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Abstract—Model predictive control (MPC) has been a research
topic for power converters control due to its simplicity, easy
inclusion of constraints, fast dynamic response, among others.
This work proposes the use of MPC as a current regulator
of a voltage source inverter (VSI) in a dual-mode operation.
On one hand, the VSI is used to provide current to a load
from a photovoltaic panel, being in islanded condition. On the
other hand, the VSI is used as an active power filter for the
reactive power compensation for a grid-connected condition.
Simulation results are provided to show the benefits of the
proposed controller.

Index Terms—Active power filter, current control, photovoltaic
systems, model predictive control, voltage source inverter.

NOMENCLATURE
APF Active power filter.
DG Distributed generation.
FFT Fast Fourier transform.
MPC Model predictive control.
PCC Predictive current control.
PV Photovoltaic.
RES Renewable energy sources.
THD Total harmonic distortion.
VSI Voltage source inverter.

I. INTRODUCTION

In the last years, the renewable energy sources (RES)
and power quality have captured the attention of the
international scientific community. This has been mainly
justified, on the one hand, for the need to meet energy
demands, and on the other hand, for the need to optimize
the available energy resources [1], [2]. In both applications,
power electronic converters play an important role due to
this devices are capable of modifying the input voltage
and current characteristics in order to interconnect RES
with the distribution grid under the concept of distributed
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generation (DG), feed an islanded load or improve the
power quality [3]. Besides, several new power converter
topologies have been proposed in the literature, such as matrix
converters [4], [S] multilevel converters [6], [7] neutral-point
clamped converter [8], [9] among others, the two-level voltage
source inverter (VSI) is still the most used in industry
applications [10], [11]. One of the most commonly used
three-phase converter topology is based on three H-bridge
cells [12].

The design of suitable controllers for power converters
applied to DG is an issue of paramount importance to
researchers. For the particular case of control of VSIs,
different new techniques have been studied and applied in
the past decades, such as the sliding-mode control [13], [14],
dead-beat control [15], [16], or the model predictive control
(MPC) [17], [18], among others. As a consequence of the fast
development of digital signal processors, the finite-set MPC
has become a promising control method for power converters
due to its advantages, such as a fast-tracking response, a
high control bandwidth, and providing a very simple way of
including system nonlinearities and constraints [19].

This paper proposes the MPC for a complex control strategy
with multiple objectives, using the predictive current control
(PCC) for a dual-mode VSI operation. Is based on [12] where
a PCC was carried out to compensate reactive power in the
load as well as to compensate current in the neutral. In this
case, the PCC will be applied to the output of the two-level
H-bridge converter, in one case working as an active power
filter (APF) while, in the other case, to feed a load through
the VSI. In both cases, instantaneous measurements are carried
out in order to know the reactive power to be compensated,
this compensation is carried out by injecting a reactive current
that is 180 degrees out of phase proceeding from the reactive
power of the system.



In order to guarantee a more continuous system, the
converter relies on photovoltaic (PV) panels as the main source
of choice for the energy required which has a DC-link to
store the energy, whether to compensate reactive power or to
supply energy to the load according to its functionality. This
control was chosen for the robustness of the MPC control and
its effectiveness in controlling the desired parameters [20].
The prediction of the output current is obtained with the
actuation of the circuit interrupters that determines the voltage
level. The voltage chosen is the one that provides the least
error between the measured and the predicted current in
the cost function, to achieve the expected follow-up. A cost
function has been identified where each specific sector is
evaluated at each sampling time, based on controlled variables
such as the actual filter voltage [12]. The large take-up of
renewable energy-based power generation and integration with
the existing energy system introduces energy quality problems,
such as harmonics and reliability issues, so the integration of
renewable energy with improved energy quality is the current
trend in research [21]. A passive filter of first order RL is used
at the output to improve the quality of the current, since it is
the case of a balanced load is not necessary to use a higher
order passive filter [22].

II. MATHEMATICAL MODEL OF THE SYSTEM

The mathematical model of the system is divided in VSI
and APF operation modes. Fig. 1 shows the circuit diagram
of both cases of the dual-mode operation of the system under
study. On one hand, Fig. 1(a) shows the mode of operation
as APF connected to the grid. On the other hand, in case of
grid disconnection, it automatically switches to its operation
as Islanded VSI, shown in Fig 1(b), where PV panels are used
as a power source.
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Fig. 1: Scheme of the systems under: (a) Islanded VSI,
(b) Grid-Connected APF.

