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ENVIRONMENTAL IMPACTS OF RENEWABLE ENERGY SOURCES
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Abstract This paper discusses the use of the concept of classical and predictive direct power control for shunt active power filter function. These strategies are used to improve the
active power filter performance by compensation of the reactive power and the elimination of the harmonic currents drawn
by non-linear loads. A theoretical analysis followed by a simulation using MATLAB/Simulink software for the studied
techniques has been established. Moreover, two test benches
have been carried out using the dSPACE card 1104 for the
classic and predictive DPC control to evaluate the studied
methods in real time. Obtained results are presented and compared in this paper to confirm the superiority of the predictive
technique. To overcome the pollution problems caused by the
consumption of fossil fuels, renewable energies are the
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alternatives recommended to ensure green energy. In the same
context, the tested predictive filter can easily be supplied by a
renewable energy source that will give its impact to enhance
the power quality.
Keywords Harmonic pollution . Power quality . Direct power
control . Predictive direct power control . Shunt active filter .
Renewable energy source . Power factor

Introduction
Nowadays, the use of static converters in industry has experienced a remarkable evolution. With the strong connection to
the network of non-linear loads, the problem of harmonics
also known as harmonic pollution has taken a great propagation (Aissa et al. 2014a). Extensive presence of non-linear
loads generates problems in the power system, which delivers
non-sinusoidal currents with a presence of a degraded power
factor quality (Chattopadhyay et al. 2011). The resulting consequences are harmful, which can cause incidents related to
the operation, the profitability, and the lifetime of the electrical
equipment. Similarly, the pollutant load has a negative effect
on the other loads connected to the electrical network that can
even change their characteristics (Das 2004). For this purpose,
the electric power suppliers represented by national and international organizations have imposed limits on the injection of
harmonic currents in the form of recommendations to guarantee a good quality of the distribution network (Chattopadhyay
et al. 2011, Benysek and Pasko 2012).
The proposed solutions for the reduction of harmonics can
be split into two groups as traditional solutions and modern
solutions (Benysek and Pasko 2012). The first one consists of
easily and quickly solving some cases of perturbations well
localized by the use of passive components such as inductors,
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capacitors and transformers, and/or connections that modify
the pattern of the electric system (Das 2004, Lim and Choi
2015, Moulahoum et al. 2013a). The remarkable evolution of
the field of semiconductors (IGBT, GTO, and MOSFET) as
well as their mastery of control combined with the appearance
of new technologies allowing an efficient treatment to solve
the problem of perturbations that affect electrical systems.
Among these new means, we shall quote (Biricik et al.
2014, Qasim et al. 2014, Mesbahia et al. 2014): active filters
with parallel and series combinations of structures as well as
hybrids and multi-level structures, uninterruptible power supplies, FACTS devices, and converters with sinusoidal levy. As
a conventional solution, the compensation of harmonics and
reactive power is provided thanks to the passive filters. The
major drawbacks presented for this type of filter lie in its
voluminous size that occupies a large space, resonance phenomena, and non-adaptation to load and network variations
(Moulahoum et al. 2013b). In addition, the impedance of the
source has a significant influence on the characteristics of that
kind of filter (Song et al. 2014, Chauhan et al. 2014).
To eliminate these problems, the shunt active power filter
(SAPF) has become a very useful and efficient solution thanks
to the important developments of semiconductors (Zhang
et al. 2013a, Panigrahi et al. 2014). The elimination of current
harmonics and the compensation of the reactive power are
guaranteed by an inverter coupled in parallel with non-linear
loads constituting the active filter to ensure an improved power quality (Biricik et al. 2014, Moulahoum et al. 2013b).
Under these conditions, technical controls of the active filter
must be based on the design of the structure, kinds of regulators and techniques employed to have a sinusoidal source
current, and a power factor very near to unity (Chauhan
et al. 2014).
Many control approaches have been suggested, treated, and
cited in the literature. The most known is the traditional hysteresis current controller scheme but this technique cannot
ensure a link between the three separate hysteresis comparators and consequently, the SAPF operates with a variable
switching frequency (Chauhan et al. 2014). To correct these
defects and improve the efficiency of the shunt active filter in
transient and steady state, many approaches have been applied
such as direct power control based on high selectivity filter
(Mesbahia et al. 2014). The basic idea of the research work is
to use the high selectivity filters instead of the conventional
filters (low-pass filters), which have led to the application of a
new configuration of the DPC strategy. The purpose of the
developed DPC technique is to select the adequate voltage
vector to be applied to the inverter and to ensure the minimization of active and reactive power errors. In addition, the
proposed technique was tested only by simulation.
Application of artificial intelligence techniques have been
studied by many researchers. A fuzzy adaptation of the hysteresis controller has been proposed and simulated by Adam

