[ DOR: 20.1001,4, 2322401 328&rtREch Etectrical power L DAMEHGaARAds Ry SR dezful fauir on 2025-04-12]

W e -dslejled —piie Jlo =G 55 rg8 Slisdod caass - sele dlxe

S a5 510 90 3 (530 3ol g UPFC ddun v aiiy U
Q-ﬂk“d.-b)é G,)‘ a> 42> 6)&9% p.u)gﬁ‘ )‘ oo lasw! lg O yad
Ay . AE T \ .
shirinzabanamir@gmail.com .|l < Jgs5o « codbool ol3T oSl ¢ Jg93 azly ¢ owiiige g (o8 005l ¢ b )| ol 5 (s gomtilo—)
barati216@gmail.com .| ,1 « Jg5s « oMol ol3T olEiils ¢ J5850 axrlg ¢ wiign g (b 005l ¢(§p (crdiges 09,5 ,boliwl-Y
moh.nasir220@gmail.com .| !« Jss350 « oMol ol3T o8l ¢ Jg830 azrlg ¢ omdigo § (8 00SLES (3 owikideo 09,5 -V
VWAMOIVY o mdy )b VWAA YT 0 8l o &b

Olopen JyiuS g pubiid ;3 cote S 45 el FACTS wlgal alos 31 (UPFC) (15 iy az by suiaS J yiS 100uss
20 P e At B [t eg 3l a5 (o0 Ll adgi 4y 38 9 oS 15 AL et (522995l S9uke «9aiST) 9 9T (lgS
@l 42 IS w595 51 5k (rdgl sl Ao ol 5o Cawl 510595 2 Slaz gl LB Canodl I aSl 8 Shos d9u Ll
obwly 9 009 G 51 axd )5 oLl WCA (i 5651 .l 00 oolisiw! UPFC aiey oL o0 ek & (WCA) caands o
ol adlon (Hly Gl 50 Lo Com 4 LT Gy g Lyed 9 LAY, JuSid Sz 5 ol 45,2 Wig) 9 ol wlualivn
S3lwdoe 1y 0,10 (G pwlpw At 4 oy 50 (§3L) Cet pw Grimod g (e sLadae 31 518 50 (@YU Sl o 9Kl
Gl (il Cd guw Ay 3B (yazmod Ak Bud alsi L OPF-UPFC aliuw g oulls ooliiwl ylgi 31,5 Joe 31 UPFC
2lo g pa b dlize Gus plgi 5l Jol> gl (puigred (ol o o adud Wiy g adud ST O )guas s (§ 29095k g S
S 195l 5l (B b dmlin o G 30 O 4542 1080l sy 9 a5 calols gl ol ool dulio 22150
IEEE @i V¥ ool (5930 9 ouls aiogy MATLAB (503810 5 o 10 (555 gumolS doli o a0 g0 (Lis 1) 500 woouogd

RCI W 6)'Lmo.>|.3.;
Al LAl (el 5 g adg i WCA oy s8Il iy by clgi iy az s ouias J a8 1 giudS Oilads

osannans (6 39 3 5

Lis b agae Sl ) golatdl 5 LS gl @ 5L tdoddo —)
Sl colilazel glgl hlie ;o i Conl 55 5 Glebl o LB

295 Lis o FACTS Glgol cuas g drwgs «lalllas
JS oLl g Ll UPFC ales 5IFACTS wigal a5 Ll |
e ol 1y JUES a5 e 5o G ol 1 5o cslo ol
Sy o e gl ol e 3 Olgal ol sl eolanl sl

Ol Cou goamin JuS Oljgss i3S e wx b oo
5 b (FACTS) AC jipillas! Jol slapioss (535155
JFS sl s m sk ol |, FACTS Slings o JooSs
SLy90,5 G b e el (SB35 lg5 J5S (Ol es
s Slilogi s 5 L3S 5l I3l Ly elass (slge

LS ian 5 8 slagul Sy Sl Gl Lol blas
2l ko JUEl gk Sl 5 i (8 it Gl 5 Al
 etltacs (IS Ml 3 g 5 S i (ol altens 53
5 2ty o polants do iy uliss 5 o b o555 oIS blod
Oy St w0digd (bl Sl Sundg oS Sl (ol (a
opJo)omdl.aﬂcﬁwagdm@ls@c@gbjgﬁ%g

ol 1 JUEsl ol )0 95351, 5 951 Glg e 02 G
0 S bshas (b Sl aygly ST 5Ly anels (b gl
Ll 95k @558 5 AU Ol sees e 5 Ol a2 )0 S
2 OlF e slatudgize 4 4z b (b 5l adle 4ol
Job8 oslital cs)laily 5 (5l ooee udguze g3 5l (AL bglas
bogsgame (nl 4 azg b Cans os alugy vpp gboased


mailto:barati216@gmail.com
https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.1.5.6
https://jeps.dezful.iau.ir/article-1-204-fa.html

[ DOR: 20.1001,4, 2322401 328&rtREch Etectrical power L DAMEHGaARAds Ry SR dezful fauir on 2025-04-12]

Gl ez ol ol & cwl e ) So ol LSS
O )8 o Cotel il 6l UPFC il oo 5 azge
Sogp sSSs 5l lige JAY] g pe yo [IV] el oas eolial
4 ol slayell pelas 5 UPFC angy oS (28L sl (lowlons
s S oYl Cov Opad g ool ioliEl elais
S5 e, 08l g ng)'Lé shite cuS 5 5 [IY] o ailesged solinul
] 00 oolazwl 6)‘9A FACTS ulsél c)‘dal ‘_’.....u ) ‘5>l4l> 6‘)’
0095 5 R S rer Sl (9 0,681 5l solinul
e )08 giana 5 b idy dlas o sl o] 5l a5 el ole
GilwdieS (S g danip (gilwaieS g FACTS Glgol 4
5 woladl slaanie (gilwaeS lasl pals oSl ol olals
[VF] el s oolinnl Jame o

oS 5l JSaste (oS5 e yeSl o V0] g pe 50 omiznen
o)l et 5 blr sl 4B el sl g UGS oS
IR L_g,m RPN PSS Gi,.AL..;a Lg)L.\.iL; Dot )B.ia'.;.a L UPFC
A ol 0dd L e,y 09 e gl (el ooy (gilwaig
a2 oo slii |y BA-TFF 4 GSA-BAT <ABC-GSA (sla s,
p55 eIl USase oS5 oyl Sl 5 [VF] azpe o
L) UPFC o)‘..\s‘ u.a_.\.ﬂ.l 9 6:[)[} 6‘)4 QSJ-AJ) f""")ﬂi” 9 ul;w
Sl oolatal Joleial Loyl g0 guSTy Jb ion alivs Jo olaie
aps o lid |y Alfais Bas wiley jo i o, Sles goloiin (b,
C 8 S5 Sle sy S 3 ol b b gl aenlis
oo (LS Ty gy cnl 65 )8 plaosl g OB

