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Abstract

Due to some physiological and physical limitations in the brain and the eye, the human visual system (HVS)
is unable to perceive some changes in the visual signal whose range is lower than a certain threshold so-
called just-noticeable distortion (JND) threshold. Visual attention (VA) provides a mechanism for selection
of particular aspects of a visual scene so as to reduce the computational load on the brain. According to the
current knowledge, it is believed that VA is driven by “visual saliency”. In a visual scene, a region is said to
be visually salient if it possess certain characteristics, which make it stand out from its surrounding regions
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and draw our attention to it. In most existing researches for estimating the JND threshold, the sensitivity of
the HVS has been consider the same throughout the scene and the effects of visual attention (caused by
visual saliency) which have been ignored. Several studies have shown that in salient areas that attract more
visual attention, visual sensitivity is higher, and therefore the JND thresholds are lower in those points and
vice versa. In other words, visual saliency modulates JND thresholds. Therefore, considering the effects of
visual saliency on the JND threshold seems not only logical but also necessary. In this paper, we present an
improved non-uniform model for estimating the JND threshold of images by considering the mechanism of
visual attention and taking advantage of visual saliency that leads to non-uniformity of importance of
different parts of an image. The proposed model, which has the ability to use any existing uniform JND
model, improves the JND threshold of different pixels in an image according to the visual saliency and by
using a non-linear modulation function. Obtaining the parameters of the nonlinear function through an
optimization procedure leads to an improved JND model. What make the proposed model efficient, both in
terms of computational simplicity, accuracy, and applicability, are: choosing nonlinear modulation function
with minimum computational complexity, choosing appropriate JND base model based on simplicity and
accuracy and also Computational model for estimating visual saliency that accurately determines salient
areas, Finally, determine the Efficient cost function and solve it by determining the appropriate objective
Image Quality Assessment. To evaluate the proposed model, a set of objective and subjective experiments

were performed on 10 selected images from the MIT database. For subjective experiment, A Two
Alternative Forced Choice (2AFC) method was used to compare subjective image quality and for objective
experiment SSIM and IWSSIM was used. The obtained experimental results demonstrated that in
subjective experiment the proposed model achieves significant superiority than other existing models and in
objective experiment, on average, outperforms the compared models. The computational complexity of
proposed model is also analyzed and shows that it has faster speed than compared models.

Keywords: Visual Saliency (VS), Visual Attention (VA), Human Visual System (HVS), Just Noticeable
Difference (JND).

CSF [8] 33500 5,503l (CSFY) 9 wass & doddio —)

slabinl Grpar S 50 (INDY) Spo WS gl o eS8
Ol 3 Grar SR S Sl aels azlin o8 ool
ol ol olKiws bawg @lss o] asl 28 as
S b albnd ol cwl S LB (HVS?)

P Cewles e gy a8 le b S

oS 5 33 ol 5 AW s slodS
Vi a5 oy 4 5

S0 Glime a8 o0 plo &S [9] T plidy, (5 NSO (©)

oy > g Ohsy KF Py 0 Sa Sl

coho b (Hlg o Shad S ol 5l i
4 T OlE swsy IS jsbas o aile olids,
spa> 5 JiSw S e Sl rals gliae
3Ly Sy (Gl (Koo 0 s LS
[1] el o] (aubo)
Soke a5 [811] 88l @, oad @ Sl (@)
Jo @ ppai lasl S s e Suulis falS
Ll 4l 1 o olidg, mlaw SRS, e i3
5 Sk el bug & TSl g EOE (@)
o [12113] opbise essmin A8 Siemn
slols wal i SIS s Sawme e
dals aaly: (6 5698 S pea
Ol Slels olss HVS  slacysgams ,Sis

* Contrast Scnsitivity Function (CSF)
4 Luminance Masking

7 Contrast (Texture) Masking

6 Pattern Masking

7 Structural Uncertainty

% Pattern Complexity

5ls (12D &l og9as HVS 58 slacysgame
oS 10 Sl puss (G pdag, oaiiS Laregs IND a5 Lyl
glr ol dbze Gl gladas ol Gl ol
3] pus psbas Jlojl s g5loos 28 5o (K938 e
5 [7] pyad wieS S50 6] Sledbl (g5loglesy (5
Bsys0 S 008

