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Compressed-Sampling-Based Image Saliency
Detection in the Wavelet Domain
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'23Faculty of Engineering, Department of Electrical Engineering, University of Mashhad,
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“*Faculty of Electrical and Computer Engineering, Quchan University of Technology,
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Abstract

When watching natural scenes, an overwhelming amount of information is delivered to the Human Visual
System (HVS). The optic nerve is estimated to receive around 10® bits of information a second. This large
amount of information can’t be processed right away through our neural system. Visual attention
mechanism enables HVS to spend neural resources efficiently, only on the selected parts of the scene at
order. This results in a better and faster perception of events.

In order to perform saliency measurement on visual data, subjective eye-tracking experiments may be
carried out. These experiments involve using devices to track eye movements of a number of subjects while
they watch images or videos on a screen.

That being said, such devices are not very suitable in practice due to hardship involved with carrying out
experiments, such as need to have restricted test environment, being time consuming as well as expensive.
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Instead, researchers developed Computational Visual Attention Models (VAMSs) in attempts to mimic the
HVS saliency prediction process.

Visual Attention Modclling has widcly been used in various arcas of image processing and
understanding. Computational models of visual attention aim (o predict the most interesting areas ol an
image to the observers. To this end, these models produce saliency maps, in which each pixel is assigned a
likelihood value of being looked at. In other words, saliency maps highlight where the most likely for viewers
to look at in an image is. Knowing the Regions of Interests (ROIs) can be helpful in applications such as
image and video compression, object recognition and detection, visual search, retargeting, retrieval, image
matching, and segmentation.

Saliency prediction is generally done in a bottom-up, top-down, or hybrid fashion. Bottom-up
approaches exploit low-level attributes such as brightness, color, edges, texture, etc. T'op-down approaches
focus on context-dependent information from the scene such as appearance of humans, animals, text, etc.
Hybrid methods combinc the two streams.

This paper proposes a new method of saliency prediction using sparse wavelet coefficients selected from
low-level bottom-up saliency features. Wavelet based image methods are used widely in image processing
algorithms as they arc especially powerful in decomposing images into several scales of resolutions. In our
method, first random compressive sampling is performed on wavelet coefficients in the Lab color space.
Random sampling enables a reduction in computational complexity and provides a sparse representation of
the coctficients. The number of decomposition levels is chosen based on the information diffusion property
of the signal. In the proposed method, the sampling can be done at a rate different than the Nyquist rate,
and based on the sparsity degree of the signal. It is shown that having the basis vectors of a sparse
represcntation of the signal, can result in an accurate signal recconstruction. In this work, the sparsity degree
and thus the sampling rate is computed empirically. Next, local and global saliency maps arc generated from
these random samples to account for small-scale and large-scale (scene-wide) saliency attributes. These
maps are then combined to form an overall saliency map. The overall saliency map therefore includes both
local, and global salicncy attributes. The main contribution of this paper is the usc of compressive sampling
in creating a novel wavelet domain representation for image saliency prediction.

Extensive performance evaluations show that the proposed method provides a promising saliency
prediction performance while the computation complexity remains reasonable, thanks to the dimensionality
reduction of compressive sampling. In particular, the proposed method demonstrated favorable precision,
recall, and F-measure, when compared to state-of-the-art saliency detection methods, over large-scale
datascts. We hope the proposed approach brings idcas to the salicncy analysis rescarch community.

Keywords: Saliency map, visual attention, wavelet transform, sparsity, compressive sampling

Mol ol Sy s aalllas ez (1S Glaiesh doddo —)

I PIVESHS i WUU E2 9N la Joe Sl 28,5 g
sl tlize Glolre sloJoe e e 4 Lz 5) Sl cay Vot Sgam o 4l e o
dzaogd ~| Lasud polas o atus, bla | o o -
$9bb Jhames el o ator s ST*‘UML 22 aile pledl e 45 ol 5l ogdie oyl ol
q9- KYEWC]

) Wl D508 slaioogase lyls (Ko (K5 ol
sl Sszee slagds, Ol WS Sl
QS.;L:} CA:&Q‘ L‘wlm‘ > ).:.a A ($99,9 SleM! 15 Sl )L..:
Alwd 93 & 1) ppal S )0 Aleey B iy T
i Ja...e}: J.al Jl .'-\35—:;‘ \_}'“’)“5;1 39 ul?u..»‘ 1&:‘ u;o,g)lf lg_ 9
pai Sl 4 Yo laie, 5 TYL 4 ol sla i, .
) ) &L...”.: ol 5o \é‘)..agd.?j'; )Lfs)l“ 4 Pywge é‘/if}}u

