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Abstract

The objective of this paper is the study of the implementation of compensation algorithms using shunt
active power filter with voltage structure, for the mitigation of harmonic currents generated by nonlinear
loads in distorted electrical networks. This work presents an approach to reduce the harmonic distortion rate
(THD) of the source current and other approaches to improve the power factor by a parallel active power
filter. For this, | will present a structure of inverter of two levels on the one hand, and the different control
techniques between classical and intelligent on the other hand. To do this, a miniature prototype simulation
of a control of a SAPF by (Pl) and (ANN) controllers powered by photovoltaic source has been established.
These controllers are used with instantaneous active and reactive powers method (PQ). The simulation
results allow us to understand the importance of increasing the level of the inverter and the
control strategy used for the improvement of the THD and the power factor at the same time.
Keywords: Active Filters; Artificial Neural Networks; Maximum Power Point Trackers; Photovoltaic Systems;
Proportional Control; Reactive Power Control.
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Introduction

In view of the quality of electrical energy which has become the source of concern for users and
their electrical power sources, because of the major non-linear electrical loads used by customers
[1].

Currently, active power filters are widely used for reactive energy compensation in the electrical
grid. These filters replace passive filters that are inconvenient.

The Shunt Active Power Filters are used as current sources in order to minimize harmonics as

much as possible and by injecting filter currents to compensate reactive power [1, 2].
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The power source of an inverter is provided by a DC-Link bus capacitor. This connection
represents a SAPF by ensuring high switching frequencies passing through a coupling inductor
and connected to the three-phase system in a common connection point (CCP) [3].

Recently, the intelligent controllers were used to replace the conventional proportional integral
(PI) that is used [4].

The disadvantages of traditional solutions that no longer meet the requirements of modern
power grids and the emergence of semiconductor-based switches, have led researchers and electric
power producers to propose a new structure of a modern and efficient solution called shunt Active
Power Filter (SAPF) [5].

For three decades, the principle of the Active Power Filter has been known. But its possibility
of realization was limited according to the improvement of the devices possessing switching speed
[6, 71.

In this paper, the technique of the ANN command is proposed for the control of the SAPF.
To enhance the performance of the p-q method, a self-adjusting filter is suggested and provides
better identification. The simulation is performed under the MATLAB/ Simulink environment.
The results of the simulation obtained demonstrate the improvement of the energy quality and
prevent its reliability of the ANN control compared to the conventional PI regulator. We have
exploited photovoltaic solar energy as a free source to power the two-level voltage inverter instead
of DC link. This source has many advantages such as cleanliness, inexhaustible, less maintenance
by human beings and availability in rural areas. The command of the de-de boost converter is also
made to optimize the energy produced by the photovoltaic panels; it is the control by (P & O)
which is usual used in this field.

Thus, the aim of this work is to improve the THD (i.e. the THD of the source current
becomes less than five percent and increase the power factor in such a way that it is close to unity
).

2. The Shunt Active Power Filter system

In the common connection point (CCP), we connect a Shunt Active Power Filter between the
three phase source and the nonlinear load which is the main source of harmonics in the power
lines. To have a good resolution, we use a correction filter (Ls, Rs). [8, 9, 10].

Figure 1 shows the schemartic diagram of the SAPF.
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Figure 1. The schematic diagram of the SAPF

Figure 2 shows the detail of the diagram shown in Figure 1. The source is a low-voltage

balanced three-phase power system that supplies the non-linear load (rectifier) via lines that carry

inductors Lsane and resistors Rgane with sinusoidal currentsisae. In this role, the rectifier injects

significant harmonic currents into the power grid that affect the power system and deform the

iLane waveforms. For this purpose, we have injected at the common connection point a static

voltage inverter which delivers equal counter-harmonic currents igap of the harmonics of the non-

linear load but in phase opposition.
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Figure 2. Model of the Shunt Active Power filtering system used
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3. The photovoltaic solar system

In the simulation of the MPPT technique, the MATLAB/Simulink was used because of the
possibility of simulating mixed systems (continuous and discrete) the continuous system is
used for the simulation of the different analog parts (Solar panel and DC-DC converter), the
discrete system is used to simulate algorithmic tracking method by (P&O) (Figure3) [11].
Mathematicians have modeled each organ of the photovoltaic system, the PV generator, the
DC-DC converter and the MPPT controller as we will see in sections A, B and C.
3.1. The Photovoltaic solar panel

Figure 4 shows the electrical circuit of single diode PV module.