Slp ot it sla g, p3l ame Job )
0357 1 o2 5 Sy 033> o o2 IND bl (s
Jolse B oot mw Lo 5o a5 cunl oals @l Wby
alex 5l Ngd asuie IND wlbial , 108,50 Gl
Jole ez & Olgis IND bl 5y I35 151 oo Julse
255 0Ll 5 el
Gl b davgs 4 95 Db 4 sl i ()

L g 8 ol&ils jo al ) bl IS aabipbl 5l allis oyl
Ll o0l gl Sl lgie e

! Just Noticcablc Difference (JND)
2 Human Visual System (HVS)

JARPLR S 3PS ST ST



http://dx.doi.org/10.29252/jsdp.17.2.84
http://jsdp.rcisp.ac.ir/article-1-899-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-04 ]

[ DOI: 10.29252/jsdp.17.2.84]

29L83 )3 (6 o3 SSiuua y3 )l 03wl b I ) ol glas ¢y yieS ¢ yross

e syl (b, ol 5 Nisdee hide
By oo it 555k 78 5 Gtales] jsbas geeYsie
alie Joo il Salea 1171 50 05280 (o2 o L L
Sradxs Rl 5 S Ol s s Saer
©&olging Joe 00,5 ool IND slaasbin] ssge 1y
Ssb DCT 059> ;0 a5 Jaw ¢l jo el [20-217 0
&b 90 aliwgas Ssb 2 IND wbiw] wid 5 alxl
Gra Slo Kz gl (5055 45 onisielil s
c._slS Q:‘.‘ LSL“’):““‘)lf. Dgd oo osls Sgupy Zawl Sobs yo
Covty Siluaite e K o b ) sl
Joe ailer Joo ol w0gi 0 sy a5 sbles
L bl g0 3l Jg s )3 sl Soby DCT o5 0 [19]
S I 0 s b le [19] Jaw [0 saloslaul
> e e [20-21] po solpring Jow o mily ol
uw\jjm c.:l}': 6L‘°)':"°‘)L’ Afuﬂ 29 AllwR a.x}«:,&L..«:J
ol oy g byl jebas [19] Jow yo sadeslaiwl
[20-21] ;o olpriny Jaw jo a5 Jbj0 g e
o b ) ik 5 azaplli gboay satol slo il
Aol en 0 an] e Cansns gjluaig dlee S
Gl [22] o JeSs 039> 30 IND o (1 K00 Jow
).:9..4. k&t S kSi""“’)" C.:LC)UD‘ )l QT )\5 a5 ol
05,5 oolawl (glaisSa IND sastl] P eSS Sy
S5 ol jghite s g dieS wiewl ol B, ddg ]
2 ).s.bd,i.m.o 9 ‘;1.\.‘?);' Ja.wy ad...i'a)b;))'g él)oV alols
So b e 05500 5 Vondojlle i pdh Y 055
o Sl alold o SainS Bua b gjleaiy, J..JTJS
e oS A adsl peal booadglady IND psa
Ja 059> 0 IND Jaw [54] )0 03l 5 o0 IND aslwd
50 eadail)l Joe b alice Jas cpl a5 su &l A S50
sl [20]
Vb sadol LJlae 88 Ja o boclae ol o
FoSep 035> 0 IND gloailinl 5 glp 0> Jae
Aunls lp Sy oje laaw eiles S Slpii

Gl W sl 1) Wby eje> 4 Jlsl & 5L IND

Srar sodly lojpe (Biley sad o el aS cul
Ded jleds L aiie e Ly aS HVS a4 (5955
hr S e el e 22 skt 0l
a5 Bele 4 psuge B gle STHVS e o (3sloy
ucl; Spa Ao8 P)J.;K.o A.\fs.o oolazuwl (\’7Al) Sy
O kil el Soosliles pla o a5 350 0
S B g Sl Coenl Jl &S peal | (SasS
S iy j0 Ol g 09h 5 68wl lo)e5
@sds Glle Jsb 0 0K 8 axg Syse nsa
Joe (8L Gra azg YL Coenl 5 0p)5 s
oS ooy gl pe Dlesdge I (So ol 6ly Slalre
Sl Joo paiz 5 00,5 o 095 41 Sl p ar s
Shele b Joe [14-16] ol ool a8l T ly 5
& Pgmge EWA sS.’ ..\,3.)9., b ‘wl.c ).vchu 6‘;; o.\.i;d$|)|
J...‘.bd;. a5 I) AP A 2 Ll ‘Vc.?i;*"'?ﬁ Al
g SLbl gbls 3l pla cel o> gbaasin ol
Sz g e D)l WS (o0 s D00 dx g >
Ll cooal gilucd s e el L (VS (e
Lol sesls )13 b co |, IND wliwl g,k ol 5l s
FEBS (a3 olaisas igynlil S o0 Dol g S
2 G Syt e Sl s S L IND il
A 8ysrd 5 e Al ikte Ly & albn] ol )

