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Abstract

This paper presents a method for improving steganography and enhancing the security using combinatorial
Meta-heuristic algorithms. The goal is to achieve an improved PSNR value in order to preserve the image
quality in the steganography process.

Steganography algorithms, in order to insert message signal information inside the host data, create
small changes based on the message signal in the host data, so that they are not visible to the human eye.
Each cryptographic algorithm has two steps: insert a stego signal and extract it. You can use the area of the
spatial or transformation arca to insert the stego signal. Extraction can be done using the correlation with
the original watermark or independently of it. Clearly, the choice of insertion method and how to extract are
interdependent. In spatial techniques, information is stored directly in pixel color intensity but in the
transform domain, the image is initially converted to another domain (such as frequency), and then the
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information is embedded in the conversion cocfficicnts. Using optimization algorithms based on
Metahuristic algorithms in this field is widely used and many researchers have been encouraged to use it.
Using a suitable fitness function, these methods are useful in the design of steganography algorithms.

In this rescarch, secven commonly used Mectahuristic algorithms, including ant colony, bee, cuckoo
search, genetics, Particle Swarm Optimization, Simulated Annealing and firefly were selected and the
performance of these algorithms is evaluated individually on existing data after being applied individually.

Among the applied algorithms, cuckoo search, firefly and bee algorithms that have the best fitness
function and therefore the highest quality were selected. All 6 different modes of combining these 3
algorithms were separately examined. The best combination is the firefly, bee and cuckoo search algorithms,
which provides a mean signal-to-noise ratio of 54.89.

The proposed combination compared to the individual algorithms of optimization of ant colony, bee,
cuckoo search, genetics, Particle Swarm Optimization, Simulated Annealing and firefly, provides 59.29,
29.61, 37.43, 52.56, 54.84, 57.82, and 3.82% improvement in the PSNR value.

Keywords: steganography, Metahuristic algorithms, firefly algorithm, bee algorithm, cuckoo search

algorithms.

bl o 89> 50 (Jy sdioe 0y b Sy )
e g oo S (8 2 ale) (600 0j9> 4 pgad
Dybca Gillx Jod culps o Sledlbl

Sldbl zo jekiew (5,00 slaps, sl
21 S2 Sheedd (Sl odl JEI 5o ply JUSew
G5y 1S oo dloml ilisee ools o el JUS el
L a5 col moly ails samlie LB oLl ei L a5
Jez! gpar Gy sadgilule glecsls  aulisl
S50 nyad 5 Ol b ez & Sl (03I S
s y50 00l ply Sl I g 098 o0 iy A
Lis L a5 o0t 4], by, callie ol 3o 13wzl o jlass
L] ol Gl Conal conls 6,00 oy a8 S

by glogiagy 269 Y
Ry S0k aime; 5o o3k slagiagy e U
03° ©Kskas lrosls iz Al o 5o .l ol pladl
oals )lf L)'i‘ 6‘): AJWLSA ooly )‘)5 ul.lr.A ).)5@
A sl 53 ko ojem o b e ejsm 0 wilgie
booole (hgy & e 0395 50 ooly yola,l 3 aied sols
2 S5zl Saaslie L (s 05 Sl Slwlre ane
Jias il b S b peal Gasn Ml (o
e wsdpe Jlool Tayyed L st T Sge
ON Sy 30 a5 Wgdge oob HsS spsb calys by
6,0k w3 slaregt 8 [5] Wk (5,00
@l o ol 5l an (sl Soge o ) eoliial 0T

doddo —)
] dleyze slaply Wolee 3 e Slegdge 5l (S
OBk cwl cldbl Jols coel al
L] 55l isre ple sboasls 51 S (O B35 silEul)
2 oddbe el mhe SO a4 Goaw, Jlisa o5 el
oS ety 1ol allii g oyl aileyse LML Jols
OLSes wly alleme oLl Ll Sla bl Jols
Olprear Mg oo by, (nl wils adie 5 ugmne
sloyme oMbl dobie o 6,50, slaids, JoSe
oslfil Slsy o) ) LKl [2] s5d eoli
Sloyd 5 oad wBF (HRAg) weBlS 5 (ooilds)
30 B L esls o S leis sl el asly (B1LS S
o ailsz o3Y 5l b olST ol 3 i a5 g sboay ,Syo BB
P IRk akewsar liny &5 Sloy sl ces o
Wy el &5 (Jy9e ;8 5o Ol Ol BB S
£33 009 aekz LB pl o bl (gilue s 0g2u
U IR RV VER JP N SR VSTV S FoOW INYORPC A |
S oo St Wilgzy 1y Sledbl sg aalgs 0B
ALl 5| akie e oYay s Wy e ol
L3] sk a5l 5 pogal Dge (e wiibe

JES @0 1)1 Al e 93 6,00k 0Nl 2
S @ sl ol gl s s o To S0k
055 osliiul Lo 0js> b GlSe 059> 5l lgie 00k
5 b (Ko 3l ool b wilgs o o] 2l ]
Sl el moly 0,8 Sise ol 5l s b g o
[4] Wl o2 4y 0 K0l zhia oo 5 2,8 s,
DA )3 padtns bty SIMbL 6 059> slatsy 5

3 Wavelet
4 Fourier (ransform

! Steganography
? Watermark

7 2le Forld VAl Jlo



http://jsdp.rcisp.ac.ir/article-1-936-fa.html
http://dx.doi.org/10.29252/jsdp.17.4.15

[ DOI: 10.29252/jsdp.17.4.15 |

Downloaded from jsdp.rcisp.ac.ir at 9:11 +0430 on Wednesday April 28th 2021

2wl by olsieas LSB? (s [9] tesy o

R gl Codal g CoheS Sy Cgr g ool w85

g aile e ply g e LSy AsA YLD 4y Siidgy

Ol Cz PSO? 05Ul ) e e iSu 1

2 e alee by (23Rl lp A 2Rl sl
D oo ooliiul poai JS sla 4 SO

PSO 5,8 )55l 50 oS5 [10] asllas 5o

a8 )3 9 K

Gl Oyg0 s L5 plodl g, el ool axlllas SA
e 9 ool Jlesl laosls 4 PSO w651 o) jo 45
2 ads) Ely Glsiear w2 psSl ol Sl cassay dons
Glasn Fub cplplo ol a6,5 )18 solawl 5,50 SA
0,55 0 edalasody b sl 2 SA jo ealadys
S & Ubs, ol 45 S oo el allis ssiy g Zuwl PSO
SleMbl Cosal aSl 40 oo pslal CudlS g ge
S o0 e 295 i 1) eabaS
5,5 ol cae ACO oy yoSI1 51 [11] asllas 4o
50 el ool eolaiwl el glad gla LSy o laools

SISl 1) sl yivg) Hl okl by 29ULas o 0l S92 sl

O ol 2S5y 4 yolal WGl [12] 500 dgh
2o 5l el 2 g, p alloz a0 ACO (o ,65l
OIS0l Sz oy, [13] adllas jo 058 oo Jlosl
(GA) Sty vyl 5l oolazwl b uilS)8 059> 40 Waosls
ez ol by, boanuls S egh g caball )
axe 5o s G0k nsbas 53 PSNR lis Seue

D5 pglal CodS S5

50 &by, 5, CuM 45 (slaesy ;s Cow o (- o)
robai 6,00k

(Table-1): The list of algorithms used in the image
steganography

&= iso i 5950 ol
[14] ACO?| 4z jee (S5l s5lwainte
[16] 5 [15] | BAS e 53235 p2 55

[17] CS8 | a3l sgmcmr oin,55)
191, [18

o e e

s [22] 5 [21

3! []3;][ I PSOB|&l,d &8 1> (g 3ludicas pi ;s
[23] SA?® el (53ludnd W55
[24] FAR [obod o5 ilotine pi 595!