PO # oS o A4S YLJ = ‘,‘ula ‘l ) 9,5
PRI R ogTes e T R oy SRR 0 ool 5 el b [144] ssde el (HVST) ol

1ty wxle Gl e la S il S0 Wsdise

S5 ooanline pla jo il axgd e G165yl
[9] .[8] ».\.;.;SL;A oolazwl ec).:.é- 9 s_i;_) ‘ (Vu»\‘J;.S) O.il.; . . . .
R ) ) J«L.,(j)L.u ‘\5).5 .Q}.»Lsn &Mn Sry® dlouo w..i;" L'{ g
J“ e AR )9.7:..0\_9»)& as ‘U""-b LY YL: LSLQws) o [10] 3 . i P B
. o A ] ﬁ,lc Gl LSLQ")S’ 5 s;gfl.cjf \_glﬁ:éﬁ)ls (S g d>95
[1 1] < S L ) | R s (CRaeR> )0 OIS wdige g (SO
‘ [S W ol s o 3 ke ) 3 CykA -
o TR et S o Ll e o 43 a5 paad oK 0 oladl amgiide
Loasslis [0 YU 4 ol sloby, A5 0ba [12] .

cably glicy )5 g3k sles pls wel oo anaf

4 Bottom-Up @nidl glaass 5 1A wls Glacl pole o STIL,
* Top-Down

® Stimulus- Driven
7 Conlrast
§ Goal-Driven

! Visual Attention Mechanism
2 Human Visual System
3 Saliency Prediction

Y ela ¥ o)l VAN Jlo



http://dx.doi.org/10.29252/jsdp.16.4.59
https://jsdp.rcisp.ac.ir/article-1-874-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.16.4.59 ]

£

3 03 puind ()13 padiges jl 03wl b Hag9Las Aiwua p3 blis  yousraini

90893 )

&l 17] o \Kes g Achenta solgain g, ,o
)19.45' UT LA..)‘ nﬁj..a.‘:' &:’. S Gi:’"’?ﬂ ER-H 4..3.“‘;:&
alol> 9T e § 0D )|}<..m 6.-:91? ):.l?é S \14,..:53
onae 090 e oole Jlas] CIE-LAB? N5, slad a;
JJAS o Gf}gj )‘Q;_: S ob;&-’-\g L’LMS\:: Pl (sis) 5Lk4ﬂ§ﬁ
(5?359 61.%)‘0).: 4:.15 <5’l""':’ u~<al~o L)" )‘ g9 Alé;
“)‘}ﬁ.n n.:-._)‘LQ.S)b f\)5:JL5A d.MLZA ;:v'}»a; &nghMSAJ df.lf
Bllas ;08 anloe b e Sl JoSay o (5 par (K
w dlols il Jop b UeSn o] Ty o wslis
'")'J\SA S
S GBVS o Tt e silen plsJas o JS s
Grar Sz Swmokn Sl el e Sl
sadinlyl Jue ahai ola Jae a5 Jlo e S o eolanul
bogr sadall Jos uimmes g olKen g Hou lawgs
Sl (Gomlym) (IS DM 51 S o) Sen g Achenta
do g 3l L0 glazws jo Lal rauS o oolannl jslaie oyl
olordy 0 5 Sledbl 5l d=e Sledlbl Logdle
Lﬁu.qs) u,‘v‘l 3.]-0.9 )‘ sl 00 eolal é—?{d Sledb!
-.\15 o)[,ilal “_\‘)‘Sw 9 Ye Jams.) a\.&,.i:do“l-‘ LRy, A Q‘BYGA
)| Az ‘[14] ) oAidg“)\ u:bs) Lv A{L';'.A ‘u:‘f) u,‘"| 5 [18]
d‘,‘f \_iv_ lg g b‘anﬂ&A' )j L ugas ‘sA;gm.m.iS
LSLI’J‘““K:?,):" I, B F sleo,§ aS 5 gkas 300 0 Jos
)‘ o)f 9o 34;}.5%.0 JLJ S K JJ..Q\)GA k}ai;) Alol>
Sl JuSy ol 90 slogFig m Dol ol SIS
Jal R L>A|)'~' o».\.:aé\;.é)f ;BS 32 le'ag_sf}’f bng;c Jijx;
2Ol e (S 5l aile sy nl e Sy
Q‘}:.A 9 “;g;ib S 4 Jmmi:) J" L,‘" alis QL‘.:A ‘J""‘Sﬁi
SISl eolanal b oaslsl o Sl ol T VT ysels

