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Abstract Salient object detection intends to identify salient areas in natural images. In order to improve detection re-
sults,a method based on dictionary and weighted low-rank recovery for salient object detection was proposed. Firstly,a
dictionary is incorporated into the low rank recovery model to separate the low rank matrix from the sparse matrix bet-
ter. Secondly, sparse matrices corresponding to the color,location and boundary connectivity priors are obtained,and the
adaptive coefficients are generated by their saliency values. Finally,a weighted matrix is constructed by adaptive coeffi-
cients with three priors,and the matrix is merged into the low rank recovery model. Compared with eleven state-of-the-

art methods in four challenging databases, the experiment results show that the proposed approach outperforms the

state-of-the-art solutions.

Keywords

il

1 3l

HLBE 8 3 P R N 2 30 9 1 b f 1 0 4R b A e AL o
VDIRG9 ) o — R
SRS Y B35 X8, BT E &7 24 SUIS 21z s
W HAR U H ARSI G R g AR RAG R L
4ROk I 2 W BB AS TI A T BB R B2 i AT LUR B
SR R S W W SRR e T = RS BT L SR ATl
RS 55 KB i 8 R T R R S, IR L X
ANSEHE (58 o T3 T I b A ARG I kR AR IR Bl Y,
D BR IR o3 55 TR WR B A Ry % LU B A P A € L s A A
A ARGARAE . Ted S50V 3T — AN AR W A B R T A 3 A
A Y AT 22 R AR R AL B9 T o0 PR 58 22 20 3 T ok A2
B, Meur FE0EEST T IR ) S AG AT fe

Dictionary, Background prior, Weighted low-rank recovery, Adaptive coefficient

JHARURRE X L R B 58 B 3B

TE RS b 3 B bR A DA AL, IR R R R A
R R EHERBHO TR, KEHEHER T BAERHE R
BT AR =5 ] v, 38 Ot B3 =5 18] 109 0 38 X3 mT A
R M . A48 A BRI R IR S B Sy F L T BLAY A
SRyt T SRR B AR B LR R T S 3 XA R B
S, 3 B AR AT LR g AR Bk KR P K B AL

min [ L. +2lSls . F=L+S (D
Horpro o I o FROR MR 0 4% R R, BV B2 S [ - I
FORMER L ERGA>0 & LS S,

SCHRC10 4R T — Fh 2 T AR BR R &2 (Weighted Low-
rank Recovery, WLRR) i i} 2 H AR K DAL AY . %07 P 75 5t
S6 58 7 Ak S AR S R L AT A5 B 4 A R X BUE T S A
RN () BT

Az EFE A KRB I 4 (61602244, 61702262, 61602444, 91420201, 61472187), [H K & /A & &l OF 58 & J& 3t %) (2014CB349303),

] 5 0T 45 4k 5 4> (6140312010101 %1l ,

OBE# (1994 —) . & A+, CCF 2 61, FEWF 58 J7 1) 4 B 2 H Fr4  . E-mail : Dmaxiaodi@163. com; R & B (1990 —) . & i+ 4=, F EHF 5

05 1N B3 H AR s &
GRFEE) .

BA961—) B Wk, B, T 5 10 o MRS BT LER 27 o1 AL SE IR L E-mail : zhongjin@njust. edu. cn



5 6A Ih g, 55 3 5 SORUMAUIR B R 2 A0 23 B bR G I 147
TTHLHN+AHMM6J.WﬂEﬂWL+S (2) 3.1 #EEE

Hor, « 7R AN B PR 14 % L 0 2R AH 3, W2 4 36 1) A R A

BRI B 28 3K B B 4 9 R (B A7 e R R 2 4,
WLRR R H g a7 B b b 2 )2 500 B AR 3fe 4 & 7 = AL T 4E
M A H AR LS P . T A SR AL
SRR BIEAF AR TR EE N RN k., S,
R T 53R G AN R A L AR SR R S A SR B i T

FR BB A BOHE BE A ROR Oy 4 8 T R SR MR AL A IR B
IR
ASCHE 2 A A S ARBRA G i — L 2 MU 2R 3 *ﬁﬁ

ZRAR SO A T SRS AR B A S AR 5 B 4 T kAT
B 45 2R 1 R R AM T s R S A

2 MXTIIE

IEAT SR TR [ K A A 8 70 ) 8 B oy b g P 7 3
B E AR AL LG 5

SCHRCI2 T4 T —Fh B FARGUARAE T )R e I iy 48 —
DAY 2 e et QG AT B AR R 4 L R R B AR £
PO B, L300 2% R0 S0 RS AIE # R AE R B 5 SR R Fﬁi%?@m@ﬁ‘ﬁ
5 YN R O AT AR 5 5 A AR 46 ) R A I
TERE SR BT . MRBRIR AN T

T@HLHX+%HSHIAJ.TPF:L+S (3)
Hod, T R IEA SR P R R R0 .

