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Abstract: We propose in this paper a nonlinear controller to
optimize the operation of a photovoltaic device consisting of a PV
generator, a three-phase inverter, and an LCL filter. Unlike
traditional systems, this system is reliable and is not expensive,
thanks to the absence of the DC-DC converter.
In reality, we are trying to achieve two goals: (i) Search track and
extract the maximum power from the PV generator (MPPT
requirement); (ii) I nject this power into the network in the form of
an alternating current which hasthe same pulsation asthat of the
network (UPF requirement). To achieve these objectives, the
proposed controller was designed using non-linear design
techniques, based on the nonlinear modeling of
the photovoltaic system. Numerical simulation and its results
showed the performance of the nonlinear controller and its ability
to confront the challenges described in thisarticle (MPP and UPF
requirement), external disturbances and abrupt climatic changes.

Keywords: UPF; MPPT; Integral Backstepping.

I. INTRODUCTION

Recently, the use of renewable energy has increased

significantly because of its positive effects on the
environment (sources of inexhaustible energy, does not
produce waste, completely free, clean), unlike fossil fuels
because of the environmenta problems they cause
(ecosystem contamination, depletion of fossil fuels,
environmental concerns about global warming, the need to
reduce carbon dioxide emissions), which has prompted many
countries to encourage the use of renewable energies such as
solar energy and wind energy. Indeed, PV systems are more
reliable and generate no noise (absence of mechanical parts),
unlike wind systems. Nevertheless, several factors impede
the diffusion and use of renewable energies, including the
high investment cost and the lower energy conversion
efficiency of the PV panels. Solar PV is used in the
photo-thermal mode in which the solar energy is transformed
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into heat; or in the PV mode in which the solar energy is
transformed into electricity (direct current). Indeed, the
power delivered by the PV systems can be used in different
modes:. either in an autonomous application mode in which
the power is stored in batteries. In application mode, and
when connected to the power grid in which the power
generated by the PV system must be fed into the network
with a unity power factor, these systems gain more interest
compared to standalone PV systems. Converters have been
proposed and developed such as choppers and inverters to
increase the performance of the PV systems. Indeed, severa
parameters can optimize the efficiency of energy conversion
and the transfer of this energy to an electrical network.
Among these parameters we quote: the type of converters
used, the command by which this converter was controlled,
and the way of connection between all the devices of the PV
system. In [1]-[2], The PV system is made up of a PV
generator, two static converters and an electrical grid (figure
1). Thefirstisaboost converter DC_DC, itistheresponsible
for MPPT. The second is a DC_AC converter, it is
responsible for transforming the direct current into
alternating current and transferring this energy to the
electrica network (UPF). In [3-4], the PV generator is
connected to the mains via an inverter (figure 2); the latter is
responsible for performing the two previous functions at the
same time as MPPT and UPF.
Nonetheless, linking the PV generator and the electrical grid
viathe only DC AC converter is the best technique because
it removes the drawbacks of the boost converter (high weigh
, and maintenance costs). The three-phase inverter is
operated using this technique to achieve two goals: firstly, to
search and extract the maximum power (MPPT) from the PV
generator, secondly the synchronization between the injected
current and the network voltage at the pulsation level.
Besides, the most important in the field of renewable energy
isthe PV systemslinked to the electrical grid. In this context,
several control strategies have been proposed and built-in this
regard to optimize and improve the efficiency and output of
the PV generator connected to the 3-phase grid. In [5], two
controllers control the PV system: the first is the adaptive
fuzzy logic controller for controlling the DC-DC converter,
the second is the predictive current controller for controlling
the DC-AC inverter, this control strategy is more costly as it
involves a DC-DC converter and the predictive current
controller needs accurate circuit parameter information.
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In [6], two controllers controlled the PV system: oneisthe
back-stepping used to control the DC-DC converter, while
the other is the PI controller used to control the phase
inverter. This strategy of control is costly because a DC-DC
converter is needed. Indeed, the Pl controller used in this
technique may be sluggishin low frequency at times and pose
arisk of instability which limitsits use in nonlinear systems
control. Sliding mode control and discrete-time integral
sliding mode control have been Suggested in [7-8] to transfer
the power of the PV generator to the grid. The diding mode
control operating principleisto push the system'stragjectories
to hit the dliding surface and stay there. Nevertheless, with
considerable uncertainty, this control technique has a high
gain that leads to high amplitude of oscillation (chatter).

