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TG0 PR TG A ST 2 1 4R
AT THE TR PR AR 58 T AL 0 BE it |, 38 2o B4
BHUHIRA EEAT A A WA UBR A O T R
Ay B SERT AU E RE R B 2 B2 R BF S R RS
PN R 280 A () SRR, 38 BB AE 153 AL A i 43 3k
AR ATT R % s A O T A 2% R 4 1) vh 4 21 )
o AR SCEEWFFE AN 2209 & 48 (human visual sys-
tem, HVS) JZ U1 4b BRI 5615 B A AIL T A B il |
P T A B T DL S0 4 T 2 O R i A
R ZREA BRI O 215 B 1Y 2 v A BRAIL >k
SEOFEFNIT 0145 B, 1) A5 A% 15 A F000 AR
UG o 25 X3

1 MRAR

Xt RN R R S 96 2 WA, NS BE R 48 (HVS)

MEE, BFE, et k2, F0E, B0, B

S fe ot B JEE A LA SRR > S i R i
e X LU B Y 2 D, AR 2 R AR B —
FERE b BT X — R M, DL R T I A 2
J R 1 i N1 o G o7 Ee o B L0 B
SRR T SRR T . TR TR S
ARSI rr, SR Teei 50 4R OB (A SCRRHN 1T
RS ) e BARER M . 2R B, 58 FE F )7 1]
SR AL B0 4 S, R 22 RO vh ol JR A B
THRAS B & AR ], P8 & R AR BT 10— IR Rl
R JE B B TT BEHY HUR XN [R] R AE ]
PEAT T BB AU B A, ORI A . Harel 255 I 75
I LR -2 T 25T K32 ( Graph-based , GB) i . 2%
PERERIRN GB AR AY , A AL 3 2ok 5| A 5 R ] e ik R
R R EE, RETHERER, BREARER,
Bruce F1 Tsotsos™  $2 H T AIM 571 1= 5% g 57 A
i i NSEE SIS EEPSREI S JapC RG-S
S8 25 3R WoniZ 07 il 2 Mk o T BIHR i %
Murray 25 42 1 T ECSF AR, ¥ 76 48 HUSi €5, )7 1)
REEJE 5 LA b e il AL ) AR L R SURR ek KOk 70 B
2, FEAORER] AR T IE AR B Y, Gofer-
man 257 CA D5 0K BSR40 pateh -3
T € N 25 ] B B R TR [R] pateh Z ] i) 25

O EHEAARREREEEFERHEAS (41101386) ,973 11K1(2012CB719903) , H R B AR 24 Z A0 T FT B (61221003) FE 2 45

Bl L4 (41071256) WEBHIR H

@ 55,1989 44 B W57 1) HHRAHLILGE BRI E-mail : ¢junkai327 @ sjtu. edu. cn

@ EINMEZE, E-mail; huohong@ sjtu. edu. cn
(ki H #1:2014-09-22)

— 1194 —



A AR T DTS £ A Bl 0 P 1 2 AR

S, TR BR 81X 3 37 S i MR X Jal e 5 i ol
TR T ZRES TN INE RS S Z B RER
ANEY S e, T H RS T AR 4 B B R, Zhang
USRI I SUN BRI [ AR PR HEA T 483, i@ i I
S B DA A LG M R Y A E BN S
A5 BAHDCHY AR B X P& e . WAk, b 23
b HACHIE R 1 27 >0 SR AT LB T ORISR A
il AR A o R AR A i 2 o) IR B B
FEAE R S5 BERL 1 250, L) T g b b AN TR R AIE il
Al RIRBEY R T 2L R %M, i FEA
IR RIEARZ ZR, I DL J07 4 30k i e
F SR H AR, (R Bl A IR UH #E
I ], AN BE PR A IR 2 v, T ELAE AR 25 el TR
RN RY T 7 A A 22, 52 PR AR #2455 LR &=
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Tr—c :P(F()’ T ¢ = P(L) (1)
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20 A
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x' = xcosh + ysinf, y' = — xsinf + ycosd (10)
Hrr, (w,y) RomAbs, A 2K, o BIrEZ, v
SR LY, 0 FoRTT 0, o FoRFARTE . A3

BOMEEERT 8 A7k 0 = [0, T, T 3T T

GA,B.!//,'y(xsy) = eXp( —

2 3 TR SR VI ORI TE R 8 A7
1 A SRR B LR 20 28 TE R Iy 1,
AR V2 KR AT B (6 LIP KR
T B )2 i Where 38 1 A7 B 15 B
SRV B J R P(L) HBHI%. 1607
I EEE LIP 25 B LB Ao 07
P(L) +P(F,)  _P(L) +P(F,)