[17-19] s oo
argi Ol g oad 5,8 LSy aimeo sl o HVS
J& [53]23]1d9] Casl osis Blod o Jow ol )0 (5
Sl 2l )0 e eiles c\SoMua)uMc&S.a—l
Wb WS lasl srar Sz ax e WS
ailiw] redt Glp saxie calize sla Joe 0959 M5
aS 318 3525 Sl Ly IND glo Jos Sl ol L JND
2 Spdpiag, slealbnl 5y 2 |y S Sz p b
LG eyl claJos 5 Sy [54] [18-22] wlazs 5 L
(S (> g Alwgay calilulae IND aie) o axgs
IND oo & sl poaS caal [19] 50 golpainn Jow
Cewds (DCTH) S cwgienS bas 035> )0 (oS

* Linear Modulation Functions
6 Pcrecptual Distance

7 Normalized Laplacian

¥ Wavelet transform

P ol ¥ o,leb YAl Jle

&

! Visual Attention (VA)

2 Salicncy Map

3 Visual Saliency (VS)

4 Discrete Cosine Transform (DCT)


http://dx.doi.org/10.29252/jsdp.17.2.84
http://jsdp.rcisp.ac.ir/article-1-899-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-04 ]

[ DOI: 10.29252/jsdp.17.2.84]

alols \_A.cl.) UJ\ a5 el oois bl Sy d‘LQ‘SiLwD).:
QT e 5 Hly Hlade odelcesads IND b Sbls
ab 8l S 8 sbols LT Bkl S5
2 e gbalbnl jluie (gra axg Bsile Jdoa
eyt >l8 0 pa glaabnl] jl w ol
OO S B b adlie ol o yelaie ek 4 a5l
S i bl O pyad Siw;: )Lu“u 9 S s>y
Srivg (S azg bl ) c2lgss e IND Jas
Seion el g pela s pa

50 a8 Sl golgiiag Jow 5l L5 Sled (V) S
eSS Jowe yo 5l (AL IND aids IND (oS s |
oo Lol 1B as cwl sgzge olssds
IND aiis IIND! o2 S5 | Q.I Sra s Ky
Joe ol golpinn Co e 6 Jae 5l L50 andliogge
S Jaw yo 5l eolin] clblB ol c e e
s 9,10 UND) adgl 4l Jow olsasay 1) 09250 olgsdo
4 5k IND dle sl (S 0595 o Jow a5 L]
Foolw glawloes Blod 5l 5wl )y wiliyy o> 4 JUi!
P& ColeSs Jae Sl s golppiing vy, cdiand
@ mlo g ead Wl JuSy 059> 0 Sl e
(IND =) adg) 4y Joo lgicay [23] aisls ol jona,
AR 0 S92 | ol 90,5 oolizul

L IIND 04 0 oanlive (V) IS 30 a5 jeblen
aiis g IND ) (s e Bl ol O 5 solina
Dl Cawdts (53955 (SM) peal sla Ky
&b LIND ool (Jpe5) colos 495 IIND i o
dmle ) Sjgoh pedl Srar GBSy 4
Dgedse
IUND = (JND,SM), )
Wl wb Jae 4z 2 () dal, & g Lol
&U reeed 5 SM Sxy) (Ko aids 9 UND )
LIND ogs colaiw! (5wl t;l.w.?ﬁ OgewY 9o
gl aly Jas sl @lie onl )3 0eboe Jolb> 520
5o oadaslyl cuslie Jaw 5l cads o Lil aS” ol yleae IND
L 58 SM (K a2 gl g 0ad oo onlanl [23]

! Improved JND (IJND)