2 Jeast signilicant bit

3 Particle swarm optimization
4 Ant Colony Optimization

3 Bee Algorithm

¢ Cuckoo Scarch Algorithm

7 Genetic Algorithm

8 Particle Swarm Optimization

d 9 Simulatcd Anncaling
.@‘)

10 Firefly Algorithm

7 2la Fo,led IVA] Jle

<

G Jolpe g aalys Lasil oolel oai ) Klesy 2 gus
# oSee el S G o 0k Al
s b 75 0 85 os Sl s oS
ol 28,5 )18 el ley 50 Gdes il 5 (o Ol
gt e 2]l 0atis sl (slaosls

» Kol JiSes 750 sy ety B 0
i 0397 50 00 S b by 4 kS S pgal S
2 a0k a5 end Wl pwginnS wlS
2l 50 ehst ghes pE g e Dol
[6] ;5o sargh o el 0uls p5las JPEG (gjlwes 128
2ol AA slaSsl (59 5 (s wnS hoS
J9uz 30 AC u s npnte «Sok o 0 098 o0 plnl
@0l 00 el JUSe S el 2 2 Sl
Ll oals Slet!

oo plol Srge i 3l olictul b 55 gl S
Sty paal Szrge howd lul b b, nl jo a5 coul
SleMbl (S>ge calpe ojgliensas 51 e g il e
S 2 Jle Gyt .l o silula o1 50 i, g0
‘slesnr plely 6ok @SS e sblS
Sossl 5l g ot Ly Srge hod Gl o8 a2
oy o) Elmisl jo oad il oled j0 S9>ge omisd,l,SG
L s 0k i) (ol )0 5% (g 5o 7] o e
sy 0l 50 33 plord g3l Smge a3l ooz
Obiee pyad omb W52 B s o) Sple Jis
5 Sl @YU Cueglie )b By, cnl et Olen
2,5 gl pgai jl oo Glas L Glgiee | o 0L
sl sl pgad Lalise Sarge fad qul sl lanl o
ol 3l sliasl b s 5 00 s0littl (5l Sewle 5
2l iy iy ooyad 4 o slo gl S
B e S R
[5] ool 0 o0l pgs gelans Lakis Szge Ly

JPEG  jgal 55 asid o by,
SRy 3 386 Sl b Sy ol et Sokn
5 e ] (g o [8] aallan S o solic
WSy S a4 hlws 1y Fr sl S
5 edls ols,e sal ) 6 pFee b adllles ol el
5oy o Ty bl & (Kian s anbne
OeS 4SSy 90 <S5 A b 58 0 aS(s eba ool
D310 e il 1) Sen oy

! quantization


http://jsdp.rcisp.ac.ir/article-1-936-fa.html
http://dx.doi.org/10.29252/jsdp.17.4.15

[ DOI: 10.29252/jsdp.17.4.15 |

Downloaded from jsdp.rcisp.ac.ir at 9:11 +0430 on Wednesday April 28th 2021

az)p0 (Pl Gilwae Nl YT
rolai 5,k 50 (ACO)

ol a3l (V) JS& ) (cegee ACO o2 )68l 51 IS )b

2 eSlE oSl ol sl egos 55 dolye e

[29] amo oo i polal Kok 25k

o pe oy A sle el i a

Dl Sy Epagh dlin (58 nle

2
sl S8 esle

v
e S e D2 0T 8 s e B L
i

A2

DS e 15128 o 5 Y G e oS (RIS 50 S ol

anls b2 —i P S

4290 (S5 w3951 slond :(V- JSC)
(Figure-1): An Ant Colony Algorithm Schema

g jlae olgieas b s olaad 5 «Ban b ((G) Ml

RSSSTASL
oS dodz 50 5l gl Comenr G (Bolai dsi 1Y dl> e
o s e S | sl slo |zl 5l (slacgesme
\53.::6;0 oals uu X = {xl.xZ. .xn} \:’)9&4{ 4> 90

Soo oo olid |y adgl Comar adgi ogms 5 Joge 8

(x—x})?
2

fpheromone (xi) =e i )

op e Slaidee ol 1Ll %7 a5 ol ] 0 a8
S LSS (b slad o gileags o cadlay abis
So bl g X Canss SIS 0 el 2l (glad
Tiimizen Sghee aB)S 5 50 CSlSSy mjy
ol gns alold Job 5l 53 50 ol 4w pSiwse
Dy s
HUPSE D= )[X 4‘?)5‘)‘“&5‘)’3:\“ 4.1.7-)..::
M‘)B )‘ oolaw! L IW awé)&ul.efa Reas A:Jy
D9 plomil (g5 lwaas

2 e Gileane sl ) el

Slesbrs 51 (i sl ,sS 5 (6,500 13 slagy s3]
aly b Ol Rk 5 0op Jslate 055> cnl 1o (o
&b SO solawl bcanl 00,5 e o) 5l ol

Slost sl (bl o lagty, ol b '3l
@oeissl s (V) iz aiis srie ) S0k

..XJIA_B) )lfd..g 039> U"‘ 5 as Cawl

o295 )l yo sudeolaiwl gy -Y
8 el a Giegh cnl o a8, Sa (B, plml S
SRk 5o Jshie (I8 w651 iz a5 Col
oolawl 3580 ‘J.A w?u 59 odv."bbti &1}0 U,uL.ul » ﬂjL&}’
2 @lea oad Byne lapt )50 ol il 55 o0 )13
i b b sl ol 5l G 5 Jlesl 0gzrge slaosls s
O 5l e o e odwlawsay PSNR oy igs @
1, Gyt a5 oS ol oSl aw woud Jloe! (slap ;65!
gl g Gl am ale ey colazal (gly andl ails
e yobotr )3 ds ol oS 5| cilien Sl it
e 45 (oS5 5 debiee Sud ol At g (o)
Sloje aebl 0 el 0 Ol WS Jol> ) A

D1 garlss 7 oh 1) bl oS oS 5 4 b ye

ad, )l bl ol -Y-)
Syl sl Giilos 4 barpe Jilus jo a5 ol )
gy Bh psal SokS (2Ll sl MSE? 5 PSNR?
Ope Dl &b Olpiea PSNRlade gy cnl o
sy PSNR ()5 a> 2 #8950 0,5 o 18 oolaiul
Do e e S3losl a5 Sl (nl Basaslis il
Coial Az 3 Sl YL peal CdS g AT

5 aalys i e 60k

PSNR = 10 * 1og16 (25" /35 ) o)
1
MSE = —— 311 ¥ (sij — ¢)? M

. f .. w i “a
RP 9 (oY R )O 1 J.w.i..' O dew Sijﬁcij

Jsb 15 853 9e sla JuSs Taws H gW ool Possl cosay

Lomsl &gl i 256 9

! Fitness function

f peak signal to noisc rate
3 mean square error

4 Cover Imagc

5 stego-image

7 2le Forld VAl Jlo



http://jsdp.rcisp.ac.ir/article-1-936-fa.html
http://dx.doi.org/10.29252/jsdp.17.4.15

[ DOI: 10.29252/jsdp.17.4.15 |

Downloaded from jsdp.rcisp.ac.ir at 9:11 +0430 on Wednesday April 28th 2021

o Jley @595 b (Bolas sae S rand (0.1) o o o5

Xi/' = Xmin.j + rand(O.l ) * (xmax.j - xmin.l) (?)

a8 )3 9 K

el mle ) e 3l 432 0 ABC o0,680 o
(a0 g0 )8 oy

U ol 2 a5 S & sy s e o
oly s anslie g a3l dove ledbl &y aiy wos
e[S ams e plol o LB o ol b 1 spa U
do oy el o1 (dad > ol 51 YL gas o ol ol
b g onl )0 wsdiee b3 U ol 2R wo
s S oy o w55 slitas 555 05 4 lab > o,
vi= L 1, was = oy 51 osb aalgs adbl
xi= L |, LS J= oy 5 eols glis (vige--¥in)
azype Glwaite eyl e Ol (Xiqe e Xip)
WS o Jes Ojge

SISl 1) sl yivg) Hl okl by 29ULas o 0l S92 sl

Vij = Xij T @ij * (Xi.j - Xk.j) 0

5 o9 ke{l2...5N}je{1.2...D} ol o a5
SK asls o5 (gebas t0g8 oo Sl Solas & g0
aS el Vg Y G Bolar el SO asl oglate
g ool plxil 1) X5 Silaor 0 o sl o, os
gy sabosnlice 138 Condae 90w duunlie oo )lis
o oo Ol ) Jos 59055 S

GISSIsl a4 Ll slo,es; B Jue 905
L ogs Comdae Sledlbl 5 o138 mlio 5 (35l b jlude
2 Sl GBL sy aiilnee U Jee e
So 5 055 i) S sloyss; plas 51 ), oade
5 oie & by Jlaiol o555 0 L1, 15 pe
S o ol 1 sl

ab oo iali8l Slae cols ) agd Jlade i 5 Cpa
5o ey sl by gl ke ol Sl Jlxat
o3y ol Sl adlate 4 o 5l G il oo S8
sy 5 gl mle 31 Ko (S bl 4 LBL
OOy Dyge 8 g Al sade > 8L s Sl
S S o 3 e 3l |y o e 5l e
dlbe p5 &jgod 5 P Jliot Gl 8 e S
Py s

fit

A P. = A
gy e ®

7 2la Fo,led IVA] Jle

29 g ol ped m Jli (Sed dnulnee
NC(ILIW) 00 6)&%)[@(4

3 eals, Kok ©leds] sls o S Jls!

