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Co-saliency Detection via Superpixel Matching

ZHANG Zhao-feng WU Ze-min JIANG Qing-zhu DU Lin HU Lei
(College of Communications Engineering, PLA University of Science and Technology, Nanjing 210007 , China)

Abstract To effectively address the issue of multi-scene co-saliency detection, we proposed a novel model based on su-
perpixel matching and cellular automata. First of all, we introduced an adjacent superpixel sets matching algorithm based
on Hausdorff distance to achieve exact matching between image supperpixels. Comparing to the traditional superpixel
matching algorithm, the new algorithm greatly improves the matching accuracy. In addition, we further proposed the
2-layer cellular automata via intra image and inter images to carry out the significant propagation of multiple images,
thus exploit the intrinsic relevance of similar regions through interactions with neighbors in multi-scene. Experimental
results demonstrate that our model outperforms state-of-the-art methods. Furthermore, the proposed methods is effi-
cient and robust.

Keywords Co-saliency detection, Hausdorff distance, Superpixel matching, Cellular automata, Saliency propagation

Vol. 44 No. 11

1 5]

ULAER » 22 5 N A 5K B D1 ) S22 1 TE S
—MFOSEIBT IR PR B, 48 28R (R BRSSO
HA S R FR AR R R I A ) 83 R B2 T ) 8 3 A A
DBPR XX S 3L R HARSEATARE AL B . DR B 2 P i )
o) 22 B AR | RS B AR B T B
FIME. TR R B PR T A AR B AR
#) Cheng"™ HyE T B J7 P&l (19 2 JR X LU BERE Y | Perazzi™ (1) &
W FHRL Yang™ () WTEHEPAR R L Zho*) (300 5722 38 BE 2 AR
PEAERI L K Qin™ iy T ML 1 AU AL 45 , 16 PR 9 i SB35 1
TR ERRAS T AR W G B RCR - (B 2 R R U R B A
W75 R R AE

H TP E] B R kA, e Al Li S5 AN e B

il

| H:2016-09-12  &4& HH:2017-01-20

AR 35 PRSI B 2l b 3 1 22 )2 R S M R A A R PR 1R
X PB4 (B2 R T P 4R X LU 3 &
RS s Fu S A F 6 R SR U 1R B 5 1) — B
PEAE B X5 RS X LU BE L 25 ) 437 R PR AR [R] ) — B
FRRFMENF B ERE, BHEIRAGRBNELF AR
K, 5= HAREE B IRE SE s — L AR MRS G H
PRI 5 XA RAS I 5 Liu 55 A" 38 5 R 432 43 )
PG BT TR 2 1 X R 2 R AR A, (Bl 7 R B
SR XS A B () RRAE HEATAH BLBETHEE , R 5 7 AR TR 2R
DAL ; Cao % A1) i Se I SR BRSS9 B3 A
SRJE R FRAGRR M 1 7 HE HEA T 20 .38 R B R SR ARAS B A Y
iy IR 3 B Rl 3 PR 5 B R ) S A Tk ok 2
AR MAAR K s Zhang ¢ A 7E SCHR (10 ]38 1 42 B &I 4% B9 TR 2
RAE , Xof IR B R R 2K B st AT 22 5 I 25 DLIR BGE IR B

AXZER EHRB2EES (61501509 ¥ B,

WIkFE991—), 58, B AR, EEBF 70 N ERALEE; RIEFR (1973—), 5, 4, BlEERZ, ERUR T 0 A E RS B RAEHE; 251987,
B8, BEOR T A EGAEE A BE(1992—), B, Bl A, EEOIR TR Ov AR AR #1985 ), B, 1, YHm, EEBIR

7 1) g PR U B AR R



511

IR, 55 B TR AR R DL AL R 3R] B 2 M 315

PR BRI 57 X SR A RRAIE (L7 P 452 (8] IX SR 00 B2 DL i
FURSR A CIELab %25 A () ¥ X9 B (4.3 17 DL e 14 BB i
&7t BiJ5 » Zhang &5 AN XAESCRRLLL 8 22 52422 > Fn
PR 177 KT IR AR B AR X W R 2 ) J7 ek 0 AF
e BAEARE BRI SR (S22 B s LA S UM (Y IR
SRS, Ry vk ER AP AR D G Z R 8] § A
EAR X SREY A VT AL T7 ¥ 5 2) Bk Z — Bl F T iH B O R B2
PR G — G IIHELE.

