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A finite control set model predictive control (FCS-MPC) based controller has a fast
dynamic response and robustness. furthermore, the presence of a cost function gives
designers a degree of freedom to include system control targets, constraints and system
non-linearities. On the other hand, Multilevel inverter (MI) topologies are becoming a
strong alternative in distributed power generation system (DPGS), among these topologies
is the three-phase three-level NPC (TTLNPC) inverter. Generally, to properly operate this
topology, the applied current control ensures the achievement of two main objectives.
First, the output current must be controlled to track its reference. Second, the two dc-link
capacitor voltages have to be equal and balanced. In this paper, FCS-MPC is proposed to
control the TTLNPC inverter based parallel active power filter (APF) adopted to connect
a photovoltaic system (PVS) to the grid and perform a harmonic mitigation. The proposed
FCS-MPC exploit the model of the system to predict the future values of the inverter
currents by selecting the best voltage vector that aims to minimize a predefined cost
function. Instead of using the popular redundant vectors algorithms to balance the two-
split dc-link capacitor voltages, another term will be added to the expression of the cost
function to achieve this goal. The PV panel is coupled directly to the inverter without
DC/DC converter, the P&O MPPT algorithm is responsible to generate the capacitor
reference voltage whatever the climatic conditions are. Simulations using
Matlab/Simulink were performed to prove the efficiency of the proposed technique to
mitigate the grid current harmonics, and to ensure a continuous power injection and
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perform a load power sharing.

1. INTRODUCTION

PVSs are becoming increasingly applied in the distribution
network; they can be grouped as two main categories, Grid tied
and standalone systems [1-4]. Grid-tied PV systems (GTPSs)
are cost-effective because they do not require storage systems
which implies to a reduced investment cost [4]. Single and
two-stage systems are commonly used topologies in a GTPS
[5, 6]. Two-stage system has certain drawbacks: less
efficiency, being larger and more expensive. Therefore,
single-stage topology characterized by small size, lower cost,
higher efficiency and reliability seems to be more attractive
than a system with two stages.

In a GTPS, the algorithm used to extract the maximum
available solar power, the conversion efficiency and quality of
the total power fed into the grid, are the main criteria employed
to judge the performance of the system. These performance
criteria are strongly relevant to the topology and the technique
used to control the DC/AC power stage. Several topologies of
inverters that can be used have been reported in the literature
[7], one of the most promising topologies is the multilevel
inverters (MIs); the main benefits of this topology are the
stepped output voltage waveform due to the higher output
voltage levels, it looks like a sinusoid more closely than the
traditional inverters [8]. This advantage has prompted
researchers to use MIs in GTPS applications, especially in
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single stage systems as the PV panels are directly connected to
the dc-link voltage. Furthermore, in MIs, even though a greater
number of power semiconductor devices are involved, but
each device switches only for a portion of one fundamental
period and therefore, individual device switching frequency
(SWF) is reduced [9].

However, the most used MIs are mainly limited to three-
level (3L) inverters. If we increase the number of levels, we
increase also the degree of control complexity in the goal to
keep balanced and equal the two dc-link capacitor voltages
meanwhile controlling the complex switching operation of
APF [10, 11].

On the other hand, the advanced technologies used in the
fabrication =~ of  power  electronic  switches-based
semiconductors (IGBTs, MOSFETs, etc.) composing the
power converters, as well non-linear loads (NLL) (such as the
diode rectifiers) are known to cause a harmful effect
(harmonics, decreasing the power factor, etc.) on electric
power systems. They consume harmonic currents cause the
distortion of the grid current waveforms, implying an increase
in their THD. The active filters introduce compensating
currents into the source to mitigate the current harmonics and
compensate the reactive power drawn by a NLL. Since the
potential of active filtering task does not need changes to the
power stage. Also, in order to increase the efficiency of PVSs;
single-or three-phase 3L-MIs are becoming a strong
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alternative to interface PVSs to the power grid [4, 12, 13].
Therefore, a single stage PVS combined with an active filter
can be more convenient for the application in the DPGS.

Control of APF is very crucial stage as it decides the overall
performance of the APF. Many techniques have been reported
in the literature; most of them are dedicated to the most
popular three-phase two-level (2L) inverter, hysteresis current
control [14], the instantaneous p-q theory [15], synchronous
reference frame (SRF) or d-q theory [16, 17], and direct power
control (DPC) [18-20]. Their simple principle and easy
implementation make them widely used to enhance the power
quality, but they still have some drawbacks such as poor
dynamic response and their bandwidth limitation which
weaken the compensation quality [21, 22].