Q)Mﬁlkﬁ‘JwameMubw‘dl@T&yw

2yl b sl Ssliie oad dle> Sk polas T

L1y oadalas jiolas pl .ol IW Lol oot 6,55 sy

ol oo {1y}

aloz 390 mslal I ool g,0ly ool Zl 5l

gl ol B sl eolananl b Iy oot adly

Sledl e Jloy Kod g Al @
.O&JLC‘).?‘!:.A.M‘

w2y Oypeds & F (X) o slo i) by colue

g o iy
1 1 1 1
Fx) = (NC(I.IW) ‘New.w) T Ncaw') " '"'NC(I.W'T)) ®

e (e bl g Sas byl s ols)le
& lzyge Olpear az e ne Sl Y als e
S F (X)) &b o1y jlade oy ymeS

el al> e onl gegyd by (Slajjesa B al> e

\le 1 Vi — )

sl C ‘53915 u’*:'.)JL" )'| O3 Gonmd Q¢4|i L )g‘ﬁ y OT ) as
Lol SelS Bl L m gy oy Sl Hladey’
5B i g Jod ]y Xbest jlade 0,33 # al> e
Wil oads Lol (Carez sloss ) ansle b oo 511V al> o
WA i S Djge ) f 5o by e dedls o 6Kl

23,5 oo LY al> e 4y g ool olox]

Jme Hen Gilwdiatn e -Y-Y
ke 6,80k 53 (ABCY

5 5L Glaysy a5 Jl>e ey ileae w0

Jsido g sldb 5 61 oy anld elool 4, SIS

Bl caws yo Iy BlaasT anls s (el wiis

lai jebay ole mlie 5l glacgams (anti al> e yo

Xomax = 9 Xmin = (Xmina- - Xmin.p) O

5\>5A:’GA u_;LM} 'S alolro O yeods (anax_1.....xmax_D)

! Artificial bee colony


http://jsdp.rcisp.ac.ir/article-1-936-fa.html
http://dx.doi.org/10.29252/jsdp.17.4.15

Alie slad jo o oly cpmel T 3510 &b fity o] yo o
el 6loyss olawi b plp b baeoly slass bl SN Lol

el Coadse el 1,8 00l g pFejlal Gan &b (X))

1 .
fit, = { £ if fX)=0 “
1+ abs(f(X;)) elsewhere

oA

‘

[ DOI: 10.29252/jsdp.17.4.15 |

Downloaded from jsdp.rcisp.ac.ir at 9:11 +0430 on Wednesday April 28th 2021

e

% >
23e
-—

R

«—

o Lo iy

_f

G e s m
s SN s

G2 e sy Sl

} i
I ]

— PSNR L,
ARV AN
PSPl i gl
Db Sl Saen Slenbl b § (Ko
L gy

2518 gy w951 5l o3liianl b g 5,850 ey (Y- JS)

(Figure-2): Image steganography using the Cuckoo search algorithm

6)&&% )é (GAZ) G&J’JS rg.'ﬁe‘),i" —‘H—A
»obad
o pibe laml Bl o3 SC5y i ,ox) 5l eolaal (ol
ol 09 o w58l (sl oid BB cae b a7 Sl
s bl cnl s pp culags 51G oy Sy s
alp Jis gly cwl bloe 5030l u sl jo alien
J.:>L) ).:\)LM | ).]al._..n).o..a o)L.o.“)lJa..ul.:).a.\a c)l.o..i':
50 oudeslaul LSLQU}WJ u“i"-j‘ L55L> Ailj sleail>
5l o ks SO soe &S Ojse ol 4l o Sl
3171 5 [27] 5,10 0925 Jlaw 12 sladils
Wl ) s A S5 i, oSl 5o coliswl 8,90 slaplS
Oyed Ao la gy baS adsl Conex sl
gl oo ooyl 0,08 g BliaST oy oKl

2 Genetic Algorithm
3 Replacement

39 (CSAY) sl somims oiu,yodl -Y-F
yolai 5,550k

3o Lg)L.uM ‘5‘){ Sg>g0 Sleds) ‘35""6“ PL?U‘ ode.._i
2y 5l abgye Sl 3y ©rd i Hlie S
2 Al g sl ogm Seboe annd Ol
sad o3y (ialed (V) S5 sloinis, oS U (6,550 k5
b polai cnl 5l ead i DMl g o0l 54,
SpgaS L § dolime pgal 2 gly Son AU 0sh e
‘_';ﬂ D oo ol S J.\.g 6‘}:’ el é-.’l-". O L

Ja'.)«sc ool M}’ij‘ dasls )L;.uo 6Lo)| G &9)

! Cuckoo search Algorithm

7 2le Forld VAl Jlo



http://jsdp.rcisp.ac.ir/article-1-936-fa.html
http://dx.doi.org/10.29252/jsdp.17.4.15

[ DOI: 10.29252/jsdp.17.4.15 |

Downloaded from jsdp.rcisp.ac.ir at 9:11 +0430 on Wednesday April 28th 2021

a8 )3 9 K

SISl 1) sl yivg) Hl okl by 29ULas o 0l S92 sl

&

Als sl § alaen Clg> S5 SA 1,65 5 ool b
b Clgz (! (619 PSNR g Wo jlade 098 o0 3Jg
Olseds $ Bl yio 5l 58,5 s &5 90,0 Sgd oo
LS pe ool b 50 0500 48,8 S5 50 alygl ls
sled 5d co Sl Jad b lesay AT Jlozs
Ladls jao T jlake a5 50,0 5 99500 pehald o
o oylge Wil s bl ST a3 b, 1ST slaws
S5 on 43,5 415 53 Allass oyl sl lsn ls>
IS0k Al (55, 2 SA w2 )8l Jloel o e
g Saly> 5 Dygody pglai
5 S @l Fel ln adsl (s laie sl al>
w95l SA sl (bestsol) =il > oy oy i (ymizmon
w35l 0 T gles sl adgl Jlade SO izen 5 bl
Dl
PSNR 5 A (5] 5 o0y 8" apluas Cloz S ipgo alo e
Olpeas S KT il « <A ST 0s valys aulwe
55,5 bostsol 51 1 PSNR ST 5 eous bl Jad zuls
anles Sluyjeyds was i b a6l bestsol sl
S i Ao 4 iyl Syge ol e 0 D
S s
[V o] oo Gl e b (ol soe S tpges dl o
eAT> t 51 0,5 o )31 sl o 5 08 e oy
o aslyS Byme ad by (e ST il
Folyly yd g ool Ao Sy Oyl 4z 0 1 ez Al e
Oy oo B 0Ee T
it ) S S5 ohans )5 52 T Sy el e
Sygo opl e 0 5 ald) pos dl> e 4wl by SS
Sloz olgisa 0wl Camody bestsol PRRUXICONPCIRN |

