UDC 621.314 https://doi.org/10.20998/2074-272X.2023.4.08

M.S. Sujatha, S. Sreelakshmi, E. Parimalasundar, K. Suresh

Mitigation of harmonics for five level multilevel inverter with fuzzy logic controller

Introduction. The advantages of a high-power quality waveform and a high voltage capability of multilevel inverters have made
them increasingly popular in recent years. These inverters reduce harmonic distortion and improve the voltage output. Realistically
speaking, as the number of voltage levels increases, so does the quality of the multilevel output-voltage waveform. When it comes to
industrial power converters, these inverters are by far the most critical. Novelty. Multilevel cascade inverters can be used to convert
multiple direct current sources into one direct current. These inverters have been getting a lot of attention recently for high-power
applications. A cascade H-bridge multilevel inverter controller is proposed in this paper. A change in the pulse width of selective
pulse width modulation modulates the output of the multilevel cascade inverter. Purpose. The total harmonic distortion can be
reduced by using filters on controllers like PI and fuzzy logic controllers. Methods. The proposed topology is implemented with
MATLAB/Simulink, using gating pulses and pulse width modulation methodology and fuzzy logic controllers. Moreover, the
proposed model also has been validated and compared to the hardware system. Results. Total harmonic distortion, number of power
switches, output voltage and number of DC sources are analyzed with conventional topologies. Practical value. The proposed
topology has been very supportive for implementing photovoltaic based multilevel inverter, which is connected to large demand in
grid and industry. References 17, table 4, figures 9.

Key words: cascade H-bridge multilevel inverters, fuzzy logic controller, selective pulse width modulation technique, total
harmonic distortion.

Bcemyn. Ilepesazu popmu xeuni eucokoi sikocmi ma 6ucoxoi nanpyeu 6a2amopisnesux ineepmopie 3poouiu ix 0edani RONYIspHIuUMU 6
ocmanni poxu. Li ineepmopu 3meHuyioms 2aQpMOHILHI CNOmeoperHs ma noKpawyoms euxiony Hanpyey. Hacnpaeoi, 3i 30invuieHHam
KiTbKOCmi pi6Hi6 Hanpyeu AKicmb 0a2amopieHe8ozo cucHany 6uxioHoi uanpyeu 3spocmae. Koau 0oxooums 0o npomucnogux
nepemeopiogauie emepeii, yi ineepmopu, 6ezymosno, € nauigaxcausiviumu. Hoeusna. bacamopienesi kackaoui insepmopu modicymo
BUKOPUCTNOBYBAMUCS O NEPeMBOPeHHsl KINbKOX 0Jicepell NOCMIIHO20 CMpyMy Ha 0Oun nocmitinuii cmpym. Ocmannim 4acom yum
iHgepmopam NpuoiNAEmbCs 8enuKa yeazda npu GUKOPUCIAHHI HA 6eIUKil NOmydlcHocmi. Y cmammi npononyemvcs Kackaowuti H-
Mocmosutl 6aeamopieHesull IHGePMOPHULL pe2yiamop. 3MIHA WUPUHU IMIYIbCY CENEKMUBHOT UUPOMHO-IMIYIbCHOT MOOYIAYIT MOOYIIOE
BUXIOHUII CUSHAN KACKaOHo20 bazamopisnesoeo ineepmopa. Mema. 3acanvhe 2apMoHiuHe CNOMBOPEHHS MOJICHA 3MEHWUMU,
BUKOPUCIOBYIOWU  (Ditbmpu Ha Makux Kowmponepax, sk Ill-kommponepu ma Kowmponepu 3 Hewimkow Jjoeikow. Memoou.
3anpononosana monoioeis peanizogana 3a donomozoro MATLAB/Simulink 3 euxopucmannam cmpobyiouux imnyiscie ma memooono2ii
WUPOMHO-IMNYIbCHOI MOOYAAYTl, a MAaKoXC KOHmMpOonepie 3 ueuimxow aozikow. Kpim moeo, 3anpononosana moodenvs makoxc Oyia
nepesipena ma nopisHana 3 anapamuoro cucmemoro. Pesynomamu. 3azanvue eapmoniune cnomeopenis, KilbKicmb CUNOBUX KIIOYIS,
6uUXiona Hanpy2a ma KineKicmov 0dicepen NOCMIlIHO20 CIMPYMY AHANIZVIOMbCS 3d 00NOMO2010 36udatinux mononoeii. Ilpakmuuna
yinnicme. 3anpononosana mononocis Oyjice O0oOnomoena peanizysamu 6azamopisHesuil iHEepMOp HA OCHOBI (YOMOeNeKMPUYHUX
cucmem, wo nNO8'13aHO 3 GeIUKUM RONUMOM Y Mepedicax ma npomuciosocmi. bioin. 17, Tadn. 4, puc. 9.