5 UPFC ojlail (e 5 olblr gz 5l odsl Gl el ol o
5 4t olab deygilyy Cose anie Sue mly gleanS
ayp 58,5 50 9 (oS 5 9 63l O)g0 @) e s 3L
solitul (WCA) s jo Ol a3 > (u,68l 51 UPFC o
PR C P E- COvER A C SR FFCOW K- IRCTRN | R RO W2
s 010 (g puilpes At 2 3 30 §0L) L rizeed
O lailiwl as VF aSls 55, 2 9 MATLAB 133l 5 0 WCA
aslic azle plo @l b alols mls 5 ouss gjluesly IEEE
Sl 00508

P UPFC 4l 3,5 Joe o5 col &le allie pailojles aolsl ;o
g i3 9 UPFC j5.05 L OPF alis (g Jge 8 (o9 in
sl ilwosky pylez (i3 p0 WCA 2,680l Jloz (o) 2

R S 58 (6 S Azl g edd (i 5o Ll Julos g s5le

UPFC 4lg5 @sy5 Joo =Y

oSy S5 g s5lae 9 6 S e 90 lawg (g5 oo |, UPFC
55 Jae (V) UK sllae SasST,

* Fuzzy Logic

W e -dslejled —piie Jlo =G 55 og8 Slisdod caass - sele dlxe

SG lacl bl il 50 aly 10 0l digs Jb ise dlae
Sl T Sl G 99800 Laeio 0nisd ble s sl Jore
g.éd_bégl_?)lmoi)“oéu&_.wlL_gsod_.i:&%)lg&é%g_ii
20,5 0 Al

6[.&‘).:5) )‘ UPFC OJJ}) 9 FACTS u‘jé‘ A ‘5>l4l> 0054} e
Ll 00 c\._e)f 0 342 Q;U; é.gL'.A 5 sal,.zn Lg)L.:c\..:.QA

o olael b oasal s i gpiadby 5l V] ez e po
odls oolatwl LS)"}"“LS)‘“‘ FACTS Gloonss JiuS aige L,>4lal.'>
SV e e a2 31 ) lelns Sz hyy o) e
o3l ewsd 5 Sl > 'NSGA-II 5 'CMAES oy 65l oo
3 ey ol (Jg el 00505 colitul 4 s (o jlwaiwS sl s UPFC
&y il 5o S pee &) S0 Gl by 4 S by Slesle (e
2 UPFC (g5l 50l Joo 5l Slisls (Sauzmg (205 sl
ST s olKen g Ll ol oads ooliiul (g luams Slaal
9 @looed ATy (o) 2 (e (o5 5 gloend STy o 65!
ol an b Jisl aSes 0 UPFC bl e Lol JelSs s,
&.}“'“5‘9 M)si” J.>o‘) WL.S ~>5—.~03. > 05319 .A}loé}o.; oalazw! XV
SFsolein o)l 5l Jol> b (B 99 ol S5 b (land
el w25 IF] o ol e 53 PSO 5 GA oy,
5551, 9 581 Iy Wg S anie siledineS Cuz oSS
cplp 058 ol 0uls oolitwl UPFC s asje 4 baygl )35
s PSO GA sla s, 5l e 1) Soo 2l oS5 Sl )55l
@ S ) e ause Jla> IPSO (g, 5 05 o0 areS IA
oolawl lJ p—ﬂ)-? Copde g Ao )Li e T RS (oo Aol IGA L)“'B)
Stz ol oyl S gz oSl lanh, Sl )
ohgy w3 e olis @S [Fe0] cel oas bl UPFC Ll
~oye Jlas 53 ornlin Jooly CukS g ubls 255 o
ity bl 3 [V] 58 )ls )08 s (s a5 s l0
Saa L (PSO) w3 pl>osl (g, LFACTS &lgsl ,le g UPFC
Sgutp yoliie & g FACTS Wilgol (g3laslel, 5 cuai an o (o 5lwdieS
WL.A o)‘..\.:| J‘-‘-’-’ 9 Ls.\l.)ulSA o 4.._9; r:L?u‘ W 6).>AJ)L:
25 Ll SOl eslatul g i s pdudllasl gl FACTS wilgol
34 ol e (GA) Sy v ,o5 Lolal s (GUI) T S8l 5
2995 SIS oS5 eyl 5l el aibpdy plowl [A] e
wnge oMl g oo (el Cox GBS x5 (Soras
Oy el oad oolaiuwl (Seelns (g Ml Sguge slaie 4 UPFC
S by, A Comd 1) e (Seslins g)lul oleinn (55
L UPFC age bl [V+] ,o [3] casl ools 5440 GS 3 ABC

iyl cnl oals plonl D08 e jo Olleg ol Bow

! Covariance Matrix Adapted Evolution Strategy
2 Nondominated Sorting Genetic Algorithm
® Graphical User Interface


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.1.5.6
https://jeps.dezful.iau.ir/article-1-204-fa.html

[ DOR: 20.1001,4, 2322401 328&rtREch Etectrical power L DAMEHGaARAds Ry SR dezful fauir on 2025-04-12]

Q;s =V\V,b,rcos(6, -0, +y) 0%

ool (i &jge 4 (s Jowe Ol B2y Joe 398 Ly, wlel
il e (F) JS5 0 o

busi busj
V X, 4

Pig + jQis Pis+7Q js
DIWVT G Je s G35 Jote (T U

Gy (hnd> ylg3 puel «Bam 9o jslaie 4 (g3lge a5l UPFC o
olals Jj 99— )l__ig UPFC J_>L> olals u.AAL—) 9 (Pseries)
a3 8 s o UPFC Jsl oles 7Y sgas 0 Jawe 90 Suzmugm

VoY L =l (slae 5Ly goe (B Olg ol Gl 2 09h 0
:[\V] @)L..c 4 ol G Jdae (s> oles
Pshunt -1 Ozpsenes 08

D5 g0 dumolime (V) alal) 3.b (6ym Joo 50 lg5 3,0
/

*

) (V%)

V,
Seurice =V i = re"V, (=

series se'ij X
se

abuly 4 arg bl g Jowe 925515 5 9551 Ol s jluesli jlan
2,5 gl e e ol Yo

Sseries = serles JQSeI’IES (\V)

=rb,V\V,;sin(6, -0, +y) —rb,V;siny OA)

SEFIES se "1
Quries =TV, COS(6, - 6, +7) + rb. V7 cosy + 1V} 0

O ygmo dmy 95 o e(g5lg Jome lasgi 0ol dlalie 55T, (g3
s i 55T, oy e 0 9o 4 18 1538 25 45T
e il 55551, oy 2l Jlo 55 g 55000 sl Jn (53150
Rgsn 2P o

b o 5o Pount 3,5 a8Lal LUPFC (g5 555 Joe cales 5o
oad ool luzs (F) s yo A%QT ailer Jao oyl .Aﬂu’.o Cwds
el WSl 5 Ly, T j0 a5 il e