AR SCEF XK P 77 THT B [ 45 DI ) S 3 A 0 75 B4R
ER MM B E X PR B R, B iRt — & T Haus-
dorff FEES 1 B 15 3R 48 Y T Be 35 45 0k 11 5 B 44 8] IX S8R )
ARRAAE » DATIG 221 I X 358 ) B 52 o) B 5 SR 32 SCHRLS 1o i 2
JEICH B SiPLEYR &, 32 H—FhSUZ JUHE B hLEE Rk AT
T R P ) P45 8] ) SB35 (A 4% » DLORIIE B A IX SR e 3
MBEME. SHEEREY, FriMET Hausdorff FE 2
BRI BA BRI R T4t i
J7 ¥t EAR X5 H R A R R VL L A B4 5
IR P15 P P 15 1] 19 28 TR 1 0 (e R R vk LA R )
BN, TEATTRURSE RS SRR, FriR B ik A Il
PEREIE T H ATEY EWA .

2 BERELE

RO TREHEIR B EERNE L, A SCE kR
B EIWEERE_ ESEATR . TR TR R BRI R E R
Hir, R OETEBEBGEROITE, T —HEE& 2 @
BBHEEBRE I=1 "=, , 5 5E A SLIC(Simple Linear Ite-
rative Clusten) B B NEE L RSN BB ELER. =
{rech ey Hit Ny MBS I RIS HBIRE0EE . ARSCFTE
HIRE R RE LR, Xt —IRE S L PR —BGE . mE 0,
FHRHEAES BB L GFD il R —EMPUE R EIEEE.
TEUWH IR, IE L h AR R AR LR B
o B L i —MRREAE L T A S LR AR
2.1 ETFHENBEEMFETER

MNFIRE L E—#BE r TR BEERE, KR
M EER T MR E [ WA B RS r R EmEZ
] B AR » i B — R RE RV BD ML B R R E. BHE
SO e PR P A R PSR R Z IR R AE AR BE R «

1t — _ ” Cis—Civt ” i
wif =exp( 257 ) @)}

H i fl e o BIFR BB 7o A 7, A CIELab z5 6] E
SFIIBEAA s F ¢ SRR TR 500 FIRFEHIAN T 1958 52 ,
FE[5,15 ]2 [ AR, [R) SCRR[13 1—H+EHR 10,

SRIG B iy KT BRE & B 1R 2K BIAG A o, B VE EE B 1R
. B 1)K 6=0. 9 R RN BHERRITREERE. N
B 1C) AT AT H 5 FUR R B 1 3R B A I 77 DL i s
SAFTEIRZ IR, A20Ks B AR X BN BA H LB (. 0 5
DX SR VE EAE — e , FLJR R 322 AE T S AR B A AR R R

FREG RS RSEHLR.

s

(ORABBBARR IR R
iYL g N e SUN e ]

2.2 E-T Hausdorff 25 5 K40 B IG R E LA

X F—MEGRFE R, R T BA RN EN
BB A BRFIE S , (A 5 HAH AR B AR R A U G548 G R e
fiE B — AR RS A AR R R LR, MR R
SERRFAE LU s 5 5 R B R EAH 2R K, W 3 2y — 4>
TSI BB E & 5 R EBERER BRI R, A —ERIEAR
&, Wi A B R . R 2 s, BE L hiE—#E5i
R i 5B EEG RSB RE N, T FHRES
— & 1; b5 HAH T EC R R 1R, o] AR T B
NP ERRE NN, BB R, 5 8 3R R0
BN EREE 2R Hausdorff BHE .

