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In order to better adapt to the variation in solar irradiation and to improve the efficiency
of the photovoltaic generator, i.e. to maximize the power delivered to the grid. Several
criteria’s for optimizing the efficiency of the photovoltaic system have been applied.
Among them, the algorithms for tracking the optimal operating point of the photovoltaic
panels that called Maximum Power Point Tracking (MPPT). In this article, a PV generator
(GPV) has been connected to the power grid, as a result, direct consequence is in the
deterioration of the voltage wave and thus the quality level of the energy supplied to the
consumers. To overcome these problems of harmonic pollution, active power filtering is
proposed as an efficient solution to improve grid power quality. This paper therefore
proposes to examine the characteristics of an association between a photovoltaic generator
(PVG) that aims at injecting active power into the electrical grid and a parallel active filter
that has the task of eliminating disturbances present in this grid. The theory of the two-
phase method with Adaline harmonic extraction is applied for the extraction of the
reference currents according to the DQ reference frame. Finite set mode predictive current
control (FS-MPCC) applied on PAF has been proposed in order to compensate undesirable
harmonic, and reactive power resulting from a non-linear load. A Global Maximum Power
Point Tracking (GMPPT) algorithm based Adaline method has been suggested for
extracting power from PVG. A simulation under Matlab/Simulink of the global system
proves the robust performance capability of the suggested Adaline Neuro-Predictive
(ANP) control to simultaneously provide harmonic current compensation, power factor
correction and solar power energy injection into the grid.
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1. INTRODUCTION adequate and efficient solution. The presence of power

electronic interfaces can inject switching harmonics to the grid

Photovoltaic (PV) solar energy has been considered
currently among the most powerful sources of renewable
energy. PV systems are not restricted only as power producers
active through the electricity grid, but also help to improve the
quality of energy. In the past, distribution networks behaved
as passive elements in which power flows unidirectionally
from the source substation to the end consumers. Due to the
insertion of Photovoltaic Generators, power flows and
voltages are impacted not only by loads but also by sources.
As a result of these technical specificities of photovoltaic
systems, the connection of PV systems to the grid can have a
significant impact on the operation of the grid. In the proposed
context, where the levels of power produced vary in large
proportions, the rapid growth in the use of non-linear loads and
their generalization in power grids tends to degrade the quality
of electrical energy, mainly by injecting harmonic currents
into the grid. The direct consequence is the deterioration of the
voltage wave and thus the level of quality of the energy
supplied to the consumers. To overcome these problems of
harmonic pollution, active power filtering proves to be an

365

if the inverters are not equipped with efficient filters and
robust control. Current inverters still contribute to the increase
of current harmonics because they usually operate at reduced
power, so the THDs are more important. For this purpose
several researchers are contributing to the improvement of the
quality of Energy. Azzam-Jai and Ouassaid [1] discuss a
multifunctional photovoltaic grid-based shunt active power
filter (PV-SAPF) using a neural control strategy for diphases
currents. the control strategy aims to use the PV-SAPF for
dampening harmonic currents, controlling the DC link voltage
and compensating the reactive power. The paper [2] presents
the modeling of a PV inverter operating as an active filter (AF).
The control of the PV inverter is based on a PI controller
applied in the dq reference frame to control and extract
harmonic currents. The principle of this work is based on the
compensation of the fundamental reactive power and the non
fundamental distortion power due to the non-linear loads
connected in the local grid. Serghine et al. [3] describe a
combination of a grid-connected PV system with a parallel
active filter. In this work, the authors propose a classical


https://crossmark.crossref.org/dialog/?doi=10.18280/ejee.224-508&domain=pdf

control strategy based on the instantaneous p-q theory used to
control the voltage source inverter. The model aims
simultaneously to provide active and reactive power to the grid.
Two operating controls are used to control the grid-connected
photovoltaic system [4]. The first one is the current control that
regulates the current in the PCC (point of common coupling).
The second one is the voltage control which is used to obtain
the output voltage of the PV. The main drawback in this
method that the maximum power point will rapidly follow the
evolution of the PV grid and in the case where there is a
problem in the DC bus regulation we can't have a better
tracking. In this work PV architecture with a tidy chopper
structure and a single inverter was adopted to ensure the PV-

grid combination. It should be remembered that this
architecture allows, on the one hand, flexibility of the MPPT
control and, on the other hand optimization of the installation
cost and the number of interactions between the grid and the
PV installation since we are limited only to a single DC/AC
converter for connection to the grid. This later function both
as a PV-grid interface system and as a PAF.

