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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
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(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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(Figure-4): performance evaluation of various saliency prediction methods in terms of precision, recall, and F-measure (middle
threshold of the saliency map)

FY ool F6Ld WWAA JLlu


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

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-07 ]

[ DOI: 10.29252/jsdp.16.4.59 ]

Performance With Threshold Of Otsus Method

0 ) 10
Precision Recall

Il Murray et al.
[ Hou and Zhang
Il 1tti et al.

[ Achenta et al.

[ lImmamoghlu et al.
[ Proposed Model

| . ]
15 20 25 30
F-Measure

F g R .P )gxomw.’].g o&c,hn&huzs)ﬂugﬁbw%ubs)aﬂw WW:(A—JSJ‘;)
(g 31 Silo gl (5 slaF asLwl)
(Figure-5): performance cvaluation of various salicncy prediction methods in terms of precision, recall, and F-measure (Ottsu's Auto-
thresholding)

s 28] L ey ol o Sdes ainlic (> ame o plis
o525 ol b 0gd e susline Sy culs) ROC jloges
Sy Joe 5 Jloged cul o IS sukipex Sy 50

A e L 03 3l 6 powbie o Sles

Ll oo eals (ules (B) JS 0 ROC ooeie
Fombie o Slae sazoolis 25,5 50lie ROC Jloges o
Soges el 5o el Ky Bl 6)L~)LS$T oyl

O‘X":vm"")‘ &SL“L):‘B) 4 S e g'):" 5o 63\{; e BIY)

3¢5 51 2Vl 3 Shee CudnS Fgog 4 [13, 17, 16, 25] 50

Rate

rositive

(&) 1t} (3 1} v [} 1) |
False Posiive Rate

ROC )‘é,ﬁ .‘a.uls.a Lbu)‘.:’) )Jl.u-l 9 6&[.&;..:4.4.1' U:’S) A.m.zl.ﬁ.n ‘(9—JL2:)
(Figure-6): evaluating ROC diagrams for various saliency prediction models.

J < z 3
93— oS pgpal — Wl oS 295 (51 SN0 (95 99 9 (SOUeim (M) 3l oohel oy Al 32 B LI dwny o 1(V— JSi2)
Image Signature g, - s GVBS %9) -z « 53k, A
(Figure-7): A demonstration of saliency maps generated from difl‘ere‘z'nt approaches: A) Input image, 3) Proposed algorithm, C) GVBS g W
method, D) Image Signature method.

BY ol F 55l 1WAA Jlo



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

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-07 ]

[ DOI: 10.29252/jsdp.16.4.59 ]

=

D 03 38 (510 padigai jl o3l Ly ragbais Adaws yy b (youins

4
&
q.

12l Glej msgin sl s LeaosS 1 30 5l 533 g 39 3 Sy 509, 31 ool ooy iz lS AL Ui 1) J9u2r)
(Table-1): Comparison of the proposed method with other ¢lassic methods in terms of average computational time.

Ql)) Lo, all () alyl oy @l b, @l s, S -TY) S 9 -
1251 o 00t | 1211 jooas | 1131 poons | 1171 sons | 1281 josus | 16l ons | 114] ponss | (oolpra | =7
02913 oloy was
0.3109 0.4102 0.2152 0.5249 0.4015 0.3801 0.1801
(a0 1,21

8 \53")5 )\ U495 L)'i‘ LY RV R ULM.: aJ&ﬁLzJ‘

29 05 dsrae lagis, ple b awlia o (09>

D)8 5 %S izl o) S s

5- References &2 -0

[11Y. Fang, W. Lin, Zh. Chen, Chia-Ming Tsai, and
Chia-Wen Lin, “A Video Saliency Detection
Model in Compressed Domain”, IEEE Trans.
Circuits and Svstems for Video Technology, vol.
24, no. 1, Jan. 2014.

[2] S. Mathe and C. Sminchisescu, “Actions in the

Eye: Dynamic Gaze Daiasels and Learnt Salie-
ncy Models for Visual Recognition”, IEEE
Trans. Patlern Analysis and Machine Intell-
cgencee, vol. 37, no. 7, Jul 2015.

