[ Downloaded from jeps.dezful.iau.ir on 2026-06-27 ]

[ DOR: 20.1001.1.23222468.1401.11.3.6.2 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 3- Autumn 2022

VEY 50l —pam ojled —p205l Jlo =30 30 (g Clids paadt - ods dxe

byl o dinb OO Syl ggid ot 57 o0 | (505 ot oS! (6 5Ly
SHLB PI oS | oS 3l (6 puS 0yt b s ;LS oSl

r‘_;}w}m).ﬁ.w Cywiodumw ‘Y*""_;).?L’é] mf.as‘).g‘ s\afo)lf Luu).:

parisa_kolahkaj@iauahvaz.ac.ir <) ;! jlsal ¢ oDl ol3T olXisls ¢lonl axlg o5y (cwdige 09,5 cs | sl 15 =)
aghajari@iauahvaz.ac.ir .l ! ;lsal « oMl ol;T olKiils jlgal sxlg 5 owdige 09,5 ¢ Loliwl -V
M.MO0SaVIi@srbiau.ac.ir. | ;! ;lsal « oMl ol;T olKiils ¢jlgal sxlg 5 cwdige 03,5 ¢ boliwl -¥

VE VALY o pdy )b

VE VPN sl

gy (5530l 9 (Al Dol Ol g A7 b awlod )5 Iy (93L5 Conodl s (sl g3l 5l ool 09 pol oSy

aladls oyl yo Ly S 9 010 (90L § Cadl DC ST g pulisd DC iy 50 1010 (oo Gl Jomo (J 35S o 5951 ¢ 35 595
P1) sll)i:.;l b ouiss oS 1 L g pudass jeliio 4y 09290 (s JHg) 50 .Cld wBlgS i JS 0 Slos g ol 3G
WS oo I T 8 S hos (65 byl ph pundi U g o0 iy pi ol W jguar Jgomo jglar 0uisS J S ()l cal b g g o0 o0l
0SS oS 0 )Slos dgub sl (531 Pl oussS J yiiS 3l oolaiw! .l aiado BB 531 0 ,50g, L ‘sg'Lb)lJ."»Lw NP1 AR
s 35 3958] (955 (g 9 DC G Ly llwg als (ylyi yiSlas (gboy ayoRl ud Gizxe Cos puw il 38
Fogl (S i 59810 Slos Sty e 50 (3B Pl ouidS J 5isS  (Fomo iz 5 LSl S dllio (3] 55 .00,5 o0 S L g9
Al 5Ll g adwld g ooy &0 ylado b ol Gl,.o.u Pl w09y 3 P w4l Y Lo a4 DC SCUJjg a5 5920 A ! ouls &l
Sydodiazz jyb 4 3 B o (p] Hlwgi 9 Cuwl iy JEWle Cll> 4 5 @9y 4l ¥ 5 Al 9usiST (lg8 g 4l V/D W &

Pl oaiis J 5«53 00iss J yii S Wil 99 piannn o6 bt 15 0lS (g0 3lg

38,0 oles o gly wloads JaSCiadicnl lizes J S ailgs
S Sl Joe Sl aSed 4 &y 5 JB Oy 4 Saldggs ok
£55 ol 10 olos S Allae o Craod dy aisS| so ooliial 08
oolainl b lgs S Tas 1 suiul o jle glaizgs ol bapiugw
Db s pll (MPPT) g iSTas adais obo, slopi oSl 5
Gl @ (Sollggd ot 0wk, sl ol (g5lweoly
LgL{brW' . 6')-.‘ 03 dj‘)l Lgl.a:)tl:}l.w i Ab)lb ;i~....,/" s L“W"“‘“"‘“"“ «
Gk I MPPT o 6301 ol Ll jo a8 ol aids g0 Sl gqu
S eads oles s aslsl jo g ends (g5lwosly DC/DC Joe S
555 Slaal sezg (nl b 0gb oo o5 4l @ pysnl S &b
Gl a8 ols planl Glgsoe 55 Syenl Sl eslanad b Les )

AN

dodio—)

S5 plo 4y Cond Suldg928 miline 3l oolainl 5 slo Lo 5o

alio 31 938l59, oolaul ol asils (g iy aby pdiasass sle
b el onds s S (S 6558 g S Gl 4 Sl ggis
S slaghsy g b )sbo angs 5 3ludinte S35 2 658w 35 103
e e Bl L nl poedle 05 Ojse baptens
9y 2 Swldye ple 56 @iy Gl phen 0 Solidgeid
Gl 31 55 o S (5% 4y ol 0k iy 55 g L (sloaS
a ) lasil (pl o plgh ot cél colys jo 55l b ol Sllegs
S s 4 Jate Saldggis slapiaes [V ]asl asls Jlis
@ e 45 8508 Seig Sl Jowe oy Sealidssid Jobo golass


mailto:parisa_kolahkaj@iauahvaz.ac.ir
mailto:aghajari@iauahvaz.ac.ir
https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.3.6.2
https://jeps.dezful.iau.ir/article-1-434-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-27 ]

