[ Downloaded from jiaeee.com on 2026-01-31 ]

IGHS s 39531 51 00! b b Sigo ) dicay (o

haddadi @elec.iust.ac.ir
Ol = ol —Caiis g ple oSl -5 s 0uSiils Lobiul =Y
Jdilian@iust.ac.ir
Olnl = Ol o 5 ple olRidls - 5 gwdige caSiils ¢ Lisls -V
Kazemi @iust.ac.ir

Alano ol 00 &1y IGHS oS 35 ois 551 31 o0liian] b 1 gyl dite cyods 51y G hgy llio ol 5o © oS>
a5 J 50 il (oo waold (e 50 s Al S g S48 9 3 mes 5o (b ud Al SO L Sdgoy b Aot (eSS
Sl S (o0 1,8 ooliiul 3590 1198 e 50 JUSow (Sige b b allgo (Wil 43 g 51 (mesd (5l IGHS (oS 5 o2 95
G gy plw b duulio )0 s oo 9 i sl 2! (loj Sgute -39 (o0 o3liiwl Sl yo Plas g 31 caials (s
S0 i )8l () el ouds 001s L FBF g PSO ¢ o5 ooty 5950 598 Jood pudis b SCigo )l (o (5 y0 9922 90
2 0l 355kas 5 o 0313 LAS (IS 5 Syl gy Al (pired 5 1o Sigoyla ) b Seigoyln oo (et 53 ookl
ol ol (w0 b 039 | juo DC adlgo 3959 gm0

o (G920 «Srigo )l ¢ Anty (30 ¢ LolSS o951 1 gdS” ilads’

VWANANY :allio Jlo,l gu,G
VWOVVIE callio by dy gu,b
Ol Lo yle  Jgimn (5o 95 o

U‘)"‘_ U‘)’ef’ —Ceio 9 pl.c olKisls _d)J G..:A.‘.e,‘o cuSiials J,:u.u.o ‘SOM}; ‘f;w

@zroz BIUIM %3 | -Z'ON -6'[0/\ - SIP8UIBUT SIIL0.II8 [ PUE [EDUII9 [T JO UORI0SSY UeIUel| JO [eunor

,
=
oD
2

i 9 5 — 090 0l — ot Jloo— ol 1l Seig iU g 31 g g pis T


https://jiaeee.com/article-1-168-en.html

[ Downloaded from jiaeee.com on 2026-01-31 ]

Sl Siige s aigy ezt [A] g po 50 el oais plowil S5
S 4 s FBF o )s SUI sl ool ol Ly (ol (S8 oo 520
51 el o alool b aels (st gl Slasye JBlas s, 655
5 el 455,55 a5 e allie ol 45 s oigh e DC ailge
eSS A 98 hans s bl an o)Ll 5l s [A] x> e
00 (Syme )5l Cuz S 1S S oDy, b Siige e
]

S5l a9y S e 4 HS @)U 1V o] e 5o
O8] Sy (gl (hige gl oniilyi o Slas Glie oS g
00 by el 00 s b 26 oy Stmlon <l 2
b yme HS 0,651 51 (gl asdly ogngr JSi [NV] x> o j0 .l
2 I sle el (Seals i b g o cnl )0 el oud
Sl gl aliil 5 catadisn gonyl 5l eolitul 5 g3lo Aty (e
sl 00 001d 340 HS 2,61 0 Slae PSO g, aiile

) Sigele sla adlgo (S8 5 518 caiels fas allie cpl )
2o s3> 3 (Shol bS8 o 2o b e © a0 (WIS L
e 4585 15 ) 0,50 IGHS S 5 o )sS 5l eolical L
LIV g o o oad aslyl gy S5 5l amazr w5501
S92y Sl ez o el 0l (55l ate PSO R, 5l (asee
@bl 69y (8L ,8 Sl Geizren 5 onis b 1, DC ailse
g Ll Llod an (goloiiny poysfl ol onld (g 0 5 o 565!
o 03lo ()Ltd ()1 (65 9 dnlio S92 50 sl o )5S L 1z (e

b gy o (vg, -
Ol 25 Do @ Y () oad (l0y diged JUSeww a5 05 253

Y() =Y. ASn(@+9,)+G() o

90 Ap a8 o et | Sige )l a5 e N Y ahal,y o

= e ) Sigayle 515 ol asly (S8 aels i a Oy

Uigad JUiSimws )0 45 05 o et |y 5055 o2 G(T) oS

JESms LSigo )l 516 g asals (s (gl w0l 3929 00l (55l0
995 (o0 Ol ) Sype 4 oad ale

Y= 2 A 'Sn(@,t+4,)+G() o

5 ool argly LuilS 8 caials i 3 4 B G (ALY adal, o
On' g Ap' a5 ol pl Baa b aiun 0dds 08 ueds 5
Ol wp JBlas 4 Y'(1) 5 V(1) sl a8 wigd lowg sl 4565

)" aS el 4l C\_:WM l‘“—i)b )L.t;b‘ 3O g9y 6‘)‘.‘ L Jd)o

I

IYAY linno 3 565 — 30 ostacd—utd o~ sl Sig 0 3 55t i

doddo —)

