbobhl1ggobobogobbodbboobbboobbuooobbooon
0000000000 (0 12~14000000)00000000000DO0OO
gbobogbboodbbuooboobbugobboobuoobbooon
Oo000o00oo 1% 0000000000000 ooooogooooooo
goboboooboooogog oxybn xroooooooobooobo 20
gboboboooobbboooobbboloobboboooobboboooon
000000000 o0.01%0 0000000000000 obOooOoOO0oo0oOg
gbbodgbuogobbooobbooobbuooboobbuoobbooon
gbbogboboobbobobboobbooobooboboobooobbooon
o0 40000000000 0ODOOO0ObLO0ObDO00obDO0o0obOoobOooDbOon
000 (00000000000 9x900005x5013x13000000 9%x90
00000ooo)oooog

U1 0dggboboooobood

goboboogn W19x9
ggbbbd«bbOo0oogd D | 01
oooboooooooboooooono A 2
UO0UO00 ws, 000000 c 1.3

25



012 0000000000 (1/3)

26



013 0000000000 (2/3)

27



014 0000000000 (3/3)

28



0.9

=R/ —)L1/8, W 9x9
&2 /4r—JL1/4, W 9x9
Rr—IL1/2, W 9x9
<=2 /7—)L1, W 9x9
0.6 - — | RT—IL1, W 7x7

0.8

IRILF—

0.7

0.5 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20

R1EE

01, 00000000000000000000000000O (0000:99)

4.1 JO0O0O00O0O0O0O0O0O0O0OO0O0

gbobogbogobboobbooobboobobobbuooobboon
00 (0000:99) 0000000000 0000000000000 000
gbobogobbogobboobobbooobooobboboobooon
gooooooobobobobobobgolgbobooooobo1sooon
(l)oooo0o0o00000000000000000O0ULODODLODOOOOOO-
gbooobbuogooogbbuoobooobbooobbuoobbooon
UbO0O legdobbobooooobbboooobyxuuoobobuoaon
goboogobbodgi1vybodgbd lebbudobobogoobobuoogn
gooboboobobobooboobobobooboboobobobon
gbbodgbboodbbuobobooboobbooobbuoobbooob
gbobogobbogobboobboboboobboooboboobooon
ooooooboobobooooboowobooboooboooboooboon
gboggbbogobbuogboboooboobboooboooobbooon
gooboooobboboooon

29



IO IRILF—
RT=| gz MBS IR DE

1/8 9x9 &

1/4 9x9 F i

1/2 9x9
1 9x9
1 7x7

16 0000000 OODODODOOOO0O0O0O0DO0DOOO0OOOO (ooo9Y)

30



REE%H

017 0000000000 00O0O0O0O(0OoOo0O99)

31



42 JU0U0O0O0OoO0oooooooboon

OOoDO0oOOO0DO0o0obDOo0oboOooO0bOoobOoDOOobDOoO0ob0On Criminisi
0000 [32[0000000000000000 WexlerOO OO [42]0 Wexler
0000000000000 00000 KawaiDO OO [43|00000D00CO
O000000000ooooooooo 310(ooono)oooooooog
goobodgbodbbduobooobbooobbuooobbuoobbooon
gbbobuoooobbboodobobbbooodabobobod

4.2.1 0000

goboodgboobbuooobbuoobooobboobobooobboan
WBOooOogboboooboooooobog 9oooboboobogbooobo
gliotboboboogdoobb400bbooobbobodgsgoobbobooon
gboboboboboboobobbooboboobobobobbobon
00000 [3200000000000000000 420000000000
000000000000 0000 B0000doooooo 400000
obobbooboooboobo4booboobuoobuoobooboobon
gbobogobuoggbuogobboobbuoogbbooobbooooon
gobooobbooobbooobobbooobooobb1ioobbooon
gbsb0buooggbbobuooogbbbod

