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Abstract— This paper presents a detailed configuration of
an association between a photovoltaic solar system that
aims to inject active power into an electrical network and
a parallel active filter whose task is to eliminate the
disturbances present in this network. This modelling
allows us to conclude that the characteristics of a
photovoltaic generator are affected by solar light,
temperature and shading. Or, with partially shaded
conditions, we have multiple maximums in the P-V and I-
V characteristics and there are different techniques who’s
defined to extract the maximum power point tracking
(MPPT) as the perturb and observe (P&O) and the
incremental of conduction (IncCond). But, these two
algorithms fail to extract the global maximum power of
the PV panel; however, they only extract the first
maximum encountered either local or global. To resolve
these problems, a technique based on particle swarm
optimization (PSO) is studied and simulated under
Matlab software. The results show that the PSO method
has succeed to overcome these difficulties and reach the
global MPP.

Keywords— photovoltaic solar system, Matlab, particle
swarm optimization (PSO), parallel active filter,
maximum power tracking (MPPT), perturb and observe
(P&O), incremental of conduction (IncCond).

I. INTRODUCTION

With the increasing interest about global environmental
protection, the necessity to produce natural clean energy such
as solar energy has received great concern as an alternative
source of energy for the future, since it is clean, pollution-free
and inexhaustible.

In Tunisia, most of the needed energy sources is imported
from abroad. So, solar energy is one of the alternative energy.
In addition of its excellent sunshine conditions, photovoltaic
(PV) power generator is a good system to develop an
important energy. In fact, if there is a good irradiance
condition, the PV system can generate a maximum power
efficiently, while an effective MPPT algorithm is used with
the system.
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Each type of PV module has its own specific characteristic
corresponding to the surrounding condition such as
temperature, irradiation and shading. Or, with partially
shading, the P-V and I-V characteristics of PV panel show
many maximums and this makes the tracking of maximum
power point (MPP) a complicated problem. To overcome this
problem, many maximum point tracking (MPPT) control
algorithms have been presented such as perturb and observe
(P&O), the incremental of conduction (IncCond), particle
swarm optimization (PSO) and genetic algorithm as fuzzy
logic (FL).

This paper describes the performance of PV module under
shading conditions and PSO algorithm as a solution for MPPT
and to command DC/DC converter.

Il. SYSTEM CONFIGURATION
The system consists of a PV generator, DC-DC and DC-
AC converters connected to an electrical network as shown on
figurel. The PSO base MPPT control is performed by
adjusting the duty ratio of the DC-DC converter.

MPPT Controller

L DC/AC 'g

Fig.1 system configuration

111.PV MODULE

In a photovoltaic distributed generation, a solar cell is the
smallest unit of a PV generator. The connection in series or
parallel between cells make a PV module, and further a PV
array.

A. Modelling of Solar Cell
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PV cell is the basic component of PV module. it consists
of a p-n junction fabricated in a thin layer of semiconductor.
This cell is like p-n diode and their characteristics are also
similar [1].

A solar cell equivalent electrical circuit can be represented
by a single diode, as shown in fig.2, where the current source
Iph is the generated current from the light, the diode
saturation current is 10. Rs, series resistance, represents the
various contact resistances in the system and Rp, parallel

resistance, represents the leakage current of the
semiconductor junction [2]
Re I
In
Ry ¥ R

Fig.2 Solar Cell Equivalent Model

The mathematical model of this cell is given by the

following expression:
% +Hl .
La=Ly-L(e © -1-2Ea
Where Icell and Vcell are the output current and output
voltage of photovoltaic cell.
The table 1resume all the notations of equation (1):

Iph depends mainly on the radiation and cell’s temperature,
which is expressed as:

Lo = lach + Ki(T = Tone )] o~ @

Where L1, is the short circuit current at standard test
conditions (STC), which are the cell temperature (Tzrz=25°C)
and G the irradiation on the cell surface (in watt per square
meter (W/m?2); or Gsrc is the irradiation at STC (=1000 w/m?);
and K; is the short circuit current coefficient, usually provided
by the cell manufacturer [3].

In addition, the saturation current I is influenced by
temperature as shown in the following equation:

:T:Ltzﬁll'l--'l-hit:l_l. (3)
g Vi -1

Ve is the open circuit voltage at STC and K, is the open
circuit voltage coefficient; these values are available on the

datasheet provided by module’s manufacturer [3].