[ DOR: 20.1001.1.23222468.1401.11.3.6.2 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 3- Autumn 2022

Solar

A o s S ey g pyler Ceend (0 g el oals 81 (golpiiy
ROWH PV P FESC S W

oot (G St — Y

Jolt ol i ) St o5 & e Sl i
S b )8l PV )] S, 5 b b s L S
Obz GlSige o Biz (sl sl oo e 6 an a4y 550
roglion (3l bl 2SSl 5 gl G385 S5 5B
ISy aSlll 4 eate Sl 998 pn ,L Lo sl 00l oolazul

el 03wl (V)

T = — | Point of Common
| = S 1 Lt - Coupling
| I, -_——— N
solation | thisa=dM vl Ve N\ —
\§ Cac L v, v = AL Vb N\ AMA—{
Q L] = A ey povdd
” s Y R gm B - R¢ C
| | Interfacing 3 ~ ,\ —
| | Inductors Ripple filter
Array - — J
— ___ ___ Voltage Source Converter
r e — | —-—
| > .
| b I —>| Linear/
i Nonlinear
A s
hse | > Loads
Three Phase Grid

V] Sy Joate Solilygid s 5L 2()) U5

A e Y

Pl ouisS J S 5l osliceal b oanss J 58 IS Jlsls (V) JSs 5o
MPPT 2,631 Jolis a8 0 ,635) .l 0als ools lid Jgone
gl p (e MPPT (o oS0l el 55901 Sizedgm o 5050l 5
e slainig, a0 ooliziul g e 5Ly adgi sl oanlice
ooy opl do il ool ool HLas () Ko 0 cdsline 4 ;‘;5_&31 »
S 5503l 50 o (e (g (2alS b Gl gl ojlal &
5 O 5l o 09bioe 978 Al bz g 55 (5 pSelail b as s o
Sy Dyt G5 Caie Djg0 50 00 5 (o0 drlre (g8 Dl
abais 4 45 (Sloj b il oo daldl (5 S e jo Sk Ol
abai 5l G 550 5 ol 8l @ azgi b ol 5l ey e ol ST
2 kd e al) 5 ahi slly als L eans 7S ol ST
Obwg Olg 251> aladi S 93 50 (319 alall 93 (g WIS )5 oo
Geb ol gz e 55 Gloa MPPT 0uiS J 208 (o255 035 0
995550 o5 gz y0 DC 5Ly 5l oads (6,505l DC 5ldg (V) S

IV]sgi oo 00ls Jgons Pl osisS J ;S 4 3,5 Jol>

5y @ Joo (JjuadS ps 951 Y-

Joie (V) Jlsg 5y als JS sl (1) JS5 L e
slb 5 oud anglie (Vin) ol g yo oo SG L ooty (50503l
Dl Lol b ol ogi e 00ls Pl sassS JyuS G 4 odwl cawoay
b vae S (Vi) 5lds asals az e Jlade 1) e ol jo oo
el o1 Sboy 4 0B Pl suisS S 5 004

I\Yd

VEY 50l —paa o)led —p205l Jlo =3 0 30 (g Clids paadst - ods ddxe

S5 L Lo ) ool g so 4iF aib S5 gla il o LSl
Lol o oges 457 0 00 4kl 53 g5 4 S Sy b slacy e 4kl
039 L (3 5 08 0900 i) s slaglell slaw ralS
sblpe 3925 b el (6551 Sl 2alSy pinns a3o o Sz
8L (S oS (nl J5S aib SO LSl (gl et Gl
ilwosly Frenl Ko Gyl 5l Wb (JyuS Slaal gales 15 0l
e e Jlad ks S5 plgie 4y Salgend 5 el sleslatul b as 5gl
S MPPT lacSuSs [V]ogi oo (J S pitann Sz (il
oy, [¥-0lailons aslio cds 5 ol Kot o p ( Sauzmn L
3550 (o 5 2l (slod )5 ) il Codsiie e, I MPPT
@l 0ad GlIMPPT (gla i) 5l (gl ol a8)5° )18 L5 )
o A s el oad oLb aib g Sllssi clbgianes
, DCIDC oo i 595 2 silwosly cobld Loy Lagy o5l
Slp s ol Lty OpmaYade Somal (ogas o Y]l
odd Lo diels S5 590 (e Spliggtd s o Slos Sgngy
Og¥sde (6,554 a5 canl ools lid Gud pl bl Lol
oRalS 4 yomie a5 sl )liS Lo Sl eslinul  (cwginw b sl
Sloptans $lp S5 G5l S [Vlagso prae Slils
Ols e gl el e 45 Caul ond @) Slilgers
Syt 9 9551 Ol S0z (sl Gl Cupoe dgue 4 0B
s (§35 32 009 Ol el Soldgeid slaptcs (lg CodsS
5 Fosml o ol aSl @ Jate S5 wlie Sllggd o
Coglsl gy ol 5o sl 0ol g3lwosly DC/IDC Joe (goloss
Sy el (g5 Sk Sgne e 9 g (ileaiatin (IS
2 b3 e bl Al GlaSise la Bia & )b Sl e coaS
s eSS w95l 093 s bl (PCC) it L alaii
sly 53 DCIDC sloJowe 5 oas silwosly jiysnl Gk )
s 0 hey pl el oals solaiwl MPPT 0,61 (g5lwool,y
St 1y w0z (JHS g, Ko [Pl lo 1) ails 9o (slaig,
Slbail b jloslinnl b 5l v oSl 4y e aldels S5 S lgs
e MPPT 2y 5501 (LLAD) oz S 3llas 3Ds oo
0aiiS 7S 5l g,y ol 5 el 0o a5l (P&O) sasline g gl 5
bbb ol odd o £od90 rmed g Cewl 00l oolaul Pl
IvIaat acsls b Gad Olass & ooSmuly 13 ogame
o )] 556 Pl oS J 8y e L lo o, allie ol 5o
GRIP Sl (o3 Syga Ploaiss J 108 culpo feen L a5 2ol
ouds Slgidey 3o (T ogdle 20,5 oo s (255l Sy
Sllugs fals g ples ST (obs) Had Bie Sae p al8l sl
ol b cpl g dalol yo Alas LSle 00,8 o 29,5 s g 5L
ool ol a0l 4y Jate Slgsid s (695,80 p9d Cond o
oS J5S 5 (Jyere PloaisS J S 02,05 g Ceond o el