Loatl (oo Lo Sigela o (g5 CodeS )3 poe sl 2w
oY b bl plai o il sla)l jleslanal (538150, il
25 Sige)le g 08 Sig Sl gl e B pae o5 sl
15 Lo Siiga )l 45 Mo sl azily iyl 08 pinpes
oalS sla Bl 5 coul (i 5 (plg) WS (o0 Sl e
S el g yhae Lol )0 oS azilcanl 35290 1 b Siige o
JAS Ly le 2l (b (olp az abl oo b Sigejla arseis
sl g ) Ssigoyle mlie Joee Gt sl 42 5 Jbd sla2lid
s e o (558 05l i Sige o sla dilge Wb
e (Sigajle sl adlge 8L (sl ay58 o 5l eoliil o5 5l
b il 8 Blimil 0929 aiile 0)l5e (> 50 by onl Lol el
e S sl g, 15 s (s BB sl 35 s
@l Segeyle e sl (elSS sl w980 5 eslinl L (s 5Le
3 e e 4 sllas ond 53 Ll 1o a8 il osds a3 5 IS
T JSb Jodod gl bl JUST jo adlaijlo 4,98 Jhous
55 B S e 55 ey 52 Lawgs
2 el ss o e abasi 4 o)Ll 51 Gy V] a2 0 50
L) Lo Sgnyle it (o Sl (o0, dlo Sige )l (e
ko e (ol (LS B ) (e 8 b e e
sl o ] ke e b (60 Aiged ey 5l ooliul 5 a5l
@ 4598 o o Ses 0 sl (3l 0> U g ol 5l ool
JiSas 53 09750 (Sigale slo ailga (uilS 3 [Y] g ye 50 090
Ol 53 Wed (oo (s e S g5 Ak B @b e L
259 Sgele lee et Sln Eae S8 ek Jelos 5l allie
O 8 aamlie [Y] ao po jo ol oats solitul 35 by Sige)la
31 le gy ol el ot ploil aSil uilS 8 (S (B9 e
Yo 2L le Sge)le g g8 4 Sl o 12l (o Ll
098 (RS g 4598 haS (005 S (e g Wl ead Al
Sle Soigele ress slp s, [F] ez o 50 0ty s 5a0
oxig—3 |,e DC adlgs )52 53 (Lol (iS5 5l oo i
ol oo @l Slayye o ig, 9 Adaline oo ,631 5 i

9, (o] P SR LA QT o sl S B9, o0l (S

S 5 ookl Tzl 5T o a8 o ) s Saigo s pmads sl
la oo 5l (Ssige)le lo adlge wwgaome 4,5 Fab b ol wls 2l
s 035 (o3 il 51 Sy anels (3L gy S b s g 00
Sl Slape Bl b5, 5 PSOPCoy 8 7] o yo 058
e e b oo o de L) La Siige)ls dig (e
S92 Sl iz w2 Sl oo solaiul g jeam yo (el Wil 3
o35 V] gz o 50 il oo ) s LS 3 3l
g5l esliiwl L (ol uilS 2 eamno ©pie slo Sigo )l

o
N
-
&
h=]
o3
©
e
f\'!
]
P4
%
o
>
f
(2]
4]
©
1)
£
D
c
i}
1)
Q
c
S
=1
(8]
@
i}
e]
c
©
©
Q
=
|5}
@
i}
—
S)
c
il
kS
(8]
o}
1)
[%]
<
c
Ko
c
<
=
=
5]
<
c
£
=}
<)
kvl



https://jiaeee.com/article-1-168-en.html

[ Downloaded from jiaeee.com on 2026-01-31 ]

[
o
c
=
>
X
o
=4
=
Q
3,
QD
S
>
n
%]
o
o,
2
o
=1
o
=4
m
@
o
=3
o
D
Q
=]
o
m
@
o
=
o
3.
(9]
]
m
>
Q
>
@
0]
=
]
|
<
=X
©
v
b
o
N
h
-
=X
R
=
=

[y
N

VA (lin 351 90 ostad—uts o~ sl Seig i 3 55t i

> o&‘é)_:.:ﬁ KW é.:l; s_i> U”L“J‘ » o):)).b u...x.@yo ML’ i
S 45 390 (o0 JoSi5 D)3 5l (aaz 098 S5 8 )0 g 09
A ey B Jos (nl i (65040 Candge )0 3,15 25 o

