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Abstract:

In this paper, the output voltage control of a grid-connected single-phase Z-source inverter (ZSI) fed
by a photovoltaic (PV) array is investigated. Conventional linear control methods, typically designed
based on small-signal linearization around a specific operating point, fail to deliver optimal dynamic
performance due to the inherent nonlinearity of the system and continuous operating point shifts.
Since the PV operating point is subject to wide variations induced by environmental conditions —such
as solar irradiance and ambient temperature—the deployment of a nonlinear control strategy becomes
essential. To this end, a nonlinear equivalent sliding-mode control (ESMC) method with fixed
switching frequency capability is developed. Simulation results obtained in MATLAB/Simulink
demonstrate that the proposed controller maintains system stability while achieving precise output
voltage regulation across a broad range of operating point variations.
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Figure (1): Configuration of the proposed system
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Figure (2): Configuration of the system under study under inverter single-leg short-circuit fault
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Figure (3): Configuration of the system under study feeding the output load

ey oo s aalss ool iales D L (g, oS JLail e St 550elS 0,98 Ko 5 (gmiligsl gt Jare 3
395 o i 55 (V) iy 590 4 oS Ll a5


https://jeps.dezful.iau.ir/article-1-574-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-10-05 ]

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 1- Spring 2026

VE-0 e =gl o)leds ooy Jlo —aradige &508 Glapime )0 (gt Olidiod 4,08

D=— (Y)

Casl 005 00ls lis T, b a8 Simions 51 oS Colis 0,90 5 4o olisS Jlail flog e Ty yuicie (¥) alayl, o

3ol 50 0gge slag - 5Ly JBaile Ll jo o ;0 95250 slacalus (gl (Vb 4l ey 5l (6,510 Lol oo

V., 1-D
c_- = X
V. 1-2D

Sged denls (F) alail, 51 olgsse 1y 55500 63959 55 (F) JSCo 5o sl KVL i b
V=2V, -V, ®

Sged gzl (0) aasly & yg0 a1y 55901 (69,9 59 00 (g oo (F) ala,y jo (V) aka, | Vc GRS L

vV, 1
Moot ®)
V, 1-2D

Jd.f..o 0 500 Gl 00 0010 ul.u.».) ) 4]44‘) o )9.’4;Lo.zb el 00l aculze () :\.Ja.)b dJUaA tS“"""‘M‘ o JM )LJ5 0y
Al D ) e olgS Ll a2 il Jose ol o el obisS Ll 45 > aols

ewiloml 2so Jowo cdls G sl 1 ol -Y

Bl 5 ol 55 il ol 53 5 gl il s Sl SYlee sl bl o s34 o 0aiS JS ST jsliiee
Joe el (5l 90 9 alu g0 Jolds daslllas 090 jlas a5 Lxil 3l aied oo 48,5 Hlas o Gl sla e lgicas acale
Al g e LSl ) @ azg b og walys ez ape a0 s b i Sz Gl IS S s ol G-
Dgige 48,8 S 50 plp il g0 Wy g 00g LG lagjls p oSl Ly dacile LUl gail g el cudyl oy
Loeonlple g salex ply il g0 5l 6h0e Glyr o S ol 13 58 badile 0l 3550 0 (S ol
G S Sl gy 5l wdle SV olee 2l sl gl il oo (ralS Sl Jiie gl piiie Slass o o)l 5 (6,50 00
Sl g 0lisS Jlasl cdl> Jolis ¢ ol cdl> g0 o Joe o Sae ¢y, ol 50wl ool solaiul S30dS 0,90 S o
Cand 50 5 0dd zl il olisS Jlail cl> )0 i Sl S¥olas lail 0g oo oy al8la> & jg0ay )39l Jled
Ale Sloj Camd 0 g ool Cewddy sl Jld cll> 50 > SV olre s Nigid o g D JUETTIPTIN ESe) B
el Sl S¥olas )5 Sy 50 5l ol Lulyy 0 S gez b etale po oS e 0po oD i 2l il L
1] Cewddy 2§ O y304s s

