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Abstract

In view of the slow calculation speed of gradient descent algorithm of fractional order total varia-
tion image inpainting model, inspired by the successful application of augmented Lagrangian me-
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thod in the field of image denoising, this paper also uses the augmented Lagrangian method to
solve the image inpainting model based on the fractional order total variation. Firstly, the original
problem is transformed into an equivalent saddle point problem corresponding to the augmented
Lagrangian functional, and then the saddle point problem is decomposed into a sequence of u
subproblem and p subproblem by the alternate direction method. Then the fast Fourier transform
(FFT) is applied to solve the u subproblem and the shrinkage operator is applied to solve the p
subproblem. The selection of parameters has a great influence on the numerical simulation. This
paper has carried out a lot of experiments on the selection of parameters and selected better pa-
rameters. The experiments show that the numerical algorithm is convergent, and has a good in-
painting effect on the experimental images with text occlusion and artificial scratches.
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1. 51§

e BB A2 I BHR B R 8 & AHE BT B R A B 2 X gk AT e, DMEFS B RE e =
ROR[1], EARR ER—MEE N E2]. BT EBREAMEMRZRG G R —, EX)eE. Bi
SR ERR S IHRUASREE B (B LR NS IR A HR B 1 E BB bR A5 2 AU T2 M

2000 4 Bertalmio. Sapiro. Caselles F Ballester [3 ]2 H ] —FJ&F =F PDE &5 18 E 157 (BSCB
), f52K, Chan A1 Shen 45 A\ [4)IE 1 5 % ROF 22 MRy, 38 HU T TV ABFMETY 7 #h UK B) 3 H(Curvature
Driven Diffusion, CDD)RRY, TER 7 TV & K5 RY Bt AN BE AR vl i 34 38 12 v R[5

2011 4, SRESENFRW T —R0 8 2 RUZ N EBUR R A 8 BY, - MH ™ [6]:
min {E(u) =J, (u)+§i2‘2"‘f

ueBV,

2
(f—u)j“x,lﬁasz,OSSjSl,ij,l,w,L} (1)

Her (f—u),,j=0L L& f—u (EARFRE TR, SR T 20 400 B S A 7 1)

Mt 5HUE B HUTIE,
2012 4F, SRR NZITHR[7] (8] [91RIE K, $i 1 —3Em Ab BRI 75 BB 1K 70 B p-Laplace TV E&
EEBER[10]:
. 1 p A 2 +
minJ, [u] = ;JEUQ V| dxdy +TIEUQ|u —u0| dxdy,ceR",pe [1,2] 2)
A,(x,y)e

E — , Vs
o, A, = A1, (xy) = L tEoq Bt 2 0L U R R BAIE B
0, otherwise on

ITVREL, RS . 2018 4F, TRARSE NEX 3 HH TV VA LR 11]:
minIQ|V“u|dx+ajg(u—flogu)dx 3)

u>0

JS2FH 3 i B RO S S R AT SRR . 2019 4, SKBEE AN 22 Bk g 75 VR A AR 43 L

DOI: 10.12677/aam.2023.122077 753 IR Esid


https://doi.org/10.12677/aam.2023.122077
http://creativecommons.org/licenses/by/4.0/

X5, RFAE

PRECIUE AR FI 3G Rk B H OB AT S50 12], B85 T REFRIRL AR . 2020 4F, XMEERSE A AH 38
TR B H 732 S h MR AR 1 30 HI1R A 1 12 A Kullback-Leibler ff B IR A A 13]. AHMENY
YA 3G )Rk B L 12 R AR R S A 2R 5 I FH T BB ek 14]

T O 2 BN B S AME R AR R B AT B S, P HEEE, WEITHRKEN R
B, BhMEm. SZOCIRIIE R, RSO B 4 A8 ZE B ME RS 38 T Rk B AU B, 708
Tl AN p 7~ 18] B, a7 ) RN P AR {8 L IH A5 e (FFT) 3R 47 SR A, p 7 ) /S Shrinkage 5T #ET SR il
BT S 30 RO BUE S A R, AT SEOHAT 7. e MBE SRR, A CEIERUE
RS, BB T —E B ANER

