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Abstract; Image inpainting is the process of filling in missing parts of damaged images based on informa-
tion gleaned from surrounding areas. A new algorithm for inpainting based on the Navier-Stokes equation,
which allows for inpainting inside of the inpainting region and denoising outside of the inpainting region,

is outlined. The experimental results show the effective performance of the proposed model in restoring
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scratched photos, missing parts and even removal of entire objects from images.
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Table 1  Relation between fluid dynamics and image inpainting
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Fig. 1 Results of different of image inpainting

SRS 2 AN U AT X P IE S R R A
Ko ME2 PR, (a) 1 (d) 25 0 EHER,
(b) () NERGFERMER, NTHEWERE
R, BATRBEHRT TG RE L, B g
2, ®ATTLARFREMEERREEG (c)
(0, NERAUARBEREBCRIEFHE, T
A G IR BEN LEGR, NS FEIR EGa
P, (EREBIE SEEARE TIRE, AL
SRORFENR 2 PR,

F2 LT SBERE
Table 2 Selection of the parameters in experiments
At v A K AR EL
SZHy1 0.00001  1/A¢ 10° 107 20 20
S22 0.00001  1/As 10° 107 15 25
0¥y 3 0.000 01 1/A¢ 1 107 25 25
eI 4 0.000 01 1/A¢ 10° 107 40 30

(a) EHA L (b) FHIEEEMR (OF- 21
E!I“!l .ﬂ..wuilﬂiﬂil
(d) FHAE S (o) FHBEEIR () BEE1R

B2 BEgBELER

Fig.2 Results of image inpainting

SEEE 3 ASSCRRET N P R E AL AR R 1B 2
R, FTAZEAERKBIEL 2, TEE 3, (a)
N—IEEIRER, (b) NHARRAMER, (o)
NERTEIER . WECR LB B EIGRR IR K
TRARE AL, AT AR B A SCRE R R R 4
Mo (d) AEEEEM D —IEEBEG, (e) WX
AR EAFRBRRIMEGR, HE KK Z 5010
FERRNG L, (1) MERRHEG. BATTUE
HER ARV A :

(a) g B (o) EE EI&

(b) FrEREI&

(H BEEH

(d) FERE1E

(e) HEE AR
K3 ERERELER

Fig.3 Results of image inpainting

K4 ASCREE RN BRI e 2 BB E
SRTESR, ASLIH AR TR E 25
B KBRS FEANE R P B R R R, S5 2R AR 4
Jimme WATFMELESE T MIEEG, Hp (a) H



1

RN . £ T Navier-Stokes FRENE G B E B 13

(d) mEGREG, (b) M (e) Jumkd Hmm &
B, (c) M (f) AALEEEEWE R, NEH
AT, 28 U AT LA S8 B S A iy Mg
Bl

(o) ER AR

(d) FHRE

(o) FHIEE KB

B4 EBBERELSR
Fig. 4 Results of image inpainting

0 BERR

LIS ACHEBRE D REEREY, &
SR AL, SERINE S FiR, (a)
(d) HERER, (b) R () BAEEPIRHE
BRWBWER, () R (1) HBELE, NE&E
FEHEIR TS, BRBREY ERE AR A
SCE TSRS R T ARIF B IS RUR, B L
S BN 2B . R RAEE S 1R %
TR AL, 26T R AT TN 5 ik

i

......

(b) FHERE B

Seom

(o) BERE%

(a) AR E

(e) HEEER
K5 EBBERELSR

Fig. 5 Results of image inpainting

(d) IR E &

H BEER

5 4 i

AT Navier-Stokes J5 2, 1R T — MY
BB IBEE BAIRE . IZARTY REE TR B B XA
B ZE R SR B 15 BT IEAN, TTERHMEE K8
ShE BRI

ALY R AR SR B TR TR R S Y Navi-
er-Stokes J7 AR ROYBRTT R, DAL SH B T i) A ]
B IR BELTT A Z 181 — B . 3T RIS ME B
RREBIR, FHAFAREAWEG, BEEHAE
R RESERL, TEBE KRN R E 8 H il A A
HEHE, IR KIBINRBN R . SLIRss
R THEBIEAL B E R (B2, 3 A S)
R ER (K 4) B RIS Ak, (HRAE
BBFFERLEA R, WERFEE XRE G %
AN 2, (&4, Gkt X 28 ik mofg R AT LG
HREEBT TR TAE

S5k

[1] BERTALMIO M, SAPIRO G, BALLESTER C, et al.
Image inpainting[ C] //Siggraph 2000, Computer Graph-
ics proceedings, K. Akeley, Ed ACM Press/ ACM SIG-
GRAPH/ Addison Wesley Longman, 2000.417 —424.

[2] BALLESTER C, BERTALMIO M, CASELLES V. Filling
in by joint interpolation of vector fields and gray levels
[J]. IEEE Trans Image Processing, 2001, 10(8):
1200 - 1211.

[3] BERTALMIO M, BERTOZZI A L, SAPIRO G. Navier-
Stokes, fluid dynamics and image and video inpainting
[J]. IEEE Computer Vision and Pattern Recognition
(CVPR), 2001,1; 355 - 362.

[4] WILSON A, RYO T. Inpainting with the Navier-Stokes
equations [ R]. http://www. math. ucla. edu/ ~ rrtakei/
gradProj/930project. pdf.

[5] TAI X C, OSHER S, HOLM R. Image inpainting using
TV-Stokes equation [ C] // Image Processing Based on
Partial Differential Equations, Springer, Heidelberg,
2006 .3 —-22.