Recently, FCS-MPC has been widely adopted for power
converters control, thanks to the numerous advantages that it
can provide: in dynamic (fast dynamic response) as well in
steady state (stability and precision) response. Furthermore, it
gives the possibility to include the system nonlinearities and
constraints in the controller [23, 24]. The FCS-MPC is used to
control the three-phase 2L inverter based APF [25], at the
same time interface a two-stage PVS to the power grid. Where
the used cost function minimizes the error between the
reference and predicted values of the APF currents. The FCS-
MPC is used to control the three-phase 2L inverter based APF
indirectly to interface a wind system to the grid [22], this
means that the grid currents were the control currents. In the
goal to exploit the performance of multilevel topology and the
FCS-MPC technique, this work proposes a TTLNPC inverter
based APF is adopted to mitigate the grid current distortion
and compensate the reactive power drawn by the NLL, at the
same time inject the active power extracted from a single stage
PVS to the grid, and share with it the load requirements.

2. PROPOSED SYSTEM CONFIGURATION

Diode rectifier
3D)

R-L

Solar panel
GPV (52Kw) 3L NPC inverter

based APF Lr Grid

Figure 1. Proposed PVS connected through a TTLNPC
inverter based APF

As illustrated in Figure 1, The PVS is coupled to the
TTLNPC inverter based APF via a dc-link capacitor. The PV
generator (GPV) is coupled directly to the inverter without
DC/DC converter, the MPPT gives at each cycle the updated
value of the capacitor reference voltage V,.; whatever the
climatic conditions are. This power is fed to the grid by the
means of the APF, the inductor Lrat the output of the APF play
the role to reduce the current harmonics and transform the APF
from voltage to current source. At the point of common
coupling (PCC) and in parallel with the APF and the utility
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grid, a NLL (diode rectifier feeds a resistor in series with an
inductor) is connected. At full sunny-days, only the PVS takes
the role to supply the load power requirements, any extra
amount of power will be fed directly to the grid.

At full or partially cloudy-days, and if the power drawn
from the PVS is not capable to feed the load needs, the power
network will share the PVS by providing the deficit of power
to reach the load power requirements. While the operation of
the system, the APF takes the role to inject the power
generated by the PVS to the PCC and performs reactive power
compensation and mitigates the grid current harmonics.

In this work, a PV panel of 5.2 kW composed by the
connection in series (Ns = 17) and parallel (Np = 4) of PV
modules of 76 W (composed by coupling 36 PV cells in series)
is used.

3. MPPT ALGORITHM

As known, the GPV has a non-linear P-V characteristics
presenting one maximum power point (MPP) located by two
coordinates (In our case: Impp = 4.52 A, Vmpp= 16.84 V).
Extracting maximum power is one step essential in a
photovoltaic conversion system. An MPP tracking algorithm
(MPPT) is applied to the DC / DC converter in the case of a
two-power stage and to the DC / AC converter in the case of a
single power stage. In this article, the maximization algorithm
P&O is wused, adopted for its simplicity and ease
implementation. As the name suggests, its principle is simple,
disturb the output power of the solar panel by disturbing
(increment or decrement) its voltage in one direction, then
observe the panel output power if it has been increased or
decreased. The direction which leads to increase the output
power will be kept for the next disturbance as shown in the
flowchart of Figure 2.
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Figure 2. P&O algorithm flowchart

where:

V.(k): Actual value of PV panel voltage (APF dc-link input).

V.(k — 1): Previous value of the PV panel voltage.

Ly, (k): Actual value of PV panel current.

P, (k): Actual value of PV panel power.

By, (k — 1): Previous value of the PV panel power.

dV: Output voltage perturbation.

Verep: Updated value used to track the PV panel optimal
voltage.



4. THREE-PHASE TTLNPC INVERTER BASED APF
CONTROL

The FCS-MPC applied to the TTLNPC inverter based APF
is articulated on the prediction of the future behavior of the
filter compensating currents using the model of the whole
system (Grid + APF + NLL). Based on this information, the
controller will choose among the large 27 possible APF
voltage vectors the optimal voltage vector that aims to
minimize a prior defined function selected in accordance with
control requirements.

