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Design of a Digital VVoltage Controller in Single-Phase Grid-Connected
Renewable Converters

Hamid Hassanpour, Mehdi Ehsanian

Abstract: Power decoupling of pulsating grid side power from constant source side power is one of the
paramount issues in single phase-phase grid-connected renewable systems. The principal aim of such systems is
the decrease of the capacitance of the decoupled capacitor. However, this causes some problems such as an
increase in the total harmonic distortion (THD) of injected current to the grid and bus voltage fluctuations. By
considering the aforementioned explanation, utilizing control strategies is critical to modify system performance.
The voltage controller is responsible for adjusting the bus voltage, suppressing the second-order harmonic, and
providing a trade-off between system cost and total harmonic distortion as well as bus voltage fluctuations. This
paper presents a digital notch filter in order to improve the system transient response and remove the harmonic
ripples. The relations between system cost, THD, and bus voltage fluctuations have been described completely.
Moreover, the mathematical expressions of the proposed digital notch filter have been provided. The analyzed
system is 250 W PV panel connected to a 220 V RMS, 50 HZ grid. The THD of injected current to the grid is
approximately 0.6%.

Keywords: Single phase-phase renewable systems, THD, Bus voltage fluctuations, Voltage

controller, Digital notch filter.

s sb i ol i o5 01y 353 131 5 IS Oludige el o 28 dloes OLle] sdge (LK 13 sdge ok 5


http://dx.doi.org/10.52547/joc.15.4.39
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.4.5
http://joc.kntu.ac.ir/article-1-764-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.20088345.1400.15.4.4.5 ]

[ DOI: 10.52547/j0c.15.4.39 ]

by Joaze SUSS s (sladiboe (61 S s SW5 028°J 287 1 b ¥

OLla! (Sgn 51 im chra

s (Current Controller) oL > o4uS” J xS™ «(Voltage Controller)
Wy ik Sy el J x5 .l o S5 (PLL) b s il
Db Mg aiby 0Lz oS U8 5 s 0L sals IS
aiby 55 PLL NO-AY] G)ls odge 5 1) 4Kt (ol il oo i
) dols O3 o 4 (plins Cogrr S8 0Lz 5 55 035 Slies
Gl S ol I 287 23w 5 Sas 0 gons IV N F] il a 13 0 g
Slhen PLL (o 5 I 53 5W 5 oS J 287 oy 5 S o
0L oS 58 ool SB35 58 oo 0 el 05 55 L

.[\A,\V]:}.&A:S)Jj));i\‘;\ﬁc:a.a@j.xtlfoﬁ\::}.&@o:b

Renewable DG
Resource o
AC-DC
e
Vref-

St e S e IS e S
oAl el 55455 elel Gl 5o L S 0SS b
5 el V] b b 05l Sy sla g b s el !
&5 o b ol S bl o BT Sley Wb 05l Sy g
Je® Ay 58 SR Oud S Sl Jle Olse 4358 i s
3255 ¥ ol Jyl akb b s odd ) el Ol 4y (AS (s
20T 51355 o ol 05l Sy e b b5 Srerl b el ol
Ol V4] 3,8 S5 gintin 035udome 53 il ol O3l S5 &S
Al 13 525 JSihn sl s 3 St b 8 lin Ol5n 4 1 S
S Al o O3 Sy 53 S 03 S gesle Jo ) s (b ps2
(e Sl onks ) el B Ol 5 S L1300 5 015 55 Sl s @
ol ol 51 55 (55 g p3 G gesle fu ) s 355 o0 slom
St o O 03 5238 (o e Ol el 08 03JT
dal 5= THD [l 51 ol jal ol 47 b dal 5 g S35 50510 (51,1
"‘i’;f
oS J 87l eslinal SWy J 8 g pan o o B0, 5 (S
S p e ool oS J 287 Sl eslizal [Y0] bl on ool
St 5 8355 5 Shas Jow o &8 Sl Il i 015 5 iy e
03 S ! o (6 1 s dal 5 ) 3 36 o 1y Ui o
ol LYY V] g eslimal JSS wls oS J ST )
50 S a3 S ple Jo ) 03 o Sl 2S5 oS S
4 5 Ol 53 2 g0 Gl SRl ol OT Sl aslizl
ol Jm @l s S s sl THD il 3l amss s 5 4505
oo o b 5 ol Lol [V] il oo VU i B L 03l 5l eslizul dlus

Ol gl AS I el s 5 K5) s s Sl

doddo -

cm Ses A Jsl g Oy gladds S eslazal ol
g 3y5m sl S 4 93 5 Gy 655 Ogmer pdididas
ST (slapo 512 (5 slize (slaslistl e s [V] ol 3 815
b 9oLy aib G il S sk 250 0 S 4y foae
Joaza DC-AC Jutee & tens )5k (0551 i i 65 ¢ 55 55 sl
e ssba G55 pie Il dib 3 65 50 &S b )3 s
J23DC-AC Jus 4 jluliter 035 33 b 51 e sDC-DC Juts 685
B PR PCCH PP | A § A g
.;)lg@&:)lzs-uyg@oqu}uﬂ@)&ctﬁﬁu
S SN e o e 3 Shas danls 4 o8 ol () 50 5
Al g3 sl e JS75 Shes 3 (St 358 S Slas e )
g bl o 5 e Ol ain gl Al e by p sy je s S
(&8 e odijlo b o) sla iy e ) sla) OLSS whio Sl
b Oy aidy bl gl pual (Sl Al LSS Sl 5 Shee
P33k B o 3l mlie aled (sl et ) S etz
Sl &y o il 53 st 31 a3zl 1 [D ] A5 dalg o2
Jsl aib Jgame jsbay slsle ol 53 Clls Ml Sy e i S
Wl sl pomen 5 (551 e Sl At Ol ) Al d e
Oz 35 Sl s 5 93 4k [A-F] Lol (ks a5l ilin
S Vgans o gy DLl K 515 0ge 1) 408 4 Jalls (oo g
S5 5o 3 g 0515 13,8 o ) b 3 Ols Sl 01
63355 b Ol 518G 0L b g st 0155 (SSlaldl Soke @
[0] 358 a8 5 5 &