[3] S. H. Khatoonabadi, 1. V. Bajc, Yuleng Shan,
“Comparison of visual saliency models for
compressed video”, in Proc. IEEE International
Conference on Image Processing (ICIP), Jan
2015.

[4] M. Xu, L. Jiang, X. Sun, Zhaoting Ye, and 7.
Wang, “Learning to Detect Video Saliency with
HEVC Features”, IEEE Trans, Image Procesing,
vol. 26, no. 1, Jan 2017.

[5] C. Li, Q. Tu, M., Zhao, J. Xu and A, Men, “A
multiscale compressed video saliency detection
model based on ant colony optimization”, in
Proc. IEEE CIC/ICCC 2015 Symposium on
Signal Processing for Communications, Nov.
2015.

[6] M. Jiang, X. Boix, G. Roig, J. Xu, L.. V. Goo! and
Q. Zhao, “Learning to Predict Sequences of
Human Visual Fixations”, [EEE Trans. Neural
Nectworks and Learning Systems, vol 27, no.6,
Jun 2016.

O TS SUNCSR I PN 7 SR VO D RS Lv]
ik BlulS Sy 5l eslizal b byl olad S5
Jls daosls 5 e iloy asl fuas Meads eom
PRS00 0T T L) ¥ sled ek
Avad

[7] H.Fayazi, H.Dehqgani, and M.Hosseini, sparse
unmixing of hyper-spectral images using a pruned

FY ool F6Ld WWAA JLlu

L}i’/") Lf 4.....3[.3@ B lﬁbte‘;‘:‘ﬁ '\,‘:’5) «(¥) JS‘:’ )°
oy 0,90 [16] Image Signature %s, 5 [14] GVBS
Qﬂ 22 el 02 djl)‘ cM1~l~mdd.g CE)LAJ .Q);(sn )‘JB
Lanl 002line JB golpiing hg, 55 JSG

Sae eddplel slagilead Sl Cend o
um?{f "ii Q‘sJ&A,‘\ sdél{,kﬁhﬁg‘ L.)"’si .l:.w9;.A 6‘)?‘ QLA)
E_‘n_lls Wl 4.:.5}_? )‘)5 e D90 5\5?.\:2'..: O‘)':.n )‘
L "leons™ Aoailinl pgas gl (V) Jgaz jo sadal)
Lg ‘\5[;“) oK ‘-i'l )\ oolanw! lg 9 YYex fA. éLxg\
&~i1# GHz _ojls,y (wils 8 g Core 17 6700HQ ouijls »
Ailedal Cawsas V¥ GB RAM L Matlab YV L jo

Sigy Yl ey Bais i sdelawed; b
o wiee wisy bla asds glymual ps golgsin
o )_J'yal' S5 Lg}l..uJ.\a .\SQLQ‘L.Z;\g L.;"?) C;YL) S s
6)‘.))g6‘39,¢.." \SMK: QO|5> )‘ solanw! 9 .S>5A 6[»&3
w‘ 6_‘9;5‘«:?

‘Sﬁfé\aﬁ.ﬁs -¥
) 4."........‘?).3 L& = L):":?: §|ﬁ ‘5..35; allda Lﬂ‘ )
&S.?'j.d %“i‘;’é )\ déold ‘_<;|~))g Aigai )| oolazul L )13143
ad8 50 5lcmdty sl solgriny (g, HO b 4l
&.;')9) u"’l'“’l)? s),\'sl,a: L_¢<'>9A wl;.o )l ui:m?ﬂ
0od o ol Bolal gladigel 03,28 (g0 aigel
(sloe aibgy yo o eadlul selar gladised 51 epw
4 powiga si[kc\.ﬁ.ﬂ G ool 413; \_i?jm J._{..\.u w)SM
& Rs
JJLQ sSa 39 pgal (517{'0 SleMb! 69l> oM-L.:w,ay

B load 5l alide @ldie o jo a8 cwl Sl owilS )8

sleass l eolizwl b oaalsl 3 355 o

o sl lazdl

AL 9 &51'7'" (& jS;'“?)f a3 sodniﬁ;‘wddg Gfsij
614> ~.‘4.:§); Lg sC«_a'l.e.)‘).) ‘.25...:&5»: 4_...-.;l.?bc &{ Lf<:'“?)i
’\si::""”‘?)f‘ Al 60-.\41&\1\004{ QSJS 9 ‘\512‘ \Si:-m?)-:\ A8