\Y;LSA: JLAI>| LR 4y Pgwige L ‘.{.: w\.\ﬂway

4
3 ey blas g Lal o)1 T ganiankd b a8 oy e azws
s oo ol 5 SSE dipaj 3l e
sl 3590 40 (idy ol )3 5aiSh as la Jae )
5397 ;0 mead load zlsuul sla Sy 3l cume
olit) (spar dxg Wil iledos olp Jusm
s Sy 3l daJoe 1 K0 latws 0 oeb e
azai zlial gl Guils Bl Lo 859> )0 eadzl sl

9 Guo leJ.a (5‘]" [19-22] ba;sA oolazwl :\m>).> b

ol S s eas Fesls b a Y slals,

sJae dlaw Jdo pl 4 e om0 65V

S Jae slaws 5l s ilieds aws (pl 0 A8Laxwy

g bt o nl 3 el ol 4 YL se>se
"

odiiy daxg Lo e Lo ) o calise bola jpolie
] 599,5 Ny )0 ).‘dL\M Lk«

i slo (S 5l a5 Vb @ Gl slo e i
S oo oolaiul anio n bla aia asles lp b
g M Jangs Locass a5 wies Jael o e
oSl Jow 5o [13] [12] cewl osls slgoian ) o), Ko
ow gla S olas (Ll o] Jle> s a5 sts bl
2 (@bdg) Dad x5 exr oK) wlen) ol
éﬁj 6LQJUS o k;.‘?b@ 6[.:0.)[..&5 Lgﬁfajbi‘ L» A
‘_g)l..u)ls..»i v‘57vJa...‘ ..L.:> ujq)LQ: ‘5'1 ) ks
[12] 85 on

bl cwpim Joe S oL Ses § Harel [14] 0
23,8 ol SIS Gl » GBVST &) pyusse iy
SLaT pac o8 pgad 5T gleaSs spt g0 28 o] o S
L;,ﬁ”u &2 Si:““?)‘? }l sdi)b LaSs ){LM; L 5 yden
g.JLs 3= ))9.44 éLﬂd.ig )\ \S_v o JA f‘—‘unxﬁ)d' 3 A.\)‘.))?);
033 45 Sk phee atd)T JlA > BIT Sy glae S
S5 53 4T pue Sl b iy B 0,5 50 o JU
alid pae S0l Gl ol (5399 pgad o blie
b alise 0gb co ooliuwl a5 )le ooy SO 5l 4SS g0
2olal slaglacs 5l 68500 b o) e o Litt ¢ Jow 1yl
Fmboss ol sl Fhg g5l g (CRFY) Lo
e 55 FisKr 3 VLI L 55 0 B ol S
2505 &l iz LB g5l 5T Gl g, oK
axgr aS acs s ol sl eslaiwl b sl o)\ 5 flou [15]
pothe 5hooliinal b vz bW St ¢lr )
[16] 23,5 a5l ol S5 2alos

? Commission internationale de I'éclairage
10 Super-Pixcls

" Objectness

12 Appearance

12 Object Probability Map

1 Segmentation

FY ool F6Ld WWAA JLlu

&

! Visual Salicncy Map

> Multiscale

* Graph-Based Visual Salicncy
* Patch

* Conditional Random Ficlds

© Multi-Scale Contrast

7 Center-Surround Histogram

5 Sparse Representation


http://dx.doi.org/10.29252/jsdp.16.4.59
https://jsdp.rcisp.ac.ir/article-1-874-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.16.4.59 ]

Sl g s S G oga o Jlos! iode] uwods ilae
Sy ABE B S pdr ] Sewsdy Jlae Wby e
e emilSy Al Sy sl e Sledbsl g4l>
ol il b b alihe oliir ol o 45 el
sla ook o 3 bylidle o5le Kol a4 el opl 55 g0
b e 1035 o SaS Sglite glamilS )5 Lo Galida
Anh o delcwsd Sy sleasd o eola!
dpmlome S5 Stz 4285 S g e (5500 Stz
Ao Al (e (Kinz 5 A28 dplone (gl 09 o0
anlimo S5y JUIS a2 g5, 5 alaii o 0 LSy e
Ll pulide 445 55, 0 oonliawdds pollie (pupmw (390 g0
S Nz p Olge 4 dols a5 ger K0S
Anlme glyr Sgdse ax8,5 A o aladi o o e
slaShs @y bl ol S See )y aiw
Doliee Jor wslS mjs S Ojgeds caddinlxe
bl 5 psal jo akal e S (Swer i Gliee o up
alai ol o (Fhs lade ol ssalie Jleiz!l Glhw 5l ool
P B B P ST I TS P VW EN
JEPYOSE SPI PSR CUNCSIVRPY. Y EVN [COWRRY VRN . S 9N
5 o i liS slaisles] ki e o Al g0)g
GVl Slewl=e Sz OS5 45 auro e olis [28]
L duslie 5 (295 230 5 LIS 5 by, cnl condoly (o,
ol )10 )s3 0 S92 50 slaly, pl
G554 |, [28] b, B ol b callie ol 4o
Gl e azuls ol Slhalse  Soume 51 6 gans s
Sy 0jem 0 yobal "SE haled pggae 5l el
By > bl onl i s apiS e eolizul [29]
S>ga 059> 50 cxad pslal a5 cwl ol golgaing
colys ik &5 Sl e o opl okies e
g Wyl SogS s atels el jsled Sage
3 ogamme slaal L Lid 1) oleZls el G lel e
SR Bk il a5 65 sl L ilesl he e culys
ol olSias ;5 ppslaai a5 Whools ol Lalise Slalllas
L5 4y 180 430] igdge (B SE O jemds Gl ko
63k (28] ;3 oalall iy (yezmen by, 50 AT Ay oe
Ay g by e Soge wulpe a5l soliil 4,
51 sogame olawd Jleaalay g Comes Wby ol Shg 4B
Lla ioies o Lascie S8 K 4y Jaax gl p ol o