A
298 o a| vin+ vout+ m .@
Temperature PV Crren
— =
-
DC Link
r PV Voltag B
1000 o a| vin- vout- |e .@
Irradiation
Vi
Solar panel DC-Dc converter
{Boosl)
Figure 3. Model of the proposed photovoltaic system
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Figure 4. Electrical circuit of a PV solar panel

The equivalent electric circuit of a real photovoltaic module with a single diode delivers an
electric current which can be written as follows [12]:
|(yﬂﬂﬂ3§ V +1 -R
e

lpy =1lpn —1lo av, _ql_pv pv s (1)
\ ] Ra
with,
Ns -K-T
Vp= =S ; (2)

The photocurrent is given by:
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1 =(1 +K -AT) © (3)
ph ph,STC | G
STC
And the reverse saturation current:
I +K, -AT
_ !phsTC |
IO 7 Vocste +KV-AT (4)
e a~VT _l

For large arrays composed of Nss-N,, modules the previous equations of one and two

become:
( (N N )
Ve o Rs () W| Vo, + 1o, R [N_SSJ
I =1 N -1 -N e aw ] w ) (5)
PV ph pp 0 pp . (N
| ),
with,

lov  :output current of photovoltaic module,
Vpy  :output voltage of photovoltaic module,
lon  : photocurrent,

lo - reverse saturation current of diode,

a - diode ideality factor,

k - Boltzmann constant k =1.38x102%J /°K,
> p-n junction temperature,

q . electron charge q =1.6x107°C,

Ki short-circuit current/temperature
coefficient,

Kv  :open-circuit voltage/temperature
coefficient,

G - actual sun irradiation,

Gsrc : nominal sun irradiation (1000W/m?) ,
AT : difference between Actual temperature and
nominal temperature (25°C).
The PV modules are of type BP-MSX120, their characteristics are given on the Table 1.
Table 1. Datasheet parameters of the PV module

BP SOLAR MSX 120
Maximum Power Point (Pmax) 120 W
Voltage at Pmax (Vmp) 33.7V
Current at Pmax (Imp) 3.56 A
Open-circuit voltage (Voc) 42.1V
Short-circuit current (Isc) 3.87A
Series resistance (Rs) 0.473 Q
Shunt resistance (Rsh) 1367 Q
Ideality factor (n) 1.3977
Temperature coefficient of Isc (ki) (0.065+0.015) %/°C
Temperature coefficient of Vo (kv) -(80£10) mVv/°C

1699
Tob Regul Sci. ™2023;9(1): 1698-1713



Abdelkader Morsli et al.
Comparative study between Proportional Integral and Neural Networks Controllers of a Shunt Active Power Filter

Powered by a Photovoltaic System

Temperature coefficient of power -(0.5+0.05) %/°C
NOCT 4712 °C
Number of cells connected in series (ncs) |72

The I, -Vp, and Py, -V, curves of a typical photovoltaic module are shown in f Figure
5!

IpyVpy and Pp,-Vp,, Characteristics of photovoltaic Module (BP MSX120)

PV
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Figurc 5. Electrical characteristics curves of the current and the power in function of the
voltage of a photovoltaic module type BP MSX120
3.2. The dc-dc converter (boost)

Figure 6 shows the used DC-DC boost converter with MPPT controller by perturb and
observe (P&O) algorithm.