SCHR[13 ] 5 B I A 0 W B L T AR AR R R X
B IRIAT . 45 % f A EUR0 2 A R AE L 7 3 R T R
R ZARAE B A K L A0 A8 B 22 A i A B4 IR B I
2 H AR N IZ A [ T R T SR 2 TR A AR R 0 AR DG
DAL A 266 B T A 3 e B T AR T

min S L 42l S

sime 4

s.t. F,=F,L,+S,,i=1,-,K

SCHRC 148 th T — A3 T BB 00 3 0 535
HE A 4050 2 20 3 461 4 Sk By o A O B i A 28R
A, FLURRE DL 0 6 7 4R — L0 1 0 R R 26 b
AT 5 S SRR B 59 0 AR
(R T I 2 R A A

3 ETFHAMMEKKENER

AR SCH TE Y 3 B RS A AR B B AR A 1 TR . R
e PRan A AR i - S 3 T ST IR A A I M i
FIAERISR A

B B AR A

WERAEG 1,1 48 H SLIC iy 5 w09 0% 4y 2 N
AMREBMEBRE P={P, Py, ,Py}. NEBIHEIGZER
PR D 4 BERAE M B £, € R DK BT BB 1) B 4R
B EMR R AEAE R F=L /10 f2o e [y JERPY, AT
VLB AR AE S BE F 40 LR R 15 5 5 B A B A B L Fn R 7R
0 EARRRRBRAE 5 S . AR SR R A B S SRR B
& 1 #E B (Dictionary and Weighted Low-rank Recovery,
DWLR) 7] LA 1 2 (5) R

min | L +A1S st WeF=W-AL+S (5
Hod W R S AR, A R,

o FRAEAE B F 43 ok % 17 14 1K Bk R B LR % R B S
JE ATV R S5 B [ U RER R E P W EE,
N

Sal(PH= | SG,d |, 6)

WA MR RS IE— R IF T — 1k, 145 205 A B 0 %
2 R AR SO Y S BB AG DASE TR L AR D R A B vk
1 fiR .,

Bk 1 P ORINAUR R K S R B3 B AR A

WA — I HRER LRTREEN SR Ao

i IR 20 B R Sal

L35I N AN 15 26 Herb B2 B0 D 4 1 8 F 16 Bk L 3700 2 i 11 4% 1 e

fEAEFE F,
2. IRYEFFIE I F Ao 78 AL Ji’r /\?M%’WP
3. AR BOB AR FE P Y A L MR EENEET R ER

LP(),CP()Fl BP(D,
ALK 3 AT S S B0 1 X I A TR R W, W W AR (5)
SRAFFBLAE M Sy Sc Al S MR 3 (6) A 45 | X R Y 2 3 {E
Saly (P, Sale (P Fil Salp (P,
AR R A E R B 3 AT SRR A A B — A R e
B H RS — A DXON i A E S 1 W
6. M 1SR MR (5 RAFFEL A FE S, MR (OB FMRE P i H1E.
.2 FHMHE
M TR R BAR RG24 S 46 R 0L, 5
M3 SR WIS 2 1) B %R i B0 A1 2 20 Y R 1 5 2) AR A Y
M, R B MRS SR — B A B EAT I SR T O AR
T T A BN 4 5 T AR A 0 T GE T A AN R 4. AR
3 1 - s T8 A i
AT S G 3 AT R R A R IR R I AR SCHE AT 5 1Y
Mt . SCHERC1I3 I AR A B A o 5 s STk [ 11 ] R 9 45
WEFEAE =l B T 3 TR Bk 2 7R (Low-Rank Representa-
tion, LRR) (1 %5 [A] 45 14 £ R IR S A 80, SR ROR AN T
rlnisn Il LI.+xIlS,,s.t. F=AL+S D

