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Saliency Detection Based on Discriminative Boundary
and Weighted Contrast Optimization

JIANG Qing-zhu, TIAN Chang, WU Ze-min, LIU Tao,ZHANG Lei
(College of Communications Engineering ,PLA University of Science and Technology , Nanjing , Jiangsu 210007 , China)

Abstract: To address the misjudgment caused by all boundaries of an image being equally and artificially selected as
background in most of state-of-the-art models using background prior, this paper proposes an algorithm called weighted con-
trast optimization based on discriminative background. Firstly, a metric is constructed to roughly but objectively estimate a
saliency map, which is used to choose a better background map. Based on this metric,a reliable background detection model
is constructed through geodesic distance transformation after discriminating each boundary via Hausdorff distance. Then, the
only background weighted contrast is improved into fore-background weighted contrast. Last, the final saliency map is ob-
tained through weighted optimization framework. Extensive experiments on five public datasets demonstrate that the proposed
algorithm outperforms state-of-the-art methods.
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HS 0.9670 0.9296 0.8499 0.8108 0.8293 HS 0.1113 0.1620 0.1871 0.2829  0.2686
MR 0.9737 0.9389 0.8373 0. 8099 0.8342 MR 0.0756 0. 1290 0.1715 0.2571 0.2371
MC 0.9764 0.9493 0.8874 0.8382 0.8495 MC 0.0938 0.1458 0. 1837 0.2604  0.2513
DSR 0.9803 0.9550 0.9203 0.8420 0.8558 DSR 0.0809 0.1192 0.1398 0.2339  0.2263

HDCT 0.9722 0.9438 0.8971 0.7915 0.8135 HDCT 0.1188 0.1418 0.1622 0.2427  0.2493

RBD 0.9789 0.9481 0.9015 0.8362 0.8398 RBD 0.0669 0.1156 0.1727 0.2701 0.2252

wCOSB 0.9868 0.9632 0.9331 0.8477 0.8561 wCOSB 0.0643 0.1093 0.1233 0.2359  0.2208




%1 M LEHEN HT A X5 SERIMACH o BE DR Ak g 885 B Ao D35 1 153
e s 1 —
—— = a -gremﬂlon
. 0.9f £ Recal
0.9 0.9 BN F-Measure
———ii 0.8
0.8 - -8 0.7
807 g7 06
1Z] 1Z]
‘506 '3 06 0.5
= SR q =1
&~ 0.5 ——HC % ®os i
----- =) \
o — \
K= HS \ O 0.2
e MC \
031 ... DSR Facheenes 03 0.1
0.2lL=wCOSB { ¥ 02 .
0 01 02 03 04 05 06 07 08 09 1 “0D 01 02 03 04 05 06 07 08 09 | S EL & R LIS
Recall . Recall < OQ*Q Q;\OO
o ; o
! H i i H - -grecilslion
T T TR — "o £ Reca
oS H H oY ; F-Measure
—— ~
0.8 0.8
B s e g 07
2 o 2
1z 2]
-g 0.6 . -g 0.6
& 0.5~ HC £ 0.5
,,,,, RC
—— PCA H——GC
04— is 04f——6C
Q8| == DSR 0.3 .....
A% —— wCOSB 0 —— wCOSB |
““0 01 02 03 04 05 0. “0 01 02 03 04 05 06 0.7 & A 0 & 2 O RESTARE S
Recall Recall PO PO ETLNN \‘\Q%QQ Qioo
9
! L -Pretzlslion
0 Rec
0.9 o B F-Measure
08 0.7
0.6
107,
S 0.5
R -] St S S S R s [ SR )\ Y RS
8 0.4
& 0.5 = B 0s
0.4~ ]\G/I(]:Q ,. %"‘; - 0.2
03l T ReST A o4
02l ——wCOSB N .
4 05 0. 20 0.1 02 03 04 05 06 07 08 09 1 & o0& Ol P Sl N0 &S
Recall Recall P e e Q\&OQ\O Q;Oo
o8 0e | wmmm Precision
0.7 ) Recall
! e
0.8 . F
0.6
0.7
0.5
5 NG 5 N
206 NG 2 06} 0.4
Qo Q
c Be Q" g N 03
~os5H-—RrC F g e & os N )
——PCA
ol = HS N \ y 02
4 H e MC ) !
..... DSR \ RN 0.1
0.3 L wCOSB P o all==ucosB] PN
>0 01 02 03 04 05 06 0.7 0.8 09 %0 01 02 03 04 05 06 07 08 09 1 & o0 K @ OO PP TP
Recall Recall FEFEPLOIR \&\‘\QQQ Qic,o
0.9 ; 0.9 ; 8
i ; " wmm— Precision
0.7 {7 Recall
0.8 | B F-Measure
Ty 0.6
07 e \\
£ AN \ 8 05
£06 Ty 2 04
05 = ) LA S
\\\ \\ 0.2
0.4 N i
: Ra J 0.1
0.3 i H i i i > 3
0 01 02 03 04 05 06 07 08 09 1