et al. (2012), in the MATLAB/Simulink software in order to
guarantee the delivery of the control actions of the shunt active
filter voltage inverter under a system operation at fixed
switching frequency. Pitchaivijaya et al. studied the filtering
system based on a fuzzy logic PI controller with the objective
of extracting the reference current and monitoring the DC bus
voltage of the inverter. This intelligent controller was involved
with hysteresis regulators for effective compensation of harmonics. The authors have tested their developed approach in
simulation under the MATLAB/Simulink environment. In another study, Qasim et al. presented a phase locking control
system articulated on the artificial neural network applied to
the parallel active filter whose estimation of the frequency is
obtained by means of the non-linear least squares method. The
proposed method has been evaluated in real time under various power supply systems and load conditions. In Benchouia
et al. (2015), adaptive fuzzy controller has been introduced at
the three-phase parallel active power filter control for monitoring and regulating the DC bus voltage. Experimental comparison with the traditional proportional integral (PI) controller was operated to show the superiority of the proposed controller. Biricik et al. (2014), in their article titled BEmployment
of Self-Tuning Filter,^ have proposed a control system tested
practically for a distorted and unbalanced power system in
order to compensate the perturbations provoked by the disturbances of unbalanced nonlinear loads. The employed method
was subjected to a self-tuning filter (STF), which will process
the source voltage resulting in a uniform set point voltage
supply defining the exact angular location of the phase locked
loop. Also, another STF is required for the separation of fundamental currents and harmonic currents inducing an accurate
calculation of the reference current. Panigrahi et al. (2014)
have studied BKalman filter with sliding mode control.^ In
this study, the treatment of the source disturbances for the
estimation of the reference signal relative to the shunt active
filtering was ensured by the use of the modified robust extended complex Kalman filter articulated on the design of the
sliding mode technique. To prove the effectiveness of the proposed algorithm, the authors have experimentally validated
their research work. Authors of the reference (Chauhan et al.
2014) have proposed a hysteresis control with current error
based on a space phasor designed for the function of parallel
active filtering. The proposed control has been tested practically for a variety of reference compensation current generation techniques … etc.
Predictive control is classified among the intelligent control
techniques recently applied for the control of static converters,
which confers it a capital interest through its presented advantages (Tarisciotti et al. 2015, Ghanes et al. 2016, Trabelsi et al.
2016). Among these advantages, we can cite simplicity of
design of the predictive controller, application of the intuitive
command to a wide variety of systems, simple handling of
constraints relating to the system to be studied where they
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can be included easily into the control law, and finally, the ease
of practical validation of the resulting predictive controller on
digital signal processor-type implementation boards. Unlike
the other commands, the predictive approach’s operation does
not articulate on the modulators such as the pulse-width modulation (PWM) and the space vector modulation (SVM) that
gives it an additional advantage (Preindl and Bolognani 2013,
Trabelsi et al. 2016). The essential feature of this advanced
algorithm lies in the prediction of the future behavior of the
regulation variables with the intervention of a minimized cost
function to ensure a perfect control action (Formentini et al.
2015, Zhang et al. 2013b, Tao et al. 2016, Yahaya and Mansor
2016).
The predictive strategy has been successful in its use for
controlling the PWM converters (Zhang et al. 2013b, Tao
et al. 2016, Tarisciotti et al. 2015), the matrix converters
(Rivera et al. 2015, Formentini et al. 2015), the multi-level
converters (Ajabi et al. 2016, Ghanes et al. 2016, Trabelsi
et al. 2016), and also in the electrical drive of the rotating
machines (Preindl and Bolognani 2013, Formentini et al.
2015). The offered advantages by the predictive technique
prompted us to introduce it for the active filtering function
whose optimal operation of the voltage inverter is guaranteed
by the best selected vectors from this advanced method.
The proposed predictive technique treated in this article
operating with a fixed switching frequency gave a very significant added value compared to the other existing techniques. Devoid of hysteresis regulators in its general structure,
it offers the advantage to have a good quality of the source
currents with a sinusoidal shape, a very good form of the
active and reactive power, and power factor of the network
very close to the unit. Similarly, the various control blocks are
in perfect coordination between them and participate in the
mastery of controlling the voltage inverter constituting the
predictive parallel active power filter in a very adequate manner. Also, the used optimization function in this intuitive approach involved in the selection of optimal voltage vector that
governs the switches of the arms of the filter and likewise
ensures the smooth control of the reactive power while keeping it very close to its zero reference value. Finally, real-time
implementation of the proposed technique does not require a
powerful calculator compared to other methods already used
and known in the literature based on a combination of several
methods at the same time to solve the problem of existence of
harmonics in the network that require very powerful calculators and therefore very expensive.
In this article, we present the study, modeling, simulation,
and digital implementation of the two methods as traditional
direct power (DPC) and proposed predictive direct power control (P-DPC) for SAPF application. Both active and reactive
instantaneous powers injected by the active filter to the network are commanded through two studied approaches. Realtime implementation of the two control schemes by means of

