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Abstract: Prone tothe staircase effect and the blurring of the traditional variational image magnification, on the basis
of considering the non convex order two total generalized variation in the suppression of the staircase effect and the
fractional order in preserving the image details the characteristics of non convex total two order generalized
variational model of fractional texture image magnification based on decomposition is proposed. The new model
decomposes the low resolution image into two parts: cartoon and texture, because for a flat area, easy to produce
the staircase effect, so the cartoon part uses the two order non convex total generalized variational model. In this
paper, the fractional variational model is used to deal with the texture of the image with more details. In this paper,
the primal dual and Chambolle projection algorithm are used to solve the new fractional non convex model. The
results of numerical experiments show that the new model has a significant improvement in peak signal to noise ratio
and mean square error.

Key words: total variation; image zooming; non convex order generalized variational; fractional order; texture de-

composition

Vol. 35 No. 1
January 2018

1 58

NATPHE— RS B 1 [ 5 e i — R 5 A Ak 2
e AR B R e R AR 1 o AR 2 A P A8
R PBTRORAE o 50 P B Ak B Bl 22— FE AR
b BRSY VAR SURARA T N PR A

IFE HHEE: 2017—04—20; {&[E HEE: 2017—05—17

{5 b B v G AR AR B R S T A AR B i i 11 5
IIHEREGIE— AT AT ARG AR ROR R
LM EBIOR IR Z — 2 H AR 2 G AL B
B K I R OR B A AR B AR AL 4%
B AR T AL U AR (EL AR AR AR (B S5 B AR {EL
BB 0.5 S B LIRS — i AR, » (L I 2B 4

HEEWAR: EFHRPFH4A(61363076) ; TLIHH HREFF R4 (20142BAB207020)



%14

W 2 BT B 5 NCTGV 1 UG O B 51

(B 150 2 A I 0 bR 30K 8 0 A 4y TR 15 3 3
THCRIG MEG T &A BZ W RE R lWAMES
R MEARE B BREAFTE X VP 2 AN I 2Z 4. 4
oK o3 5 R SR SR A fAT H A5CR R A 1 AR i T
FERUF MG AL B 22 3] T #OR B 2 (1 6 7. Rudin
AR TV EATE EG A Rk T E KW
AL, Rt Maltouyres 2 N 25 A4 (E G iR 5
TV HEH T35 55 (10 3 (8 UGB AL, 7 i s
T TV RS TS B 15 W I US T34 1
RS, Chambolle %5 AT TV SRR H T
— B SRR 3R AT T R A I G
ROR AR TV 43 BV U R TS BE A 8000 £
P UG 4045 {5 18 ELAE R 041 X325 o 3 B
“B B RN B AJE T TV BRI £ 7 Cham-
bolle MG KA RIAFAE— 52 BB EE. ik, SCik[ 4]
$F Chambolle BEAIFFZE A T B~ AR 7
TG BB RN b R R B T B BT
AR5y G RN, I 45 T MR AR SR A3k
(EEAE BRI A0 (5 B R 30 b A AR BAR. £
Xt AE AR B AR 4015 A 3K — ) 38, ) F 55 4 N A
2016 AR BB il srig 2 T GO R 4 43
B AT G 205 155 S8 2E AT 1G5 B 7 1) 43 B
PG KA RAR G A B T 1 R A 473 5 . {H 78
] PG A SR X SR - 2 R A Rl — 4
L.

Bl b (] L, AR SO A OB AR B R
ARG 5 43 B i G A B R A S B T —
Tl (10 MG TR R TR, 7 B A TR TG 18 S A D6 {15 Wi
FUA A G AR LR ) e i 5.