P(L) = =
D (P(L) +P(F,)) 1+ Y P(F,)
(11)
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LIP X B 7 B O, AN 75 22 A 3 T[] T /9 7 1)
WA YXE BRI T B hRR T, T RALAE
WP A Ty T i 8 e, B0 ] ek 38 2058 K 1) s T il S
BELEARIINLE o AR SCHE K — b B Y A V2 X A7 3
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3R A TIE 4 S B 7 DL T HE e A R, 2 ]
AT T 005 00 5 B M, 398 11 A B0 3 1 25
BITEALR
2.5 HERIMREE

PEUEA Y B2 S(x) MR B3 6 T
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S(x) KRS G, () VI E RS 0 B %
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A 5 B )25 €0, S0 BRAE LU ER R TAX IR
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P b PR [ B30, 0 ) 32540 , 41 77 0V Ay 8
FIVBEABL I AR 0 S0, P DL 307 A0 S i 3 5 B 7 X
5 R A o 45— K A B e R
IS B 2 X U LB e , LA I SR Ak
FE R SAIN A, TR 2% X Bt T o 32, T2
CIUN i

3 LI AT et b

N T BUEAS SO Y A R, 22T T A
S H— IR T AT Bruce HiinE"
XM DA T 5 58 AN SE R T T 3
PAHRER , RPN A SCRE Y A 8 25 PEPE E M A H
PRAZIN T APERE . P SEER RS A B T A
T XF R AT
3.1 XBSHPFERE

gt SeR IR (w x h) HEAT AU AR 2

D
% | I
2 \

e

(max(w, h) xmax(w, h)), EARIE IR R K
=3% xmax(w,h) ; Gabor JEI#S NS A =
6,0 =1,y=0.5,¢ =-2/m, FHEIEELRTE
R o = K4, F/RESRIRAA B LUALE S o 9 1
BOMEZE N o = 15 BE T = 4, SHAE1FF
1% . CPU :Intel Xeon X5690 3.47GHz; N1 :32GB ;4
YER G .64 {ii Windows Server2008 ; JT %4 F & MAT-
LAB R2013a,

3.2 HABEHEZEXEXE

R S8 R Bruce BiR4ED) %
AL E 120 5RA/NA 681 x511 (1) {4k &, o
e — 5K IR AR N 1 IR B R ER BE (eye tracking da-
ta) , 73 20 AN SEER A TE AT S5 IE B0 T B H Y
(CEIEr €Ly &L S UN: )3 NI R 17758
PR BN 5 R o AR SOR I SRR Y A TR
I (fixation map ) 15 2 DAl AN [6] B 00 1 A AL 1 b
o K4 451 T Bruce ¥ 45 193853 5 S H: fixa-
tion map,

IXH FEEERI T O iR [ A SO A AT D
eSO 3 ) 23 P A T R AR R R AT 0 L, AL
IT'" GB™' (AIM™ (ECSF'™ [ CA'7' SUN™' SR,
QB RIFT™ . &S TR T A [R5 (1 . 2
B . FEAR 214 H i 3 S, 2 32 108 AR
FitE(ROC) i 33155 ROC 2z T (AUC)
{8, VATE ELULHb 2 7 10 FhoASE 78 70 2 55040 45 1 1) 1
BE, NI 6 RN 7 firzn . MO PRI E 5 1Y 52 5 45
AT LA Y A SORSE AU A T J86 2 8 DX 3l Fof X 5 S5 2
FEA KR BORR, BN 1 I B e 4223, AUC {E A 1
HABAY i, HA S AR 1 B RRSOR T 5 A%
SR F 42 Y 2 GB A,

B4 Bruce #IELRIERS B R H Fixation map'®’
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a:J5i[&] ;b Fixation map;c-k:FT, SR, IT, SUN, AIM, CA, QB, ECSF, GB #&%! ;1. 7 SCA5iml
E 5 10 #hiEE7E Bruce HIEE LN BEEXTLLER

¥ 3.3 ERZENEZEITNKBIREN
o SR FH )38 B AR 4R J2 M Google Earth |-
A TAREE, — 3 100 T2, N TARE T &—Iif
o7 15059 &L E AR A2 S X 38, FE 8 ground-truth &1
Gy E¢L%@%¢EHKMMﬁﬁ3Mkk$&E$
B ==z BUTERAR F BB B R AR, A 1A R
04r SN || e AL 3 B 11 KL, A 1%%5%&%,“T
03 T[] LA, A A LR SR [ A
°f “rew || 331 GEEUBRSE LM RFEITH
| — Proose | E SR 5 PR VA 520 2 B L T A SO