I.:| =

Table 1 Notations of Equation 1

Ion Current generation by absorption of
photons at short circuit
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I Diode reverse saturation current in the
equivalent circuit of the module
E, Series resistance
R, Parallel resistance
V. =nKT/g | Thermal voltage
n Diode ideality factor (1<n<2)
K Boltzman’s constant (=1.3813 10~
JIK
Temperature in kelvin
q Electron charge (=1.602x 10~*C

B. Modelling of PV Module

PV cell produce a small power, so to generate the required
voltage and power, PV cells are connected in series and
parallel to form modules, modules are grouped into panels
and the connection between panels make us to build up the
entire PV array which can generate the desired current-
voltage (I-V) and power-voltage (P-V) characteristics [3].
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Fig.4 P-V curve

The mathematical model of PV array is shown by the
following expression:
I=Npx L —Ng
"'r'—l'\-':hs;.'hE_l'\-'H.s; \ .
—L1] V+Ix(Ng/NpixRy

xIp[e! Mo fo—r 4
ol T 4

Where Ns and Np are series and parallel solar cells. The
series connection will increase the output voltage, instead of
the parallel connection will increase the output current.

To simulate equation (4), we used
MATLAB/SimPowerSystem.

The curves I-V and P-V are shown respectively on figure3
and figure 4.
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Fig.5 I-V curve for different values of radiation at 30°C
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Fig.6 P-V curve with different values of radiation at 30°C

As shown in both graphs, we can illustrate 3 remarkable
points:

= The point (V,..0} open circuit point, is the point
where 1-V curve meets axis and V. which is the open
circuit voltage of PV module reflects the voltage of the
module in the night when there | no generation of
current (1=0).

= The point (0, I..), short circuit point, is the point where
I-V curve meets the voltage axis and I.. which is the

short circuit current is the greatest generated current

value when the voltage is zero (V=0).
The point(Vmpp,Impp), the maximum power point where the
PV module produce its maximum power
(Pmax=Impp*Vmpp). In this case, Impp and Vmpp are,
respectively, the maximum operating current and voltage of
PV module. Or, when we connect a PV module directly to a
load, the operating point is the intersection between the I-V
curve of the PV module and the load curve. However, this
operating point does not, usually, meet the maximum power
point (MPP) of PV module. Also, as the maximum power
point depends on cell temperature and solar radiation, which
vary randomly, its position is continuously chanching.
moreover, it is very important to establish that the PV module
is operating at its maximum efficiency because the most
problem with PV energy generation system is low efficiency
[4]. For that reason, many algorithms are used to overcome
this problem, here we talk about maximum power point
trackers (MPPT).

In general, the MPPT is realized by interposing the current
and voltage measurements, the MPPT algorithms generates
the optimal duty ration (D), ensuring to conserve the electrical
quantities (V, 1 and P) at values corresponding to the
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Fig.7 1-V curve with different values of temperature at
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Fig.8 P-V curve for different values of temperature at
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maximum power point [5].

C. Influence of solar radiation and temperature

To show the effect of solar radiation and temperature, we
used the modeling of our PV module with
MATLAB/Simulink and simulate it with different values of
radiation and temperature as shown in I-V curves on figure
5/figure 7 and P-V curves on figure 6/figure 8.
therefore, the I-V characteristics of a PV module depends
strongly on solar radiation and temperature. As we can see in
figure 5, the output current | of a PV module is extensively
influenced by the variation in solar irradiance G, while the
output voltage V stays almost constant. On the contrary,
figure 7 shows that for a changing temperature the voltage
varies widely while the current remains almost unchanged.

Furthermore, the P-V curve on figure 6 show how
dependency of output power (P) on solar irradiance, and this
proves the expected behavior of a device that transforms solar
energy into electricity: the output power of a PV generator is
considerably inflated for an increasing irradiance.

In the other side, figure 8 shows that the output power of
PV module decrease by an increase in cell temperature. This
can be explained by the dependency of the open circuit
voltage (Voc) on the cell temperature as follows [6]:

Voe = Vorsre + Kp(T — Tare) )
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D. Shaded PV characterization

A PV array is composed of several PV modules connected
is series and parallel, in order to produce the desired current
and voltage. However, in real operating conditions, if the cells
are slightly different or are not uniformly illuminated, we talk
here about partially shaded conditions (PSC). A PV module is
considered to be shaded if three or more of its cells are
receiving lower than normal insolation [7].

In this case, the electrical behavior would be effected and
the characteristics 1-V will be influenced as shown in figure 9.
Also, a new characteristic P-V as shown in figure 10.
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Fig.9 I-V under shaded conditions

|
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Fig.10 P-V curve under shaded conditions

It can be observed that number of peaks equal to the
irradiance imposed for each shading pattern.

IV.MPPT CONTROL ALGORITHM

For normal conditions, when a PV module is directly
coupled to a load, the I-V curve show an operating point
which is the intersection of this curve with the load line (1-V
relationship of load). This operating point can’t follow the PV
module ‘s MPP, the optimal adaptation can exist only at one
particular operating point, called Maximum Power Point
(MPP).