X =DXg +(1-D)X e *)
o Xocive 9 0BsS Jlasl el jo el a¥olae o X obsS Jlasl el ,0 Jows ja> ooy s Doyl jo a8
YU QPPN [t DS INVIPRVEL gy JUEL SUPE N Ep- CUPIR V00 | DOy KV IRCowe v Jve) iy | P JU E O | ESA Y PS
(0<t<DT,), g0 Glw oligS Jlail Sloj o3l 4o cdl> @Y olro Y-)

X, =V o X =1 Oyge 4 cdls glo e Ol b ol oo ools olas (V) JSs 0 edl ol Jolee lae
D dalgz (V) alasly & ygo 4 3l obsS Jlas! loy 4o ,hal 5 50 i cl> SYolre

_ XZ_RLxl
 j=—
X L )
X, =—*
e

A


https://jeps.dezful.iau.ir/article-1-574-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-10-05 ]

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 1- Spring 2026

e Ll 5 b Sl o Joleo (o540 e S g, b oS &y e miligel e S5 590 51y J 58

(DT, <t <T,) y yem) Scazmadgm Jld 1o Jlad Jlos! Sloj o3l yo cdl> oY oleo Y-
X, =V g Xy =11 Oyge 4 cdls glo e Olesl bl oad osls ojlas (F) JSb 0 el opl Jobao e
Dg1 Al (A) alayly &g 4y 3l olisS Jlasl Hleg jo a3 550 pinew Sl OYolas

M

i Sl Y Olao &l piw! ¥-Y
riie ;3 (A) Ly, Geiren D riie ;3 (V) Ly, acgorme Sl 0¥ gl 2les Sl> SYolae gl Sl jolate
00l (6 25 eSilee b EYslee (il Yol ol 4 30,5 mez ;K0S b Slle fnl e 5 00 po 1D Jolas

gy aalys (1) abal, &y 4 piane Sl SYslee a3V 55l ool 5 ond S5 Slles bl b o9 o 3] piesns
Vin _ RLXI _ Vin )
L

= 2)+ p(Fes

q

« _(Xl_ls)+D(|s_2X1) @
2 C C

3 Joe ouids J S (2,b -F
Joee o) Gy azgi Lo S ailyl s Jlisle 6l s 6l 2S5 Lawgs (oB55) de pslie 7S s
azgi )50 Sl o3l Sladle jo (8530 we J3S daue (nl et JlSle rizren 5 &pa8 Sig Sl il slo
&z st ©jgm Voene (53wl 09d oo £908 (o5 mhaw i b (J 58T Gy, (nl (b el a5 18
A g (Seels ol 253 gl 4 piecs gl i o SIS 0933 b Gl oo atdl g d (o0 pa e
G gl Goged fhe (B3 ae 5 0anS S8 (Ab 5l ol Bas (izes ain S | eanS S Bk
clie (G305 b Sl nl 50 098 (oo (B3 s 3l s v (59, 2 Fwb 5 18 5l e el sad iy S
g Jowe B Pl s Conle (25,5 L o Ll o JBale Sl 4 B asS e 2S5 > 053l 55 by
39800 i (V1) alal) &0 4 53 mhaw waiS J3S sadsl (2905 Olpre 4 ale 0L >
S=X, —X, ()
& il Jose 035 55 s (ol (o755 4S) @ 4z 5 Ll Gl 0 Sl S0 X] ie (V) el
D9l (g0 S S Djgo e gz iy Gl oSS D0l jo Xy 9,5 5)ls skt
xI=K|I(xZ—x2)dt o))
ol an a5 el s wleie e |y et gl sl b io alal, ol e LS5 Lele 5l eolizl
1395 (o0 a5 (h3 D90 @ adgl iyl jlam (553 e I el (53 gl (19905 o oS S
S=K,'|'(x’2k—x2)dt—x1 ()
g Gie (Si0alS (el Sl Grizmen 5 (2)5 5y S5 Saa obsS Jlal a3 2 ala, gl Sl jslae 4
JLBOY) alaly &j50 4 obsS Jlail a5 2 0aisS S35 silwosle 9 (22 (nl b oelS (o0 (258 oo plp 5 |y 553
Lol gl el