6L¢3w3ln)’1 EJL.J .Q,..':J‘jn 4?,\4[2.0 &29)9 )9_5@ L,’_!L&,J



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

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-07 ]

[ DOI: 10.29252/jsdp.16.4.59 ]

IEEE Trans. Multimedia, vol. 19, no. 8, pp. 1742
- 1756, Apr 2017.

[19] L. Zhang, X. Li, L. Nie, Y. Yang, and Y. Xia,
“Weakly Supervised Human Fixations Predic-
tion”, IEEE Trans. Cybernetics, vol. 46, no. 1,
pp. 258 - 269, Jan. 2016.

[20]7J. Li, L. Duan, X. Chen, T. Huang, and Y. Tian,
“Finding the Secret of Image Saliency in the
Frequency Domain”, /EEE Trans. Pattern Ana-
lysis and Machine Intellegence, vol. 37, no. 12,
pp. 2428-2440, Apr 2015.

[21] X. Hou and L. Zhang, “Saliency detection: A
spectral residual approach,” in Proc. IEEE Int.
Conf. Comput. Vision and Pattern Recognition,
pp. 1-8, Nov. 2007.

[22] C. Guo, Q. Ma, and L. Zhang, “Spatio-tcmporal
saliency detectionusing phase spectrum of
quaternion Fourier transform,” in Proc. IEELE Int.
Conf. Comput. Vision and Patlern Recog-nition,

pp. 1-8, 2008.

[23] L. Zhang, J. Chen, and B. Qiu, “Region-ol-
Interest Coding Based on Saliency Detection and
Dircctional Wavelet for Remote Sensing Imag-
cs”, IEEE Trans. Geoscience and Remote Sen-
sing Letters, vol. 14, no. 1, pp. 23-27, Jan 2017.

[24] Y. Yang, Y. Que, Sh. Huang, and P. Lin,
“Multiple Visual Features Measuremeni with
Gradient Domain Guided Filtering for Multi-
scnsor Image Fusion”, IEEL Trans. Instru-
mentation and Measurement, vol. 66, no. 4, Apr
2017.

[25] N. Murray, M. Vanrcll, X. Otazu, and C. A.
Parraga, “Saliency estimation using a non-para-
mctric low-level vision model,” in Proc. ICEE
Ini. Conl. Comput. Vision and Paitern Recog-
nition, 2011,

[26] X. Liu, D. Zhai, J. Zhou, X. Zhang, D. Zhao,
and Wen Gao, “Compressive Sampling-Based
Image Coding for Resource-Deficient Visual
Communication”, [EEE Trans. Imagc Procesing,
vol. 25, no. 6, Jun 2016.

[27] M. Aghagolzadeh, H. Radha, “Joint Listimation
of Dictionary and Imagec from Compressive
Samples ", IEEE Trans. Compulational Imaging,
vol. pp, no. 99, T'eb 2017.

[28] N. Imamoglu, W. Lin, Y. Fang, “A Saliency
Detection Model Using Low-Level Features
Based on Wavelet Transform”, [ELE Trans.
Multimedia, vol. 15, no. 1, pp. 96-106, Jan 2013.

[29] S. A. Raza Naqvi, “Image compression using
haar wavclel based tetrolet transform”, in Proc.
IEEE Int. Conf. Open Source Systems and
Technologies (ICOSST), pp. 50-54, Jan 2014.

spectral library”, signal and data processing,
no.13, pp.155-169, 1395.

dre  Bolo B deme o508 b o sy [A]

P e Sy el pax el sl L,

S Sge S bl o e0sd (6400 paige

Vooled oo Jlo deools g @M S5lo s dal fal
ATAY SA BV OFAY A L)

[8] M.Bani TalcbiD, M.T.Sadeqi, and ILR.
Aboutalebi, “New comprehensive sampling based
feauture extraction method and its APPLICATION
in audio signal processing”, signal and data
processing, 10.01,pp.57-68,1392.