Kniouosi cnoea: wackanni H-mocToBi GaraTopiBHeBi iHBepTOpH, HEeYiTKHi JIOTiYHMIl peryJsitop, ceJleKTHUBHA INMPOTHO-
iMnyJbcHa MoayJisilisi, IOBHE TAPMOHIYHE CIIOTBOPEHHSI.

1. Introduction. Modern power generation, in recent times [4]. Industrial applications include AC-

transmission, distribution, and use systems all rely on the
conversion of DC to AC power. Variable-frequency drives,
static var compensators, uninterruptible power supply,
induction heating, high-voltage DC power transmission,
electric cars, air conditioning, and flexible AC transmission
systems are just a few examples of their numerous
applications. The demand for equipment with a megawatt
rating has increased recently. The mega-watt class AC
drives require a medium voltage network connecter. The
above-stated reasons provide scope for multilevel inverters
(MLIs) as a solution to work with higher voltage levels. A
power semiconductor switch cannot be directly connected
to a high voltage network due to the increase in demand for
high-voltage, high-power inverters. As a result, MLIs have
been developed and are now available for purchase. If the
voltage sources are increased, a sinusoidal-like waveform
appears at the output. The quality of the output waveform is
improved while the total harmonic distortion (THD) is
reduced by MLIs. Another advantage of MLIs is that they
have lower switching losses [1-3]. In industrial drive
systems, power electronic inverters are frequently
employed. The limitations on voltage and current it is
necessary to use series and parallel connections for power
semiconductor devices. With the propensity to synthesize
waveforms with a better harmonic spectrum and higher
voltages, MLIs have gained more importance in literature

power supplies, static var compensators, and drives. Diode-
clamped (neutral-clamped), capacitor-clamped (flying
capacitors), and cascaded inverters with separate DC
sources have been suggested for MLIs [5-8]. Space vector
modulation and selective pulse width modulation are other
modulation and control strategies for MLIs. Using a MLI
has the following advantages: These devices are excellent
when it comes to distortion and voltage drop. Very little
distortion occurs in the input current. The motor bearings
aren’t put under as much strain when the common voltage
is reduced. The elimination of common voltages and a
reduction in switching frequency are both possible with
advanced modulation techniques. Two types of DC voltage
source inverters exist for inverters that have DC voltage
sources of the same or different amplitudes. Asymmetric
cascaded MLIs provide more output levels than symmetric
cascaded MLIs with a comparable number of power
electronic devices because their DC voltage sources have
different amplitudes. It is thus smaller and less expensive to
use asymmetric MLIs [9-12].