the dSPACE card 1104 has been established successfully to
prove the effectiveness and the practical usability of the developed algorithms. Consequently, the obtained results are
significant and very acceptable.
The advantages offered by the active filter enabled it to
invade new electricity production fields such as distributed
generation systems and micro-grids (Zeng et al. 2013).
Renewable energies have experienced in recent years a very
remarkable evolution and utilization because they present
great potential for the provision of clean and inexhaustible
energy (Noroozian and Gharehpetian Gevorg 2013). The association operation of the active power filter with the renewable energy system is intended to guarantee the interface between the new energy source and the grid while ensuring
habitual function of the filter characterized by the mitigation
of harmonics, compensation of reactive power, and correction
of the power factor (Aboudrar et al. 2017, Elgammal and Ali
2017, Karuppasamy et al. 2012).
This paper is organized as follows: The description of the
parallel active filter and its principles are presented in the
section BParallel active filter and its principles.^ Direct power
control for the SAPF operation is introduced in the section
BDescription of the direct power control articulated on
SAPF.^ In the section BPrinciple of proposed predictive direct
power control for SAPF,^ the proposed predictive direct power control for SAPF application is depicted with explanations.
Various simulation and experimental results with comparison
in transient and steady state are given and commented on in
the section BSimulation and practical results with discussion.^
Finally, a conclusion is mentioned in the section
BConclusion.^

Parallel active filter and its principles
The parallel active filter of harmonic pollution for power systems presents a particular interest for researchers in the power
electronics field. It is composed by a voltage source inverter
connected in parallel with the non-linear load (Djerioui et al.
2012, Mesbahia et al. 2014). The active filter equipped with
an advanced control device is used for the purpose to eliminate current harmonics, compensate the reactive power
absorbed by the non-linear loads, and finally guarantee the
stability of the system (Biricik et al. 2014, Chauhan et al.
2014).
The role of the active filter is to control the mains current
while providing a very close current waveform of the reference current. The reference currents are dependent on the balance between the instantaneous power delivered by the
source, the active filter, and the nonlinear load. For this reason,
to compensate reactive power and to eliminate harmonic currents, it is imperative to respect the conditions guaranteed the
powers balance as given by Eqs. (1) and (2), respectively
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(Panigrahi et al. 2014, Biricik et al. 2014, Chauhan et al. 2014,
Qasim et al. 2014, Pitchaivijaya and Mahapatra 2012).

The DPC strategy was invented in 1991 and developed in
1998 by Ohnishi, Nougouchi, and Takahashi (Aissa et al.
2016). Since then, this technique has constantly evolved to
know wide use in the various fields of electrical engineering.
The advantages offered by this method are multiple, namely
(Mesbahia et al. 2014) direct control of active power and
reactive power without the need of current control loops. cancellation of the complex detection of the harmonics and the
reactive current of the load, independent active and reactive
power control via hysteresis comparators, and absence of
pulse width modulation block. Despite its advantages,

