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Image inpainting algorithm based on adaptive template
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Abstract: Currently, template size of texture-based image inpainting algorithm is fixed. Therefore, when the template
size is small, the inpainting accuracy improves, but time complexity increases substantially; on the contrary, when the size is
large, the time complexity declines, but inpainting error rate increases significantly. Adaptive template size algorithm proposed
in this paper can enlarge template size according to the change of expect and variance of grayscale value between current
template and its expanded one. Meanwhile, this approach can reduce template size according to the maich degree between
template and exemplar. After adaptively determining the template size, texture-based image inpainting algorithm was improved

and used in experiments. The experimental results show this approach can highly improve the inpainting accuracy with high

efficiency.

Key words: image inpainting; Criminisi algorithm; adaptive template; expect of grayscale value; variance of grayscale

value

0 3%

E@EE 2R FRGLEEERN—NEES L, BITE
BLETE AN ALLSE J7 1 B — I Bk o e 4 10 A, 76 1
AR B i AL 40, DA K B As R IR SRS A N L 34 ok
BB — MR RUE T

HET, ENAMT R L T R A B A, SR,
AL RS SRR R T MR R Rk
I B AP ok 45 1R B R HEAT R RLERS MO 3, AT 52
R EGEENE R, FoRERTYUBRAMN Y
g R E R L B RN E X R R R —
FORIG LS e G R RS R R SORRHME R 2 B 1Y
BRI, 55T AR K 3R 3485 2 AR IR R A e,
B, ZREEN R X BEXWEG AT RITWE
BABE R, BAREMENE Criminisi 21075 38 15— Fh 2t
FRARNEGEEEY:, ZEE LA A E X~ MUE%
B AR BV AR B R X R B B R R S e B

75 H 85 :2013-03-13 ; & B H #f :2013-05-27,

MG RN FHER S E A RSB E . [ARLEEAE 1
RABHARZA, BB BB LB BRI RN E
Wil 2 AN AR I, XA, A RHR /N, BAR Bk B B
BE SR BRI A o ] 52 2% BE S M s A S, MR R R
SRR, BEAA T AR IR O I 2R (B iR R &
1, 2010 4F, Zhou M 42 tH T — 7l 5 38 R 2 BE AR K
AN Rk A AR U 2 4 X S PR 445 3R O b SR AR 1 5
R, BB R ERAR KD, (AR Rl i R R
15 TR I DX 38K P 2% 10 22 e X <08 S3UB8 JB 1) M (L B AR A R e
BEREA BRI/ W FRHE R XS Z £ %1 , TR -t on 7 38 vk
R ZRBE . SCRRT 1S |t oA B 45 9 45 B A 4k, FRAR 2518
R RIS R, BT A I8 N E B E AR R/ B
VA R B A 5 s MR A R 0 R R

ETUL B, AR TET B AR E GRER
B R FE R Y RIBAR RS R Y RS BAR R AR
(B K7 22 PR ARG B B BT RO R, Rl , AR A
Mk A B 2 6] (9 VU L5 80 A& BLB4R /MER . & a K

EEWA Bt PR BT H (12EF119) s R ERFEAFH AL T R15 5 (201210694019) .
EEE N EARW (1974 -) B ITTRIRA , BIZCR, WL, FEBSO M SO B R EE SR BARIZIR;  HAR(1988 —) o, VUJI B A
LB, FEISTT I ST EGALIE;  fIT(1990 - ) BB HARBRA L B LA, RSO W SO EHRALER . 2[5 (1986 - ) BB L