Hr A RT IR F Abe S m R L 20 F A
XTI A R RAERBRER . SRR . SHZ)E,
ALV AL KR Fo HF rank (AL ) <<rank (L"),
AL 2% G H B F A — AR BK & A< SOR FT % STk
4 3 1) - B HEATARBRAR &
3.3 BEER

Je {7 B R AR A TN IR R Gy A SR 3 A
=R R A BRI S S I R R R

(D7 BB

— MR UL ER L B S

1321

w

MY REAESWGIN. X T 5



148 AN A = =

2018 4E

AMHEBRER PR OAE ¢ SEGPOME o FECREE
BRI N d(go . K PR SR E S E L

Lf%i):ZIA*exp(:;é%%JEE) (8

v, o 2 4 ol v 30 50 B2 P o 25

(2) B8 5 5

A A R, AR T 0 R X3l AgURR A 3
P 3 P R 0 ok IR AR R B R T, IR AR B & 3R
B ER P, WATREAIRR , Rom R C, 52 A 7 57

B e N -
CP()=1—C, (9
L FEZ L

Z:7% SCRRL16 ] A SCRE AT AR R P BT 7 DX I A0 1B 15 i 57
AR R Z ) 22 B9 1 BE Ok AL P 3 2 B RG0S R L
TESCH FUE RN -

1

~ [R(NBI
RG)

Hor, | o [RARMEZHKE,BRZLABBRENES R(DOE
N Py TR X R R
3.4 WEEEHIE

Koo B O AN S 3 AW SR BIAE ()
PR ASC o R, A A% 16 L RO i REL R Si» Se Sy ARSCRL
A B e 9 B BEAT A 4, LR S M A A 3 A 500

LP(D LP(N)
W,[ :

LP(D LP(ND
Bw, RARG) BB TR,
T?HLL%ﬂHSHImJ.WmF:WHAL+S 12)
M 20 (12) SR A5 37 B 50 B8 0 7 A B 5 40 M S . AR IR R
6 A RAF R R P; WAL E G50 % W 1Y 58 EH R Sal, (P,),
Bzt 13) frs
Sal, (PH= S, G, |l (13)
) B A] A AR 2 P A B G R S B S 06 A W A 4
Mk Sale (PO Saly (P, 4354 1 T 2 Wi B4 & 35
BRI S AR A S 3 0 PT LKEX 3 ANJe s AE AR K B P, PR
BT IR, 454 3 AT B, S5 R B 4 L A
FR R E R RN KD, MERRAR
oy AR =X 10 s .

BP(i) = (10>

1+ exp( )

ERPY 1D

Sal, (P;)
Sal, (P;)+Salc(P;)+ Saly (P;)

[vi) 38 T A5 200 € 0 00 L 3 S 0 1 R B0 R we GO D s
() o RAFEAJEI M R B L8 T 4 58 5 m ALy Jr =0, 15 51
e 2 1) 1 2 SE B R B L ELR =X (15) i
Wy (i) =w;. (i) + LP() 4w (i) » BP(i)+ws (i) « CP()
(15)
R T B W (DR AQADHE R — W
X160, I8 W IH—1k.

Wp (D Wp(N)
: ]GR”X\' (16)

Wp(ND

(14

W=

Wp (D)
3.5 EIRER
A SCHR M A AR B R — > o (R A T A AT LG S 3 T A%

] H 3 7 ¥ (Augmented Lagrange Multiplier, ALM) 4 % b
fR gt H e RGOS HEM AR,
min | J [l. +a 1 Sl .s.t. WeF=W-AL+S,L=]
L,S.J

an
R) (17 )38 3 e /B AT AR08 B H ek 50K i
Z=IJl.+2l S, +Tr(YT(W-(F—AL)—S)) +

ﬂWﬂbﬁD+§%HW%FfAUASHi+

=711 as)

A 38 ) AR T 2 SR, PR O T A A L AR S
BRLAE W H g Y, MY, B J.L RS #E T RN E,
Tr( s MUE—DHEREAL, >0 RSN T, 87 HiA% I H
e A AE B ARG B 2 43 A SCR T AERE B0 3 T ho Ak B H
I 7 % (Inexact Augmented Lagrange Multiplier, IALM) X
X RM, AP R ILE L 2, WEEENZ. BIEWN 0
BN, ENMEAERASERNHE., LR1EdFFHEE
T SRAR AR 3 @A SCERL19 ] A BB 3. 2 SR A,
Bk 2 JHIALM KR
A CFREHE B P AR A RE W, S 40 A
iy UM LR ST
BRI . L=]=0.5=0.Y,=0.Y,=0.p=10" %, p,,, = 10°.p=1. 1

e=10"°%

TEE ;
1. [ 5@ LA S, 0k N .