The purpose of this article is to control a generator
connected to the public network through a 3-phase inverter
and an LCL filter. Inlinewith the above, the primary purpose
isto extract the PV generator's maximum power by using the
algorithm perturb and observe, secondly inject this power
into the network as a sinusoidal current with the same
pulsation as that of the grid and with a harmonic distortion
rate of less than 5 percent. The control strategy proposed in
this study is based on the "Integral Back-stepping” technique
while considering the modeling of the nonlinear system
studied. In order to reinforce the robustness of
the PV system, and to increase its resistance against internal
and external disturbances and parasites, and to eliminate the
uncertainties of the modeling of the studied system, an
integra action has been used. To demonstrate the stability of
the proposed controller, the analysis of Lyapunov was called.
Indeed, this control technique forces the output voltage of
the PV generator to follow the reference voltage generated by
the algorithm (P& O), and keeps the current injected into the
network in phase with the network voltage. In addition, it
seemsthat thisisthe best solution to the disadvantages of the
previous controllers, it is robust, insensitive to internal and
external disturbances, and also accurate and stable.

The rest of the article will be structured as follows: -A
description of the PV system consisting of a PV generator
connected to the single-phase grid will be presented in
section 2; section 3 will be dedicated to the design and
analysis of the non-linear controller using the back-stepping
technique; and section 4 will present the discussion and
analysis of the effects of numerical simulation. A conclusion
and areference will be given at the end of the article.
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[I. THE MODELING OF A THREE PHASE GRID
CONNECTED TO A PV ARRAY

As illustrated in figure 4, the actual PV system used in
this study. This system consists of a PV generator, capacitor
C,, athree-phaseinverter, an LCL filter and apublic network.
T —»——o —

R I
ijph Y D [] R, | 24

Fig. 5.System connection of the PV cell.

A. PV pane model

Asillustrated infigure 5, the electric model of the solar cell
used in this article. Indeed, this model consists of a diode
connected anti-parallel with a current generator, and two
resistors connected in parallel and in series.
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This cell converts solar energy into electrical energy using
the PV effect.

The solar cell studied can be modeled by the following
mathematical equation [9]:

=11 exp V+IR, 1 VH+IR
NNV Ry,
D
Where, I represents the photocurrent, s represents

saturation current of the diode, n represents the ideality
factor, Vr represents the thermal voltage KT/qg, K is the
Boltzmann’s constant, T is the temperature in Kelvin, q is the
charge of an electron, Rs and R« are the series and parallel
resistors that, due to the connection of the devices, model
energy loss. In this paper, the PV module considered has
linked cells serially to N=36.

To obtain the desired voltage and inject it into the network,
several PV modules are connected in series and parallel. A
PV generator can be modeled by the following mathematical
equation:

V, +1
lp =1 oo — Isp{exp( 'ﬁl N;?J—l}—
s T

2

Where V, and |, are the PV generator's output voltage and
current. Is= Np Is and Ipgng= Np Ipn are the PV generator
photocurrent and saturation current respectively. The parallel
and series resistances of the PV generator are Rsnp= Ran(Ns /
Np) and Rg= Rs(Ns/ Np). The PV module is composed of Ns
panels in serial and Np panelsin parallel. Depending on the
solar irradiation and the temperature of the cell, each PV cell
delivers a variable current (photocurrent). The following
mathematical equation describes this current:

Lon = Tpneer +Cr (T-Tra )J[%j

©)

Where S stands for the direct solar radiation (W/m?). I ghret
is the short-circuit current of the cell. T« represents the
reference temperature of the cell. The Cr represents the
coefficient of temperature (A/K). Nevertheless, a diode's
saturation current varies by temperature and can be given by
the following mathematical equation:

o[22

(4)

Where lg« at Trer temperatureisthe cell'sreverse saturation
current. Eg is the band-gap energy of the semiconductor (ev)
of the cell.

B. Dynamic model of theinverter DC/AC

In this paragraph, we address the study and the
mathematical modeling of the three-phase inverter shown in
figure 4. The dynamic system shown in figure 4 is modeled
by the following dynamic state equations:

V, +1,R,
Rep
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¢ IlVe-ae ]

at = [iz.abc |~ [12-a0c]

(7
My
Pdt P
(8)
ig = [5123] [il-abc]
9)

Where |, Vp, io, ([i1-a0c] = [i1ai10 i1¢] ", [iz-abc] = [i2aizp izd]T)
and ([Vc—abc] = [Vca Vb Vcc]T. [Vr—abc] = [Vra Vrp Vrc]T) are
respectively the PV array current, the DC link’s voltage, the
input current inverter, the two three-phase components of the
current traversing the inductances L1 and L» and the two
components of the voltage across the capacitor and the grid
side (with known constant frequency @ and amplitude vy). Cp,
L4, C, L1, R and R; are respectively the input capacitor of the
inverter, the inductance of the LCL filter on the three-phase
inverter side, the capacity of the LCL filter, the inductance of
the LCL filter on the three-phase grid side, and the equivalent
series resistance of inductances Ry and Ro.

