Simulating Human Saccadic Scanpaths on Natural Images
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Abstract

Human saccade is a dynamic process of information pur-
suit. Based on the principle of information maximi%ation,
we propose a computational model to simulate human sac-
cadic scanpaths on natural images. he model integrates
three related factors as driven forces70 guide eye move-
ments saguentially  reference sensory responses, fovea-
periphery resolution discrepancy, and visual working mem-
ory. For each eye movement, we compute three multi-band
filter response maps as a coherent representation for the
three factors. he three filter response maps are combined
into multi-band ¥esidual filter response maps, on which we
compute residual perceptual information (RPI) at each lo-
cation. he RPI map is a dynamic saliency map varying
along withl eye movements.  he next fixation is selected
as the location with the maxirhal RPI value. On a nat-
ural image dataset, we compare the saccadic scanpaths
generated by the proposed model and several other visual
saliency-based models against human eye movement data.
Experimental results demonstrate that the proposed model
achieves the best prediction accuracy on both static fixation
locations and dynamic scanpaths.

1. Introduction

b a J¥ dssea 180 sucgcs@\lln gl aa
reqn d eccey yicijesh ae 1 e Swajd eliac Uyp g
Fo edr @i sh a\,c as dlo a\,eua ucccw\yc ddsjze
a acbcuul{q c«ltoh;‘gn Sbalid ie qc;csThc,acca
palle 0 g ocessn g\’jsl dn om ajo al\,el i sba{d
i esol i - Oy {ICO[H‘J}'I& 4,Caljcd1 oy Qicycsq ne
poiga d vism h a\;cl agorecey € dis g1 aeq oc
se) S7y € 0 pelo,ava go sbaljal ie qc;esTbc;ac
cga,ﬂco wocessn En oMy a0 a‘LlOW sba{ducsdl (o

1. So pen o ajo 1y a0 cdn agaaciitajo

441

is o In IIC'l. Hiq a sacatice eq 0 O, iSan O

A en g % O Con 91 sac hclosso V;'Sl d 3‘-""1,
npewaigra adoaxid gitien o ajo adiy A
‘Ccscqc.h AR T aidluadwali,lox

e 8 dn om 91’)0‘ )c ﬁc;q{ aiagd AL
vV j ;

R ALY haflo decideq o al_ beucw 1@ 1 41ook

a w X dso bc sell gy ceo ﬁ‘«;aqu)s. h deed, 50{1 0 bq

aeessey 1Jal ol s olg dex 5,4 iy a saccalicbdra o

h pegage. ¢ igogose acey j ajor 4y odd 0sn
uj alcwa\ a sxcalicsca ba{psq 1 dﬂid—?\ ages quﬂ i
abaﬂ'@l la las!;. h \}csljgaln gb;s OwiCisn olql hdyul
mUq hsla i & {w cop A/ d &peC;s O \; d o
CegjOn , » 1also bey efici d O a_ M p0,a, a.gicalfon s
$d asn age ad VVlco cop gessio , objccl“lclccljog ,ar
ch page desi § .

Proposed method ( he yyogosed saccateq odd 7
cdaes pwee x o tnal &J\’cswa a ao o voyeced
b ccqa 0@ e.s iCeeyCce s SO iCSyly Ses, O ea

P Yy v 1 ; vV
béw & i esod i lisaegac ,ad 9 d_okn & &
o y ) v W

yng. 1 snows pe ra cw()vk o bcwobosch odd ( he
preea ollleshigliged i age Wiebak gay 1ae
bckcy X0 J%hcucuqccs souyucsbqscso a
N ageaeqUly ba 4ﬁllcncsbo. ses o sgasecoiy gUuqc
jors c*«.f xlcd i oy {ne sin,uly.‘:hcy accopsitaed a a
rCy sy ajoy O pc: a, no S8 d'alsa e = pc:c
aecen o ajo a tnc yobosc'ls s - & yogn S0
logcd c\;dq ce shows p a {wicccw e fidds 0 9 @20; s
n pewn ay stl dco et Vi) aesn la osgasecodes
leayed voy ) dlvd 7 aged 21].‘:}1crc & e ce se so,:y
i CSigOy SES Sﬂula{m&luq d iesyor ses o pc wh a_ ‘j
84 co:lcﬁ O an aea alyj oM hig resol o - i)
T}lc o\’cabuiﬂncw resol oy isciepga c yo\;«les R
la‘lc%n oy Aoy adly 4 aﬁ‘*;alyou Iocal;q . (coasen
oy Ao n bc«rﬁfa ,.Tb;sn oy Ao liscieya cy 4f
rcc{ leats 0 se qtial ﬁﬁa{q yasijos. h Fg’l, a
ovcﬁﬂ age aiﬁ*;alro, Qiis gy & alc'l a 'hllllf ba 1fi