1 1 Y,
J=arg min — || J | x+77HJf<L+Ai>H;
" ®

Do

CEGE S, N AR L

ATY, Y,
L:<I+ATA>*1(AT(W°F*S)+J+(ITZ))

w

CBEE LT, U S

S:mgmn%WSHf%%HS*W%F*M)*&Awé

e

Sl I REH AT .
Y, =Y, +u(We(F—AL)—S)
Y, =Y, +p(L—])
5. 983 N EH e
p=min(pp.10%)
XSS
| We(F=AL)—S|l . <<eand | L—J I .<e
N
3.6 WSt ER AL
EERERANECE Y@ R A IN R R I A 19 B I KA AP g
CPIER Y, B E R Ak AT AR LU R A 3 A E £
AT SR A R B RS B G )T RS B H IR kT DL 8T
B F 25D H Y B 5 eR BN ST DR o DA™ A b E B 38
B WS
ARSCAESCHRC22 A BIR S Ak b, 25 1 B0 2 e S A
A DFMAERE A SRR B 2O TE B A KA L R
Az 1 g P % 2 2 LR S U 11 L R 25 B A =N T
&= Il (Ly.J,) —arg r]r}-ijnZ [ a9y
AR 2SR IR R, o L, AT SRR TESS B RIEAR
*1%§Uﬂﬁﬁ¥»ar%”rjnin Z RN R [ g LA T I e M ik B
H A% Z FA 19 AR fige . 38 3 % =X (5) 19 58 M e 4, ] LA
B R A GRS SR A ED Y L X R A AR

o



% 6A M

Ly e | 25 < 5 T SN AU BRI A A4 S35 b A 149

SE LA A 3t TE I L (0 RS B RR R e T DL — E R b
TR ZPE L D, T AT i 2 BT R A it

Bk 2 WA 22 2 O(D* N+DN?+N*),D I N 1&
AL EE N . D=53,N2200, YA LM T ESHE
L B 2 TR B A9 J5 ¥k ULRYZ, WSCHY F1 WLRRM 76
SOD K45 b 47 A o) L g, 5 S an 2k 1 g, AT LA i,
DWLR £k Ltk ULR Al WSC iz 17 # & 1. {15 WLRR H Lt
BATHENS BITRCR R A R m . B CPU W E 2 In-
tel i7 3. 6 GHz, WAFJE 4GB, 4 F 5 75 (932 17 IR 55 46 & Matlab
R2016a,

1 HETARER AN 7 278 SOD 4 48 1 0 i [i] L %5

(A e s)
7 ULR WwSsC WLRR DWLR
F 3 B 8] 10.162  3.040 1.163 1.401

4 LM

4.1 BRERTFNIRE

R T VEAR A SCHR A B A RS T AR 4 S A T R
S EHEAT % . MSRATOK #4425 10000 5k .4
X EME B HE 0 A R AR B 1B SOD B 420
£15% 300 Tk BA R A 4R35 5% (1 B4 ECSSD Hdls 425 AL 5
1000 K18 4 & 4540 B 2= 1) € 4% s Pascal $U4E 7 0 &
850 Ik Zu 3 2 K14 . 7K S0 F] Precision-Recall [l £k (PR
M40 F1 F-measure 5 24 78 & 1 B PE O B M5 R PEAG & 00 & 2%
PE 1 o

(DPR M4 4@ Bl TE 0,255, BEMm T T M4
RUARICHEI R EEE G, AREKH _EHEE M 5EHEEG
PEAT 3, ABRAS K B (Precision) fI A [0 (Recall) . 24 T M
0 284k B 255 B, 3B A E ) Precision {H M Recall {8 , 38 1
BRBUBE S vh T A R S5 1) PR ¥ AR i PR £k .