At each sampling time Ts, The FCS-MPC controller
evaluates all 27 vectors to calculate the corresponding (k+1)
predicted value of the APF current. The vector (switching state
(SS)) which gives a lower cost function value will be selected
and sent to APF switches in the next sampling time.

Since the TTLNPC inverter has a number of switches higher
than its counterpart of 2L inverter has, presenting 27 SSs
producing 19 different voltage vectors. high number of
possible vectors means additional degrees of freedom and
various possibilities for the choice of the cost function to be
envisaged [26].

Figure 3 shows the power circuit of a TTLNPC inverter [26],
four switches and two diodes are composing each leg of the
inverter. By the mean of these diodes and the medium switches,
the output terminals can be connected to the neutral point of
the dc-link. So, three voltage levels can be found with respect
to the neutral point 0 as shown in Table 1. It can be noted that
only two switches conduct at any time. Where Sx refer to the
SS of one phase with x = {k, I, m}. More details about the
TTLNPC inverter and its possible voltage vectors in the refs.
[26, 27].

Figure 3. TTLNPC inverter power circuit

Table 1. SSs for one leg of TTLNPC

Sxi le SxZ Sx3 Sx4 VxO
¥ 1 1 0 0 +Vc/2
0 0 1 1 0 0

0 0 1 1 —Vc/2

This FCS-MPC technique applied to the TTLNPC inverter
used as an APF is summarized in the following steps [25, 26,
28]:

e Specify a desired cost function Cf.

e Establish the TTLNPC inverter model and all 27

possible voltage vectors.
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e Establish the TTLNPC inverter based APF model
(coupled to NLL and grid) to extract the filter current
prediction law.

For the TTLNPC inverter used as an APF, the FCS-MPC
must force the APF to compensate the harmonic currents and
supply the reactive power needed to feed the connected NLL
and keep the sinusoidal form of the grid currents, to achieve
this function and for a proper operation of the APF, the two
capacitor voltages have to be balanced and controlled. If this
balance not achieved, the two dc-link voltages will deviate
causing a considerable effect on the output voltage and reduce
the performance of the filtering function. Hence the
appropriate cost function to be used is that minimizes the error
between the predicted and reference values of the APF
currents and minimizes also the error between the two-split dc-
link voltages in order to keep them constant and balanced as
written in Eq. (1):

Cf =

i, (k1) =10, (k+2)| + fif, (k +2) =8, (k +1)|+
+ 2 VL (K +D) -V (k+ 1)+

. /1[]2;‘3 ()5 X,,Opt(k)U

(1)

where, if, (k+1),i7, (k+1) andifpﬁ (k+1), i?ﬁ (k+1) indicate

the real and imaginary parts of the predicted and reference
APF currents in the @ coordinates respectively, V,{ (k +1)

and ch(k +1) indicate the predicted values of the dc-link

capacitor voltages, 4 and A, are the weighting factors used
in the dc-link capacitor voltages balancing, and reduce the
TTNPC inverter based APF switching frequency respectively.
All quantities are performed in @ff coordinates and not in
dq coordintates frame just to reduce the online calculation
burden incurred in one sampling instant.

But, the APF reference current in the next sampling time
if(k + 1) is unknown; hence, a second order extrapolation can
be used as shown in Eq. (2):

i (k+2) =3i; (k) —3i; (k=1 +i; (k—2) (2)

For a small sampling time; we can assume that iz (k + 1) =
if (k) and no any extrapolation is needed [21].

The proposed predictive current control is implemented by
following these steps:

e The APF compensating current ir (k) is obtained from
current sensors and converted to af8 coordinates. The
dc-link voltage control loop acts on the amplitude of
grid current which will be used to generate the APF
reference current.

e The extracted prediction law will be used to calculate
for each vector of the 27 possible voltage vectors the
corresponding (k + 1) predicted value of the APF
compensating current if (K+1).

e The cost function Cf evaluates the error (to be
minimized) between each value of 27 predicted values
of filter current (calculated above) and the generated
reference current, and minimizes also the error between



the predicted dc-link capacitor voltages V5 (k + 1) and
V2 (k + 1) with minimum possible commutations.

e The voltage vector which succeeds to minimize the cost
function will be elected as optimal vector and applied
to control the APF.