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.3.6.2
https://jeps.dezful.iau.ir/article-1-434-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-27 ]

[ DOR: 20.1001.1.23222468.1401.11.3.6.2 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 3- Autumn 2022

VEY 50l —pam ojled —p205l Jlo =30 30 (g Clids paadt - ods dxe

P&O MPPT

Iy = Algorithm l

Extraction of phase ‘a’ wy, components
W,
P Wl Dew e n)ug (1 +abs(ep(n)
LU Lt P
Tpa =w:||-u|-a[n}
i:""""“ Extraction of phase b “w,,” components
||ll._ ipn =Wip-Upp(n)
w
i3l Extraction of phase ¢ “w,” components
e ipe =Wiplipe(n)
Extraction of phase *a’” w,, components
Woa(mH =W pa(m)Hp(eg(m)uy ()i 1+abs(e,.(n)))
Wiy ]
i, . ow
u : Iga =w"l'u‘]3[n}
s ": Extraction of phase b “w,,"” components
W - ign =Wq-ugp(n)
Woq o] .
i »| Extraction of phase ¢ “w,.” components
L = iqc =“"n|-uqr(n)

i _
.pa' -+
o+ ] i
'Ilb‘ -+ Currrent »| Generation —» To
igh + i ™ Error |—»| of Gating _.-\"SC
i w b | Extractionf—s{ Pulses =77
pe o
+ isc‘ Vaab  Vsbe
+ Lie Lsp isa *
- Y,
" - Unit
Upy templ:'ues and
o - Amplitude of
pb terminal
Upe voltage

R

Uga Ugp Uge

[V] Jgoe Pl sas J S sl (Y) Uit

_—
[
NS

E3r=

B
)

——

an)a! ) 5 yo o (V(n))jldy olulis

(P(N)as!] olgs dmilne

I

» 7

X
il Ll \‘

1 L

| _P(n)-P(n-1)>0 l
Ny 2 3

S
V(n)-V(n-1)>0

DR
e
B o -

St

i

]

Y(n)-v(n-1)<0 >
\//

alf 5Ly Gl ’ wl)f 5Ly sty ‘ ‘ Gyl july el ‘ al,f 5y gl I

P(n)=P(n-1)
V(n)=V(n-1)

/ ‘\\
L 53 [ORX 51N =

[v] P&O ,, M-MPPT losasg, () Jsis

5Lg uoly sradlgo 3,9l o —¥-¥

5y axels Gulul 2 9P slaysome ;5 5L 9>y slaadlse l 2!
dlons V] a o 51 (V) bl b s a6 (sl g aSCos

w o =Pa o Vb b Upe

Pa_vt' Pb_vt’qa_ \/g \/g

" =\/§upa+upb—upc

ab 2 243 ™
" :_\/§um+up,,—upc

qc 2 2\/§

oY

Aol jLdg adols o)g]—)g -Y-v
aials 00,8 oo gl pinl Sl 51 sla 5Ly 5,k 5l asiis 5l aals
D o drmsline el oo 3l [V] g e 5l a5 (V) bl gubo il

2[2
U = §(V52a + Vszb + Vszc) o)


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.3.6.2
https://jeps.dezful.iau.ir/article-1-434-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-27 ]

[ DOR: 20.1001.1.23222468.1401.11.3.6.2 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 3- Autumn 2022

