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low current distortion and lower the maximum overshoot and
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based on the combination of artificial neural network and non-linear
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system injected to the grid with predictive direct power control to
eliminate the harmonics and inject the totality of energy generated, the
system was implemented under MATLAB/Simulink to verify the
efficacy and the robustness of the results.

Keywords:

Shunt active power filter
Predictive direct power control
Artificial Neural network
Backstepping

PV system

. Introduction

The demand for electricity in the contemporary industrial world is constantly increasing, whether for residential
utilities or commercial sectors. Energy distribution methods based on renewable energies are becoming more and
more economically and technologically fascinating. Various technical and environmental concerns have increased
the level of integration of these sources. Solar photovoltaic (PV) systems are one of the many ways to obtain
energy from renewable energy sources, and they have generated a lot of interest due to their unique advantages,
such as ease of allocation, absence of fuel costs, and wide distribution on the planet. In addition, governments and
several companies strongly encourage the use of photovoltaic (PV) systems for electricity production[1]. The
DC/DC boost power converter connects the photovoltaic panels to the electrical grid. The converter acts as a
maximum power point tracker (MPP) [2]. The voltage and current characteristics of photovoltaic panels vary
according to their irradiation and their temperature. Maximum power tracking algorithms (MPPT) have been used
to track the maximum power of a photovoltaic module. Disorder and observation (P&O), incremental and
conductance (1&C), fractional open-circuit voltage and fractional short-circuit current are some of the many MPPT
strategies that have been developed and implemented [3]. Due to the disadvantages of conventional techniques,
researchers are now more attracted to soft computing techniques, also known as bio-inspired and artificial
intelligence methods. In addition, many control applications develop adaptive and robust control algorithms. A
well-known control algorithm, sliding mode control (SMC) and backstepping control, is designed in
comprehensive case studies to guarantee the previously mentioned control objectives. However, high-frequency
oscillations can be dangerous for the conventional SMC and backstepping in real-world applications. Fuzzy logic
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controllers (FL) and artificial neural networks (ANN) are techniques based on artificial intelligence used to reach
the power point of photovoltaic modules. The advantages of these methods include working with variable inputs,
the absence of accurate mathematical modelling, self-convergence and self-learning abilities. They are adaptable
to the non-linear behaviour of the systems. ANN-based MPPT techniques have recently become more and more
popular. An ANN-based MPPT technique is proposed due to its fast-tracking speed and low computational
requirement [4]. In addition, due to the rapid progress in the field of power electronics, the electrical network has
been subjected to significant disturbances, such as harmonics and unbalanced currents, due to the intensive use of
non-linear loads. This wide range of power conversion systems, control electronics, and non-linear loads include
adjustable speed driving, domestic machinery, transformer saturation, etc.

Recently, active power filters have been proposed as one of the most common solutions to the harmonics problem.
The SAPF injects the compensation current into the PCC to eliminate the harmonics and provide a sinusoidal
source current [5], [6]. Research has shown that various shunt active power filter topologies are effective in various
applications where various control techniques are used, such as direct power control and instantaneous active and
reactive power control. One is based on direct power control, while the other is on direct control of the protective
power supply. The robustness and the simplicity of implementation of the control are some of the advantages of
this method [7].

This paper is presented in 4 sections; the first section explains the PV system and the MPPT proposed to extract
the maximum power named NN-backstepping because it is based on the combination of the two methods; the
second section presents the predictive direct power control for the calculation of the reference current. The third
section presents the total Simulink results obtained from MATLAB/Simulink and Concludes this work.

Il.  System Description

This section presents a description of the studied system. The shunt active power filter, the DC-DC converter
connected to the photovoltaic sources and the injection of energy into the network are all functions of the system
[8]. Fig. 1 shows its schematic diagram. The system is composed of three main parts, as can be seen in the figure

below.
— P('(‘R ,\‘ —
. . o
@ L [T Lo 4&
Vs IJ—L[I Ie
Rf,Lf

2 +
R
\ DC-DC SEtSSsEssees
Inverter J Converter R RRRR RIS
I R R R R RN
- R RS
| P-DPC I'— Pho(ovol(ai:s

Figure 1. Shunt active power filter topology associated with the PV system.

A photovoltaic network transforms solar energy into electricity. Then, the DC-DC step-up converter amplifies the
voltage of the photovoltaic grid to follow the highest point of the photovoltaic grid. The DC connection capacitor
is connected to the three phases VSI in series [9].