2 HBXBEESH

2.1 Chambolle BE{& A K= HY
Chambolle ¢ AT TV BIARL, 51 T A OCHY
BGOSR BRI
E(uw = G;HigP lu—(g+w) || 1+ TV(w)
@y
XD W w FTRORSE B ESR A s IEME S ¢
FR— RHRE 4 IS AR OR R X T MOXN RV
K& X R3] ™, P o X By — 125 ), H 2
BB RAE RN 2 f . Chambolle 25 A3 1 1945 6] P
TN
P = {g € X | Lomon — B2m1.20 = Lom, 201
= Qoo sm << M/2,n < N/2} (2

Chambolle BHIZ LT TV FEHLEE H 9 KR
KA, I H Chambolle 88 A 45 Hi 1 AN A9 B0{H i
2 WIRAT T AN B RGO ORRICR,  (H 2 A R A 1 )
WU TV B2 Y PR 7e A 315 14 B& P A7
TE R ) B BR800 5 3 SR AR 1 1] 7L
2.2 MBI XNESKEE

SCERLS 4@ H 1 R 4 i R R e i B
A4 (TGV, Total Generalized Variation) pR%§.
HAX TR u € Lie (M n B ST LA 538 X
LU
TGV (u) =

sup {jnudiv”pdx | p € Cr(Q.Sym" (R')).

| div'p || o < apsk =0, yn—1)} (3)
A£G F.0€e R E—1TMHXE.2n =1 H
Caps***sa,1) > 0.

AMERBLE n B S LSBT IR n = 11, 50
(3) 3l TV BB E S, AT DAL, B LA 532 TV
SHEE LHHET. R YE Legendre-Fenchel X {#- 5&
XL, AfER ) WIRETE

TGV (u) =

inf e leCuw—wlde

weCT @sml (RN (=1
(=11 uy =usu, =0
@) H e gy ) N RTFRBE E ST

Vu, + (Vu,, )T
2

HRIE n By o)™ XA 430 TRl Y n = 2 |,
A1 Sym?® (RY) = S&, Horpt SO ot Bl e 2 i
BRI 3) BI5GB B XA nE L .

TGV: (u) =
sup{j wdivi pdr | p € C2(Q.Sym? (RP)),  (6)
Q

21l <aos [divp [l o <ai)

[F] FEAR % Legendre-Fenchel X} S AT A2 — Fr
BTSSR R TE K

TGV = min a| (|Vul=9)de+

9€EBDCO D>
aOJQ le(®) | dx (7

K (7 o, BD(Q) Fon A AR a1 #3745 8] % T4
B oA o € BDQ) » HXFTFRESEH T e (9) J—
AMHEFEE A Radon JFERS.

TR AR Sy R AE I R B RN AR
FRIROR AR RN SR EIEAS AR ET

©))

e(uq)=



52 P 2R SR

2018 4F

3 HEREpEY

b3l w6 = W DI o I 10 RN 7 98 W
Peter Ochs %7 AR HUKH A 9 — B S E00 — -
KU AR 2 A 3

NCTGV? (u) = n;imlfn (| (Vu—9) [+ prdx

+aoJQ<\e<0) 4+ de (8

K@ Hr,p WBEH 0 < p <1, A/MIEEL dE
M R AR A SRR SR T T AR Sy A
KB IR R T B B AR A 7R R AL B RE
ARG A BB FIPE A s RIS 2545 7 A
1E U] RS B 5 P Gk AR ARG a5 s DA R4S B 4 1Y
BEUZ AL FEASR.

44 Chambolle EIGU RABEAY, /] DLAS 3 5 1Y
ARG S gy BB OB A
E(w)= min [u— (g+w) || +NCTGV?(u)

w€ X ezt
(9
() Hr,a K IEMZ 4L,

SEIGRK) TGV EUGHBORBRIAH L, A rhE
TGV I e BHE P KISk K T TGV B
0 S Ry =S 4 DN | e = STl o j e

AR, 3B © 22 1T i A2 e i T 3
TEMRALFR ST 3 BN A S 4 R B, L
HA 5 SRR AT LSS S 20 R E B BE
fiyl B Ly 2 A ) SO SR SC P R R G Ak
SN FHAS 2 19 Griinwald -letnikov (G-L)M 434
Wi or.