Gl

g 09 0 Uas =0 MPPT o oSl oo i V™ jlade 4 e yun
Wy logi eonl 2 ogdle 098 o ploxil (i yo 4 DC 5l las
58 PV sl (2s% 9231, 5 9551 05 Olusi crse DC S
Sl 3Y cpl b ol ol jed a5 1) wieoew )lg5 CulS CdlaS 590 o
Sl 59 sk ol 4y il Vo 5y peliss e 5 5
S Pl oass 5 Sy 5l e Jgane Ploasss 25 sl 0 (g
ISy a8 golpaing ousS S s lu (ell .l ool oolazl
Ki g Kp s Pl cosss 8 ol sl oads ools olas (F)
Gt g e jlade bl 25 31 s by (el &5
Pl ouisS J5u8 a8 05 g0 s by () 09000 dlns Las
SFES 9 Py gwly 9 4l Bkl pics 6,5 Ll bolgen
699, daz §iwe g Loz .ail atils il ol Ol s 4 Cos
9 Bs3g,9 Cagae &y (B) JS& 50 aidlior B pnn sla
elsh el 00 o0l (Lt golgitiny (63 0aiiS ]S gla g,
2lie bl 2 g 003 (il el 2 (V) Jgazr 50 (318 0uisS” J 8
Sy s 3 Ko ()1 53 g Uas Dl is 5 Lo adiy-aieS
iy g aineS (g, 5 Fhee g5 51 3 0aiS 1S ol oaal
0aiiS ;S (gaw A e loged (F) UK o izl ool b
@) aayl,y b 35 Uas lode .l ool ools lis golpinn o358

3,8 oo dlone

E= UBC — Upc )

i ]

FUZZY

ouT

ol oS S S5k ol D) S

VEY 50l —paa o)led —p205l Jlo =3 0 30 (g Clids paadst - ods ddxe

b ol 925515 9 ST slaadlgo 59 -F-Y
laygme 1356 8 (gl 4ol @z po (2 e (250 (a5l o
odlgils 5l as” 09 o oolaiwl oy 8 llae B! JHlas g,
s o Sl (Gl ysite (ra gl g 009 (Shal slo ks
S sl oad 00) pesd lade jeSde g, ;0 0gd e oolaiul
Al o3l congy N giloj aly (sly 00 003 (yas Jlaie Wia(n) alal,
addgo atals Jlade .ol 28 gloj aly ;o ez sl €pa g Ol yss
abuly @l P ysme j3 9 NFL Sloj aly jo Wpa) @ 56 L > Lol
g N1 Sloj aly ;o Waa) @ 5 b ,o Lol ddlge aals Jlade 9 (V)

Wloass 3! [V] g 1 5]

€pa (m) x upa(n)

1+ |e(n)| )
epa(n) = i1g(n) — upa(n) X wpa (M)

Wpa(n + 1) = wpa(n) + uy

€qa (n) x uqa(n)

1+ |e(n)| %)
eqa(m) = i1g(M) — uga(n) X wga(n)

Wgq(n + 1) = wge(n) + pix

‘Sél .o “ ° .‘sJ .‘.g J“ _a_‘ﬂ
&= o sloae b QT o (5 S ol Jlade DC S 5lily pudas (gl
Al 4 4z g b ogd o dulio Wl oo ety MPPT 5l as’ (Vc™)
Oy Sl obo, 0,6l bwg g oog paie VbC® lade
Gy il L DC S 5Ly ety w09 0 Laseine (MPPT)
& MPPT s Gime Caejus oS Canl Jl> 0 (] .2l ol jon
@ Ve laie azsliz cplply o)ls (S Vbc* obs, cepu

N z ] N z [
- ¥ 1
input variable “de” input variable "e”
(@) (&
-3 M H P M H
1 1
-output ;ariabte o 5 output variable *P*

29,5 () P (29,5 (@) de 5399 () € (539)5( AN (536 Cugie &l 1(B) JS&


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.3.6.2
https://jeps.dezful.iau.ir/article-1-434-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-27 ]

[ DOR: 20.1001.1.23222468.1401.11.3.6.2 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 3- Autumn 2022