P, ore =0.02rb, V7 siny —1.02rb, V.V, sin(6), -0;+y) 9

se i sevitj
P, uprc =T ViV, sin(6, — 6, +7) D)
Qi,UPFC - rbsevl COS7/ v)
Q,urrc =TbVV; cos(6, -0, + ) Y)
busi busj
v X 1%

i se j

+1Q i,upfc Pj.u/m +,Q

LVWYTUPFC (s o, Jowe :(F) Ut

Lupfe Joupfe

W e -dslejled —piie Jlo =G 55 rg8 Slisdod caass - sele dlxe

busi I. busj
| =y i e L]
— [ R
[T )
V. ! v,
1

sh i

[YY] UPFC 5ty aie Jos :0)) S
oot a3 SV = Vsp + Vg lua 5 plaze Vi JS ol 5o
dwd)_w )L.Jjé....a)ls 4;9‘)5(pu w).s) o)lml w)j
Y] s
O0<r<r,,—7<y<rx M
ol s J s BB jo,mvse 5Ly 51 g diels aSLl 4 axgi b
D9 ey Oy 4 Bilg5 e 5Ly
_ ir
Vso =1Vie )]
oleyz &5 Jame a ooy aie SO L5y e (oS0 L
w00 oold UL‘"J (Y) Vt&w )Q L)" L ) as (oo y( P

I = —bgeVse D)
1
= — )
bS e Xse
busi : busj
V. h.s'(' =1/X se V.
! Y /

&)
[.i't'
DIV] ooz e 55 e s oY) U

Hlas,le ] g1 Glaguws jo halizs olgs Lulg, (V) S olul
S|s :Vi (_Ise)* ©
SJS =Vj(|se) )

02,08 Sjs 9 Sis 2,5 sy slweslu 3l am
o )0 6 5Ly e 5l (20 9551, 9 95T (8,5 slaglys

5o, le

S, rbseVI sin y — jrb_V,* cos y 2
Sis = Ps + Qs Ay
P, =-rb,V,*siny @
Q. =-rb. V> cosy a9
J o 50 s Sy gie 51 (520 92551, 5 50251 i3 slaglss
Hlaa,le

S =VV,b rsin(@ -0, +7)+ VV,b reos(@ -0, +7) v
S, =P, +iQ, On

P, =VVbrsin(g, -0, +y) ov


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.1.5.6
https://jeps.dezful.iau.ir/article-1-204-fa.html

[ DOR: 20.1001,4, 2322401 328&rtREch Etectrical power L DAMEHGaARAds Ry SR dezful fauir on 2025-04-12]

Cuprc = 0.000352 — 0.2691S + 188.22 (US$/KVA)  (¥+)
e alizee glie ;0 UPFC 550 10 (6,138 a0l jus oo 5l

Alo B 0,90 S dlide cpl jo ol oads Gl alls Yo L5 O Y

Sl oals a8 8 s 5 (6 A8 ale s

Al ey dgame g 39u8 —0-Y

(b ey Y oleo) (Golud 0gud —V-0-Y

VY] 51 e ke UPFC jgam yg00 5L Gise Vol

(PGi = PDi + E;V:B:l VLV]YU COS(H,:]' + 61 - 5,') Vl,j €
NB

Qci = Qoi + X)E, ViV;Yy;sin(6;; + 6 — 6;) Vi,j €
NB

5o o Lol 5551, g 9251 sl los Ppy g Opi «pll et 1o 0495

aalo V) 5 8 pll oo s 5Lg 51 augly g analo Vi, &y ol (s

v

(AAp)

A e 3y 5B sl
15 05,Le UPFC jpa> L L sy @Yoles
Pgi + Pyprc = Ppi + X} ViV;Y;; cos(8;; + 8; —
8;) Vi,j € NB
Qai + Querc = Qpi + X5 ViV;Y; sin(6;; + 6; —
8;)Vi,j € NB
P Las el ¥ sbols Puprc 5 Quere Lilyy ool 5o o5
@ (@l s el Gbid o)lld) Ty J sbamail (28,5 L
2508 o adlal gy Joles DYolee 4y oo b

(¥Y)

)

(5310 y20 o0 3948 ) (Galuaols 398 - V-0V
8992 g )53l 55 (9,5 92551, 9 9551 Ll oy jlome g

2gdss 89320 nj Syga ol oml 9 YL

PE™ < Py < PO (X0)
Q8™ < Qg < Q™ (¥#)

Jusl b s MVA oo ol 9 slme o JUaSH s 390>
el ) 9o 4

|Si;] < s V)

el ) g ot 8 53 Gy Sl e3gaze g slone Sga>
vt <V < v A

yase lawg a5 JSlgs eogaze FACTS iy, 5 ol iSlas
Pebise By oS 4 FACTS

ISracrs| < SEacTs s

UPFC jaic 598 -Y-0-Y
Sl b 6 B3 5 sl 5 o5l ol UPFC jloxs g
rmin <r< pmax (f+)

ymin < % < ymax (1)
SB30i9 wrey 7Y

2 aS Cul (B335 by, adae iz gilwaige sbabs, 5l (S
ldar ded by, (pl 5o Cuwl 48,5 |18 solaiwl 5,90 alio oyl

W e -dslejled —piie Jlo =G 55 og8 Slisdod caass - sele dlxe

UPFC ,ga> L OPF alivus (guasJgoyd -Y

e oS 5 g olyal gilwangy UPFC jsa> L OPF 5l Gus
2 Gril g oSl Slal daygil 5 Coen anze bl Sus
B R R R R I
ik oo UPFC Coss

Lol 55 S gu o 3 2l -)-Y

P ey Gl Gl e @ Sae 2l Gl oges Sl
oy J5 4z Jilas a5 laiss 4y conl 4l o (g 5 0ol
[VA] Sg g0 o8l L (YY-Y) alafly 6,8 44 &b ] Y

Fy = 31 Ci(Pe) = L% a; + biPg; + ciPg ($/h) H
55 Ci 9 by @i MW oy gli 53155 (29,5 U5 Pai o1 5o &S
il o pll 285 0 axly 4 bogy e ol Sl

Sy uiST g7 il sl Y-

S ol gine iy 45 5 55T ol UL soma (9505 o

el sl 45 4 Lol Sl g0 Ol g (BB g slaaxly wds
L1a] Wl casss ais jo b Jolas a5 w9

n o n
FZ = PLOSS(xru) = ZZVL .Vj.yij.COS((lij + 91
i=17j=1
= 6)
Al Guiliesl e 5l B alys o3lail Vijoopll s 5lds o5lail

(Vo)

oerbe ol agly @y 5 ol i 5y aely 8; (YVpys)
b oo (Ypys) s il
A (5 yb S Lh YT
Cad,b 5l e colaiul Sl (o (6 iyl (g0 s Sl 3l Bua
da, Sppo 4 g el oy JE] Ll jshiie 4 byl I
oy ((TA) 5 (V) 5551, 5 50551 ol Jobos S¥olas o 44 4o

[r-]a0
F; = p(x,u) (%)
Pgi — pPpi = fpi(x,u) v
Qgi — pQp; = foilx,w) YA

Qpi 5 Ppi «pll 58155 951, 5 5281 Gl slajlon Qgi 9 Pai
far(ow) 5 fpi(rw) ol oed b 9351, 5 931 Ol syl
Dbl oo pll s )0 58T, 9 58T L Sy slaslo
UPFC i (5,135 43 o yos 4y 32 —F- Y
gdise Ol 2 JS 4 FACTS wlgol (6134 ke pos ey 50
o Cracrs X 1000 X S
*T 8760 x 5
Slgsl bl S g abge FACTS auje &b Cpacrs o5
Gle 5 UPFC ayje ali a8 wili o MVA (s, FACTS
il (V) dole Sjgo 4 wie) <5 ,8 Sledlbl oKl
Lyyyvy]