4.2.2 DO0O0O0O0OO

000000000000010000000000000000000000
20000000000000000005%00000+t0000000000
0 Criminisi0 000 [32)0 Wexler 0000 [42]0Kawai 0000 (430000
0000000000 CrimnsiD0000000000000000 0 Wexler
00000 KawaiDOOOOOOOOD0DOO00O000O000000000000
000000000000000000000000000000000000
000300000000000000000000000000000000

32



E{EOFEICET 577 —k

T =R IEER YD EDTT T
BT T —OREETRBALET.
ROR=TISLITO LIENIEATOET .

| YRR | EEEEA | s | fEEBIgC

T, —FEOBEEOTR O EFHIEROIRFEEIASEETYT. (B DLICHRKLTOETH, EETHHEEBZTIIE . )
LT, —BEOBIGORISEEE I AL OAEFE RO TERUI BIgHh B LA T 2EIETT.

7T —REL, ChAOEEUICBISE SBTHHEL THo 28360 TT.
SEMOEEELLT

BUZ (F, B BEFEBADR— LN =D, EFE-MEEOTEEL TEL LB,
EDIREQBEISFISEZLERBUFTM 1L IBOTT.

FThENOBIFENRB (LEFIEN S - TR D5, @ig1 ~5(Ri B (LEFIENVIK+HEZ 2 E18) I TEHEL,
TOFHBEO 23E, BIFO T (CHDA R (CF v FE ANTIES .

Fo, ETOBEGICEEDIFKTHLS,

ETOBEFCENRDIINE, £ETeSTHLTIL,

ETOEEN BRI (T TEETHNE, 2T ETELLTT.

TUT, 2 TF v ohigh-1cs, N=—UO—&F T (LHDNRERR L TS .

TIELT- BRI IZEFT100MI T, 1O BEIG(ZDZT4DOERMBYET. (ZEFTA00MEHEL TLTIEZEET)
AR—VCDE1OWT, EEFCT10N—ITT.

018 g0boboooboobooboobo

33



XiaUiceai® EEaRA EEaigs EEaigc EEa%D

U 19 ggboboboogdgn

34



sobobooboootoidddduouoooooooo 2000 2300u0oo0n
OO00D000D0O00000D000D000D000 Criminisid0DOODOODOO
O(@CO0009s) 00000000 ooooo0oooooooooooo
gbobogoboooboboobbuoobboobbobobboobboogon
Wexler DO 0O 0O0OKawaiO OO ODOOOOOOOoOOoOooooooooooon
gbobodgboodbobbooobuooobbuoooboobbuoobbbooon
OO000000O000000bO00b0o0bo00b00DWexlerOOOOOO
ODO00OKawaiOOOOOOODOOOOODOODOOOODODOOODOODOO
gbobogbbooobuoobboobbooobboobbuoooboboon
gbobogoboodgbobooobbuooobogboooboobbooon
gbobogobbogobbooobbo3gobboonoboooobbooon
oboobobooboboobobobooboboobobobobobon
obO30booboobooboobobbobbobooboobon

U2 100000ooboggoabon

00 000
0000000000000000 32| 217
0000000000000000 [42]|  3.08

00000000000 [43) 3.09
0000 3.19

U3 buggobs3sbbugoobbboooobbobuooooboboogn

g g
0000000000000 ooo [32] 9
O00000000000O00O000 42| 12

O0000o0oooooo [43] 9
gooo 13

35



66 85 89 98
0 20 CriminisiD [32)000000000000000000000000

/8 88
0 21 Wexler D [42]000000000000000000000000

36



U023 0bbobuogboboboooobbboooobooog

37



4.3 JUUbOoogooooboboooobbobuoooog

0D00000000000000000000000000042000000
000000000000030000000000000000000000
000 24(a)00026(2)0003000000000000000000000
0 24(a)025(a) 00000 A0O0D0D94)000 BOO00 90000000
00000000000000000000000000000000 26(a)0
0000 COO0007)0000003000000000000000000
0000000000000000000000000AO0COO0000000
0000004000000000 (0000000000000(M) 0000
00000000000 Criminisi D000 [32/00000000(c)0 3200
0000000000 SSDO00000000 WederDODOO [42]00000
000(D00000000000000000000000000 KawaiO O
00 (43)00000000()0000000000000000000000
0 ADCOOOOOOOOO