A. VSI operation mode

By means of Kirchhoff’s

obtained [23]:

law, for each phase is

UR; + VL — Veonver + ULy = 07

. d .
RfZL+UL _Uconver"'_Lf%ZL =0, (1
thus,
L = Ryi 2)
fdtZL = Vconver flL vrL.
The next equation is the discrete form of (2).
. T ,
Lin+1] = ?f [Ucom}er[n] - UL[n]] + ZL[n]D €)]
being
T,
D= [1 _ Infy ] ,
Ly

where vg, is the voltage on the passive filter resistor, vy s the
voltage on the passive filter inductor, v.onver the active power
filter voltage output, 77, is the converter output current, T}, the
sampling time, Ly the passive filter inductance, v;, the load
voltage and Ry the passive filter resistance.

B. APF operation mode

By following the same procedure as the previous section,
the following equations arise:

UR; + Vs — Vconver + VL, = 07

. d .
Rflconver + Vs — Veonver + Lf %Zconver = Oa (4)

thus,

d . .
Lf %Zcom;er = —Uconver — szcom)er —vs. 5

By discretizing (5) we have:

. Tm
Leonvern+1] = ff

[Uconve'r[n] - US[nﬂ + iconver[n]Dv (6)
where vy is the voltage source and .qp.er the converter output
current.

All the above-mentioned equations will be used for PCC
implementation. Moreover, three bridges are used for each
phase of the VSI, as shown in Fig. 2 presenting four possible
switching state for each phase of the VSI. Each of them has
its respective activation’s in the circuit and respective output
voltages as shown on the Table I. Note that The H-bridge
converter used in each phase offers a greater guarantee of
continuity in the event of breakdowns in any of the phases
and working independently in the case of load variations,
which is why the APF has advantages. Also, compared to
a multi-level converter, it requires less maintenance due to the
smaller number of switches [24].
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Fig. 2: Two-level H-bridge VSI topology.
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TABLE I: Commutation states and outputs for one phase of
the converter.

S11 Si2 Sa1 S22
0 0 DClink DCling
0 DClink  DClink 0
DClink 0 0 DClink
DCyin  DCiingk 0 0

C. PV system description

Although there are different equivalent circuits for the
PV cell depending on the simplifications made within [25],
the most commonly used is the equivalent circuit shown in
Fig. 3. The I(V) characteristic of a PV cell is a non-linear
equation with multiple parameters classified by those provided
by the manufacturers, those known as constants and those
that must be computed. Most of the data sheets provided
by manufacturers do not provide sufficient information on
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Fig. 3: Equivalent circuit of the PV cell.
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Fig. 4: Simulation results of PV array characteristics.
(a) power-voltage, (b) current-voltage.

TABLE II: Characteristics of TWSE-aSi-100W-1 PV module.

Pnp 9984 W N, 159
Imp 096 A n 1.34
Vinp 104V ki 0.086 A
Tse 122A K 12511
Voe 138 V q 1.6e-19
Ry 1833Q Eg 1.1
Ry 47133Q  IL 1.26

parameters that depend on weather conditions, such as
irradiance and temperature. Therefore, it is necessary to
make some assumptions regarding the physical nature of cell
behavior in order to establish a mathematical model of the
cell and PV module [25]. The equations needed to obtain the
output current I of each PV cell are presented in [26].

Moreover, PV module has a unique current-voltage and
power-voltage curve characteristic for each irradiation and
temperature conditions. In Fig. 4a the P(V) characteristics
are shown, the parameters of irradiance and temperature used
are under the standard test conditions of 1000 W/m? and 25 °C
respectively. In the same way, the I(V') characteristics are
presented graphically in Fig. 4b.

From the parameters of the PV panel found in Table II , the
simulation of the PV module has been conducted, and used
as an energy source for the system. The characteristics of the
PV panel have been selected due to the need of the system,
using three PV panels in series to achieve the purpose.

III. PCC DESIGN

The PCC is one of the MPC, where the load current is
the control objective. This process can be divided into three
stages. First, identifying all the possible switching states, then
initialize the optimal switching value and cost function, predict
the load currents, calculate the cost function which minimizes
the current error on the inverter, and lastly, apply the optimal
switching state. Fig 5 shows the diagram of the predictive
current controller applied to one phase of the inverter.
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Fig. 5: Diagram of the predictive current controller applied to
the two-level VSL
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Fig. 6: Space vector diagram for two-level VSIL.

This current estimation is made through (8), by introducing
the following modification:

T

7
I VL in]s (1)

. T, ThRs| .
UL, [n+1] = ﬁVDC+ [1 — ,sz} UL, 0] T

. TTYL T R . T
1L, [nt1] = ?fVDC+ [1 - Tsz] ULn[n] — ﬁvs,,n[n]7 3

being i, the estimated current for phase A, 77, the measured
current, v, the voltage corresponding to a given value of the
trigger vector and vy, the voltage measured in the load.