0 01 02 03 04 05 06 07 08 09 1 FPERE S A SCREIT Y GB KA ARYE Sk [ 27 142

False positive rate

HE PP A 38 B, TS T AR SCELRL AN GB A
E6 10 AiEEA ROC Lk

ground-truth A AH LB (similarity ) , 28 P4 4H ¢ R 4

L L e L B (linear correlation coefficient, LCC) F1 KL [ B 455
08r1 070310'71160.75110'77210'77610'7849 ' 1 BSH, % 2 froan, Hr AUC, Similarity #1 LCC
077 ol 1 (O K % 7% 535 8 5 ground-truth A3 , KL
& [ B /N R 7 (8 2 B 5 ground - truth (] (1) 48E 232 53 A
05t
Gl F2 ARG GB EAELMITNIEIR LR L R
03t — — —
P8R N i GB gAY
02 AUC 0.9488 0. 8965
0.1r Similarity 0. 2029 0. 1751
g FT SR IT SUN AIM CA QB ECSF GB Proposed LcC 0.5304 0.4715
KL 1.9473 2.1180

E7 10 #iEEE AUC B
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B IERRAR A B2 Hbs MR 220k, B R
FEAREAR EDULHL A 1 H AR R 575 St B & G R
TEC BRI (BRI, WTA) Phz W 4 75 i 3
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ZE LR RO A O, e 5 PR Y P 4R 3R FOA B
LFMERNHES . 1R (a) & T 54 FOA,
T SRR - R R, A5 L R R 6% 1 B A
KL, MR (D) AE 4 4 FOA B () S 4
FOA 2R ()l (e) & T 7 4> FOA X TixX 4 21

©

AR, IR REAS I 2] fi 25 1 RML F AR IXCBRR
R85t WTA R 45 09 SO il e, O 3 /9 DX
BT 255 AR SCRERLATS IR RE % 4 At LA I
ok, B R RS T GB R ALAD BT R T R
22 AE—LE S R R L AF T SR T M H AR
ARSI ) LR RS DL N5 3 B, b /7 i
R RUASIN 2 ) H AR KL, <7 JE AR R SR
B HAR L XF 100 Mg B AR A AR 25 2R 4n
T ARSCRERL 319 ZUEAR /NS S AL, A
I WTA ZEH FOA 19773k, — LA 2] T 296 22,

K

My 92.79% ;1M GB AL RLAG I F] 268 ZL, 4 5
9 84.01% o XULIAASCEERUINA A T[] B 1 &
G135, REAE AR R 52 A i 38 JEGE AR b U S 4 Y
FARRINEBE o

8 NEEZANANZRBERZE, AXRENEEZE, AR FNELE,CB RENEZHR L ENESE,
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®3 ANXREE GB REE MR BT L

K14 AT GB 7!
(a) 5/5 5/5
(b) 4/4 2/4
(¢) 5/5 3/5
(d) 7/7 2/7
(e) 7/7 4/7

4 4

RSO 2 A Wy~ B AT T S B
485G N GE 2R 58K I JZOCE B9 45 B AL BEAL I
St T — o T L ik 30 A J2 O L B T A
B, AZAS I S AU B2 AR B JZ AR AL ]
SKRARBOBE AT 1) (5 5L, I Ha ekt DL 407 g 2%, 1) i
R ST/ R ELURTE SR A = PrNEEEd
5 b 5 HAD 9 Bl HAFCRPER BT XS LS5
FW AR SO ) 3 P R T N IR RL AT, e
U MR e T . IR ROARBIRSE B S Bl 3R
A SRR B AR 485 2R . O 7 SR s AT H
BRI , AR SCRERYAT 15 42 il B 22 9 DL 45 i 2 2
5o Kok B AR ALFRWFTE RN EZ TP R T Y
E AL A B AU B 6 P 0 R, DA B P
S IR T AR A
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tween bottom-up saliency and top-down control: how sali-

A hierarchical visual attention model based on Bayesian inference

Cen Junkai” ™ , Huo Hong" ™ , Fang Tao™ ™
( " Department of Automation, Shanghai Jiao Tong University, Shanghai 200240 )
( ™ Key Laboratory of System Control and Information Processing, Ministry of Education, Shanghai 200240 )
Abstract

Inspired by the human visual system’ hierarchical processing mechanism for prediction of interesting regions
and quick detection of targets, a novel hierarchical visual attention model based on Bayesian inference is proposed.
The model utilizes color feature information from the ventral pathway as the bottom-up inference cue, and uses ori-
entation location information from the dorsal pathway as the top-down cues. All the cues are integrated in a Bayes-
ian framework, and saliency maps are obtained by inference. The natural image experiments were conducted to
compare the performance of the proposed model with that of the other nine state-of-the-art visual attention models
IT, GB, AIM, ECSF, CA, SUN, SR, QB and FT, and the results show that the saliency maps created by the pro-
posed model are much closer to the eye fixation data, and it can better simulate visual attention. Moreover, the re-
sults of the experiments on remote sensing dataset demonstrate that the proposed model can better detect targets
compared to the GB model with the similar performance.

Key words: visual attention, saliency map, Bayesian inference, fixation maps, object detection, hierarchical
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