($/h) (%)


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.1.5.6
https://jeps.dezful.iau.ir/article-1-204-fa.html

[ DOR: 2010043, 23222468 4398 A0 Elcticatpower L DGMEIREEXIRRY IR el iauir on 2025-04-12]

NS, =r d COStn N

— oun —_— X . d ,

" Zf’i{ cost; ramarers (¥4
n=1,2,..,Ng

Gl b alog; 4y aS sl by )lugz olaws NS, calal) pl jo a8
ORISR e
alog) b Lo 4 bvyluge (ol )l (o8 -T-F

2 Lo 4 ol o e luge g ailsog, des IS cdl> o
Se S w4 lagr o S (e ahB (n ) Wedes
Cdlae G lawgs del oo (bl bghs slael jo ailsog,
230,85 o Jlogl 03 O yg0 4 g Solay ol
Xe(,Cxd), c>1 (f)
Clae 0 Y gV o g )5 Lawgs oo i ya Jlade o C oS

dwle ) aoles 3l ooliiwl b bailsog, 5 bylose> was G

20,5 o
Xsitt'leam = Xsitream +rand X C X (Xléiver - Xsitream) )
i+1 i .
Xsltream - Xsltream + and X C X (Xslea oY)
- Xsltream)
it1 _ vi . .
leiver - leiver +rand X C x (Xslea - leiver) CAY)

Ll K g 500 (s e olad sae S rand as

R

a5 L LS 5l 6ol lp oot GBS 9T
Jolo wu slajlusz g n (al 0 01 @y (2 Sen g (e
Wgd oo oSS 55 OYolae Do 4y dilsog, L Lo NARVER
|Xioa = Xier| <dmax  i=12.,(Nge—1) OV
|Xsltream - Xslea| < dmax )
" olas ‘) Lo 005 (G97cims Bas g 00 4y U3 Amax &
RS

i
dixl =qi — _ max M)
max iteration
ool wal,8 —F-F
@ a8 saar sbylasr olyear ohb leoyhad wuld ol o

S0 4,5 Gl 0 5 Oygar winoe by a4 Lol b ailsog,

stveam = LB + rand x (UB — LB) (o)
stream = Xsea + VU x rand (1. Nyar) @

S oo ol 1y iy pstde U alal) ol y a8

Camb 53 O 45 2 i 5551 o5 @ p5-0-F
Lvy] el ons asds 5 o 4 WCA oy oSl o1 se
Jols WCA gl sl el ) IS

Ngp o(adgl Comoz) Npop

W e -dslejled —piie Jlo =G 55 rg8 Slisdod caass - sele dlxe

Vg so Jas pj dolee O a0 4 Ban S 4 (g k0 Lawgs

Al

Min f(x) = wy f1(x) + wp () + -+ + wifie (%), AR
Tiaw =1

Camb 50 Of 4852 (g5lwainty w8l Izl oy -F
JONPREIPUEIC NI JSPOU SN PSP T IICRR J I
Lol ;0 Caows 4 oS (slagaids 5l laailsog, 9 b log> JSo a0 Ol
b o ollS &5 Ll eazl e 5 ailhog, ol S e o5 >
P aS lKin g 00,5 o By wias 0w ) ol s
39 03 3y 5l ey Lol 250 5 (o0 JuSiS Lol 039,00 Vb jined]
Comoz didd o maib oL JSE 4 1) O 5 ead (Slite hus]
Lye Ojgo ar Ol Dlilad o g Sed o0 0aels o)l a8 eyl
bz O)go a (Bhog AlBog, laie 4 gt Dk Sl golass
IVY] gt o Sl w5 o0 byo s Losdiios b Latilsag, 4y a5

adgl oo Sl | -V-F

‘_)‘)L: 0)14;‘5: [X1X2XN] ()

Db 00 00ls Loy 55 g 4 L Sl a8 s 5le coylad N L

raindrops,
ol @lykd cosex = | raindropss

raindrops, ]

raindrops
| ; P I\ipopJ (F%)
1 1
Xl X2 X3 XNvar
2 2 2 2
X3 X2 X3 " XNyar
| N N N ' N,
pop pop pop . pop
lX1 X X3 XNvarJ

L Saislp ol b pste slows Nyar g oL ks slass Ny oS
oo Cawd 4 ) O g0 s dye b 5l ooliiwl b ylaw o 35
C; = Cost; = f(X1.X5. ... Xk, ),

i =12, .., Nyop

e o gl oy 6 Nop oot o5 Npgp LS55 51
Olse 4 @l lade 1 e b oyhad gl oo Sl )0 g ailsog,
Sl San a5 ola)logz loie 4 looyhad andy g ouds S0

53,5 o Sl i p o @ Tadiiens L ailsog

(fo)

N = Number of Rivers + 1(sea) (t#)
Nraindrops = Npop + Nsr (fY)

Shasd 0,5 oo drnlxs 55 alolas 5l aS ol Gl Dol & at
D90 g0 dpmliee W00 byo 5 Laaillog; 4 oS oo )logx


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.1.5.6
https://jeps.dezful.iau.ir/article-1-204-fa.html

[ DOR: 20.1001,4, 2322401 328&rtREch Etectrical power L DAMEHGaARAds Ry SR dezful fauir on 2025-04-12]

ol 00l aSloyy [EEE ailiV w59, » g5lwads ol
Oz g A F YD Glaged 5o 551550 shls and VF ass
Sy 5 il b s alie ol o bl e JEl s Y
Bl o)l a5 85 oo )18 (o p 3550 Silwdinte iz Soe 1y
(FD) loysil i copn anie Jold adon 5 aige Sl )
Lot =Y 5 oF3) gl 6yl 5 «(F2) aSt 55T gy wlals
5551 Ol DLl g gl ) S g anze Jold ddas wix aie
plas Sl 9 L)gilys Cogw anje (F2F1) oS
(F3F2) g 630l 9 &Sl 581 Gl olab (F3FT)
s (S )l 5 Al 55T Glei DAl 5 Lo jgil 35 g ai
(F2,F3,F1)
1y seileysandl s ghls Jlal boks 9, » wwal <oll8 UPFC
S8 (55,5 5 53 gl s UPFC i e o fSe 5 3,10
IS sl A e 4 alies Cu Sl 5 6l e
Ws qyp gz dlio ol po 008y Syge 39 Soa g
a5 s o ol anse sl sl 0 UPFC Coas solaidl asgs
B o o 5 S pa L age )b (i el Sl g Senlon
B uizred b e ool lid g dewlxe UPFC Cia ai i
23a> g 9 b a b G bt (eme Baa by >
ol 00 J>= WCA g, LUPFC
29 w950l (53955 slayel )y g adgl DLl (V) 5 (V) Jgla 5o
ol ol aBan wiz wlg 230559 culps (V) Jgox
Jolss mls el oael () Jgoz [0 adan G (glwainge b
malo s dija Jols UPFC oy bgy o Slascin g Ban algs polis
sl Sleslome loj 5 ante e g aine Slorkas (15 (5105
&y polie UPFC avg pelas 5 50> b Joozr 4 azgi b ool
Y alod jo Slawlrs oy (ppizmon a5laidl dgupn (g0l ,ail Bun
UPFC j5a> L pgw <l ) s sl 9 a8 Ve Sl 28
JOMPEIRRICRYIS

