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Abstract: This paper proposes an Asymmetrical 21-level multilevel inverter topology for SEPIC converter provided to
regulate the constant output voltage under various operating conditions based on solar application. Using the ANFIS MPPT
algorithm, keep the converter's DC connection voltage constant. The PV voltage is boosted over the DC link voltage using
a SEPIC converter interfaced in between the solar panels and the inverter. A 21-level inverter is employed and it converts
the output of the SEPIC converter into AC supply and is tested experimentally with various combinational loads. Using the
Multilevel inverter the THD is reduced and the quality of the output attained is also enhanced. The performance analysis
of this technique is implemented in MATLAB/Simulink environment.
Index Terms: ANFIS MPPT algorithm, multilevel inverter, DC link, PV voltage
I. INTRODUCTION
The demand for renewable energy has increased significantly over the years because of the shortage of fossil fuels and the
greenhouse effect. Among various types of renewable energy sources, solar energy and wind energy have become very popular and
demanding due to advancements in power electronics techniques. PV sources are used in many applications nowadays since they
are low-maintenance and pollution-free. The voltage attained from the PV system is low, therefore for boosting the voltage, a DCDC converter is employed
To improvise the quality of the desired output, the output from the DC-DC converter is fed to a multilevel inverter. The MLI
converts the dc power obtained into ac power and is fed into the load. The enhancement in the output waveform of the inverter
reduces its harmonic content, the size of the filter used, and the levels of electromagnetic interference (EMI) generated by the
switching operation of the inverter. Multilevel inverters have gained popularity in recent years due to their advantages over
traditional three-level inverters. The MLI offers improved output waveforms, smaller filter size, lower EMI, and, lower total
harmonic distortion (THD).
Because of lower total harmonic distortion (THD), lower switching stress, and lower electromagnetic interference, multilevel
inverters are recommended solutions for photovoltaic (PV) applications (EMI). A five-level transformer-less inverter is proposed
to reduce the leakage current in the single-phase low-power PV inverters [1]. A new constraint is established for the two switching
angles to derive the formula for the harmonics' amplitude, resulting in the self-elimination of all triple harmonics. The fifth and
seventh harmonic orders are mitigated through the normal operation of the proposed SHM-PAM technique [2]. To increase the DC
bus voltage utilization of the inverter nearly to that of the six-step mode of operation using a single CHB unit per phase [3]. The
inverter is a programmed single-phase current source inverter. Only five switches are required to obtain the configurable level
output It has the advantages of a simple structure and programmable level output, as opposed to the conventional single-phase
reduced-count multilevel inverters [4]. A five-level common ground Transformer-less inverter with reduced output harmonic
content for PV systems is proposed. In addition, the proposed inverter can process reactive power and it presents a maximum dcvoltage utilization in opposition to half-bridge-based topologies [5]. A multi-cell configuration of DC-switched capacitor cells
generates the variable DC-link, and numerous DC-cells at the DC-link can increase the number of voltage levels created on the AC
side. without proportionally increasing the number of active and passive devices [6]. An optimal controller, based on a linear
quadratic regulator with integral action, is designed to inject a sinusoidal current with low harmonic distortion at a unity power
factor [7]. Transformer-less five-level inverter with zero leakage current and the ability to reduce the harmonic output content for a
grid-tied single-phase PV system. The grid's neutral connects to a common, to which the DC-negative links and positive terminals
are connected through parasitic capacitors to avoid leakage current [8]. Five-level transformer-less inverter topology is proposed to
eliminate the leakage current based on the principle of the switched capacitor. Besides, the proposed topology has naturally balanced
voltage capability, so no dedicated control strategy/algorithm is required for balancing/regulating the flying capacitor voltages [9].
The net dc-bus voltage will be spread evenly between four dc-bus capacitors in the series-connected multilevel inverter. Therefore,
the converter generates a multilevel voltage waveform with uniform steps and ensures equal voltage stress on the semiconductor
devices [10]. Hector to improvise the quality of the desired output, the output from the DC-the converter is fed to a multilevel
inverter. The MLI converts the dc power obtained into ac power and is fed into the load. The enhancement in the output waveform
the of inverter reduces its harmonic content, size of the filter used, and the level of electromagnetic interference (EMI the ) generated
by the switching operation of the inverter. To enhance the maximum power from the PV system, the ANFIS MPPT algorithm is
used for both the output and the voltage of the PV system. SEPIC Converter is used to generate desired output voltage levels with
a low THD.
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II. PROPOSED SYSTEM

Figure 1 proposed block diagram
The demand for renewable energy has increased significantly over the years because of the shortage of fossil fuels and the
greenhouse effect. Among various types of renewable energy sources, solar energy and wind energy have become very popular and
demanding due to advancements in power electronics technique interference (EMI)asymmetrical 21-level multilevel inverter
topology is used in the SEPIC converter based solar application Photo Voltaic (PV) sources are used today in many applications as
they have the advantages of being maintenance and pollution free. The voltage attained from the PV system is low, therefore for
boosting the voltage, a DC-DC converter is employed. To improvise the quality of the desired output, the output of the DC
converter is fed to a multilevel inverter. The MLI converts the dc power obtained into ac power and is fed into the load. The
enhancement in the output waveform of the inverter reduces its harmonic content, the size of the filter used, and the level of
electromagnetic interference (EMI) the generated by switching operation of the inverter.