Al oo dalol )y ol Sen

HS oo 5981 -)-¥

Pl 2y g 4 HS o5l ol
Do 51 6ol il yo ol 55+ agl oo ke~ Jgl Al 5o
# e Slox (nl Wed oo SLl Bolad ©)90 4 Jod JB sla
Dy ol 5 S o g om0 ige o alidlr ol 2y (g il
dle Bae ol Cloz 2 (gl igd (e 0del Sge )l SO
= (HMS) g yls abisls o5lal | bs Sly> ol slows 098 oo
e 5 CHMCR) Ggola alisls 51 el &5 sl ol el
el 9o ol gt (e Jlaie il 55 ( PAR) 6l i
S (oo el | (ondse Sz 5 (so50s S iy
Erole sl anazr See)ls i le sbml —pgs al> e
P05 (g0 JSiS py ilsd el o
O gse)le abbl> 5l was Sge,le HMCR Jlisl ey -
e oo bl ol &g
aladl> 5lasas Jse,la HMCR x PAR JLoi>lay -
29b (oo S ki (oS L (Sgalo
5l Bola Oz 4 wa> Jgesle 1-HMCR Jlixl 40 -
o oo lil gt sl
Syl lp Bae ol Sgejla alibl> (glug —pgu al> 1o
sle Gao)le ol 0l o dsloe LB dl> e )0 0us 0y slo
Syole alibl 13 55 290 Sgele il 45 (F)ge 0 o
gl g0 of piSalr il
=0 5 0kl awls byb a4 e, D)5 )0 —p ez Al

cpgd Al o i Sjg0 00

IHS s yo5 -Y-Y

) Aobes 5l (Solys &jg0 4 PAR pal )l 6501 ! jo
P ogh oo 00l poss
PAR. .. —PAR;,
k kK ®

max

PAR(k)=PAR .+

WS e atedon |y LS5 Gepail K alaly ol 4o

IGHS oS 5 o ,651 -Y-Y

a)é).mdi)odf‘PSOp.‘qﬁfﬂ 5 03 4.»3)5)1544 L)“B) u,ol.wlj.l

SyS S Cmse (i 5 GEsS Sandge e 5 e g

wla 610 digas slo yloy ST .ol ool Cawns Y (1) JUKws
P obg g oo ol (s diged sy g (2,3 tw g

Y{(FH(OA+G()i=12..M ®

= Y(1) JuSms ol abgas oo iiS (Lo V(i) calal) cnl yo

1990 oo Ol p) Do o H s Lo il

Sin(wt, +¢,)
Sn(wt, +¢,)

Sin(apt, +4y)
Sin(apt, +4y)

Sin(aity +4,) Sin(apty +¢y)
9]

Pl Giales BB 5 Spgo S A G Sle
A=l : ®)

Py Olg (o8 mizeen
Y (i)=H ')A =12,.,M )
Lol e LB H' G ile e @' 50 (e 5l oy
SoH Guple a8 (5,5 ol b g Slaye Pl g 5l eslia]
P39 (o0 drlne 25 Sjgo 4 An' el ol a5 e e ile
A'=[HTHTHTY %)
9508 00,5 oy gy ol L S (oo ala>dle a5 jglailen
o oo Al Sy s 5 iy 5t s oy S
(&5l ante w208l LSS 58 50 by, cnl o Jlaisl ek 4y ol
¥ bl 51 g LesT 51 oolitl b pes g o s B 5 G’ Loz
) JiSms 5l sl aiged o ploj) 09d (o0 dralna H (o 5o
g oo dwlbre b aials oV alayl) sl oolatinl b s (pusle o0
ool B 50 L 45 05 o ytadae |y Lo abaul ol 51 esliciad
WS aS (gl asof a4 (igh oo uend wiald polie oy yige ol
ey B £ YO 5 Y0
7 Soge 4 gd Pla gealys o a5 Bas gl el o
S (o0 025

1=30 0 Q)Y "

200 g0 polie o3le i 0,6 ST 8 p0 cnlplo

aid) )l 4 o el =Y
oS eSS s ol s 5 L sile HS 2,550
Jﬁ_.B J_:L‘B u|5_>g_§_:m‘94 < a)o)mdSLg”Jom‘wl ubo )‘
I



https://jiaeee.com/article-1-168-en.html

[ Downloaded from jiaeee.com on 2026-01-31 ]

Sibw s s ¥

Teome O pin b Suigoyls mesi )-F
e Sigoyle e (Sl ipimns (ol (8 (5092 polas b
B9 03) (eS Wl a5 (63,90 kS (ol (il 2l e o pae
el 5 il adion Lo (sl ddlge ym LulS 3 5 el 6 5 axal
1 ao] Bllae el ot LS5 5 ol 5 Sgeyle o cll>
U S U P R e EXH I PRV WY V] R S N
S L (g atl (oo Ve e bS5 olass gl e ol 50w xS
2l Oloj malys (oo a5 12 i oS (o0 S5 50 )15 0% (solering
oS ke 55 1,

oo IS5 A 5] a2 pe Billas o, o801 S 25 sl
sl adlse .l oads oolaiul zge plad 5B aw jlugusy S 5l

il oo ools HLas Y Jgaz 10 zee UK (il )0 99250 (Sgelo

)2 0390 JUKw (Swigoyld glgizme (V) Jauar

(azxy0) 51 (Zaigry ) axels Sge,le 45 e
-Y,-Y <20 (520910
AY ) 4 (5,0 Y0-)0
v.a - Py (5pY0)Y
SVEY, v (55,2 00)))
VEY 5 LTy (5,080