The following equations are obtained from Fig. 3 when the switch is open. The peride T €
[DTs, T4]:

d i t . .

i (H)=¢c MO i - (t) (6)
c,In n dt L
| (=c w1 @) (7)
c,out out dt — 'L (0]

v()=Ldi(®) =v (t)-v () (8)

1 dt 1 (0]

The conversion ratio M (D) of an ideal boost converter is given on the expression (9):
ME)="=m@)="-1- 1 (9
Vi Vi D' 1-D
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Figure 6. Principal scheme of DC-DC boost converter

The conversion ratio M (D) of an ideal boost converter is given on the expression (9):
1

ME)="-m@)="-1- 1 (9
Vi vi D' 1-D
3.3. The MPPT controller with Prturb and Observe (P&O)

This transistor controlled by the (P& O) algorithm aims to tracking the maximum power
point MPPT. The latter is then controlled using a MPPT controller with the (P&O) algorithm,
as shown in Figure 7.

4. Shunt Active Power Filter Control
4.1. Identification of SAPF by P-Q method

This method is based on the o —p conversion to remove the real and imaginary powers.
Given that (vq,vﬁ) and (ia,iﬁ) are the orthogonal components of the o-p reference
associated respectively with the connection voltages of the parallel active filter (vs) and the

currents absorbed by the polluting loads(i.). In order to calculate the real and imaginary
power, this method uses the o —p transformation.
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Figure 7. Perturb and Observe (P&O) algorithm
era—l risa—l

vasU:[ Vsb| and FLHJ:L_& (10)
i

The three-phase to two-phase transformation of instantaneous voltages and currents is as

follows:
The voltages:

and the currents:

)

P
1:gfl_2 va
3l B _B

2 2]

1 ”

£l

Expression (13) represents the actlve and reactive powers:

[ p—|| _ [ Vo \\2[(31 —"ll—liLL?} 1 (13)

If the phase equivalent voltages and currents replace their two-phase equivalents, then:
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P =Vsq “iLa +Vsp “iip (14)
0 =Vsq iLg +Vsp -l
j P =Vsa “iLa +Vsp iLp +Vsc “lLc
Lq = %[(VSa _VSb)iLc +(VSb _VSc)iLa +(V5c _VSa)iLb] (15)
from (13), asking:
A=V5, +V82B (16)
we have:
|Fim 14|va el 17)
LLBJ L L)
r'a—| 1 |_VSOL —Vy _] Vs, N Oﬂ
or, ek Ly S o
LLBJr %Lr 1JLJL JLJJ
ap | i 18
= (9
|L$pU |LHhU
with,
( VS(X ( VSB
iFap =" P IFB
IFog = Ysp -0 1'LBZ ‘ﬁé‘ q
A and | A (19)
Along axes o and p , the instantaneous powers are given by:
’7 pa ] :ll—VS(x iL(x —‘ _ ||—\\//Sa :Lap—||+ ||—VSa iLth—||
g Vs twl lle well Vs wall
. pap [paq (20)
UPsol] 1P 1)
j VZ V2
pap :i.p po :—Sﬁ—p
Vs A Vg . ‘i Vg A,VS
= _ Vsa ﬁ'q
[ * A and L Pa A (21)

From (15), we can write:
P="Pup+Ppp+PagtPpg=PaptPpg  (22)
where p and g express the active and reactive powers which are defined by:

{p p+p
q=q+q (23)

or, pand g represent the continuous active and reactive powers related to the fundamental
component of the current; ¢ and ¢ represent the alternating active and reactive powers

linked to the sum of the harmonic components of the current.
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Figure 8 represents the P-Q method expressing the extraction of harmonic currents
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Figure 8. ""P-Q" method - Extraction of Harmonic Currents

4.2. Artificial Neural Networks control

ANN is trained by three steps, namely the architecture, the training algorithm and its
activation function. The activation functions are ensured only by activation while each
neuron is connected to the other. The NNA runs a sentencing standard intended to make the
system robust [14].