To overcome this problem, it’s required to add an
adaptation device, MPPT controller with a DC-DC Boost
converter between the source and the load [8].

Moreover, the location of the MPP in the 1-V plane is not
established antecedently and always changes dynamically
depending on irradiance and temperature. Also, as we can see
in figure 5, there is a set of PV I-V curves under decreasing
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irradiance at the constant temperature (30°c) and in figure 7,
the 1-V curves at the same irradiance but with different values
of temperature. There is observable voltage deviation where
the MPP occurs. So, the MPP controller is necessary to track
the new modified maximum power point in its interrelated
curve whenever temperature and/or insolation variation
occurs.
Multifarious MPPT control techniques have been realized
for this purpose these last decades [9].
All of them can be classified as:
= Voltage feedback based methods, where we compare
the PV operating voltage with a reference voltage to
produce the PWM control signal of a DC-DC.
= Current feedback based methods, where we use the
PV module short circuit as an observation to
measure the optimal current matching to the
maximum power.
= Power based methods, which are established on
iterative algorithm to track continuously the MPP
over the current and voltage measurement of the PV
module.

Among the various algorithms, the most widely used are
the perturb and observe(P&0O) and the incremental
conductance method (IncCond) as well as variants of those
techniques.

P&O is a simple algorithm which converges to the maximum

power point (MPP) and oscillates around. But this method has
a good result when the atmospheric conditions are constant or
slowly changed.

IncCond is a good method to track the MPP of the PV
module by comparing incremental conductance with
instantaneous conductance. it’s efficient under rapidly
changing atmospheric conditions, but the response time to
find the MPP is reduced.

Both of these algorithms are limited in partially shaded
conditions, the presence of multiple peaks reduces the
performance of the existing MPPT due to their inability to
discriminate between the local and global maximum [10].

Over the years, many researches are developed to extract
maximum power point under varying atmospheric conditions,
but all of them are limited on shaded conditions, until the big
revelation with the intelligent techniques. Among them,
metaheuristics such as genetic algorithms (CA), particle
swarm optimization (PSO), and shuffled frog leaping
algorithms (SFLA) have validated their performance, in terms
of robustness of MPPT, for various operational conditions in
the case of partial shaded conditions [11].

A. Particle Swarm Optimization (PSO)

Inspiring by the social behavior of bird flocking and fish
schooling, Eberhartand Kennedy developed the particle
swarm optimization, in 1995.
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A PSO algorithm controls a swarm of individuals (called

particles) where each particle represents a candidate solution. Start
Particles follow a simple behavior: imitate the success of
neighboring particles and its own accomplished successes. par imitialization

The position of particle is consequently altered by the best
particle in neighborhood, Pbest, in conjunction with the best
solution found by the particle itself, Gbest, as shown in figure
11.

i=1
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value af partice |
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Fig.11 movement of particles in optimization process s

To adjust the position of the particle, we use the Update particles velacity and
fol Iowing equation: position using (B] and |7}

xf = al ¢ vf (6)

Where w; is the velocity component and it represents the
step size. -

. - . . . Caryergs nee .

The velocity is calculated by using the following equation: R Hest Tteration k=k+1
ALk . "
vt = w4 ﬁLrL{PEJE‘SI? i~ xlh} +cath {Gimsr - xlh} (7
W is the inertia weight, n» and = are random numbers Yes
between 0 and 1, ¢; and ¢, are the acceleration coefficients, End

Ppecei is the personal best position of particle i and Gpzer iS
the global best position of particles [12].
The PSO algorithm can be detailed step by step as following:
1. (PSO initialization): Initialize PSO parameters as
initial position, swarm size, initial velocity and in
this step we set up the iteration counter. o
2. (fitness evaluation): Calculate the fitness of each ~ B- Application of PSO
particle. The purpose of our research is to apply PSO algorithm to
3. (update positions and velocity of each particle): the solve the problem of P-V curve wherein multiple peaks MPPs
position and velocity of each particle are updated present. So, due to the uniqueness of this problem, the
using (6) and (7). standard version of PSO algorithm will be mutated to meet
4. (convergence determination): check the convergence the practical detail of PV operating under partial shading
criteria if met, and if not the iteration counter will be ~ conditions.
increased by 1 and go to step 2. Figure 13 show the new flow chart of the suggested PSO
These steps are shown on the flow chart in figure 12. based MPPT technique, where the different steps will be
marked with different colors. To more explain the new
algorithm, all steps are detailed as following:

Fig.12 flow chart of standard PSO

1. (parameter selection) the identification of parameters
is necessary in this step, and on our system the
particle position is defined as the duty cycle value d
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of the DC-DC converter, and the generated power
Ppv is chosen as the fitness value evaluation
function. Also, according to the literature, the
number of MPPs in P-V curve for PV modules is
equal to m, number of series connected PV cells
[13]. So, the particle number N is chosen as the
number of the series connected cells in the PV
module.