Sjbwaads gl -)-F

ol ol ol o aS cwl cad 2,8 gilednd o mli Gub
OB oo 4l Y ley o aslsl o cal Voo e WIM? as 5
s Syl (giomie g g Voo WIM? s g aiily als
o ool las (V) UK o Ve g Ve e sla il a1 PV
S Sy slrsped s sl b oot 1 PV sy plgs ol
a8 0ads ools Las (1) 5 (A) o IS jo FUzzZy Pl g Jgesxs Pl
9y ol Sas ke 90 58 gl 4 el akie bl el
A 4 (5 5165l Gloj Do y0 g e by oy L FUZZY P
ool g Voo il Sals (gl &S (958 4 el o, Baile
2Pl gy 6l PV gadss lg jlade a5 el (asein (1) IS5
Fuzzy Pl s, sl p a5 b 30 oo, JBwle lade 4y adli & Lo
el 52 o9dle sl odoasy E e e 4 4l P10 les ;0 PV g
ool sl FUzzy Pl g,y 5l i PV lss lugd P gy (sl
ol Vbe™ oo, jo FUZZY PL g, YU cepus 1 o506 g9050
6l Ve e U5 cpl 5o el oads s0ls ol (Vo) US o oS
bl 1 el 0 00ls (LS a ye o o] o &y S 3, 99 50
S 4 Ve lade FUZZY Pl g, 40 a5 04 oo oanlie S5 oyl
5,8kos 45 el 00 gy e b s o Pl g, 5l i pos il ¥
IS5 50 S oo Lty Jgema PL oy, b auslia ;o o)1 5o lens
o 8l 4 3y asels 55 (V) JS 55 5 o5 5351 55 (1))
550 sl USs Golal el sad ols plis JpuS e, 9o
aS 09l oo wrge FUZZY Pl g 5l colaul a5 040 co osnlie
Sy ke jladie 4Pl g, 51 Sy a5l VD g5 5 515 p0lia

el 438l 1l (¢ pSair )0t o uile (nl Glogs g
AL Glr el Ol 9 0k bz @St Glyx OF) S8 5o
b ol 45 cal aseiie U5 ol bl s sl 003 ols o)l
S SLls” 4 ok o Seigesle Dada
gl Jlaie 5 (Segeyle b cuiia 55 (V0) 5 OF) slo
Sl A 6 ey oS8 ol 5k obyx (THD) JS (Ssela
oy Yol i )b ob,e THD a5 el jaseie .l oo ools
&S Sl odd do o ¥ osgas aSll l> THD o5 Jb o el

Sl 0 aiS S cwlie 0 Sles (godumolis
el )b g3 Sl la
6000
5000 Wim?
< 4000
E,_’ SoRkWIN?
% 3000 [
[\
2000 |
1000
od ‘ ‘ ‘ ‘ ‘ ‘ YN
0 50 100 150 200 250 300 350 400 450
Voltage (V)

ol PV g 515 olg5 oo «(Y) JSC

AR

VEY 50l —pam ojled —p205l Jlo =30 30 (g Clids paadt - ods dxe

olgiing (63 0uisS J S (ydlgd (V) Jgo

Rule E De P |
1 N P M M
2 N Ze S S
3 N N H S
4 Ze N M S
5 Ze Ze M M
6 Ze P S H
7 P N S H
8 P Ze S M
9 P P S H

de i -1 e

olping (631 0aiS S (gam aw mhaw Hloges 1(F) Ui

Silwans —F
i 300555 6 i 455 2y e 4 S5 Ky
Sl bl il cou eolpiing paaw 0 Sles sl oal (gLl
s (Soliod Julow jglate sl 8,5 S8 )0 )90 puite

S 5ty «(Prv) PV olgs Judos Jelis (g 5lwans s (olgaing
ol (Vo) &Sl 5y assls «(Ps) oS 9551 g «(Vbe) DC
ol Ll cow (sve) phenl oby> (D) Jb by dls) e
ool 2l KC200GT g5 51 PV ssle ol o ail,| puiie

Ll 0l ole HLas (V) Jgaz 50 ool (g 5lwdncds piiace

00l (6 lwdds e (sl 2l )b (V) Jgo

a>ly e Salyly
)....J AYN lsc
ds YA Voo
ol oS o, Pov
4l 9,8 v Ts
Sls o S 50 Coc
s ke Y0 Ly
AN YA Vsab
A Y¥ Ve
o2l b =3
SRR Ve Cr
o2l o R
S ke A L



https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.3.6.2
https://jeps.dezful.iau.ir/article-1-434-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-27 ]

[ DOR: 20.1001.1.23222468.1401.11.3.6.2 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 3- Autumn 2022

218.6 T T T T T
Ordinal PI
Fuzzy-PI
218.58 1
218.56 1
:>: 218.54 g
>
218.52
218.5 4
218.48 : : : : : : :
25 3 3.5 4 4.5 5 5.5 6
Time (sec)
Fuzzy Pl g Pl ig, (gl p aSs 5kdg asals :(VY) S
20 T T T T T T T T T
85 0
20 \ \ | \ \ \ | \ \
45 4505 451 4515 4.52 4525 453 4.535 454 4.545 455
5 T T T T T T T T T
=<0
5 , . n , . . T , ,
45 4505 451 4515 452 4525 453 4535 454 4545 455

45 4505 451 4515 452 4525 453 4535 454 4545 455
Time (s)
A B Gl el gl 9 b ol @Sed pbyr (S
Signal
FFT window: 5 of 300 cycles of selected signal
4 T T T T T T T T 3
o 2[ ]
©
=
% 0
c
2
» oL ]
-4 | L | L L | L L L E
07 071 072 073 074 075 0.76 0.77 0.78 0.79
Time (s)
FFT analysis
Fundamental (50Hz) = 4.575 , THD= 30.73%
20 b
3
g 15F 1
=
©
©
c
=}
w
5 101 1
N
(o))
©
=
5k ]
. L " . L " . L " .
0 100 200 300 400 500 600 700 800 900 1000