C Caxy > /h]
Def(x)= }lirj)lhfla 2

7=0

(—l)jC)f(x—jh)
(10)

» Horp

‘ au [+
A A0 <]->_ FG+Dra—i+D

Nax)= J(:e*‘z‘rH dt F/8 Gamma KA )\ G-L 3%

i 52 Rl LA AR BT R R ) 0K
B o R 24 i TR E 55 2 1 SOk TS B
ES)1: % (1 O o W S TR T

B MR 23 G-L 43 B o AE LA AS
[FIBOCT AS R A R i 2 18 1 AP BT 7 DA o U At
I3 BOANTR] B U A 3t e e P il 2. TET 1 v el LA
& 3 B 0 B R B IR B OR A5 S H  mE
SRER AT 2L A 0 58 - 155 R A AR A A5 A5 2 4

. AT A PR A B4 S 3 X sk 1 7 e 142 A H A1
WA S o TT PRI ) 20 3 U)o 17 6 PR ) e A 6. D
P 1 Al LUK B 7EAb BRI I A S I 7
K oA WL B 03 7 A B PR R v AR A A
ST — B o B T R

]

0.5 1 1.5 2 2.5 3

B 1 A EIBR Y STE R 14 2k

g5 BRSO AR o B i S AR R A
J7 ARG A AL SO R T B T SO 0 i Y — el
B EHRTBORBE Y. B R SR G O i ol R a5
SUMFR Y. IR PIASEB 350 AN [ b 2 =X

X F MG A (1 WAL B, SCH R A AABC 43 i
BEAL P ORG MR w o R ¢ 580 v AN
XTGBT o SO SR AR B S 5
RERY AT HORAL 3. #571 Hy
E(c)= min A« [[e— (g+w) || +NCTGV? (¢)

ceX,weZ—
an
AAD A, IR ER AR
X R B SCER 3 o0 SCH R 0 B AL 4y
BT AL B AT

E(v)= min |v—(g+w | +r+ || Vo,

vE X, we P+

(12)
AA2) g1 BRI FEECHER 73R FH XU A
JRORAS 3] LR R o A3 5L 06 T 5 1 S0 T
5. H.

[Ivul= 35 Fv|

N (13)
1 (Vau)i.j = ((A‘;)zj)z+((Ai)1,)2

A3 Hoa REFBA IR 1 <<a<< 2, H




%14

W 2 BT B 5 NCTGV 1 UG O B 53

K—1
J (Au);; = (— D" Z(:;uifk.j
o (14)

K—1

I(Aavu )z',j = (— l)k Z CZu,-.,-fk
k=0

XD FL.K = minGm.n) om.n NEG T 5L
G 153010 (%) 1%,

UG B R oA 2R 28 AR I I A5 B 6
BG4 A= 38 38 43 R — I i o B AR ™ o ) AR
Ay RERITEA TR, B e o] A TE PG ) - 20 X 5K
R BB, 5 7 G50 B R AR . MR I L
BT RFAE BEG  m AAE S DR X R 1 803
T4 R FHAT BN o0 B AR R A7 A, R o (115 R &
FRAS B BE L.

4 BUEXRE

SCHR A SCHR 1311 AABC [EIR 43 fife 450 70 X6}
JEARTRBOR 1 BG4 T 30 SUBE 0 fife. 45 30 Fr b B
{14 3 SO A8 43, %R R 43 SCH R RS AR
(LD BEAT K. T X6 S0 B3R 43 3 Hp )R P A 734
A2 HATHOK.