[9] N. Li, J. Ye, Y. Ji, H. Ling and J. Yu, “Salicncy
Dctection on Light I'icld”, 1ELL Trans. Pattern
Analysis and Machine Intcllegence, vol. 39, no.
8, Aug 2017.

[10] S. Tajima and K. Komine, “Saliency-Based
Color  Accessibility”, 1EEE Trans. [mage
Procesing, vol. 24, no. 3, Mur 2015.

[11] S. Lrintrop, “VOCUS: A visual attention system
for objcct detection and goal dirceted scarch,”
Ph.D. disscrtation, Rhcinische Friedrich- Wil-
helms-Universi“tat Bonn, Bonn, Germany, 2005.

[12] L. Ttti, “Models of bottom-up and top-down
visual attention,” Ph.D. dissertation, Dept. Com-
putat. Neur. Syst, California Inst. Technol,
Pasadena, 2000.

[13] L. Iui, C. Koch, and E. Nicbur, “Model of
saliency-based visual allention [or rapid scene
analysis,” IELE Trans. Pattern Anal. Mach.
Intell.,vol. 20, no. 11, pp. 1254-1259, Nov.
1998.

[14] J. Harcl, Ch. Koch, P. Pcrona, “Graph-Bascd
Visual Salicney”, Advances in Neural Infor-
mation Processing Systems, No.19. MIT Prcss,
Cambridge, MA, pp. 545-552, 2007.

[15] T. Liu, J. Sun, N.-N. Zheng, X. Tang, and H.-Y.
Shum, “Learning to detect a salient object,” in
Proc. IEEE Ini. Conf. Comput. Vision and
Pattern Recognition, pp. 1-8, Apr. 2007.

[16] X. Hou, J. Harcl, and Ch. Koch, “Imagc
Signaturc: llighlighting sparsc salicnt regions”,
IEEE  Trans. Pattern  Analvsis and Machine
Intelligence, vol. 34, no. 1, pp. 194-201, Jan
2012,

|17] R. Achanta, S. Hemami, F. Estrada, and S.
Susstrunk, “Frequencytuned salient region de-
tection”, in Proc. IEEE Int. Conf. Comput. Vision
and Pattern Recognition, pp. 1597 1604, 2009.

[18] L. Ye, Z. Liu, L. Li, L. Shen, C. Bai, and Yang
Wang, “Salient Object Segmentation via Effec-
tive Integration of Saliency and Objectness”,

Y ela ¥ o)l VAN Jlo



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

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-07 ]

[ DOI: 10.29252/jsdp.16.4.59 ]

=

D 03 38 (510 padigai jl o3l Ly ragbais Adaws yy b (youins

4
&
q.

ksl leieas VWA Lo 5l s wiles,S 2l oS
Sleaze) WS oo gele Wl gt qwga,d olRils
9 2 O3l SRS sl plinl aBdle 55 laghy
ol i Sl i 310, 5 cpale wbar g

Sl awl ole Glagl aslil], glas

a.ebrahimi@um.ac.ir

50 1) 99> I luaxd ‘saalé (i g0
Ayl mlidlS g wlid )5 ablie
sladlo 30 e Gy owdige

PRI X Y 7 Y P

300yl il eailas, GLL 4 Gleansl!
3 (i) eole ol gae olyea, VYV JIVYFS L
@ ol 5l om0 Jeidie 5 4 dgdie quge b olSils
(L) ) KigSigly olSiils 40 50 cwdige lyi55 0490
3 1uSs a0 A3l 4y @850 VYYE Lo jo 5 0050,5 o4l
Jls 5) pesls 18 ok ool oKl il 5y wdige
Ao (omad,8 olXLils waige saSily j3 o)lgs VYYY
sl 2082l pl oliol a0 Sl g ad Sudlad @y Jgrite
ale legsas Jold 08,6l addle 5,90 Lale sloais;
gl (B3R ity (ilwed R gty Do
2 bl giluglens 5 (S35 sla JiSaw (B3,

asl 35039
Gl &ole Sligl aslll, Slas

khademi@um.ac.ir

5 eolid,lS S soljsold (gola
u&:{‘)f 32 ‘j)i J::)‘ GML.:J)IY
Kisls )‘ \T\:.r")sde ‘) 332'- &:)5)5”