Gl S Giledlar el Y-V
ralas 6,550k 53 (PSOY
P=Sjpgpoh an 2k bpo)d o nl)d o8 > o )5Sl o
Oe Po ol jo a5 wgise oo il PoP1 - P2k-1
soe SIS P sl e oo Sl 3 Sy s
Sy [28] el g i el e e a3 5
Sgoty () IS8 50 pooyd bl u3ole 5l
il pmple o Lo s Sybie oaslie sl

wges 35 sl addgl (@)) ladiges oS 5 5 Sl Y
Ll oS5 i diged ay al> e 0 aan
Dgdse ooliul Wi w8 ade Gl g
IS sleyy ol eulady sl A5 Syse
3,90 as @L@Q) ).ldl:bo la Lbuj U’l‘ w\.-.:oL: 0
ao e IS Wigh oo opRlr wlad S5 5 swslin)
T95 00 Sy b @b ed 10 S 0 woe diged 0y
QPLSA r:L?ul ol ul}v.\.:‘ st&Lm
Bun a5 W dged cle g Jad sladiges sV
al>po )3 Gz el Jore a6 x5l O L
Sl alie Gladiges I sl (San wux wiged 35
Sl ool eolaswl u.:_f)_v
Slodiged (50 Tl oo n e b wised O3l €
b baigas (o Jod ags sl Joud (2l ) esda)gs
Lol i 053 Loy ails Lo o5 i,
59 s ploxl PSNR L3 51 sl Loao (5,500l
Sy Ohgy )l eddady paal CodS e sl
L_’ )lS u,u9) Sl ol oslaul T').:.m.a dd>xo ksb&.\ij.u
ul;u.:‘ Sg>50 6[25)[50‘) W).Q.S O )l J.>o‘) 9 g_’l?ual
G Ol sy nl ) ol il e o ool sud
a5 &:.u) M)?ﬁl L5‘/,.7_-‘ 2 )I o a5 b)f solau) Oy
seba g Wb oo Bl al,l e 5l es slaws
035 B )3 Nigh g pradi (gligd (glaeg)S o Aolai
Py Gl 28k Leaaly (6,505 5 g9, il ladiges 51 (S
G LB es sl Sy ol sl e 5l oy
2Ugs sloeg 5 0 Bolal jebas g 00,5 Ll | laasl))
9 Eors abail baiges 51 (S5 095 0 50 wighse el
b baal,y 6,50

(SAY) suiis3bodands &y yii o 981 —¥-5

Roba 5,8 0kay 5o
Jos Sy5e o OIFe slas 5 K5ey Al S o
Ol 0,880 nl o)) ol wollas Comer n &S0 S
Sy Geimen 5,5 155 9 SA 3,580 51y S 4l ol
A Al e 50 b aeles a5 L o Les sl adsl lade

3 Particle swarm optimization

7 2la Fo,led IVA] Jle

&

! Crossover

2 fitncss

3 PATH RELINKING REFINEMENT
4 Simulated Anncaling


http://jsdp.rcisp.ac.ir/article-1-936-fa.html
http://dx.doi.org/10.29252/jsdp.17.4.15

[ DOI: 10.29252/jsdp.17.4.15 |

Downloaded from jsdp.rcisp.ac.ir at 9:11 +0430 on Wednesday April 28th 2021

g bl pga 0 e jlears @
5eads Koy ledbl  pluld des> Jlecl @
'°A‘ZL5)&QL€'L.’, Heal & sddolesl ale> T [ )
Oglaie oddales 6, e polal T @ e yel

Behon shol eal g 00 ka Ry 2 Sl
aloz 3,90 pglar )l ool k_g)li?QLQ.Z.; slrosls CIJM‘ [

C‘)”“‘“"" ailys sl eolannl b c..u'bé‘j

Sliced a5 o a bay e (5l b &
oslital b Sbiced 55 0 (IS Sl yjsya pgm al> e
odelCawody i3l als
4 (bt U pgw g pgd laal> o )15 10 ez al> e

Ladl> olows acio

Solesin W9y (s ilwesly ¥

oy, Ol JPEG (S5, pslas 5l Liegh cnl 5o
Ll s ) (K ab gLl & s oy
sobal b 1ol edd eolatul s ( RGB
b alox 5l 6 Kk slaadlie o s, o o) laslin)
5 izl Jlasl gz () U5 sl [26] 5 [25]
oo bl obj)!

Intel® Core™ owsjls p b Jnoxs ;o g jludds
> collKS £ RAM alkisl> L 417 CPU @2.3 GHz
Windows 7 Ultimate oolaiw! 0,50 Jole piumme g oo
ol 64Bit

o5 w50 0ad soliiwl wglai :(F- ISCS)

(Figurc4): Images used in this rescarch

& y0tt 5,513 a5 Jlos! -F-)
EH LK

sl )l Jleel mls 5 el gse ol

Cowl 0 ool C)“" éulflé;- O g0l 6)&::’“)5

Ly oadis Kol nsad wlgige a5 niile i yile &
slael 51 oy &l pooyd o el ply S wldes
ML» 2K-1 G ,w 03940 ) s

1 0 0 O
01 0 0
0 0 0 1
0 01 0
{0132}

30 gowo dlact 31510 5 G Al pooyd bl H(Y- )
Wb 2K-1 G ¢ osgume

(Figure-3): The particle mapping p must be a vector of integers
in the range 0 to 2K-1

G 3l lr e S gzt 0gmi £yh
g SwlgS 55 &)y50t PSO o2 ,55]
asi adsl 6,3 K ol ysbay agl oo sl ) al> s
.\)9.{:.\54 [EPSWES S Vi géj\bt.a.'b CA.C)—-J D)..b » L 'bj’:“s"
O L1y gbests oads sloxl 0,3 2 (5l PSNR acul=e
el PSNR e VWL g5l &S 0,0 i
P S N NP1 TR ST V| UK\ R EPUEL gy AR V-
bald 5 o cunden g Sy (Slayjea iV al>pe
P90 Jhad jo odd S yae Yolao I ool
Cwleﬁllo)\)w&wwbu ¥ 41.>)A
Sade (09 5T )5 Syge 0 bl i, gbest 4
Dol on Slwyig,a pli 0,0 S L gbest
b, ol aniw 5l LIS sl J1 F A e
U R N N )
e pleea | (23 e s a8k 4 o 6Xl
WIS (oo (Brre 2l

5 (Firefly) Qlcul o5 ok ,08 -Y-A
ralai 5,50k

S0ka Al o Sbics o5 w80l Jleel Jo e
il 25 18 a4 gl

Sypody Dlcad £ 50 adgl 2o labe e dl>
mtyle 5l s, s b a)T e ol o &5 ol
Qo Glgime ojlasl & e le el o3l sl m¥Fm o jlasla
el 6 B0k ln

slapS Cumex Gl Slcad 05 52 sl ipgd al>je

:m)b ubw

P ol ¥ ol VAl Jlo



http://jsdp.rcisp.ac.ir/article-1-936-fa.html
http://dx.doi.org/10.29252/jsdp.17.4.15

[ DOI: 10.29252/jsdp.17.4.15 |

Downloaded from jsdp.rcisp.ac.ir at 9:11 +0430 on Wednesday April 28th 2021

ABC Algorithm Result

44

42

40

a8 )3 9 K

38

Best Cost

0 5 10 15 20 25 30 35 40 45 50
Iteration

ilides 51,55 ;3 PSNR ladio st l331 15 gos :(5 = JSLb)

W prguad 33 Juns y9u3) (5 3lmdintt o 555! 51521
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S bt w395 53 ooliwl 8590 sa piolyly :(F- Jgu)
Olyd oS o

(Table-6): Parameters used in the Particle Swarm
Optimization algorithm

Jlie w9l ol,ly
! G5 s 6l yal, b ol nVar
1000 Lrail> slaws oSl MaxTt
! adsl 05 w
0.99 T waamp
15 s 5o 5 cl
2 e s n5b gy c2
[-4.4] Al g dioS Do [Vmin, Venax]

W el el Jlael —F)-F
00 g Hlwans

o,85dl Jlesl o PSNR Jladie s egou (Vo) SO

Ol W paal gy » 1) eddigilwand & 5 5,008

.J&b.)s.o

SA Algorithm Result

Best Cost

0 5 10 15 20 25 30 3 40 45 50
Iteration

12! iliseo gla )l ;S5 53 PSNR i 1381 jlogas (V- JSii)

W pg0a8 50 odgjlwdands &g 13 s 5951
(Figure-10): Diagram of PSNR increment in different
repetitions of the Simulated Anncaling algorithm
in the Lena image