V=%, — K L(X; —X,)

D= VY
V,, —2X, v

in

3948 el il gie Jos 55 050 alal, Sl OF) abaly E=X5 =X, e Uas o Jao L (OVF) alal, 4o
el s &l,] (F) ala,

vv


https://jeps.dezful.iau.ir/article-1-574-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-10-05 ]

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 1- Spring 2026

VE-0 e =gl o)leds ooy Jlo —aradige &508 Glapime )0 (gt Olidiod 4,08

X,=V, 1-D
V, 1-2D

n

)

ke B g el 00 &l () alayl, o a5 JEile cle 4o Jame e S¥olee idie (y3g03 o8 o b peizeen
a8 8l lis Folu 4y olys oo dails, ol 5l oS Jlal a5 >

(o)
Aied Bl CIb 50 i Sl sla st Jlade Xy g X sl uiie (V) alal, o

Kl IS ol ol F-9
ol 00 gzl 5l () alayl, o a8 o S¥olee 4o el oads &5l (V) ala, 4o a5 olisS Jlail a2 laie ool 1,3 L

:M)lo
X1=K|(X2—X2):fl(X1,X2)
X =l V=X, =LK (X5 = X,),, |, —2X%, (%)
X, = +(— =f,(X,, X
A v v (G e BUACHY
g0 ds (VF) Yol se dcgamma (538, 5 12 o Ly Bob ol o Jo o LS aladia S ols Lis Ol s
XI * *
L oo ol (VO) adasly g conl X =1, = =22 alal) ol 0 a5 sg8 0 g5l (Xig, Xyg) = (X, X5)

in

rsSTs 3l b ey loln oo S Akl S5y (F32) cdlo slo e Sz i i (58
g dm olg s (it il s S S 4505 (58 0908 (sile (b p5 5S4, oleRs (g S
Wb )

X, =f,(X,,%,)
. A\Y)

X, =f,(X;,X,)
L, (V) cV¥olae 4y bgs o 0ais (g3l o Jow olg oo X5 = Hog + 35 g2y = Ko+ 5 050 &S50 opl jo
by JSb 4
(X, %,) =J()~(1’)~(2)T QL))
1y ormsSTs o ple slo aly0 095 oo 00l msST5 o ilo L Masl 5 00gs 2X 2 mjo pus ile o J Wslae ol jo a8
Dged duwlee (V) alaly &0 4 g5 0

of,

a;=—-
OX;

|0perati0n point (I’ J = l’ 2) (QRY!

a,, =0
a, = _KI
_\/in
A = Ay
C(\/m _2X2) )

a. = (Is _ZXI)(\/in + LKI(\/m _ZX;))
# C(\/m _ZXZ)Z

VA


https://jeps.dezful.iau.ir/article-1-574-fa.html

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 1- Spring 2026

[ Downloaded from jeps.dezful.iau.ir on 2026-10-05 ]

e Ll 5 b Sl o Joleo (o540 e S g, b oS &y e miligel e S5 590 51y J 58

O35 S 50 b ged anbre 3 | Gl gz e plyz (00) b, ol (Folo 4 e X; =200V 558 L

0 K,
= ()
333.33 —66.66+0.297K,

olae 3gm &, Jlae 51 eslital b syl o> analxs 5 [SI=J[=0 abal) 5| otens aasiine dlolas 30l L
Cwl azg BB el zlzenl BB (YY) akaly & )50 4 KI oo Gl olul ooguze 9 (YY) dlayly & jg0 d deaseiio

S* +(66.66—0.27K,)S+333.33K, =0 AAD)