JRLEA UL RISE A , ERAS T 1] B EHRAL T



2892 tH IR %33 %
SR B 5 BT, 4255 0 s S L ] - o 1
D TS PR A S R 1 LTS T P SR (T(pm)) = -7 3 &(h) (1

1 Bk E &

1.1 g

RGBT RS B R Rk b BARBAY R /N
B RE AR Y, SR, A8 B2 3o R AR R ) A/ IN O AR AT 4R AR
MR MR R AR LB SLIE B G/ B 1 R s
TG AP IR 25 B X0 R X, FoR XN 52 X
o K 2(a), (b) 7312 1 p Al g RALBHR IR K
Hrb, NFETFEAE R R , REVETAERY R/ )
Bitio HE 1 ATLUA H p MBI AR AN e BAREAR 2 [6]
BREAAARNIE, N AR AT LA i /N AR ™ 38 0 oK (45
e, e, T LUA RO R TH AR RO SR, 1 2 AT LR
Hi g AR PIREAR [6] R 2R (AR AR ZY , B0 2R3 FA R A BEAR , W 7E
Bl 1 R SEBF X I A RN B 2 ECSEC L AR AR T AR
ANEASEAR  JUAT LLARBIR G BB 5 Z DL, BT A O R 2%
TR/ N, AR R B B RO B

N7 REARIE A S U B R R AR AR 0 1 28 R 3
RO, FEIFREBZ T AHE E A B G Rr
Jrk, TR W SRy 22 53 30 oY LA BE B AR N (R 3R {EL 0 °F
Bk B H R bl . ASCR LR N 1) MR iR R
S RIGEHRBE G R WIEZ 2 5722 2 5% A RER
HBOR R ETIA AR ) R BB R EY Ko 2) 763 Rt
FEAR SR B0 1 A P A B B AR SR IR AR S A (BLBE B R R
SE JE TR e B4 /AR R o

& N5k

1 sRERERS

@ LS p BT (b) LA g AR
B2 AR R b

1.2 BBy AEE

45, MR Criminisi B85 PR Se BB 7 Bk B 56
R p, N TR p NZEAR SR P, T BRI K
NZBCAA L, B, SRR R R T8 3 %3, R)5 . 1THE
FIRRBEAR BORTEY R RS 5 WA R N 8 U S B8R
A, I LB PIAR AR (B 38K (AR AL, & A A B AR #E 4T
T3, B RSV Y KRR B A B, W i —
2 S BRI 7 25 738 £ LA 0 T A AR: P15 22 (0 B8 sk
FREREM, AR, WT Y 7, RZ K A e R
PRI

F3ci, AT 2 E SR SR B G R AERNkS
B R WSR2, b AR 1§ 2 TP R B Y 3
I ER () R

HA,E(T(p, n)) TR p BP0, n AHK K IET TR
BT WP IRBENE, g (k) TR 5 b MEBURER SR EEE , n’
FIRGERNBR S BETZEHTEAL:

n2
D(T(p,n)) = r}—zk;@(k) ~ E(T(p,n)))? (2)

J T HRAHER A p B4 FRARS A Hhl AR R BB
ROCABK AT EFT L, B, EHATERIR S K
WL EEU 2 MREREAY KPP K, IR, VIHERSR T
(p, n) BY KIGEMIR T(p, n+2) BRMHEZZRRN:

AE(T(p,n +2),T(p,n)) =

|E(T(p,n +2)) - E(T(p,n)) | (3)

X AEERTBUE ¢ i, RUTABP MR ARG R
IRESEAZE R, A IE AR Y K, BB Y BUREARVE Y K
BN S, 4 AE B/ THME ¢ i, siF 2R B 248
1t AD et PIBAR AR RAE B sk, s (4) Fis

AD(T(p,n +2),T(p,n)) =

|D(T(p,n +2)) - D(T(p,n)) | (4)
Ki:D( - ) FBABR T 2E,AD RARPIHERR S Y KEH
Mahia] Jy 22484k, 4 AD E/N T BMH o B, AR EEAR B 2L 2
S KHEATY R AD (AR T RIMH o B, WIRREEA N A5 1R
KB EAE T KRB, BRI @My KREEN
TEHTAE R R I 3 Fis .