0 a0ged £ ol [A-Fl aal e sillae gl iged &5

P9 0D LS)‘°ﬁ dSgal JL&»—M £ sl 00 ul.’z.u‘ A.JBL».* 0,99
9V« ONR) g a0 JUSKws Cond b 55 <3165S0 298 g (owolS
)_.SUO)J g_»_..'ﬁ‘j 4 LQ«S..JSA)LQMU W) 431.»4‘ J.l u’.wo Y-

e

A s 5 4 Gy 9 Gy PARpax PARGin HMCR (sle il )
5 5031 L oy ol Sl il o sl - 5 5 - A o ee)
i g lt L el S 45 o5 il s il o ploc Lns
1 Uas o iaS 45 ey 5l o6 oo g ol o o0l yeniS 2
ekl b b S s Uas ao s el o Ol o8 oloul
P o9l (o0 Al
64
DY (i)=Y (i)
e=L x100 )
DY (i)’
i=1

9 Lr!ﬁ's Jl.aio.v) )| |b‘ | 449—04 OAJ.ZS L)L“’ Y‘(') 9 Y(') d.laa‘) LJ"‘ )Q

..\.....ub < ol 03 (yros > JL»S.U..J/

oY

IYAY linno 3 565 — 30 ostacd—utd o~ sl Sig 0 3 55t i

o=l il oo eols  Slosws IHS (o )6 Sl o caps (o y s
il 7 ) 4 Sy
e = wsx Gse)ls HMCR X PAR Jlslay -
D (0 0305 13 Sgeyle aiblo )5 S92 g (Sse e
Moy S elel oz Sgele I-HMCR Jlisl oy -
Syoiba adidl> )0 Sga)la (n e Cpmge g Sy
P akl) Gillae 098 o L]
NH =CV +C,r(BH -OH) )
i) s s o 4 OH 5 BH NH alal, o0l o
Sl G9ayle g (Sgeyle abibl> 10 09250 (Sgayle (e i
My e el Co sCy e pus o V il o iga o aliils> 5|
Bl (oSG g Yo O (Holai sae
oolawl 5,50 Lol ;o PSSOt 551 5l pogie 9o caid> 4o
e Cynt | Carmbge oy yig 45 gl 0,9) GBESE S, ¢ Wil azb 5 )3
gz glad 0 IS S > 0gm pp (6,500 ¢ (o)l &l yd
oad oals yinlad V IS 0 IGHS oS 5 o,651 &l sl
Oy 03 38 dolad vae easS Lo U(0,1) ISl jo el
ol Sy 5 500
a8) 2l oo addsl oo 5l e Lo j85 oad aill (3 o ,Shas
Jodie ;2 (s e £9,0 )0 4T (G o (Senl (g (nl Sy
Ol 51058 Ll ] e Siiga lo uils )3 g asloils gl (olgds
sl 5o o oSl carily axils (ol (sakols dly yolis I 50lae
o 9 9980 S35 (H8ly Slacler 4 o el Jsb g ce b
PLS g e 9,5 SzsS L (o8l slacler 4 ol Soos
S lml Gl g Sy @ly )0 055 oo by 1) B30 slacls>
s8ly Dlaz g oael Conay Olgz B! 51 b cgomins slad o
St @lmlr Gl g e BL iy NS (pl 4z e
iz Sl wilisee cadsl bl L cds g ey Mlae 1) can
e il 5eSile sacd &l b alie oyl 4 ogdhay S oo
sl ol &y 4y 45) cilizes gaglgl bl b sl gl
Lt )55 o 1) b a5 o9y ytabas lgion 180 5 0t oo (Wilons
e Py Comwbus 0k Galre s S b ) Jies
il s _8olas olael Wge gzg o 4 £o,ds gabais
So g Foere by Sl eslitul b (g2l a4 358 v e8!
L [a] am o aliie aiilys o a5) Jlimms 4 ST Juws
Sl (g3lwooly BB (545 (g5lw ool ATMegad2 J sy e
YL S B el)S slawi 4 5 5l 590 (Ble g abiSl e
)18 (i Lo S5 0o g oo e plys (o0 45T (Siiga o
Solate JLs 0,50 (3o, g bl po it gloo IS o 1A
s Siorel a8y SLFPGA 5 laosjls ) 0925 b (Js oo
LBl dalg S92y (ISt 0 oSl cal (3lwesly o

o
N
-
&
h=]
o3
©
e
f\'!
]
P4
%
o
>
f
(2]
4]
©
1)
£
D
c
i}
1)
Q
c
S
=1
(8]
@
i}
e]
c
©
©
Q
=
|5}
@
i}
—
S)
c
il
kS
(8]
o}
1)
[%]
<
c
Ko
c
<
=
=
5]
<
c
£
=}
<)
kvl



https://jiaeee.com/article-1-168-en.html

[ Downloaded from jiaeee.com on 2026-01-31 ]

[
o
c
=
>
X
o
=4
=
Q
3,
QD
S
>
n
%]
o
o,
2
o
=1
o
=4
m
@
o
=3
o
D
Q
=]
o
m
@
o
=
o
3.
(9]
]
m
>
Q
>
@
0]
=
]
|
<
=X
©
v
b
o
N
h
-
=X
R
=
=