conventional DPC method presents some problems that arise
in operation with variable switching and high sampling frequency (Zhang et al. 2013a).
DPC method is based mainly on the direct control of the
active and the reactive power of PWM converter. The
switching table is deduced from the knowledge of the position
of the grid voltage vector and the correction of both active and
reactive instantaneous power by two hysteresis controllers.
Finally, the switching states of the switches will be determined
by the classical switching table as shown by the references:
Aissa et al. (2014a and 2016), Mesbahia et al. (2014), and
Zhang et al. (2013a).
In DPC scheme as represented in Fig. 2, it is necessary to
calculate and estimate the active and the reactive power and
the position of the grid voltage vector. The DC-bus voltage for
this approach is adjusted by a conventional PI regulator. The
reference active power results from the product of the output
of the classic PI controller by the DC bus voltage. The reactive
power must be kept at null to ensure the operation of the
studied system with a unity power factor. The inputs of the
hysteresis regulators represent the difference between estimated and desired variables for the active and the reactive power,
and the outputs of these controllers are the logical signals SP
and SQ (Huang et al. 2014, Aissa et al. 2016, Tao et al. 2016).
In addition, the grid voltage vector is transformed into a
numerical signal θn where the coordinates of the fixed reference frame are split into 12 sectors as illustrated in Fig. 3.
The determination of the angular position of the voltage
vector network in the (α–β) plan needs to know the components eα and eβ where their calculations or their estimates can
be made from measurements of grid voltages and knowledge
of instantaneous powers and sensed currents (Aissa et al.
2014b, Zhang et al. 2016).

Fig. 1 Basic compensation principle with different waveforms of
currents for the shunt APF

Fig. 2 Power references generation block diagram

~ l −Pl ¼ P
~l
Ps ¼ Pl ; Qs ¼ 0 and P f ¼ Pl −Ps ¼ Pl þ P
ð1Þ
with s as source, f as filter, and l as nonlinear load.
Q f ¼ Ql −Qs ¼ Ql

ð2Þ

The essential principle of the compensation for the parallel
active power filter with representation of the waveforms
(source current Is, load current Il, and filter current If) is illustrated in Fig. 1. The filter control system must ensure a sinusoidal shape of the source current by means of a compensating
current coming from the filter (Moulahoum et al. 2013a).

Description of the direct power control articulated
on SAPF
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^eα
^eβ




1
i
¼ 2
⋅ α
iα þ i2β iβ

 
−iβ
P
⋅
iα
Q

ð5Þ

So, the position is demonstrated as follows:
θ ¼ tan−1

^eβ
^eα

ð6Þ

The formula indicating the sector number for the voltage
vector position is given by the following relationship:
ðn−2Þ
Fig. 3 Graphical representation of the grid voltage vector in fixed plane
(α–β)

For a three-phase system, the instantaneous active and reactive powers are defined by the scalar product and by the
vector product of the grid currents and line voltages respectively as indicated in the following equations (Aissa et al.
2014a, Zhang et al. 2013a, Huang et al. 2014, Aissa et al.
2016):
P ¼ V sa ⋅I sa þ V sb ⋅I sb þ V sc ⋅I sc

ð3Þ

1
Q ¼ pﬃﬃﬃ ½ðV sb −V sc Þ⋅I sa þ ðV sc −V sa Þ⋅isb þ ðV sa −V sb Þ⋅I sc 
3
ð4Þ
Through the use of the equations given below, the voltage
vector in the fixed reference frame (α–β) is estimated as follows:
Fig. 4 Proposed predictive direct
power controller for shunt APF
application

π
π
< θn < ðn−1Þ
n ¼ 1; 2; …:; 12
6
6

ð7Þ

By using the output states of the two hysteresis regulators
of active and reactive power with the angular position of the
mains voltages vector, the conventional lookup table can be
built as indicated by the references Djerioui et al. (2012) and
Boukezata et al. (2016).

Principle of proposed predictive direct power control
for SAPF
The classic DPC has a major drawback associated with the
switching frequency that cannot be controlled and requires a
high sampling rate for precise and efficient control of active
and reactive powers (Aissa et al. 2014b, Huang et al. 2014,
Zhang et al. 2016). To overcome this major disadvantage of
DPC with predefined switching table, it is important to develop a new configuration for imposing explicit criteria on the
quality of controlled powers. This approach is known as
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predictive direct power control (P-DPC) (Zhang et al. 2016).
Furthermore, the studied method has been used to control the
shunt active power filter and to ensure a high quality of energy
as depicted in Fig. 4.
It is necessary to develop a predictive model of the instantaneous powers behavior. The process leading to this objective
is explained as follows: In the fixed plan (α–β) and for a
balanced three-phase system, instantaneous active and reactive powers are given by the relationships below (Song et al.
2014, Zhang et al. 2013b, Tao et al. 2016):
  
 
e α eβ
i
P
¼
⋅ α
ð8Þ
eβ −eα
iβ
Q
It should be noted that the sampling period (Ts) << period
of the supply source (T) and as a result the components of eαβ
are supposed to be constant during the commutation period
(eαβ(k + 1) = eαβ(k)).
Then, the changes in both powers for two successive sampling moments are given by the following formula:


Pðk þ 1Þ−Pðk Þ
Qðk þ 1Þ−Qðk Þ



i ðk þ 1Þ−iα ðk Þ
e ð k Þ eβ ð k Þ
⋅ α
ð9Þ
¼ α
eβ ðk Þ −eα ðk Þ
iβ ðk þ 1Þ−iβ ðk Þ
On the other hand, the evolution of the absorbed current by
the converter is regulated by the differential equation of the
first order:

 
 
 

d iα ðt Þ
e ðt Þ
V ðt Þ
i ðt Þ
L
¼ α
− α
−R⋅ α
ð10Þ
eβ ð t Þ
V β ðt Þ
i β ðt Þ
dt iβ ðt Þ

Load Change
Step Time

Fig. 5 Simulation results: responses of predictive control applied to
parallel active filtering

The presented condition in Eq. (13) can be satisfied only
when the variations in the active and the reactive power during
the switching period take the following values:

  *

P ðk þ 1Þ−Pðk Þ
ΔP* ðk Þ
¼
ð14Þ
ΔQ* ðk Þ
Q* ðk þ 1Þ−Qðk Þ
The two variations ΔPi(k) and ΔQi(k) for the seven control
vectors are expressed by the following equation as follows:

Without considering the effect of the resistance of the reactor and employing a discrete first order discretization for Eq.
(10), the change of current vector is expressed by the equation
below:



 

Ts
V ðk Þ
iα ðk þ 1Þ−iα ðk Þ
eα ðk Þ
¼
− α
ð11Þ
iβ ðk þ 1Þ−iβ ðk Þ
eβ ð k Þ
V β ðk Þ
L
Substituting Eq. (11) in Eq. (9), the variation of both powers during a switching period is given by Eq. (12):


Pðk þ 1Þ−Pðk Þ
Qðk þ 1Þ−Qðk Þ

 
 

T s eα ðk Þ eβ ðk Þ
eα ðk Þ
V ðk Þ
¼
⋅
− α
ð12Þ
eβ ð k Þ
V β ðk Þ
L eβ ðk Þ −eα ðk Þ
The ideal convergence of the required active and reactive
power is reached if the below conditions are true:

  *

P ð k þ 1Þ
P ð k þ 1Þ
¼
ð13Þ
Qðk þ 1Þ
Q * ð k þ 1Þ

Load Change

Fig. 6 Transient and steady-state responses of active and reactive powers
relative to the predictive control during the robustness test application
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Ts
eαβ 2 − T s eαβ ⋅ cosðθÞ⋅V αi þ sinðθÞ⋅V βi
L
L
Ts  
ΔQi ¼ eαβ ⋅ cosðθÞ⋅V βi −sinðθÞ⋅V αi i ¼ 0; 1; …6
L
ð15Þ
ΔPi ¼

where
eαβ is the module of the vector eαβ.

Vαi and Vβi represent the eight control vectors (V0, V1, V2,
V3, V4, V5, V6, V7) in the fixed frame (α–β), which are used to
control the inverter constituting the parallel active power filter.
The prediction of reference instantaneous powers for the
future sampling moment (k + 1) is given by the relationship
indicated below:
 *
  *

2P ðk Þ−P* ðk−1Þ
P ð k þ 1Þ
¼
ð16Þ
Q * ðk þ 1 Þ
Q* ðk Þ

Fig. 7 Analysis of the source current: a without parallel active filtering, b after filtering based on the classical DPC control, and c after filtering based on
the predictive DPC method
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The optimal control vector to apply during the switching
period [KTs(K + 1)Ts] resulting from the performance function
mentioned in Eq. (17), which is for the role to check and to
optimize the shortest distance between points of the change in
instantaneous and desired powers for the different voltage
vectors. The index Bi^ represents the identification of the vector to be applied. The activated voltage vector that ensures the
minimization of the active and reactive power errors is selected when the corresponding switching states are delivered.
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
 *

2
2
þ ΔQ* ðk Þ−ΔQi
f ðiÞ ¼ min
ΔP ðk Þ−ΔPi
ð17Þ
with i = 1, 2,..., 6.