4 oo dils 53 ST (Slapins 53 (25 2SI 051 Y sane
Gl Sl eslital 55 edes [Sie k5,8 o 13 e3liul 3,50 &S
il g Sl 51 SG [A] el LT ol es Il 2 2SI
ol pue dsb b ks O3 S eslizal Uapics ol ae sb
S (s S (Sla0l 4 o (kS L0l e Ll Al
Cd b b ohd Lol b ot au 2alS gl Ml 5
gl ORI case O o b rals Ll sl eslan V:
235 o 0315 S5 Dbl g il B rizman 5 (THD) S (S pm500
5 0,4 cwmlie JxS la g, 5l St oyl & e 7]
Comatl ) 4y ote SUSS e glade J 8 M o5 e
4 Joame LSS - S S Sl [V ] Sl Slaygs gl
3 g oo odalive ) JﬁijsoT@Lﬁf U’JJ;SJ':\%JJ@@&&
&l DC-DC Jus &G Vsoms Jgl did Sl aeiio &5 shilen
o) o3 Al 6ok 551 6l AC-DC s b 5 sy 5 6551
Ol aty bl oS gbs) idw Loy dbgy e S (G5AIS 2D
S5l K Usene ysb 4 3 g3 4k [MV] 350 o0 bl (MPPT)
Wy oS JmS oS g aw 31 OT J oS i & Sl DC-AC

Journal of Control, Vol. 15, No. 4, Winter 2022

VEr e Olin F o yled 10 o J =S e


http://dx.doi.org/10.52547/joc.15.4.39
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.4.5
http://joc.kntu.ac.ir/article-1-764-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.20088345.1400.15.4.4.5 ]

[ DOI: 10.52547/j0c.15.4.39 ]

Aal

Kb 4y Joaio SUSS iyt (ladies (51 S s SW5 oS 287 o1 b

Ol (Sgn 51 uim chram

pg(t) = Pin + pbus(t) (F)
u'.aU MPPT )‘5..42- 4.]4.»:‘_3 LY J)‘ 4.3..1: S99 Qb}' ny &l’“-‘-)‘
GVply) Kb 05 b i o 55 (5,8 s Ol il
Oy & by 0T 55 0L ps Sidw 5 Jsl il 62555 Ol 4 by e

Pous(t) = Vpus (O)ipus () ®
= 1;bus(t)cbus dvbus{t) = !

- EI@Igcos (Lawgyt)
b O 6l a5y s (8) = Vs + Vs OT 53

s S 55 gyl s Vpus 5 Sl ke Vs o8 AL e
b 05 b (ol desd 0L 55 4 Cous 5 Tpus(E) Gwopes

B35 sl 25 Doz 05 o2 ) (0) dslas il

d(Vbus + Uﬁs )
dt )

V1
99 cos(2wgyt)

- ZChus(ths + UF})ZS)
b‘):@ l) g"L‘ U)l" juﬁ J;'.'.) ‘Vbus +U’;;Zs =~ Vbus g’j’ L‘

b )y

= = Pin
bus Za{qcbusvbus

ls uSe daly el 055 b 3y Ly aals (V) dolas a5 b
£33 Gl s s Sl 4 a5 LS Ol S e ) slailen
Seb s 3 0L THD sites Y5 51 (SS wb 056 5W5 55

b O3l S ey aels (05l b b 2l L i Ol e 1)

sin(ngt) v)

35 dalgt Iy 2l 3 THD a5 4l 0530

Chus Vs

Cous Vrer

ail (o 55 J ST S ail (Callpps i J 87 sl JSC
OUS L p Al (o

52 5l A Sl e (03 [IYT AL e 4 53 S50l
(9] 55 [YF-YF] ol ok oslimal o) S g b il 51 5
oslizal 35 50 4S5 p33 Sigasls o g ST 26 A8 S
2 gb s Gl ol S LT Lol w8 3
A 035 St s (sl 135 45 ol el 5 i s (slae il
Cﬁ\é)%ﬁ::ﬁ)).ﬁﬂ—"ﬂA.Zligsa‘;),r‘iuu:ﬂl:)}nal}
w8 feoly Jlias ald 51 0T o8 Sl 0k slgniy [4] o> JSKea
Sl Gladsly 5 ol 3lin .ol o oslizal (FIR) 3 gutous
3 Shee S S b ol cpl 5 Sl 3L by opl 53 e3lizal 550 ks
Jo sl el 53t sl Sl (S oed 5 s
o 3,505 L pss 4 e Sl s U ks jlodd - e SIS
33 13 enlimal 350 S o ld @) LEay 45 el 0l 45 S
Gladsly Sl piomen Lsd o b Jis sl S LiL s
Sl el 45 Al o alie o By 3l S By opl 53 (Sluloes
Jf”f...l.'zM\;ﬁ-@\fﬁOTA{L&.‘)L&bQML&»J:M@ﬂ
el Qs I Kb onsls 038" J 287 55 3l 55 g0 515 oS
THD Ole Loy, ¥ idw il K& ool 4 dlie bsla