00 A(024)00000000000000000000000000000
000000000000000000000000000000000000
000D0000CriminisiD 000000000000000000000000
0000000000000000000000WexlerDODOODO Kawai 0O
000000000000000000000000000000000000
000000000000000000000000000000000000

04 00 AOCDOOODO

g O0DA|O0OB|ODOC
O000000000ooooooo 321 223 1.06 3.22
O0000000000000000 [42]| 2.16 1.32 2.38

00000000000 [43] 2.13 1.45 2.41
goon 2.65 3.77 1.84

38



gbobodbogdgbobooobbuooobboooboboobboobooon
gbboodbbooobbodobbuooboboodobbooobbobboob
gbobuoooobo

00 BO2)0000000000D00D0O0O0O0O0O0O0O0O0OOO0O0O0O0O0O0O
gbobogoboodgbobooobuooboboobbooobooobooon
gbobodboboobbooobbooobbuoobooobbuoooboboon
gbodbbuoogbooabbooobboobboobobboobbooob
gbbogbboobobbuoobbbuoobbbuoobobuoooobbooon
gbobuoogboboboooobbboooobboboooobobbao

00C26)00000000000000000000O0O0OOOO0O0O0O
OO00D0O00Ciminisi 0000000000 DO0OO0O0O0ODOODOO0O0ODOO0
O0OWexler UODDOO0O0OKawai D OO O00O0OO00O0O0OO0O0O0D0OO0O0DO0OODOO
gbobobbuodgbobooobbuooobbuoobbooobboobooob
gbobogbboobboobbobbboobbooobbuoobbooon
gbobogbboodgbbooboboobbuogobboobuooobooon
gbobogbbugobbuogobbuodobbbooobobuooobboooon
gbodbobooboboboobobobobobobboooobobobon
gbooodgo

0000000000000000000 [42,43|000000000000
OO0500000500000000 WexlerOOOOOOOO307ononoO
OodboboooboboobdbobOKawaiODOOOOooooo601.60
gboobogoboodbbuoobooobooobooobbuoooboboon

s uuudbbbuoodgobboooobn

Wexler 0 [42] | Kawai O [43] 0000 (@O (b)+00 (d))
OO0 A g0 20 410 46 0 230 150 (7O 4504150 300)
oo B 90 480 280 170 440 240 (140 404300 200)
OoocC 10 540 120 310 90 580 (40 10450 570)

39



(00000000000

(b) Criminisi0 000 [32)0000000 (¢c) Wexler 0000 4210000000

(d)Kawai OO DO 43]0000000 (e)D0OO0O0O0DDOOOO

024 0000000000000 000O0O0O0O0O0O0O0UO0O0 AM4) OO0

40



swsddh Il M

(b) CriminisiD 000 [32]0000000  (¢)Wexlee 0000 [42]0000000

i

A

(d) KawaiDODOO [43] 0000000 () 00000000000
02 000000000000 00000000000o0oooOB(99Y)ODOO

41



() 00000000000

(b) Criminisi0 000 [32)0000000 (¢c) Wexler 0000 4210000000

(d) Kawai OO OO 43]0000000O (e)D0OO0O0O0DDOOOO

02 0000000000000 000O0O0ooooooooo ec(nooo

42



googbodbogboogbooboobboobooboobboobbonon
00000000000000000 (b)00OD0O ()D0000000oooQ
()D000D0000 Kawai OOOODOODOOOODOOOOOOOOOOOOOOO
000000000000 (h)oooooooooOOoOoooooooooooo
gboboodgbbogobbooobbobboogbboobbuoooboboan
gbobodgoboobobobbuoobboooobooobbuoobobooon
0000000000000 00000000O0O00000 (h)oooooood
gbbbuoodgbobbbooobbbuoooobbbuooobbodao