A..S‘Sa uilnf i 43

ol o diz p bl sl oy gz (Jae ool Ko
(S syl ol (S ke 5l enSone bosoy
abl oS5, sladidb 5l b oo 5 olidy, Dad ys ol
S5lkzr )8 Lo dlee bocJoe ool 5o s )S
Jlosl s gus 5ol ) snizl sl sla S35 (QFT)
i ontglei s Ao (53, 5 QFT Lo S
122] 555 o zl sl Ay bl

kol wszse sa e 5l K glaws 2
oas osliianl iy blii 4t oulgs sl (T ) Smge
Sl il 4 o8 Sge hog el 4 azy bl
sbdae o bas ol gl eolaal ccnl  wslS 3-8
350 Sled S Ljso 4 ez p bW alds zl S
Wged Glaieds [23-27] cnl 48 5 15 15 fagh dxg
ey bl 5l Kol Sz (529, (oS g Libao
oyt 50T o AT WS @l Sarge o 5l solial |
walpe 5l easloessa ISy e slaThy Sl
bl gilobal ol wilizne glagubie 3 Soge
ghowl  slpy el Bl ogd e eslatwl  alus
b bl bl T slas 5 S 5 e sla S
5 (Szge lpe ojll e ;08 pulol ) Sty Slpaess
el sy Bl 3l S5 s, o L 05 s
123

&l 2hey o ohles g Murry 23] L alis
ol po 3l Atz bl ail adg slp ol o a5 WS
b sy ol g osie osliid W S S
wlye 5l eadglmaal (Shy wlejloy 5l sSone
S A oty azg s BlE 3l le «S2se
o850 [25] sed e ool Ll 059 e sile
Ll 4y e Sl s (e o2l @ Ll Cnlas
25l 5 eadboolinl glross) «lbl 4 Com (855 s
At gyl o ais s blas 4k

ol po g e gy s oL, en 5 Tmamogiu
5 [28] win S &) st bl oilo (S5T gl Sige
Sy gl ooy aazg b [17] asbe 56 by,
JUsl Lad ol 4 sl lazd olasl ST,8l & ClL-Lab
P2 69y 2 Srse b el o S o by
iz ales 6 3550 Jlael 5 S, cslo U
Ol om ol cawoty b il 3 slaail jo g
sl 255l S 2 6, 2 IWT) Soree S ko

3 Sparse Representation

I Quaternion Fourier Transform
2 Wavelet Transform

Y ela ¥ o)l VAN Jlo



http://dx.doi.org/10.29252/jsdp.16.4.59
https://jsdp.rcisp.ac.ir/article-1-874-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.16.4.59 ]

£

3 03 puind ()13 padiges jl 03wl b Hag9Las Aiwua p3 blis  yousraini

%
4

45wl CIE-Lab ui:') glas 5 alol> 928 Jl:lf Of‘“
T s Jesl adg zalS Ly i ol .ce{L.ab)
25 S y50d (h)y x ¥ )qu.«.i[) )Al..ﬁ S b |) 01 lazs!