0<K, £224.22 (YY)
Table (1): Parameters of the converter under study
axdllao 3,90 Juwo slo el )by Hlade :()) Jour

e o Fably
100v V., 39,9 55
1.5mH L <k
1mF C ol
0.25Q R, whloo b (g Cuoglie
20A 1, Lol 5 )35 >

oy a |y g5l polie adlge olgf oo o omal 9 Jowo sloyal)ly yosd Jilie )0 0SS5 (g5le pylie jslaie o
Sges adlol sass’ J s 4 1, Ksgn(S)
V, —X, —K,L(X, —X
D:Deq+ngn(S): in 2 1 ( 2 2)
\/in _2X2
ool maw Sl gl cesl (VYY) akaly o sl Jlade pln (VF) akal, o ous @oDquS Cowl azgr b

sor Ol sl il sk 4 Bebld &b Ll s g e3ges i (53 e sl SBibl @i o 3L S i

+ Ksgn(S) )

oled oo

1
V(S):ESZ (Y0)
&b e b ail oaS Gix S mhaw aSLl Gl 0l 1) 0e frre Cude i sl byl sads iy x5 gl &b

S5 e e S5

V(S)=SS=-7]9 (¥#)
Dged sl (TV) alauly &j90 4 (g5 oo 1) (358 law 3de 4 bgy o alal

: . R/ x, =V, V, -2

S=K,(x2—x2)+[x2+ T_Xl '"j+ D["‘?ij (Yv)

S w3 6 NGl crizmen g (VF) abal) s oligS Jlasl a5 > laie (6 J3Kl> 4 (V8) alal, 5l ooliwl b
gad demalome 3 1, K (IS 5 03500 g oo (TV) by slie

va


https://jeps.dezful.iau.ir/article-1-574-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-10-05 ]

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 1- Spring 2026

VE-0 e =gl o)leds ooy Jlo —aradige &508 Glapime )0 (gt Olidiod 4,08

S(-Ksgn(S) ZXZ—EV"‘) <-7|9 (YA)

ol alaly (YA) alal, o SON(S) =|9)/S iy b ool coe JyusS Jull o 77 jaite (YA) abal, o
nL
2Xz _\/in
3 s S Godgamme 45 sud >lb 008 S gl «(YR) dolee 1 IS oy bl b aodls el 4
9 b e A S polie ol (b 0aiiS SRS ad salss edi Joe o cnel Grizen 5,5 alals Oy
D10 (grmy @) 0 1y (e e e Wy obo) ol sads (>lib 0uiiS LS aizen (el (6999

<K (¥4)

Sildggnd 41T (55lade -0

&5ke oo MATLAB/SIMUIINK 331 18 PV AITaY o skl sl 5l oalital b axllias 8,50 Saililagid ot
5 95 (5 ol s s Olur Jeld wosa S Jae el | Selgss gyl kS, (Ssly cnl e ons
Ol Dol B (699,9 1wl (699,990 (s)ls eolatul 550 Seb iulel s (gilhand (Silse 5 s slaweglis
Sl el wilbige sl az)5 e 2 (T) sbo los £ 63505 5 e s 2 Sl e a5 (D) Gy
Sy Cuaglia 5 (RS) (gm0 Cunglio 0520 kS oo (0) 0530 gLl b > L) (6,5 sady by Jobs (Jow
Voo sl dosle 2 aigd oo dnlone 5095 &Dyg0 4 Sols Jawsd )5 Jawgd cadicay x5 Jgjle gloosls ulul 5 (Rsh)
YO Jsbo sloo g e ye p Dly Voo e b 0ad) (gesl il Ll o a8 ends LS5 (g Sillgsid S5l
i by 5 5ty 5 el Y obsS Jlail plz 2y VY 5L e sy (2l Y ls iSTae s (el 4z
g 4y 2 50 Joile 7 s Jlail jloslitul 3)50 S3ldgend sl l sl jool 0 Y0 9 g VY 2l oo S Ol At
sl Vel O bz «2dg VY il ol anetin alais 50 @l,1 515 o5 slaisSay conl oads JSas 4z, Fe (g5lse JLail
55k sl 5y (oo culpd 28 S5 50 b 5 al] ety Led Sl allce Slg VY pl a1 U8 ol 25Tee
el o Blowd grais 4230 12 glilas =1+ Y Tig a0 —+ Y5+ A0 7, Jolas o s 055 Jlasl o>

o 1863959 yaad (592 5L )