Frequency (Hz)

A6 sl b o, THD luie :(VF) U

VP sl s ol s Jlo -3 08 g AR oS - pale e

5203.6

5203.4

5203.2

5203

5202.8

52026

Ppv (W)

5202.4

52022

5202

5201.8

52016 . . L . . .
02 0.4 06 0.8 1 12 1.4 16 18

Time (sec)

Pl gy gl Vv W/m? Sl Sals gl PV gadgs olgs :(A) S
Fuzzy PI

3690

Ordinal PI
Fuzzy-PI

3685

3680

3675

Ppv (W)

3670

3665

3660

3655
25 3 35 4 4.5 5 5.5 6

Time (sec)
o Pl sy g, 4y V- - W/m? ol a6l PV gadss ol () Ui
Fuzzy PI

350 T T T T
Ordinal PI

Fuzzy-PI
348 |= = +Vdc Reference b

334 L L L L L
0 1 2 3 4 5 6

Time (sec)

Fuzzy Pl 5 Pl i, 1y o) gz e lade o ya 4y VG 5l :() +) JSC

2900 T T T T T T T

2880 -

2860 4

2840

Ps (W)

2820 1

2800 - 1

2780 1

2760 L L L L L L L
25 3 35 4 45 5 55 6

Time (sec)

Fuzzy Pl g Pl g, (gl p aSiads 68T g :(VY) JSCs



https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.3.6.2
https://jeps.dezful.iau.ir/article-1-434-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-27 ]

[ DOR: 20.1001.1.23222468.1401.11.3.6.2 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 3- Autumn 2022

VEY 50l —pam ojled —p205l Jlo =30 30 (g Clids paadt - ods dxe

signal

! dmlio Jolas -Y-F

FFT window: 5 of 300 cycles of selected signal
T T T

Geb il dylie gl 0b ools 7,5 LS e 40 (5 shilen

s = 4“ AS w‘ le“ PI L)’“ﬁ) }| )*QJ w‘f AJ 6° )‘ :."" L}“ﬁ) 5 5.01 5.02 5.03 52)4 5.05 5.06 52)7 5.08 5.09
ol oo 00ls Lz (F) Jgoz 50 (o5 dunlio gl 5 3uBs Julog e —
Jsaz 50 5 alie slolisle b golprinn IS 00,635 anglas ol 1

Fundamental (50Hz) = 14.84 , THD= 2.70%
T T T T

g
T
I

Mag (% of Fundamental)

T | I J
| Lol anaunlny PO P |

100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

°

A 5B 6lp aSls b y> THD jlade :(V0) JSSi

Soere Pl oaiss J S by golpiion Fuzzy Pl J ;iS00 5631 oS dslin (V) 9o

WV9) 0 Sl o 9y 3 e oy
ol b Pl S ylwes FuzzyPl & S ylwes
P L) (asb)PI (sB)Fuzzy PI O¥9) 20 Oy YPI 09y 50 Olwe

Ppv N AN ol pey

Vvdc o Yy sb;

Ps)ass 55T )lgs N Yo ol

it

VJbee 5 315 o ¥ ol

alie glo ol b goloiin J S o6 anglas «(F) Jgox

. s
oyled | g2y &S Py i Lize ol
sy

Y 4L >zl sl oUlgs

ok ] ol ks L3 5l ool oI | T‘:Ju Ptt‘@;l‘:; sl 005 J iS5l eolil
s 08l il Slie -

\ [7] sl iy D e | b | T Ol 2 Cadgaonn & e S

Olg cu po ol wleel co Ll z

ouplive 0dl GSFC“L‘

alg

CedS Sgue ol Sl gl el olals g bagledl slaws 58l

v (8] Ol Al (2l (S 5 e ysN! ail 90 . - )
o 5y a5 Sl ol b

N S b sls Sao Gy el ol s Sab 5 b Lol slass iyl
v [9] o P N € aae) 5*-*5 = - Pl I )‘& ‘_ng)L.; )l ‘S‘Jb 6[_@&09;.)& 9 Ly) o
o8 L b ez e b . ol 3l 8t

Sge Ol SRS aile (e S8 pas 5 Dt @ g 2550k
¥ [10] Olg Sl (2lio, et ysS g (o553 aib g0 Conlad pae &5 Cond Cosl

el e sl el )y

olals g bagledl slaws 58l

ol 5l 2t

Sloas> - 5 FLO CauiS o S oae,ld B> aw a4 | LIS soc
N [11] Bl (g sT) 1 e omas &S b 2.5 Sgee 9%, Sl e sl 2L o

22l (Lol )5 e e ol 3

" . . e Gl g e (255 el
5 290l 2 (e ol )8l S 5 s Al e s
A e . . e Sllog (Rals (lgs Sl oo,
4 olpiinn S5 el 0SS g oamline aad S
Ssetr 5 Ols 5 55 sle )l

3 L
Oly CodS

#9


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.3.6.2
https://jeps.dezful.iau.ir/article-1-434-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-27 ]

[ DOR: 20.1001.1.23222468.1401.11.3.6.2 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 3- Autumn 2022

(3]

(4]

(5]

[6]

[7]

(8]

(9]

[10]

[11]

R. B. Bollipo, S. Mikkili, and P. K. Bonthagorla,
"Critical review on PV MPPT techniques:
classical, intelligent and optimisation,” IET
Renewable Power Generation, vol. 14, no. 9, pp.
1433-1452, 2020.