[y
N

VA (lin 351 90 ostad—uts o~ sl Seig i 3 55t i

4o Yool allie 9o 0 ) o8l slo Slsz @olis Jo
9 9Bl (oo Sy eI 5l Sgliie SS9 5l eslannl Jo
(5 bt S sl i 33 o5 )y o 85 4 5 (ol eipes
S o s ail,] i 4 o0 Lol glagyys Slaseine 4 a2,
S leiSs us A Cod 58 sl sl g b mls (S 0
S 0 aS ol gy p LSl pl L Sl (6,8 o g 05l
P leun GOm0 .cwlosls 7y Jeuz o obul OV
TN S BRI A I PR CPCISPR [N W JE YRS
blaiul goly 4 ¥ Jgu 5l 5 g9d50 (nl 28b (o0 bo Sige o
o ol o )e S Sl ¥ Jgaz 5l a5 5k ples 058 (oo
FasS FBF oy, 5l asl (e poo sz 0 0 1) by bl
2 b 3l 5o )ls ol 4 S (658 sllas ()b 5l g ¢
Al G55 sl gl 4 Caes Cdo Bld 3l w9 ey Ll
h9) 4 S (gl g Sl )3 (izmen g allde 90 50 oud
3ly JLSs Lol addsa ¥ o ¥ slo S5 j0 5500 55, PSOPC
db , 15 SNRU caeSs 5 owsll g Sl 90 10 o0l (rest g
Jsmsd ol cis 5 SUs Lo JSi ol sl 0 o0l tglas +
il oo A G50 pa 0 (o (gl o ysS]
4 Sl ;53 an ¥ wil (Ses b oy annliie aSl sl
[A] g s 5 ous soliul &bl b alie ol 5o oo eolitul il
5 98 s [Pl s o 0 ouss ooliul &b, Jg ciien (SG
sl oo byl o o solizal il
45 tae) (oo redS o2 b ) (Sigeyle o adlge ples JI>
BBl (o p2Ojm 9 @33k piie ety (Jge)le Lol adlge Juld
I peass alise SNR 4w g g5 £95 50 b 3 cdl> wiile
ezl gl o oas &l g ool Cawss s § sl sus plox!
ol asia Jgaz ol 51 a8 jshilen .anl o 00,91 ¥ Jgo
FBF b9, 5l s rti <80 g8 s <l 10 IGHS 2, 651
PSOPC g, a5 Comd ol 18 o1 8o V> pl jo Jg o)l
Srin CFIESe g S o 9 JolS 650 (oslS g Sl o
eSS g (Ml JuSKm (ol adlse 8 5 ¥ gla JS2 5501 (s
Gialai + db s SNRU cilsiSy o wslS 3ug b 50 40 oy
s S Jomd Ul cBo 51 ST L St ol el o0y ool
LAl aml e jo ocsl oo+ dD pos jea ,o o> soloiiun
o858 9 5 (et S92 g0 (Sigejle slo adlge 39 polae 558
Sl adlse dz uils oi bo g8ly ;0 a5 Jl> jo .ol ool ploxl
T Sl JWKmw gl cnl )3 )18 3929 JUSm 55 (Sige e
Sl Ll 50 098 (o0 03] (eadS o adlge gy LB 5 el 4l
Lo sl sl slo JUSw sl oolerinn hg) 21,15 ool plas
2 Sgele (pl &5 b 3 edy (o0 (eSS 02 ) po SSgela
3,185 9929 JUSons

3 HMS PAR HMCR (sla bl ol slie s

MW}&}A)LA @Buﬂ Jhb)i.,\id EC,J«J.M:)‘JJ..:

|:13k:1)ud}~)ud\d‘juiﬁcu

e
sl
Sl A
Voo,
S olas ol
Soools abil-
l n
A 4 '
, seole e Sl
Syl <
v_}}A)LA 4.]4.9\> L
Ll Ssels

IGHS (oS 5 i 501 &5l 916 :(1) JSC

el a8 3 18 s ae Lol adlge ass G Jadd ol

2V Jgaz yo oad alll @, by Lol adlge (resd s
Joaz ol o il sanl Koo axlie j0 0ais &8l slo Clg> LS
oanlice BB 1>l lej g calizes sl cl> jo g, o glas as o

oY



https://jiaeee.com/article-1-168-en.html

kol aidgo (rmosd (gl p o 9 Uas duan i (V) Joua

[ Downloaded from jiaeee.com on 2026-01-31 ]

IGHS PSOPC [6] FBF[8] GA[6] GA[8] SN
R
s s et s .
o (s o (Dl N Mes | @ ol | e | ©7 | s | db |
(4:) (456) (456) (4:) )
BL
SACf | VEaAYxy Y IRZNT IR LY N I B 7N ES TR [ SS{RICU.00) VTN BER 4 & o BERIR VY - JORIRe
Y
-)-af AN r R -,-af S LT I G\ ISVl BN ET N B L0 S BN A (N B
Y
)‘ . )| “ :.“. XY
-0 -af PR ‘ - YEY -,-9f - AVEY ’ Y FA - A0FY V. CEIRTY
¥ e ¥
)‘ . )| “ :.“. XY
-)-af VAP BRI BAREY 5NV ’ OV $51 ¥
¥ e ¥
-)-a¥ “eBY rE SR RS RRTAT S I S\ vo--00) IR SRV NN 4 70 BRI 78 Y.
Y
-0 -af - YYYA VAT BB - Yay. ¥ Y5y SFY | s
¥ ¥ b
‘ .o ‘ .o .Y
-)-af 1,0740 A Y AYNF BARL V,vaf P  vay | VA FEe
¥ ¥ A
(PG &_:.:y)l.m a_wls 9 /\,\ .« e Y XY ‘7; s 4].:9.: uj.)u .]43“)..4 )é
Uas 358 (oo o0y a5 jahuilan Cawl 00 053 et VVFVAXY 2
aalo g o,as golny Gl ¥ Jeas ;0 0l ools dae 4 S
Lol S5 jlo o8 po Siige o
- L L ——
10 0.005 0.01 0.015 0.02
t (ms)