Because the DC voltage sources are of equal
magnitude, symmetric inverters require a large number of
switches, insulated gate bipolar transistors (IGBTs), power
diodes, and driver circuits. This problem can only be solved
using an asymmetric MLI [13-16]. The disadvantages of
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bidirectional power switches will be magnified from a
voltage perspective. Two IGBTs with dual anti-parallel
diodes and a single driver circuit must be used to make a
bidirectional switch. An anti-parallel diode is required for a
unidirectional switch. It makes no difference which way a
power switch is plugged in, whether it is a one-way or a
two-way switch. Many asymmetric cascaded MLI has been
proposed to increase the number of output levels. As a
primary drawback, these inverters require high-voltage DC
power sources. Using a new basic unit, a greater number of
output levels can be generated with fewer electronic
devices. A cascaded MLI is put forward by connecting
several of the basic units that have been proposed. An H-
bridge will be added to the inverter's output because only
positive and negative voltages can be generated. One of the
proposed cascaded MLIs has been developed. H-bridge and
diode-clamped MLlIs, as well as flying capacitances and fly
inductors, are examples of topologies that can reduce
harmonic distortion. Clamping diode inverter voltage
control becomes more difficult as the number of levels
increases. Voltage regulation of a flying capacitor MLI
becomes increasingly challenging with more levels. The
cascade multilevel [17] is the most efficient of the three
topologies. Cascade MLIs have better performance, but
they still fall short of IEEE standards as the data presented
above shows. Using cascading MLIs and controllers, as
well as the selective pulse width modulation technique,
reduces THD. Different carrier waveforms are designed for
the third and fifth levels of the project to reduce THD.
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Proportional and integral (PI) and fuzzy logic controllers
(FLC) with filters is being used to further reduce harmonic
distortion below IEEE standards of 5 %. Using these
controllers, it is possible to reduce THD more effectively.
2. System configuration for existing PI, PI with
filter controller. Figure 1 illustrates about schematic
diagram for MLI with closed loop control scheme. Figure
2 depicts the simulation diagram of five level MLI with
single phase system. An example of a five-level MLI’s
output can be seen in Figure 3. In order to get five level,
six carrier signals and one reference signal has been used.
Three levels are positive and the other three levels are
negative and the left-over level is zero level and these
voltages are obtained using different switching paths.
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Fig. 1. Schematic diagram for MLI with closed loop control
scheme
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Fig. 2. Simulation diagram of five level MLI with single phase system
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Fig. 3. Output of five level MLI
3. Results and discussion. Figure 4 shows MLI fast
Fourier transform (FFT) analysis of five-level. Here the

THD level obtained is 17.41 % for MLI with PI controller
for a fundamental frequency of 50 Hz.
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Fig. 4. Distortion level of five level MLI with PI controller

Figure 5 shows MLI FFT analysis of five-level. Here
the THD level obtained is 6.56 % for MLI with PI
controller and filter for a fundamental frequency of S0Hz.
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Fuzzy logic is the application of conditional or rule-
based logic to the transformation of an input space into an
output space. It is a «fuzzy set» if the boundaries are
ambiguous. The inclusion of elements with just a sliver of
membership is permitted. It deals with difficult-to-define
ideas (e.g., fast runner, hot weather). Being only a part of it is
fine. Fudged set membership values range from 0 to 1,
indicating the extent to which an object is a member of the
collection. Input values in a fuzzy set range can be used to
determine the appropriate membership value for a given
membership functions. This type of multivalve logic is also
known as a rule or condition because of the terminology used
to describe the inputs and outputs of the multivalve devices.
The schematic diagram of FLC is illustrated in Fig. 6.
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Fig. 6. Schematic diagram of FLC

Weightings, which can be added to each rule in the
rule base, can be used to control how much a rule affects
the output values. A rule’s importance, reliability, or
consistency can be assigned a numerical weighting.
Depending on the results of other rules, these rule
weightings can be either static or dynamic [14].

FLC in the fuzzy logic system is in charge of choosing
the fuzzy rules that control it. Error (£) and error change
(dE), which are inputs to the FLC system, are shown in the
following diagram. Distortion level of FLC and filter for
three membership functions is shown in Fig. 7.