IMNG| IMN G
| M| |G

(2) F-measure : 18 % K B A H 0] ROK 68 4 10 H0F 0 B 2%

sRecall= 20)

Precision=

I it , [ F Precision fH I Recall {4 B 43 7 & 1 1%
Ol A R — Aok B2 A0 T A n AL IR AP 35l Fomea-

sure :

(1+4) Precision X Recall
Fy=—— 2D
B? Precision+ Recall

AR UARE B BE A 0. 3,
4.2 WL

TESC I 0oy » A SCHE IS SCHR L 12 AR [R] A9 4R AE L A A B35
90,6, WLRR JESCHRL10 T 41 Hi 9 5 35 o5 4G LAY, A
SCAEIZME R SR Al b BEAT et . 7 3.2 1, AR SCHR M AR LA
OIS St LU G 3 R IR B R e A IR R 5 7 3. 4 I A i
A R BRI % 5 J2 e B R I B & I R G T, AT
E WP AN O A A R L B AT LU 9T 4 i e SOD
B gk LA PRI 25 RAE 2 Bk, LR LR h T UE
L — BB ERE R T 2T PP O S I BCR T

& 2 SOD % # 4 5k 45 SR

TE ECSSD,SOD, MSRA10K #l Pascal 4 A t#idE A
SO 11 RO R AT HOAR, HOAR O LG 5 R AR A
RC™I, HCE , LCPY  FTE F1 SR, i 1 4% 3T 4F ok 4E T
BB H ULRY , WSCHY Fl WLRRU, L K — 26 Ho Al J7 12
F R A MR, RBD S F TLLTEY

3 S A [l fu 2 B b 145 20 0 3 L b R OR
TSk T MO k.

P03 TR AR D7 o A 2 1) ek 25



150

it OB

2018 4E

ML 3 v 2 T DIAS A 45 2R 1) 2 AR B T R
AN 5% 22 8] EL A e X b B8 IR AR SR H R A5 T R 45 O R Y
RN — AT P RIS 2) Y A BT B A s i AR
DWLR A5 B fr) 46 0 2SR B0, 40 B Ji — 47 19 T8 T TE
BLAY T Sz v B AR A0 AG I ) 1 A8 43 X 4k, fH DWLR 5
T ECHAt 6 hRE B A9 RS IU OR B AF . k] LUFE I DWLR
BEAITT LATE N T A R 3R 35%

(a) ECSSD

(c)MSRAI10K
& 4

2 W T ARSCHERAL S 11 ROk LR Frmeasure 45
A, 7T LLE Y, 78 ECSSD £ 4 I DWLR B8 iy Frmea-

Pl 4 RASCROR 5 11 A 7E 4 A EUR 4 B Y PR
LK, ECSSD M SOD $i#E 4 | . DWLR #i# 5 WL-
RR #EEUAH H L PR A28 (9 32 TH A0 B9 5, 10 7 JH At 7 A B dis
% LR TEROR BN, WEROEE  DWLR BEALRY PR il 28
e 2 T HOACAY 11 AT L IR BRI T LUGE TR A A 4
Yy sw i UG 3 I AR

(b)SOD

(d)Pascal

TR E AR I 7 T 4 N EE AR B R PR 2R

sure (HIEAKF WSC A, {H 76 HoAh 3 A~ 4E I . DWLR #%

R B Fromeasure {H B 5 o

2 OR[E W H AR Tk 7E 4 ADNEHRE F ) Fmeasure {A
Ik SR FT HC LC RC ULR MR RBD TLLT WSsC WLRR DWLR
ECSSD 0.2725 0. 3550 0.4449 0.3736 0. 5660 0. 6066 0.6962 0.6776 0.6826 0.7017 0.6623 0.6978
SOD 0. 3005 0. 3597 0.4613 0.3991 0.5618 0.5616 0.6142 0.6074 0. 6006 0.6554 0. 6205 0.6568
MSRAI10K 0.2960 0.4793 0.6399 0.5178 0.6622 0.6908 0.8013 0.8131 0. 8015 0.8168 0.7897 0.8179
Pascal 0.2681 0. 3804 0.4996 0.4121 0.6003 0. 5885 0.6538 0.6619 0.6134 0.6716 0.6762 0.6809
GERE  ASCIRH T P T o R SO A B A AR [2] ALEXE B,DESELAERS T,FERRARI V. Measuring the Ob-
Tk R E | i R R AR BRI ARk I EE R S R T jectness of Image Windows[J]. IEEE Transactions on Pattern
SO A A Mk 78R A TR AR B AL SR AR B L RN i A Analysis and Machine Intelligence,2012,34(11) ;2189-2202.
K 3 AN RS R A E I 2 B 7 2 4 A A 4R [3] CHANGK Y,LIU T L,LAI S H. From Co-saliency to Co-seg-
, . N 5 b M 4 mentation: An Efficient and Fully Unsupervised Energy Minimi-
M. E 4 A TFROBCR S LA ST IS 1 FR 7 AT 1 v &
I . e e s zation Model[ C] / IEEE Conference on Computer Vision and
B, R PR MM Fomeasure {8 X BB HEAT VAL, 45 R % 0
y e o N RN / Pattern Recognition. 2011:2129-2136.
ARSI AR BE AR A I A SR B BT R K. TR _ ) _
o o [4] GUO C,ZHANG L.A Novel Multiresolution Spatiotemporal
S (B LR e il 1 I 7 = P il 01 S e R 1 . A , N 4
Saliency Detection Model and its Applications in Image and Vi-
- 8L
PEiE deo Compression[ J]. IEEE Transactions on Image Processing.,
P % j[ ﬁk 2010,19(1) :185-198.
=
[5] SIAGIAN C,ITTI L. Rapid Biologically-Inspired Scene Classifi-