Sl oI slaasy slasy ol Lo a5 Jlas 4y a5 L
B ),..a‘)b )LLE.A Lol o0 43.5; )Ja.: 5o Y Yo 6}"“‘"‘“:’.‘:3.
PO il s Bolar (slaals 5jluil dls (ol yy aS
Lol GG ey 4 b )lSO slawy A el oald

o et (F) Jyor 3ubo w550 ol cslo ol

Silwaagy oty 3951 50 oolisiusl 090 5l kol )y (F- Jgu)
YLELPPYE SN
(Table-4): Paramcters used in Cuckoo Scarch
Optimization Algorithm

Sl oyl bl
1 a3 slapss plolis Jlosl Pa

0.25 Lo e 4 Y sl a
75 s &Y slaw n
1.5 olas slapls 55l B
50 LS5 olaws loop

S 6, 3 v 5ol Jlasl —F-1-F
w,o8l Jlael j3 1, PSNR oo ,us ogos (A) S
e oo ol W pgal (55, p 1) Seg ssl8l

_ 7GA Algorltrlr_(\vjkgg!g.t

348618 . o .
0 10 20 30 40

S

Iteration

&y2! ciliseo sl S5 50 PSNR i l331 jloged : (A= JSUi)

U pguad 0 Suij g3l s 555!
(Figure-8): Diagram of PSNR increment in differcnt repcetitions
of the Genetic algorithm in the Lena image

sz 55 35550 wiz 80 slyrl 55 00 s slo el
R o@.a)f z (@)

S e y5dl 30 ooliiwl 590 b gl by (A= Jguz)

Table-5): Parameters Used in the Genetic Algorithm
Hlade oy Pl
100 Gz o] nPop
1000 Lo s olas n_gen
10¢ady! Jlaze) 059 oy A
0.8 CrossOver L gblis as,e rp
0.5 Mutation b gz oo, mu

7 2le Forld VAl Jlo



http://jsdp.rcisp.ac.ir/article-1-936-fa.html
http://dx.doi.org/10.29252/jsdp.17.4.15

[ DOI: 10.29252/jsdp.17.4.15 |

Downloaded from jsdp.rcisp.ac.ir at 9:11 +0430 on Wednesday April 28th 2021

S e B e

wilodd ediass (A)

a8 )3 9 K

Firefly Algorithm Result

55

45

Best Cost

0 5 10 15 20 25 30 35 40 45 50
Iteration

&l ilise sloyl S5 50 PSNR i3] 5o ged :(0 - JSK&)

U pgas po ol o5 p 5o
(Figure-11): Diagram of PSNR increment in different
repetitions of the Fircefly algorithm in the Lena image

Pr el ol —F-Y

Do 3 B el 03 sl (5 IS0leny oje> o 435, 5w,

SISl 1) sl yivg) Hl okl by 29ULas o 0l S92 sl

@l &5 ) pemyss) A oadigilaesly )il e
G Al e gl wilesls lis eols (595 w1 (5
aglio 5l sanlomsy mli oS ololis logglua
o 9o ety s Gl pslas g9, » PSNR

sl 00 00l iuled () Jgaz o allds ol o
3 odelcawods PSNR auslio 4 (VV) 5 loges

S\ WA P S HPS SN PN VA6
\é\ \‘7\@‘/\ T (:)(‘pv‘bvb
Q <«
LW} Il JA,U
Jbee! 31 odoTemwoas PSNR du Uio 1 (VY- JSis)
&)l gla 55!
(Figure 12): Compar the PSNR obtained by applying the
heuristic algorithms
Wl 0als ool lid el opl o &5 eblen
A 2led Ol 1y amil o e DUl 0,5 0,55
%‘" b, oS i slulid jelateds .l 4y Loy oS!

7 2la Fo,led IVA] Jle

L ety e e lay e el (V) Jyee
a5 Ao e olid b e e glas 1) ead g jlwdnd

Db Fhe pgal CuhiS e 50 Wl e olitay b,

M ot 39N 0 ooliiwl 9590 (b el )y (V- Jgu)

o jlwdands
(Table-7): Parameters used in Simulated Annealing algorithm

e oyl Falyly
100 Capmoz o3l nPop

4 & S e (sla el )by sloss nVar
50 rdil> olos s ;5 Lo MaxIt

2 Lo o sll 4 bail> sloss gy jSle MIPTemp

2 S5 52 )0 00l adgs slaaslien slass nMove
0 adsl sl TO
0.9 Lod oS oy RRT
100 S5 slass loop

S S 515118 g5 Jlast 1Y
Al o Sbcs o8 muysfl ol & dlsge onl 5
Sl Spge ok I 0928 mlines mlal 6 K0ks

S a2, e (el ool s 4 (A) Jgaz ,o

Sl e oS vz 5950 50 eolisiwl 390 (sla skl b (A= Jgu)
(Table -8): Parameters used in the firefly algorithm

Hlode (e salsl
100 [ PESRF SCRN N RS PO n
50 Waails slows ai iy MaxlIt
0.5 il Solas el o
0.2 Coldz oy B

Jy b Gk JolesS g o alolé rij
et o )55 Sk e l
1 0 23> e A

;9 PSNR jlade (40 S ai oo ,o8l ! 5o Lo B
Mo eti g (V) S8 cenl psbai 6,50k
855 21y it 5 (5,I51,5 02,55 Jlac! > PSNR
Qoo oo plas Wy ead
Wl yiaS bl o 5l b1 SS slow a5 Sloy b
ﬁ;wgw‘guwf;wsaw@ﬂ
Cawlds 0,5 walegx oS > e PSNRJlade b obcs
dols pliee Ml L GosSae D0t DBl 05 52
S9zge Corex lp Baa wly daeyS 655 e
slap S (olod wdil> o Gletl jo Debse (Slu)is,d
Gl g ol iy PSNR Gue mb wlal 5 Sbic


http://jsdp.rcisp.ac.ir/article-1-936-fa.html
http://dx.doi.org/10.29252/jsdp.17.4.15

[ DOI: 10.29252/jsdp.17.4.15 |

Downloaded from jsdp.rcisp.ac.ir at 9:11 +0430 on Wednesday April 28th 2021

Sl,le 5, w8l dw woelowss mli gl
5 e ey IS oSl (bl o5 o565l
AU ez 5,00 1,5 o0 565

ket St ;o5 b s 5 Y

Glls 45w iy am s aw bl a4 byl b
ol Al sy x5 om b g PSNR e oy 5L
sl Sbced 0,8 sl Gl asbe o sl
G 8l 15 eyl g e oy s S
winysS con Jlas! glabs, oles 5l 45 bl 5l azsl
‘slf. o= O Wl il I, 4z Ot b (a;
olbcds beS M)jijl C‘-it‘-’ )l o.)..o’lg';wa.)d.g C‘lL‘-’ d..w..:l.?bc
oS oo ool

29bal dad (59, » oveliawdas PSNR (.Sl 35,50
ol 02l (VYY) U jo W g oyl o Jals

60
50
40

0

2
oo eb

o o

1

o

mDWTQ m LSB Firefly = SA mPSO
mGA ECSA mABC m ACO

595 » PSNR jlaie pufiloo duu Lo :(V ¥ J5C2)

W 0390 P gea Ay
(Figure-13): Comparison of the mean value of the
PSNR on all three images

Ao ol 45 (wyp )90 a5 o5 5o Gilizko pglai (59, » PSNR duww i oA.oT\;a...u.:e\.g b= Jgu2)

(Table -9): Results obtained from comparison of PSNR on different images in the algorithms studicd in this paper.

nsaiol | ACO | ABC | csA GA PSO | Firefly | sA
— 34.851 ,
w 3458 | 44020 | 3968 210 3706 | 5572 | 3513
=30 | 34.19
=10 | 3692
sl 25 025 15 . 50. 35
s 3425 | 400256 | 4015 St 3128 | 5076 | 34
. =10 | 3721 .
Lals 3455 | 43.022 | 4001 3802 | 52159 | 34.86
© > ? A=30 | 3674 | ° > :
oSike | 3446 | 4235 | 3904 | - 3598 | 3545 | 5287 | 34.78

CSA + ABC + Firefly Algorithm Result

Best Cost
8
S

8
>

56.5

56.4

0 5 10 15 20 25 30 35 40 45 50
Iteration

@ 69y 3 40 Gazmiwar oy o8l Jlosl (18- JS)
ke 59235 a5t 5951 ool ey

(Figure-15): Applying the Cuckoo Scarch Algorithm to the
Results of the Bee Algorithm