oS J RS (b Y o S (n (s ) e 458 5 S|
i 53 503 ,8 0al by e (5l IS F 2o 3l 05U

.;Mlem;sdxfw__;;}_;a

THD 5 4358 ¢ fer! $ 4l ¥
23 Sope w S 4 G5 0L s 5y Sl 55 L
sl
v, (t) = V,sin(wyt) M
ig(®) = Isin(wyt + ) )
Ob s Sy anls s sl 3V, iSKd 6l oy oT jo &8
o 3 (5 s 88 0L 5 55 Ol B OVl 5 S
L9=2) Ll o b &5 0 2 5 55 Obe 56 Ml dls Ol
) S labod Ol 5 10 e sl Cowds PLL Law 5 (536 o ol
13551 s 4 5 e Ol5 o0
po(©) = 1,(0).4,(0) = 2V, ©
+ VI cos Qayt)
i pie 93 31 al (glabamd 0155 555 oo eSS ghailen
035 e 500 015 ouiy Lo el a7 GV lp) ) ey ol 0
s BC Olg edylel Bl 0L, S CVlpcos (2wgt))
2503 0L s S p53 S sasle L AC Ol 5l Jatedie S shiles
S i Ol g 55 fa o s g AAB 5 Syl Ol DL 1S
53303 015 (B b Sl g dal st KB 0I5 L R sl 4 52505 015
Pous (1)) b 031 Ol 5 (Prn) Jsh aib (53555 015 0T 5 5553

(i Ol o 1 5L o

Journal of Control, Vol. 15, No. 4, Winter 2022

VEr e Olin F o yled 10 o J =S e


http://dx.doi.org/10.52547/joc.15.4.39
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.4.5
http://joc.kntu.ac.ir/article-1-764-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.20088345.1400.15.4.4.5 ]

[ DOI: 10.52547/j0c.15.4.39 ]

by Joaze SUSS s (sladiboe (61 S s SW5 028°J 287 1 b Al

OLla! (Sgn 51 im chra

By el ) O sr Sl p Ol 1
g cos™1¢
e V102 Y

M =—
p 2
Cbus Vre f Wy

Leolie 3l w ) O3l b b blae 53 il s lase ¥ S
QLZ.: \)Z}(un Mﬁ)@W}PZYO'W}Vm:FYDV
SMie 3l b b BBl L oash e sdalie o5 shiles das
Al o A e
LS 5,8 aots o ol Ol e 15 Vb o ods Ol CIllas
54 4 a5 ol THD dause 2ald) ojls b b ials
JAS 1l i Ol M) 58 o 3L 5 ol Sy ] 3 Ol
Sl o bl il K oS S8 b O3l LS e

e Sl opl e sl J S Gl s

Wy oy J s >l Y

23l Sl 3 edld (alb gl i sl S ST
Slos s ool 5 laatuc (5lu 3y ¢k g (g5l 05ly iy 3 0515
S 330al 8 5 ES5L b s ZU ks 3L 1L
e 3 S s Loy Ll (o (5l 03l oS 5 ol ol
2> S mlg b edd (b (gl e 55l o3y g 23 8
@b 000 s Slp s 95 S sk L Sl 5 Z 6j e
B e 5S 5 03 (b sl sy ol s Zos s 5 s
Traposide s & dile (o me (slacs 5 5l eslizul L Z o) 4 OT
A 5 ST 26 2 5 01 S Ol g 55 JB oV Ll
o Ol oo I 3,05 5525 Traposide 55, 5l edal o> 4 £
e i) s 26 A8 W5 Gl o 5l eslind 58
S el Z 03 53 JdS Wb A5 Gy s hay il
njegi});ﬁl)"dunwl):n*f::;@bbzo)'F)Jr.‘;M:M‘.L:{\
aalsl s o (| b Z 05 s Il 51 26 LS 5 Sl ok 4 S
Jozs b A3 riman 5 S ls oS J 287 b o
g oo w13

K ols oS J S ¥

05V,

— o5 oS J ST s oS das e 0L 1) Sl S il B IS
4 R el oS J 55T 5 b Bl e b A 5 IS
Db g s ) ) e
ki
G (5) = ey (1+) or)
ﬁm&;w\f;xiﬂ,bjsfauﬁg&gcuw

Zw‘ﬁjﬁ)‘)}wﬁ{w‘aﬁ

0.06 -

0.02
100 300 500 700 900

Chus (,u.F )

b O3l b Blae s o SWy el B Ol S

S Gl o 0305 glas ALY S8 s ps24ib J oS jlsle

Wy oS JmS ISl 5 ls sbre e o vk 5k OT o
adl 93 51 S8 ksl ol 5 sd e dYe S shailen s (Gpy)
S Gy J 87 i) oyl a5 (0L o J 87 ails) Jots
WL I b o s dils 0L > J 87 il oS ST 51l o
Ol Ol @1y 53 il iy S5 ouiS J 257 4 Coned OT Cs
3 SIS (555 2 U p 0L 5 Sy oS 2S5 S
IS b 53 55 ol kbl oo b 6 KU 1 i ) ol
B 55 doly o, Do 4 Dby oS J ST Sl s
J S il Sl et CAILY S5 55 a5 shailen uioman .3 55 oo
o3 5B Ol e Sl et L el (b 85U

s 5
sin(wyt) - V,(t) =
WV o o b )
3—?COS( wgt) ~ ?