Ol D g St byl (5355 99 w5 e (HBls Ll 5o (23530 e 0anS J S o Shes (i)l pslateey
PSS sl (S Gloj Sl @y a4z b ailoads and)S s o Loy 0 yesite Ojgods sk (slod g (g o
il 5 oy Sygots led Slpsi e b (Sealis b G0l Sl Ji Sl Sy Sol & s Joe
) oz Il (b i b s Glail 5 ol goae Sy 5l 6T sl jshiie 4 rizees igdi oo Jlesl
el Spam it by 5 JST ol b s o5l 9 pni Jlosl sl gty Slns S Sagd G e
A s B 05 o aBls a5 ol muye yie o Dlg Voo Lol lade o gilwand slaol jo ol a5
s gaye o Olg A g Ve (FO VB polie 4 ol Fay (U (gl ol (b s S Baile 2>
4 oo Lalyd 4 St 5 97 Ll S (5 wle Sl S (G (e ST B pne 5 4 0SS s
az,0 YO g YA ¥ yolie a0 o ,00 5 p 0 sboaly Ojgods uguadis a0 YO adgl Jlaas 5l 50 Jolw glos .ol b
Lo 5 (il ppolie 058 23l DC S 5y S8 il o Slae  aylyl aasin pis 316 sl oo (haljil Gugenles
B0 o Joho sled g e yoo p Sy Vev e B Ve e o (00) Joline (So58 03900t )3 (gilancd laojl (oled o
Sl oals 11 (F) Ko Jloges 90 0 Olpets cpl ay bgy o Jlg ) ailoaids Sgasce (wguudis 4,0 YO

Lod g Gl Ol s’ i’ H185 0 y g0 ot J 205" g (6 jluwday 5


https://jeps.dezful.iau.ir/article-1-574-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-10-05 ]

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 1- Spring 2026

e Ll 5 b Sl o Joleo (o540 e S g, b oS &y e miligel e S5 590 51y J 58

S sl gt Joe DC S 515 U538 50 soleitiy MO 58] s 0aiiS J 2870 Shae (5] jskaie &
Lalys ool oad 00993 Jb slogiaz 5 a2 e Gl Sl (e Lulyd plojan Slyeis Jols (9051 sl 355!
<63k ol i =20A0 L 5l b bz 5 Vi =300V Ll DC i g po 3y (b ol 5 plians 4yl
oo Jlos! (son L Canl ot a3 5 L o ( T =25°C, G =1000W / M?) Loy 5 lastiwl oygesl Layl, L (BKW

Ll 05 galS Al ye oz Jelis

1000

900
800F
700
600

500

Irradiance, G' [W/m?|

O 45 (b)

Temperature, T, [°
W W B
o W o

[
W

0 5 10 15 20
Time [s]

G )98 g g ouls Jloel Lod g ol ol s :(F) JSCo
Figure (4): Irradiance and temperature profiles applied to the PV panel

& sl (sboy (2L, #-)
Gl Sy Bl n i s YO 4 Yo Sl alidl aly L DC S am e 3y (T=25 Lo o T

5 el Al o b gz pe 5y (E =365 e 0 imen 05d sduttiw piee il B g Caniid Glo) o Ssline
33,5 oLl Sllegd 59, e s @y pudas jo J S dal> cobB bl o ialS g YA 4 YO