The contributions in this article are:

- The control applied to the DC-DC step-up converter with
the implementation of an MPPT algorithm into a PV grid-
interconnected system.

-The control applied to the inverter using a PAF.
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Figure 2. Global scheme of GPV-FAP

The Synchronous Reference Frame (SRF) theory combined

with the Artificial Neural Network (ANN) using the Adaline
method is applied to extract the reference currents, while a PI

regulator is proposed for controlling the DC capacitor voltage
after the extraction of the maximum power. For the generation
of the control signal, the Finite State Mode Predictive Current
Control (FS-MPCC) is applied to the PAF using two levels
Voltage Source Inverter (21-VSI). For extracting the power
from the PVG, an Adaline-type MPPT algorithm is used which
allows increasing the efficiency of the system. The
combination PVG-PAF composed of a PVG [5], a DC-DC
boost converter, a DC link capacitor, a 3-phase DC-AC

inverter, a filter inductor, a grid and a non-linear load like is
shown in Figure 1. This system is verified under
MATLAB/Simulink and as results, the simulation is
confirmed. In addition, both steady-state and transient
characteristics are thoroughly analyzed for each of the control
algorithms discussed above. After comparison of the P&O
algorithm with Adaline, it was found that Adaline has
improved dynamical performance and considerably reduces
the problem of oscillations that arise upon application of the
P&O algorithm when responding to sudden weather changes.
Moreover, it was found that maximum power extraction
velocity and precision are generally improved with this
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technique. The results show also the efficiency of the
photovoltaic compensation system where the Total harmonic
distortion (THD) component with the source current has been
reduced from 26.26% to 0.96% after filtering with Adaline
Neural Predictive control (ANPC), and to 1.64% with P&O -
Hystérésis Control (PHC). Following, this introductory
paragraph (section 1), the present paper has been organized
according to this structure. In section 2, a description of the
proposed system PVG-PAF including: a PVG modeled by an
electronic circuit, a DC-DC boost converter, an MPPT
controller type Adaline. Section 3 introduces the Proposed
Neuronal - Finite Set Mode Predictive Current Control (FS-
MPCC) implemented in a PAF. Results of the simulation of
the control proposed schemes have been given in section 4 and
final remarks are given in section 5.

2. PV PANEL CONNECTED TO THE GRID THROUGH
A PARALLEL ACTIVE FILTER

2.1 Description of the proposed system PVG — PAF

The studied configuration consisting of a PVG connecting
to the DC bus of a two-stage three-phase voltage source
inverter (2S-VSI). An electrical grid feeds power to a non-
linear load consisting of a PD3 rectifier with a resistor in series
with an inductor. In this structure, there is also a DC-DC steep-
up converter combined to the MPPT control. The synoptic in
Figure 2 illustrates this configuration.

2.2 Modeling of electronic PVG

In this paper, a solar cell electronic circuit to emulate the
operation of a photovoltaic (PV) cell is presented as shown in
Figure 3 [6]. The equation representing the current and voltage
relationship of the PV cell is given as follow [6-8]:

1 | | +
ph t d sh Rs
T R vacell
Sh
Figure 3. Potovoltaic cell (single-diode)
v+ IR v+ IR
l,=1_,—1ex s |=1(— =
pv ph s [ p[ th J :| Rp (1)
with
— n'K'TSmc —
a= T =ny, ()
_ KTSmc
V= 3

where, Ip, is the photocurrent PV module, I; is the saturation
current of the PV module, R, represent the serie resistor, R,
represent the parallel resistor. Iggn. the reverse saturation
current, Iscsmce the short circuit current per cell, I the
saturation current of the PV cell, V; is the thermal voltage of
the cell, n is the diode ideality factor, k is the Boltzmann's
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constant (1.3806503 10-23 J/K), V is the voltage of the diode,
q is the charge of an electron (g= 1.610-19 C), k; is the current
coefficient, k, is the Voltage coefficient, V. is the open
circuit voltage at the nominal condition.