AR SCER TR A BB AR 2 UG ASAME B (30 T s B H R Rl R BLAOR R v SR
RS HIA S EE S0, MWD Fi s e 7 475 8 LE (PSNR) FH 45 A4 AHALL P 8 Z(SSIM) B2 = WL AR i
R AT DU H AR SCHE H IR SRR A B AN AR

2. HRBI R RIS
ASCESR ) 7 Kb 4278 22 BB AME R FOTV — L, )T XN :
(u—r) dx )

min |V“u|dx+aE (x)jE

u>0 JEUQ uQ

a,xeE

Hep, a>o0, aE(x)z{ » QREBHEODHXE, o0QZEHIAT, ERZAEoQ FFEIHREXE,

0, otherwise
13 0Q AT EwQ N KB u BAER—AN KN N x N BISERRE, s x =RV, v =xxXx,
MBue X,Vuet.

FIHATCALL, O R B B RAS MY [ B AR R IR B R R TT Ik, LSS
N TR GR AL IR [ E(4), SINHBIAEE p, WAy — AR A ]

. : _ 2 d
min ], + e[, (u-f) dx -
st. p=Viu
X 1) FL(S) AR ARG had B H BEEAT BUE SR AR . H 265 1SR Rtk B HZ s a0 R
L(u,p;h)= IEUQ|p|dx+<k,p —V“u>+%"p -Veu z +a, _[Eug(u —f)2 dx (6)

TR, 0T R (4) ) SRAA L AN DR SR g ped )
T (u*,p*;k*) e XxYxY, @f%‘aL(u*,p*;)u) < L(u*,p*;l*) < L(u,p;k*)
V(u,p;h) e X xY xY (7

Xof I R (7) RO SR A, FRAT T2 Hi T E B
B 2.1 A7) AR EAE (8] X x ¥ < Y o ERDAEAE— ANl
AR IUE S TR 15 TR e 2L, MAHES.
TR FRATAT DL SR AR 0] R(7) ) — R I T
B A" =0p"=0,1"=0;
Fobe k=012, BEEBAAAHIET A, AT E:

(uk“,p’”') ~arg minL(u,p;kk) (8)

H=ob: B HIR T
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Ak ,LI(PM _vaukﬂ) )

i, FESERRRAF P ERATS A, Q)P ASE u M p MRS FEE R AR A, A
FRER D3 28 L A 7 0o T3 i R (8) e A N P A1 i R, o il L7 A 9 tn T T

ut = argminL(u,pk;kk)

pt = argminL(uk”,p;lk) (10)

p

;\’k+] :)\’k +Iu(pk+] _vauk-ﬂ)

S/ w7 AR, 5 R

u' =arg minL(u,pk;)\.k )

an

2

= arg,frlin<kk,pk —V“u>+§"pk ~Vu z+aEJEwQ(u—f) dx

(1) 3R B RR AL — ks B H 5 R :
~(V) W = (V) (pF - Vi) + 20, (u- f) =0 (12)

PATF e 1 AR B (FFT) A (12) 2 P SR A o -

FKaEer(V”)*M -;J/;H;(V“)*p"}

uk+1 :/_——1 (13)
aE 1 a * a
ﬂ+2F((V ) (v ))
PR A p-1 I L
p* :argminL(uk+],p;kk)
P
. k a ka\, M a, k41|
=arg:n1n||p||] +<k ,P—-Viu >+5"p—V u|| (14)
P 2
= argmin"p”] +§ p—[V"uk+I —%) 2
ME(14) X Je—47, FIHEH HBA AR -
pt = Shrinkage(V“u"+1 —X—,LJ (15)
MU
e (13) 15K EERANQ0) 2 T LLE R A
N IREVESCS R T, AT A BB A S R ST R e AT — R A AR
JEH gk +ﬂk (pk+1 _vuukﬂ) (16)
ﬂk+1 — H'ﬂk (17)