Ot e @ gl 7Y

YA ¥ 5l gl &ygo a0, b, T =285 aasd 10 aiiS'G pas Caom )35 Ll 1o 58 it L8, Judow sl
YA L ok SlSt 2als L =445 ol 0 aalesl ol S les (oo G (b s Fr Gl ]
S e a8 5o 1, DC Sid 5y 505 5 2l il Jlonyl saicS J 78 Sy 098 e 1,55 (b sy ol el 10
$99)9 Mwgw wlblicsl o, F-Y

BYO 5l oo oy i3l s (950W /M 1 b5k 9450W / M? b als) (il e ages sbo by Jlas! L
Dgd o0 oduzins i ()55 mes ;S )1 el Sl ks ply 5o Joue Cuaglie ( grdis 450 TO

Sl o 5y (I Ll )0 (39051 #-F

I Jowe Gl olopose balyd ol b jeam 4o (AB0W/M?) Sas mhaws o yiad 45 il 2alS lojan
o O3l 4 (6l 4l ay Jase 99)9 pae 9 (553 gl )3, B oS oo (giluancd

AN


https://jeps.dezful.iau.ir/article-1-574-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-10-05 ]

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 1- Spring 2026

VE+0 o~ sl ojlad ~pm85l Jlo ~diadgn 508 slaius 8 (g lisko & 0

oS J ;1S gy Jgl Jloges j3 enl o &I jlogei Loz (08) JSb )3 oad (2l oaisS ]S Eal (o))l Hskiie 4
2655 e (Sloj 03l 15 (29)5 99d os osaline K&l o &5 sbjles Cesl o sls (LiS a2 5o Sy Dl ks &
3y 5 e e 5y S 5 OD) S o el el plonil gz e Sy RalS g Gl P o 1) e 5By ko,
5 &= Sy s B el ouls ools lias IS () o S jshailen .l 0al ools las pwilosl ae Jows (29,5
S Sloj o3l yo a5 Cenl b o cnl ol 48,5 alols jao Sl e e 55 5 5k (b s Glej 5o e (29,5 5L
ol yho suze & e Sy 5 (ol @i Joe (29,5 Sy G DS L sz 5 @ e Sy Dl 5w (LS
Il 45 2 5 e osd S5 51 45 jshailen ans] oad o0ls 5l Jiee obisS Jlail a5y Sl eis (BC) UK 4o and
1545 el <D+ gl 0 ebsS Ll 5 2 3924 0diiS 5 Eydgae ool el AZE,T 15 < FY b ¥ sgum 0 oS
oaims a5 (ON) b (08) (gl IS ol ot 08l Lt b ol Slyeais (BC) IS 45 end o @)l (VF) bl
Sl Sloj o yo lds S5 F Gl @ly yo el )b gl st g gz e Sy et Gloy 50 (2o 3y DS
ol ools (lis laJSCs ol )3 &S johailes ounl ools Las 1) (29,5 5B )L Ol 9 @ W et plin (2lsS
55 (2bsy CohB 5 oag polie (dasome St 5 )b Gl et az e Sy et A S g3kt oS S Sl

318 (SzgS Cetd lej L) e e

2z (a) Overall DC-Link Voltage Tracking
>% T T T 1 r 380
: 5 5 ===vi S
g 380 e vl Fae
2 ' ' : >
= » 340
> 300 &
i~ £ 320
=1 <]
= H ; H H H > 300
LI) 2500 1 2 3 4 5 6 1.98
2 5 .
5 (b) Voltage Tracking Error Dynamics
— 200 T T T T T
g % 360
BOL00f e O TR SRRPRRRRRE =
g : > 340
& | A 5 £ 320
A | V. A
t:;:o 0 Wy v ; " v %
= : 300F
c , : , > , , , ,
& -100 i i i i i i i i i
?i 0 1 2 3 4 5 6 2.78 2.8 282 284 286 288 2.9 2.92
(c) Shoot-Through Duty Ratio (g) Zoom: Ref Step-Down (350 — 280V)
P ' il REEAEE B i S : i ' i
A 04 : =340
< 0.3 S 320
g} ) i N N N N N
O o2 8 300 oo b e NG b
> g '
= 0.1 >o :
A 0 : : : : : 260F . : L ]
0 1 2 3 4 5 6 3.58 3.6 3.62 3.64 3.66 3.68 3.7 3.72
=y (d) Source Current Dynamics (h) Zoom: Load Shedding (28 — 15 A)
=130 T T T T T T T T T T T
- ' 5
" 2350k NG e
Sashoii b <
& >
-
: g
O ol )]
: 20 : %
g > , , , ,
315 i i i ] f
n oo 1 2 3 4 5 6 4.38 4.4 442 444 446 448 4.5 4.52
Time [s] Time s]

