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Abstract — This research work presents a predictive current
control of shunt active power filter connected with PV system,
the main goal of the proposed active filtering system is to
eliminate the undesirable harmonics. Shunt active power
filter need a supply of energy for recompensing this based
mostly deformations, which use the electrical phenomenon
array with DC-DC boost converter as a supply of DC power.
Therefore, to improve the efficiency of the energy conversion
it is a necessary track permanently the optimum point
through an adequate tuning of a boost converter regardless
the solar irradiance variations. However, predictive current
control is applied to control a three-phase voltage source
inverter used as a shunt Active power filter. This method
chooses a switching state that minimizes the error between
the output currents and their references. The proposed
controller offers excellent reference tracking with less current
harmonic distortion. Finally, the proposed system's
performance is investigated using a MATLAB simulation
model.

Keywords —Model predictive current control (MPCC),
Shunt active power filters (SAPF), photovoltaic systems,
maximum power point tracking (MPPT), DC-DC boost
converter.

I. INTRODUCTION

Increasing the widespread applications of nonlinear
loads is one of the most common problems that caused
current harmonic pollution of three-phase electrical power
systems [1]. To ameliorate the power quality, traditional
solutions like passive filters have been amply used for a
long time. However, passive LC filters are voluminous,
load dependent and inflexible. They can also cause
resonance problems in the system. In order to contain these
problems simultaneously, SAPF has been reported and
considered as a possible solution for reducing current
harmonics and improving the power factor [2] . The need
to generate pollution-free energy has triggered
considerable effort toward renewable energy system, solar
energy has great importance because of its sustainability
and environmental friendly characteristic, this useful
energy is supplied in the form of DC power from
photovoltaic (PV) arrays bathed in sunlight and converted
into more convenient AC power through an inverter system
[3]. Therefore, to maximize the potency of the PV system,
it's necessary to track the maximum power point of the
input source [4].
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Maximum Power Point Tracking controllers can play
an important role in the photovoltaic system they have to
operate at their maximum power point (MPP) despite the
changes in the environmental conditions. Maximum Power
Point Tracking (MPPT), which significantly increases the
efficiency of the solar photovoltaic System to operate the
PV array at its maximum power point [5].

Predictive control is a new control algorithm developed
in recent years that have found rather recent application in
power converters, the MPCC has many advantages of
nonlinear characteristics and constraint, the main
characteristic of predictive control is the use of a model of
the system for predicting the future behavior of the
controlled variable. This information is employed by the
controller to get the optimum deed, in step with a
predefined improvement criterion [6][7][8].

This research work determined the mathematical model
of shunt active power filter connected with PV system and
designs a model predictive current control method in the
‘a, B’ frame. The predictions are evaluated with a cost
function that minimizes the error between the predicted
currents and their references at the end of each sampling
period. This has been applied for the controlling of SAPF
due to the advantages, like a fast dynamic response, easy
inclusion of nonlinearities and constraints of the system.

Il.  SYSTEM DESCRIPTION

The proposed scheme in Fig.l shows two very
important stages. The first stage is composed of a PV array
associated with a boost DC-DC converter. the principal
role of DC/DC converter is to regulate the value of the
output voltage of PV energy source to the voltage value of
the dc-side capacitor of the SAPF, so that the PV array
provides steadily its maximum power, by using perturb and
observe method. the second stage is composed of a three-
phase IGBT based voltage source inverter (\VSI) bridge
with the input ac inductors (L, R) and a dc bus capacitor
(C) , the main role of the converter is to compensate for the
harmonics caused by the non-linear load to alternating
current, and the reactive power also. To properly ensure a
power-sharing of the load demand under various irradiance
levels between the PV array and the grid, a MPCC
approach is proposed as a control strategy of the DC/AC
inverter.
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Fig.1. Configuration of shunt active power filter connected with PV
system

. PHOTOVOLTAIC SYSTEM

A. PV model and characteristics

A solar cell is the basic unit of a PV module. Generally,
the model of the solar PV cell can be realized by an
equivalent circuit is shown in Fig.2, it consists a light
generated current source, two diodes, series and parallel
resistors, the characteristic equation for the current and
voltage of a solar cell is given the following equation [9]:
I=Iph_IDl_IDZ_Ish (1)
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Where:
I : solar cell output current (A).
V : the solar cell output voltage (V).

I o © the light generated current (A).

I, &1, : the first and the second diode reverse saturation
current (A).

q : the electronic charge (1.602x107° C).

n, &n, : the dimension less deviation factor from the first
and the second diodes.

k : the Boltzmann constant(1.3807x 10722 J/K).
T :the cell temperature (K).
R, : the series resistance (Q).

Rgp, : Rs is the shunt resistance ().
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Fig.2. Equivalent circuit of PV array

B. The maximum power point tracking

In order to have the best match between the PV
generator, boost converter and load, the Maximum Power

Point Search (MPPT) is developed, which allows the
generator to work at its maximum power (MPP). To do
this, an electronic controller of a DC-DC Boost converter
is incorporated between the PV generator and the load as
shown in Fig.3.[10]
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Fig.3. Block diagram of PV system with MPPT controller

C. Perturb and observe (P&O) algorithm

MPPT control systems have been developed in last
years to extract the maximum power that the PV module
can provide, The maximum power point tracking (MPPT)
can be treated in many ways, for example: Perturb and
observe(P&O0O), Incremental conductance(IC), Constant
Current method, Constant Voltage method, Fuzzy Control,
and Neural Network Control. Among all these methods,
the P&O MPPT method is one of the popular methods to
track the maximum power point and probably the most
frequently used in practice, mainly due to its easy
implementation. The working principle of P&O is depicted
by the flowchart in fig.4 [11][12].
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Fig.4. P&O Flow Chart

IV. REFERENCE CURRENT CALCULATION

In this paper, we have chosen to implement the
instantaneous real and imaginary powers method, because
it is very flexible in allowing choosing the perturbation to
compensate accurately, quickly and easy to implement.