WSl gerine (Ol o5 Y o)lels S, e
Jrs o3
Sl 8wl Tl o a5 walads i s b
Soximr Slaph ;s coi fa gam s o 5 Jleel
g on Jlosl Jue 9035 5 4l
90 05,5 egms (V) 5 (VF) sy e
PR ITS L RS VPSR VORI CHRPCIY|

Ll 00l oole lis

ST cJowns joud ) e lals 0 35 1) 0 5londd S
a8

Jlesl Gl p,5 0,8l o) o aldasss o 5 Gub
5 e Hedy slapl sl S o Aege o
(10 5 1) St 4o igd oo Jlool 456 oz
Al (65, 2 S Sl oSl 50 )18 ,80
] 03 00‘\5 ULM 4‘.’.9‘@ Ls)lfqul.&_b

Firefly + ABC Algorithm Result

Best Cost
& a8 8 8
5 = & & 2

o
&
S

55.2

0 5 10 15 20 25 30 35 40 45 50
Iteration

T 89y 2 Jwe 995 09N Jles!l :(0F- JS2)
Sl p )5 v 58] ool Cawods

(Figurc-14): Applying the Bee Algorithm on the Results of the
Firefly Algorithm

P ol ¥ ol VAl Jlo



http://jsdp.rcisp.ac.ir/article-1-936-fa.html
http://dx.doi.org/10.29252/jsdp.17.4.15

[ DOI: 10.29252/jsdp.17.4.15 |

Downloaded from jsdp.rcisp.ac.ir at 9:11 +0430 on Wednesday April 28th 2021

CSA + Firefly + ABC Algorithm Result

a8 )3 9 K

Best Cost

0 5 0 15 20 25 30 35 40 45 50
Iteration

LI pgad 55 4Bl gomtusr g QUG o5 o o5l
(Figure-19): Applying the Bee Algorithm on the Results of the
Firefly Algorithm and Cuckoo Search in the Lena lmage
(s joi) ABB Gemiwa F ojload oS @

Sl o5
S0 gz 1,05 lal jo a5 wadanss o5 5 3k
9 e 55 o, cod A sam A e 0 g Jlesl
V) 5 (V) GbJSs 5o Wb oo Jel Sl o5
T Py PPN I IP CHIRCI ¥ PPN U e
Lol 08l ool Las el )KLy

SISl 1) sl yivg) Hl okl by 29ULas o 0l S92 sl

CSA + ABC Algorithm Result

43.6

43.4

43.2

Best Cost

42.8

0 5 10 15 20 25 30 35 40 45 50
Iteration

Tl 59, 2 S )9035 wka s8Il Jlosl (Ve JS2)
L pguai j0 ais B gomms v 558 ool Camwods

(Figure-20): Applying the Bee Algorithm on the Results of the
Cuckoo Search Algorithm in the Lena Tmage

ABC + Firefly Algorithm Result

49.5
49
48.5
~ 48
]
<]
o
= 47.5
4]
@
47
46.5
46
& ]
0 10 20 30 40 50
Iteration

w9y 2 U p )5 oSl Jlasl (VY- JSC0)

L e )0 s you s oot 5953 ool Cawor

d (Figure-21): Applying the firefly algorithm on the results
2 obtained from the bee algorithm in the Lena image

7 2la Fo,led IVA] Jle

&

o] ey g s 59y 32 Jams jou ) o el Jlas! :(V4- o)

Firefly + CSA Algorithm Result

56.6

56.4

56.2

Best Cost
8

0 5§ 10 15 20 25 30 35 40 45 50
Iteration

b 59y p a5l Gaminn i 59l Jlos! : (15— J5)

Sl p,5 vyl oaol Cawdds
(Figure-16): Applying the Cuckoo Search Algorithm to the
Results of the Firefly Algorithm

CSA + Firefly + ABC Algorithm Result

Best Cost

0 5 10 15 20 25 30 35 40 45 50
Iteration

LS (595 51 Jues o) 2y 08! Jloe! : (VY- J52)
BB ggmima v 93] canlcawsds
(Figure-17): Applying the Bee Algorithm on the Results of the
Cuckoo Search Algorithm

DUl o5 wiBl gomina iF o)lad cuS o
s 59453

PVESERIPTE SOWESPCIIN 4 I KV PR WELE-L SUW J R 2

SPled o5 Glap ;s o ia o Al e 0 g Jles!

%) 5 OA) Sa S 5 sy Jlosl Joe 55 5

adles R CRU G sjldff;‘b“ PPCsy

el 00 03l i e (6,50l

Firefly + CSA Algorithm Result

Best Cost

0 5 10 15 20 25 30 35 40 45 50
Iteration

T 9y p Ul o5 o 5o8 Jlosl :(0A- JSC)
BB g piy95d ool Cawody

(Figure-18): Applying the firefly algorithm on the results
obtaincd from the Cuckoo scarch algorithm


http://jsdp.rcisp.ac.ir/article-1-936-fa.html
http://dx.doi.org/10.29252/jsdp.17.4.15

[ DOI: 10.29252/jsdp.17.4.15 |

Downloaded from jsdp.rcisp.ac.ir at 9:11 +0430 on Wednesday April 28th 2021

CSA +Firefly + ABC Algorithm Result

Best Cost

0 o) 10 15 20 25 30 35 40 45 50
Iteration

ool Cawddy guls 59, p Al pay ;e8I Jlos! (YA JSb)
W pgai 50 OUced p,8 pdy 93!

(Figure-25): Applying the Cuckoo Algorithm to the Results of
the Firefly Algorithm in the Lena Image

liced pyS (Juus Hgi) F oo)lad a5 @
Sl g

Jes 5oy ppesdl aml po oS eadandS sy b

Gz i o8l Gl Gom Al e o g Jles!

5 (V9 o ;o wisd oo Jlosl Sliculs 0,5 9 sl

S9) 2 1y 55 IS )8 g5 (6,35 3B 0 (Y0)

sl 0als 00l yLis pgaal (6,50l Al

Lol b -0
a0 b 5l edeliwwsay PSNR awslie 4 (YF) JS&
D310 o0 hliSe yolai g5y 5

60

4
2
0
I N - S T3

Voled Yosled Yolad fojled 0eyled Vojles  Firefly

o O

U OE L W

=

ol Ly a5 Al po il JOPSNR jladio dung bilo :(YF— ISC0)
(Figure-26): Comparc the PSNR value in the six defined steps

sdelciwody PSNR .5ke auslie 4 (YY) JSi

3 oxdzyd @S ilsn e (myn S5 oSS e

5 Joe 35 bl 0,8 (slaes o8l Cod Fay oS 5

Bad o 0 ) el e wwl s g

S s s 3l S 5 ) 4 9SS ol el
] cé; W’M)S ‘) AF/AQ J.:lf 439;69

6oyl slagt )85 b aslie o saiol oS 5

e ey g (G5 sileaiie Badiom)n
LS)L..UA.....HJ RVRUVERPIGH IR SR ST NT0 WL L L P Pe Sone 3

5wl gemimz (s j955 10 oslad S
clcd

Jee 355 pyssl lal jo &S wadasS Sy b
et Sl ;o8 cui ja am Al e 8 g Jlesl
5 (V1) slaSe 3 aigh oo Jloel Sliced o5 9 a2l
TS NP U P [PRPRC W FRPYER N 4 0
el 8 o3ls lis pgas 6, B0 kiy Al

CSA + ABC Algorithm Result

Best Cost
IS
&
>

0 5 1 15 20 25 30 35 40 45 50
Iteration

odwlCawods guls (59, v 41 pay ol Jlos!l (VY- JSi)

U e 55 June jou) oa 3959
(Figure-22): Applying the Cuckoo Algorithm to the Results of
the Bee Algorithm in the Lena Image

CSA +ABC + Firefly Algorithm Result

Best Cost
s

i &
& o

A
a
o

&
&

s
£
o

0 5 10 15 20 25 30 35 40 45 50
Iteration

T 35 2 bl o5 i ol Jlae (VY- JS0)
B gl 5o Al oty 5951 ool comwos
(Figure-23): Applying the firefly algorithm on the results
obtained from the Cuckoo algorithm in the L.ena image