R s S e ks B s e B 4 e L
23,5 odalie Y S 55 0l a1 s alb 4 Lo e OLaj b p it
b 5 bl Gla il 5SS ds olal TS &S ) shailes
)b&J—DL@JbQJBj&) r“'@’& ‘)}j ,,..4?“ ‘}Lju‘ga.&.‘fd}i‘.‘f
Wy J 28 dale azdeine dslas e bl Gl aeloes 4 aslsl

PPl 55 e e Y IS8 4 bgs e 0l bl i Lo

1V k
h— = 9142 = (Y]
p SChysVrer 2 ( * s) 0

S+ 20w + £33 43 e dadeie dilae L (A) dolas aslin b

7] il eal = w0 = 0

2 =—k i
{wn - r ZCbuSVref
)
Yk
“n = L ZcbusVref

SEy s s Sherlp sl s A8 i WS S shiles
Ol dwlws (gl 1) .Gl (639,59 Cub Oy Ol uds wb O3
oI L 635,55 Ol aly S5l 4y ol O3 (slalamsd 515 Sy Dbl
T o Cwdts 55 oy 0 4 P
Vpus (2)

P - , Oy
=—— e %9tsin(w,/1— (%t
CbusVrefwn\/ 1- (2 ( " )

Journal of Control, Vol. 15, No. 4, Winter 2022

VEr e Olin F o yled 10 o J =S e


http://dx.doi.org/10.52547/joc.15.4.39
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.4.5
http://joc.kntu.ac.ir/article-1-764-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.20088345.1400.15.4.4.5 ]

[ DOI: 10.52547/j0c.15.4.39 ]

fr Kb 4y Joaio SUSS iyt (ladies (51 S s SW5 oS 287 o1 b

Ol (Sgn 51 uim chram

Gyp (Z)

~ i(l + az) —2a,z '+ (14 az)z_2 A

2 1-a,z' +a,z72

@5 Do 45 LBl e Jies s )b, say 0T jo &

T o S

( 2(4 - waﬁf)
al =

4 + T2wj, + 2T,b 0%

4 + Tiwy, — 2T,b
a =
4 + Ty, + 2T,b
Shesliad U s (ol Sl asie (V) 3 o5 kiles

A dal g esls OLaS aelsl 53 uT e s df}JUT Ak ol el
Jol Jbams Ad sl bl 5 b 5l o ) s 4 S
© 0T 031l arlous 5 (V4) Wslas y3 2z = 9T 18> L .disd o
RS Y r__.h‘}s- RSyl
|Gue(e)|°
_ {(4 + T2w3;) coswT; — (4 — Tsz(ugf)}z (¥+)
{4+ T202,) cos 0T, — (4 — T202)). + 4b?sin?aT,

R e S L g P T e AT
:Q&\:ﬁalﬁf.l;»\_,s-ﬁ_a(h)ff&)y&lf)é

1- w2
2f
cosw, T, = —2 ¥y
1+ Wy
28T s 15 Sy ot Ol oo 1) Sl s Ad U i85 1
2
1 4 1— w;
w, = —cos —~
T 1+ Wy

s

(YY)

}4;;-1‘)’°JG€“§:‘1““1“’.')5\‘. Y dB o g 03,57 Cows 4 gl
1
:g.élﬂ@;quﬁjd;wJ,l{w}:&..m{Tw;K;
2
{(4 + Tﬁwﬁf) cos wT, — (4
2
2 2
—Tswzf)}

= 4bzsin2wT5

(rw)

1Sy Olg o Sl Lalgy & dlesl Sl am

A+ )" - b
cos(w, —w)Ty =" (e
1+ 03" + b

1 _ _
.@\Tug\);aﬁﬁmﬁuwglf}wljwz OT s a8
2

4 250 g0 pasia B LS Jlans s sl - dB Ll sl e o

Dy el 55 Oy se

1 1+ w3p)? —b?

B =—cos™! 7( if)
Ts (1+ wjp)*+ b2

bt s A ol (Y8) 5 (YY) (08) &¥slas oS 5 L s

(Yd)

T Ll g Sy 35 Oy o0 4 Jlize 3 (s 205l ) eslizal

s? + wjs
52 4 bs + w3,
Jo s s ¥ B O L sl b 5 b il w0 0T 558
th.\ig‘5,)j;w\d§\vduﬁ;9¢f}3uuuew¢,:§
dil 55 (ZOH) Jio 45 0 i Aoy 5y cpl 3 Lsl wbls ite 56
35 b bl Gl Jgeme sl ZOH dorly ol 0t 43 8 i s

Gyr(s) = 0%

Wl dlons BB 25 S 4 B sk 47358 o0 e

Tss
l—e‘Tss=1 - —% _ T
s s

(\0)

1+% _1+%s

d\);.md)\;jcpwﬂs;p),;fSJTS=éoT)M§
S FAT Ll 5 e iST J RS (6l ol G Sl
g bl ods 88 s Aib e K IS5l St
L (10) doles s dalgst ol Jits sk oS J 28 o 0 Sl
ol 5 sl 5 L6 295 53 e s U
s 8 s oSl