The instantaneous powers method introduced by H. Akagi
and al. exploit the Concordia transformation of the
voltages at the connection points of the parallel active filter
and the currents absorbed by the pollutant load, in order to
calculate the instantaneous real and imaginary powers[13].
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Fig.5. Block diagram of the reference currents

The main steps of this method are summarized in the
diagram blocks of Fig.5. The reference currents are
identified using an instantaneous active and reactive
power theory[14]. To scale back variations and instability
within the DC link voltage, a Proportional-Integral (PI)
regulator, with associate degree anti-windup compensation
is projected for the DC link voltage regulation [15].

V. DESCRIPTION OF PREDICTIVE CURRENT CONTROL

Predictive current control of SAPF is based on the
truth that only a limit number of possible switching states
can be generated by an inverter can be generated by an
inverter and that models of the system can be used to
predict the conduct of the variables for every switching
state. All possible predictive current values in different
voltage vectors of inverters at the next time can be
acquired through the predictive function. The cost function
can select optimal vector so that output current values of
inverters approach to the given reference values quickly.
Generally, MPCC scheme is shown in Fig. 6.It uses the
system model to predict the future behavior of the
variables to be controlled. The quality function or cost
function or error between the reference and predicted
values are calculated. The switching state that minimizes g
is selected and applied during the next sampling period
[16][17].
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Fig.6. Predictive current control block diagram.

A. Discrete-time mode

A discrete form of the filter current for a sampling time
T, can be used to predict the future value of the filter

current. The future filter current can be determined by[18]:

1P (k +D) = (@S (k) + (V) ~609) &)

Where R and L are the output filter inductance and
resistance, i(k)is the measured filter current, V(k)is

voltage vector generated by SAPF, and é(k ) the estimated

back-emf.
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B. Cost function

The cost function is expressed in orthogonal
coordinates and measures the error between the references
and the predicted currents:
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Where, ", (k) &i ", (k) are the real and imaginary parts

of the reference current, and i”, (k+1) &iP;(k +1) are

the real and imaginary parts of the predicted filter current
vector.

VI. MPC ALGORITHM

The most important stages of control algorithm are [18]:

o Extraction of reference compensating current

e Measure the current injected in the filter.

o Predict filter current for the next sampling instant
for all the possible switching states.

e Evaluate the cost function for each prediction.

e Optimal switching state is selected which
minimizes the cost function.

o Apply the new switching state

VIIl. SIMULATION RESULTS AND DISCUSSION

For the simulations, Matlab/Simulink and the
SimPowerSystem toolbox were used. Various simulation
results are obtained under ideal and non-ideal provide
conditions. The simulation model parameters are shown in
Table I.

TABLE I. SYSTEM PARAMETRS

Parameter Value
AC supply voltage 100 V (rms)
Supply resistor 0.10
Supply inductor 0.1 mH
Supply frequency 50 Hz
Load AC resistor 0.01Q
Load AC inductor 0.556mH
DC voltage 280V
DC capacitor 1000 uF
Filter resistor 0.01Q
Filter inductor 3mH
Rectifier load resistor 26 Q
Rectifier load inductor 10mH
Boost capacitor 100 uF
Boost inductor 10mH

The proposed PV model is simulated using Matlab/
Simulink, at standard test conditions, the simulated I-V and
PV characteristics are shown in Fig. 7.
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Fig.7. Simulated I-V and P-V characteristics of the panel
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Fig.8. Source voltage waveform V ., (v)
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Fig.10. Source current isa (A) waveform before filtering
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Fig.12. Source current iSa (A) waveform after filtering
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Fig.14. Source current spectrum with filter

Figure 8 shows the source voltages waveform purely
sinusoidal and balanced. The load current as illustrated in
figure 9. Figure 10 shows the source current waveform
deformed before filtering. The dc-link capacitor voltage is
adequately controlled around its reference value V4. with

a very slight ripple as illustrated in figurell. The active
filter has imposed a sinusoidal source current waveform
instantaneously as shown in figurel2. Figure 13and 14
shows the spectrum analysis of the source current
without/with a filter. The current THD (total harmonic
distortion) is reduced from 27.51% to 1.22% on the grid
network, which confirms the good quality of filtering after
using an interactive shunt active power filter, the
simulation results show a good filtering of harmonic
currents and a perfect compensation of reactive power.

VIIl. CONCLUSION

Model predictive current control algorithm is used to
control the SAPF power switches to generate the opposite
harmonics and to inject them at the point of common
coupling (PCC) for compensating current harmonic and
reactive power.

The simulation results obtained demonstrate the
effectiveness and strength of the proposed system we have
seen a good signal quality in terms of the current harmonic
distortion THD 1.22% of three-phase source. So the
proposed MPCC control is easy to implement and it shows
robustness and very good performance in both balanced
supply voltages.



Finally, the study of the photovoltaic compensation
system, that we tend to mentioned during this paper,
allowed us to obtain very good performance in injection of
power produced by photovoltaic system to the distribution
networks and compensate harmonics and reactive power.
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