:J:J.M‘ S dads jC ),19‘47 5 M;SLSA uiﬂli

A

JE=J=h. Q)]

[+ 5 Y00] o |, 39 GlaJUls 5l So s
PR VE RN I RSP YY G J[7 G oS oo o5ulleys
j(n S |) c\g)?:; C.!a.mi N lg QomnnS 6».\&?5.) &?94@

L% ‘) [:1;,]]:,175,1){] &S?jﬁ s.r«gl).é’ b @.325(50 JLAC‘

tonys] Cewdy pj D90

(A5 HEVE D =W (35), )

N b S Soge fos Sl PTy() ol o &
FSokw iy DY 5 VI H CAy 5 ol 45005 gl
» Ol e N SSa gl jo cayl calps
—C 40 w90 9 (50gac a8l glaliul) o s SUSES mlans
Syzrge mglal 4y azgi b allie ol o Zel TG JUIS oyl
Ogods b glwdand Ho solatn! 0y5e soly WKL e
Al s N= V0 2
il o 5k 0 ee sla Sy il ¢l I
olar  Sogots [HEVE DS valiweas Sy
[HEVEDET 0uiS (o8 oaiS o 5l digas N,
Slaxear ddigas ol 5l ail sdslCuwsa slaaiges )55k
50 Ngparse e 0niS oo o3lainl Ll 5 )50 sl S
3 970 Oymedy dlis cpl s eadplsl slagilwdmds
Sy50 ool ol (g9, amgr Sl a4 bl ly

a8 il Ngpgrse= ¥ o3l

S 19 grand ade —Y-Y

g gl JaB sy jo alols ol aiged 5l al> oyl jo
Sy S o oolatul Shg leaids 4y pamge (plaaldl
L UPT) s zhe 0 Sage has 5o ke ol
So U meiS g0 Jlosl 5 yg0a; (7 7fl\“f)‘ ) Sar
pyal ¢ JUlS slp s maw oMapi(x,y) Sig ais
] Cawoas J

_UWT(H VS DO
7

Map; (x, v) . M

FY ool F6Ld WWAA JLlu

&

5 CSY) 00,28 (g)loyaiges & powss oDy, 5
5 alS S a0 0592 50 b JiSw S Sy
JE sl o 5 ol il sl p3Y ()1 peges
S0 b wtatnds o [31] 05 o oslatul ol 500
5 sagame shass b 1y S i 0 i by ol
ol 20 bk @YL s <B0 L ol sladiges
Sl Sazs Soll coz Wlie ol o (bl
P Sose by o5l eslil gl 4 28] (B,
shgogume Slass 5l FThe sbeads Wy cqx Wby
Ngd oo Pl Sola Gogea AT Soge ol
Alie ol 5o saslcwsdy om0 @l oaiS e solitl
oot i opl )y eoleiiin By, &5 wms e LA
B ool ol 28] 0 sadasl)l iy, Slwlowe poe 2alS
A8 dgug 50> B s ) ol o Shes ¢ s
2 el 228 oy dlae al IS plejle 5 2k
sltilesl wsise ools zyn (soleidiny s, i i
Al aaled wl IV 2oy s caslowisa gl § cadpbxil

B9 oo alyl CIlas (60T B 2sn 0 bl 0

SO liiiny (go9, =Y

L By -T-)

gy lie ol jo s oylal L8 iz jo asjsbles
)“ solanw! l ,‘.’.9“:: QS_{ ).) d:....?-)_: Llas QS,‘L"")lS‘z] C,‘.Q,p-
ﬂya: 6LAJJL:):) )o &S_’?’A ;u‘).a )‘ L;Jl.a}' 6)‘&)34;5—03
v, ‘,lfui:vo)? Soges (V) USE o .M;S‘SA asl )l
Sloges cnl 5l a8 jebles ul oals sols lis solgaing
Eljﬁn:._u‘ (\ Al&}.a Ao )‘ 6.}[{,.._....: &fj) ‘bj..;irsa oo i
sloasns S5 (Y s (She sleaca ode (Y (S5
odds LXii dlwzy bl ald dlee o> Sy
7o Jeadiay dslol o ol ol 51K ja 8 Slae o]

A dnlez eols

gsfj?.ﬁ |yl >0 -Y-Y
5 poyls L, o (1 (635,9) RGB a5 G 0l (2,8
3easS awlee 1) o] dtis p LIS asd paolys o
9y glas 4 Gilesls Glis i Slalllas a5 Ll
Tl o ls ol (SThol el b sl @l CIE-Lab
Jus! CIE-Lab S, slad 4 |, (cogy9 g ol

4 )ialu Je Aa.a.f Uo)'g ‘)9»& J»&l} J ).3_9,&;“ G AR o0

! Compressive Sampling


http://dx.doi.org/10.29252/jsdp.16.4.59
https://jsdp.rcisp.ac.ir/article-1-874-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.16.4.59 ]