1if s inonands; is off
S={ i=1,23 (20)
0if sinonands; isoff

We will now apply the park transformation to (5 9) to
simplify the representation and modeling of three phases. The
grid voltage and current arelinked to thed_q transformation,

therefore Vg =V and Vq = 0.

diyg R. 1 . 1
—L =2V, + Bl —— V, 11
ot L 1d L Hy-Vp g~ Ved (11
dy, R. 1 o1
—— =i+ — WV, — @iy —— V, 12
dt Ll 1q L1 Ho p 1d L1 cq ( )
di,y R, 1 |
— =L 4+ —V @iy —— V 13
dt L2 2d L2 cd 2q Lo rd ( )
diyg R,. .
=L, +—V,—i v, 14
ot L, 2q L, oq 2d Lo rq (14)

=~ g —lag ) = Re| 7=+ | Ve
dt R. R (15)

+OVgy +— L #1Vp+L—2chd

1 RR, 1 1

—— i1y —log | = R.| —+— |V,
Ve [C L, j(lq Zq) RC[Ll Lz] “
i R (16)

—@Ngy +— [V, +L—°vrq

2
dv .

The goal now is to build a controller for the three-phase
inverter using the following state equations and considering
the following state variables:

T LT g2 = . . . . . .
(lld Ilq I2d I2(:|'Vcd oq'Vp)_(X:Ldvxlq!X2d'X2q’X3d'X3q!Xp)'
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Let us now change the expression of the currentij by the
New expressionio = Py Xq + HpXy ; and multiply both sides of
the equation (8) by the variable 2v,.

. R 1 1
=——=Xgq +— WV, +oX, —— 18

X L1 X L1 My p qu L1 X3d ( )

. R 1 1

Xq = _rl X +f1 MoV — 0%y _El X3q (19

Xoq = ——=X +ix + WX 1 v, (20)

2d L2 2d L2 3d 2q Lo rd

. 1 1

Xoq = _L_Z 2q +L_2X3q — WXy _Ez Viq (21)

1 R 1 1
(E_%J(de _de)_Rc[r"'L_jXSd
X3 = 2 ro (22)

RC RC
+0)X3q + T ;LL_I_Vp + L—Vrd
1 2

1 RR, 1 1
o S G

X3q =
—WXaq + &,uzv +Rey,
L P L
(23)
Cpo =2P- 2Vp (/U’.lxld +:u2X1q)
(24)

Wherethe expresson P =V *i .

1. THEDESIGN OF THE PROPOSED
CONTROLLER

This segment aims at achieving two main goals. (i) MPPT
achievement. (ii) UPF achievement.
A. Unity Power Factor and the DC voltage of the PV
generator controller:

In this paragraph two loops were considered. In the first
loop, the main objective is to realize the UPF which is based
on the injection of a sinusoida current and on the same
frequency asthat of the network. In the second loop, the goa
isto achieve the MPP and regulate the voltage across the PV

generator V, at its reference voItageVp’ref generated by the
agorithm (P& O). These two loops will be designed using the
Integral backstepping technique [10-12].

B. UPF controller design:

The objective here isto design a nonlinear controller that
forcesthe signal X to zero (x;q = O) (UPF achieved). Let us

considered the error &g

E1q = Xoq —Xoq
(29)
Using (21), the time derivative of &, is given by:

. 1 o
&g =——=Xoq +— Xgg — DXog —— Vog — %o
1q L2 q L2 q Lo rq q
(30)

L et us define the Lyapunov candidate function:

Retrieval Number: D1164029420/2020©BEIESP
DOI: 10.35940/ijitee.D1164.039520
Journal Website: www.ijitee.org

679 & ciencesPublication

Vig = 05* (g2, +62,)
(31)
Using (30), the time derivation of (31) isgiven by:

R, 1
Y1519 — N Xoq + L X3q — WXaq
2 2
1

= Vg%
2
Lp @ 7

Consider the following equation:

v1q = &g (32)

R, 1
Y1q%1q — L_2 Xoq T L_2 Xaq — WXyg

1 . = —Kygéng
Ty e e

(33)
Therefore, we will have:
; 2
Vig = ~Kigélg
(34
Whiley,, - 0and Ky, - 0. &, isgiven by (35).