Dy el 55O s dil> daeie dolae Culg s

Tk (1+ki> 5%+ w3, 1
v s/ \s?+bs + w}, T

I
1+25

b1, (%)

2 SChusVrer B

oolie 3l 4 Ky lie 53 (V9) dslae baads ) cwdin OSG

Ty = Vypep = 425 V= 22012 Cpys = 50uF &; = 60
Error! Reference source not &40 4 b =150m ﬁs
s b adoy wdkin O 4 x5 L s o 2 AL s fOund.
Sl adin & jghilen il o0 LI a5 li )5 s ) goee )l bk
ey sk Oas aseia b dd dalg Kp=2 /0 YYA Ll ol o g o510
I8 i o 53555 o b o8 JUT ISl ol oS J 8
Sy S eslimal b g eds s b s slas ys JISeh s oS
IS Jos bl o els JUi1 2 o 5 - 4 Backward Euler

Dy .\A‘}ﬁ-ﬁj&)mz 0y 3 Lssbiﬁ‘—&.ut:a.&lf

Z

Gpi(2) = k, (1 + kT, Z—) Ov)

0 5v,¢f
b b Sy J S 4 by e ST il F S
Il s ZU s Y=Y
Zojsm 48 eiem 50T s 5 b ks (loaand j5lae 4

221 0T s S ‘..SG« oslizw! Traposide (Tustin) J, 45

Ts z+1

Cwls =
J.:E ﬂ) Oy gy (VF) dsles 130 "L‘;‘L.gsﬁ 6)‘}}3 A;}N 09> TS ny

Journal of Control, Vol. 15, No. 4, Winter 2022

VEr e Olin F o yled 10 o J =S e


http://dx.doi.org/10.52547/joc.15.4.39
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.4.5
http://joc.kntu.ac.ir/article-1-764-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.20088345.1400.15.4.4.5 ]

[ DOI: 10.52547/j0c.15.4.39 ]

by Joaze SUSS s (sladiboe (61 S s SW5 028°J 287 1 b £f

OLla! (Sgn 51 im chra

Sl 3 e3lizal 3550 PLL ol 0t o3kl (PR) il ym ool

e\f.hﬂ\a.cf»(SOGDC}J@fﬁé\iM;J‘ﬁi\d{ia.\.ﬁﬂ\ﬂ)l
Ao FLL) S5 i ail- oS

ol b JI S el ST IS 51 5 S 28

53 0T & by e sla bl o S o elind Sl ZU S
P8 s 3 s S J 28 s ol Sl ol odiien )3TV Jgr
e & jshilen .l odd oals OLES VIS 53 ) g sl
0T 58 4l Ol 5 Sl Sl odd (b oS J 2SS e

L s il sl el OBt bt ST A8 o 453 ¥ /0

255 sl
odd (gilwand Hlle 4 ijn Sledbl ) Jgd
Prpp = 250 WV =307 V. .
s .
Ipp = 815 4 st
L_boost = 200 mH Jsl 4l
full bridge duty cycle= 50% )
Vyer = 425 V. Cpys = 50 pF. Lo
sample time T, = 1/400 '
fow = 12 kHz.
Bus Voltage Controller:
k_l- = 60.k, = 9-0-229 05 Gl
Digital Notch Filter:
wy = 200m. B = 150m.
a, =7-3412¢7.a, = 0-1989
L, =10mH.L, = 5mH. L
C=1pF.R=300Q TS A
V, = 220 (RMS).f, = 50 Hz S
100 {
=)
2l
E 1100/
(] L]
=
-200 -
0F -
?JJ hase margin = 30 5°
o 90 P g 1
=]
Py ki
& 80—
[~}
20— ) ]
10" 10! 10° 10° 10!

Frequency (rad/s)

b3y S8 il by e s p SV S
S gl a8 das e O |y b 03 5 Sls a5 CalL A S

%W&)}L}L@.& RV PR J.-pl’- ‘53})}@L55‘5 Yoo Ql}S aly

2cosw, T
G = BT,
1+ tan(T)
L BT, (%)
— tan(——
!
a, =

- BT,
1+ tan(T)

Ol 1) ko> &) o (5 03y g b kS o1 S oSk

.%T@@-\{,}Ub‘}jé)ﬁ,&}}bjfu&édn

1500

1000 -

SOE g, =0-0229,

Imaginary Axis
(=3

-500 - —
-1000 +
/
-1500 +
-800 -600 -400 -200 0
Real Axis

K_p Jslas 53 (19) dhslan slaacy  okin 0 20 S

y[n]

gl A pl SLs s b IS

‘S}uw @lﬁ—o

Ss y Juame SUSS aid 53 kit le oK &S okl &1 sl IS
ML aled .l 0k (g5l e ¢S gores oes 53 il oo
cl.»d‘}[.ﬁ,.w‘a.l:aebJjT\J}-\?Jbaﬂsjbwjb&bqbﬁf
Jsl aib .l 03§ eslizal Sily YO! gy o &S5 5165
3 Al o Lt b plad S &S5 Ul tde sl i3 55 ol
r)}@bd\xbdj?*bjﬂ)d)\@.@‘ C,...«:).'Ju\.wiia_rjb
o a5 05 At gl el rman 5 (55 S 0 g 5 ST 0 L
Colda gy SIMPPT &5 gb (o5le o3ly Cgr 355 oo Jool> MPPT
el os 45 S o g (Incremental Conductance) ksl 3!