X PR (1) 5 (12) By A R A, SR R
AR 28 B 2 AR T AT R . T 2 X R SE AR A
(1D EAELK 1

MR SCHRL7 1. Serp SR MR (1) AR R
TE DU AL A8 B AT 1 S A SIS ™ P Ak ) A

NCTGV? (¢) = rr;inal . mj | (Ve—9) | dx
s Q

+ a0 %J e |de (15
[9)
K (15) B

m

- b
T Te [+
(16)

_ Y
(|Vel+e)t

A A6) Hae JgAT 0 B/ MERL
Zad A s AR LR (LD AR T AR i
T AT .

minE (¢)= min A+ |[[c— (g+w) ||

ceX,we Z

+ o -mjﬂ\ (Ve—9) | dx + a0 -Jafﬂ\ew)\dx

a7
XFF A7), SR AR GG X -5 52 8 A it
TR Sl B (17) iR an R P75

(c"9)= min As |c—(g+w )|
ceXwezb

+a1 o 7}’IJQ‘ (Ve—19) ‘ dl“"ao . 72]9‘5((9) ‘ dx

(18)
w' = min || ' — (g+w) || (19

we 71

XFF(19) BYsKAE . R AT Chambolle 4352
BRIV TR A AR SR 3] ARZE 5 mT LAAS 2|

w! = projpL (¢" —g) (20)
APES P 1.1 35 E L. G Chambolle $
AR YR E |

pdiv(s')— projpl (¢" —g) sl — o 21)
KD W HBELsTHR " =0, H

g si Fo (VdivisH)— (e —g") /)y

Y 1+ (Vdiv(sH— (C—glﬂ)/#))[]‘

(22)

H(22) &4 6 < 0. 125.

A8 SR R AR X oK . AR
Legendre-Fenchel X {8 J5 #, #& 5 (18) A% X} {8 4
RNy

I’I;I.i&l’l n;egx)k e le—(g4+w ™) || +(Ve—0.y)

+<e(® . (23)
(23 A5H v, q 510N
Y={y= Gyl lyll.<ar+m}

Qz{qz o IR PP 0
HUESCIRTST — o 3 5k (18) B A8
LA LR AT

=0

LAA: ¢ =c" =g =9 = 0.’ = 0.0 0.0 =0,
y” = quo = 0,A> 0,0 > 0.
2. 4R

vy = projy (" +6(Ve =)

"' = projo (¢" + (e ()

(.n—H _ " _'_Z'diV(y”»H )+ A (g—.—u,'")
1+

011}1 :ls’l“f"l'(y’”l +d1VX (qn\l))

&ym — oyt —

;n—H — Zth!

n=n+1
H AR — I, w! HREARYE L (20) SkskAH.
3.5 | e —er 13/ e |3 < 10 B IR,

—

FERE 1 %01, BT projy G = y/max(1,-21 ) g7

ai *m

- | v
broja Cq> = g/max( 1= ) B div' RVHHIE.

a *m




54 P 2R SR

2018 4F

SCHO TSR A3 (AT (12) 9 B30(E K i )
FER AR A 5 58 B AR ik oK i, S 5 1)
(D) PEE RS AT LIARZS 5 ) BIB A (12) %
SRR, X LA R (12) (i BLREAR
Ei£2:

L#ate: o = v’ = g1 w’ = 0,1>0,6 >0,
>0,y =0,n=0.
2. %R

ynH — prij(y" +van)

gt = O ediv(y D+ A (g Fw)
I+

. !
'U”+1 — 2,Un+. _,Un

n=n+1

HAPRRPERA— I v AR (20) HRSRAF.
3.4 o =[5/ v 15 < le W 455 1R EAR.

ERAER D 52) EER 258w . 45
BEE 1SR 2 S0P 4 HVHTE Y Y 5E BEEUE SR R
Sk, HIRSEIT
Bk 3:

L wtafe

C="=g,=9"=0,w"=0,r>0,n=

O9y0 - ano =0,A >096>09U0 = "UO = g1
2. N SRR 1 SRR (11D,
3. B 2 SRARIRAL(12).

u= +c".
5 HEXLW

R T B UE S TR TR A S B E SR A
AT XA DGR 5 A R A A S, oir B AR )7
)7 MATLAB R2012b I 4% #2 52 #1, CPU Jfy i5-
3210M 2. 5 GHz. W 2 Frs~, X 1k B Lena,
Plane Y Lake /E A7l R . EUGR R /N3 512
X512.