Hh S0 RGN NIIIER T, 7 EARERSE A R IERS E I ME -
LT, AU HKRME FOTV — L, UG IEAMERL RO Rk 1 H L T

Step 0: NZHIRME: 1, K,a,a,0 (K ATHHE I EB B LI A 210 ) <5 500
Step 1: fiiN: FFEAMER S, p=po.h=h,, RKNIEDHEN
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Step 2: &EAR:

Fori=1: N=1000

LA AR 135 o

LA A (15 HHE pe

LA 24 30(16) B A%+

VR ARAQ7)EHET S5

If
|uk+1 _uk"2 10 a8)
—=<1.0x
al
Break
End for

Step 3: #fiith u =u""
3. IMERS O

A SIS IILE Intel(R) Core(TM) i7-6500U CPU @ 2.50 GHz 2.59 GHz kb33 FiztT, #1FE RSN 64
K7 Windows 10, 4 A2 5 BTl F i34 9 MATLAB R2019b. % 32 At F 0 = 5k ik B 45 2 kN4 256
X 256 [N T ST K K IS Cameraman (4115] 4(b)FrzR) W0 T N TR IR K 14 Barbara (U1
6(b) ) LA AN T N TIRIR A B Baboon (41 8(b)FT7R).

3.1. SR HESEZE

HTHEE 1 PR EANSRET S . SRR RS K. 28R o BE IR
ZHUE o LARINE K F 0 ) BUE AN [F) 23 SO b 52 00 PG AS AR (1 80O 2 s e Sl Sl iofele A 4302 1 %t
P = R AR A T M S P g S A T N LA S U B & B

KIS HRACREL “4RHA s, BB R 177, Al SER T IR BB T Mg EHR &4
(IR B R AL, B8 0 I ) A 20 B 1 RS TR B PP FE A e WAL 1 LU (PSNIR) I 25 440 AR BA 1 Fi £
(SSIM). HARMIMEA T 20 et — NS 8 p, SRR N AL SEUE A ENVIME, 25
N BB — AN LB GEE 2 10°~10%, 25KA 1000)RAGHPATHIE 1, FPAT—IREE | L
15 1E 5 B (R A% LB v DU e ) P iff g — B K PSNIR {HL (Bl K SSIM fH), SRS I HH 224w 5% Tt K PSNR
2R, FEsR 5 — NS00 B A 1k S 80Ul A B2 1) PSNR E(SSIM 1), 38 id i H ) h 28 e 5
TSRS HHE TG GE A S EGE R P T T — B2 100, 1 B8 G i HUR) AR AR B 30 3
FEDAR G FIEFA AT B 1, DAURSSHE, BRI — A28 u WBUERS #3105 5 28 AL (R i P 22
XF u WA AN e bR 3 It 0.0001) MRS AL T8 — B8 = p » B FREE =" LA
Koa,a,0 FIHME, X K BUEM 1 2] 256, SKN 1 RIGHHPATEIE 1, KHESMRE K EH K PR
PSNR fE(SSIM fH). HR=ASHMMATIES g RATE AR, RTER: 1) S8 o FEKEE
— AL 200, AR FEIRIZT; 2) o B A EHASTEEAE 0~4 ML, 75 NSNS & ok s
HEEREBEG; 3) 2800 RATE 0> 1 2 BIE S ER, 180< 6 <1 B2 {E 1571 HE 5218
HRFREEBGEEAD L “SE7 BB, &ERINEE 7 —H e SH L& KK PSNR {EH(SSIM
). 25 LRTIR, FRATHE FIRSERAL I 1542 M S VPN T b5 738 1 4% PSNR & KR 2 A% SSIM f K
ZHREK.

