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Different technologies in particular in the medium and high-power
conversion were implemented and taken into consideration in the last few
years. These inverter topologies have been demonstrated to ensure the
generation of high-quality voltage waveforms based on power half-conductor
switches, which operate on the fundamental frequency. The multilevel
inverter H-bridge is a promising alternative among the available multi-level
inverter topologies. A predictional current control algorithm for multi-level
converters and use on a three-phase cascaded inverter H-bridge. This article
reports on a comparison of two check methods associated with a shunt active
power filter based on the cascaded inverter of the three-Level type. The first
approach is the traditional PI control unit and the second is the predictive
current control unit. The reference current for the shunt active power filter is

provided by the p-q control strategy for reactive power compensation and
current harmonics. The cascade-type three-level inverter has more
advantages over a two-leaved inverter; the simulation output of APF is
checked by MATLAB/Simulink. The predictive controlled the APF
associated with the three-level inverter shows more performances and
efficiency compared to the conventional control algorithms.
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1. INTRODUCTION

A lot of power electronics equipment is used in the new electrical power grid. These wide range of
power conversion systems, control electronics and nonlinear loads like adjustable speed driving, domestic
machinery, transformative saturation, etc. are responsible for increasing harmonics in the ac handles. Because
of ongoing technical and electronic equipment advances, the number of nonlinear loads is rising
exponentially, as the power system generates characteristics and non-characteristic harmonics. The invention
of thyristors led to the versatility for approximately two decades, but on the darker side, it brought harmony
to the device too. The development of thyristors has led to versatility over the last two decades, but on the
darker side harmonics have been also added to the device. These loads derive non-sinusoidal current from ac
power and degrade the output of the system [1-3]. The harmonic features can be eliminated by tuned filters,
while harmonics are the main problem to eradicate non-characteristics. The harmonics are non-characteristic
other than harmonics and do not fall within any order or equation. Therefore, filters for these types of
harmonics are often difficult to build. Many, some telephone interference, are adverse effects of these
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harmonics. Further losses of core and copper and resonance voltage. There are different methods, primarily
active and passive filters, for removing these harmonics. Passive filters can easily be programmed to exclude
certain frequencies; other harmonics, particularly not traditional harmonics, need to be removed by using an
active power filter [4-6]. There are numerous control algorithms used in the Active power filter system to fire
the voltage source inverter. The reliability and efficiency of the APF system mainly depend on its control
algorithm. In modern electrical distribution systems, Shunt active power filter requires an accurate control
algorithm that ensures robust performance under the source and load imbalances [7-9].

This paper introduces a predictive current algorithm for multi-stage conversion and implementation
for a three-stage cascaded inverter H-bridge. This article contrasts the two approaches associated with a shunt
active power filter based on a three-stage cascaded inverter. The first procedure is based on the standard Pl
regulator, and the second one is based on the current predictor. The shunt active power filter reference
current is created by using the p-gq control strategy for the compensation for reactive power and current
harmonics. The three-stage form cascade inverter has more advantages than the bi-stage inverter, the
simulation results are tested using MATLAB/Simulink.

2. MULTILEVEL INVERTERS

In recent decades, multi-level transformers have been increased because of the advantages in high-quality
waveforms, low switching losses, high voltage capabilities and low electromagnetic compatibility problems they
are taken into consideration in many high voltage and power applications [10-11]. The basic concept of multi-level
converters is to combine many levels of voltage and to generate a sinusoidal voltage. By increasing in numbers, the
synthesized output waveform provides additional steps, generating a series of wave steps that have a minimum
harmonic distortion in the sinusoidal wave [12-13]. For instance, it can move between the n levels in the
generalized n-level inverter as shown in Figure 1(a) and (b). Although there are different types of multilevel
topologies, each of them has a unique topological layout. There are usually four major groups. The four types of
flight condenser, hybrid H-bridge and multilevel hybrid inverters are widely recognized.
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Figure 1. (a) Simplified circuit of a n-level converter, (b) generated output n-level voltage

3. CASCADED H-BRIDGE THREE-LEVEL INVERTER

Several single full-bridge inverter units were included in the H-bridge cascaded multilevel inverter.
Each bridge was fed with its dc source, which includes batteries, PV cells or any dc. Each bridge’s output can
be added to generate near-sine voltage waveform for the nth level of the multi-level inverter H-bridge
Cascade per complete bridge inverter which forms the three-level cascaded H-bridge inverter with separate
dc. Four semi-conductor switches can generate, depending on switching state, three different voltage levels
namely+vdc, 0 and—vdc. Each turn always carries 180 degrees or half a loop, no matter how big the pulse of
the quasi-quadrant wave is so that the current stress in each part can be compensated for by that method [14-
15]. The three-level cascading H-bridge inverter is displayed in Figure 2. At a certain amount of time each
H-bridge was triggered in a different starting angle and because each bridge was supplied with a separate dc
source, the output for all three levels cascading H-bridge inverter output was the sum of three-level cascading
three-level H-bridge inverter inputs of a different dc source [16]. The following is an output (1-3). From the
above equation, the output voltage of the multilevel inverter cascaded H-bridge is the sum of the dc sources
on the multilevel inverter. The Fourier bridge series as shown in 4 can be used to construct multi-level
voltage waveforms as in Figure 3 [17-18].