I. Yadav, S. K. Maurya, and G. K. Gupta, "A
literature review on industrially accepted MPPT
techniques for solar PV system," International
Journal of Electrical & Computer Engineering
(2088-8708), vol. 10, no. 2, 2020.

A. Moghassemi, S. Ebrahimi, and J. Olamaei,
"Maximum power point tracking methods used
in photovoltaic systems: A review,” Signal
processing and renewable energy, vol. 4, no. 3,
pp. 19-39, 2020.

A. Ouai, L. Mokrani, M. Machmoum, and A.
Houari, "Control and energy management of a
large scale grid-connected PV system for power
quality improvement,” Solar Energy, vol. 171,
pp. 893-906, 2018.

P. Shah, I. Hussain, and B. Singh, "Real-time
implementation of optimal operation of single-
stage grid interfaced PV system under weak grid
conditions,” IET Generation, Transmission &
Distribution, vol. 12, no. 7, pp. 1631-1643, 2018,
doi: 10.1049/iet-gtd.2017.0623.

B. Seghir, A. Chandra, and R. Miloud, "A new
control strategy for power quality improvement
using MPPT from hybrid PV-wind connected to
the grid," in 2018 IEEE Canadian Conference on
Electrical & Computer Engineering (CCECE),
2018: IEEE, pp. 1-6 .

P. K. Ray, S. R. Das, and A. Mohanty, "Fuzzy-
controller-designed-PV-based custom power
device for power quality enhancement,” IEEE
Transactions on Energy Conversion, vol. 34, no.
1, pp_h\/\f&_\‘\\‘.

O. P. Pahari and B. Subudhi, "Integral sliding
mode-improved adaptive MPPT control scheme
for suppressing grid current harmonics for PV
system," IET Renewable Power Generation, vol.
12, no. 16, pp. 1904-1914, 2018.

N. Kumar, B. Singh, and B. K. Panigrahi,
"Framework of gradient descent least squares
regression-based NN structure for power quality
improvement in PV-integrated low-voltage weak
grid system,” IEEE Transactions on Industrial
Electronics, vol. 66, no. 12, pp. 9724-9733.Y+ 14 |

4093
S 1y 0 il i luass SO Lug p
Sy S G (pwdige (lid)S gade
5 (\WWAQ) ;iigh asly oDl ol olKisls
ozl 5l yud = 5 5 gt 0yl sl IS
Gy VEo o Lo 5o lsal axly ol olj]

Y

VEY 50l —paa o)led —p205l Jlo =3 0 30 (g Clids paadst - ods ddxe

S S5 A =0

@izl 5l el b ol (L8 iz o a5 (6 shiles
c2 e fyghl dugn (FHalS st Sulyeld slapiun Lol
laghy) )3 b wals> (295 Gl g 5y 0 Sgesle sl
oS J 18 el 5 Salsgd sl sl S9z5e S
o sl Jgeme yob 4y 0aiiS S opl ol o 04 oo solizul Pl
0 8kes (5,15 Ll h s b g o (b ptss I (pol5 S alals
Gl 00t J S 45 ool 0 s E5550 Cypatd S o0 2l ]
Sl & 285aml 5 9gaze Colll izen 5 Baile gl
Gy 3| e ol s MMSEe onl @) (sl I sl b s
59y 90 9 0olaiul Pl oo J S o Slas oo sl 5518 J S
bl R Ploass 38 JLSl g (oolss ol sleiiig 25
Ot sl alaod & 590 4 (518 00 J ST 85k 5l g petns IS LGS
()5 hulpd pled jo eaiiS JyuS a5 wl o )5 cnl g w0 S
oS 7Sl po wsoleiiin g, 4o Bl ALBIS (ol gy 3 Shee
Gt g oz e ulul 2 g a3 2 & y90 453 it Lawgi P
¥V oe 4 DC sy a5 ol cos o9, 0l 00,5 aslone Uas
5Ly aals g oud @ yo e b ply (Jgens Pl (55, 5 S oo 4l
Fer 4B Y 55 aS0h 55T g g S 48l VD Do 4y 4SS
Stz Gyb 4 g i (pl Glugi g dwp Bl Sl
(Ml (o125 5 ¢80 &5 a0 o0 (LS s b by ralS
Gime s Gal33l DO S 51y J 508 s Gl g
Geizon 5 DC Sl 35 plugs ials MPPT 2,531 pas
Syede ysbaie & el 0al PV 5500l (29,5 (lgs plug GielS
P (o 990 3B ol 00,5 oo Slerin (3 0aiiS 0 Sles
e 638 Gl (6 iludinte Sy o0 S ) Az 3 g 090 00l 13
oS J S 4l 4 a2 5 b puizmen D daleS 2l il Jpax o
bl kg 3l (lsd jo a5 placualad pas plp 0 V-ggs 550
S5 50 a5 00 T o slpiion 1) ccal polie Wl oo D525y ol