WCA i,68 adsl sl el by (V) Jgoe

Sl bl
nvars
V0 Npop
f Nsr
dmax
VO max_it

WCA 12,6531 (b sie) (99,9 slo il )by (V) Jooor

Jolee sl 2l Ly o52,55! sl xio
JGl s o,leus Jsl yeiie
r P9 o
Y pom yuilo
PTOV 5155 551 0ly) ool oo
P2(Y 551,35 5351 ol5) oy e
P3(¥,551,35 5351 o) i juite
PA(¥ 51,55 551 o)) PCH LR
PS(8)5155 551 o) PR eiie

oy

W e -dslejled —piie Jlo =G 55 og8 Slisdod caass - sele dlxe

9 poSke) LB 9 UB (o s 0laws) Nygp (b0 5 ail504, slass)
S QLRI LSS S Tas 5 (e it 9dg8 ponie

5 25 oSl ookl b g JBolal &jga |y adsl comax Y 68
S e gl slajlugr JSE @ 5 [R] (Bolas slaal)T L

[Firstpop!]| = [LB] + [R]; x1 X [UB — LB],

=12, Npop

AS b (FO) aobees 3l oolaiwl L1 o,kad (o aiy eV o8

(BA)

led Ol bys fleie a1y (Sl Jlade o e b alye :F o8
6log, baslyo o e 51 (FY) o (FF) oVoleo 3l oolawl b s
Ales Gl Jlagz laae a1y (Bl g c0n S bl

Loy albog) 4 a5 olo)log> slass (Ol b e Sad 4 s 0 68
A dwloes (FA) alolas jloolanul b1 ais, oo by

3 00) SNslas 3ib o5 dloye sl g alose al o F o5
FSas 1) oz glajlug> g a, Lo b g ailsog, 4 (BY)
L g ailag, 5l e S5l b g)lus> ST adl cpl jo aues o
Saled oge ) Jlasz L Lo by aildog, sl gl slml b0
sailsog, g aisy, byo 4 bailsos, (AY) dolee Gillas Y o8
S3lp b glalog, ST adls ol o a0 IS0 1) agas
Adles pee [y Lo b ailsog, sl s alol b yo 5l g
ebdlog, ¢ bjlog> (OF) 5 (OF) Volee 3l colawl b oA o8
IRVECERIOUPS B PRRUE [P TH{VES R VS BNy

JS25 g ol Gk et byd g B Sjge 0 el
ls walg> & (AY) 5 (0F) Yobes 5l oolainl b syas ol jlad

aolee 5l oolawl U 1y dipgy s bypd o9 JE LY o
Aeps als (00)

Sy ©oge o wdled gy 1) piyesl B Lull Y Rl
LYl & opganlnd 9 5 e oo AByie piu oSl iy Laulh
IRV 4

ol (0) Ui ;8 WCA) canb 13 Ol a5 2 02,5501 & lagld

] 00 00l

Sl s Jo gz WOA g8l jlosly —d
UPFC

a8l s slessl) gl colas ddais lgie 4 laaslssg, WCA o
GrSekr by ol Bl ay podle iy Slacadae S
Joe a4 ooy slad>ol, o cwslinl 3ble ,o gxins
(Uzoly i) Lo Coon a4y bailBog; oopl 5 oogdle aiS 0
o 9 LAy, 4 lajlag> S5 2) ) Gl S (o0 05 >
Jzoly (e G 4 CS o 4 e (Lo 4 ailsog, &S >
L UPFC j5a> L OPF dlie J> lonsy, 05d o

ol 00 00l ylas (F) IS ;0 WCA o )65

sl Jalos 9 5 59 golS (55lwotnnds s —#
el & MATLAB Lse (o 03,65 (g3lwooly b ¢ jisu ol jo


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.1.5.6
https://jeps.dezful.iau.ir/article-1-204-fa.html

[ DOR: 2010043, 23222468 4398 A0 Elcticatpower L DGMEIREEXIRRY IR el iauir on 2025-04-12]

QS Ol 1, WCA o 631 adsl (sl yial o

v

S adgs (OA) dolas 5l solawl b1y adgl Comos

v

DS dwlbxe (FO) doles jloslazul b1y o ka8 (o asyja

v

9 LﬂAJL}&s) 9 cb'.)é 9 Lbdil.">$5) L as @LE)L".P Slaws
5 (FV) (F8) o¥oleo 511, Wiy o0 L5, BLEs sy
S dnslms (FA)

v

e 0Y) 9 0+) OYolro )l solawl b Lb)L;?

"'\")J)L.fq L‘.)O 9 Lmﬁl}és) L

v
¢ (x)'—.ﬂs?) < C(x«;uas))
v 4

Ailed Gasead jlogx LT, Lo b ailsog, oS

la
*‘

Wi yee by 4 (OF) dolee 3l oolainl b aailssg,

v
C (xu.m”) < C(xy,)
v

iles ragls Uys ol L 1 ailssg, ol

&

)l

A 4

w00 s il o a5 plaailsog, 5 b jluse
led s (OF) 5 (OF) S¥olao 3l eslizal L

v >
Camsn 5 i Ll

v a

bogaz oLk ohld JSes )b wnlb

Sy aalg> &, (BY) 5 (0F) SYolee 3l oolaiu

<
l
A

A

Sepd Ll (00) doles 3l eolitwl b1y Ay

- v

S oy |y 2 Ko s
N

okl

[\A] Canb o ol a2 oy oSUl Ol gld (0) IS

W =l oot s Jlo -3 53 g Sl paas ol alne

58 g 5l ol )l 5 das el Sledlb
W3S oyl I IEEE as V¥

v

b 551 s el Sty bshs g0 oy
3eolatl b1y beygslyiy wlals g 98Ty olgs oSl
iled dnloe (ygudly (g, Esu b,

v

o)lads Jols Bolas &jga |y (Ol ad) adgl coxox
Sy Gy g g ¥V polie UPFC cias >
DS adgr (BA) aolee 3l oolawl b aSiils slo 651 35

v

o951 55 CSgu ans 38 g UPFC Ceai anje « s )b

v

DS gy 1y LSS

v

O IS8 s canb o OT 352 )68l ol e
DS adg |y s Cases g cols plol

v

el Ay o6 pdy b colali Jols sas sla ol

EVSLITIWERRVRES

alie L3 ladmel, b 1) wor slaool,
S ol |) J?cl) CR e 9 00900

v

Sl BT 1S5

I

o5l 55 gadgi anje UPFC T 5y polie 5 oSG

g UPFC a4l 3o ipimmmw (5 pdu )b caSCols olals
O Pl bzl sl

WCA 12,5501 L OPF-UPFC allews J> sloinis, (%) JSs


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.1.5.6
https://jeps.dezful.iau.ir/article-1-204-fa.html