[ e (r)d
flq —Ioglq r)dr
(35)
Thus, the x;, stabilization function is given by:

. [—Lz Kigé1q — Lo¥1g6iq + ReXoq + Lza’deJ

= . (36)
Vgt szzq

Xgq =
Consider the new tracking error &, defined by:

£29 = Yaq ~ %q
(37)
Using the expressions (36) and (37), the expressions (30) and
(32) will have a new definition as follows:
. ‘92q K
&9 =~ Kagfig ~ 71959
2
(38)

. E1qE
_ 2 19°2q
qu = Klqglq +

(39)
Using (23), the time derivation of &, is given by:

1 RR, 1 1
T SR et

éz =

q

—X +& \Y +&V _)'(*

WDX3q LlluZp L rq 3q
2

(40)

Let us define the new tracking error &5, :

€39 = %1~ X

(41)

Therefore, the new expression of (40) is given by:
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1 RR, .
| (E_ . J(ggqﬂlq_xzq)_wxgd
e #Re v o Rey i R. 11
L HoVyp L, rqg — %3q L L 3q
(42)

Consider the new Lyapunov function defined by:
1

Voq =Vig 5 £3q

(43)

Using (42), the time derivation of (43) isgiven by:

S

7 _ 2 I:20 I:QC
Voq = —Kygéig + &oq| —0%gq + T AN +L—vrq
2

1

x 1
_X J— —_
% * [ L
(44)
The equilibrium (€14, €29) = (0, 0) is globally asymptotically
stableif:

fa [1_RRc
L, (C L,

j(gg,q +Xg fxzq)

= _K2q82q

With Ky, == 0. If £5, =0, the x, stabilization function will
have the following new expression:

R. v
L, HaVp

1 1
- J*&[EH—J@
LZ_C(RiRc) +

+Xoq (46)

By combining (42) and (46), the new expression of (42) and
(44) isgiven by:

- aq (1 RR
ng :_qugzq —L—j+[E—TlJ€3q (47)
. 1 R1
qu = —Klqglzq - qugzzq + (E - _Lljc ngqgm (48)

By combining (19) and (41), the new expression of &g, is

given by:

. R 1 1 x
E3q :_rlxlq +rl|J~2'Vp — Xy _E1X3q _qu
(49)

Let’s bring Lyapunov function:
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_ 1,
V3q —qu +E€3q
(50)
By combining (48) and (49), the new expression of (50) is
given by:

1_RR ),
2q
cC L
. R X
Vaq = —Klqglzq - qugzzq +é&3q —Txm - % (51)
1 1
x oV
0% =g+ P
1
Therefore, the signal [, is given by:
1 X3
L, | Keata _(E_%] fat
"y, =—2 (52)

\ R *
P L Yt @%a g

WithKg, 0. Thus:
V3q = _Klq‘glzq - qugzzq - Kgqg??q
(53)
Thus, the objective UPF is achieved with THD <5%.
C. TheDC-link voltage of the PV GENERATOR
controller design:
We proposed in this section the signal |, to push the
voltagev,, to follow the referencev, « . This technique of

regulation must achieve two goals at the same time: (i)
Creating an internal loop so that the current x,4 follows its

reference current x:d correctly. (ii) Using an external loop,

the reference signa x’;d is designed to set the voltagev, to
follow itsreferencevy, « -

+ Therealization of theinner loop of the current X, :
The tracking error &4 is given by:

E14 = YXoq —Xq
(54)
Using (20), the time derivative of &14 is given by:

. 1 o
2 L,
Let’s bring Lyapunov function:
Vig = 05* (q¢Z +62)) (56)

Using (55), the time derivation of (56) is given by:

1
' Y1d51d ~ % Xod T %ad T @%q
Vig = &1 2 2
1L, Vg — Xod
(57)
Consider the following equation:
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R, 1
714610 —— Xoq + L X3g + WXy

L
2 2 _
=-Kygéy

_= _5(;
Lo rd d

Therefore, we will have:

vld = _Kldglzd

(59)

Whileyy = 0and Ky > 0. & isisgiven by (60).