JRSE SS PR INUF T PR RPSO N PR PSEC SN Sl @ azgs b 50,5 epdle colf 4 77 o s a8

Ly @25 Dopon (Fhy sbais & bape Slule sl lab 6lad > g29)5 pngad sln polie oS
R ulﬁﬁa‘ n= \'YL\JJ‘JJUQD‘SU}AJ] ;G ‘;}._"9 ;_L.Ju.n )‘ W] ~_Q.‘Ja s\:u.a‘ [’ 9 \‘AA] JL‘S

ey M e 1 e )b sy Mapi(x,))

| RGB to Lab Convertion | greenish

[ 5+

Gaussian 7 X Filter: blucish
~ L*=0
J“ — J‘ *h‘ (black)

Wavelet T'ransform

reddish

(A5, HEVE ,DE1=WTy (JE),
| 4G, 1 ve o)

§ATE 2

Nuibers 6f Coefficiens CS-based random coefficient selection I

| acsen)
Feature Map Extraction

(IWT(HE VD))’

+1 Random Matrix for
Sparce rampling

( N, Sparse )

Map¢ (x.y) =
7
Map{(x, »)
Global Feature Map 1
[ e 3
T, I
Lozal Eeate Map I Z = E[(Map§ (x, y) —)(Map (x, ) —p)" ] :
{ 1= E[Map( (x. )] i
F (x,p)= (S it e Gl i G __.I
i i Y " . f (Map §(x, ) = :
(Z argmaX(Maps (x’ y)’Maps (x’ y)vMapx (x’ y))) hkxk o | 1 g e(—(}f’é)(l“npt(x,]’)—p,)’ =7 (Map ¢ (x.v)-p) |
s=1 T g
2m)2 |5} 5
I'.__'.__'.__'.__'.__'.__'.__'.__'.__1.__'.__'.__' _l' T
o)=Y (log(f(MapS(r ) ™) 2 sy '
F, (x,y) W Bl s oo o e

Scaled to [0,1] Fg(x,»)

2 ~ Scaled to [0,1]
Fi () Fg (x,7)

Fusion For [Final Salicncy

SMap(x, ) = M (Fy (x, y) x ") %,

j SMap(, )

SMP i (5,39 = (SMAP(E, VL~ i (5, 30),

SMap g, (x,7)

Ol by S 90,55 sl0ged :(1- JS0)
(Figurc-1): Flowchart of the proposcd method

FY olo F 5, \WAA JLlo



http://dx.doi.org/10.29252/jsdp.16.4.59
https://jsdp.rcisp.ac.ir/article-1-874-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.16.4.59 ]

£

3 03 puind ()13 padiges jl 03wl b Hag9Las Aiwua p3 blis  yousraini

90893 )

Ll 4 azgr L WD) dlal) (ro)> slp (Koo p3lie
el S5 g o o a5l b

y e gl b AfE (A) A,
sl o Wl e Zewday (A g e (Ko slodiis
oxbools 7 p% (g b alie (B Sl 2l Koz 2 a0
Sy e ] fag 45 S e colind [28] o
3o 1y (K Gl i o5 lalais SLLI bl
bl Sy Gl oSep 5 Sbige Rl (FoAh)
oolatul oy alal, 5l skt (ol sl b e 2l 50
oS (s

SMap i (%, 3) = (SMapx, Y)).(L= d gpoo 4 (X, ), Q)

PRRNTS CORCSIUR Rv: 5 S/l/lapﬁ,ml(x,y) ahfy pl o as
Jeie oy i b owly 5 SMup(x,y) ol (X,Y) adais
szl il A p bl adds 5l selcussay (S
lold 5o dyp (1) 5 2l (X)) B ) (A) 5l

B oo LI [ FOA 0 3 SKos o (4, )) Joxe G

cabelxil old golol s Y
olf.g_l{_ &9y Alae Qi‘ 30 oA.‘l‘)‘algc}l 61‘2’6}L"Aﬁ‘3’ z—.’.lﬁ
ool Ogglg’ u)‘ [33} ! OJA] Sl MSLNS)SM oolo
J‘ J.,.ol} L')L;.:.obl Jg@ cal.u 9 6§3) Rgeal )‘)QE"' JnL.ﬁ:
el &}Lu}i.@ﬂ Glimly o Sl gz iad slaeols
» 6.)[.@(.!.:.:.1 ui’ﬁ) &5“5 (_Gfli})‘ JSJQ‘LAA.) R | 43.._.:_>),!
JP osée Ol}:A" 6&)‘%?’“ 3\ md,i'x_)li asls °L§:‘.l¢ 595
iy gy Sy 4 aS SEL e g TR el E A"