[ DOR: 2010043, 23222468 4398 A0 Elcticatpower L DGMEIREEXIRRY IR el iauir on 2025-04-12]

W e -dslojleds —piie Jlo =@ 50 (g Slinded caass - sale aloe

e Wiz mle (p30y59 wulpe (1) Jeozr

P30 walpe Sas gl
W1l=./---%x,W2 = ./da4s (F23 F1)ass 451 ol lals g Lo ygsl 55 cdgus ais 30
Wl=./...x, W2 = ./23s (F35 F1) prcs 50300 5 Loyl 5 cogms a0
Wi=-/o,W2="-/o (F35F2) s (s 345k 5 450 9251 ol Slals
Wl=./---¥,W2 =./vaa5, W3 = . /¥ (F25F35F1) s iyl 5 a0 5281 (s lals 5 Loyl 35 g iy 30

|IEEE i V0508 i sl Ao SO (g5luaiyge CJL... (F) Jgux

UPFC s 5l o UPFC s 3l L3 salyly Bas als
Y-YA/--¥ VYAl - ¥ () tayg5l,i5 g 4z
\AYE VYA (MW) 5551 g5 olals
S[AYY NP s (3 -
YeE - (3) UPFC 5 a5 eyl azssa el ’(‘1;‘;)’“ .
VeleA - (MVA) UPFC .5
F= e, Y=/ - UPFC aingy oloslsss
Y-\ - (s — ) UPFC gy ol5e
AIYAY DYV () g5 Slasloeo e
RFEIV-Y 18- 0/A14 () ta)1,55 g a0
15OV - I55Y (MW) 551 olg olils
JYa¥ 1080 s (8 0,
VEV/YVY - (3) UPFC s i elepm aip 45 5351 ol ol
V-F/V08 - (MVA) UPFC .5 F2)
r= Y, Y= /o) - UPFC arg ologlass
Y-f - (oo =) UPFC g 56
XS B/F Y () e ysSN Slasleo e
AR TZAALE Y YAV O () 951555 5 4230
VITE V1A¥ (MW) 551 ol olals
VY- VISAA s (30
VYFIVTA - () UPFC s Sl sizs s 5280
NN ¥ - (MVA) UPFC |5 (F3)
r=-/VWY,y= —YV/VAAD = UPFC arge wloclas
-y - (s ) UPFC aigy olSe
A¥54 AIYSA (S) e8! Sloaslmo o

2 e W5 o3l fages () 5 (A) sladSs 53 weizon 39 cdiges a5l 4,0 UPFC s 50 somlive Sl jolate a
3 FD) ol o 2 UPFC cosd s s I8 Sy oo UPEC i 1 ey 5 8 Locyas 515 sl g (V) JS

el o 11 F3) ol ot @1, F1) ol 2l 4o

Magnitude of Voltage after and befor UPFC Install

13 T Magnitude of Voltage after and befor UPFC Install
—#— without UPFC 13 T T T T T T
—— with UPFC —#— without UPFC
t2r 19l —&— with UPFC
11 /
11p
E -
S o9r £
> 0 k]
S oof
0.8
0.8
0.7
0.7
. c c c c c
0 2 4 6 8 10 12 14 L r r r r I
bus number 0 2 4 6 8 10 12 14

bus number
25 8 aallle 290 i slognd S5 o3l losel WD S0 1 il 550 s slains Sy o5l Jlages (V) IS5

(F2) ot 2> 2> o UPFC s (F1) o 2> 10 UPFC s 5

O¥


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.1.5.6
https://jeps.dezful.iau.ir/article-1-204-fa.html

[ DOR: 2010043, 23222468 4398 A0 Elcticatpower L DGMEIREEXIRRY IR el iauir on 2025-04-12]

VEVY plp UPFC joao b g (50851 5 a5 55T
adas Wz DYl pled jo ai el Slawlre loj g wil oo
o3ladl Joges (YY) 5 (Vo) oSl jo ! asl A 5l xS
F1) alg <> 0 UPFC i 5l am 5 13 lappds 50,

Gl 0o &51)1 (F345F1) 4 F2,

Magnitude of Voltage after and befor UPFC Install
T T T T

. T :
—+— without UPFC
—+— with UPFC
L2
11
g 1
T
&
S
S o9f
08
07
: - : : - :
0 2 4 6 8 10 12 14

bus number
(F34F2) sl > .0 UPFC (e 5l o

Magnitude of Voltage after and befor UPFC Install
13 T T 3

—— without UPFC
—&— with UPFC
12p
11f
=) L
g 1
)
g
S 09
0.8
0.7
: : : : : :
0 2 4 6 8 10 12 14

bus number

(F23F3F1) mlgs > ;0 UPFC a1 oy

655 Jol s WEA 2,55 i el
- by ple RS S Jols @l b s 0l
Sl 00 43|)| (V) 9 (?) JS‘AD 9 W) MLM LS)L“”
L laclsr cepw g <85 50 S5 LU 5l Olis mls gm)
Uz 31 Olgiss 45 lized and WCA 425,55 5 osliceul
isS] L dols Gas ab e wgai odalie (8)
el g 500 azlie gileain lagd, 5l soleinyg

&6 sl boig, nle LWCA I Jol> zbs anglis :(0) Jsor
FL boygil 5 cogo apn San

($) RV @l;' G Slade w.:ﬁ)ﬂl
YeYAl--¥ WCA
YAA- XY HCRO [v]
A VEIYY CRO [¥]
VAYY IPSOIY]
INZRIEVN PSO [¥]
QYYYIY GA [v]
YEVAIY 1A [¥]
\aNild LGA [¥]

W Sl —Jsl o)leds —piiin Jlo =52 50 (ny Slaeiod paass - cole alow

Magnitude of Voltage after and befor UPFC Install

13

—+— without UPFC
—+— with UPFC
121 /

Voltage(pu)

o o
® ©
T

o
3

c : : : : c
0 2 4 6 8 10 12 14
bus number

Az g Jud andllas 8 50 i Lol 5Lg o5lail Jloged ((R) IS
(F3) ot <> ;o UPFC s

Magnitude of Voltage after and befor UPFC Install

—&— without UPFC
—+— with UPFC
12f

Voltage(pu)

c . . . . .
0 2 4 6 8 10 12 14
bus number

5 Jd anlllas 0,90 i sloped 5Ly ojlail Jloges (V) S
(F25F1) plgs 2> ;.0 UPFC a5l o

Magnitude of Voltage after and befor UPFC Install
13 T

—+— without UPFC
—+— with UPFC
121
. / \\&
\/ ~

11f

-
T

Voltage(pu)

o 4
) ©
T T

o
2
T

I e
5 hd aslllas 350 s sl 55 o3ll loged (1)) UK
(F35F1) plgs > ;0 UPFC a5l o

g el 5y o3l Jloges (YY) 5 (VY) o i o
5 (F35F2) mlgs cdl> ;0 UPFC cai a5 Jud Cudgn s
Cawloads &1)) (F25F34F1)