Hb ol g oliss Jlail a5 2 (29,5 59 oo o JLg Ol et :(8) U
Figure (5): Variations of reference voltage, output voltage, shoot-through duty cycle, and load current

AY


https://jeps.dezful.iau.ir/article-1-574-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-10-05 ]

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 1- Spring 2026

e Ll 5 b Sl o Joleo (o540 e S g, b oS &y e miligel e S5 590 51y J 58

G5 dzmis =Y

Jose DC s 55 sy oelais gl2 (SMC) Jolae (330 o (e (o 5o (IS (531l S el ol o
Sl ilsy b (Lo g () (e baylpd Slpeis by, ool 0,Skae 330 Dbl sl ad )yl (ZS]) ilagel gt
A @ g e 5y slaaly 5 )L slaina Cov oS J S 0 Sles 5 wad (iluosly (Sopd Suably p (e g
Slrs o390 o obsS Jlail Ay G Lii> s oolpiing HEle oS WS e ol ojlodnd mll b oadS
555 51k 5 ool Sllugs nly jo (psllae Cunglie 5 4l cows 5zl izl b g she Bl cll> glas 4 (o0 ,Sles
@S 4 CeiS olg B Ca za AC Can S8 lapt oSl b b le (l Gadl colyd o s oo i
20,5 g0 ol oas] slo gl s Glyicas

References
[V] B. Krishna and V. Karthikeyan, "Ultra-voltage gain step-up DC-DC converter for

renewable energy micro-source applications,” IEEE Transactions on Energy
Conversion, vol. 37, no. 2, pp. 947-957, 2021.

[v] Z. Yu, X. Hu, Z. Yao, L. Chen, M. Zhang, and S Jiang, "Analysis and design of a

transformerless boost inverter for stand-alone photovoltaic generation systems,” CPSS
Transactions on Power Electronics and Applications, vol. 4, no. 4, pp. 310-319, 2019.

[v] T. Shanthi, S. Prabha, and K. Sundaramoorthy” .Non-isolated n-stage high step-up DC-

DC converter for low voltage DC source integration,” IEEE Transactions on Energy
Conversion, vol. 36, no. 3, pp. 1625-1634, 2021.

[¥] F. Z. Peng, "Z-source inverter,” IEEE Transactions on industry applications, vol. 3 4
no. 2, pp. 504-510, 2003.

[a] J. Anderson and F. Z. Peng, "Four quasi-Z-source inverters,” in 2008 IEEE power
electronics specialists conference, 2008, pp. 2743-2749: IEEE.

[#] M. K. Kazimierczuk, "Small-signal modeling of open-loop PWM Z-source converter

by circuit-averaging technique,” IEEE Transactions on Power Electronics, vol. 28, no.
3, pp. 1286-1296, 2012.

[v] G. Shahabadi, M. Naseh, and S. Es’haghi, "Design of an Interconnection and damping

assignment- passivity based control for Z-source DC-DC converter," (in eng), Journal
of Iranian Association of Electrical and Electronics Engineers, Research vol. 21, no.
3, pp. 115-128, 2024.

(Al M. Salimi and S. Siami, "Cascade nonlinear control of DC-DC buck/boost converter

using exact feedback linearization," in 2015 4th International Conference on Electric
Power and Energy Conversion Systems (EPECS), 2015, pp. 1-5: IEEE.