(PSO initialization) the initialization of particles can
be placed on fixed position in the space randomly
except that there is an information about the location
of the GMPP. Consequently, the initialization of the
particles should be around it, and according to [14],
the presence of peaks on the P-V curve is almost at
multiple of 80% of the module open voltage
Vo —module. S0, particles are fixed on [Dmin, Dmax].
Dpin and Dyyay are, respectively, the minimum and
the maximum duty cycle of the DC-DC converter.
(fitness evaluation) in view of maximizing the
generated power . , the fitness value function is

chosen as F;; , so to calculate it, the measurement
and the filter of PV voltage, V., , and current, I, , is

necessary.
(update individual and global best data) here, the
algorithm compares the new fitness value of particle
I with the best fitness value in history Bz j and if
the comparison is positive, then the algorithm set the
current value as the new FRzzi, and choose the
particle, with the best fitness value, of all the
particles as the Gpes: .

(update position and velocity of each particle) after
the evaluation of all particles, the velocity and
position of each particle should be updated, with the
new equations as following [14]:

Vlk + 1) =wlV ) + ¢, (0 (Rears —x:00)) + c2 ()

k
wik) = wpg, — — (Wnax — Wmin ) 9

Wmin and wpa, are, respectively, the lower and
upper bounds of w, and ks, is the maximum

admitted number of iterations.
k
k I:':J.l:mu{ - ':J.l:nju]
TN
_x
krnux

(10)
(11)

':J.{k] = Cimax —

I::{k] = Comax — I:--'::l:na:«: - I::I:I'.l.il:l]
Cymins Cimax N4 Comin. Camaye are, respectively, the
lower and upper bounds of ¢; and ¢-.

(convergence determination) the MPPT algorithm
will stop and produce the obtained Gpez Solution,
when two conditions will be reached, if the velocities

of all particles become smaller then a threshold or if
the number of iteration is attained.

V. PARALLEL ACTIVE FILTER

Nonlinear loads produce distorted current waveforms in
the electrical network. Therefore, the injected harmonics have
several impacts on the system and loads connected to system.

As a solution to this solution, harmonic active filters are
widely used in the system.

Parallel active filter is a converter used in order to
compensate current disturbances as harmonics, unbalance and
reactive power. Various topologies and configurations have
been developed for this filter that highlight different forms of
its compensation tasks [14].

In this paper, the current reference for active power filter
is generated using fast zero phase detection (FZPD). This
method is very simple as it has less number of calculations
compared to other typical methods.

VI.SIMULATION AND RESULTS

The proposed photovoltaic cells are not only able of
providing extracted solar power to the power system.
However, it also can considerably mitigate harmonic currents,
which are peaked by non-linear loads. In consideration of
establishing the effectiveness of the concepts discussed in this
paper, a simulation using the environment SIMULINK in
MATLAB is done.

Figure 14 shows source voltage waveforms completely
sinusoidal and balanced. Figure 15 shows the load current
which is nonlinear. Figure 16 shows the source current
waveform deformed before filtering. Figure 17 presents the
obtained current waveform. Figure 18 shows phase angle,
between voltage and current, which is decreased by the
method FZPD, and this the reason of reducing reactive power
demonstrated on figure 19 where the reactive power is
annulated with the active parallel filter. Figure 20 shows the
power obtained by the MPPT, where the power is near the
global power point.

400
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Fig.13 source voltage waveforms
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Fig.14 nonlinear load current
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Fig.15 source current before filtering
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Fig.16 source current waveforms
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VII. CONCLUSION

Photovoltaic power is, today, the favorable clean energy
source. Therefore, to optimize its yield, we have proposed a
direct connection of photovoltaic cells with parallel active
power filter and MPPT based on PSO. From the results
obtained, it is demonstrated that by applying the proposed
system, photovoltaic power can be simply extracted by solar
cells and injected into the grid by active parallel filter, which
the principal duty is delivering the linear or nonlinear load
with harmonic current and then controlled with the algorithm
PSO to track the global maximum power point when multiple
peaks exist in the P-V curve under partially shaded conditions.

Finally, and according to the obtained results, the
proposed system seems to be an efficient solution but to
upgrade it, we are studying to apply genetic algorithm to filter
harmonic current.
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