Figure 9 shows the multilayer perceptron (MLP) which is used for harmonics attenuation
and it consists of three inputs as shown in the model of the figure. The rapid estimation of the
Fourier coefficients equivalent to the harmonics is an advantage of ANN [15]. The
application of data trained by Levenberg Marquardt (LM) helped us to use the Back
Propagation (BP) algorithm for the simulation. For layer 1, the transfer function is “logsig”.
While For layer 2 or hidden layer, the transfer function is “tansig”. There are 3 neurons in the
first layer and 10 neurons in the second layer. For desired optimal results, the output layer
depends on the type of data to be analyzed.
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Figure 9. Artificiel Neural Networks structure

5. Simulation Results and Discution
5.1. Simulation Results of PV system

Figures 10 to 13 represent different results of PV system used with parameters shown in
Table 1 and number of modules in series 19 and in parallel 10.
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Figure 10. IPV-VPV curve of PV system
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Figure 11. PPV-VPV curve of PV system
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Figure 13. VPV and Vqc curves of PV system

5.2. Simulation results of SAPF

In order to model and test the system under the MATLAB/Simulink environment, using the
P-Q algorithm method, with PI then ANN controllers. Table 2 shows the parameter values of
the system:

Table 2. Simulation parameter values
Parameters Values

Supply’s voltage vs and frequency f 220Vrms, 50 Hz
Line’s inductance Ls and resistance Rs | 19.4 puH, 0.25 mQ
DC link’s inductance Laqc, resistance Rgc | 20 mH, 6.5 Q
Load inductance Lr 1.5mH
DC link voltage Ve, 840 V
Coupling inductance Lra, resistance Rra | 1.5 mH, 5 mQ

Figure 14 shows the different simulation results of the shunt Active Power Filter (SAPF)
system by applying two control strategies. The first is classical; it is the Proportional-Integral
(P1) regulator. The second is modern; it is the regulator by Artificial Neural Networks
(ANN). Each is in cascade with the P-Q method. Figure 1 has allowed us to compare the
characteristics between the two techniques.

Before starting the discussion of the results obtained, we must note that we did both
simulations before and after filtering in the same illustration via a switch that closes at the
instant 1 s in a range of 2 s.

First, we presented the three supply voltages vsanc Offset by an angle of 2n/3 and have an
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amplitude of 220/2 . The waveforms are sinusoidal as shown in the Figure (1.a).

After, we find that the source current isa is improved after shunt active filtering became
almost sinusoidal after it was deforming iLa. The isa waveform in the ANN control is closer to
sinusoidal than in PI control. This indicates the effectiveness of artificial intelligence in
parallel active filtering.

The Total Harmonic Distortion (THD) is decreased from 20.16 % to 3.12 % for the PI
regulator and to 1.19 % for the ANN regulator. The zoom clearly showed us the
disappearance of multiple harmonic order of 2 and 3.

We thus note that the phase difference between the supply voltage vsa and the source
current isa is better than the phase shift with the load current iLa. That is, it gets closer to unity
especially with the regulator by neural networks.

Figure (1.f) shows the filter current ira and its reference ira . We observe that the current
iFa is zero before putting the SAPF in service between 0 and 1 s. After 0.1 s, the current iFa
follows well the trajectory of ira especially with neural networks as shown by the zoom
between 0.18 sand 0.2 s.

Finally, Figure (1.g) shows the three currents of the shunt active filtering system. We can see
that the load current iLa corrected by the filter current ira, S0 that the source current isa
becomes sinusoidal.
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Figure 14. Comparison between PQ-PI and PQ-ANN of SAPF powered by a PV system

6. Conclusion

In this paper, we have represented the simulation results of the filter powered by a source
of renewable origin (PV) and controlled by the P-Q method in cascade with the PI controller
then ANN respectively. The simulation of the shunt active filtering system by supplying the
inverter with a photovoltaic source, it has been found that the PV system delivers a stable
voltage V. at the value 840 V since the system has been optimized by the MPPT command
with the perturb and observe (P&O) method. Then the THD;,=20.16% decreased to
THDisa (P1)=3.12% and THDis; (ANN)=1.19% which is better than the previous regulator.

These results are very reasonable and acceptable by the low voltage electrical network
according to international recommendations which requires THD less than 5%.
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