S, TATE T = kIR EHELE A S EOR R SEIE T VPN Fe AR BE G 15 A0 B ) Hh 28 1
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BAARMBMSHERKAE 3.2 AW, EREREREGIERFIESINE T 2GR ARN RN RS
HiH. AT E AR, H U517 FoR “42 PSNR KIS, A “J57% 27 RO “1% SSIM
KIS

I(a). [ 1(b)7r 7l &7 T Cameraman Ef& F R 5% 1 4% PSNR e K 275775 T 45 1) PSNR
L5 SSIM BEEAEE AR 28, FIRIEAT 11 5 1@ RKIERSECN 1000, 39 2 457 1EAE(18) i 1% AR 2
1E), [FEIAF|H K PSNR B R 23.3032 (KT ARAEAMMEME K PSNR: 19.4686), LG SSIM R 132 45 34 in L
ZEVFaN 0.6134 N RBHEEE) SSIM: 0.8912). & 1(c)s [ 1(d) 2 IR RGAE 5 —FiHS 5T
2, SREHEAT 712 BE ik, (HRE (o) E A% SSIM S Joikfd PSNR {HF 252, BK
102 B K PSNR {55 T 23.0023 (K T ARIEHMEMZ B PSNR: 19.4686), 2 JGi& 5 [F 2URAK A KT
B 1(d)RHIESE 12 2PIAEIHK SSIM A 0.7437 (N T RAEFMNEE I SSIM: 0.8912) IX AN SEEGUF B TEIETE
Fl—ERLSE T 4#15 Cameraman K% [FIAT LS & 4 PSNR 5 SSIM.

Kl 2 2 7 Barbara MG FH 5L 1 TE PR S 715 T VPN Fabm il 22, U0 DT 5k itf 2 & o] LR 4%
— PR bR B R R 290G e B 5 — M FR AR E B T . ] 2(a). ] 2(b)E7R T % PSNR 1HZH)
PSNR 5 SSIM {2k, SzIeizfr#) 11 Sk, 7658 3 JBIAFIH KM PSNR {4 27.4416 (KT RIEHNEIE
PSNR: 24.4007), 11 :BiAZEIf SSIM fH°4 0.8670 (/MFAHKMEAMEE SSIM: 0.9562). [ 2 Hi(c)s (d)%:Hl
7 Barbara B S —FhiHZS 7 T PSNR 5 SSIM 4k, 7JLAE 5 Cameraman FUEAE, 3% SSIM
WS 20 PSNR B FI$E T SL30I2 4T 14 45 1R FFIE B 5 K SSIM 2 0.9255 (157N T R AZFMEE SSIM:
0.9562), 14 5 11] PSNR {H°A 25.6002 (KT A& #ME1% PSNR: 24.4007) . A S256IE A X} Barbara &M &
TAFEEFR —E R SECT F A 25 £1 PSNR 5 SSIM.

3 fE7R T Baboon (Bl EG M F 553k 1| £ R 2073 F AT R ARBESAC S B A b i 2k . 14
3(a) & 3(b)sr & fEH% PSNR 12 R PSNR 14k 5 SSIM k. siiizfT 13 P41k, 1A% & K PSNR
fH°4 22.6092 CKT AR AE*MME G PSNR: 18.7732), iA %] SSIM {H 4 0.4832 (/T ARIEHME 1 SSIM: 0.8525).
3(c)s & 3(d)ER T 4% SSIM 3 F i PSNR 5 SSIM £k, wJLLE Hxd b 4010 = 4% SSIM S A
Reil PSNR {HFPHRF, M detid BAMIED TR, LIz T3] 14 2421k, 1F 14 PIERH K SSIM
4 0.8089 (1/NTHKASHMNEE SSIM: 0.8525), 7E45 2 A3k %] PSNR A4 20.5345 (KT R BHME{E PSNR:
18.7732). ASZEGIIE X Baboon FEUG KU TEIEAE R — B I M S50 K [FINHE 25 £ % PSNR F1 SSIM.