Simulation and practical results with discussion
To examine and validate the efficiency of the developed strategies, a numerical simulation was made thanks to the
MATLAB/Simulink software and a real-time implementation
has been established in the laboratory for the DPC and P-DPC
controls for SAPF application.
The main circuit and the necessary parameters used for the
simulation and for the real-time implementation of the studied
approaches are given in Tables 2 and 3 of Appendixes 1 and 2,
respectively.

After commissioning the parallel active filter based on the
predictive DPC as illustrated in Fig. 5, we can observe that the
filter injects its compensating current to the load successfully.
Its output voltage follows its desired value and consequently
the source currents become sinusoidal.
As a result of the application of (R–L) type load variation
for values of 6.7 Ω, 20 mH to new values of 3.35 Ω, 20 mH at
time t = 0.8 s as indicated in Fig. 5, the DC bus voltage
perfectly follows its reference thanks to the PI controller.
Also, it is clear that the source currents, the filter current,
and the load current react correctly to this induced change.
Similarly, in Fig. 6, the active power reaches its new reference caused by the variation of the load. It should be noted that
the DC bus voltage participates in the delivery of the reference
active power as shown in Fig. 4. Thus, each change affecting
the DC bus voltage caused by the change in load will directly
affect the reference active power and consequently the instantaneous active power. For its part, the reactive power retains its
zero value when the variation of the load is applied.
As shown in Fig. 7, without the parallel active filter, the
source current is non-sinusoidal and includes a THD of
25.67%. After incorporation of the filter, for each of the
DPC and P-DPC algorithms, the source current is sinusoidal
with different THD values, meeting international standards.
The THD is equal to 1.77% for the active filter controlled by
the conventional DPC, and the THD is equal to 1.35% for the
proposed predictive filter.

Experimental results
Simulation results
In order to evaluate the developed predictive filter, simulation
tests have been performed and presented in this section. The
harmonics of the non-linear load are mitigated by the proposed filtering device whose DC bus voltage of the inverter
is kept constant and equal to its desired value of 250 V.

Fig. 8 Experimental setup of
shunt APF

Filter and Load
Inductances

The tested approaches in real time consist essentially of a
three-phase power supply, a non-linear load (bridge of
diodes feeding R–C impedance), and a PWM voltage
source inverter controlled with two algorithms that are
the traditional DPC and the predictive DPC approach as
exhibited in Fig. 8.

dSPACE Voltage Oscilloscope
Card
Sensors

PC

Non-Linear Load
Power
Analyzer

Current
Sensors
Three-Phase
Power Supply

Resistive
Load
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Fig. 9 Experimental results: classical DPC control for shunt APF application

Fig. 10 Experimental results: proposed P-DPC control for shunt APF application
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The experimental results of the classical and predictive
DPC for shunt APF control have been illustrated in Figs. 9
and 10 respectively. It is clearly visible that the classical and
predictive filters inject harmonic current to the line. In steady
state, the DC bus voltage has reached its reference value of
175 V and the grid currents become sinusoidal in shape. So, if
we compare the two methods, we find that the instantaneous
active power follows its reference with smooth control and the

reactive power is null with a thin form in the case of the
predictive DPC shunt APF application.
Also, evaluation of the two processed techniques has been
conducted by double changes in the load, presented in the
same Figs. 9 and 10. This test leads to the adequate change
in the source current, in the load current, and in the filter
current for both the implemented methods. These same figures
clearly show that grid currents for the validated controls are

Fig. 11 Experimental results: power factor (PF) analysis, voltage and current of source for the phase (b): without shunt APF and after filtering based on
classical and proposed predictive DPC control
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Table 1

Comparative study of the proposed control method with the recent published papers

References

Employed techniques

Recorded PF in real time

Studied system without SAPF

–

0.929

(Dey and Mekhilef 2016)

Hybrid SAPF based on modified phase lock loop (PLL) with synchronous reference
frame (SRF) theory + fuzzy logic controller
SAPF based on adaptive recursive inverse theory
SAPF based on DPC strategy with modified switching table + integration of the
photovoltaic generator
SAPF based on proportional–integral (PI) regulator with model predictive current control