Figure 7 shows FFT analysis of five level MLI with
FLC and filter for three membership functions. Here the
THD level obtained is 5.2 %

MATLAB/Simulink model of FLC is shown in Fig. 8.
FLC’S output is determined solely by the rules set by the
designer, and the controller does the rest. By doing this we
can obtain desired output fuzzy logic system rules as
follows in Table 1, where Ne — Negative, Ze — Zero, Pe —
Positive, Me — Medium, Sm — Small, B — Big, as a result of
implementing these fuzzy rules in a FLC, errors are smaller
if the change in error is also smaller, so the output is

smaller. If the value of error is negative (Ne) and the error
change is zero, a medium result would be achieved which
is illustrated in Table 2.
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Fig. 8. MATLAB/Simulink of FLC

Table 1
Rules for three membership functions

Change in error (dE=AE(?))
Ne Ze Pe
Ne| Sm Me Sm
Error E(f) | Ze| Me B Me
Pe Sm Me Sm
Table 2

Rules for five membership functions

Change in error
Error | NeB | NeS | ZO PeS | PeB
NeB | PeB | PeB | PeB | PeS 70
NeS | PeB | PeS | ZO 70O | NeS
70 PeS | ZO | ZO 70O | NeS
PeS PeS | ZO Z0O | NeS | NeB
PeB ZO | NeS | NeB | NeB | NeB

If the value of error is negative and the error change
is positive, the output will be small. System could get a
medium output with no errors or errors changing in a
negative direction. A large output would be possible with
no errors or errors changing in a negative direction. If the
error value is zero and the change in error value is
positive, the output would be medium. If the error value is
positive and the error change value is negative, the output
will be small. It is considered medium-sized when the
error rate is more than 10 %.

Figure 9 shows FFT analysis of five level MLI with
FLC and filter for five membership functions. Here the
THD level obtained is 3.43 %.

Table 3 shows the comparison of THD levels for
different controllers. The results show that FLC gives the
better response when compared with conventional PI
controller. Although the distortion is reduced to some
extent when PI controller is used, but it is greatly reduced
when Fuzzy controller is used. Table 4 gives the
specifications of various parameters used in the simulation.
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Fig. 9. Distortion level of FLC and filter for five membership

functions
Table 3
Comparison of THD for different controllers
Controllers THD, %

PI controller 17.74
PI controller with filter 6.56
Fuzzy controller with filter 520
for three membership functions )
Fuzzy controller with filter 343
for five membership functions )

Table 4

Specifications of parameters used in the Simulink models
Parameters Specifications

Resistive load R, Q 1
Inductive load L, mH 1
Frequency of carrier signal, Hz 1000
Frequency of reference signal, Hz 50
Proportional constant k, 1.6
Integral constant k; 36

4. Conclusions. The quality of multilayer output
voltage waveform improves as the quantity of levels in a
multilevel inverter grows. Different carrier waveforms are
used for three and five levels of the project to reduce
harmonic distortion. We used a multilevel inverter with a
selective pulse width modulation technique to reduce
harmonic distortion in five levels. PI and fuzzy logic
controllers with filters have been added to the five-level
multilevel inverter to further reduce the IEEE standards.

We can achieve from simulation results that total
harmonic distortion levels can be reduced to less than 5 %
by using the proposed PI and FLC controllers with filters
on multilevel inverters. Due to these advantages in both
technical and economic terms, it can be concluded that the
proposed methodology will be beneficial in a wide range
of industrial settings.

In the future, a sinusoidal pulse width modulation will
be generated using other techniques for high-frequency
applications by means of modified carriers using a fuzzy
controller in order to reduce distortion as well as to improve
the voltage. Then this proposed selective pulse width
modulation will be applied to all types of inverters like
voltage source and current source inverters. Previously only
five level operations were done using the pulse width
modulation technique. So, in the future, more than five-level
will be achieved with other controllers. The verification of
this inverter for lesser total harmonic distortion and higher
frequencies can be done as a part of future work.
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