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Abstract: To overcome the salient extraction results cannot preserve edge and enrich the 1nne'\(919when extracting
€

image salient region, a new multi-scale extraction approach based on frequency domam was ¢pxo
redundant information and get the innovation, the image was Fourie

resolutions. Then normalization processing was applied to obtain

. In order to remove
spectral residual on multiple

The simulation results show that the

proposed method has good visual effect, which can keep tﬁﬁaﬂlent End highlight the whole significant target

uniformly at the same time. The area under Receive;

performance.

&’ISUC (ROC) curve of these results also has satisfied

Key words: salient region; frequency @n eXB@@\ method; multi-scale; spectral residual

0&
@H% KW, XX
HROAE NG S B R4

0 3%

Rl mEE G B EEED
BN BE X, RRE
PRIGERL, Iz I BFrA I 53R 51, B 35 i E
BaR BB R G HRETENMETR .

WEEEEDEXHBER REL T RKEE 5K,
1998 4§ Tt 5 Koch F| FJ &R & 7935 tF =M R 1E #) Center-
Surround 22 F/3F B E XM OFHR i L") o HIr kM2
JFHiERERR, EAR R BEEN X EZHE D TAELR
P % B I8 R X, FEA N R EE 0 B AR B2
FA%. Harel S57E Ttii J7 vk EE4T S0HE, € 3CHR[3 ] b th—
PR T B W) T2 P ( Graph-Based Visual Saliency,
GBVS) B % ik Ff Markov 857 TR IE SR BUS 19 5.
FE, s TR BE KSR H i T AN AR
WAHIENZEEE, W[4 RAET 2R LE R
T B REE , %I AR T l%{%%iﬁﬁ’ﬂﬁ SR, X
IE R T SR R0 B FARRIR, Hou 251 42— R T3
T4 (Spectral Residual , SR) #5347 7 ¥ , 1% 7 ¥E 15 55 B BE
PEBAT A ARSI , (B 42 B2 B R i (U8 i — &

75 H 85 :2013-12-25 ; & B H #f :2014-03-02,

RESTHRRE A RIEBA Bin. EFR,RSHHE
AR U R B 7 B 3 % RS IE 3L A
HAR RIS R S E ARG T EERE, &k
Brig , A R B2 COBR BU o  TE T R R OL T
ARMERIT 5 B A B AR I RAE T T B9 S22 o

BEGTEAR T B AN A, AR SCHR HH — o B 3 XA T 85
HASU LB R e PR R Bt B, &
ARARE B E WG A30T7EE XA F B R RSET
5 P BT R R S b e Ao R PR 1) S oK, AR 1Y
RGENNFE, BEB R AR U DX, A A vE AR R BE AR B 1R
FEERAY GG  TEB AR A7 I R T 4 B (R N 39 53 b 2 e H A
P, BA BT RLREROR -

1 R KRER

A SCHR 1 2 X R IR O B A 1 TR .

B8, XA R E G T AL, BRI E R RIS
ETHERE, AR BEER T, s P REAN O m.
B IE A EGRA 2 M x N, T RUEE @ %o o7 1) B 5 53 R RS
HRH(M-i) x(N-i),ie (0,1] HieQ,

PRI MEEERY N B E R R WIERNE R, &0

ESWA  BRIT AP B (GC12A305) s sk mi Al B i R I H (HEUCF130801) ,
EEB N BRBE (1978 —) B BRI /REN, RIS 8L, EES7T 0 ST B RALH; RER (1989 ), 2, BIBITIR/RE
NSBRLBP S A, FEERSTT I B AR TR AT (1982 - ) BOBVT W REN, PHIW, EZHRST7 1 - U0 B AR AL B s 2P (1990 - ),

2o, BOIBITWIRIEN LB A, 07 1 R AR T,



1732

S Ny

%34 %

B, RIEBORS , ATRE AT A B R B SO it 4 X 5l 4%
BB St TR B/ U 2 G i 1 2 E A BT o X ek o AR SR
M2 PR RERBO M, BRI GRS 4, 7R
22 5.2 24 1 [R) 4 T A 59 3 X8R e B AR T e
*o

FOR 025 RUEE 7 A AT SR AR ST A B o LR BN T -

HISCHR[ 10] i B AR IE AT LIRS
B mT Lo A PR oy, B ER 2 R BT IR M TR B

s B

[RE| [REL| - [REL

i
[ wmpuEtE ]

[Saxy)]  [SuGed)| 7 [S )]