Ll 5l o5 sleasly ,o IND wbinl o
GHiln ejepel ASpl 4 Sl ass gosle glwlxe
Pl wee slagilly I (S ez Grga slaosh
e gl il sty 9 bse Sl sl poa
Soeal lasl o0 Slewle (Sammy S
Joe pled azs Cpizes )yt gleslalsed
31 eolwl IND slaJos it a0 Cond (oolgiioy
sl IND &liuT (pons 39000 8l (6 ps (5L Fiwz o
oy s IND Jae 52 (55) Jloel bl oS (galeriy Joe
5 Sra Sy 5l popese boo)ls | ogzgs
ol Gl & oz é fgme¥aoe oli S 65,54
Sguge A1 D9d oo (55ledde (giludige Al S LB 4o
@ s i Slg IND glaaibin] cess i
Grp el &5 axl sjle e sgmee wlie slaJoe
Sybie 97ge aline Slaghy, 4 Sod eoleiin s,
Sorp Saz Sy Gl Sz p Sl puel5 eslin
SOl eoliwl g,k 5l S ol a5 cul IND sl
5 e A el iy 4 50 g el (g par Sk
255 oo plil 0wt L8025 g3lutinge Ale jecslin J>
28 Saghlesl esleitny Ghg) bl S Ores
abaxdMo BB (guel )5 5 (55, baimalis aS sl o il
ool goleriy )
pys i 0 45 el oy ol 4 dlie sl
@ 5 byl ogdie ol JolS ok (golering ()
G wSaledyd pdee Ll s B3 0 o2
Dgdee a3l Cllae (5 pFaz g Gange> ez

JND
L., —{ IND Model f(JND.SM) —— LJND

Saliency Model —  Saliency Map
(SM)

ol o S (S5l 305 201 JS5)

(Figure-1): Block diagram of the proposcd modecl.

. 0 &
Uty 09y —¥
IND laJoe 3l & w8 5 e o0 lo &5 jsboles
b oo dd 1oy (s a2y blod 5l gz se
woo oled j0 e Ceedl i omolSy 58

5 Gy dxg ).,ul.? ol 5o g Sbael  Cussas

JARPLR S 3PS ST ST



http://dx.doi.org/10.29252/jsdp.17.2.84
http://jsdp.rcisp.ac.ir/article-1-899-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-04 ]

[ DOI: 10.29252/jsdp.17.2.84]

29L83 )3 (6 o3 SSiuua y3 )l 03wl b I ) ol glas ¢y yieS ¢ yross

Ry (S par CobsS oo 2bj)l bee S D (Lenlnoisy)
Grar 5 5 a5 [2528] ool (FRIQAF azye b
9 (ot =) ol gzpe pgai o dlols Baimoglis
ax a el iy F2) Slol psad caiglass dsens
Slady pgal (6 par CunS Wbl S O)le opl ke
S kel pB pgal srar CuhS a4 cadady
Golizle calls jlae gool)5 4 azg L og walss
28] (IW-SSIM)* Sledbl (glgmme 5 (e 003 5l0059
20l G Sz 35BS Ul rizmen
CetS gus byl les leias IW-SSIM i Lo allas )
oY) aaly jo colpdys (S oo ool peal (e
25 e 5 s (lan S S Sl
U cel ooty 15 a3 &l ;o D g MSE alax> g0
@iy (Sok jloges Sl Sldi Lol e sles (V)
s Ayl e ol o Skee Oilsy> aS s o olis |,

Dy

ad gl & 1950 IND adidii wdgi —¥-)
Joe a5 el aad b allae ol jo il lo a5 sbylen
Se Sk LS s )l ) B8 02 IND
Aol b Joe lyeas 35290 olgls 39SG IND Jae
s 1y o crar Gl Sz jl b0 s 5 IND)
2 sl 5 Slebre Sole els g0 oo 5Bl L s
30 P lgl e j0 a8 SBeiSH IND o 51 b allas ol
oslazl IND  sws) adsgl ol Jow (ylgaeas oass il [23]
Jedods sadol Jao qemdo o Seme |y ol 5 6o,
o35> Sladse a4 Cos Sy 0jex 58 ileesly
Ay b primes y Jools (Slubre Ll 5l wibp;
G Cod od (S ‘_;.L])Lf 3 [23] 5o eadasl) el
2o Sl 4 Az g ol loys3p Sezse aline sl s,
Srar Lol Wil i Sl S Sz ohee 2
5 Slusly g9 Il [23] 5o oadls walys 3525 (55598
e S Sl Olye |y b oSy it slacar
5L e S s SIS (S
SISO o Sy gpdy IO 5 S (S

. L. s .
o B ST CRRE R e

My (x) = max {Mp(x),M:(x)}, )