. oKl g YWAY Jlus jo g8l ao

SHAYAY Lo s ol Caio s ple

oS G andy o 1y 0e3 (6155 S e g Sl 00,5
YYAY Loy Iobls” Simon Fraser olfzils 5l ol ple
olfzils jo JLolsl leeas Jlw slos 51 g 00,5 il o
S50 Amghy slraie) S o culld laed | e
Slegdg g pglal ilwes,id g il la! Bdle
womile (S3gal o gl o Flulke slaasid (Jlazed

uL.u.:l xe ksf'-l:‘f'f olKms Lg)'leJn 9 ;J‘ Swl.»..w)b

FY ool F6Ld WWAA JLlu

&

[30] N. D. B. Brucc, Sh. Rahman, D. Carricr,
“Sparse Coding in Early Visual Representation:
TFrom Specific Propertics to General Principles”,
Neurocomputing, vol. 2, no. 1, pp. 1085-1098,
Aug 2015.

[31] M. Banitalebi-Dchkordi, A. Banitalcbi-
Dehkordi, J. Abouei, K. N. Plataniotis, “Face
reccognition using a4 NCwW COMPressive sensing-
based feature extraction method”, Muliimedia

Tools and Applications, vol. 1, no.2, pp.1-21, Jul.
2017.

[32] S. Goferman, L. Zelnik-Manor, and A. Tal,
“Context-aware  saliency detection,”  in - Proc.
IEEE Int. Conf. Compui. Vision and Patlern
Recognition, pp. 2376-2383,2010.

[33] Microsoll Rcscarch Cambridge-12 databasc,
available in: https://www.microsoft.com/cn-us/-
download/details.aspx? id= 52283& from=h-
ttp%3 A%2T % 2T rescarch.microsoft.com%2TF enu
8 02Fum%2Fcambridge%s2Fprojects%2Fmsrc12
%2T, April, 2012.

|34] S. Theodoridis and K. Koutroumbas, Pattern
Recognition, 4th cd. London, U.K.: Academic-
/Elsevier, pp. 20-24, 2009.

05 958 (b g
B i 455 )0 1) 393 oulid)lS
20,5 el olSiily s Sig oSl ol S
Jls 5 el oLl 4 VYAS L
PR IRETER NN W LT AN SR GRVIR ] & B
S50 RS 5l s Sl plire 0l 3 (o 42
B 13S0 emmidle AYAY e 5l gy el 00,5 35
Wl A (wgd 3 oA [0 i Bl e S
SES il oLl Ve s shagh sl
eSS 2B Djgeh 5 mbg 9 nea (B3l
ol 2
) cwl o le el aebll, Slas
Mehdi.banitalebidehkordi@mail.um.ac.ir

)5 S jas pade goudl pl (ole
al&zils 5115 se Sig mSIl iol,5 5 p
Jlo 50 s VY- Jlo o (il S
L el w8 S,ae vYY

oo; e ).Ma.vc\.>|5> R oRisls
McMaster olKzils 51, 0o gl aSs e iyl ol


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

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-07 ]

[ DOI: 10.29252/jsdp.16.4.59 ]

4 Bse o eSL Yoot s sl eolygola S il oe
solliils 5l calids ole [Gdl 5 lee VY (oS
S ol e il alon el e (ol 5 s
IEEE- Mol uilas o allae e olye
Microsoft <o 5 33| Lol oyede o TCME2012
Canon Tnformation Systems Rescarch o Rescarch
ol alie e olsie 331 o Australia (CiSRA)
2,8 )l s Ry s 5 peasge Mellim
[EEE Signal sl o8 olecas o5 VoAV Lo
Wiles 5T o Jled 13U 94554 035> o Processing Society
Dolby (ygzen (Malli slals ;o )5 6,5 w25 Ll
3,18 1, Ieron Technologies o 1.aboratories
el Ol Gli! Al Slas
h.hadizadeh@gqiet.ac.ir

Y ela ¥ o)l VAN Jlo



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