Recall

O'“JO 01 02 03 04 05 06 07 08 09
Recall

0
T TR EE SR ISP \&Q\‘*C’o%ioo Qggoéb
§

E6 SAMIBELISHEEEEEE WNEEAZFKKE: P-RELE], P-RMKE2UEEENBETEREE. AEEM
F-Measurefti; M 3| TF&4THKKRE: ASD. MSRA. SED2. SODMECSSD¥#E4E)



154 B *

¥ W 2017 4

7 45 T L SR B AR SRR AR B R
A R R 228 HARER AL T R A B, R
ZRAE BRI ROR R X 822, AR SCHR L e S8 4

LR

LS e
MK

-
A

£

(«

[ D

"7

k| T

‘ »
SF

GS PCA RC MC

&
~0
s
W
b

HS

e R FUAR X8R 55 ST o i 9 W P A
HAR, ZHOER I A 58 B T A SOk REBME R A
I FrA H .

P
o

.
&

€

r
™

1N NS

ISR NSy

wL #hlal.
CIMEa
NN
XSRS

GC MR DSR RBD wCOSB

Jmt

18

B7 BELEEEBIRRRH

AR SR FUR RIS A R FRAE, R T 4R
TR RE DX 35 PN 19 SF- S8 e A R AT T 5, 6 H AR R S
KR BT )15 0 3 M DA X 43 R 8 5 T AR U A
DU PR 7 48], AT D0, 224 35 S RN R S Al A 30 I, SR TA A
Gy I3 AR A (R AE IS B | B R A
TZ ] LA R 1O
5.3 BE{TEEISH

2 25 T AR SR R LR A e B A T P e ]
ST Y32 Bt ] . 3R 5E 0 Intel Pentium G630
2. 70GHZ ,RAM 2GB. i %4 55 K ASD 3L & /)
— B4 300 x 400. A 51T R ARAS AR & W T AT
i, EEALFE C 15 S 1 Matlab RS2 =0, W LLE

P
.
[4
-

B g v

(a) () © @) (@)
B8 ASCHERNRE KRG (a) KB (b) HEAH:
(c) DBERE; (d) MBHE; (o) tRALEEER

AR SR 2 SRS A £ RBD BE6th E3GIA 2 H
RERGHAR K. 72 MATLAB - & N W fir G Sk v, A SR
M1 GS MR F1 RBD Hf[a] 22 4~ %, b PCA .DSR .HDCT
GHLPAR 22 FATT DL JE SE PR

®2 AREEFEFEHEEMIBEILLE(C:C/C+ +,M:Matlab)

Wk HC SF GS | pcA | RC | MC | HS | GC | MR | DSR | HDCT | RBD wCOSB
BHE](s) | 0.018 | 0.19 | 0.23 | 4.42 | 0.12 | 0.16 | 0.50 | 0.05 | 0.22 | 9.95 | 4.54 0.26 0.29
N c C M M ¢ | M+c| ¢ C M| M+C M i M
6 RBD It AR R 6 e ¢ 1) S 25 11 SO i -9 5 4>k
=A

ARSCE SEE X H Ak = 2 B & UL PPN R AR
FTRDEE, 4R 1T —Ff ik TR B R MSR 545, 14645 A
SRAEARICH wCOSB B33k rb T o JofE 7 35 141 1) O 32
(U AE AT 3 P R Bk, e I R A
P ST T AR — B L B O T SR A 1 TR
S LR PR )R, AR SR T — > i) X0y 1 5 A SRR
INT7 ik Bl Mg ke 1 H AR DA T 30 S 9 0. T it
HA) IS5 SRS AR 0T LU B SR TSR 2 35 PR, AR
TSR SR AR FE B2 RE T L 40 1 7 5 DX, il
3 wCOSB fE B -3ty PR-f s DX ) 5 B . T ASL 4

sk BRI ST R W, AR SCHYH SR I 5k S 45
1, wCOSB YRR REIL T H AR 03 3%. {5 wCOSB
X 28 FAR R 51 5 A 10 1 DURICR AN 1, XE
PAA B o R S X R — 45, JAT DRI 0 3 22 (1
Uk A gk PR 25 I TG 3% DX 4 14 [ 2 ] s 1) 428 S )
MSR $54R2E 17 2 Ff 2 35 A Bk &, LRI 2 M0 0735 19
DLHAARIBCE 47 BRI 25