4 Full-Reference Image Quality Assessment

3 Information Content Weighted Structural STMilarity
(TW- SSIM)

6 Spatial Masking

P ol ¥ o,leb YAl Jle

oadal )| aal )5 g ceslio Jow wielassas s a4 axg
LS (V) alaly a5 a4z g5 L1 109l 0 a8 5 (54, [24] j»
oo ccmslie IINDay as, Cyz ouiledl Jole
b e ol 55 5 ol 45 ol £ opgo¥sits s canslis
oy T bl &l ln IS e e 85 Sl o
il 212 Sy Gk 5l T el slo ey s
osadlal ol ey g sk nl Slp xS e el
ol st ol 5] bl 53 o loalone Sl 5 S
Sy o)l Jsgzme oo SO dadd g 00g s é a5 (crf

98 o0 o3l 5 Billae (St 2 GgaVoe

h(S(x),0)=1+ erf(aS(x))

) aS(x) )
=1+— ¢t dt
whoee

3 X Sy 0 oddojlley (Simzy S(X) ool o a8

S b as el X Sy o ks 2 lade orf (a(S(x)))

M

O IS8 dlas b o)l ji b o9 g iy pa 0 g o
ol et (lyy 0 i e b las 5l il
003iS Cppand &8lg )0 4T (0 o gim) GsamYsde milf
oy T mb o)l ol gophs e oliee

:f"'-'-";skSA k_Q) ):.3

](lnoia;v(a)llreﬁs) =
D (lrcf'Inmsy(a))' A MSE(ll‘chInoisy(a))' )

Li) s leg).a Qﬂiﬁltn MSE? sy 52 cgh J ‘UT 5 aS
w:}b'e?‘-sa as s;v.,.:‘ &51""‘ foxtd o )i}a&’}' Irel" ((4553 63)31
odigladgs Azt Toigy pasS Cyaaad | IND aiss ol @)y
IND aias A3 4\?93 lg 4.é93 Q'>9}3l Ui‘ 4 Cand lew‘ )5‘9»4}‘
)Aé ‘)iié Q)l.:.C.AJ. “5).':?‘54 ial.?::‘ (AIND k5';""?-) AELQ_\)HQ
L il peas 5) aladi ja )0 cadddlsl ddg diels slle
o..\..';’:c.ba}él 0\395 63)31 | dlais QT I LIND «lu| o)“ASI
4Lo.> l) Inoisy )\5 és?}.a 4.993 63)3‘ &5;&3 Gl»ol 115@3 4
Lo ka5 5450 e 40 .A{IG& Cewd (V) alaly jo pgo
Ircf 4.3[.1‘.@ U&A‘ a s Inuis) S pas \L\...A.ss p.ﬁ.bl}ﬁu,_n
9 Colas IIND oo lawg oadaslol ady ez il
&£ S JAC ‘59554._0 éble,.,_....u Js.k.a )f‘ K] 9 \.55.::‘5.0 LJ)MS
Gl sl sanlie g S0 LB il cabadlsl ades
Condd dho 5l 0abadlol adsi og e liee (5,505l

wloz ol S e edlazul (V) aky

! Error Function
2 Cost Function
3 Mean Square Error (MSE)


http://dx.doi.org/10.29252/jsdp.17.2.84
http://jsdp.rcisp.ac.ir/article-1-899-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-04 ]

[ DOI: 10.29252/jsdp.17.2.84]

g0 S
Tixp (O)=La () +Ms(0)-0.3 min{L, (x),Ms()}. (@)

S Mo JS e )50l Bl Mg ool e o
0 sl oSl S OE I Mp 5 mad o) aS i
@bty @b 5 398 S IO coS 5 b sl
25 4l b (Tinp (0) 2 oSy IND wbl Ly

aeS (gl O 8L

wupe gl oo
((w)

IND Joeo | ol IND wizif yaeYgoe a0
el sl | @ND) [0/

Sy o Sra Sz paty

Sy 0

g aoagl g Sl ele

[ ==
(MSE)

2okt s

(D)
T

“§ sf{"‘”"f 3l edlaiwl LIND il RSV C AR YWINN ) LS"M' Jowo 5 fato ‘;91; H1ogod (Y- 1)

(Figure-2): More detailed block diagram of the proposed model to improve the JND threshold estimation using visual saliency
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(Figure-4): Three visual examples for comparing the visual quality of the proposed model with the uniform JND model in the same
PSNR. From right to left: Original images, visual saliency maps, generated images based on the uniform JND model and generated
images based on the proposed model. In the first row and in the third and fourth columns, the PSNR value is equal to 21.84 dB, in the
second row and the third and fourth columns, the PSNR value is equal to 21.93 dB, in the third row and the third and fourth columns,
the PSNR value is equal to 21.61 dB.
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