JEKw 9 (e b)) (28lg JUKew ol addgo :(Y) JC&
b 15, 3050 s9eh 32 (1 B5) 0 035 rwesid

T 0.01 0.02
t (ms)

«db ‘fwslf R ypa> 3o ().t L) oulds 00 ]

K 0005 001 0015 002 L Saigoyd 33 9 Sleo Sigo,)d oz —V-F

t (ms) . =
ob 033 (e JUSiw 3 (a3 13) ooy JUSom i(F) i PR T Ao S0 ) iz o3 0ad (e JUSm 4 o 0]
b sl 3255 s 30 (1 b5) Lyl )3 5 oS (oo @l [£] g yo gillas <0+ 0 PULazsls b

= 55, Ve adlge il Bl a8 cul opl po 8 ise L el
OSSR S 9 B 7 Sl Ggele o SRl )0 (g 295 035 (e
o 00 43‘) ¥ Jj» 3O oo > C.ll...l ol 00 L&w)

4 Cond IGHS (13 )6 Sl el o i ¥ Jgaz 5l a5 jglailen
G972 4S5 95 4 az g Lanl o Cewl 00 S Joe s PSOPC
Pl b o Ve adlo (ass 51 U3 [7] e e 50 oSl Jsl o
Ol 33 s 9 95 (oo et [T (il 8 g0 598 oo

Journal of Iranian Association of Electrical and Electronics Engineers - Vol.9- No.2- Fall & Wihger 20

OF 1) iy g 3~ 33 el ~ o JLos— ol Sig S 5 31 (i 4 23



https://jiaeee.com/article-1-168-en.html

[ Downloaded from jiaeee.com on 2026-01-31 ]

Toe JSb sl aldgo plod pmosd gl (ylo) g Uas s Lo (V) Jgu

IGHS DFTI[6] PSOPC [6] FBF[8] DFT[8] | GA[6] GA[8] SN
Lot Lot ‘e R
o ol ol ol o ()l ()l Oks | 7| Oots R 77
(i () (46 (db)
SXaes | ovyerexyeT | vefArxy EFOEXY T [ LYY SAYeY YYAXYV T L vAd | g0y | XYY - o9
»y
S xYa.s .5 S5 AT - - - < SAAA - - Y.
¥
SxYa.s AT OAY- B,YAA - YV Y.00Y- Ve NeYE OAY-Y Y, VS Ve
\ S eSs
N
SXYa.s To004Y £,V FAA4- - SXVO | AYAEeA Vel YEY | Fq,evvY . Y4,YPAY
S ya.s WA VFSEA V£SOV - - - (AR - - Y.
- 5Y
SxYa.s AYYOY V1.YO0A V1,AQYA - XVO <O £.01- VYLVEEY v, F04 Ve
0 oslS
¥
L ¥a.s TYNVYE OFYAYD OF.AL-A YA 1,014 £0,-A0 | OFA0VF Y,0VSY
l-!u;\.w °°)LM9L_§'3|9 Jl...i..wV J&w)d MLLSA/‘,“\D
A Uz S0 90l il oad ooy lid 15, VY- adlge 992
A2 Gulaio p2 0L
. . . g - !
P Ve adlgo 3929 by Suigo )l (mosd gulis «(F) Jgur 2 } ‘ ‘
IGHS | PSOPCI6] | DFT[6] | GA[6] 0.005 tc()fr?é) 0015 0.02
-0 v Favyxy . AT BT /) Uas . s t.e . s e
» OU 00 ) (oS JL»S.».w 9 (U"'" L) ‘56‘5 JL&W :(B) J&w
TR
Y440 YA,AVAN - Yopany | T cdb cB sy wei yeam yo (y bs)
oA 03} .