o5 il UL o (e 55 ol )5l & g3 4ib
b 93 esle Juwe Sl eslaal s 5505 edge 5 1, AC 4 DC Uy
B Ad Ll odd (b (SRS s i Gl
ask 8 Ol oS J S Ll Jlb e sl LLCL 2l oS
e.LSdf.{ﬂ}Q‘eﬁf\)ﬂjujewdszmwmf\&

Journal of Control, Vol. 15, No. 4, Winter 2022

VFr e Ol oF o)led VO Ao ] 28 aloes


http://dx.doi.org/10.52547/joc.15.4.39
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.4.5
http://joc.kntu.ac.ir/article-1-764-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.20088345.1400.15.4.4.5 ]

[ DOI: 10.52547/j0c.15.4.39 ]

fo

by Joae SUSS s sladiboe (61 Sl s SU5 02870 287 1 b

Ol (Sgn 51 uim chram

Fundamental (S0Hz) = 1.441, THD=0.63%

=
=

'

0.2

olm IIllll-I-Ill-lllll

0 200 400 600 800 1000

Mag (% of Fundamental)

Sl YOr (63555 015 1l 4 S 0L (S sasle bl N S

Al b ods w1kt Obe anlie I ol ol 4 aalsl s
JAS g5 S 4 s 5 bl sl g sy e e 5 ol gl sl L
S IUT Hls b 93 03,05 Cenl 030 ST L Jlow s Blowd 5l ousS”
ol 0l e s ol )3 ol 11 et b b e s sl &
ol 03 iln [V] 5 ods 4l bt lu cod amlie <8 JUT Hsla
Sl ol o3 8 oslizal Ko ol oS J 587 g5 bl
MAM_LE.A.:ﬁ@a:jajedtgu_:;l.}j\ga.\,‘iﬁ\)l[ﬂ]):fﬁg
ez A LOT Ols 2 duslie Cgar a5 ol aoDs ¥ gl 5 sl
dalis o) shiles Ll odd (Gl doly o S s sl
S S B L 03l (Y st 51 0 g2) 68 IT sl S e
03l b b o511 0T i 3 059 oS oy o 5035 slizal YU
(Y Jsder 51 p 53 0 5) ity Sl .ol U 53 b6 5 5L 5 5l OT
el 03,5 oslimal Yo UF Ol 5148 asb e 5T lsle o
SSpols glrsel 5 el ob) o A s S 7 lailes
O giw) (Gedr il ol o onlizad WU s LB L 05 5107 55wl
oslizal Ad (sl o F 51l Jlios sl o (Y iy g
Yo UF bl ol 6l 036 b b ol b oy 4 (gl s 503 S
Sl ol 6l g5 Ol e el s Ao 3 &S5 4l THD Ol 5s
oS J S 5laS (Y J,.x;.-()Le_-o):,w)auq:b\)ts.u.@laﬁﬁ
Yo UF O3l 3leslinal b o a0 g b d=l9Y 5y 8 ¥ L dliows
45 bl s (AP el s s o THD & aadl 5
S Eb b Lo Slestinad s 4 oolg i sl lu sds Ol CIlas
G Sl 3l Sl 4 a5 b e ol 5l 5l )
Jg;olﬁol,:@@l,ufr,:,l:s-l.ﬂ«{g,ma:ml,\)l:s-u,:
£33 sl 31 s Ol S b oI (s 4l s e o a1 e L
oslizal s (sl o b 53 51 ods )l Sl (b 1l 5 e
4 Cod Jlle Gl Gl S SR el ) S AST
Ao b 6l odd @) bt le puoeen 548 e S0 sl ksl
213 8 a8 el ol pas sl b

ISl S5 A b Sy (gl el BUST gl Ol jae S oo
Jwtua,'w..m@owb&,:@fogﬂm;)u,gg_/\
wals 5 ST oo 1) 4 93 S pa0le s o155 4 il 5 U kS
5 I S sl e sel Ot 5 b e LB e e O
Ol 1 &S 0L 5 5 sl e JSE 5 s o8 JS
3L THD o5 das oo 0lis Ve K8 oS shailan uioman . din o

IRV-INPRY 4 ¥ GRS [ TR P P S PP

Overs|

400 I I I I i I I
01 0I5 02 025 03 035 04 045 05 055 06
Time (5)

|

0.1 0.2 0.3 0.4 0.5 0.6
Time (5)

Ol als (0 ol 036 S5 (Gl by e slagse JSEIA IS
S

400
200
S
< 0
BN
=200 +
-400 | 1
0 0.05 0.1 0.15 0.2 0.25
Time (s)
all
2 |- 4 -

Iy (A)

&Zd\iﬁ(g@juj(dlqbﬁféucypiﬁJS."«

Journal of Control, Vol. 15, No. 4, Winter 2022

VFr e Ol oF o)led VO Ao ] 28 aloes


http://dx.doi.org/10.52547/joc.15.4.39
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.4.5
http://joc.kntu.ac.ir/article-1-764-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.20088345.1400.15.4.4.5 ]

[ DOI: 10.52547/j0c.15.4.39 ]

Kb g Joio SUSS pdiiitos (gladibes (61 S s SW5 oS 287 1 b Aig

OLla! (Sgn 51 im chra

[4] K. Alluhaybi, I. Batarseh, and H. Hu,
"Comprehensive Review and Comparison of
Single-Phase Grid-Tied Photovoltaic

Microinverters," IEEE Journal of Emerging and
Selected Topics in Power Electronics, vol. 8, no. 2,
pp. 1310-1329, 2020.