Lena plane lake
2 MiKE%
S I A7 1 He (PSNR) 5 AR 45 ¥ A1 0L )3
(SSIND " & PP HE A Hoe SR

PSNR = 1olg(

n

| u—u || 3>
(260, + 1) Cprapra, +c2)

(o +on, T ) Qi + i, +e2)

RPN FEAR s w0 43 AR SR AR R R AL
PGB EUR 00000, o pru s prag, TP s g HOBREZEFN
BB 0w, N wsuo W97 225, 2795 SCHRL13 ], SOk
PR A FIARLLRE P RO HE RS E I REL 1 veo WEN
le ¢ 5 9¢ 6, sEuG ) Chambolle 5 TGV #5558 (1%
(H SIS R R A L i 45 . X TR 7 i BB
S B SABOE A ARy Hoh R IE AR 4 1 28
PEE A B = 20057 = 0.03,6 = 3,p = 0. Tya1 = O,
0l,a0 = 0. 1, BOHF S HARE R L= 8.0 = 0.
03,0 = 3,a = L. 6. JLX IR IETHEAT 4 /N — 2 AN R
FERSRIAR I B R S S8 5 AR o PR R E
(510N

VG T =FOARRIEINT 6 i@ %o B R Rk
FITBOR BB AE M e . AR 1 R i DU HE SO s
T ) 1175 14 L B 2 220 T Chambolle EHIR
5RO G RL. AR 2 A T
SRS [ R R R S 05 235 SR 1) 445 4 R 0L B 801, DA
2 2 YRI] RIBR Y A 45 AL RH AL RE BB B 2 v TS
4ift) TGV 55 Chambolle PR KA.

x1 =WAEMAEEM PSNR b

SSIM =

Mo HORfE% Chambolle TGV A

Lena256 2 30.9429  31.6221  33.1852
Lenal28 4 25.9179  26.2458  27.2514
Plane256 2 26.7418  27.6160  28.716 6
Planel28 4 22.3452  22.6067  24.2250
Lake256 2 26.0620  27.0071  28.1751
Lake128 4 20.0483  21.1558  23.1340

K2 ZMARMAKER SSIM L

Mo e HORAE%L Chambolle TGV B

Lena256 2 0.8655  0.8651  0.9118
Lenal28 4 0.623 1 0.6759  0.7457
Plane256 2 0.8070  0.8079  0.8281

Planel28 4 0.550 1 0.5995  0.6556
Lake256 2 0.858 1 0.8667  0.8815
Lakel28 4 0.576 4 0.6439  0.716 0

MR lena JHOR DU YR, 1] DL AE
(197 2], 7£ Chambolle JBORBERS . i1 T H 2L 17
B0 B BB AN BRAR TGV EUG IR R BT 854
ESGUEIEE I T 2y O VAR (E Py Rl o 1 R R S LN
KLU, SRR A AR W TR A TBOR A B AL fE
ARG AR “ BB 2800 ” » I HBEAR A R 34 56 [ 15



F1H WO 45 TR0 5 NCTGV Y BGHOR B i 7 55
ORI EIH An iterated 11 algorithm for non-smooth non-convex
optimization in computer vision[ ] ]. Computer Vision
0
6 Z5RIE &. Pattern Recognition. CVPR 2013. 2013, 86 (11)

$RH T — T T EHR SO ik 4 GO B A
B FE X G0 A R 38 -5 SCRE A A 380 0 )oK
FHAN TR BRI, 6f - 3 3 202k F AR ™ — B ™
SO AGETY o R AA 5 A PR B0 ) 4 DX I A ol e
BRRSONE”. Ao SO 732K F 20 B A2 53 » 4545 0 BBy
FRRFE - DA TTTRE A S8R0 38 0 LR A 24019 45 5. S
SR AR G Ve 7R VA (1 14 EL o J2: P A A A0
J& AR W] R A S .

SE

[1] Rudin LI, Osher S, Fatemi E. Nonlinear total varia-
tion based noise removal algorithms[J]. Physica D:
Nonlinear Phenomena, 1992, 60(1);: 259-268.