A. Cost function

The cost function is used to include the desired behavior
of the PCC. In this case, the estimation of the output current
is perform 4 times in order to consider all possible trigger
voltage vectors. The value of the load current is estimated at
each sampling time T),,. All the possible voltage vectors and
switching states generated by the VSI are shown in Fig. 6.
Then, the trigger vector that provides the lowest value for the
cost function is selected and applied during the next sampling
time. At each sampling period, the PCC calculates the cost
function for each of the possible trigger vectors for each phase
of the converter. In this study, the selected cost function is that
of the square of the error [6]:

fc = (iref - iLa)z s &)

where 77, represents the estimated current of phase A while
ir,., is the reference current. For lower cost function values
the output current is expected to approximate more closely to
the reference current.

IV. SIMULATION RESULTS

In order to validate the PCC for the dual-mode operation
of the VSI, a Matlab/Simulink model of the system has
been designed. The electrical parameters of the VSI used
for the simulation are the following: DCy;,r = 308.8 V,
the frequency of the source f. = 50 Hz, the filter
inductance Ly = 45 mH, the filter resistance Ry = 0.2 2, the
load inductance L; = 50 mH, the load resistance R; = 76.5 (2,

and the parameters of the semiconductor R,y = 1m €,

Grid-Connected Islanded
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Fig. 7: Load current.

Rs,opr = 100K Q and Cs, . = 0.5 F. Also, for the PCC, a
custom MATLAB function is implemented using the following
parameters: T,,, = 45ms, to appreciate the continuity of the
service in the current after the connection of the VSI the
reference used is irey =4 Z0 ° A.

First, the load is grid-connected and the VSI is workings as
APF. Fig. 7 shows a simulation window of 45 ms where the
VSI provides power to the load. Note that the interruption
of the grid supply can occur at any time, and this case
is happening at ¢ = 27.5 ms. Therefore, the change of
functionality of the VSI, occurs at the moment of power
breakdown. Initially, the reference current is obtained from
the measurement of the reactive power of the system to
be compensated. It can be seen from the same figure that the
VSI needs about 1 ms to reach the reference.

The reference currents when working as an APF are
obtained by means of the Clark and Park transformations.
Fig. 8 shows the tracking and the comparison with the
reference current in both modes of operation, with the mode
of operation switch also occurring at T},, = 45ms.

APF Operation
THD = 0.85%

VSI Operation
THD = 7.13%

Current (A)

4 . . . . . . .
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
Time (s)

Fig. 8: Current tracking using MPC in the dual-mode
converter.



A. APF results

Then, when the VSI operation is as an APF, it keeps the
reactive power at zero. In this case, it has been reduced from
360 kVAR to 0 kVAR, from the point of view of the grid.
Fig. 9 shows the reactive power when the APF is applied to
the system at ¢ = 0.01 s. In order to see the time response of
the system in case of a sudden change, the APF was exposed
to a load change. Therefore, a step in the current tracking can
be seen from 0.8 A to 0.97 A. As a consequence, the injected
power by the APF has changed from 360 kVAR to 390 kVAR,
which can be seen in Fig. 10.

A Fast Fourier Transform (FFT) analysis has been
performed in order to evaluate the total harmonic distortion
(THD) of the proposed system. Fig. 11 shows an analysis in
the converter current when it is operating as an APF. The
THD of the injected current is observed from the point of
view of the grid supply. The value of current THD observed
from the power supply source is 0.85 %. Then, the VSI will
be evaluated when it has been used as the power converter, to
interconnect the PV to the load.
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Fig. 11: FFT analysis of the current and THD in the APF.

B. VSI results

The VSI mode of operation is automatically activated in
the case of grid disconnection, remaining in Islanded mode
with a power source provided by solar panels.
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Fig. 9: Reactive power compensation by using the VSI as APF.  Fig. 12: Load current in VSI mode with change of reference.
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Fig. 10: APF current with change of reactive power.
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Fig. 13: FFT analysis of the voltage and THD in the VSI.



As in the APF mode of operation, a sudden change of the
reference current in the load was made to see the performance
of the PCC, from 4 Z0 ° A to 1 Z180 ° A, as can be seen
in Fig. 12.

Lastly, in Fig. 13, an FFT analysis was also conducted to
show the THD of the system while working in an islanded
power source mode, while feeding the load in isolated form the
voltage distortion has a value of 7.13 % with a high percentage
of odd harmonics.

V. CONCLUSION

In this paper, predictive current control of a VSI in
dual-mode operation has been presented and validated.
Simulation results have shown good tracking response of the
proposed control. Therefore, the VSI can successfully work
as an APF in the presence of the energy supply and, as VSI
managing deliver energy to the load from the PV panels. In
both cases, the PCC has a good current tracking. When the
VSI is used as APF a low THD is also obtained. However,
in the other case, a higher THD was obtained. This latter can
be reduced by the introduction of a modulation stage in the
proposed PCC.
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