[1] ITTIL,KOCH C,NIEBUR E. A Model of Saliency - Based Visual
Attention for Rapid Scene Analysis[ ]J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 1998,20(11) :1254-

1259.

cation Using Features Shared with Visual Attention[]]. IEEE
Transactions on Pattern Analysis and Machine Intelligence,
2007,29(2):300-312.

(F#% 161 ®)



% 6A M

WOk 6L AR BT 97 4R TN IX AR K Y A G I vk

161

[17]

[18]

[19]

[20]

YEN C C. Seeded Region Growing Based on Extension for Mul-
tispectral MR Images Classification[ J]. Advanced Materials Re-
search,2015,1079-1080:872.

MOHAMMED M A,GHANI M K A,HAMED R, et al. Auto-
matic segmentation and automatic seed point selection of naso-
pharyngeal carcinoma from microscopy images using region
growing based approach [J]. Journal of Computational Science.
2017,20(5):61-69.

CHAKRABORTY B K,BHUYAN M K.,KUMAR S. Combi-
ning image and global pixel distribution model for skin colour
segmentation[ J]. Pattern Recognition Letters,2017,88(3);33-
40.

WANG W C,YUAN X H,WU X J,et al. Dehazing for images with

[21]

[22]

[23]

[24]

large sky region [ ]]. Neurocomputing,2017,238(5) :365-376.
KHALOO A,LATTANZI D. Robust normal estimation and re-
gion growing segmentation of infrastructure 3D point cloud
models [J]. Advanced Engineering Informatics, 2016, 34 (11):
1-16.

LENG X X, XIAO J, WANG Y. A multi-scale plane-detection
method based on the Hough transform and region growing [J].
The Photogrammetric Record,2016,31(154):166-192.

FREEF . Mean Shift HILTER O B E W 5 50 1 H #9 R [D].
P %2 B P UG K2 . 2015 31-36.

ZHANG ] J. Lifting Wavelet Denoising Algorithm for Acoustic
Emission Signal[ ] ]. International Conference on Robots &. In-

telligent System,2016(8) :234-237.

(E#% 150 ®)

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

ITTI L.,SIHITE D N,BOR]JI A. Probabilistic Learning of Task-
Specific Visual Attention[C] / IEEE Conference on Computer
Vision and Pattern Recognition. 2012:470-477.

BORJT A. Exploiting Local and Global Patch Rarities for Salie-
ncy Detection[ C] // IEEE Conference on Computer Vision and
Pattern Recognition. 2012 :478-485.

MEUR O L,CHEVET ] C. Relevance of a Feed-Forward Model
of Visual Attention for Goal-Oriented and Free-Viewing Tasks
[J]. IEEE Transactions on Image Processing, 2010, 19 (11);
2801-2813.

WRIGHT J.,PENG Y,MA Y.et al. Robust Principal Compo-
nent Analysis: Exact Recovery of Corrupted Low-Rank Matrices
by Convex Optimization[ C]// International Conference on Neu-
ral Information Processing Systems. 2009:2080-2088.

TANG C,WANG P,ZHANG C,et al. Salient Object Detection
via Weighted Low Rank Matrix Recovery[ J]. IEEE Signal Pro-
cessing Letters,2017,24(4) :490-494.