— —] . Image

-J Sparse coding filter functions ‘
I

R SR T IR g | ]
| filter response maps

o e e o
= T

| - | Sparse coding filter functions | I

Foveal ﬁ]ter_'résp::l)nse n';ap.l; |

Update - -
memory

‘;-‘.

| Updated filter response maps

> - e

+

| Residual filter response maps |
SERY,

Information maximization

| Residual Perceptual Information |

»| Select fixation Q,; |— —

Figve 1‘: he g ogosed 1 e ok.

(O 1CSigOr SE S O bjs O\’Cdﬂ age ae c*;,f xlc'l. 1)
Vig 4 W(xtn g4 & O 1c @ s o coyl dn onm ajoy - or
ace @ bf;("o Mea 4nhib}lsﬂ4 ed agrelln o a
o (o CTUsoiegesa heca o okn gy & O'y
wmuly ba Afl o rcsymmseq agse. osallae pedeca;
0 Lokn &y & o, eqally ,kncﬁllcncsbo‘ Sey agS A
tle‘\G\ Gywit] ogens 1ore(Ogegl). Eﬁ*b
dalc V;sl " okn &y & o ;brlatn ghea an d ﬁlla
icspy se 4 eso pc o\lcdﬂ agcﬁlla i €Sig0y ses g {w
ey 1flcca’c“lﬁllcw iespyy sesn ey & o acahloca
{9 ¢ hcvcs?l lc%lﬁl & 1ESig0y SES & code hc?ofaroblfn ed
bacéﬂ dn on ajoy 0 pescach wa.
< hey,b 8 b{ xp Epet bdalcdﬁlla 1€Sig0) Sey S
tpcwa!;n & ay i Oy kncuc & &) CE 5¢) SO _ ¥ €S0y SEs,
WwC OB @AUl badyesi¥ d fil o vesyor sey %S ¢ his
saUlaes pe 124 ich o Ejonla o ghe mee .08
allen gw,‘b cye1 o\’qa LIRS Coysell gy { ) Py € pc
Site Entropy’Rate 2% oy vesi 4 fil o i esgon seq ags 0
Oblm a residual perceptual information (RPI)x % he
redi] e1 RPlqy agicgesey s e spajd sy joy o pe
1iscicya € bclwcc; be A 04,01 0o a0 spc& n
P adbalcq 1310“”» n W 1sﬁg\ull s. b oder oW
$eheq an d 9 84,0 36, 1 oM 3/ O pescae
aq liel ce knrs % CCl! d lisaegac , acon gopen
oy ajo atn iZajoy gn cige, chwosc leSbOlo kpc
-+ atn 4 SER Vall e aper c";lﬁ*;a_go‘ Qir1, 4{:@. N
pc1 c‘ﬁl,‘la ajo .

A1 eah cycﬂ\ o A, pe pwee multi-band filter re-
sponse maps ac%e. Py lci & achae 1egesy ajo o
pckucc xos. asel oy tnsmwcsq A a Vlt]ch ae
gcdn Jo & aja 0 he 1 e ok, cygo e etger

4 a dedils o ey O syaepea odd. sca,ab}l;lyn s
Ulaln g4 g sacalicsca waps.

S edlie

442

1.1. Related work
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2. Our Approach
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2.1. Coherent representation of three factors
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2.1.1 Sparse coding filters
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2.1.2 Foveal imaging
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2.1.3 Visual working memory
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2.2. Measuring residual perceptual information
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2.3. Saccadic amplitude
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3. Experimental Results
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3.1. Dataset and eye movement data collection
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3.4. Assessment of the forgetting factor
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4. Conclusion, Discussion and Future Work
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