H(N;,;»N;,.)=max(h(N;,N;,.) sh(Nj,. s Ni,s)) )
H, ANy s Nj O FRIRFE N BN, WA REE, XEXR
JH Dubuisson™ 2 H 4% 1F. Hausdorff JEE (Modified Haus-
dorff Distance, MHD) ;

L S minlla—ql 3

|Ni,s | a€EN;,s bENj+
He, e, Flc, HRIRRBEE a b % CIELab %5 8] L K)F
Wi, | N |8 N P RBEGEEE.

N, /

h(Ni,s ’Nj.t)z

i
— Hausdorff
ik

2 #TF Hausdorff 52 A48 E 1R Z VL

RMTRD B SCPINHE B R 110 48 3 1R 2 4R 1 4 0L
BEA :
H(N;, 7Nj,t)2)

oty =enp(— )

FRRE, B it KRFRME & MR EMAEL . LA R R
£, 1O =09 R BEELRERE.,
B 1) HAT I H, A T 2SR B 1815 5 1 (0 BRI DT i



316 i B/ AL B %

2017 4

BT ¥ » SR P 4TS 15 2% R D L5 AT LA 2800 B — L S
BFRMIRILAC, BT VL RC I 8 R R AR LE HARN IR .

3 ETWETHENNEBENSEEE RN

SCHRLS J42 th—Fh B2 ST . B sh AU 2L 3138 B i
BB EE, KO0 BER BB KRN ZH A 5 H
B R BEEBEW I TRACR R R B R ARSI s
EXF U R B E T S QL 3D, — MR R Ch R B A 245
) B B2 BN 5 10 B 1R AR AT A5 2 o ] T R 2 [
PRESNZ/NANAFEIARE) BAREH K, b 5 A E B EH
b 15 v -5 2 AR DL R ) 1) 3R (P A B /N IE D FE SR ) BRAR
AKX,

[
i
e —

RS E e

“ary e
T i i i st

B3 FETWURITH B LR i P R B A e A

1, $7 HH T I 4 0N R PR £ T ) U ST B sh AL A% %
BER

Sl =Q—X N —)S"+1 FMeSr 42, > Frersr  (5)

j=1,j7%i

Hep, s ZRG L h A BERE m YOREEHE K B
16,87 iR BEE, Fi ARG L WG EZRE T
B, iy B 1 SER 1 BEREZRE TR 2.
SRR R T . 2 M YGRS E RS LR A E
A, B A S B R L B, Kbyt B EE
S AT LUE 1 7R 2 B PR 4 3 AR P SR AR e
T P 1R B8 ELA A MRV Bk, — 05 TR e MR R G0 T A
JRE AL 3% R B 25 E 55— 5 T H B R R G B 45 4 1 S T
HRGNERETRESRAR . TEEEZNRERENHE
Wi N TR Fe FER ] AR R T PR .
3.1 BERNEIRIEFER F

KALTF SCHRLS, 161, I (1), P45 A B 45 15 3K T B9 A
APt R A CIELab 25 [a]_E BB AAR IR A0 . X ELE

SR 0 TR 1 4% AR 2 2 6] 0 B T e —
I:fis"]NiXNi:

. —op, 2
exp(_ ” czys gz.t ” ), te‘/vi,s
fis't = 20': (6)

0, t=s or others

T 2. 2 FE LB R R E N X BB IX

R A JF1SCHRCS 161, A5 ELHEAT4B B 3 s R I A
BRYED AT BB CHIE A H0AH48.4. 1 3 B E
AR A AP ) 3 R AT AERT ) s 405 R A FE
Rk D =diag(ds ooy ) J0H di= 21" . MRS