2.3 DC/DC boost converter

A Boost converter [7, 9] is classified according to the mode
of the inductor’s operation, as it is the element responsible for
raising the current to store it in the capacitor. Thus, it can
generate high voltage at the output and deliver it to the load. A
model of the equivalent circuit is given by the Figure 4. The
relation between the Boost's input and output voltages is as
follows:

Vload _ 1
e @
D
— D
Vﬂﬂ
VPVT == Ce E S| Cs==" dI Rioad
-

Figure 4. DC-DC boost converter
2.4 MPPT PV control system based Adaline

The MPPT control technique proposed is an adaptive neural
controller type Adaline for application to a DC-DC step-up
(boost) converter. The Adaline is an intelligent control consists
of a single neuron with linear activation function like is shown
in the Figure 5, whose output is calculated as [10]:

z(K) = f(v(k)) (5)
with:
3
v(k) =b(k) + > w; (K)x; (k) (6)
i=0
Zi:yi:\NiTX_'_WiOXERn’yERm,ZERm (M

The separator planes of the classes have as equation [11]:

W X+W,=0Vi=1..m ®)
Supposing that the activation is linear and the input bias is
neglected, the formula is as follows:

2t =y(®) = ZW (1) (t) 9)

Hence f7is the activation function, v(k): activation function,
b: value of the bias, x; input signals, p(t) represents network
inputs over time, w; is the synaptic weight vector, z(t) is the
neural network output, y(t) is the weighted sum of the inputs
and weights before the activation function and k indicates the
delay time compared to the first input data. The most common
error function is the Man Square Erreur (MSE), by developing



the Eq. (7), the network response can be obtained from the first
instant of time. Let us take the following input-output torque:
p(t), d(t) presented at time t. With p(¢)€ [ py1, Pz, ..., Pq ] is the
representation of the network inputs. d(t) denotes the output
desired vector [11]:

d(t) =[d, ®,...d,, O (10)
Knowing that
W(0) p(t)
fun| P|oe (b
we | [pe-9)] X=W] z=[P] y®=X'z

The output of the Adaline is calculated as a function of p(t)
at time t giving as follow [11]:
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Learning Rule Algorithm |

(LMS)

Y =W, (£)" p(t) +wi, () = X" (t) Z(t) (12)

Through the adjustment of the weights X; the error can be
minimized as given by:

e®)=d®-y® (13)

The mathematical expectation of the square of the error that
the LMS algorithm consists of minimizing, taken on all the
pairs: [Py, di] fork=[1,2, ..., q] [11] is:

E(e”()=E[(d -y ®)’] (14)

The flowchart given in Figure 6 illustrates a proposed
MPPT regulator concept using an Artificial Neural Network
(ANN) type Adaline.

z(t)

Fonction
d’activation =——q—P>

Figure 5. Scheme of the Adaline controller

Read V,.
I, Py

Figure 6. Flowchart of the suggested algorithm based on a combination of Adaline and P&O



3. PROPOSED NEURONAL- FINITE SET MODE
PREDICTIVE CURRENT CONTROL (FS-MPCC)
APPLIED TO A PAF

The neural-finite set model technique proposed in this part
is a Predicted harmonic currents control. This suggested
technique is based on the identification of harmonics using
adaptive neural controller type Adaline. Predictive current
control of the finite set model requires measurements on grid
voltages Vg, DC bus voltage V4. and nonlinear load currents
ilapc. In addition, the DC bus voltage is regulated as a function
of the reference power generated by using an Adaline-type
neural regulator. The voltage loop of the DC link applies a
single PI regulator in order to keep it fixed to a reference value
of (200 V). The reference harmonic currents

ifap, are calculation method based on the extraction of the
harmonics with the Adaline in the DQ reference frame. Then,
a calculation cost function is formulated containing a desired
control system after predicting the currents measured by the
PAF if,,.(k + 1) for a one-ahead step prediction. These
quantities have been expressed in orthogonal coordinates (a,
B) of the currents after the Concordia transformation. When
the cost function developed in each sampling time has been
optimized for the set of seven voltage vectors to which the
inverter applies to the load, a voltage vector that minimizes the
cost function is applied to the terminals of the PAF. This
procedure will be repeated at each (K+1) sampling instant.