S & 30k

[1] Itti L,Koch C,Niebur E. A model of saliency based visual

attention for rapid scene analysis[ J]. IEEE Transactions on



&%

14 LETAT T AT DX I RIS HEBE PSP Y S 25 BE R 30 155

(2]

(3]

(4]

(5]

[6

[

(7]

(8]

(9]

[10]

Pattern Analysis and Machine Intelligence, 1998,20(11) .
1254 - 1259.
Rother C, Kolmogorov V, Blake A. Grabcut: Interactive
foreground extraction using iterated graph cuts[J]. ACM
Transactions on Graphics,2004,23(1) ;309 -314.
Ding Y, Xiao J, Yu J. Importance filtering for image retar-
geting[ A]. IEEE Conference on Computer Vision and Pat-
tern Recognition ( CVPR) [ C]. Colorado Springs, USA ;
IEEE,2011. 89 - 96.
Mahadevan V, Vasconcelos N. Saliency-based discriminant
tracking[ A ]. IEEE Conference on Computer Vision and
Pattern Recognition ( CVPR) [ C]. Miami, USA; IEEE,
2009. 1007 —-1013.
Sharma G, Jurie F, Schmid C. Discriminative spatial sali-
ency for image classification [ A ]. IEEE Conference on
Computer Vision and Pattern Recognition (CVPR) [ C].
Rhode Island, USA :IEEE,2012. 3506 —3513.
Hadizadeh H, Baji’c I. Saliency-aware video compression
[J]. IEEE Transactions on Image Processing, 2014, 23
(1):19-33.
Borji A,Cheng M,Jiang H,et al. Salient object detection:a
survey[ J]. arXiv;1411.5878v1[ cs. CV].2014.
Borji A,Cheng M,Jiang H,et al. Salient object detection;a
benchmark[ J ]. arXiv:1501.02741v1[ cs. CV].2015.
Harel J, Koch C, Perona P. Graph-based visual saliency
[ A]. Neural Information Processing Systems[ C]. NIPS,
2006. 545 - 552.
Hou X, Zhang L. Saliency detection: a spectral residual
approach[ A . IEEE Conference on Computer Vision and
Pattern Recognition ( CVPR) [ C ]. Minneapolis, USA;
IEEE,2007. 801 - 808.

[11] Achanta R, Hemami S, Estrada F,et al. Frequency-tuned

[12]

[13]

[14]

salient region detection[ A ]. IEEE Conference on Com-
puter Vision and Pattern Recognition (CVPR) [ C]. Mi-
ami, USA .IEEE,2009. 1597 - 1604.

Cheng M, Zhang G, Mitra N, et al. Global contrast based
salient region detection[ A ]. IEEE Conference on Com-
puter Vision and Pattern Recognition (CVPR) [ C]. Colo-
rado Springs,USAIEEE,2011.409416.

Wei Y, Wen F, Zhu W, et al. Geodesic saliency using
background priors [ A ]. 12th European Conference on
Computer Vision (ECCV) [ C]. Florence, Italy ; Springer,
2012.29 -42.

Jiang H,Wang J, Yuan Z,et al. Salient object detection: A
discriminative regional feature integration approach[ A ].
IEEE Conference on Computer Vision and Pattern Recog-
nition (CVPR) [ C]. Portland, USA; IEEE, 2013. 2083
—-2090.

[15] Yang C, Zhang L, Lu H, et al. Saliency detection via

[16]

[17]

[19]

[20]

[21]

[26]

[27]