)9 hod 4 LS 5 e (oo el gatan (WIS 3 (sl e3game
0B 2 oz ojl e ;0 5 050 (8 Dgeite e S 355
e Py 0 4S5 Jlo 00 e ogaze 5000 B e )
gz iS58 sl 3 B B ol po GBS cnl yo ead
P2 ST aS) IS5 (a9 Sl 498 fros 4 53l 9 958 (o0
50,00 glas o 5B g aels Wy 3l ead 00 et JUSw oS

| |
| |
_20 0.005 0.01 0.015 0.02

t(ms) .]a.@ﬁ5w| 03 OO)U,MGL@‘ JL&».M LSLQ)lSleO uLo&Lu.C
ouul 00 u.».o."u JL&H»,(U.».? L) 6&3'5 JL&W (9)JS.& O yg—o UT 5 “\_wl.n 00— 03} U"""’”)"Ia’ 14,4 e Y. uwlf)s

slael Gillae PSOPC jig, 0 a5 |,2) ail ausls PSOPC i,

VAAYR) o ilS )8 5w s 6l 55 s asals [F] x> e
sae VY al, sllas aulxe b aS” > o (el 00y 08 (e
o & 0 u.v‘)QUa.‘><\.a.wL’>m 05.’2'.3 13 AJ]‘SQ&MAJ '/.’,"\Y
Y. uJyQ?BbOMOQ)Mj‘SxB‘QJmF%)QW‘

3 3 suhaio 02 (6oL 0 U zae JSG g0 ol il oo sols lis 35 e
2 0.005 0.01 0.015 0.02 e

t (ms)
0ad 00 cposd JUKw g (o b5) (2819 JUSow (V) S SU 9 RS (oo i P ¥  adlge uilS8
3 (o N 9 (o> >89 5 L S ;‘D\Y a | )m\' as) UJSJB
P21V adlgo yeas 40 (5 bs) Ol g S e 1zl IGHS Soige,)ld e v, 68l Koo

5 32 VLAAFE i 4y las g oad 00) s il )3 2>

[
o
c
=
>
X
o
=4
=
Q
3,
QD
S
>
n
%]
o
o,
2
o
=1
o
=4
m
@
o
=3
o
D
Q
=]
o
m
@
o
=
o
3.
(9]
]
m
>
Q
>
@
0]
=
]
|
<
=X
©
v
b
o
N
h
-
=X
R
=
=

DIAY lins 3 5 — 39 ko~ otd Jlo— ool S s Gt uotigoag s OO

[y
N


https://jiaeee.com/article-1-168-en.html

[ Downloaded from jiaeee.com on 2026-01-31 ]

Fod ils 8 50 g ls g oolawl 8,90 JUKew (P) 90

¥
ool cwts s | A oo mls | anels Sege,la 45 e
Ve Voeeo ) )
;PAY Y .Y Y
0 L+ FaA 0 ¥
.,.\"ﬁ\ R £ . f )
-,- ¥ e ¥ Y
Y -,0eq9 o A

0dig | ywo DC aldgo 09249 i1 ey -F-¥f

t
JiS s AR T S5 &, oaigds e DC il o, o 5
.Y adlge ol Gley coll el oals d8loI Y Joam j0 00l B yese
oy ewlond B8l n Vg ) 0 plp A lade g adl
4o J[A] e 50 oo &l slael 5 o] Cavay slat wsjs >

ol 00 od)ji N Jso.\}

Y \ - A
¥V - SYTY 1,00 ¥ FBF8]
YAVEY -OYY0 SITYYE IGHS

G S Azl -0

2L Soise)le aige (et Gl gnz sl Allie al o
Py b Lt ys Sl ol aglie )0 00,5 (Byme )08 s
049 e 5 (olSS sl wi sl o (e 9290 sla
30 olgpminn g, oo Lo pusen b ool las golgiiy
S97y n Elgl Sezg aloxr 5l Alide Lalyh o lo Seige)lo (e
e o8 D (o 0¥igd e DC adlga 592 5 (il )3 Sl
Obes s Lo Sigejlo ) (e ;0 a>g)las By, 4 b o3l (L
el Fge 5 b Sige)la

ool wl Gl ye BBl gy 5l b Sige e dials ez gl
S SSE (s b g G i 90 4 Al Jee (pl b s
)9Sl Lagi 45 390 uilS 3 g 51 Ged ) g (ot o
aelo (53,5 oy Jold oo (ot i g 285 D90 (il e
RPRT

Lol aslw HS )68l w0l soloing (JolSS o931
5ot 99 L o S35 oIl Gl 48l g S5 5] esli
A 0old 3gugs oyl 0, Shee PSO g,

I\

IYAY linno 3 565 — 30 ostacd—utd o~ sl Sig 0 3 55t i

owlS 8 Ol il 1wy o -Y-F
Fr ool Guls 3 L JUS Tl fF] g o illae s ol o
D FAEY YO XY Y D XY ag e clo Sige e glls 5 5,0
s Gl 5 el oa a8 L5 s sl g3 Ve 0 osdlay FF S
30 4503 VYA (615 15 aiges &5 b g Cowl ool ools sy 35,0 09,0
ol 3 ola sl Uy s sl 00 4285 gl JiKns 5 S o
Lo aals g ilS )8 Jlaie IGHS o )68l (6,05 |5 & g s digal
a5 3,0 0U0YY Luils 3 [F] g e 10 sl o0 00) (e
S oolial Ly acil e FAVD XY+ T las e 5 Cel 00 00
5 Sl 00 003 pesd 3,0 0,00 Ve uilS )8 golpainn w6
el i coBs 5l Sl a8 sl e £AFFXY T s las
s polie B Jauz 55 il pdlS 5 Bl ppn o solgiig
el 00l &l 00 00 (puesd polae g alals