[6] CHAN T F, SHEN J. Mathematical models for local non-
texture inpaintings [ J]. SIAM J Appl Math, 2002, 62
(3): 1019 —1043.

[7] RUDIN L, OSHER S,FATEMI E. Nonlinear total varia-
tion based noise removal algorithms [ J]. Physica D,
1992, 60.259 —-268.

[8] CHAN T F, KANG S H, SHEN J. Euler’s elastica and
curvature-based inpainting [ J]. SIAM J Appl Math,
2002, 63(2): 564 —592.

[9] CHANTF, SHEN J, VESE L. Variational PDE models
in image processing[ J]. Notices Am Math Soc, 2003,
50(1): 14 -26.

[10] CHANT, SHEN J. Non-texture inpainting by curvature-
driven diffusions (CDD) [J]. J Visual Comm. Image
Rep, 2001, 12(4) .436 —449.

(M2 18 1)




18

HIIREEEAR (BB

551 %

(8]

(9]

[10]

[11]

[12]

ator [ J].. J Differential Equation, 2004, 196 209 —
225.

WANG M X. Non-constant positive steady states of Sel’
kov model [ J]. J Differential Equation, 2003, 190 600
-620.

PENG R, WANG M X. Global stability of the equilibri-
um of a diffusive Holling-Tanner prey-predator model
[J]. Appl Math Lett, 2007, 20 664 ~670.

PENG R, WANG M X. Positive steady states of the
Holling-Tanner prey-predator model with diffusion [J].
Proc Roy Soc Edinburgh (A), 2005, 135; 149 ~164.
PENG R, WANG M X, YANG G Y. Stationary patterns
of the Holling-Tanner prey-predator model with diffusion
and cross-diffusion [ J]. Appl Math Comp, 2008, 196;
570 -5717.

DUBEY B, DAS B, HASSAIN J. A predator-prey inter-

[13]

[14]

[15]

[16]

action model with self and cross-diffusion [ J]. Ecol
Model, 2002, 141 67 -76.

NAKASHIMA K, YAMADA Y. Positive steady states
for prey-predator models with cross-diffusion [J]. Adv
Differ Equat, 1996, 6. 1099 — 1122,

RYU K, AHN I. Positive steady-states for two interac-
ting species models with linear self-cross diffusions
[J]. Discrete Contin Dynam Syst, 2003, 9. 1049 —
1061.

LOU :Y, NI W M. Diffusion, self-diffusion and cross-
diffusion [J]. ] Differential Equation, 1996, 131.79
-131.

LIN CS, NI W M, TAKAGI I. Large amplitude station-
ary solutions to a chemostat systems [ J]. J Differential

Equation, 1988, 721 -27.

m%%%%%%%%%%%%%%%%%%%%%‘m

(B85 13 )

(11]

[12]

[13]

[14]

[15]

[16]

[17]

ESEDOGLU S, SHEN J. Digital inpainting based on the
Mumford-Shah-Euler image model[ J]. European Journal
of Applied Mathematics, 2002, 13,353 -370.
MUMFORD D, SHAH J. Optimal approximations by
piecewise smooth functions and associated variational
problems [ J]. Communications on Pure and Applied
Mathematics, 1989, 42, 577 - 685.
GROSSAUER H, SCHERZER 0. Using the complex
Ginzburg-Landau equation for digital inpainting in 2d and
3d, scale space methods in computer vision[ J]. Lecture
Notes in Computer Science 2695, 2003 225 - 236.
BORNEMANN F, MARZ T. Fast image inpainting based
on coherence transport[ J]. Journal of Mathematical Ima-
ging and Vision, 2007, 28(3) : 259 -278.
BERTALMIO M, VESE L, SAPIRO G, et al. Simulta-
neous texture and structure image inpainting[ J]. IEEE
Tran Image Process. 2003, 12(8): 882 —889.
CRIMINISI A, PEREZ P, TOYAMA K. Region filling
and object removal by exemplar-based image inpainting
[I]. IEEE Trans Tmage Processing, 2004, 13 (9):
1200 - 1212.
WEXLER Y, SHECHTMAN E, TRANI M. Space-time
video completion[ J]. IEEE Trans Pattern Anal Mach In-

[18]

[19]

[20]

(21]

(22]

[23]

[24]

tell, 2007, 29(3) ; 1463 - 1476.

FADILI M, STARCK J, MURTAGH F. Inpainting and
zooming using sparse representations [ J]. Comput J,
2009, 52(1) .64 -79.

KOMODAKIS N, TZIRITAS G. Image completion using
efficient belief propagation via priority scheduling and
dynamic pruning[ J]. IEEE Transactions on Image Pro-
cessing, 2007, 16(11); 2649 -2661. _
AUJOL J, LADJAL S, MASNOU S. Exemplar-based in-
painting from a variational point of view[J]. SIAM Jour-
nal on Mathematical Analysis, 2010, 42 (3): 1246 —
1285.

MAJDA A, BERTOZZI A. Vorticity and incompressible
flow [M]. Cambridge Univ Press, 2001.

TAI X. Global extrapolation with a parallel splitting
method[ J]. Numerical Algorithm, 1991, 3.527 —440.

WEICKERT J, ROMENY B, VIERGEVER M. Efficient
and reliable schemes for nonlinear diffusion filtering[ J].

IEEE Trans on Image Processing, 1998, 7(3):398 —
410.

KUHNE G, WEICKERT J, VIERGEVER M. Fast im-
plicit active contours models lecture[ J]. Notes on Com-

puter Science, 2002, 2449. 133 - 140.