graph-based manifold ranking[ A ]. IEEE Conference on
Computer Vision and Pattern Recognition (CVPR) [ C].
Portland,, USA ;. IEEE,2013. 3166 - 3173.
Li X,Lu H,Zhang L,et al. Saliency detection via dense
and sparse reconstruction[ A ]. IEEE Conference on Com-
puter Vision (ICCV) [ C]. Sydney, Australia; IEEE,
2013.2976 -2983.
Zhu W ,Liang S, Wei Y et al. Saliency optimization from
robust background detection [ A ]. IEEE Conference on
Computer Vision and Pattern Recognition (CVPR) [ C].
Columbus, USA . IEEE,2014. 2814 —2821.
Lu S, Mahadevan V, Vasconcelos N. Learning optimal
seeds for diffusion-based salient object detection [ A ].
IEEE Conference on Computer Vision and Pattern Recog-
nition (CVPR) [ C]. Columbus, USA: [EEE, 2014. 2790
-2797.
Liu R,Cao J,Lin Z,et al. Adaptive partial differential e-
quation learning for visual saliency detection[ A ]. IEEE
Conference on Computer Vision and Pattern Recognition
(CVPR) [ C]. Columbus, USA . 1IEEE,2014. 3866 —3873.
Li J, Tian Y, Duan L, et al. Estimating visual saliency
through single image optimization[ J]. IEEE Signal Pro-
cessing Letters,2013,20(9) .845 —848.
Mai L, Liu F. Comparing salient object detection results
without ground truth[ A ]. 13th European Conference on
Computer Vision ( ECCV) [ C]. Zurich, Switzerland
Springer,2014.76 -91.
Krahenbuhl P, Koltun V. Geodesic object proposals| A ].
13th European Conference on Computer Vision (ECCV)
[ C]. Zurich, Switzerland ; Springer,2014. 725 - 739.
Dubuisson M, Jain A. A modified Hausdorff distance for
object matching [ A |. International Conference on Pattern
Recognition (ICPR) [ C]. Jerusalem, Israel; IEEE, 1994.
566 —568.
Sim D, Kwon O, Park R. Object matching algorithms u-
sing Hausdorff distance measures[ J]. IEEE Transactions
on Image Processing,1999,8(3) :425 —429.
Andreev A, Kirov N. Word image matching based on
Hausdorff distances [ A ]. 10th International Conference
on Document Analysis and Recognition| C]. Barcelona,
Spain: IEEE ,2009. 396 —400.
Liu T, Sun J,Zheng N, et al. Learning to detect a salient
object[ J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence ,2011,33(2) ;353 -367.
Perazzi F, Krahenbuhl P, Pritch Y, et al. Saliency filters:
Contrast based filtering for salient region detection[ A].
IEEE Conference on Computer Vision and Pattern Recog-
nition (CVPR) [ C]. Rhode Island,USA .1IEEE,2012. 733
-740.



156

BT

Eihd 2017 4E

(28]

[29]

[30]

[31]

(32]

(33]

(34]

[35]

Achanta R, Shaji A,Smith K, et al. Slic superpixels com-
pared to state-of-the-art superpixel methods [ J]. IEEE
Transactions on Pattern Analysis and Machine Intelli-
gence,2012,34(11) ;2274 - 2281.

Alpert S, Galun M, Brandt A, et al. Image segmentation
by probabilistic bottom-up aggregation and cue integration
[J]. IEEE Transactions on Pattern Analysis and Machine
Intelligence ,2012,34(2) ;315 - 327.

Movahedi V,Elder J. Design and perceptual validation of
performance measures for salient object segmentation
[ A]. IEEE Computer Society Conference on Computer
Vision and Pattern Recognition Workshops ( CVPRW )
[ C]. San Francisco,USA ;. IEEE,2010. 49 - 56.

Yan Q,Xu L, Shi J, et al. Hierarchical saliency detection
[ A]. IEEE Conference on Computer Vision and Pattern
Recognition (CVPR) [ C]. Portland, USA; IEEE, 2013.
1155 - 1162.

Cheng M ,Mitra N, Huang X, et al. Global contrast based
salient region detection[ J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2015, 37 (3 ) : 569
-582.

Margolin R, Tal A, Zelnik-Manor L. What makes a patch
distinct? [ A]. IEEE Conference on Computer Vision and
Pattern Recognition (CVPR) [ C]. Portland, USA ; IEEE,
2013. 1139 - 1146.

Cheng M, Warrell J,Lin W, et al. Efficient salient region
detection with soft image abstraction[ A ]. IEEE Confer-
ence on Computer Vision (ICCV) [ C]. Sydney, Austral-
ia.IEEE,2013. 1529 - 1536.

Jiang B,Zhang L,Lu H,et al. Saliency detection via ab-
sorbing Markov chain[ A ]. IEEE Conference on Computer
Vision (ICCV) [ C]. Sydney, Australia; IEEE,2013. 1665
-1672.

[36] Kim J,Han D, Tai Y,et al. Salient region detection via

high-dimensional color transform [ A ]. IEEE Conference
on Computer Vision and Pattern Recognition ( CVPR)
[C]. Columbus,USA . IEEE,2014. 863 - 890.

EE BT

EEM 55,1987 4 WAL FEFTA. 2009
ARHD TR A PR R AR AR AR B, 3R
==t A 9 e I By N 22 T R A S O
7 1 A5 S P R 4
E-mail ; jgbamboo@ 126. com

B 8 %,1963 44, 1L AR H 5 A 2001
AENEN T A B R A AR LR B, B
AL B A A R AR MR TR B
2, WF 5T 7 16) g B e B AR WL 4 ) 5 4%
efe.

E-mail ; tianchangl 63 @ 163. com

RER(BIREE) 55,1973 484, WK
HRN. 2002 AFH Al T fif ik A5 B TR 2 0 4R TR
SEE, A LA BN AR AR B A
FREA e R BT 5807 1 g R e AR A %L
PR G PG S

E-mail : wuzemin _ ice@ 163. com