53,5 oslil Y-gg (536 oaisS S 5l ST

&l

[1] A. Ashouri-Zadeh, M. Toulabi, A. S.
Dobakhshari, S. Taghipour-Broujeni, and A. M.
Ranjbar, "A novel technique to extract the
maximum power of photovoltaic array in partial
shading conditions,”" International Journal of
Electrical Power & Energy Systems ,vol. 101, pp.
500-512, 2018.

[2] T.-F. Wu, C.-H. Chang, L.-C. Lin, and C.-L. Kuo,
"Power loss comparison of single-and two-stage
grid-connected photovoltaic systems,” |EEE
Transactions on Energy Conversion, vol. 26, no.
2, pp. 707-715, 2011.


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.3.6.2
https://jeps.dezful.iau.ir/article-1-434-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-27 ]

[ DOR: 20.1001.1.23222468.1401.11.3.6.2 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 3- Autumn 2022

43

VEY 50l —pam ojled —p205l Jlo =30 30 (g Clids paadt - ods dxe

digo) 5o olisl gueddle 3 cdpgh sl casl odges
9 Gy slaaibls (55l Blaie wialsn J S 0 Slale

) o5 alKiils OMuazs gy BT pudl
U R 3 R e g Ly I
GxS5 9 (WWAY) wiw Ugy oRiils 5l 585 150l
3 oSE e 5| Suig iU (g
claudled il o0ges (5w YA L

Sleslos ares )3 Glaal (ueadle 5 (o2aghy

Slotlobs 535 slopin winbsn JAS oaile ol o
2l J 5o g sl wiedon laals g pgal JLilon (et o>
ol lgal axly oMl ol5l olRisls 5, owdigee 09,5 Loliul

PR Mz (§gmrgodum (o
Br e (LB ghale o ) 3s5
ol )5 dOWYYE) oy oRasls 5l Sidg iSUl
IS Glaptur Gy (owiiges o)
S 5 OTVA) g5 oye sy olEils
Slidon pgle olSails I J -5 (owiige
5 iy lld sl 03,8 (g VYAV Jlo s oles ooy
(s yed 7S b (gilulaz 5 (arseds ae; ) Ll (guieaddle
09,5 Jhobiwl yol> Jlo 5o 5 el )08 lapitass ) die S5
sl sl ol ol 5T oS3l


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.3.6.2
https://jeps.dezful.iau.ir/article-1-434-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-27 ]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 3- Autumn 2022

[ DOR: 20.1001.1.23222468.1401.11.3.6.2 ]

VEY 50l —paa o)led —p205l Jlo =3 0 30 (g Clids paadst - ods ddxe

Optimization of Inverter Control Algorithm of Single-Stage
Photovoltaic System under Low Voltage Grid Conditions
Using Fuzzy PI1 Controller

Parisa Kolah kaj!, Ebrahim Aghajari®*, Seyed Mohsen Seyed Mousavi?

1-Department of Electrical Engineering Ahvaz Branch, Islamic Azad University, Ahvaz, Iran,
Parisa-kolahkaj@iauahvaz.ac.ir
*2-Department of Electrical Engineering, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran,
aghajari@iauahvaz.ac.ir
3-Department of Electrical Engineering, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran,
m.moosavi@srbiau.ac.ir

Abstract: Nowadays, the use of renewable energy has become very important. Considering the changes in
radiation intensity and the continuous switching of the inverter, the control algorithm of the inverter plays an
important role. In the DC part, adjusting the voltage of the DC link is very important, and stabilizing the voltage
at this point will have a significant impact on the performance of the entire system. In the existing methods in
order to regulate the voltage, a proportional integral controller (P1) is used and the coefficients of this controller
are usually fixed and its performance decreases when the working conditions change, so using structures with
an approach Fuzzy is noticeable. The use of the fuzzy PI controller improves the performance of the controller,
increases the speed of realizing the maximum power tracking algorithm, reduce the fluctuations of the DC link
voltage and the output power of the photovoltaic system inverter. In this article, a new structure based on the
fuzzy PI controller is presented in order to improve the performance of the inverter control algorithm, so that
the DC link voltage becomes equal to the reference value for 2 seconds faster than the normal Pl method and
the grid voltage range for 1/5 seconds faster. And the active power of the grid will reach a steady state 2
seconds faster and the fluctuation of these variables will be significantly reduced.
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