[2] Malgouyres F. Total variation based oversampling of
noisy images [ C] // Scale-Space and Morphology in
Computer Vision, Lecture Notes in Computer Science,
Vancouver, Canada, 2006(2106) . 111-122.

[3] Chambolle A. An algorithm for total variation minimi-
zation and applications[ ] ]. Journal of Mathematical
Imaging and Vision, 2004, 20(1/2): 89-97.

(4] REHEBEP) ZRME B XA 5 EGRR
(1] 6 T34, 2013,41(6)  732-736.

[5] Bredies K, Kunisch K, Pock T. Total generalized var-
iation[ ] ]. SIAM Journal on Imaging Sciences, 2010, 3
(3): 492-526.

(61 XUNVIB A7 At , W . 36 42748 43 10 06 19 68 2 39
HRERE LT LR . 2016.43(5) - 274-278.

[7] Peter Ochs, Alexey Dosovitskiy, Thomas Brox, et al.

1759-1766.

[8] Chambolle A, Pock T. A first-order primal-dual algo-
rithm for convex problems with applications to imaging
[J]. Journal of Mathematical Ima-ging and Vision,
2011, 40(1) . 120-145.

[9] Bredies K, Valkonen T. Inverse problems with sec-
ond-order total generalized variation constraints[ C] //
Proceedings of Samp TA 2011-9th international con-
ference on sampling theory and applications. Singa-
pore, 2011.

[10] Bai J, Feng X C. Fractional —order anisotropic diffu-
sion for image denoising[ J]. TEEE Transactions on
hnage Processing, 2007, 16(10) : 2492-2502.

[11] Odlubny 1. Fractional differential equations[ M ]. New
York: Academic Press, 1999.

[12] Aujol J, Aubert G, Blanc-Feraud L, et al. Image de-
composition into a bounded variation component and an
oscillating component [ J |. Math Imagingnd Vision,
2005,22(1) . 71-88.

[13] Wang Z, Bovik A, Sheikh H. et al. Image quality vis-
ibility to structural similarity[J]. TEEE Transactions
on Image Processing, 2004, 13(4); 1-14.

EE B

o B, A977) IR AR BB By 1 o B R
AP AR FROAR.

X CHGEWRESE) B, 19920, WS A BESE T I N
EZ AL, E-mail: 18115163704@163. com.

THE 55,0992 WweA. #5807 2 EHGAL 3.

(B35 49 70

[2] HeZ Y,Xu X F,Deng S C. Discovering cluster-based
local outliers[ J ]. Pattern Recognition Lett, 2003, 24
(9/10) :1641-1650.

[3] Wei X S, WuJ .Zhou Z H. Scalable multi-instance
learning[ C] // 14th IEEE International Conference on
Data Mining (ICDM14). Piscataway.NJ,USA:IEEE,
2014.:1037-1042.

[4] Wang Z G,Zhao Z S, Weng S F, et al. Incremental
multiple instance outlier detection[ J]. Neural Compu-
ting & Applications,2015,26(4) : 957-968.

[5] Zhang W J, Zhou Z H. Multi-instance learning with
distribution change[ C] // 28th AAAl Conference on
Artificial Intelligence (AAAT'14). San Francisco, CA,
USA:AAAI,2014:2184-2190.

[6] Wang J, Zucker J D. Solving the multiple-instance
problem: a lazy learning approach[ C]// 17th Interna-
tional Conference on Machine Learning. San Francis-
co,CA,USA: Morgan Kaufmann,2000;1119-1125.

[7] Ruffo G. Learning single and multiple instance deci-
sion trees for computer security applications| D]. Tori-
no: University of Turin, 2000.

[8] ZhouZ H, Zhang M L. Neural networks for multi-instance
learning] R]. Nanjing: Nanjing University,2002.

EEE T

\REIE 5, Q978 W, . WS 1) i AL
A3k,

AlzE(EIREE) 5,992, 8+ BF 58 4. BF5E 7 ) A

B8 . A L fE. E-mail : 362781537@qq. com.