H(redundancy) LA % 45 W B 5 i 4 7 & 5 % 15 8 Ba
H(innovation) , PERE
H(image) = H(innovation) + H(redundancy) (1) 1l BERBEHTE
15 15 15
| i |
m m | m |
2 | Z | 3 i
@R 10F ", _@E 10 ’gﬁ @ 10
E& A"s‘ '@3 ‘55'5’ ’KH LL‘
ﬁﬂ \‘w.\% ﬁg AS""\,.: :HDAI "
= oty < e *,
F | F I S | P I
0 0 0 <O
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 %ﬁ >80 100 120
BR Nz 2R /Hz 2R/ Hz
(a) WG (b) 10K 2 m N O ooe
M2 E AR \

B 2 A R A AR AESR B lg ik ER

%ﬁx@ﬁﬁﬁﬁE%L%EWMMﬂMW%%u%%£Y\“'(

%;ﬁﬁz
<x\§£ () = L - () *L(f) (3)

H
AT B BOE ., 7E 1g i BRI HISE R 7 H
BRER, ARG AN KEE G prit
MEE P ERAE R UINTIHHE: 9
H(innovation) = H(image) — H(Ydundancy) (2)

@%*%%ﬁ%ﬁw%ﬁiﬁé¢%&%ﬁﬁ&@it
RIS, AR L8 o 5725 B, S0

REETH R TN R

%k%ﬁ@%%%ﬁﬁ%ﬁ%ﬁﬁ%@@%&ggs

NG E -

S e

L 4 ] [pO]

LA

()

RFYLAASY

Ll

| s EL AR |
3 AT E T
B 5 1(x) 8 B AR B IRas b ACf) A
HP(f) o
RL) =1g(A(f)) B GRBEE R, K EHEHITR

B %ﬂﬁ%iﬂﬁﬂ%ﬂ’ﬂl@%ﬁ%ﬁﬁ\%ﬁﬁoi%{%

HAo AR = L) FEMUFRERIERAE LA () B
HUEHR o

¥ ERE 2 2 EE SR (4) #ATE RN ARG
g —RIE i THBERR.

Si(x) = F"'[exp(R(f) +P(f)) ]’ (4)

A B RET BERGETYEBG, FRRA D E
Al

S(x) = =¥ 5,(x) (5)
4 0 5 S R R

(a)%—RJ’,@Z(;’:(m) (b) BREG=0.5) (c) BERE=0.25)

@) FHRER S AHRESR

M4 BHEERRIEER
2 fFEEBA

2.1 {FEfMERELLE:

N IRA SO EERE IR E G E ) 58 18 ARER
PATUF AR WA SO (A I Jr ik TR SR
TP AT IR B 5 B IR B R

I B E RO NS R TR A X R

() IR



#6H MAEE FBREREAYLREERBRI & 1733

RRm A RE G, i J7 B RIS R L i G FUA LI X
35 SR J5 A REAS LB ME B S AR TBUE 3 X, (AR BE XY ST b 2R
H 2 EAR A8 SO0 HE A S A DR 0 A T WA A2 P R A R
FESE AR, [R] i 4 5T H 2% 4 B 3 AR

(b) IttifF % (c) SR
ES5 RBERRRBRGRLE

S3 RN =FE TS B E E RS A ARIE W 2 E XA
ROC ( Receiver Operating Characteristic ) Hg FTERS HiaE
WP . ROC {2k T AN HE—Fh o ik v T 0 U845,
AT ] AR SR A 2 M LU AT T LB MR R R
K. i3 ROC M4 T M AV E M R RN & i AR , B
33 | & XA & AN UEX . £ ELEARSR
~} 128 x 128, = ARS8 B RF#) 0.6,0.5,
i, Bt %) 58 1E A AR G T F EEE, T RQC %
RIR 1 Fim,

&1 ROC Hﬁ’l‘ﬁfﬂﬁ%tbi&"

(d) AR

A HE ROC MR T m AN T SR FiE#E R
0.03545 , F i T2 8 It 745 0.078514, AL HETE
EEV U 5 R U Ml i ) RS R R S
2.2 REEZEIRINERNAHM

ERENERE L, SREGRERENEERE, SR
B G A R AT 7 BoR Al 2 3 i B ) 2 272
B ASCRAXN SIEA F E SRR E XT84
A, (57 D 0 P SR St s B %ot S PR 44 15 1 G SR A R,
IR THSMNIRGHFE, REHBEREEX K, EdEMRER
Bl &I, 7] LAFETS B PR AT EEG0 4 1) R B H S b 58 1 (6.
E BRKE, BRI EEEE

£H%F 58 IE B R EURIER A R 512 x 512 K 256 x
256 R JE i 4+ 8141, 0.7, 0.6, 0.5, 0.25, 0.2, 0.125,
0.0625} AN A& T AL, R A BB R T
ARFEE, B EERERIRRACR B, B ROC 2 T mAE A w
R REERBETHEIE 6 PR,