4.1 TTLNPC inverter based APF model
The equivalent circuit of an APF coupled in parallel with

NLL and grid is shown in the Figure 4 [18, 22, 25]. From the
Figure 4, applying Kirchhoff’s voltage law, we can write:

V. -V =R *i + L diy (3)
g PcC T 9 g 9 dt

Vv, -V R di, 4
f “Vpcc =Ryl A+ Ly E “4)

The grid and filter resistances Ry, and Ry are very small,

hence they can be neglected. By subtracting Eq. (4) from Eq.
(3) we find:

di,
V, -V, "

g =L

di, )
¢ dt

The NLL current has two components, fundamental
component i; » and harmonic component iy, ;:

i, = iL,h +i|_,f (6)
On the other hand:
i =i, + ig (7)
From Eq. (7) and Eq. (8), we obtain:
i, + =i+ g (8)

Figure 4. Equivalent circuit of an APF coupled in parallel
with NLL and grid

Hence, we can write:

o= :—(iu —ig):Ai, =-Ai 9)
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For a small current variation, we can consider 4i = di, Eq.
(9) become:

di, = —di,

g (10)
By substituting Eq. (10) in Eq. (5), the final electrical
equation can be given as:

di,
vf—vg=LTE/ L =(L,+Ly) (11)

4.2 TTLNPC inverter discrete time model

In FCS-MPC, the discrete time model is indispensable to
extract the prediction law of the filter current i}f (k + 1) using

the actual measurements if(k) , V;(k) and Vp(k) . The

.. di . . .
derivative d—: can be estimated using a simple forward Euler

approximation:

di, Ai, i, (k+1)—i, (k
_fz_f:f( )i (k) (12)
dt At T,
By substituting the Eq. (12) in Eq. (11), the prediction law
gives the APF compensating current is:

T

if (k+1) =i (k)+|__:*(vf (k)-Vq (k))

(13)

The differential equations describing the dynamics of the
dc-link capacitor voltages are:

ad C °
dv,, —i'cz (15)
at G,

where, C; and C, are the capacitor values of the two dc-link
V.1 and V., respectively.

Applying the same approximation for the derivative
considered in Eq. (12):

dv, AV, _ch(k+1)—vcx(k) 6
dt At T (16)

S

The discrete time equations giving the predicted values of
VE(k + 1) and V5 (k + 1) are:

ch(k+1):V01(k) + C*icl(k)*TS (17)
1
V2 (k+1)=V,, (k) + é*icz(k)*Ts (18)

The currents i, and i., depend on the input current and the
SSs of the inverter as expressed in Eq. (19) and Eq. (20):



icl(k) =1 (k)_le *ifk (k)_Gu *iﬂ (k)_Glm *ifm (k) (19)

iz (K)=1(k)+Gy *ig (k) +Gy *ig (K)+G,p *igy (k) (20)
where, / is the current at the input of the dc-link capacitor
voltages, and Gy, G,, are variables function of the switches
states S, as following:

o JLifs = X
" 10 otherwise @0
A .
210 otherwise @2)

with x =k,I,m.
4.3 DC-bus control and APF reference current generation

The dc-link control is essential to generate the APF
reference current. First, a Pl regulator is responsible to
maintain the input capacitor voltage V. constant around its
reference value V. generated by the MPPT block when the
PVS is operational. If any dysfunction happens to the PVS for
any reason, the PVS will be disconnected from the grid, and
the reference value V,..; will not be generated by the MPPT
block. Hence, a fixed value (V..p = 300 V) will be set. The
Figure 5 illustrates the functional scheme of the dc-link
regulation.

In Figure 6, the technique used to generate the APF
reference current is presented. The dc-link control loop gives
the maximum amplitude (/5 ) Of the grid reference current.
With the help of a PLL block (used to extract the grid voltage
angle to synchronize the generated reference current with the
grid voltage), the grid reference currents (igy, ig;, igm) can be
estimated, then subtracted from the load currents to estimate
the APF reference currents (ify, if;, i)

ver 1+c.5 y |
T,.S |cr.S _‘
Figure 5. Dc-link voltage control loop
where, C; S L I
C+GC,

Figure 7 shows the flowchart of the FCS-MPC used to
control the APF.