I, PV System

The most critical component of a PV is the PV cell. A photovoltaic module is a set of cells connected to form a
photovoltaic panel; a photovoltaic array comprises many panels [10]—voltage and current produced by the
photovoltaic generator. Fig. 2 represents the solar cell's operational electrical circuit and the inverted diode.
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Figure 2. PV cell model.
The formula Eq(1) can be used to express the photon current model of the solar cell :

Iy = ys + K;. (T — Tr] - (1)
The current of the photovoltaic ceII can be measured in this way:

q(Vpy+RsIpy ) quv + QRS Ipv (2)
Ipv — Iph ™ Isat (e n.K.TNs - 1> - Np (W)

The dynamic equations of the converter are derived from the inductance current and the voltage of the photovoltaic
generator, where the state model is:

1 1
X = _ipv — =X (3)
Gy G
. 1 1
sz = le - Z(l = D)Vour

Where [x; x, 1" = [V I]"
I.1. Artificial neural network-based backstepping MPPT control

In this work, the MPPT controller based on the ANN-backstepping approach is proposed, which is designed using
the Lyapunov theory; the output voltage of the panel must be controlled and conveindices V.. value given by
the ANN controller to obtain the maximum power of the photovoltaic power board for different irradiation
change[11].

1) Backstepping control
The first error variable is:

e1 =x1 - Vpvref -

)
Using the system (4,5), the tracking error derivative is written as follows:
€ =% — pvref (‘py xz) - varef (®)
The candidate Lyapunov function is considered:
Vilep) =V, = %ef ©
This function is positive definite, the derivative versus time using equation (6) is:
()

. . 1, .
Vi=eé =e¢e (C_ (lp,, - xz) - varef)
1
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relevant choice of a, allows to write é; = —A,e?, V;is negative semi-definite function for that its must be:
o = ipli + Cl(llel - varef) (8)

In order to guarantee the stability of the subsystem, A, is a positive constant that represents a design parameter of
the rollover controller.

The second error variable, which is defined as the difference between the state x, and its desired value a,, is
expressed as:

eZ = xZ - 0(1 (9)

After deducing the equations of the system in the error space (e, e,) below:

1 1 .
ey =lpy + — (a1 +ey) + =+ ipy = Vpvrer
G G

(10)

1 :

€ = Z(xl — (1= D)Vour) — 0y
The new Lyapunov function:

1 11

Vy(ene) =Vi + Eelz ()
The derivative function expressed by:

Vz(ep e;) = Vz

. 1 1 .

V,=e (C_lez - 7\191) te; (Z (x; = (A =D)Vour) — 0‘1) (12)

. 5 1 1 )

V, = —Mei +e <__e1 +— (1 — (1= D)Vyue) — 0‘1)

C, L
In this step, the command choosing D; to obtain the following expression:
1 1 . 13
(__91 + -0 — (A =D)Voyur) — 0‘1) =—\e; (13)
C; L
the backstepping controller produces the expression of command D, by this:
1 . 1 14

D1 = 1 _Vout [Xl —LO(l _L(ael —}\262>] ( )
With 1, > 0 leads to semi negative derivative of the Lyaponov function:

VZ = _}\1612 —_ }\2622 (15)

This ensures that the error variables (e, e,) converge asymptotically towards the origin, which implies that x,
converges asymptotically towards the origin (V,,f), thus allowing the maximum power extraction from the PV
system.

2) Reference voltage with artificial neural network

ANNSs are well known for solving complex problems with non-linearities. Artificial neural network works like
an A biological neural network. It is mainly made up of closely related neurons, such as brain cells. The layers

112



Algerian Journal of Renewable Energy and Sustainable Development 6(1) 2024: 109-118, doi: 10.46657/ajresd.2024.6.1.14

generally comprise an input layer, an emission layer and one or more concealed layers. The interconnection
weights wij ultimately connect each layer to the adjacent layers, as shown in Fig 3. The neural network must
be properly trained to perform the intended task correctly. The parameters of the photovoltaic module such as
Voc and Isc, the irradiation and the temperature can be the inputs, or any corresponding configuration. The
start cycle is usually used as the converter input for the maximum power point[12].

Figure 3. Artificial neural network structure.

In this work, we used the structure of a neural network containing 1 input layer, 2 hidden layers (first with 36
neural, second 72 neural) and one output layer. Logh and Hardlims are used as activation functions.

The neural network proposed to extract the reference voltage for the PV system was trained based on the data
shown in Figure 4.
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Figure 4. 3-D plane of ANN proposed.

The training was stopped at 503 epoch with the best validation and performance, as shown in Figure 5.
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Best Validation Performance is 0.34492 at epoch 503
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Figure 5. Performance and regression of training.