g BRTIR, S A ST A B = 5K IR ARk, X R (4) B L 1 SR AR A 4% PSNR S 5
1% SSIM i 2 W Fh 5 ik AL S R 72:45 A PSNR A SSIM [H] i iA B i KAE IS 54, thsh, fEil
WIEUL R, % PSNR 243 /) PSNR i K T4% SSIM 273 2/ PSNR I&{f, % SSIM il & 15
Ff SSIM fH th KT PSNR S 13 H () SSIM I&{H . )5 i E4qH, 4% SSIM 13 2 1 ATl &
e SSIM EATS /T ARAEHNENUE I SSIM, I AN PEM e bn ki 2, Frf3 i) PSNR H &R R & 4h

[N

(a) J7i% 1 K PSNR #HZk  (b) 759 1 B9 SSIM HiZk  (c) J7i% 2 ) PSNR #hZk (d) 7535 2 B SSIM Hh£k
Figure 1. Evaluation index curve of Cameraman image
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Figure 2. Evaluation index curve of Barbara image
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Figure 3. Evaluation index curve of Baboon image

3. BB EGEITN FarRih Lk

3.2. ByEstg

AT H = FRIER R (] 4(b)- B 6(b)FTE] 8(b)) b HIEE S50 K St S H BAR G 3, 55 sk A 3R
] 7 ARX R ZE K S PR R AR B R AP B R 4R 1, BEUISEE 1| ERATEBRWSECR
FEBUE SR o

FHEAME Cameraman R 4(b)) 2 7R B A T3 R BRI ] 4(a) EASINSC TR B, U HE R
WK 4(c)fir. %8 PSNR SRS HAN: 1=140,K =2,a=0.89,0 =0.41,0 =177, XN I fE
AR A(d) i, HERHRZE D2 an & 4D, FTRAVE A 1 2. 158 SSIM 12 (K B fit
SR N: 1=026,K=2,a=0.84,a=0.38,0=1.65, X PAIEHEBHERWIE 4e)Fin, HATRZE
LN 4@, RAE T HE 1S . I 5(a)~(d)B7R T 4% PSNR TS I bt 2 ik, Mkt
FOT LR H u 7 ) RS S IEHT T R BRI e, (R p iR R R AA MR A R MG K T, (HZE] 5(c),
(d)FF G I L 7) 0 5 ] A (4) R B SRR /N LR, BRARAR RIS Tl S(e)~(h) BRI 2 73— Fh il 20532
TR, FATKIER T p 7 I @Re = e T RIS BT RASh, HABRE AR IR 7T & SR /NI LR, B 5(g)
(h) EPIESTE 1 &S

24N Barbara FEIZ(JE 6(b))=27EJE B4 6(a) FIEERE LRI T N TIRIRTERLN, AH R 1) EUR AR
WA 6(c)Fizn. % PSNR HBERHRMSH: 1=1.02,K =3,a=0.80,a =0.42,6 =1.76 , Xt KIEAEE
AEERWE 6(d) s, MXTRZEMEWE oD, RUIFIEKSL. & SSIM S M EILSHUH .
#=033,K=3,a=027,0=032,0=1.67, fHNERERIIE 6(e)Fir, MHRREZEMLEUWE 60 TR, £
B RERHER ZE 00 2 T R AEIU (18) 0 15 7 JRAR T WA 207 T I & Fh e iz R (1 i 26 1 5 AT 3 B 2l
AieE 7 47 EE (% PSNR 2)ik 258 AT EIR (3% SSIM #2), p TR sE&s g LA E
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2R, HIEEIEE 7 (a)(e)(d)(e)()(h) 7N oK T FEIFRATT 23 5 I i it e G 5T PR et I AR SR 6 A2
SRAR/NEESR, #2058 T RGBT P A, BRI 2 IS .