B Fove SHAT AT U9 — fl 780 5 2 1 D 190 4 1 0 PR 45
Fie .,

Froe=[Dpe ] 1 o i ™
3.2 EREGEMETER Fi

AR 2 4 R R T R RS PR
AR BB (R S DU o 5 SRR 2 SR AR B PR 4 0 T

A
PR BREZ BRI W E FEREF = f3) ]Ni XN; &
Wi >0
fif= ®
0, others

IEJ#*?%E%EF iwerzdiag{dl 9d2 ,'°°9dNi }9&'43 dz‘ =

St . WA Bl 7 — 1L, T % 1B 36T 1 30A

n— LGB R BN, A5 B e R 18] B2 W R TR R F25 oA

1
n—1

3.3 ER&ZLEH

A EUR N R e R R R Fie | MR IR 5% e R 74
e Fir RATh S5 E(S Vi Ja » BRAT 3@ i X (5) iy AR B
AT B RN BEELRE. SRS REN, T A
Hl— Bk 20 WG, A BB RN B EEEAARIIR, R
GERARIRRA, EAEZR PRI ZRGEA N RESIRATE
FURAAS , PR 3 3 0 AR SR P U 3 5 45 R I B (E 2
B KA W AR TR A4 IR AR H 2 -

A= max ( | S+ =8 || ») (10

Y A<lele F—BE WB/NBIED B, BIIA 0 & B R B3
HEABREV R, Fit, A HX G EREHHL K4
B SRR B EAE R LW B E R R K ERK
B e GX BLIF] SCHRLS T 72 =20)
3.4 HESWRRE

MR G HKOMKX(OFLUFE, —MEEEE EZH
P e B PR AR 4R AR AR R B35 E MR i, E25 B 7E HA K
SrEGE A LR G R, Wiz @R R B EEZ b
158 I R K s B %A R RAER 43 R DL IE i
BEEE LR AEGE, NHBEESERGC HER PR
WiAE /N, DT, 3B SUZ TCHE B SIHLE AR WS, AT
B hERILF fE A Bbr R R AR B R B EE, R
ARG PR B R R BT A BRI 53 50 35 TR
FEMEREGRE R THG B EEORG EAELT
0) AR EAFBEIARBAPH] o B, 38 ] AL FE AR A B AT 52 B B
IF) . 35 S

B 1A AR SCHE S I R S R U Bk i R AR

A
. I:Diinter:|~1 . Fiinter (9)

Finer —
i



511

IR, 55 B TR AR R DL AL R 3R] B 2 M 317

o HAPER 120 0R 6 F T 1 R 3R VT e A & 45 4 52 )

RTFHE, —HERFHE KPR 725 12 I TEHE

PR A AR T 1 B 2B FRARIE A Lk 25 e S AUE R
ik 1 ETRGERLE G UNE DA

A BBRE =10,

B IR B (S,

L SLIC Hek K S IBER L I WBRESE Ri={r: )0 ;

2. B EIREIR T f PR B TR

3. FLF MR Bl A th B R (S

4 BN BIRE n BB GREE N,

5. R (2) — RO EEBER MR R B ICEAR B v 5

6. 3 I (0 IR (4 S T R R e

7. while A>e H m<<M do

8. fori=1l:ndo

9. EHERERNZER

n

ST == a)SPHAFS e D) FST

M7

=LA
10. end
11. HEBERZL A:-é’ﬁ"‘]( ISP+ =8 1205
12. end
4 KWERSHH
4,1 WS

(OIREAESE . FEUHIRE , B AT E 8 RS
A TFHIHBESE B B, T R AR AH X e, U R
A ImgPair Fl iCoseg™ BB . ImgPair HIX} {7 84, HIE T
W BE AR 4R Hh i B3k E AT B, MR IR A S R AR A R
73— 75 1, HoAg 20 RS PR R, T A SCRR R B T
22 iR VR ] ) 0 (A4, TR B BRAE ) 2 I e A A
iCoseg 255 i F i W 3K U1p [7] . 35 14 A0 1 1) 43 ) 30 1 0 B4
£, A 38 BB, BAA SR EREER, 3 634 IRE
B, B—RERERM T REROEERE, B, 4 3CE
iCosegl " $E4E MK FTA Bk .

) WA Y, X B EE L BOT Ak S AL P F] 2
EURMB L CB-C (EFHARENZEBER),
HSS, SANY, P K LA i 0 1) B A TR R 8. 3 1A A W 3 o
CB-S™ (T (A B R P , MR, RBD ™,

OIEEFE bR, 2 B8 CHk (317, 43 51 R FA RS BE-43 Iml 3R
(Precision-Recall, P-R) {28 . B & I ({18 9 F-measure {8
S5 45 %t 2% (Mean Absolute Error, MAE){H AT 1R .