Sy90 F Jeaz ;0 oads oale plas cade b JUE s pgo 2> o
o 52 50 Jolae LuilS 3 el 45 il 428 F 15 eoli]
Sile (g8 g5 Su g 009 e AP0 ()Mo diged (WS il
iyl lagy diels uesd gl .l ouls adlal JUSow 4y )8
ey g el 0o &3l # Jgas 0 IGHS i, 5 [#] x> 1o
w5551 L sl 00 083 e 35,0 #0010 il S8 [#]
o=l g el 00l 00y ez 3, £ K0P WlS L8 solpaian
98 o Lol ) CandoSol byl (g5l diged (S8 (92 Sl
aiged S Bl 99 5l e (LS B I piiie SoSge L)
3oyls sgzg SIS i it Sdge,la yuesd 10 (sl (5,00 5
Goleimiay b9, &S ) (o0 5 A sk (I 79 0 sl Jguz slael
PSOPCL cous [uils )8 G, sl Lal i j0 by diols pess (0

RGO oSt R L S BTN SO PR AP SVOX SR

B0 uilS 15 53 gl g ooliiwl 390 JUSw () Jsoo
¥

o] sy gl [Fl g po ol | asls Sige,ld 45 e
Ve oF Voo oY \ \
Y A Y Y
Y e 0 ¥
Y ey f )
e .- YaA R v
YT YT Y Yr
Y Cf f o
7Y e oY ¥V
. -¥aa Y\ D ¥
+,2 VA ERARA ¥ 04
., Ay Y o £
Y AR R P

o
N
-
&
h=]
o3
©
e
f\'!
]
P4
%
o
>
f
(2]
4]
©
1)
£
D
c
i}
1)
Q
c
S
=1
(8]
@
i}
e]
c
©
©
Q
=
|5}
@
i}
—
S)
c
il
kS
(8]
o}
1)
[%]
<
c
Ko
c
<
=
=
5]
<
c
£
=}
<)
kvl



https://jiaeee.com/article-1-168-en.html

[ Downloaded from jiaeee.com on 2026-01-31 ]

W s 9939 3 &=y
[1] X. Zhu, “Exact harmonics and inter-harmonics

! Harmony memory size calculation using adaptive window width,”
2 Harmony Memory Considering Rate |EEE Trans. Power Delivery, Vol. 22, No. 4,
® Pitch Adjusting Rate October 2007.

21 A. S. Yilmaz, A. Alkan, and M. H. Asyali,
“Applications of parametric spectral estimation
methods on detection of power system
harmonics,”Electric Power Systems Research
78 (2008), pp. 683—-693.

[3] M. Sedlacek, and J. Blaska, “Low uncertainty
power-line frequency estimation for distorted
and noisy harmonic signalsiVeasurement 35
(2004), pp. 97-107.

[4] M. Joorabian, S. S. Mortazavi, and A. A.
Khayyami, “Harmonic estimation in a power
system using a novel hybrid Least Squares-
Adaline algorithm,” Electric Power Systems
Research 79 (2009), pp. 107-116.

51 J. Z. Yang, C. S. Yu, and C. W. Liu, “A new
method for power signal harmonic analysis,”
IEEE Trans. Power Delivery, Vol. 20, No. 2,
April 2005.

6] Z. Lu, T. Y. Ji, W. H. Tang, and Q. H. Wu,
“Optimal harmonic estimation using a particle
swarm optimizer,” IEEE Trans. Power
Delivery, Vol. 23, No. 2, April 2008.

[7] M. Bettayeb and U. Qidwai, “A Hybrid Least
Squares-GA-Based Algorithm for Harmonic
Estimation,” IEEE Trans. Power Delivery,
Vol. 18, No. 2, April 2003.

[8] S. Mishra, “A Hybrid Least Square-Fuzzy
Bacterial Foraging Strategy for Harmonic
Estimation,” I|EEE Trans. Evolutionary
Computation, Vol. 9, No. 1, February 2005.

[9] S. H. Hosseini and K. MohammadiDesign
and Implementation of a Kalman Filter-Based
Time-Varying Harmonics Analyzer,Journal
of Iranian Association of Electrical and
Electronics Engineers (IAEEE) - Vol.3- No.2-
Fall and Winter 2006, pp. 35-42.

[10] K. S. Lee, Z. W. Geem, “A new structural
optimization method based on the harmony
search algorithm,"Computers and Sructures
82 (2004), pp. 781-798.

[11] M. G. H. Omran, M. Mahdavi, “Global-best
harmony search,”Applied Mathematics and
Computation 198 (2008), pp. 643—656.

[
o
c
=
>
X
o
=4
=
Q
3,
QD
S
>
n
%]
o
o,
2
o
=1
o
=4
m
@
o
=3
o
D
Q
=]
o
m
@
o
=
o
3.
(9]
]
m
>
Q
>
@
0]
=
]
|
<
=X
©
v
b
o
N
h
-
=X
R
=
=

YA (s 3 55 - 90 ostad o8 Jlo— ool Seig iUl 5 3 puiigoarpis OV

4!


https://jiaeee.com/article-1-168-en.html
http://www.tcpdf.org