3.1 PAF modelisation

A PAF is a bi-directional current converter connected in
parallel with the grid using a passive filter (L¢, R¢). Figure 7
[12] shows the system under study. The load current (i}) was
calculated as the sum of the PAF injection current (i ) and the
line current (iy) for the three phases [11-14]. The voltage
equation for each of the three phases can be given as [12, 13]:

Voo = Vi = Vi — Vri (15)
d, .
:ka_Lf Tr_Rflfk (16)
withk = a,b, c
Vs .

Ls . pcc,

R |

Rs

S

Lf Nonlinear
load

Rf

Cde

K| L
T

Active power
filter (APF)

Figure 7. Principle scheme of a PAF

For the DC side we have [12, 13]:
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dv,,

Cy =S, 1, + Syl + S,y (17)

where, S.p=(Sa, Sp, Sc) represent three commutation states of
the three branches of the inverter. if=(if., ifs, if) represent the
PAF injected current, they are provided by [14]:

dif

If — =V, -V, —Rf.if 18
dt f s ( )

V=V, Vi, Vsc) are the 3- phase grid voltages ( without
taking into account the passive grid filter) and V=(vu, vp,
ve)represent the inverter output voltages as given by [14]:

Vf =Vdc'H’Sabc (19)

Vae 1s the voltage of DC bus, H is the switching inverter
matrix.

2 11

3 3 3

1 2 1

H=l-= £ _=
3 3 3 (20)
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3.2 Theory of the two-phase method based on the
extraction of harmonics with Adaline in the DQ reference

In this work we have proposed to identify the harmonics
with the synchronous reference frame (SFR) [15, 16] method
combined with Adaline or what is called the two-phase method
[17]. Consider the case of the three-phase polluted current
equation, written as follows [18]:

i1 cos(wt — ;) cos(wt—e,)
i, |=1;| cos(Wt—ey, =272 /3) |+ I,| cos(wt—e, —27/3)
ics cos(Wt—a, +27/3) | "*" | cos(wt—a, +27/3) 21

Fundamental currents Harmonic currents

From where it can be modelled according to the following
relationship [18]:

i; :T32P(Wt)|::D}

i Q

(22)

c3

where, T3;: represents the passage matrix in the of reference,
P(wf): represents the passage matrix in the DQ reference. ip
and ig represents the currents in the DQ reference. The currents
in the af frame that represent the first transformation part are
given by the following equation [18]:

i Icl

o T -

. :T32 I, |= Z
Iy . n=1..N
|<:3

3, {cos(nwt -~ an)} )

2 "| sin(nwt — )

Using the park transformation on currents in Eq. (23), we
obtain [18]:



iD ia
C|=PCw)|
Q s (24)
3. | cos(er,) 3. |[cos((n—-Ywt—e,)
Bl 2 ]
2 7| =sin(e,) | T \V2 T sin((n-Dwt—¢,)

These biphase currents consist of two terms, a DC and an
AC component. We have [18]:

io| 3, [cosa
0| E{—sinaj (25)

and

i B 3. |cos((n-Dwt—«,)
H‘% é '”Lin«n—l)m—an)} 20

The calculated reference harmonic currents are given as
follow:

refl |
irefz :TazP(Wt)[iD} 27)

Q

Iref 3

with i, and iy are the DC components which constitute the
fundamental currents in the reference frame DQ. ipand ij are
the AC components which constitute the harmonic currents in
in the reference frame DQ. Figure 8 shows the identification
structure of the harmonic currents in the DQ reference frame,
two Adaline are used instead of a Low Pass Filter (LPF) to
extract the harmonic currents. From Eq. (24) the two currents
can be written separately as follows [18]:

iD:\/gllcos(aIH > §Incos((n—l)\/\rt—ocn)
2 nizn V2 (28)