BIGARAR

FHEAAEAR IR ST SRR A
BEBFHREEAE

ﬁﬁﬁﬁ@@%%ﬁ%ﬁ%Mﬂ

f

ﬂf
AD>IF{E 57

i

| BbHke=ne2 |

SR
H3 R aENY KREERE

1) M348 Criminisi S5 FEE B R AR 564, AT HE % Hh
B—REE N po

2) AFHEE 5 p R0k Rk 3 x 3 BURILA B3

3) IR Y AR AR B )T YR A R RS KRBT
YR A, HH B EH AR,

4) 2 AE > g B} BRI IEY BB AS) .

5) T M AT AR P R O 2 H R H RSP KGR R
B 2E, IR T2 AD,

6) Y4 AD > o B, BUARIEIED K W, 48 YRR 1Y
KEB A n=n+2,35EA3),
1.3 HENGENEX

it L2 WM AR MY RE R W EY KA
BRI R/I, 0 T Ret 125 BRI 2 B MRS I, DL AR 4R
SEUFIX R Y EEAE B, 50 B IR BB R B /D BUTRE , SR
ERAERER TN, BB 1) $ Y KR ARk
YE R 47 46 S AR B AR B, IF M F 7 2 70 (Sum of Squared
Differences , SSD ) #E W % ( 4n=(5) ) EEFHEE BFH 52 17 X




% 10 41

ERGF AT OERER ARG I L&

2893

BRI RS ERMO K R EEAR, FREEMAME (),
(2) EABZNWMLUE d() SEB A 6 24T IR d() <
0, 045 11 MORREAR B B 45 /1N , 45 IO s o AR AR AR Oy e AR A
Mo TR, FIBT AT RBIR IR 3 x 3 B, AR 2,
)42 LB AR P HE— 25 480N R B SR AR R AR S
PR BEAR R B K ZE /N (n = 2) x (n —2) , 3R [ 5%
1) BEKBWMAEIMAE 4 PR,

n2
d(T(p,n),8(q,n)) = JZ(gi(p) S ACIN (5)
HA.d(T(p,n) S(q,n)) A AFRRL p HPOLRBEN n x
n R IANLL ¢ P ORBE A noxon BIREARRSLMALIE;
g:(p) & (@) 5r WIF R EAR SR FIRE ALY § {3 B AU IK (..
¥R R

B
B4 Silkbg BN D NEERE

2 ETHENBERNERGERE

TER A Criminisi FIEHEAT RGN, URHER S p
HhC B A B 59 8 RS SR A SC B EAR B 1 328 R 5 R
E R, A R B BB L BRI

1) X ied B (Gt A5 BUAL B, B S FRp B 2 1 X SR A3 57

2) A Criminisi 3 27+ B HGR X B h R B = e
%, FFE RSB BE N po

3)RAASCH B BB M R E LB R
Rp B L AR R R R R T

4) FIH SSD HENIFEAE R P R AR AL

5) R AR AR E H B LIFHE S A p L E

6) ARG R G, BHRNIEE N R E AN ERE,
HHFHEHFEE SRR R AR (R B% S REA
). BREIPE?2) ~6) , HEMRX P INBRRAEBE L,

3 L Hr

B 5 ~7 BASCOHEER R EGHT B Z I = HL B4
£

(o) BEARIEHG: (¢) Criminisi B

@ SCRRIATEE (o) SCRISIER O A
EsS HBEBEREGREBENRIE—

(a) JREGIEIR (b) AR &

(c) Criminisi&

(&) SCRRI141 5 (e) SCHRIS15E () A3
H6 SEXEGEBEZREE—
SRR SR A CEE N SEORE  ER RS R
A3 X3 RBAERE RS BREN =8.00,0 =2.00,0=
3.00, % IH Fh 5 55 A7 B U8 B T 15 05 {8 15 R LE (Peak
Signal-to-Noise Ratio, PSNR){H 1M FERT HLEA R ANE 1 iR,

x1 BEHELERER

i Criminisi 335 SCHRL 141 B SCHRL 151 559 AR
PSNR/dB  #ER}/s PSNR/dB  #EH}/s PSNR/dB  #ER}/s PSNR/dB  #ER}/s
& 5(128 x 170) 28.17 102.33 29.07 97.90 30.18 88.14 31.19 80.42
& 6(300 x 400) 27.43 310.44 29.09 256.20 29.36 214.30 30.73 187.87
& 7(300 x 400) 28.48 430.38 29.28 349.12 29.39 316.20 31.32 274.43