:MAYGA solaul .JS]A.J::GQ
S (#x, 2)% 506, 1)
P==2 )

ZZ(S(.’C, )
Xy
D> (U 1)x5(x, )

R=21L am
PIPRUERD)
x y

F :(1+(1)>< Px R an

“ axP+R
YL‘.{.A Q> 43 bl asd t()C,J’) c.]cg‘j) QJ'—" L)
oz OlS j eaniS JLis olfiwe 5l eolanal by saeluwoa

Joe l edalcamda Sowz, bl ass s(oy)

' Focus of Attention
 Ground-Truth Map

FY ool F6Ld WWAA JLlu

Sl () dal, o sasleimsa asas l aslsl s

S Shy Ak SOy e Sy adE SO oy
]m )0 gsbw ;yg Al »A.«Jip u{) MSL.SA DQLO*N;‘

S oo oolal 55 dlayl) 51U
F (xy)-
)

N
(O argmax(Map (x, ), Map? (x, »),Map’ (x, 1)) *hy, ;.

&=l

Q" 3l aS Cenl kxk 050l S S by Q_' g as
20 el oad solitinl Hlgen aid S o glcwsds sl
0331 b laggsluand 50 g Dz 4 G, 6l Lt
ol odh A28 T L s k= O e Uas
T281 L @llas ol IS Sy adis s jslatea,
JE b L) asss e 50 oselcassd glo Sy sy
Ol & @S o iy S(Mapi(x, ) Jby Jlax
dsle 5 gty Mapi(ny) Jl>! ass ook,

el

S (Map( (x,y))=
1 ¢ YoVapi (v W =7 (Mapi(x,) r) A
(2”)%‘2‘%M i Y
:QT o as
= F[(Mapi(x, y)—w)(Map§ (x. )~ ] <9>

p=LE[Map{ (x. )] s

dsla sl s akuly 51 [28] (g asles (s
03.0.-766 ool u’JS §f5 AL
1 . A
Fg(ry)=— ) (log(/(Map{(x.})) 2 e ")
BCE'{LAa,h}
Kl g Sy GlbAiE S 7 Y-
e > LS auiss
)‘ gS.:).Q ‘JJ.)‘ 15999 PP K Ll acss A,Jja 15‘,"!
l) \J.J 4.1}2& 39 aMTC«wQ‘Q (515 9 ‘_,’J.‘zn (;}.19 Al 9o
Slr )y 4l 5l e 9 meiSos ejdley SU U e

oS 50 > 2 .

SMap(x. y) = M(F, (x, y)x €' **) *h, "
3ol 5 oo say F(xy) ¢ Fr(x,y) abal, oulys
s [+ V] a5 w (IS 5 o (Thy leands
Sogeds bt ot sl gl M) s

In\/E
aiels Cusm Bl gals gl a8 sl M()=() /5


http://dx.doi.org/10.29252/jsdp.16.4.59
https://jsdp.rcisp.ac.ir/article-1-874-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.16.4.59 ]

o Slae cuaS sadplml slasjluacs aalsl ;o
D55 0SB et D50 5o Dogens iy Sy,
@l g e g B (o slaadds phise o) 6lp
2Ly s R P55l 5l eolinwl b conslcwsa
z9veh IS ol 5l ol sas soly Gules (V) IS
(Gilwooly o ol Caalid cgze b a8 il lyi e
(A ez ALE A Cod Gl (Kwz 4k
)l g cmlie 3,5as

Ao oS wdl o gleiee SIS cpl gl Gses
S g e slaazi oS5l saslimsd (Ko
4 LU g o (Kwa add 4 Cod (500 0 Sles
asi g S Sy ana a5 1z o)l alflae &0
Glize sblia 5l age Oledbsl 805,.5 550 e (Kowz
aids dgil Sledll) lidgyon 3925 b s diitmr paual Sy
D)1 LT SECST 45 s (5 i Sl Sl aaS 5

Glais, i le Jd glaisy 55 a5 b lea
oen g Achanta [13] o )Sen 5 ftti Jawyi sadiasl)|
5 [25] o \SKer g Murray [16] o\ \Ser ¢ fiou [17]
Lo g jlusdands 1> dumlie oy [28] o) 1Sen g Tmamogiu
(SBe e sihue i yias I hg, ol ailoas Sl
et S>ge Jodad p (e g 4558 T g e