DP-R £k, HETEVASE b HBCH B0 — 34845
X F—A B A, TR R R T (0 F5 2
A M ARE S EME G W, it A R,

srecall= N|[Q|G| an

seiom— MDD
precision |M|
2)F-measure: JEAVFR B b, 4% B AR ] 32 — X A B OF

JE BHEAR » 126 F) 5 100 25 180 M A ARE o6 000 BE U O o 1T £
FrAGER, AR 1, (R BT BRAEH /N, R e e G BE S ok

DA R R AR — MR BERN 1,
BEEERET 00, H BB — A E A FEIR I Hh #R W
EERMTE. B TEEZEMNE, FH R Fmeasure {4

(A+p%) » precision * recall (12)

Fmeasure= B« precisiontrecall
FSL R B JRAE BE A B R VA A%, — Mok UL, W E
AR el SR i, PR O B — AR B 87 = 0. 3P SRR A
.

HMAE.: e Ch B EE S EME G(HH R0,
L2 TB]) 28 XoF 13 22 9 P 448

1 W

H
WXH;gl y§1|5(1,y)—G(1,y)| (13)

Hep WA H BRI TEME . RIPIR TP 8 LRI B
1 BARRAR IR 52 T A R W 4 2R M SR AR A, X
BFRER MR EWARE IR BE X, MAE $8 450 %X
S X3, AR SURR TR IR A AN H AR EAE M B AR .
DOSPRE . #E SLIC#EESHNE B N =200,
BBHERUE R 20, KOG g A A SR EE 0. 5 F1
0. 3, B KB EL M=20, BEARK 1L {EH e=10"°, FEFECAH
FEBE 6=0.9.
4.2 BEHMEZMLEE
BamilgBTHRAEESHMBE LK PR L.
F-measure H J5 B LA K MAE B J5 B LR

1 T

MAE=

Precision

o 02 04 6 08 1

0.
Recall
(a)P-R gk

I Recall
| B - Measure |

01

1 i i i il i
CB-C CB-S HS SA MR RBD Ours

(b) F-measure

MAE

CBC CBS HS SA

(oOMAE

Bl 4 iCoseg $¥a4E ERRIB B HPERE LA



318 i B/ AL B %

2017 4

M 4 AT LR Y, Brif Sk TR 7E A 18] S50 B HE B
THT » A HA B 0 ] B 1 B0, R 9 F-measure {H R W]
FHR B B 45 A HERBIE F AL B, AR MAE {A th % #
AR S EEE IS .

B 5 41 T iCoseg BURAE I # M AR MR B, A
B 5 AT LUE AT A R B DI B vk 4 CB-S, MR,
RBD % , KR4 W3 [R) . 3 A 38 4k 4 HS, SA LI K B 255
B HEREEA B B A BT AR R — L3RR H AR X SRR B
Mg, HCBCHEEMTREMIAGRANBARE. B
BABHAE—ERRRE. WE 5(b) K76l AT LI 8 b
B, —HEEARNA S 26 IR R BB 22 S,
75— HEHAS BB RN EE M, WP BRI A 58 %
HS 553k i1 F FU2 SR P 187 B2 01 X S0 9 B30 48, UG i, oK %5 1 40 5
SEMRRAE , A E IR AR T I , BRI A E IR 2 H AR
A RICR R B B RBCR KA. SA Bk i Akt fE
U o L LB 1k P A Ko 251 P R R AR . 35 P G W B8 11
A HPERBERB T 4 B MR CR . T A SRR B vk B
FoRA T SBEEG R LR, LR 25 G52 k.
HIRE R EE R BUF AR IIROR .