5 s oo olad ) dae s giledge @S () Jgux
L oGas aly plo b leygilss cosm ange oS5 Sl
e jo 4z 1wl sads o5 odg anye UPFC i
i b G gl o L et 5 ol Sl S5
seax 5l ol aS canl adl oli8l ST le wlals JUPFC
“oo Vb Canglie b gl Sl s 5ee oy Colan 5 UPFC
ole ol oS5 cll om0 b iy bl


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.1.5.6
https://jeps.dezful.iau.ir/article-1-204-fa.html

W e -dslojleds —piie Jlo =@ 50 (g Slinded caass - sale aloe

IEEE ais \F o508 gt (610 b wiz (3ludinge gulis :(F) Jooor

UPFC s jl ms UPFC oo jl L3 el Gas &l
VoYL ¥ VAV FIAS) (2) sl g aizj0
“IAVY aE (MW) 551 o5 olals
“IYa$ VAN P s
YV - (R) UPFC 5,55 by win #2772 e
AVIY-¥ - MVA) UPFC s A
/ . ¢ ) o (F2,F1)
r=-/--Y, Y= —Af/YYY - UPFC iy oleles
A - (s = oyus) UPFC a0
AN ST ) piysSI Slosbrs s
VATA0/AY VEE- /234 (;) o 5515 oo iz 32
VYA <IVOA (MW) 551 o5 lils
-[#30 ARE e 5 )k
VEYITE - (3) UPFC s jisesle a0 ool s
R
VAIAD - - MVA UPFC o * 272 =72 7
o o e (S R0
r = ./\\“\c' y:—\v'\/ﬁ - UPFCWUM& (F39F1)
Y-f - (b =) UPFC ange (86
YIVEY A A 8 oSl Slislns (s
YO+ ¥IF10 10+ VEAYY () 951,55 5 4230
< IVS¥ AIVOY (MW) 551 o5 olals
V/EN VAN S 5,
' o o) offs cal bl
DFAAIYYE - (3) UPFC s jisalap anze * 7 =510y )
YVIVEA . MVA) UPFC g 32 Sa%n
: : (VIVIDIETES o (F3,F2)
r=-/\0, y = —\VE/10) - UPFC arg clobass
Y-f - (O =) UPFC a5
VIVEO AR ) 22 el gl
VY£O/FAA VER VA=Y (3) o5t g 4
CJAFF “IYO-Y (MW) 551 o5 olals .
- INES0 - IVOFY s Gy 2P SSs e
VOVY-Y - $ Y e 3S Sl Sl
h UPFC (5 a8k yus 4y 50 . -
FAIVYS - ' MVA) UPFC g i S2e
/ . VA oY (F2,F3,F1)
r=./-543, y = —\A-/.-¥ - UPFC g olonles
v-¥ - (e~ o) UPFC ange o6
VIFR0 Y/ABFA ) p s8I Slslons e

] &z b awlio 0 UPFC s 3l amy g Jo8 calies Bus milgs LWCA 51 Jol> uls anlie (V) Jooo

UPFC s ) ans UPFC s | L3
el s o

D] ez WCA D] ez WCA
WA /FY VeYAl ¥ WYVAA-E VoA -F  lagilg o gw aiszn F1

- IYAY NN VAYA - 155Y S 551 g lals F2

VBV VY-Y V008 VISAA s (532 F3
WYY VB/aY VYA WOPYV-Y  VAVFASY e gl ) g dio

NERE CIAYY Y 84 oS 551 o Slals Fl&kz
Y-SADITE 1YA8/21Y YOYVE/EEE  VFFe /88 Lo gl cbgm aijn

VYA 1990 VY V14- s (6 2 FL&FS

YY) AIVS¥ FVYY AIVOY oS 551 ol lals

\IFEA VSN \EYY VI s (& 20 F2&ps
YYarvivy VYSO/FAAY VIFYYASA  VER VALY laysilis Cogm dign

f/-ave SJAFFY YIYAVE VDY a5t g8l g olib F1&F2 & F3

VYY) - IA¥SD VY4 - IVOSY oS (6 52503

N4

[ DOR: 2010043, 23222468 4398 A0 Elcticatpower L DGMEIREEXIRRY IR el iauir on 2025-04-12]


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.1.5.6
https://jeps.dezful.iau.ir/article-1-204-fa.html

[ DOR: 20.1001,4, 2322401 328&rtREch Etectrical power L DAMEHGaARAds Ry SR dezful fauir on 2025-04-12]

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

technique for optimal location of FACTS
devices considering cost of installation and
system loadability”, ELSEVIER, Electric
Power Systems Research, Vol. 77, 2007, pp.
276-283.

Esmaeil Ghahremani and Innocent Kamwa,
“Optimal Placement of Multiple-Type
FACTS Devices to Maximize Power System
Loadability Using a Generic Graphical User
Interface”, IEEE Transactions on Power
Systems, Vol. 28, No. 2, May 2013, pp. 764
- 778.

B. Vijay Kumar, N.V. Srikanth, “Optimal
location and sizing of Unified Power Flow
Controller (UPFC) to improve dynamic
stability: A hybrid technique”, ELSEVIER,
Electrical Power and Energy Systems, Vol.
64, 2015, pp. 429-438.

N. Magaji, M.W. Mustafa, “Optimal location
and signal selection of UPFC device for
damping oscillation”, ELSEVIER, Electrical
Power and Energy Systems, Vol. 33, 2011,
pp. 1031-1042.

Husam I. Shaheen, Ghamgeen I. Rashed, S.J.
Cheng, “Optimal location and parameter
setting of UPFC for enhancing power system
security based on Differential Evolution
algorithm”, ELSEVIER, Electrical Power
and Energy Systems, Vol. 33, 2011, pp. 94-
105.

H.l. Shaheen , G.I. Rashed , S.J. Cheng,
“Application and comparison of
computational intelligence techniques for
optimal location and parameter setting of
UPFC”, ELSEVIER, Engineering
Applications of Artificial Intelligence, Vol.
23, 2010, pp. 203-216.

[13] A.R. Phadke, Manoj Fozdar, K.R. Niazi,
“A new  multi-objective fuzzy-GA
formulation for optimal placement and sizing
of shunt FACTS controller”’, ELSEVIER,
Electrical Power and Energy Systems, Vol.
40, 2012, pp. 46-53.

[14] Dharmbir Prasad, V. Mukherjee, “A
novel symbiotic organisms search algorithm
for optimal power flow of power system with
FACTS devices”, ELSEVIER, an
International Journal of Engineering Science
and Technology, Vol. 19, No. 1, 2016, pp.
79-89.

[15] B.Vijay Kumar, N.V.Srikanth, A hybrid
approach for optimal location and Capacity
of UPFC to improve the dynamic stability of
the power system, Applied Soft Computing
Journal, 2017, pp. 974-986.