0.963

(Badoni et al. 2016)
(Boukezata et al. 2016)
(Panigrahi et al. 2015)

Proposed control method

0.990
0.990

SAPF based on robust extended complex Kalman filter (RECKF) with model
predictive current control

0.980 (transient state)
0.990 (steady state)
0.990 (transient state)
0.990 (steady state)

SAPF based on predictive DPC

0.994

sinusoidal comparatively to the currents of electrical system
without shunt APF.
On the other hand, it should be noted that despite the variations induced in the load, the active power reacts correctly and
the reactive power retains its zero reference value. The test performed showed the independent control of the two instantaneous
powers, which represents the main advantage of this control
scheme.
Figure 11 shows experimental measurements obtained via
power and quality analyzer apparatus for traditional DPC and
predictive DPC control for shunt APF, respectively. In the case
where both filters are inactive, it can be clearly seen via Fresnel
diagram that for each line, phase shifts between the currents and
the source voltages are observed with important values. In the
opposite case, the currents waveforms for the phase (b) are sinusoidal and present zero phase shift with their corresponding voltages for the two studied techniques. Furthermore, it should be
noted that an improved power factor (PF) has been obtained for
the predictive control for shunt APF (PF is equal to 0.994) compared to the classical control for shunt APF (PF is equal to 0.993)
and to the electrical system without shunt APF operation (PF is
equal to 0.929).
A comparative study of the predictive DPC control strategy
with other new types of controls suggested in the literature has
been established in order to confirm and prove the superiority of
our developed technique.
According to the obtained practical results relating to the power factor, it is quite clear that the predictive control of the parallel
active power filter has guaranteed a better result compared to
other power factors recorded by the real-time application of the
various algorithms and control techniques mentioned in Table 1.

Conclusion
It is highly necessary to use active filters for better regulation
of the quality of the power supply to overcome the problem of

harmonic pollution in power systems. Also, delivering improved energy quality to consumers has become a fundamental feature of smart and modern networks for the protection
and safeguarding of electrical equipment.
This article has proposed theoretical analysis and a realtime implementation of a three-phase shunt active power
filter based on classical and predictive direct power control
to guarantee the adequate compensation of harmonics and
reactive power. The two developed control algorithms have
been successfully validated practically in the laboratory; the
experimental results in both transient and steady states are
presented. The comparison between the two tested techniques shows clearly that the predictive approach confirms
its efficiency and its superiority of the control comparatively to the traditional DPC command for the shunt active filter
function. The advanced method ensures precise and effective governance of the active and the reactive power.
Additionally, it offers us a sinusoidal source current for
the power supply and an improved power factor with a value
very close to the unity. The application of the proposed
predictive technique for the parallel active filtering function
is novel. The results provided by this new technique are
largely very satisfactory leading to various advantages,
namely power factor of the network close to unity, the resolution of the problem of harmonic pollution, the enhancement of the shape of the source currents, and the considerable reduction of the losses by switching inducing to a suitable functioning of the studied system as a whole. All these
technical results can contribute effectively to the energy
development of the industrial sector.
Finally, as a future perspective, the predictive shunt active
power filter will be introduced in the field of renewable energy
to contribute effectively in the improvement of the quality of
energy supplied mainly from own sources called Bgreen
sources^ in relation to the environment with prolongation of
the lifetime and preservation of the electrical equipment.
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Appendix 1.

Table 2

Simulation parameters used for the SAPF
Voltage source (Vsa)

70 (V)

Network frequency ( f )
Reference output voltage (Vdc*)
Line inductance (Ll)
Line resistance (Rl)
Non-linear load resistance (R1 and R2)

50 (Hz)
250 (V)
0.15 (mH)
0.1 (Ω)
6.7 (Ω)

Non-linear load inductance (L)
Filter inductance (Lf)
DC link capacitor (C)

20 (mH)
0.66 (mH)
1100 (μF)

Appendix 2.
Table 3

SAPF test bench parameters

Voltage source (Vsa)
Network frequency ( f )
Reference output voltage (Vdc*)
Line inductance (Ll)
Line resistance (Rl)
Non-linear load resistance (R1 and R2)
Non-linear load capacity (C)
Filter inductance (Lf)
DC link capacitor (C)

50 (V)
50 (Hz)
175 (V)
02 (mH)
0.80 (Ω)
14.50 and 10 (Ω)
2200 (μF)
10 (mH)
1100 (μF)
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