43



5. o

oboboooobooboboooboobobooobo ssbooooooob
gbobogbuogobougbbuooobboobobooobbuoobobooon
goobodgbouobbugobbogbbooobboobbuoooboboon
gooboooobbboooobobboooobbbooooobobooo

Jlgbooogbooboubooooooooobooooooooooobooogn
gbobobbogdgbbuooobbuoobobbooobboobbobbooon
gbobogbobooobbooobbuooobbbooobboobbooon
gboboodgbbuogbugobbogbbooobboobbuooobboon
gbobogoboobboobboobbooobbooobbuooobobon
gbbogbboodbboooobbuooobbooboboboobbooob
gbooooogn

gboboboboogbboobbooobboobbooouooobboon
gboboodbbogbbooobooobbogbbooobooobboan
gbobodgbobooodbbuogobbodobuoooooobbuoobobbooon
gbboodbbooobboobbuoobobboodobbooobboobbob
gbobodgbbuooobboobbobbuooobboobbuoooboboon
gbooboboodgbboboobobobooboboooobobobobon
gboboodgbbogobbogbbuogobboogboobbuoooboboan
googboobodbbobobooboobbooboobobooboonooba

44



00O

gbobodgbgoboboboboobobobobuoobobobooboo
gbobO obugg obbobobuoooogboboobbbboooooobboon
gbobobooggbobobooooobbbuoo bbb oobobbuoooon
gooboobooobogobobbooboboobboooobbuooobbooon
gbboboood bbb gobbbbodoooobboobbbooooob
gbbobooogbbbbooooobbbuoooo b bbobbuooon
gbobhogoudbbooobbooobboobooooobuoobbobodon
gboboguobugd ogdb gobbuooobbooooooooboo b
gbobogboboodbbuogobbooobboobbooobbooobbon
goboobbobbbbbbbbbbbbbbbbbbbdoouuouoooaann
gobobobbobobooobobobobbbbbootooooooooobobbb oobD
gbobogobbuogoobbuabobboobbbooboooobbooon
gboobooooob bogg bbobooogooobobbobobbuooon
gbobodgboboobbooobbuoobobooobooobbuoobboon
gboooodgobobodn

45



oo

[1]

00,00,00: “00000000000007, 00000000000
D, Vol. J69-D, No. 1, pp. 91-97, 1986

S. Masnou and J. Morel: “Level lines based disocclusion,” Proc. IEEE Int.
Conf. on Image Processing, pp. 259-263, 1998.

M. Oliveira, B. Bowen, R. McKenna and Y. Chang: “Fast digital image in-
painting,” Proc. Int. Conf. on Visualization, Imaging and Image Processing,

pp. 261-266, 2001.

M. Hadhoud, K. Moustafa and S. Shenoda: “Digital images inpainting us-
ing modified convolution based method,” Int. Journal of Signal Processing,

Image Processing and Pattern recognition, Vol. 1, No. 1, pp. 1-10, 2008.

M. Bertalmio, G. Sapiro, V. Caselles and C. Ballester: “Image inpainting,”
Proc. ACM SIGGRAPH2000, pp. 417-424, 2000.

M. Bertalmio, A. Bertozzi and G. Sapiro: “Navier-stokes, fluid dynamics,
and image and video inpainting,” Proc. IEEE Conf. on Computer Vision

and Pattern Recognition, pp. 355-362, 2001.

C. Ballester, M. Bertalmio, V. Sapiro and J. Verdera: “Filling-in by joint
interpolation of vector fields and gray levels,” IEEE Trans. on Image Pro-

cessing, Vol. 10, No. 8, pp. 1200-1211, 2001.

C. Ballester, V. Caselles, J. Verdera, M. Bertalmio and G. Sapiro: “A varia-
tional model for filling-in gray level and color images,” Proc. IEEE Int. Conf.

on Computer Vision, pp. 10-16, 2001.