S = J.; &g (r)dz

Consider the new expression of Xg :

o [~LeKiggin — Loriacia + ReXoq — LowXoq
HVhg + Lo¥og
The new expression of &, is given by:

Exq = Xag _X;d

(58)

(60)

(61)

(62)

Using the expressions (61) and (62), the expressions (55) and

(57) will have anew definition as follows:

. &
&4 = Lid —Kyég = 714414
2

(63)

. &€
Vg = —Kldglzd 4+ Ad2d

2

(64)
Using (22), the time derivation of ¢,4 isgiven by:

1 RR, 1 1
———= —Xoq ) - R| —+—|X%
. (C L, j(xm 2) RC(Ll sz 3d
€24 = R R
+@Xgq +T°ulvp +L—°vrd — Xgq

1 2
Let us define the new tracking error g5 :

£39 = %4 —Xg
Therefore, the new expression of (65) is given by:
1 RR. * R, "
—— + X —Xog |+ —SVg —
(C L J(gad Xg ~ Xod ) L, " X3q

€2d
-R, i+i Xaq + WX +& Y
L:I. L2 3d 3q Lllu’.l.p

(67)

Consider the new Lyapunov function defined by:
1

Vag =Vag +5 65

2
(68)
Using (67), the time derivation of (68) isgiven by:

[é—RlL—IjCJ(Ssd +X4g = Xog )

y 2 R¢ . €id
Voq =—Kigéig + €24 +L—Vrd —Xgq +_L T WXgq

2 2

1 1 R,
“R| =+ Xy +—2 11V
Rc(Ll LZ\J * I-1lu,l P
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In this expression, the equilibrium (£y4; £54 ) = (0;0) is proved
to be globally asymptotically stable if:

(é— Rll_ljcj(%d + X —de)

R 1 1
Kpgbng = | +—C v —R | =+ |x 70
24624 Llﬂi b Rc['—l sz ad (70)

R K3 &
+—Cv — Xgq + L+ X
rd 3d 3q
L L
2 2

With K54 > 0.In the case where ey =0, the stabilization

function x4 will have anew expression as follows:

R
—Kag€aq — TC MV,
1

. CL, 11 »
=| ————+R| =+ [Xgq + Xgq |+ X 71
X L,—CRR, Re ( L L J ad g [+%d | (71)
Rc é1d
- - o
L2 rd L2 X3q

By combining (67) and (71),
of &,q and V,qisgiven by:

the new expression

. &g (1 RR
Eon = —Ko& _Ld_k —— ¢ & 72
2d 20624 77 (C L ] 3d (72)
. 1
Vg =—K1d312d - K2d522d +(E_—R|1_chgzd53d (73)
1

By combining (18) and (66), the new expression of &4 is
given by:

. R 1 1 o
=——=Xq +— MV, + — = Xgg — 74
&34 leld L1H1 p T 00X R Xiq (74)
Let’sbring in Lyapunov function:
1
Vg = Voq +§8§d (75)
By combining (73) and (74), the new expression of (75) is
given by:
1 _RR),
2d
cC L
. X
Vag =—Kugeh — Kag&ag + &34 (R X (76)
L L1
4V .
+ 3 + 0% — X
1

Thus, the signa i, isgiven by:
1 X
L —Kzyé3g —(—— Rch]f‘?zd +-3

C L L
Ulzv_ R 1 1 (77)
P +fX1d—a’X1q+5(1d
1

WithK,y > 0.
Vo = —Kyye2 — Koyeay — Koy &2

3d = g€ 2d€2d 3d€3d
(78)
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Thus, the signal x4 followsthe reference Xoq . -
+ The externa loop of the PV generator voltagev,, :
Using (52) and (77), equation (24) becomes:

e,
| 72X%ad — 2R X% — 2Ly X4 g

1_RR
1

— 2% Xaq — 2RXG — 2Ly Xy X + 2P
The reference signal of the PV generator v, . is given by :

1
211X Kag&3g + 2L %4 (E -

(79)

Xp,ref = vg,ref

(80)

Then, we define the tracking error &, by :

&p =Cp(Xp —Xprer )

(81)

Using (79), thetime derivative of £, is given by:

2Ly %qq Kagézg + 2Ly % [é —Rl—l_ljc}zd

—2X4%qq — 2R1X12d —2LyX4 Xid

& = 1 (82
Pl ] +2Lxg Kageag + 2% 1_RR &2q
— 2% Xaq — 2RXG — 2Ly X X + 2P
—Cp)'(pvref
Let’sbring in Lyapunov function:
P, 2, 2
Vp =05 (ypfp +‘9p)
(83)
Using (82), the time derivation of (83) isgiven by:
1
2Ly Xy Kggag + 2L %9 | < — RR &4
cC L
—2%4%gq — ZRlxlzd —2L3X4 ).(;d
V, =¢ 1 (84)
PP | 2L K agaq + 2Ly X 1_RR &2q
cC L
—2X g Xaq — 2R XG, — 2Ly Xy X + 2P
~CpXpret +7pSp
L et's make the following change:
1
-2y X4 Kagéaq —2LXg | == RR Ead
+2%4 Xgq + 2R1X12d +2LX4 Xid
K. e, = 1 (85)
PP _2L1X1qK3q‘93q _2L1x1q __ﬁ ‘92q
cC L
+2X Xaq + 2R X + 2Ly, X — 2P
+CpXpret ~7pSp

Therefore, we will have:
y 2
Vo =—Kpep
(86)
Whiley, =0and K, - 0.&,isgiven by
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-2y

$p = jogp r)dr
(87)
Thus, the voltagev,, follows the referencev,, .
The variable X is defined by:

Kpgp +2P+ 2L1X1d K3dg3d - 2X1d X3d

_2L1X1d XId + 2L£I.X1q K3q‘c"3q - 2R1)(12d

1

+2Ly%, | = RR E2q — 2Xiq%aq — 2R
C L
_2L1X1q).€q + 7p‘§p _Cpxp,rd
Using a combination of the above equation (88) with
equations (54), (63) and (85), the expression of the X, . iS

(89)

given by using the backstepping control regulator:

X
X;d = 2L1L2X1d {é_Rﬂ}j

—KigXoq +Xog + KgXoq + 719514
(89)

IV. SIMULATIONAND RESULTS

In this part, we will test and examine the performance and
the efficiency of the non-linear controller designed in Section
3 by numerica simulations. We modeled the PV system
studied by a system of nonlinear equations [18-24].

Table- I: Table Styles

Parameters Name Value
Rs Series resistance 0.002Q
Ro Parallel resistance 1000Q
Ng Number series PV 20
Np Number Parallel PV 5
n Ideality factor 17
| sor Short circuit current at T, 8.3758A
I Cell saturation current at T, 5.3pA
T, Reference temperature 298.15K

Table-II: DC_AC Inverter, LCL Filter and Grid

Parameters
Parameters Name Value
Capacitance of LCL
G filtre 3uF
damping resistor of the
R capacitance of LCL 75Q
filter
DC link voltage
Vo reference S0ov
L |_nverter sde 2 AmH
inductance
Lg grid side inductance 4mH
equivalent series
Ry, Rg resistance of 0.005Q
inductances L¢and L4
C, DC-link capacitor 3000pF
f grid frequency 60Hz
the utility grid’s
Vere amplitude 230
Pn Inverter power 1000W
fow Switching frequency 10KHz
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Figure 6 indicates the solar radiation and temperature
fluctuations. Figure 7 shows the power P, generated from the

PV generator, it is apparent that this power is always at its
maximum regardless of the weather. It means that the PV
generator's maximum power extraction target has been
achieved. As shown in figure 8, the PV generator's
currenti, varies depending on solar radiation. The DC-link

voItagevp is constant, as shown in figure 9, and follows its
referencev,, . , regardless of the environmental conditions.
The currentig injected into the grid electrical, isillustrated in
figures 10, 11, 12, 13, 14 and 15. The injected currentiy and
grid voltagev, frequencies are found to be equal. Regardless
g remains
sinusoidal and in phase with grid voltager (UPF achieved).
Indeed, figure 16 shows that the THD of the currenti isless
than 5% (0,7%)

of weather conditions, the injected current i

V. CONCLUSION

In this paper, we proposed a nonlinear advanced controller
for optimizing, increasing and improving the efficiency of a
public grid-connected PV network. The main benefit of the
system being studied is the absence of the DC_DC converter.
Under the Matlab-Simulink, the simulation showed that the
desired goals were achieved in this article. Also, the
controller allowed the maximum power to be extracted and
injected into the grid. Whatever the weather conditions, the
total harmonic distortion rate of the current injected into the
grid is minima (THD < 5 percent). Nevertheless, the
nonlinear controller suggested in this article has the
following advantages. fast response, accurate tracking, and
robustness. This controller is proven to have a minimal
harmonic ratio, high efficiency, and asymptotic stability
overall.
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