Current model predictive control for three phase active power filter using cascaded... (A.Yousfi)



716 a ISSN: 2502-4752

! see k)| s setx | sopd
- -- '_L -— - % .-L [
R R . R T R S
=1 | = St & i =
- —_ —

vpel i—:;—é—l
o : g ERGE
92 ! | IS |
voca U
534 : I
voca oy
woctt i-l Lo
o O "

Figure 3. Staircase voltage waveform for single-phase three-level inverter [16]

Van = Va1 + Vaz @
Vi = Vipr + Vi (2)
Vg = Ve + Vo 3
Vour (@) = Y71 35 by sin(nwt) (4)

4. PREDICTIVE CONTROLLER WITH CASCAD H-BRIDGE THREE-LEVEL INVERTER

Two primary control components of the shunt active power filter (SAPF) system are present here.
The first is the harmonic extraction method based on the standard regulator Pl and the second is the current
predictive control. Figure 4 show the overall control strategy block diagram. The output signal of a filter
relative to a reference voltage is used as an input to the predictive control, the resulting signals are given by a
three-level inverter. The predictive output is processed by carrier modules with the aid of a comparator to
produce a switching signal [19-20].

DC Power Source
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Figure 4. The general block diagram of the predictive control strategy

Indonesian J Elec Eng & Comp Sci, Vol. 21, No. 2, February 2021 : 714 - 722



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 717

This predictive control strategy is based on the search for the perfect control vector, which requires
first of all the analysis of the variations in the application of each control vector to load absorbed currents,
during a time interval equal to the switching period [21-23]. The equation of APF shunt current, output
voltage and the typical CCP voltage is shown in Figure 5 as [24-25]. In this case, the equation shows:

digy
Vy = LX% + e, (5)

If x is the interfacing inductance, x represents phases a, b or c, Ly, v, the output voltage APF in the x
phase and e, the common point of connection (CCP) phase voltage, and ig, the APF current phase [24-25].
The resistance to the inductor is dismissed. In the discrete form, (5) can be defined as:

vi(n+1) = L(A2=0®) 4o, )

For those cases where the phase APF current and its expected output voltage referrals are if(n + 1)
and vi(n + 1), the sampling time is sampled at the sampling moment (n + 1) and T,. Using the common
coupling point (CCP) of Kirchhoff's current law:

ifx(n) = ipx(n) — ig(n) (7)

Where the process load and deliver current are ij,(n) and ig(n) at the sampling instant (n),
respectively. As there is no instant sampling (n + 1), if(n + 1) has been replaced with ig(n). This results in
a time delay that is decreased as the amount of sampling increases. The shunt APF reference current can be

specified as:
ix(@m) = ix(n) — i (n) 8)

Substituting (7) and (8) into (6) gives:

vi(n+1) =1L, (%) + e, (n) 9)

(9) refers to the predicted output voltage of the inverter in reference and current supply currents. The
block diagram for controlling the shunt APF using predictive control, based on three-level inverter is
simulated using MATLAB/Simulink is shown in Figure 5.
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Figure 5. Predictive current control of the APF
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5.  SIMULATION RESULTS
The Figure 6, Figure 7, and Figure 8 are indicate the supply and load current voltage before
compensation.
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Figure 8. Frequency spectrum

5.1. Results and discussion of the APF based on the PI controller

The findings from the previous results show the efficiency of the shunt APF associated with the Pl
controller based on three-stage inverters. The gross harmonic distortion of the source current (THD) has been
reduced to 2.67% as shown in Figure 9. The source current is also similar to the sinusoidal shape as shown in
Figure 10, with a balanced network (t=0.15s) measured on the APF. Injected current and reference current as
shown in Figure 11. The instantaneous active energy at the source side is also necessary to remember,
depending on the magnitude of the source stress, and the imaginary power is pushed to zero as shown in
Figure 12. This results in the effective compensation of the reactive force. Since reactive power is not
involved in the transfer of active energy, the phase current may be increased. The reactive power can be
reduced to zero, it is possible to minimize the current flowing at the source side and the power factor is a
unity see Figure 13.
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Figure 13. Supply current and supply voltages

5.2. Results and discussion of the APF based on the predictive controller

These figures show the injected current and its reference; the source current and its frequency
spectrum and finally the active and the reactive power. A THD calculation of the output voltage was carried
out concerning Table 1. Predictive control is a quite common class of controls that have been used in power
converters very recently. The performance of the shunt APF associated with the predictive controller, based
on three-level inverter is illustrated through the previous results as shown in Figure 14-18. To observe further
the performance of this filter, it is necessary to carry out the simulation under balanced network condition.
The THD of the source current is reduced to 1.56%, compared with the conventional PI controller (2.67%).
The active instantaneous force on the source side depends on the source voltage value and the imaginary
force with one uniform power factor (cos phi=1) is a force to zero ( 0 VAR). Simulation tests show that the
APF shunt associated with the current predictor contributes to higher output than the PI transmitter. The tests

obtained from predictive testing verified the positive results.

Table 1. Comparison of controller performance

Controllers THD%
Pl 2.67
Predictive 1.56
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Figure 15. Frequency spectrum
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6. CONCLUSION

This paper uses a three-phase three-level H-Bridge inverter to control the load current, using the
current predictive model. Where, in the first place, the ideal set of possible switching states is chos to the
number of users switching indicates the device pressure, based on current redundancies. A comparative
analysis of two control methods, linked to an APF shunt, based on a cascaded inverter form of three-stage.
The first approach is based on the traditional Pl control and the second is based on the current predictor.
MATLAB/SIMULINK is deployed for the systems proposed. Modelling of the APF with three cascading
levels and the efficient control design is presented. A robust current predictor is available that shows
excellent dynamic and stable accuracy. The APF performance is tested with MATLAB/Simulink simulation.
Compared to conventional control algorithms, the APF predictive associated with the inverter of three- levels
shows greater efficiency and performance.
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