Sy30 laJas S o Slee (& 5 F) sla Si
Otsu yog, 3 ool Camwdds ailin! 5olie Lwlul 1) (a0
e oo ol dtes bl aid lawgie loke g
90 o sl wdl o el e SS90l 5l a5 WeKilan
Joxe sl alie ) o sasail ) Jow wibid Clscil by,
st 230 S, 4 S §nlin 0 )Sles P F
Oleee JSE 90 ol il Deizen am0 e ol 0
4y Coi R Lm0 51 [25] 0 eadal)) 3y, a8 Ly s
ol S oo Jos e Sl allie ol e ol (s,
©oleainn (hg, P g F o slajlas 0o jlas ol Jls o
Syl g Scmlie o Sl

saiadl,l Jae Lo ja dedie ,0 a4 48 ylen
5 28] jo sazallyl Joe 4 golyy cald allae ol o
Solas ol Sy e (K sloaias wlg anlé
Wi sl Soge culre Gl (SsSx j0 Jaw g0 0l
D 5 F) G Sh ;o o0bal )l mlts Cond Shy sloaiis
ol [28] & o | goleiiy sy e Sy

.AQJGA

Gla oo el ((VY) Ay, o o o) Sl
a3l gl polie wcwl b5l o e pedas
yoallie ool o cwl S o i Coenl Bamolias
bl a =Y l‘.\.o.n .4.';515 S0 GLQG)LMM ;Y‘L"“‘
NGV PR

Oy LeksS e Sla Pllaggileans e
Comi R cgpa Kz p Goiim S oling
Leos Sledbl ay oaosls RS Totre L p b&JaLZ.A
ol Sl 5 3550 gy (BT S e Sl £y 5
R (P o,5lcmsay G,k 5l caslio 3 Slae ob5,0 plox]
‘-J-_!M A PR 4a.~.:L7<.a (\\) 9 (\ ’) h‘j) 32 a5 S(.X.,y)
L:...u}? Y| )_l.hl.o.n u.»‘ ».\.\}JJGQ 3990 L_QLQMJ a
Al Cawsdy |34 Ofsu (Ss55 g lSalal 3y,
Golerinn Jow o Slas o gilwaccis ;o0 Y ojlas pogdle
SR a9 B (ROC\) o&)._f QI&LQ.: Aaasuie u‘.al,.a‘ »
Wz 402U 93 8358 )0 (K p Bl 05 (00 13
R A.'.'_..:_-l.z ).“..c 5

g b o gulaie o5 atam ) bl 5l suwsye
5wl pleebl B ml IV PR TR coneSe
et sblis 5 sou 0 e o 0amel (IPRT) cowys a3l
ey ald b Glate 0l oSl by a5 alee
g ca 03l Ladid Hluell LB bS5l sdelcussa
o9 09b o odmsl (FPR) LA cawyd pMel £y
82 o iules [, FPR 4 oo TPR ol ROC

ey 8% es o jieles] ) Ceend piiesu e
u—éfs O yguody SiMp): slaaias C‘).Z.A.ul‘ IS LEQLQ*‘“:*&
i (V) JSG 5o Lewl) cpl 50 0,5 o0 )18 (o) 0 050
).19..45 ). o-\ATC«..Jééa' ‘SILQJ 3 k51.’?9: ‘JS Al 4o blas
auslis I ‘J.:.Q,..u élﬂ G EP WP K J..LLQJ "l,_-a-‘:S"
P S R B RIS BN AR ool Cawods mls sose
(u-Y) ‘;5 9 (C—Y) dl?m ‘si:wa}f ALl ‘ajéjja.u BN
el sy bl iy iloalds o\b)jo“ )_<.:~.\5.1 LS o
Lla des 4 ool cals (V) JK5 50 saslowoa
oy azd ol 0,lo (V) ) cddanlne) (Jove dins
bl Gl sle o Thy @iy &5 opde ol
eols glo Sz gl (e (b b pha o2 Al o
b euds

! Receiver Operating Characteristic
2 Ttue Posilive Rate
3 False Positive Rate

Y ela ¥ o)l VAN Jlo



http://dx.doi.org/10.29252/jsdp.16.4.59
https://jsdp.rcisp.ac.ir/article-1-874-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.16.4.59 ]

390 8393 )3 03 348 (513 }adiga3 3l 03l b ja9las dinwy yo blis | yousudss

S

Head - LosS pgual gl goleslin JB”}N.&JQ“QQMJ{ bl a9 M5 g (Ao adiws pn LU Al duw Lo (Y- J5T0)
JMﬂm_aﬁ&“Mﬁm_C‘@wMﬁm_y‘w

(Figure 2): An example showing local and global salicney maps [rom the proposed mcthod. A) Input image, B) Final saliency map, C)
Local saliecncy map, and D) Global saliency map
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(Figure-3): performance cvaluation of the propoesed method for local, global, and final Salicncy maps using Microsolt's saliency dataset
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