[5] H. Hu, S. Harb, N. Kutkut, I. Batarseh, and Z. J.
Shen, "A Review of Power Decoupling Techniques
for  Microinverters  With  Three Different
Decoupling Capacitor Locations in PV Systems,"
IEEE Transactions on Power Electronics, vol. 28,
no. 6, pp. 2711-2726, 2013.

[6] S. A. Khajehoddin, M. Karimi-Ghartemani, P. K.
Jain, and A. Bakhshai, "DC-Bus Design and
Control for a Single-Phase Grid-Connected
Renewable Converter With a Small Energy Storage
Component,” IEEE Transactions on Power
Electronics, vol. 28, no. 7, pp. 3245-3254, 2013.

[7] M. Karimi-Ghartemani, S. A. Khajehoddin, P. Jain,
and A. Bakhshai, "A Systematic Approach to DC-
Bus Control Design in Single-Phase Grid-
Connected Renewable  Converters,” |EEE
Transactions on Power Electronics, vol. 28, no. 7,
pp. 3158-3166, 2013.

[8] S. Taghizadeh, M. Karimi-Ghartemani, M. J.
Hossain, and J. Lu, "A Fast and Robust DC-Bus
Voltage Control Method for Single-Phase Voltage-
Source DC/AC Converters," IEEE Transactions on
Power Electronics, vol. 34, no. 9, pp. 9202-9212,
2019.

[9] Y. Levron, S. Canaday, and R. W. Erickson, "Bus
Voltage Control With Zero Distortion and High
Bandwidth for Single-Phase Solar Inverters,” IEEE
Transactions on Power Electronics, vol. 31, no. 1,
pp. 258-269, 2016.

[10] B. Li, S. Huang, and X. Chen, "Performance
improvement for two-stage single-phase grid-
connected converters using a fast dc bus control
scheme and a novel synchronous frame current
controller," Energies, vol. 10, no. 3, p. 389, 2017.

[11] S. M. Tayebi, H. Hu, and I. Batarseh, "Advanced
DC-Link Voltage Regulation and Capacitor
Optimization for Three-Phase Microinverters,”
IEEE Transactions on Industrial Electronics, vol.
66, no. 1, pp. 307-317, 2019.

[12] M. Merai, M. W. Naouar, I. Slama-Belkhodja, and
E. Monmasson, "An Adaptive Pl Controller Design
for DC-Link Voltage Control of Single-Phase Grid-
Connected Converters," IEEE Transactions on
Industrial Electronics, vol. 66, no. 8, pp. 6241-
6249, 2019.

[13] C. Bao, X. Ruan, X. Wang, W. Li, D. Pan, and K.
Weng, "Step-by-Step Controller Design for LCL-
Type Grid-Connected Inverter with Capacitor—
Current-Feedback  Active-Damping," IEEE
Transactions on Power Electronics, vol. 29, no. 3,
pp. 1239-1253, 2014.

okd (g3lwand Hlsle 4 b g 0 Sledbl 1Y Jgue

Sl Sl
[4] [A] [V]
okds &1, bl
Jeows | Jbows | ST | EHT &
s
Y ¥ - -
sl o
.L:-‘}A\.L(:‘
Y v - -
b
< b
Yo UF Yo UF YY.UF | o$Y UF
a5l
THD
7 7 7 7/ Yor Ols)
(ol
ol R

CAPY Ay ALY KAPY 2dsd o )

(C)l}

S 5 4m —A
&lp W5 ediS J 28 (b (655 S sla e s ol 5
W38N g 2ase Kb e SUSS e slags
33 50 oslizal L g5 oS 43 @yl i Jloms 26 28 & imen
o ok (b S5 0iS J 25T (b b 53 5 s
s il 6 g :JQ».; G-lf): 3 alia 6[.@3-);5‘)‘):54{
OT 55 8 23,5 3 (a5 50 oo SCd g Jaomn 53 2w
dy Gl el p e b eslizal O IF b b L Slulis 05 )
4 a5 Ol THD cuoean 5 T Condy SIs A Ll Gl Yoo

i Loy /8 s Sl YO Ol 5y Sh

&l
[1] S. B. Kjaer, J. K. Pedersen, and F. Blaabjerg, "A
review of single-phase grid-connected inverters for
photovoltaic modules,” IEEE Transactions on
Industry Applications, vol. 41, no. 5, pp. 1292-
1306, 2005.

[2] H. Hu, S. Harb, N. Kutkut, I. Batarseh, and Z. J.
Shen, "Power decoupling techniques for micro-
inverters in PV systems-a review," in 2010 IEEE
Energy Conversion Congress and Exposition,
2010, pp. 3235-3240.

[3] Q. LiandP.Wolfs, "A Review of the Single Phase
Photovoltaic  Module Integrated  Converter
Topologies With Three Different DC Link
Configurations,"” IEEE Transactions on Power
Electronics, vol. 23, no. 3, pp. 1320-1333, 2008.