[4] G. R. Shahabadi and M. R. Naseh, "Novel Sliding Mode Control Approach for Quasi-

Z-Source Converters with Improved Performance,” International Journal of Industrial
Electronics Control and Optimization, vol. 7, no. 3, pp. 213-224, 2024.

[v.-] S. Ahmadzadeh, G. A. Markadeh, and N. Abiadi, "Adaptive sliding mode control of

step-up/step-down Z-source DC-DC converter,” in 2019 27th Iranian Conference on
Electrical Engineering (ICEE), 2019, pp. 841-845: IEEE.

[\w] S. H. Chincholkar and C.-Y. Chan, "Design of fixed-frequency pulsewidth-
modulation-based sliding-mode controllers for the quadratic boost converter,” IEEE
AY


https://jeps.dezful.iau.ir/article-1-574-fa.html

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 1- Spring 2026

[ Downloaded from jeps.dezful.iau.ir on 2026-10-05 ]

VE-0 e =gl o)leds ooy Jlo —aradige &508 Glapime )0 (gt Olidiod 4,08

[Vy]

[Vy]

[1Vf]

[Vol

[\s]

[Vv]

[VAl

[Va]

Transactions on Circuits and Systems Il: Express Briefs, vol. 64, no. 1, pp. 51-55,
2016.

P. C. Loh, D. M. Vilathgamuwa, C. J. Gajanayake, Y. R. Lim, and C. W. Teo,

"Transient modeling and analysis of pulse-width modulated Z-source inverter," IEEE
Transactions on Power Electronics, vol. 22, no. 2, pp. 498-507, 2007.

X. Chen, Q. Fu, D. Infield, and S. Yu, "Modeling and control of Z-source grid-

connected PV system with APF function,” in 2009 44th International Universities
Power Engineering Conference (UPEC), 2009, pp :\-o .IEEE.

J. Liu, S. Jiang, D. Cao, X. Lu, and F. Z. Peng, "Sliding-mode control of quasi-Z-

source inverter with battery for renewable energy system,” in 2011 IEEE Energy
Conversion Congress and Exposition, 2011, pp. 3665-3671: IEEE.

H. Abu-Rub ‘A. Igbal, S. M. Ahmed, F. Z. Peng, Y. Li, and G. Baoming, "Quasi-Z-

source inverter-based photovoltaic generation system with maximum power tracking
control using ANFIS," IEEE Transactions on Sustainable Energy, vol. 4, no. 1, pp.
11-20, 2012.

A. Zakipour, S. Shokri Kojori, and M. Tavakoli Bina, "Closed- loop control of the

grid- connected Z- source inverter using hyper- plane MIMO sliding mode," IET
Power Electronics, vol. 10, no. 15, pp. 2229-2241, 2017.

H. Gong, Y. Li, Y. Wang, and R. Zhang, "Input-output feedback linearization based

control for quasi-Z-source inverter in photovoltaic application,” in 2016 IEEE Energy
Conversion Congress and Exposition (ECCE), 2016, pp. 1-6: IEEE.

A. Zakipour, S. Shokri- Kojori, and M. Tavakoli Bina, "Sliding mode control of the

nonminimum phase grid- connected Z- source inverter," International Transactions
on Electrical Energy Systems, vol. 27, no. 11, p. e2398, 2017.

F. Bagheri, H. Komurcugil, O. Kukrer, N. Guler, and S. Bayhan, "Multi-input multi-

output-based sliding-mode controller for single-phase quasi-Z-source inverters," |IEEE
Transactions on Industrial Electronics, vol. 67, no. 8, pp. 6439-6449, 2019.

G. R. Shahabadi, Es, amp, #039, S. haghi, and J. Pourhossein, "Nonlinear Control of
Single-Phase Grid-Connected Z-Source Inverters Using MIMO Interconnection and

Damping Assignment Passivity-Based Controller," Journal of Green Energy Research
and Innovation, 2025.

AE


https://jeps.dezful.iau.ir/article-1-574-fa.html
http://www.tcpdf.org