LIU G,LIN Z,YAN S,et al. Robust Recovery of Subspace
Structures by Low-Rank Representation[ J]. IEEE Transactions
on Pattern Analysis and Machine Intelligence,2013,35(1) :171-
184.

SHEN X, WU Y. A Unified Approach to Salient Object Detec-
tion via Low Rank Matrix Recovery[ C]// IEEE Conference on
Computer Vision and Pattern Recognition. 2012:853-860.
LANG C,LIU G, YU J.et al. Saliency Detection by Multitask
Sparsity Pursuit[ J ]. IEEE Transactions on Image Processing,
2012,21(3):1327-1338.

Li N,SUN B, YU J. A Weighted Sparse Coding Framework for
Saliency Detection[ C] / IEEE Conference on Computer Vision
and Pattern Recognition. 2015:5216-5223.

ACHANTA R,SHAJI A,SMITH K,et al. SLIC Superpixels
Compared to State-of-the-art Superpixel Methods [[J ]. IEEE
Transactions on Pattern Analysis and Machine Intelligence,
2012,34(11):2274-2282.

ZHU W, LIANG S, WEI Y, et al. Saliency Optimization from
Robust Background Detection[ C] // IEEE Conference on Com-
puter Vision and Pattern Recognition. 2014 :2814-2821.

CHEN M, LIN Z,MA Y,et al. The Augmented Lagrange Multi-
plier Method for Exact Recovery of Corrupted Low-Rank Matri-
ces[J]. Eprint Arxiv,2010;1-23.

CAI ] F,CANDES E J,SHEN Z. A Singular Value Threshol-

ding Algorithm for Matrix Completion [ J]. Siam Journal on

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

Optimization,2008,20(4) :1956-1982.

LIU G.LIN Z.YU Y. Robust Subspace Segmentation by Low-
Rank Representation[ C]// International Conference on Machine
Learning. 2010:663-670.

BERTSEKAS D P. Constrained Optimization and Lagrange
Multiplier Methods[ M]. New York: Academic Press,1982.
AFONSO M V,BIOUCAS-DIAS J M, FIGUEIREDO M A T.
An Augmented Lagrangian Approach to Linear Inverse Prob-
lems with Compound Regularization[ C] / IEEE Conference on
Image Processing. 2010:4169-4172.

ECKSTEIN J,BERTSEKAS D P.On the Douglas-Rachford
Splitting Method and the Proximal Point Algorithm for Maximal
Monotone Operators [ J ]. Mathematical Programming, 1992,
55(1):293-318.

CHENG M M,MITRA N J,HUANG X,et al. Global Contrast
Based Salient Region Detection[ ]]. IEEE Transactions on Pat-
tern Analysis and Machine Intelligence,2015,37(3) :569-582.
MOVAHEDI V,ELDER ] H. Design and Perceptual Validation
of Performance Measures for Salient Object Segmentation[ C]//
Conference on Computer Vision and Pattern Recognition Work-
shops. 2010:49-56.

YAN Q,XU L,SHIJ, et al. Hierarchical Saliency Detection [ C ] //
IEEE Conference on Computer Vision and Pattern Recognition.
2013:1155-1162.

LI Y, HOU X, KOCH C, et al. The Secrets of Salient Object
Segmentation[ C] / IEEE Conference on Computer Vision and
Pattern Recognition. 2014 :280-287.

ZHAI Y, SHAH M. Visual Attention Detection in Video Se-
quences Using Spatiotemporal Cues[ C] // ACM International
Conference on Multimedia. 2006 :815-824.

ACHANTA R.HEMAMI S,ESTRADA F.,et al. Frequency-
Tuned Salient Region Detection[ C]// IEEE Conference on Com-
puter Vision and Pattern Recognition. 2009:1597-1604.

HOU X,ZHANG L. Saliency Detection: A Spectral Residual
Approach[ C] //IEEE Conference on Computer Vision and Pat-
tern Recognition. 2007 :1-8.

YANG C,ZHANG L,LU H,et
Graph-Based Manifold Ranking[ C]//IEEE Conference on Com-
puter Vision and Pattern Recognition. 2013:3166-3173.

GONG C,TAO D,LIU W,et al. Saliency Propagation {from Sim-
ple to Difficult[ C] / IEEE Conference on Computer Vision and
Pattern Recognition. 2015:2531-2539.

al. Saliency Detection via