ABC + Firefly Algorithm Result

46

455

45

Best Cost

445

a4

0 5 10 15 20 25 30 35 40 45 50
Iteration

B 593 3 e o5 o930 Jlasl (Y F— JSC2)

U pgai 50 Jome j9u) pivyoidl o lcawoay
(Figure-24): Applying the firefly algorithm on the results
obtained from the Bee algorithm Lena image

P ol ¥ ol VAl Jlo



http://jsdp.rcisp.ac.ir/article-1-936-fa.html
http://dx.doi.org/10.29252/jsdp.17.4.15

[ DOI: 10.29252/jsdp.17.4.15 |

Downloaded from jsdp.rcisp.ac.ir at 9:11 +0430 on Wednesday April 28th 2021

M )3 B9y K

SISl 1) sl yivg) Hl okl by 29ULas o 0l S92 sl

[35] [34] {33] {32] Cul 005 duslio ;500 clo gy

30 oolppiig gy s oo odwlie 45 jeblas [36]
Iy, PSNR i cpyton wadol slaigy b awslie

el 03,5 ool

54
52
50
48
46
44

TUPY DT o 4 ity colicad oS cond
39 Sgme dwoyd YIAY AVIAY OFAF BY/OF XV/FY

S e a3l 1, PSNRlais
bs) Jlesl 5l PSNR jlads (V) Jsax 5o

P W psai g5y poddJles! sla by plu g solpiing

s Al

BT ol S 5 W20 el S i M3 o el S W4 ol S

'

W5 o el S 5 W6 o es S 5 W Firefly J5s)

WIr b),.n &5“0"5} 39 PSNR ‘}t.i’la.n wli.n (YV—J&J:)
(Figure-27): Comparison of the mean PSNR in the investigated methods

olad 59y » Al sleus )5 Jlee! 31 gy PSNR Hlodo :(Y+— Jgo>)
(Table-10): The amount of PSNR after applying different combinations on the images

S Sy Sy Sy Sy Sy
ygai pb Firefly
Y ojleds Y oylols ¥ ooylels ¥ o lels b oyl 7 o leis
L 57.12 57.02 48.03 49.5 48.01 49.6 55.72
ol 53.04 53.1 493 49.18 48.1 50.18 50.76
Jalé 54.52 54.23 49.068 49.16 48.9 50.09 52.159
oSlea 54.89 54.78 48.80 49.28 48.34 49.96 52.88

Gliso gl fdgh jo W pgal (g9, p Eliso gl iy, Jlos! 31 s PSNR Hlade duwglio :(1)- Jgu)

(Table-11): Compare the amount of PSNR after applying different methods to the Lena image in different research

G S Wang Yang Liao Mehdi Zhaotong
e SOl
o= PSNR 4l 10
el Jlost 51 57.12 44.1 38.24 41.48 39.09 42.74
U pgad 9,

s aw 23S IS ey e apl il
sl licd o5 e e8!l Wl le saso Bl
b e oo il ppsil 5 w2B sotes
L YAUAF 5 FYYD AYAY (i ja PSNR 1oSilee
uﬁf}s )Jﬂ\}dxfs.iio)l.o.w W“S)JC\SM&LSAQLMJ
S5 9 Joue i) Dbl 05 slapt 80 s 54y
|y s oiae OF/AY L iy PSNR e b col a3l
¥ oojlods glacaS 5 b anglie )5 aige ol 4 e 0

A o alys FAUAF 5 FAIFE FA/YA

P ole Fo,ll1VA] Jlo

S 5 A -7
sl Vb ol azyo b pslie (B, S allie on) o
S0y o oleday by, b &l pslar 6, 0ks
w4 @liZews 9 PSNR Jlude o9y jolaieds pglad
WS e oolitul (g Sl )8 slapm oS Sl ange (R
2o )5, o @R By e slapi oK
sodls (55, » lSa 5 wlad S 18 eolitul 390
e 4z b ae s 0T 51 ey tadad Jlasl 052 50
e 85 o yo8) dw XAl L ye odeliuwsa; PSNR
SloecS 5 5 il dms als o gl i s |, PSNR e


http://jsdp.rcisp.ac.ir/article-1-936-fa.html
http://dx.doi.org/10.29252/jsdp.17.4.15

[ DOI: 10.29252/jsdp.17.4.15 |

Downloaded from jsdp.rcisp.ac.ir at 9:11 +0430 on Wednesday April 28th 2021

[10] F. Sadeghi, M. K. Ralsanjani, and F. Z.
Kermani, “Hiding Information in Image by
Compound Meta-Heuristic Algorithm PSO-SA,”
Int. J. Compute Sci. Artif. Intell, vol. 3, no. 4, p.
125,2013.

[11] K. Akshyata and 1. Jain, “Data Hiding and
Security using Steganography”, International
Journal of Engineering and Management
Research, 2017.

[12] E. T. Zghaer and S. H. Hashem, “Ant Colony
Optimization To Enhancce Image
Steganography”,  International Journal of
Emerging Trends and Technology in Computer
Science (IJETTCS), 2017.

[13] A. Miri, K. Faez, "Adaptive image
steganography based on transform domain via
genetic algorithm", Optik, vol. 145, pp.158-168.

[14] K. Loukhaoukha, J.-Y. Chouinard, and M. H.
Taieb, “Optimal image watermarking algorithm
based on LWT-SVD via multi-objective ant
colony optimization,” J. Inf. Hiding Multimed.
Signal Process., vol. 2, no. 4, pp. 303-319,
2011.

[15] J. S. Lee, J.-W. Wang, and K.-Y. Giang, “A new
imagc watcrmarking scheme using  multi-
objective bees algorithm,” Appl. Math. Inf. Sci.,
vol. §, no. 6, p. 2945, 2014.

[16] F. G. Mohammadi and M. S. Abadch, “Imagc
steganalysis using a bee colony based feature
sclection algorithm,” Eng. Appl. Artif. Intcll.,
vol. 31, pp. 35-43, 2014.

[17] M. Ali and C. W. Ahn, “An optimal image
watcrmarking approach through cuckoo scarch
algorithm in wavelet domain,” Int. J. Syst.
Assur. Eng. Manag., pp. 1-10, 2014.

[18] Y. H. Chen and H. C. Huang, “Reversible Tmage
Watermarking Based on Genetic Algorithm,” in
Intelligent Information Hiding and Multimedia
Signal Processing (LUII-MSP), 2014 Tenth
International Conference on, 2014, pp. 21-24.

[19] a L. Brazil, a Sanchez, a Conci, and N.
Behlilovic, “Hybridizing genctic algorithms and
path relinking for steganography,” ELMAR
2011 Proc., no. September, pp. 285-288, 2011.

[20] M. Nosrati, A. Hanani, and R. Karimi,
“Steganography in Image Segments Using
Genetic Algorithm,” in 2015 Fifith International

Conference on Advanced Computing
Communication Technologies, 2015, pp. 102—
107.

[21] B. Lei, F. Zhou, E.-L. Tan, D. Ni, H. Lei, S.
Chen, and T. Wang, “Optimal and secure audio
watermarking scheme based on self-adaptive
particlc swarm optimization and quatcrnion
wavelet transform,” Signal Processing, vol. 113,
pp. 80-94, 2015.

oyl Glapiy sl b anolie jo 0alaiil oS

e gy azge G5 Giludinge e,y
O B SO R T T
DI plime 0 byt ¢ Slicads o5 condisjludnds
aoys YIAY 5 AVIAY DF/AY OY/AF XV/EY Y45

S o 4Ll |, PSNR ladis 5 Sgaqe

7- References &l -V

Slapi, s (s dodeze Sl edlile aot D

b s e SO el sl

olad gyl slayslid pwaige Sl )5 gany ysS)
AYAY Y Slois DY

[1] M. SH. Alizadeh, “Evaluation of message hiding
algorithms in image steganography and efficient
algorithm design”, High Speed Craft, Vol. 52, pp.
42-30,2018.