C. Barcelos, M. Batista, A. Martins and A. Nogueira: “Level lines con-

7

tinuation based digital inpainting,” Proc. IEEE Brazilian Symposium on

Computer Graphics and Image Processing, pp. 50-57, 2004.

46



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

A. Telea: “An image inpainting technique based on the fast marching

method,” Journal of Graphics Tools, Vol. 9, No. 1, pp. 25-36, 2004.

D. Tschumperlé: “Curvature-preserving regularization of multi-valued im-
ages usingpde’s,” Proc. European Conf. on Computer Vision, pp. 295-307,
2006.

F. Bornemann and T. Marz: “Fast image inpainting based on coherence

transport,” Journal of Math Imaging and Vision, pp. 259-278, 2007.

T. Chan and J. Shen: “Mathematical models for local non-texture inpaint-
ings,” STAM Journal of Applied Mathematics, Vol. 62, No. 3, pp. 1019-1043,
2001.

T. Chan and J. Shen: “Non-texture inpainting by curvature-driven diffusions
(CDD),” Journal of Visual Communication and Image Representation, Vol.

12, No. 4, pp. 436-449, 2001.

C. Fei, W. Mei-qing and L. Choi-Hong: “An algorithm for total variation
inpainting based on nonlinear multi-grid methods,” Journal of Algorithms

and Computational Technology, Vol. 2, No. 1, pp. 15-33, 2007.

T. Chan, S. Kang, J. Shen and S. Osher: “Euler’s elastica and curvature
based inpaintings,” SIAM Journal of Applied Mathematics, Vol. 63, No. 2,
pp- 564-592, 2002.

S. Esedoglu and J. Shen: “Digital inpainting based on the mumford-shah-
euler image model,” STAM Journal of Applied Mathematics, Vol. 13, pp. 353—
370, 2003.

A. Levin, A. Zomet and Y. Weiss: “Learning how to inpaint from global
image statistics,” Proc. IEEE Int. Conf. on Computer Vision, pp. 305-312,
2003.

47



[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

[27]

28]

E. Villéger, G. Aubert and L. Blanc-Féraud: “Image disocclusion using a
probabilistic gradient orientation,” Proc. IAPR Int. Conf. on Pattern Recog-
nition, pp. 52-55, 2004.

00,000,00: “0000000000000000000000000
000”, 00000000000 (FIT)D0000000, Vol. 5, pp. 225-
228, 2006.

00,000,00: “0000000000000000000000000
0000007, 00000000000 D-I1, Vol. J87-D-1I, No. 9, pp. 1786
1795, 2004.

000: “000000000000000000007, 00000000
000 D, Vol. J71-D, No. 9, pp. 1701-1708, 1988.

A. Hirani and T. Totsuka: “Combining frequency and spatial domain
information for fast interactive image noise removal,” Proc. ACM SIG-
GRAPH1996, pp. 269-276, 1996.

00,00: “000000000BPLPOOOOOOO”, 0000000
0 O D-II, Vol. J85-D-II, No. 3, pp. 457465, 2002.

OoO0,00: “kBPLPOOOOOCOOOOOOOOOOOOOODO™, 000
0o04good D-II, Vol. J86-D-II, No. 4, pp. 525-534, 2003.

o0,00,00: “0C000b00b0boboobooboobooobooooon
O000oooooooo”,000b00b0o0 Dobooo, PRMU2001-106,
pp- 5562, 2001.

A. Efros and T. Leung: “Texture synthesis by non-parametric sampling,”

Proc. IEEE Int. Conf. on Computer Vision, pp. 10331038, 1999.

M. Bertalmio, L. Vese, G. Sapiro and S. Osher: “Simultaneous structure and
texture image inpainting,” [EEE Trans. on Image Processing, Vol. 12, No.

8, pp. 882-889, 2003.

48



[29]

[32]

[34]

[35]

[36]

[37]

P. Harrison: “A non-hierarchical procedure for re-synthesis of complex tex-
tures,” Proc. Int. Conf. in Central Europe Computer Graphics, Visualization

and Computer Vision, pp. 190-197, 2001.