I BB EIRE |

E*%j R*EZ R'*En

[ R, O\
\\,
i |
@) §RE|%$A |
“()’ PQ| Rocmaéﬂmﬂﬁ |
B6 REkFEE

\)"' RBESAFESI I 2 A 3 ALK 4 A REEFTSH, 4 R

ETEABREERARMREHGINR?2 I, AR
BEF ) ROC fh £k PR HARAER 3 AT

ST -4 ROC fii D7 EL45 T mT DLTE 423 R, 3 24 4 L 7 B
1t 77 Ym?’ AP RN, BARN AR, FEEREFRETX
SR 771k (\ 0169 T 75— AR R B B AERIL L, 4 B i A A S
AT (m =3) \V( 0.916219 SRR, DS 3 ST R
R2 ZFERETHEENMREAS
m 128 x 128 512 x512 256 x256
2 (1.0,0.5) (0.25,0.125) (0.25,0.125)
3 (0.6,0.5,0.25) (1.0,0.125,0.0625) (1.0,0.25,0.125)
4 (1.0,0.6,0.5,0.25) (1.0,0.25,0.125,0.0625) (1.0,0.25,0.125,0.0625)

%3 TERETROC L TEBRNILE

Fk 128 x128 512 x512 256 x256
Iiti ik 0.837705 0.832029 0.83389
SR F#: 0. 880169 0.879916 0. 880841

m=2 0.896724 0.895398 0.896932
EXHE m=3 0.916219 0.912309 0.913328
m=4 0.920763 0.916378 0.917976

WK 3 AIE H HEE R BB g I ROC IR
TBUEREZ 38K, B TR SR 45 SR A R E ) 235 X
B H 2 PR R 3 4, RUEA BRSO SEa 28 R 1)
O R , [l R T R R AR, B DA — IR L
ARSI kB 3 AN RBEHAT B 15 B35 X BRER I,

ME 7 WA T A SO T i R K P 1

(a) bicycle 12 (b) bicycle2 5 [&]

(c) bicycle1'BEE (d) bicycle2 i Z &
BT BB E B R R AR



1734

S Ny

%34 %

REATAR R R BIATT 1 S5 BT AR B 2 R
AT RS T R B AR A R i 2 E%l@%ﬂﬂ‘ﬂ:
WBEE/ YL BRI, B35 X BRI /AU 2 B AR EN
RO B R, KRB FEH B AT,

3 &

ARTCHR H— i T 0 25 0 e R AR IR PR 46 B2 X
BT, il BT A R B R NUE T i s AR ek Rl &
SRALHEZ E R, R BUFRARERCR . Ml BSCRIE,
AR TLTT B BRI AR B — RUBE T S RSO B IR AN SRS %%
B, WA, ROC HiZk T mBUTH 7 i (L 48 Tui 77k
TR REEE T A SR 77 kAR R
S X3k
[1] TU X. Image saliency and its evaluation[ D]. Nanjing: Nanjing U-

niversity of Aeronautics and Astronautics, 2011(¥%/Mk. KRB E

PR BFAITNBISEID]. B R AR KA, 2011.)

[2] ITTIL, KOCH C, NIEBUR E. A model of saliency-based visual at-
tention for rapid scene analysis[ J|] . IEEE Transactions on Pattern A-
nalysis and Machine Intelligence, 1998, 20(11): 1254 —1259.

[3] HAREL ], KOCH C, PERONA P . Graph - based visual saliency
[ EB/OL]. [ 2012- 10- 10].
graph-based-visual -saliency. pdf.

[4] CHENG M, HUANG X, HU S, et al. Global contrast based salient
region detection| C]// Proceedings of the 2013 IEEE Conference on
Computer Vision and Pattern Recognition. Piscataway: IEEE Press,
2011: 409 —-416.

[5] HOU X, ZHANG L. Saliency detection: a spectral residu

http: //papers. nips. cc/paper/3095-

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]
@ asse:
ara area[ J].

proach[ C]// Proceedings of the 2007 IEEE Conference on Comput-
er Vision and Pattern Recognition. Piscataway: IEEE Press, 2007:
1-8.

MARTINS P, CARVALHO P, GATTA C . Stable salient shapes
[ C]// Proceedings of the 2012 International Conference on Digital
Image Computing Techniques and Applications. Piscataway: IEEE
Press, 2012: 1 -8.

PERAZZI F , KRAHENBUHL P, PRITCHY , e al .
filters: contrast based filtering for salient region detection[ C]// Pro-

Saliency

ceedings of the 2012 TEEE Conference on Computer Vision and Pat-

tern Recognition. Piscataway: IEEE Press, 2012: 733 —740.