[2] X. Zhang, Z. Zhao, and J. Wang, “Chaotic image
cneryption basced on circular substitution box and
key stream Dbuffer”, Signal Process. Image
Commun., vol. 29, no. 8, pp. 902-913, 2014,

[3] M. Hussain and M. Hussain, “A Survey of Image
Steganography Techniques,” vol. 54, pp. 113-
124, 2013,

[4] A.Bcnoraira, K. Benmahammed, and N.
Bouccnna, “Blind image watcrmarking technique
based on differential embedding in DWT and
DCT domains,” EURASIP J. Adv. Signal
Process., vol. 2015, no. 1, pp. 1-11, 2015.

[5]H. Tao, L. Chongmin, J. M. Zain, and A. N.
Abdalla, “Robust image watermarking theories
and techniques: A review,” J. Appl. Res. Technol.,
vol. 12, no. 1, pp. 122-138, 2014.

[6]N. A. Abbas, “Image watcrmark dctection
techniques using quadtrees,” Appl. Compute
Informatics, vol. 11, no. 2, pp. 102-115, 2015.

[7]1M. Keyvanpour and F. M. Bayat, “Blind image
watcrmarking mecthod basced on chaotic key and
dynamic coefficient quantization in the {DWT}
domain,” Math. Compute. Model, vol. 58, no. 1-2,
pp. 5667, 2013.

[8]1Z. Xie and X. Wang, “A Heuristic Feature
Combination  Selection Method in Fusion
Detection of JPEG Stegoimages,” in 2012 Fourth
International ~ Conference  on  Multimedia
Information Networking and Security, 2012, pp.
220-224.

[91 M. Kiamini, S. Fazli , “ A High Performance
Steganographic Method using JPEG and PSO
Algorithm,” IEEE, 2008.

7 2le Forld VAl Jlo



http://jsdp.rcisp.ac.ir/article-1-936-fa.html
http://dx.doi.org/10.29252/jsdp.17.4.15

[ DOI: 10.29252/jsdp.17.4.15 |

Downloaded from jsdp.rcisp.ac.ir at 9:11 +0430 on Wednesday April 28th 2021

[34] X. Liao, QY. Wen, ZL. Zhao, “A novel
steganographic ~ method  with  four-pixel
differencing and modulus function”, Fundam
Informaticae, Vol. 118, pp. 281-289, 2012.

[35] M. Hussain, AWA. Wahab, ATS. Ho, “A data
hiding scheme using parity-bit pixel value
differencing and improved rightmost digit

replacement”, Signal Pro- cess Image Commun,
Vol. 50, pp.44-57, 2017.

a8 )3 9 K

[36] Li. Zhaotong, Hc.Ying, “Stcganography with
pixcl-valuc differencing and modulus function
based on PSO”, Journal of Information Security
and Applications, vol. 43, pp. 47-52, 2018.

Jastial 5 ol la g 8L, oY
o) 5 Sy ol ol3T olKils
R R e LU
Siae s VAl o by
(i ) 5o 1) 093wl (oulid)lS
5 YAY o o Sy 5 esimn Gign ialS ol
Sl (6,5ld Cu pae a0 ) 0ex 1S S
ST ol&asle 51 VYAA Jlo o g 5 g e il

SISl 1) sl yivg) Hl okl by 29ULas o 0l S92 sl

aBle 050 odosh gleaie; wles,S cdl e Ol
Sl sl (sl pp g bl ]
el (S S gl 5 e
5l cenl @l Slagl asbll, Slas

1 riazi@iauvec.ac.ir

3 ole Sha s goudl il Lo ple
ﬂ Jlo o ol ol5l olKails Lot
\"‘ﬁ' i) o 1) ssn GSs Syae VWAS
\@" el Sl5T OSEs ) e Sy e
-' ; BOYYE Jlo 5l g el 00,8 <l yo
Slails Jles! (38 sbeollidls o o jel 4 yeiS
Alodg sele daxie lajiaghn 5 oladb slls
Slapisfl sl lial aBdle oy50 hmsh laais;
sl (g3STo0ls 5 (g, Sl 3
5l el ol il asblly Sles
poorebrahimi@gmail.com

5 oole Sla sae il gee
o 5o el ol sRasls Laash
A, 1) 83 1Sy Shae VYYD
Ol By e olRsls 5l bl (pwoige
Ry Olegoge el 005 bl

&

7 2la Fo,led IVA] Jle

&

[22] X. Li and J. Wang, “A steganographic method
based wupon {JPEG} and particle swarm
optimization algorithm,” Inf. Sci. (Ny)., vol.
177, no. 15, pp. 3099-3109, 2007.

[23] G. S. Lin, Y. T. Chang, and W. N. Lie, “A
Framework of Enhancing Image Steganography
With Picture Quality Optimization and Anti-
Steganalysis Based on Simulated Annealing
Algorithm,” [EEE Trans. Multimed., vol. 12, no.
5, pp. 345-357, Aug. 2010.

[24] A. Mishra, C. Agarwal, A. Sharma, and P. Bedi,
“Optimized gray-scale image watermarking
using DWT--SVD and Firefly Algorithm,”
Expert Syst. Appl., vol. 41, no. 17, pp. 7858—
7867, 2014.

[25] A.  Miri, K. Faez, "Adaptive image
steganography based on transform domain via
genetic algorithm", Optik, vol. 145, pp.158-168.

[26] S. Hemalatha, U. D. Acharya, and A. Renuka,
“Wavelet Transform Based Steganography
Technique to Hide Audio Signals in Image,”
Procedia Comput. Sci., vol. 47, pp. 272-281,
2015.

[27] M. Nosrati, A. Hanani, and R. Karimi,
“Steganography in Image Segments Using
Genetic Algorithm,” in 2015 Fifth International

Conference on Advanced Computing
Communication Technologies, 2015, pp. 102—
107.

[28] Z. Li, Y. Hi, “Steganography with pixel-value
differencing and modulus function based on
PSO,” Information Security and Applications,
vol.43, pp. 47-52, 2018.

[29] F. G. Mohammadi , H. sajedi, “Region based
ITmage Steganalysis using Artificial Bee
Colony,” Visual Communication and Image
Representation, vol 14, pp. 214-226, 2017.

[30] S.I. Nipanikar, V. H. Deepthi, N. Kulkami, “A
sparse representation based image
steganography using Particle Swarm
Optimization and wavelet transform,”
Alexandria Engineering, vol. 57, pp. 2343-2356,
2018.

[31] A. Miri, k. Faez, “Adaptive image
steganography based on transform domain via
genetic algorithm,” Optik, vol. 145, pp. 158-
168, 2017.

[32] CM.Wang, NI. Wu, CS. Tsai, “A high quality
steganographic ~ method with  pixel-value

differencing and modulus function”, J Syst
Softw, Vol. 81, pp.150-158, 2008.

[33] CH. Yang, SJ. Wang, C. Weng, “Capacity-
raising steganography using multi- -pixel
differencing and pixcl-valuc shifting
operations”, Fundam Informaticae, Vol. 98,
pp-321-336, 2010.


http://jsdp.rcisp.ac.ir/article-1-936-fa.html
http://dx.doi.org/10.29252/jsdp.17.4.15

[ DOI: 10.29252/jsdp.17.4.15 |

Downloaded from jsdp.rcisp.ac.ir at 9:11 +0430 on Wednesday April 28th 2021

(oras Sl — egian hga Gl 4De 39

oo Sl laalebn 5 oS sla by, s ilwdmd
Hlow! O)le Hlin) el glas

mahmood_alborzi@yahoo.com

U;M.'L..Q)ls \S)M ‘69)L»l Ql)‘ Kisls
Cupde Ay ;o VYYD Jlu ol o5

JLMJ)Q ‘) \555 J.Mx)l wu)lsjw

oIS Sie Capde Al 3 1TVA

iy 0 WYAY Jlo o 1) 053 gl iSs 5 ollas 5 g
ol ol oKadls I leailele il 5 Saio o pae
olil adle 8j50  Jiegh Olesdge walen S Cél e
SloaSt (5505 5 (6yslid o pae S slapn 5Kl
el grac

5lewl osle Slaol acbll, slas

r.radfar@srbiau.ac.ir

7 2le Forld VAl Jlo



http://jsdp.rcisp.ac.ir/article-1-936-fa.html
http://dx.doi.org/10.29252/jsdp.17.4.15