=\/§I1cos(al)+ Z gln(cos(n—l)wtcowzn +sin(n-Lwtsine,)

n=2..N

L5

. cos 4wkT
L
— T
i sin 4wkT
—_—

cos(n-1)wk3

li~ li,,
sin(n-1)wkH

i = —nglsin(oa) + HZ;N gln sin(n-Hwt-«,)

(29)
:—\/gllsin(al)Jr Z %In(sin(n—l)wtcomn—cos(n—l)vvtsinan)

n=2..N

with the vector notations, Eqns. (28) and (29) can be written
as follows [18]:

ip =Wp X (1) (30)
Iy =Wo X (1) (31)

with

3 3 3

A =[\/;I1005a1\/;5003a5...\/;lnCOSan] (32)
X, (1) =[Lcos4wt...sin(n —1)wt], (33)
Wy :[—\Ellsinal\/gIScosws...\glnsin a,] (34)

and
Xo (t) =[Lsin 4wt...cos(n—1)wt]. (35)

The two vectors Xp(f) and Xy(¢) represent the inputs of the
two Adaline. The two vectors Wj and W] represent the
weights of the two Adaline. According to Figure 8 [18] there
are two Adaline arrays each with its own weight Wy(k), the
first one estimates the Direct component of the two-phase
current through the D axis, the second one estimates the DC
component of diphase current along the Q axis. We can also
find the alternating components given by I, and i,
representing the harmonic currents along the two axes D and

P(-wkT)

sin 4wkT:

cos 4wkT:

sinfn-1wkH

cosin-NmkH

) 4
rxd )
N -+
ip ¥+ P(wk
9TNg H@kD
ANV h
r 4 i, |ig
Lrer1
—
T3, Lrerz
Irery

Figure 8. Structure of diphase method based on the extraction of harmonics with Adaline in the DQ reference frame
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Figure 9. FS-MPCC principle scheme applied to 2L-VSI

3.3 Predictive current control applied to PAF

Finite set model predictive current control (FS-MPCC)
represents an advanced strategy to control Power Inverters
[19]. The model used is based on a mathematical analysis
system to predict their future behaviour [19]. Then, a cost
function must be defined in order to select an optimized
controlling action [19-21]. Figure 9 illustrates a diagrammatic
representation of the Predictive Control Strategy applied to the
PAF, where [14]: if'(k) represents the reference harmonic
current identified by the diphase method based on the
extraction of harmonics with Adaline in the DQ reference
frame. if(k) represent the m measured values at time k and
if(k+1) represent the predicted m-state values corresponding
to n switching states possible at time k+1. The error between
reference values and predicted values is achieved to minimise
the cost function as well as the switching states of the inverter
[19,21].

Subsequently, commutation signals corresponding to the
selected switching state, S, will be applied directly to the
inverter. In one-step forward prediction k+1, a Euler approach
is used to predict the harmonic currents resulting from the
discretization of Eq. (18) injected by the PAF using a sampling
time Euler approximation. For the implementation in real time,
predictions in two steps k+1, k+2 will be used in order to
compensate the time delay within the measurement chain.
Predicted harmonic currents (also called filtered currents) in
the three phases have been given in [14, 22] as follow:

Vfa (k) _Vsa (k)

if (k+1) =T, +(1- RfTe)ifa(k)

Lf Lf
. Vi, (K) =V, (K) RiT,..
|fb(k+1)=Te%+(l— Lff )if,(K) (36
. Vi (K) =V (K) RiTe..
f(keD)=T 2 = 01— 9)if (K
if.(k+) =T, T +( T )if. (K)

In order to determine the best of the 7 voltage vectors [19]
that should be applied in the next k+1 sampling cycle, the cost
function must be reduced to a minimum. In our study for 2-
level VSI current control, a simple cost function that
minimizes the root MSE between the identified reference
harmonic currents and the currents predicted by the PAF is
defined in absolute value. Filter currents are considered to be
controlled in an actual abc frame given by [14, 22]:

F, = )i, ()] i, (D)=, (ks D i G 2) i, ()| (37)

where, f;(k+ 1), fy(k+1), f/(k+ 1) are the reference
harmonic currents of phases 'a, b', ¢' identified based on the
extraction of harmonics with Adaline in the DQ reference
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frame.
with at the instant (K+1) f; (k + 1) = if,; (k).