HiZe 1 AT, 45 SOk 48 S 3R A SOk [ 14 ] K STk
[15 R IBEE BRI, 7E PSNR EME L E R E T
EARA BTScE . 5380, Ml Ah Criminisi BEEEAH LY, R AR SCHR
MBI TRAR A& N B R e Rkt T BG B ZidRE
TR SCRANURE R T P45 32.38% ) , T ALIE B &5
SRR PSNRHWL RIER R T (P39S 9.82% ) . K2R
A Criminisi S8 R BT 39 RO R/, T S8 s AR

YR, AT (345 1 (548 B2 L RR I DR R 5 THT AR SR iy RO e
WA S REGREBEEMR . AR BRET BB RN
W EGE E R R T R KRB 2 5 A B S B A
e se i B KR 5 R A 17 B AL Gl Bl ATk A
TERLYRANGE/)N AT, AT LU S8 S R AR Bk LUK,
SR AR SCHR HY 59 75 1k BE A 7 R 3 n 350k 3% o 1) 2 2% BE Y )
A RObE R TR BB AR, X — B TS ST B E



2894 i SR A %33 %
SR IFEHEYE, York: ACM Press, 2000:417 —424.
e [5] CHAN T, SHEN J. Mathematical models for local non-texture in-

(a) JREGIER

) BBER (o) CriminisiBTE

(d) JCHRN4TE
&7

(&) XIRI51ETE

(d) ASCH
HHEHERBEEYR LR =

4 4

TEZETEIRME G Z B, SRS T B E )
(AR, A SCHR Y TR T BE MR EGRERE R, 2Bk
FRIE M RIBAR RS R KR AR S 18 7k BE Y4B K 7 22 B0 7R
FLABBLAR B &R Y KB ; Rl AR SRR R S A Bk
Z I8 B PEBCHE LR B L 45/ MEAR IR . 8 F B BER E AR
RSB FERE b, AR SO0 5 T a0 i B 58 B Bk AT it
HH T LBIRAE, REREW A SR B RER R E 5148
ERERRN 2R T EGBEERREER,

SE W
[1] Rk, R HFEREEIRGR. TEEREBY

#®,2007,12(1): 1 -10.

[2] W, HER slohaiwRERREEEE]. TEE

SR, 2012, 17(1): 0123 -0129.

[3]1 X8, &R RAMLAWERERT]. TEERKEE

3R, 2011,16(4):528 -532.

[4] BERTAMLIO M, SAPIRO G, CASELLES V, e al. Image inpaini-
ing [ C]// SIGGRAPH 2000: Proceedings of the 27th Annual Con-