(b CB-C

(CB-S

(DHS

(e)MR

D EMH
Bl 5 iCoseg Bl - IFBB: M MBI Bl

4.3 E{THES

F 1FH T ASCE R AEAL TR 8RR T EE
B fE] Bk . PR A 3E A Intel Xeon E5-2620 2. 00GHz, RAM
16GB. i Bk A BB TEE A7 MRS, BT RS
1 Matlab2012b & T iz 47, WX B HEHE H iCoseg. FHEUL
B2, SA B TRR A 2R BIR R B B & R E 1)
GER, R R (A G2 S A (R B T & B B R] 3 B R 48 Y
HELGEE R RTE], BHXBAR. AR 1 FTLE W, AR
BYMEEZES CB-CH XY, 4tk HS Bk A KR,

£ 1 AFE B EEE TS50 E 8 /s
H CB-C_ __HS  SA  Ous
it 8] 5.5 24.9 1.9 6.3

HRIE AXESET Hausdorff FREIR ) T —Fh M
SRR R R I T R R UL AL f B0k W SERREE SRR , IT
FOBCRAR T R A A A AR R AP AEFEAT A DT T, 72 e Bl
b i R P AR T e e R R ST X2 T
B SRR AT Z iR R A U R] 2 M Rl . SR s
REY, TREETBESBEEEENRIERE FEHAEV R
M. (EFESE HR, AT RER T 3G FIE ST 8
B ILRC, X 2 2 R AR OL TR 6 B SRR A5
BIRMFHER RN . 751, X HAl U 5] B 2 A DU AR AL, A
SCRFERUZ UM B SRR — N5 — R B R A A AL,
P& 9 AN G ] B AR UM Ot 45 A ok, B BIFITT -
Rt

£ % X M

[1] CHENG M,ZHANG G,MITRA N, et al. Global contrast based
salient region detection[ C]//IEEE Conference on Computer Vi-
sion and Pattern Recognition (CVPR). Colorado Springs, USA,
2011:409-416.

[2] PERAZZIF,KRAHENBUHL P,PRITCH Y, et al. Saliency fil-
ters: contrast based filtering for salient region detection[ C] //
IEEE Conference on Computer Vision and Pattern Recognition
(CVPR). Rhode Island, USA, 2012 733-740.

[3] YANG C,ZHANG L,LU H,et al. Saliency detection via graph-
based manifold ranking[ C]//IEEE Conference on Computer Vi-
sion and Pattern Recognition (CVPR). Portland, USA, 2013:
3166-3173.

[4] ZHU W,LIANG S,WEI Y, et al. Saliency optimization from ro-
bust background detection[ C] // IEEE Conference on Computer
Vision and Pattern Recognition (CVPR). Columbus, USA,
2014.2814-2821.

[5] QIN Y,LU H,XU Y,et al. Saliency detection via cellular au-
tomata[ C]// IEEE Conference on Computer Vision and Pattern
Recognition (CVPR). Boston, USA,2015:111-119.

[6] LIH,NGANK N. A co-saliency model of image pairs[J]. IEEE
Transactions on Image Processing,2011,20(12) :3365-3375.

[7] FU H,CAO X, TU Z. Cluster-based co-saliency detection[]].



511

IR, 55 B TR AR R DL AL R 3R] B 2 M

319

(e]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

IEEE Transactions on Image Processing, 2013, 22 (10): 3766-
3778.

LIU Z,ZOU W, LI L,et al. Co-saliency detection based on hie-
rarchical segmentation [ J]. IEEE Signal Processing Letters,
2014,21(1):88-92.

CAO X, TAO Z,ZHANG B, et al. Self-adaptively weighted co-
saliency detection via rank constraint[]J]. IEEE Transactions on
Image Processing,2014,23(9) :4175-4186.

ZHANG D,HAN J, LI C, et al. Co-saliency detection via looking
deep and wide[ C] // IEEE Conference on Computer Vision and
Pattern Recognition (CVPR). Boston, USA, 2015 :2994-3002.
ZHANG D,MENG D, LI C,et al. A self-paced multiple-instance
learning framework for co-saliency detection[ C]// IEEE Confe-
rence on Computer Vision (ICCV). Santiago, Chile, 2015; 594~
602.

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):2274-2281.

KIM J,HAN D, TAI Y,et al Salient region detection via high-
dimensional color transform[C] // IEEE Conference on Compu-
ter Vision and Pattern Recognition (CVPR). Columbus, USA,
2014.863-890.