4. SIMULATION RESULTS

To investigate the feasibility of predictive current control
using a finite set model on the PAF [23], the global control
scheme given in Figure 10 [24] is implemented on the
Matlab/Simulink.

In this part, the system proposed is validated by simulations
with the Matlab/Simulink. The PVG is composed of 72 PV
modules connected in series based on the FSM 145W-24 PV
panel. Optimal parameters applied to the proposed GPV-FAP
system are presented in Table 1. Figure 11 presents the
irradiation profile at a fixed temperature of 25°C, Figure 12
presents the power extracted from the PVG by the P&O
method which shows oscillations around MPP as well as
energy losses at each step change of irradiation compared to
the Adaline based neural method. This latter gives good results
as shown in Figure 13, with no energy loss and no oscillations
around MPP. Moreover, the Adaline-based algorithm quickly
achieves the expected PPM within a short period of time.
Figure 14 and Figure 15 show the DC voltage (V,;.) and its
reference (Vgc_ref)- Figure 14 confirms that the Adaline-based
PI neural regulator works very well because the V. signal
follows its reference. It can also be seen that at each change of
irradiation the V. signal try to follow the irradiation profile
but it quickly returns to its reference Vy._,r without energy
loss in comparison with Figure 15 which shows a degradation
of signal energy quality in function of oscillations with a
classical PI regulator based on the P&O control. The DC link
voltage dynamic is demonstrated when the filtering step is
introduced at a reference voltage value of 200V.

As a result, the DC bus voltage controller with an Adaline-
based PI has a good synthesization due to the fact that the
voltage followed its reference. Figure 16 shows the active
energy injected into the grid through the Adaline-based neural
control as well as the compensation of the reactive energy. For
a sampling time of 10, Figures 17, 18 show the performance
of the system under study before filtering and activation of the
predictive control. The grid currents before filtering appear
highly distorted with no sinusoidal waveform with a high THD
of about 26.26%. The non-linear load absorbs non-sinusoidal
currents as shown in Figure 17. Like appear, currents from
three-phase source are distorted and unsynchronised to
respective voltages. The PVG-PAF system allows injecting
the solar power from the PVG to the grid, it injects currents
into the PCC which are equal to the calculated reference
currents ifypc rep (see Figure 19), but in opposite phases as
illustrated in Figure 20. Both the injected current and the
reference current of the PVG-PAF are monitored with nearly



negligeable error such as shown in Figure 21. The Table 1. Parameters of the proposed PVG - PAF
improvement reason for highly distorted with no sinusoidal

waveform is that the harmonics generated by these no-linear Parameter Value
loads circulate in electrical grids and can disturb the normal Typical peak power (Pypp) 145W
operation of certain electrical equipment or even cause their Voltage et peak power (Viyp) 344V
destruction. These harmful effects can appear instantaneously Current at peak power (Ipp) 4.2A
or occur with a delay for both the distributor and the users. It Short-circuit current (Ig¢) 4.7A
is for these reasons that the filtering of current and voltage Open-circuit Voltage (Vo ) 43.5V
distortions is suitable solution. Temperature coefficient of Isc (o<) 0.0065% /°C
In addition, the filter currents approach their references, Temperature coefficeint of Voc (8) -0.36099% /°C
which means that FS-MPC represents a strong control Psenlﬁl’slceli 1(1\11\?) 72
technique in this type of application. When PAFs are | jaratieice (Np) o !
. . . . . Inductor in the boost converter circuit (L) 0.2H
implemented, grating currents show up in sinusoidal . S -
. . . P Capacitor in the boost converter circuit (C,) 10 e°F
waveform according to the imposed irradiation profile (see L . 6
. he si idal B Capacitor in the boost converter circuit (Cg) 1000 e°F
Flgure 22), as do the sinusoida waveform source .currents Power supply voltage Source V, 200V
imposed by the PVG-PAF, as shown in Figure 23. Figure 24 Frequency f; 50 HZ
shows the steady state for the grid voltage and current with Grid line impedance (Lg, Ry) 3.55¢-3H, 0.4 O
perfect synchronization which proves the unity of the power APF inductor Lf 15e-3H
factor with a low THD current (%) of about 0.96% with the DC Capacitor Cq¢ 1100 e-6 F
Adaline Neuro-Predictive Control (ANPC) as shown in Figure ~ DC Voltage Vg 200V
25, in comparison to PO-Hystérésis Control (PHC) with a Nonlinear load resistor side Rl 6Q
THD current (%) of about 1.96% as shown in Figure 26. Nonlinear load inductor side L1 20 e-3H
Sampling Time T 5e-06s