Verer .,
V.

irk
I o . .
[ I
X

> i
Vgﬁ' R —

igr in

Figure 6. Reference current generation block diagram
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Figure 7. Flowchart of the proposed FSC-MPC applied to
the three phase NPC inverter

Apply optimal vector ¥ (k)

5. SIMULATION AND DISCUSSION

Simulations have been performed using
MATLAB/SIMULINK to evaluate and demonstrate the
performance of the proposed PVS and the FCS-MPC used for
the TTLNPC inverter based APF using the following
operating conditions:

Grid: Vypms = 50V, f; = 50Hz, R; = 0.102, Ly, = 0.1mH.

APF: Ly = 2mH, C; = C; = 5500uf, 4. = 0.5, A, =0
sampling time: Ty, = 1le — 5.

Firstly, in the absence of the APF, the load is directly fed by
the grid, the load required power (active and reactive power)
is supplied by the grid, which means that (Pload = Pgrid &
Qload = Qgrid, where P and Q indicate the active and reactive
power respectively).

3000~

Load Active power
Load Reactive power

2500 -

2000 - 1

1500 - 1

t =Is load variation |

Load Active (W) and
reactive power (Var)

1000 |

300 1

0 L ' 1 I 1 |
0 0.5 1 15 2 15 3

Time (s)
Figure 8. Non-linear load’s active and reactive power profile

Figures 8 and 9 show the load consumed active and reactive
power, the deformation and the corresponding harmonic
contenent of the grid current (load current, phase a) produced
by the NLL respectively, the active and reactive power drawn
by the connected NLL are respectively PL1 =~ 1.2 kW and QL1
~ 300 Var, at t = 1s a change in the load profile is introduced;



the active and reactive power drawn by the new load are
respectively PL2 = 3.1 kW and QL2 = 1.3 kVar. It can be seen
from these figures that the NLL (diode rectifier connected to a
series R-L load) deform ate the sinusoidal shape of the grid
current which is well proven by the h harmonic contenent
(THDi = 23.65%) as illustrated in the Figure 9.
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Frequency (Hz)
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Mag (% of Fundamenta
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(=]

Figure 9. Distortion and harmonic contenent of the grid
current

After that, we re-run the system with the insertion of the
PVS connected through TTLNPC inverter based APF. The
whole system has been tested under two operation modes:
(PVS + APF) mode and APF mode only when a dysfunction
occurs to the PVS for any reasons.

5.1 Mode of operation 1 (PVS + APF)

In this mode, the power extracted from the PVS will be
injected directly to the PCC via the TTLNPC inverter based
APF, the grid and the TTLNPC inverter based APF work in
conjunction to feed the NLL requirements. The profile of the
applied irradiance and the corresponding maximum power
extracted from the GPV are shown in Figure 10, these results
show the effectiveness of the P&O algorithm in dynamic and
steady states to generate the proper value of the reference
voltage V..r at any moment whatever the climatic conditions
are.
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Figure 10. Irradiance profile and the corresponding extracted
PV power
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Figure 11. Load active power sharing between the grid and
the TTLNPC inverter based APF
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Figure 12. Grid voltage and current

Figures 11 and 12 shows the contribution of the TTLNPC
inverter based APF to fulfill the NLL requirements in both
active and reactive power. before the load variation ([t = Os to
t = 1s]), the maximum extracted PV power fed by the APF is
more than that drawn by the connected NLL , the extra part of
power after fulfilling the load demand is fed to the utility grid,
this is characterized by a negative sign of the grid power
(Figure 11) and the opposition in phase between grid current
and voltage (Figure 12(a)), After the load variation [t=1s to t=
2s], the load required power is greater than that injected by the
APF from the PVS, to fulfill the load demand, the grid
compensates the deficit of power and shares the load power
with the PVS, This is characterized by a positive sign of the
grid power (Figure 11) and the grid voltage in phase with the
grid current (Figure 12(b)).

5.2 Mode of operation 2 (APF mode)

This mode of operation is functional when the PVS is non-
operational, there is no power injected from the GPV for any
reasons. In this case; the NLL required active power is totally
supplied by the grid (Figure 13) which explain the
synchronization and the increase in the amplitude of the grid



currents (Figure 14), In this mode, the TTLNPC based APF
ensure only the NLL requirements in terms of reactive power
and harmonic currents, these results can be shown clearly in
the Figure 14 where the grid currents still have its sinusoidal
form with a good quality and a very-good reduction of
harmonics.