ference on Computer Graphics and Interactive Techniques . New

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

paintings [ J]. SIAM Journal on Applied Mathematics, 2001, 62
(3): 1019 -1043.
CRIMINISI A, PEREZ P, TOYAMA K. Region filling and object
removal by exemplar-based image inpainting[ J]. IEEE Transactions
on Image Processing, 2004, 13(9): 1200 -1212.
WU J, RUAN Q. Object removal by cross isophotes exemplar-based
inpainting [ C]// Proceedings of the 18th International Conference
on Pattern Recognition. Washington, DC: IEEE Computer Society,
2006, 3: 810 -813.
PR, EEF, R & TEOERMERN BN ERBEE R R
[J]. &Y A, 2011, 31(6): 1572 -1574.
GROVER S, MITTAL A, GUPTA S, ef al. A unified approach for
digital image inpainting using bounded search space [ J]. Interna-
tional Journal on Graphics, Vision and Image Processing, 2005, 5
(6): 17 -24.
WONG A, ORCHARD J. A nonlocal-means approach to exemplar-
based inpainting[ C]// ICIP 2008: Proceedings of 15th IEEE In-
ternational Conference on Image Processing. Piscataway, NJ: IEEE
Press, 2008: 2600 —2603.
KOMODAKIS N, TZIRTAS G. Image completion using efficient
belief propagation via priority scheduling and dynamic pruning [ J] .
IEEE Transactions on Image Processing, 2007, 16(11): 2649 -
2661.
B, BR, B ETERMAWERERL]]. 7 E
Bl R A2, 2008, 38(12): 1381 —1385.
KWATRA V, ESSA 1, BOBICK A, et al. Texture optimization for
example-based synthesis [ J].
2005, 24(3): 795 - 802.
ZHOU H L, ZHENG J M. Adaptive paich size determination for
patch-based image completion[ C]// Proceedings of the 17th IEEE

ACM Transactions on Graphics,

International Conference on Image Processing. Piscataway, NJ:
IEEE Press, 2010: 421 -424.

FEZ ML BF 2. AEMERSOUUNE BRI ]
o EE S EEER, 2012, 17(3): 337 -341.

Py, E=05. TR REHR IR REER
B HEEZRERY¥R, 2010,15(1):50 -55.

(L% 2867 W)

TR MR N G5 R L S, B B A AR R

SEEHBARBNRBE, TESHTEH TSR E T

W TRl AR B

S X3k

[1] PEIS C, HSUE W L. Random discrete fractional Fourier transform
[J]. IEEE Signal Processing Letters, 2009, 16(12): 1015 - 1018.

[2] GUOQ, LIUZ]J, LIUST. Color image encryption by using Amold
and discrete fractional random transforms in IHS space[ J]. Optics
and Lasers in Engineering, 2010, 48(12): 1174 —1181.

[3] SINGH N, SINHA A. Chaos based multiple image encryption using
multiple canonical transforms [ J].
2010, 42(5): 724 -731.

[4] LIX X, ZHAO D M. Optical color image encryption with redefined
fractional Hartley transform[ J]. Optik, 2010, 121(7): 673 -677.

[5] LANGJ, TAO R, WANG Y. Image encryption based on the multi-
ple-parameter discrete fractional Fourier transform and chaos function
[]]. Optics Communications, 2010, 283(10): 2092 -2096.

[6] BHATNAGAR G, WU Q M, RAMAN B. Discrete fractional wavelet

transform and its application to multiple encryption[ J]. Information

Optics & Laser Technology,

[7]

[8]

[9]

[10]

[11]

[12]

Sciences, 2013, 223: 297 -316.
JOSHI M, SHAKHER C, SINGH K. Logarithms-based RGB image
encryption in the fractional Fourier domain: A non-linear approach
[J]. Optics and Lasers in Engineering, 2009, 47(6): 721 -727.
WANG X G, ZHAO D M. Multiple-image encryption based on non-
linear amplitude-truncation and phase-truncation in Fourier domain
[J]. Optics Communications, 2011, 284(1): 148 - 152.
DENG X P, ZHAO D M. Single-channel color image encryption
based on asymmetric cryptosystem J]. Optics & Laser Technology,
2012, 44(1): 163 - 140.
ZHOU N R, WANG Y X, GONG L H. Novel optical image en-
cryption scheme based on fractional Mellin transform [ J]. Optics
Communications, 2011, 284(12): 3234 -3242.
WIKRAMARATNA R S. Theoretical and empirical convergence re-
sults for additive congruential random number generators [ J]. Jour-
nal of Computational and Applied Mathematics, 2010, 233(9):
2302 -2311.
Wk, B, 2T BB B B XUE G R R A
1. BT 5EE5W, 2012, 34(7): 1727 -1734.