Journal of Control, Vol. 15, No. 4, Winter 2022

VEr e Olin F o yled 10 o J =S e


http://dx.doi.org/10.52547/joc.15.4.39
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.4.5
http://joc.kntu.ac.ir/article-1-764-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.20088345.1400.15.4.4.5 ]

[ DOI: 10.52547/j0c.15.4.39 ]

fv

Kb 4y Joaio SUSS iyt (ladies (51 S s SW5 oS 287 o1 b

Ol (Sgn 51 uim chram

[25] W. Chen and S. Y. R. Hui, "Elimination of an
Electrolytic Capacitor in AC/DC Light-Emitting
Diode (LED) Driver With High Input Power Factor
and Constant Output Current," IEEE Transactions
on Power Electronics, vol. 27, no. 3, pp. 1598-
1607, 2012.

[26] P. T. Krein and R. S. Balog, "Cost-Effective
Hundred-Year Life for Single-Phase Inverters and
Rectifiers in Solar and LED Lighting Applications
Based on Minimum Capacitance Requirements and
a Ripple Power Port," in 2009 Twenty-Fourth
Annual |EEE Applied Power Electronics
Conference and Exposition, 2009, pp. 620-625.

[271W. Yao, Y. Yang, X. Zhang, F. Blaabjerg, and P.
C. Loh, "Design and Analysis of Robust Active
Damping for LCL Filters Using Digital Notch
Filters," IEEE Transactions on Power Electronics,
vol. 32, no. 3, pp. 2360-2375, 2017.

[28] A. G. Yepes, F. D. Freijedo, J. Doval-Gandoy, L.
0, J. Malvar, and P. Fernandez-Comesafia, "Effects
of Discretization Methods on the Performance of
Resonant Controllers,” IEEE Transactions on
Power Electronics, vol. 25, no. 7, pp. 1692-1712,
2010.

[29] K. Hirano, S. Nishimura, and S. Mitra, "Design of
Digital Notch Filters,” IEEE Transactions on
Communications, vol. 22, no. 7, pp. 964-970, 1974.

[14] M. Ebrahimi, S. A. Khajehoddin, and M. Karimi-
Ghartemani, "Fast and Robust Single-Phase $DQ$
Current  Controller ~ for ~ Smart  Inverter
Applications,” IEEE Transactions on Power
Electronics, vol. 31, no. 5, pp. 3968-3976, 2016.

[15] S. Golestan, J. M. Guerrero, and J. C. Vasquez,
"Single-Phase PLLs: A Review of Recent
Advances,” IEEE Transactions on Power
Electronics, vol. 32, no. 12, pp. 9013-9030, 2017.

[16] C. M. Hackl and M. Landerer, "Modified Second-
Order Generalized Integrators With Modified
Frequency Locked Loop for Fast Harmonics
Estimation of Distorted Single-Phase Signals,"”
IEEE Transactions on Power Electronics, vol. 35,
no. 3, pp. 3298-3309, 2020.

[17] M. Xie, H. Wen, C. Zhu, and Y. Yang, "DC Offset
Rejection Improvement in Single-Phase SOGI-
PLL  Algorithms:  Methods Review and
Experimental Evaluation,” IEEE Access, vol. 5, pp.
12810-12819, 2017.

[18] S. Taghizadeh, M. J. Hossain, J. Lu, and M.
Karimi-Ghartemani, "An Enhanced DC-Bus
Voltage-Control Loop for Single-Phase Grid-
Connected DC/AC Converters," IEEE
Transactions on Power Electronics, vol. 34, no. 6,
pp. 5819-5829, 2019.

[19] G. Feng, L. Ding, P. C. Loh, T. Yi, and W. Peng,
"Indirect dc-link voltage control of two-stage
single-phase PV inverter,” in 2009 IEEE Energy
Conversion Congress and Exposition, 2009, pp.
1166-1172.

[20] M. Ciobotaru, R. Teodorescu, and F. Blaabjerg,
"Control of single-stage single-phase PV inverter,"
in 2005 European Conference on Power
Electronics and Applications, 2005, pp. 10 pp.-
P.10.

[21] L. Zhang, K. Sun, Y. Xing, L. Feng, and H. Ge, "A
Modular Grid-Connected Photovoltaic Generation
System Based on DC Bus," IEEE Transactions on
Power Electronics, vol. 26, no. 2, pp. 523-531,
2011.

[22] C. Meza, J. J. Negroni, D. Biel, and F. Guinjoan,
"Energy-Balance Modeling and Discrete Control
for Single-Phase Grid-Connected PV Central
Inverters,” IEEE Transactions on Industrial
Electronics, vol. 55, no. 7, pp. 2734-2743, 2008.

[23]P. T. Krein, R. S. Balog, and M. Mirjafari,
"Minimum Energy and Capacitance Requirements
for Single-Phase Inverters and Rectifiers Using a
Ripple Port” IEEE Transactions on Power
Electronics, vol. 27, no. 11, pp. 4690-4698, 2012.

[24]1R. Balog and P. T. Krein, "Automatic tuning of
coupled inductor filters,"” in 2002 IEEE 33rd
Annual IEEE Power Electronics Specialists
Conference. Proceedings (Cat. No.02CH37289),
2002, vol. 2, pp. 591-596 vol.2.

Journal of Control, Vol. 15, No. 4, Winter 2022

VEr e Olin F o yled 10 o J =S e


http://dx.doi.org/10.52547/joc.15.4.39
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.4.5
http://joc.kntu.ac.ir/article-1-764-fa.html
http://www.tcpdf.org