[16] Shilpa S. Shrawane Kapse, Manoj B.
Daigavane & Prema M. Daigavane (2018):
Optimal Localization and Sizing of UPFC to
Solve the Reactive Power Dispatch Problem

W e -dslo)leds —piiie Jlo =@ 50 (g Slinded caass - sale aloe

S azms -V

= 5l e (6510 0 00 (6,000 jglate 4 llie (pl yo

FERV:S

Sga>

Kz g i ST wily 5l UPFC e L &jud slo

0% g b Bas mly giludige Cyz ol eolatul

oolinl Canls o O a3 > (oilwaige o,sS! 5 UPFC

okas
)L“M’

Silwaing lagty, plo b dmlio g @l (ou)p 0b

S orzes )l gzl ple @S 4 S 6wl
oligS oyloj i ol yo Of as > o0,6 slasip 5l oo
w8l 5l ol @l (lgon S5 aslsl o all oo arloee
ogzed gz bl 5l Jol> mls L 1, WCA

wlyp lwaisge o5l (WOA) Sop (s5lwaingy

S5 solwdige 00,5 (DAY S8l v ,5X «(MFOI)

[1]

[2].

[3].

[4].

[5].

[6].

[7]1.

25 duslie .. 3 (GWO) 5,515

&l
. A. Lashkar Ara, A. Kazemi, S. A. Nabavi
Niaki, “Multiobjective Optimal Location of
FACTS Shunt-Series Controllers for Power
System  Operation  Planning”, IEEE
Transactions on Power Delivery, Vol. 27,
No. 2, April 2012, pp. 481-490.
Somasundaram Alamelu, S. Baskar, C.K.
Babulal, S. Jeyadevi, “Optimal siting and
sizing of UPFC using evolutionary
algorithms”, ELSEVIER, Electrical Power
and Energy Systems, Vol. 69, 2015, pp. 222-
231.
Susanta Dutta, Provas Kumar Roy, Debashis
Nandi, “Optimal location of UPFC controller
in transmission network using hybrid
chemical reaction optimization algorithm”,
ELSEVIER, Electrical Power and Energy
Systems, Vol. 64, 2015, pp. 194-211.
Seyed Abbas Taher, Muhammad Karim
Amooshahi, “New approach for optimal
UPFC placement using hybrid immune
algorithm in electric power systems”,
ELSEVIER, Electrical Power and Energy
Systems, Vol. 43, 2012, pp. 899-909.
Jayanti Sarker, S.K. Goswami, “Solution of
multiple UPFC placement problems using
Gravitational Search Algorithm”,
ELSEVIER, Electrical Power and Energy
Systems, Vol. 2014, pp. 531-541.
Seyed Abbas Taher, Muhammad Karim
Amooshahi, “Optimal placement of UPFC in
power systems using immune algorithm”,
ELSEVIER, Simulation Modelling Practice
and Theory, Vol. 19, 2011, pp. 1399-1412.
M. Saravanan, S. Mary Raja Slochanal, P.
Venkatesh, J. Prince Stephen Abraham,
“Application of particle swarm optimization


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.1.5.6
https://jeps.dezful.iau.ir/article-1-204-fa.html

OA

[ DOR: 20.1001,4, 2322401 328&rtREch Etectrical power L DAMEHGaARAds Ry SR dezful fauir on 2025-04-12]

W e -dslojleds —piie Jlo =@ 50 (g Slinded caass - sale aloe

[17].

[18].

[19].

[20].

[21].

[22].

[23].

under Unbalanced Conditions, IETE Journal
of Research.

[17] A. M. Vural, M. Tumay, “Mathematical
modeling and analysis of a unified power
flow controller: A comparison of two
approaches in power flow studies and effects
of UPFC location”, Electrical Power and
Energy Systems, Vol. 29, 2007, pp. 617-629.
[18] T. S. Chung, Y. Z. Li, “A hybrid GA
approach for OPF with consideration of
FACTS devices”, IEEE Power Engineering
Review, Vol. 20, No. 8, 2001, pp. 47-50.
J.A. Dom nguez-Navarro, L. Bernal-Agustin,
A. Diaz, D. Requenac, E.P. Vargas, “Optimal
parameters of FACTS devices in electric
power systems applying evolutionary
strategies” FElectrical Power and Energy
Systems, Vol. 29, 2007, pp. 83-90.

G. M. L. Flavio, D. Galiana, “Phase Shifter
Placement in Large-Scale Systems via Mixed
Integer Linear Programming” IEEE Trans. on
Power Systems, Vol. 18, No. 3, 2003, pp.
1029-1034.

K. Habur, D. Oleary, [Accessed 23.5.2016],
“FACTS - flexiable AC Transmission
Systems, for cost effective and reliable
transmission ~ of  electrical energy”’,
http://www.simenstd.com /Trans  Sys/pdf
[cost Effective Reliab Trans, pdf.

M. Saravanan, S. Mary Raja Slochanal, P.
Venkatesh, J. Prince Stephen Abraham,
“Application of PSO technique for optimal
location of FACTS devices considering cost
of installation and system loadability”, ,
IPEC, The 7" International of Power
Engineering Conference, Vol. 2, 2005, pp.
716-721.

Hadi Eskandar, Ali Sadollah, Ardeshir
Bahreininejad, Mohd Hamdi, 2012 “Water
cycle algorithm—A novel metaheuristic
optimization method for solving constrained
engineering optimization problems™,
Computers and Structures, 110-111, pp 151—
166.


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.1.5.6
https://jeps.dezful.iau.ir/article-1-204-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1398.8.1.5.6 ]

W e -dslejled —pitie Jlo =G 55 Gog8 Slisiod paass - sele dlxe

Optimal Multi-Objective Placement of UPFC for Planning the
Operation of Power Systems Using the Water Cycle
Optimization Algorithm

Amir Shirinzaban®, Hassan Barati®", Mohammad Nasir®

1-MSc student, Department of Electrical Engineering, Dezful Branch, Islamic Azad University,
Dezful, Iran
2-Associate Professor - Department of Electrical Engineering, Dezful Branch, Islamic Azad
University, Dezful, Iran, barati216@gmail.com
3-Department of Electrical Engineering, Dezful Branch, Islamic Azad University, Dezful, Iran

Abstract: Unified Power Flow Controller (UPFC) is one of the FACTS devices which plays a crucial role
in simultaneous regulating active and reactive power, improving system load, reducing congestion and cost
of production. Therefore, determining the optimum location of such equipment in order to improve the
performance of the network is significant. In this paper, WCA algorithm is used to locate the optimal
placement of UPFC. The concepts and ideas underlying this approach are inspired by nature and are based
on observations of water and the process of the water cycle and the formation of rivers and streams and their
flow to the sea in the real world. This algorithm has a high potential for escaping local optimizations as well
as speeding up global optimization. For UPFC modeling, the power injection model has been used and the
OPF-UPFC problem has been solved with various objective functions such as generators fuel cost, network
losses and system loading, both single-objective and multi-objective. Also, the results obtained from
different objective functions are compared with other references. The results acquired show the efficiency
and speed of the water cycle algorithm compared to some other intelligent algorithms. The computer
program has been written in the MATLAB software environment and implemented on the IEEE 14-bus
network.

Keywords: Unified Power Flow Controller (UPFC); Optimal power flow; Water Cyclw Algorithm
(WCA); Generators fuel cost; Network losses; System loadability.
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