IV. Predictive direct power control of SAPF

The predictive direct power control needs the model of the global system wish is giving by the following equation:

. dlsa
€sq = Rs lsa + Ls? + V;a
di
esp = Rgigp + Ly d_jfb + Vgp (16)
di

Predictive control needs the equation of the model in the discrete time for that, the current derivative is given by
Euler as:

dis _i(k+1)—i(k) (17)

dt T,
Where T, is the sampling time.
The shunt active power filter controlled by PDPC As shown in Fig. 6, the PI controller is used for control the DC
bus voltage and generate the active power reference for the power control strategy [13]; the predicted power is

generated and the cost function used to minimise the error and locate the corresponding victor of SAPF to eliminate
the reactive power and inject the power of the PV system and enhanced the quality of the source current.
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Figure 6. Diagram block of predictive direct power control.
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IvV.1. Vectors of voltage for 2-Level VSI

Figure 7 provides eight voltage vectors for a voltage source inverter (VSI) of 2 Level [14]. The vectors V; and Vg
are zero, while the other vectors are active voltage vectors.

V5(0,1,0) ' V,(1,1,0)

V,(1,0,0)

V4(0,1,1) -~ -=-> a

V5(0,0,0)

V,(1,1,1)
Vs(0,0,1) ! Ve(1,0,1)

Figure 7 . Voltage vectors according to the switching states.

V. Simulink result

The system proposed was verified and tested by MATLAB/Simulink under fast irradiation change, as shown in
Figure 8 and the parameter of the system is presented in Table 2. The result is presented in Figure 9,10.

Irradiation (W/m?)

T
Time (s)

Figure 8. Irradiation profile.

Vsrms Rs Ls Rc Lc
220V 3.5 mQ 0.023 mH 0.82 mQ 0.4 mH
Rf Lf Rd Ld Vdc
050 1 mH 315 Q 2.5mH 700V
Pmax Vco Icc Vmpp Impp
200.143 W 329V 8.21A 263V 7.61A

For this system, we use 5 parallel and 10 series strings type KYOCERA SOLAR KC200GT PANEL to generate
at G=1000 w/m”2 power equal to 10Kwatt.
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Figure 10. Simulation results of fast irradiation change: (i) three-phase source voltages and frequency spectrum
of the source voltage of phase a (ii) load currents phase a and frequency spectrum of load current of phase-a, (iii)
source current of phase-a , (iv) filter current of phase-a and the DC bus voltage, (v) frequency spectrum of
source current of phase a in the first and second case,.(vi) frequency spectrum of source current of phase a in the
third and fourth case.
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Active control of the source photovoltaic and the load active power consummates.

1) Case a

The figure and show that the source voltage without any harmonics, and the shunt active power enhance the Total
harmonics distortion of the source current with good THD (0.91%) knowing that before inserting the SAPF the
THD was 23.24%, reduce the magnitude of it, and inject the total power generated by the PV system (10Kwatt) in
the grid to reduce the generation of the source power to 17.89 Kwatt and compensate the total reactive power of
the source and the PI controller maintain the DC bus voltage at constant value with small oscillation band.

2) Caseb

The figure and show that the source voltage without any harmonics, and the shunt active power enhance the Total
harmonics distortion of the source current with good THD (0.7%) knowing that before inserting the SAPF the
THD was 23.24%, reduce the magnitude of it, and inject the total power generated by the PV system (5.05Kwatt)
in the grid to reduce the generation of the source power to 22.19 Kwatt and compensate the total reactive power
of the source and the PI controller maintain the DC bus voltage at a constant value with small oscillation band.

3) Casec

The figure and shows that the source voltage without any harmonics, and the shunt active power enhance the Total
harmonics distortion of the source current with good THD (0.91%) knowing that before inserting the SAPF the
THD was 23.24%, reducing the magnitude of it, and inject the total power generated by the PV system (10Kwatt)
in the grid to reduce the generation of the source power to 17.89 Kwatt and compensate the total reactive power
of the source and the PI controller maintain the DC bus voltage at a constant value with small oscillation band.

4) Case d

The figure and shows that the source voltage without any harmonics, and the shunt active power enhance the Total
harmonics distortion of the source current with good THD (0.79%) knowing that before inserting the SAPF the
THD was 23.24%, reducing the magnitude of it, and inject the total power generated by the PV system
(7.584Kwatt) in the grid to reduce the generation of the source power to 20 Kwatt and compensate the total reactive
power of the source and the Pl controller maintain the DC bus voltage at a constant value with small oscillation
band.

V1. Conclusion

In this paper, the Predictive direct power control technique is investigated for improving the performance of a grid
containing non-linear load with SAPF associated with a PV system controlled by NN-backstepping MPPT, and a
study with fast irradiation change is presented. The numerical results of the PDPC method show the proposed
system give good performance and, filtering the total harmonics distortion, and inject the total energy generated
by the PV system in the grid. Furthermore, the NN-backstepping extracts the PV system's maximum power (Pmpp)
with minimal rate time and almost no oscillation. In addition, simulation results show improving performance for
NN-backstepping MPPT and PDPC.
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