It can be seen from the Figure 15 that the reactive power of
the load is equal to that fed by the TTLNPC inverter based
APF in the two operation modes. This proves the succeed of
the APF to feed the needed reactive power independently of
the extracted PV power (Figure 15).
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Figure 13. Load power sharing after PVS dysfunction
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Figure 14. Grid voltage and current when the PVS is non-
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Figure 15. Look of the load, grid and APF reactive power

Figure 16 shows the waveforms and the harmonic contenent
of the grid current in the two operational modes with A, = 0.5,
A = 0 (in opposite and in phase with the grid voltage).
Without taking into consideration the reduction of SWF, the
results prove that the FCS-MPC applied to the TTLNPC
inverter based APF gives good performance to predict the APF
compensation current in dynamic response (fast tracking) and
steady state (high stability) compared to the predictive control
applied to the 2L three-phase inverter proposed by the authors
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[22, 25]. The FCS-MPC has demonstrated its effectiveness to
estimate the filter reference currents with the minimum
possible error due to the selection of the optimal SS
corresponding the optimal voltage vector at every sample time
T, this interprets the improved form (sinusoidal shape) of the
grid current and the values of THDi = 0.57% and 0.86% in the
two mentioned cases.

The results in Figure 17 show that the reference, predicted
and measured filter currents are superimposed, this result
proves the effectiveness of the FCS-MPC in dynamic and
steady states to predict the filter currents at each sampling time
T;. Also, Figures 18 and 19 prove the success of the FCS-MPC
in predicting and maintaining the whole dc-link voltages (1,
V.1 and V,,) of the TTLNPC inverter based APF (in the two
operation modes) controlled at their reference values.
Moreover, the FCS-MPC succeeded in maintaining a voltage
balance across both of two capacitor voltages (V. and V,)
and each is as half of the overall dc-link voltage V.. these
findings show also the effectiveness of the selected cost
function applied to achieve the balance of the neutral point
voltages.
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Figure 16. Waveform and harmonic continent of grid current
with Ac= 0.5, Aew=10
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5.3 Effect of SWF reduction

In this section, the SWF reduction will be taken into account.
Higher the value of A,,, higher the reduction of SWF and
consequently the switching losses. The Figure 20 (a and b)
shows the effect of increasing A, to 0.5 and 1 respectively, it
can be seen that the switching losses has been attenuated; this
interpreted by the increase of the injected grid current
fundamental component amplitude from (i,; = 33.144,
Asw = 0) to (iyf = 34.064, A5, = 1) (close to 1A has been
compensated) when the PVS is operational (Mode 1). In mode
2 where the PVS is non-operational, increasing the value of
Agy decrease the drawn grid current fundamental component
amplitude from (i;r =31.224, A5, =0) to (igf=
30.624,4,,, = 1). about 0.6A has been compensated which

and V,, light the burden on the grid utility.
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On the other hand, increasing the value of Ay, affect the
power quality of the power fed to the PCC via the TTLNPC
inverter based APF. The grid current waveforms and the
increased values of THDi prove that the performance of the

FCS-MPC to track the APF reference current has been reduced.

Hence, the value of A, should be selected properly to fit the
control requirement in terms of reference tracking and SWF.

6. CONCLUSION

In this paper, the control of TTLNPC inverter based APF
interfacing a PVS to the grid has been achieved using the finite
control set model predictive control. the principle of the FCS-
MPC is simple, does not require any kind of modulator or
linear controller. These advantages make it easy to understand
and implement. The simulation finding results show the
robustness and the effectiveness of the predictive control
proposed for the NPC inverter to estimate the filter reference
currents under variable changing in the climatic conditions
(solar irradiance) as well as changing operating modes
(APF+PV, APF only) which is clearly shown in the best found
values of the grid current THDi compared to those obtained by
the predictive control applied to the most popular 2L inverter
[22, 25].

With a proper value of 4y, and 1., The TTLNPC inverter
based APF has proven its effectiveness as a good solution to
interface and feed the maximum available PV to the power
grid and share with it the load power demand. This novel PVS
interfacing three-phase TTLNPC based APF has been
proposed to light the burden on the power grid by reducing the
power drawn from it and preserving the sinusoidal shape of its
current. Any extra amount of power after fulfilling the load
power is fed to the grid.

It’s worthy to note that the reactive power has been
compensated, the grid current waveforms has been improved,
the load power sharing has been performed, which means that
the two functions assigned to the filter has been accomplished.
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