SUN X, LIU X. Learning based saliency weighted structural similar-

ity[ C]// Proceedings of the 2012 International Workshop on Image

Processing and Optical Engineering. Bellingham: SPIE Press,

2012: 8335.

BORJI A, ITTI L. State-of-the-art in visual attention modeling| J].

TEEE Transactions on Pattern Analysis and Machine Intelligence,

2013, 35(1): 185-207.
BARLOW H B. Possible principles underlying the transformation of
sensory messages [ EB/OL]. [ 2012- 10- 10].
cam. ac. uk/horacebarlow/21. pdf.
RUDERMAN D L. The statistics of natural images[ J].
Computation in Neural Systems, 1994, 5(4: 517 —548.
HOU X D. Spectral residual: thg i B_ %B/OL] [2013-07-
15]. http: //www. klab. calt xhou/ projects/ spectral Re-
sidus spectralre51dual ht: &

http: //www. trin.

Network:

SMITH N T. A measure of associa-
ctlon accuracy that is a generalization of non-
Statistics in Medicine, 1996, 15(11):

(8% 1726 )
R 1 A4, ZFX%:%%IE{@J@%WTH

Wt R 38 2 18] 8, % A 2 42 (R B, B o SSIM % ays

. YRGB R ’BU({E'#W@?K HiE 4 pr

N, I T B R A B {5 B Crimj

WEEER. HERE W RIS

Criminis B 8?1 i) SS

B IRAT LB I
FEu, WA 6 B,
FE AN Hays S5 2K,

FERNBEREER AR SUH R BE S 7 PR B 4 1 A
BR GHER T ERHRRE BT e RS8R,
4 4

EARREEZEAFRRARBEESEE D HMERARFER
A RS, ASHRE T ETSEREGLME SER KA
SHERMEEREY: . ZREENAMUSEE G RX IR
FER AR B DI TR, AR S AR B AR TR B B4 BRI
TRSY REEEGE XS R X @R R,
HLB AR TR X R AR S E R BB R
W AR SCE L BRI AR AT IR
SE W
[1] BERTALMIO M, SAPIRO G, CASELLES V, e al. Image inpaini-

ing[ C]// Proceedings of the ACM SIGGRAPH 2000. New York:

ACM Press, 2000: 417 —424.

[2] CRIMINISI A, PEREZ P, TOYAMA K. Region filling and object
removal by exemplar-based image inpainting[ J]. IEEE Tranactions
on Image Processing, 2004, 13(9): 1200 -1212.

[3] LEEJ, LEE D, PPARK R H. Robust exemplar-based inpainting al-
gorithm using region segmentation[ J]. IEEE Transactions on Con-
sumer Electronics, 2012, 58(2): 553 -561.

[4] LIUY, CASELLES V. Exemplar-based image inpainting using mul-

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

tiscale graph cuts[ J]. IEEE Transactions on Image Processing,
2013, 22(5):1699 -1711.
ZHAI D, XIAO J, YU J, et al. Image inpainting algorithem based
on adaptive template[ J]. Journal of Computer Applications, 2013,
33(10): 2891 -2894. (EARW, HA, AL, F. & T HiE M
BPEREZ R LRI FHEHUR A, 2013, 33 (10): 2891 -
2894).
HAYS J, EFROS A A. Scene completion using millions of photo-
graphs[ C]// Proceedings of the SIGGRAPH 2007. New York:
ACM Press, 2007:87 —94.
KWATRA V, SCHODL A, ESSA I, e al. Grapheut textures: Im-
age and video synthesis using graph cuts[ J]. ACM Transactions on
Graphics, 2003, 22(3):277 —286.
PEREZ P, GANGNET M, BLAKE A. Poisson image editing[ J].
ACM Transactions on Graphics, 2003, 22(3):313 -318.
CHEN X, TAN J. Color block-histogram image retrieval based on
difference degree of spatial distribution[ J]. Journal of Computer Ap-
plications, 2013, 32(6): 1539 —1543. (PR3, EEER. T 250H]
SRR R B BRERITELT]. ST EYLEL AL 2012,
32(6): 1539 —1543).
SWAIN M J, BALLAR D H. Color indexing [ J ] .
Journal of Computer Vision, 1991, 7(1):11 -32.
YAO X, BEIJI Z, HONG L. Selective color transfer with multi-
Pattern Recognition Letters, 2009, 30 (7):

International

source images[ J].
682 —689.

LEVIN A, LISCHINSKI D, WEISS Y. Colorization using optimiza-
tion[ J]. ACM Transactions on Graphics, 2004, 23(3): 689 -
694.

WANG Z, BOVIKA C, Sheikh H R, et al. Image quality assess-
ment: from error visibility to structural similarity[ J]. IEEE Trans-

actions on Image Processing, 2004, 13(4):600 -612.