I. Drori, D. Cohen-Or and H. Yeshurun: “Fragment-based image comple-
tion,” Proc. ACM SIGGRAPH2003, pp. 303-312, 2003.

R. Bornard, E. Lecan, L. Laborelli and J. Chenot: “Missing data correction
in still images and image sequences,” Proc. ACM Int. Conf. on Multimedia,

pp. 355-361, 2002.

A. Criminisi, P. Pérez and K. Toyama: “Region filling and object removal by
exemplar-based image inpainting,” IEEE Trans. on Image Processing, Vol.
13, No. 9, pp. 1200-1212, 2004.

W.-H. Cheng, C.-W. Hsieh, S.-K. Lin, C.-W. Wang and J.-L. Wu: “Robust
algorithm for exemplar-based image inpainting,” Proc. Int. Conf. Computer

Graphics, Imaging and Visualization, pp. 64—69, 2005.

S. Vetter, M. Grzegorzek and D. Paulus: “Wavelet-based inpainting for ob-
ject removal from image series,” Annual Symposium of the German Associ-

ation for Pattern Recognition, pp. 343-352, 2010.

B. Li, Y. Qi and X. Shen: “An image inpainting method,” Proc. IEEE Int.
Conf. on Computer Aided Design and Computer Graphics, pp. 531-536,
2005.

Z. Xu and J. Sun: “Image inpainting by patch propagation using patch
sparsity,” IEEE Trans. on Image Processing, Vol. 19, No. 5, pp. 1153-1165,
2010.

J. Jia and C. Tang: “Image repairing: Robust image synthesis by adap-
tive nd tensor voting,” Proc. IEEE Conf. on Computer Vision and Patern

Recognition, pp. 643-650, 2003.

49



[38]

[39]

[40]

[43]

[44]

[45]

[46]

J. Sun, L. Yuan, J. Jia and H. Shum: “Image completion with structure
propagation,” Proc. ACM SIGGRAPH2005, pp. 861-868, 2005.

00,00,00: “0000000000000000007, 000000
00000000, pp. 754-761, 2010.

N. Komodakis and G. Tziritas: “Image completion using global optimiza-

b

tion,” Proc. IEEE Conf. on Computer Vision and Pattern Recognition,

pp. 442-452, 2006.

C. Allene and N. Paragios: “Image renaissance using discrete optimization,”

Proc. TAPR Int. Conf. on Pattern Recognition, pp. 631-634, 2006.

Y. Wexler, E. Shechtman and M. Irani: “Space-time completion of video,”
IEEE Trans. on Pattern Analysis and Machine Intelligence, Vol. 29, No. 3,
pp. 463-476, 2007.

N. Kawai, T. Sato and N. Yokoya: “Image inpainting considering brightness
change and spatial locality of textures and its evaluation,” Proc. Pacific-Rim

Symp. on Image and Video Technology, pp. 271-282, 2009.

H. Orii, H. Kawano, H. Maeda and N. Ikoma: “Image completion with gen-
eration of rotated patterns and efficient matching,” Proc. IEEE Int. Sympo-
sium on Circuits and Systems, pp. 3190-3193, 2009.

00,00,00: “000000000000000000007, 0000
00000 DAL, Vol. J87-D-II, No. 5, pp. 1189-1192, 2004.

R. Chang, Y. Sie, S. Chou and T. Shih: “Photo defect detection for image
inpainting,” Proc. IEEE Int. Symposium on Multimedia, pp. 403-407, 2005.

T. Amano: “Correlation based image defect detection,” Proc. IAPR Int.
Conf. on Pattern Recognition, pp. 163-166, 2006.

50



[48] T. Tamaki and H. Suzuki: “String-like occluding region extraction for back-
ground restoration,” Proc. IAPR Int. Conf. on Pattern Recognition, pp. 615—
618, 2006.

51