8 JE R /2 Baboon(Biih) FG A6 M Sz e FLAR SR 22 i 2% o 78 IR B (P 8(a)) 3kt B im A\ TR
JEAFBIFHEANER (] 8(b)), EMERIEATE 8(c)f7n. % PSNR WS MRS EHALN: 1=5.05K =13,
a=0.60,a =0.39,0 =1.66 , X NIERAMBHNE R WE(D)FTw, HXHRZEMZWE 8(DHFTR, AILEHIRE
ZETIR N BB 4 1 EAE . 3% SSIM SIS HAE RN 1=0.60,K =4,a =0.50,a =0.37, =159,
X B FEAE AN R 8(e) A, ABXTRZE 2R W] 8(g) A, ARER 215 IEHEN . 5] 9 1) 8 skithZk &
HRTPYSK 7R T 3% PSNR S u FIERE R p T @ReE . 9 hokk B Ae i AR 1) d e 2 pEk U0
AR R, JEPUTKERIRZ SSIM S I e R i 2k . @ Mg T LLE H p T @Re st BT S
PRI A AT R B iR () R AR MBS SR AR, B 9(e)(d)(g)(h) FEZR AR fh i 3R B T B Sk ket

CEME 4 B 9 TATTKIL: H%H8 PSNR WS AH % SSIM ¥/ 2 mf DUSE U HfE AR S, (HR /MR
HUBORIER R R AE AN, #2108 SSIM. 12 BARME MR AR 2 2 B R FE (R 7 & 0 XIS 3B
Fgrit, HIANTA] UL HIGEAE R — B RS HC N (43 PSNR A1 SSIM {H [F) i ik 215 K.

N T VLA SCEERIA R, 548 TV BUGASAMERY B BE R FERE[16]3E1T T X . 75 E4R
[ 72, TEXF Cameraman (352 M) iEAT SE36 (I, T3k 1 575752 2B 2IFE—ES 8B 1 =0,a =1.0x10°),
R B 10(a) s, 1% 545K 4% (Barbara £ Baboon B8 732 1 5732 2 WS 4145
FIPAAF IS4 Barbara FIEIZETE | HSHRBIZHA=0,a=1.0x10", %L 2 WSEHASH
A=0,a=16.19 ; Baboon EG %77 1 HSHHSHA=0,a=14713, %Ik 2 WSHESH
A=0,a=44.11. Barbara 5 Baboon & IIMEHNE R I 10(b)~(e). =5k EIME 1T TV BAMTANFEARE L7
3, A 1 3R 2 T EEIRATRIL, AR SCRTER R 7 B BEAS MR [ 14 1 R i B B PSNR B
HMETFALGE0) TV 5k, {HETE SSIM f8bx Lt TV &k,

an image of cameraman
for inpaimting

(c) ST+ G HE it (d) HiE1gER

I
.4“'“35
P

(e) JriE2 MR () T7VE 1 RS R ZE (g) 7715 2 AR 1R 2
Figure 4. Experimental results and relative error curves of Cameraman image
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Figure 5. Various energy curves of Cameraman’s image inpainting
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Figure 7. Various energy curves of Barbara’s image inpainting
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Figure 8. Experimental results and relative error curves of Baboon image
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Figure 9. Various energy curves of Baboon’s image inpainting
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Figure 10. TV inpainting results of three test images
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Table 1. Comparison of evaluation indexes of Method 1 in three test images
F 1. MK ERER AL 1 BITNIERRITEE
K& AKAEFh PSNR KA SSIM J7i% 1IPSNR 771 1SSIM
Cameraman 19.4686 0.8912 23.3032 0.6134
Barbara 24.4007 0.9562 27.4416 0.8670
Baboon 18.7732 0.8525 22.6092 0.4823
Table 2. Comparison of evaluation indexes of Method 1 in three test images
2. MR EIRER 5% 2 BTN fE ARt EE
5 ARIEAP PSNR RIEFN SSIM J71: 2PSNR 771 2SSIM
Cameraman 19.4686 0.8912 23.0023 0.7437
Barbara 24.4007 0.9562 25.6002 0.9255
Baboon 18.7732 0.8525 20.5345 0.8089
Table 3. TV inpainting evaluation index of three test images
3. MR EIREY TV 83MTN Ha4R
&5 Jii% 1IPSNR J71% 1SSIM 771 2PSNR 771 2SSIM
Cameraman 21.2987 0.8125 21.2987 0.8125
Barbara 26.4462 0.9515 26.3773 0.9516
Baboon 21.9323 0.8712 21.9204 0.8713
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