BROX T,MALIK ]. Large displacement optical flow: descriptor
matching in variational motion estimation[]J]. IEEE Transac-
tions on Pattern Analysis and Machine Intelligence, 2010, 33
(3):500-513.

CHANG K, LIU Y, CHEN H, et al. Fusing generic objectness
and visual saliency for salient object detection[ C] // IEEE Con-
ference on Computer Vision (ICCV). Barcelona, Spain, 2011
914-921.

WEI Y, WEN F,ZHU W, et al. Geodesic saliency using back-
ground priors[ C]//12th European Conference on Computer Vi-
sion (ECCV). Florence, Italy,2012:29-42.

YAN Q, XU L,SHI J,et al. Hierarchical saliency detection [ C ] //
IEEE Conference on Computer Vision and Pattern Recognition
(CVPR). Portland, USA,2013:1155-1162.

MARGOLIN R, TAL A, ZELNIK-MANOR L. What makes a
patch distinct?[C] // IEEE Conference on Computer Vision and
Pattern Recognition(CVPR). Portland, USA,2013:1139-1146.
JIANG H, WANG J, YUAN Z, et al. Salient object detection:a
discriminative regional feature integration approach[ C]// IEEE

Conference on Computer Vision and Pattern Recognition

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(CVPR). Portland, USA, 2013 2083-2090.

JIANG B, ZHANG L, LU H, et al. Saliency detection via ab-
sorbing Markov chain[ C] // IEEE Conference on Computer Vi-
sion (ICCV). Sydney, Australia,2013:1665-1672.

LI X,LU H,ZHANG L, et al. Saliency detection via dense and
sparse reconstruction[ C] // IEEE Conference on Computer Vi-
sion (ICCV). Sydney, Australia, 2013:2976-2983.

CHENG M, WARRELL J,LIN W,et al. Efficient salient region
detection with soft image abstraction[ C] // IEEE Conference on
Computer Vision (ICCV). Sydney, Australia,2013:1529-1536.
JIANG P,LING H, YU J,et al Salient region detection by
UFO: uniqueness, focusness and objectness[ C] // IEEE Confe-
rence on Computer Vision (ICCV). Sydney, Australia, 2013:
1976-1983.

LIU R,CAO J, LIN Z, et al. Adaptive partial differential equa-
tion learning for visual saliency detection[ C]// IEEE Conference
on Computer Vision and Pattern Recognition (CVPR). Colum-
bus, USA, 2014 :3866-3873.

LU S,MAHADEVAN V,VASCONCELOS N. Learning opti-
mal seeds for diffusion-based salient object detection[ C]//IEEE
Conference on Computer Vision and Pattern Recognition (CVPR).
Columbus, USA,2014:2790-2797.

LIN,YE J,JI Y, et al. Saliency detection on light field[C] //
IEEE Conference on Computer Vision and Pattern Recognition
(CVPR). Columbus, USA, 2014 ; 3866-3873.

VIG E,DORR M, COX D. Large-scale optimization of hierarchi-
cal features for saliency prediction in natural images [C]//IEEE
Conference on Computer Vision and Pattern Recognition (CVPR).
Columbus, USA, 2014 :2798-2805.

LI Y,HOU X,KOCH C. The secret of salient object segmenta-
tion[ C] // IEEE Conference on Computer Vision and Pattern
Recognition (CVPR). Columbus, USA,2014;280-287.
MARGOLIN R,ZELNIK-MANOR L, TAL A. How to evaluate
foreground maps? [C] // IEEE Conference on Computer Vision
and Pattern Recognition (CVPR). Columbus, USA, 2014 248-
255.

BATRA D,KOWDLE A,PARIKH D,et al. Interactively co-
segmentating topically related images with intelligent scribble
guidance[ J]. International Journal of Computer Vision, 2011,93
(3):273-292.

BORJI A,CHENG M, JIANG Hj,et al. Salient object detection:
a benchmark[]]. IEEE Transactions on Image Processing, 2015,
24(12) .5706-5722.