Vs
Rs LS . pCC. gL I *

= Acsars

___________________ Q
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Pl voltgge Vret |
regulation |
Voltage Source Inverter I
(vsh) |
T J
FS-MPC Neural Control Strategy
Figure 10. Global scheme of PAF control system based on neural FS-MPC control
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Figure 11. Irradiation profile Figure 12. Maximum power extracted using P&O algorithm
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Figure 13. Maximum power extracted using Adaline Figure 17. Load current

FFT window: 10 of 100 cycles of selected signal
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Figure 18. a) Source currents before compensation, b) THD

Figure 14. DC regulated voltage control using a PI Adaline before filtering

based neural controller
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Figure 15. DC regulated voltage control using a conventional

PI regulator Figure 19. Reference current identified by the two-phase

method
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FFT window: 10 of 100 cycles of selected signal
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Figure 25. a) Source currents after compensation using
Adaline Neural Predictive control (ANPC), b) THD after
filtering

FFT window: 10 of 100 cycles of selected signal
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Figure 26. a) Source currents after compensation using PO-
Hystérésis Control (PHC), b) THD after filtering

Table 2 compare the THD current (%) of the proposed
method with recent works.

Table 2. Comparison of THDi in % of recent methods with

suggested method
Works Approach THD:%

[25] Proposed synergetic 1.03
[26] R-load with Grid+SAPF 248
[27] Modified SRF theory-based control 3.7
[28] Hysteresis Current Controller (HCC) 1.74
[29] DPC proposed controlrol 1.33
The Proposed Neuronal- Finite Set Mode

proposed Predictive Current Control (FS- 0.96
work MPCC)

5. CONCLUSION

This work involves a multifunctional grid-interconnected
PV system using a three-phase PAF to improve the quality of
electrical energy. Thanks to the PVG-PAF system, the
electricity produced by the PVG is injected into the grid. Then,
the transmitted power is processed by eliminating harmonic
currents and compensating reactive power to correct the power
factor. Indeed, the control system developed seeks three
objectives: (i) transmit extracted active power from the PVG
to the AC grid; (ii) filter the load current harmonic and reactive
power components; (iii) regulate the DC bus voltages.

In this work, the theory of the two-phase method based on
the extraction of harmonics with Adaline is proposed, as well
as, a predictive current control is suggested to control the PAF
with 2L-VSI associated to a non-linear load. A MPPT using
ADALINE is applied to a DC/DC step-up converter to extract
the maximum power of PVG. The feasibility of the proposed
system is confirmed by simulation using Matlab/Simulink. An



evaluation study with a global MPPT P&O algorithm using a
classical hysterisis control inverter is compared to the Adaline
Neuro-Prédictive (ANP) control in a constant non-linear load
and sudden variable irradiation profile. As a result, the
proposed control proves its robustness with a THD of 0.96%
for the Adaline Neuro-Prédictive (ANP) control against the
classical one with a THD of 1.64% for PO-SFR-Hystérésis
(PSH) control as specified by the IEEE 519-1922 norm.

As conclusion, these results affirm the robustness of the
proposed PVG-PAF using ANP control strategy.
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