Figure 2 proposed circuit diagram
A novel asymmetrical 21-level multilevel inverter topology is used in the SEPIC converter-based solar application. The low voltage
DC output of PV is boosted with the aid of a SEPIC converter. The 21-level multilevel inverter converts the DC output of the
converter into AC voltage. The output of the Inverter is then fed to the ANFIS-powered MPPT technique is implemented to extract
the maximum power from the solar panels. Regardless of partially shadowed situations, stable production is produced. In the
proposed 21-level symmetrical MLI, the switches are selected based on the strategy of avoiding short circuits in the speciﬁed path
of current traversal.
A) PV SYSTEM
The PV module and load conditions. Hence to increase the derivation of power from the PV module, optimal power point operation
of the module is important. This controller, known as the maximum power point tracker, is required. PV cells are manufactured
from different materials. The PV system used for power conversion consists of several series and parallel combinations of the PV
modules the tracking controller and power converters like DC-DC converter The sun is a renewable energy source that is both
environmentally beneficial and long-lasting The energy radiated from the sun is received directly for power generation by way of
photovoltaic. One of the significant methodologies utilized from solar power is photovoltaic (PV) which is capable of converting
sunlight into electricity using the photovoltaic effect. The basic building block of photovoltaic modules which produces electricity
from the light energy by photovoltaic effect is a Solar cell. The efficiency of a PV module is determined by the material used in
photovoltaic cells and the method used to assemble the solar cells into a module. The efficiency of the module is about 12-29 % in
the conversion of sunlight to electric energy. Among this gallium Arsenide, solar cells have 29% of maximum efficiency, whereas
solar cells have 12-14% of efficiency. The performance of the PV module may also drop due to Temperature in and inverter. Hence
the generated DC voltage can be amplified using a DC-DC converter and converted to AC by using the inverter. The PV panel
should be chosen based on the load rating.
The PV cell's electrical original diode model is as follows
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Figure 3 Equivalent circuit of PV cell
The PV model constitutes current sources, diode Shunt resistance Rsh, Series Resistance Rs. Shunt Resistance represents present
the cell face leakage through the edges.
The total current I is the difference between the light-generated current Iph, diode current Id, and current through Rph.
𝐼 = 𝐼𝑝ℎ − 𝐼𝑑 − 𝐼𝑠ℎ
(1)
Equations (2) and (3) show the diode current Id and the shunt resistance current Ish ( 3)
𝑞
(𝑉 + 𝐼𝑅𝑠 )] − 1} (2)
𝐼𝑑 = 𝐼0 {exp [
𝐼𝑠ℎ =

𝑉+𝐼𝑅𝑠

𝑚𝑘𝑇𝑐

( 3)

𝑅𝑠ℎ

m = Idealizing factor
K = Boltzmann constant
T c = Absolute temperature of cell
q = Charge of electron
V = Implicit across cell
𝐼0 = Cell reverse saturation current
By exercising Equations is shown in below
𝑞
𝑉+𝐼𝑅𝑠
(𝑉 + 𝐼𝑅𝑠 )] 1}
𝐼 = 𝐼𝐺 − 𝐼0 {𝑒𝑥𝑝 [
𝑚𝑘𝑇𝑐

𝑅𝑠ℎ

(4)

Generally, Shunt Resistance R_sh in PV cells is high. Hence( VIR_s)/R_sh is excluded Hence,
𝑉+𝐼𝑅𝑠
𝐼 = 𝐼𝐺 − 𝐼0 {𝑒𝑥𝑝 [
] − 1}
( 5)
𝐴
Where A = wind befitting parameter
A = (mkT_c)/ q
( 6)
Determination of phase current I_ph According to Figure 4.1 affair current at standard test condition is
𝑉
𝐼 = 𝐼𝑝ℎ − 𝐼0 [𝑒𝑥𝑝 ( ) − 1]
( 7)
𝑎
When PV cell is short circumvented
0

𝐼𝑠𝑐 = 𝐼𝑝ℎ − 𝐼0 [𝑒𝑥𝑝 ( ) − 1]
(8)
𝑎
Only in the ideal case Equation (4.8) is valid. Hence the equivalency isn't accurate. Equation (4.9) is written as
𝐼𝑝ℎ ≈ 𝐼𝑠𝑐
( 9)
Both irradiance and temperature affect the photocurrent.
𝐺
𝐼𝑝ℎ =
(𝐼𝑝ℎ + 𝜇𝑠𝑐 . ∆𝑇)
(10)
𝐺𝑟𝑒𝑓

G = irradiance at standard testing conditions
Determination of 𝐼0
The shunt resistance is generally high for all operations and hence excluded by using 3 standard conditions
Open circuit voltage ( I = 0, V = V_oc)
Short circuit current( V = 0, I = I_sc)
The voltage(V_mp) and current(I_mp) at maximum power in the following equation are written as
𝐼 .𝑅

𝐼𝑠𝑐 = 𝐼𝑝ℎ − 𝐼0 [𝑒𝑥𝑝 ( 𝑠𝑐 𝑠) − 1]

( 11)

𝑂 = 𝐼𝑝ℎ − 𝐼0 [𝑒𝑥𝑝 (

(12)

𝐴
𝑉𝑜𝑐
𝐴

) − 1]

𝑉𝑝𝑚 +𝐼𝑝𝑚 𝑅𝑠

𝐼𝑝𝑚 = 𝐼𝑝ℎ − 𝐼0 [𝑒𝑥𝑝 (
) − 1] (13)
𝐴
Term (- 1) is excluded as it's veritably small compared to exponential term. According to Equation (10) substituting (I_ph ) in
Equation(13)
𝑉

0 ≈ 𝐼𝑠𝑐 − 𝐼0 𝑒𝑥𝑝 ( 0)
𝐼0 = 𝐼𝑠𝑐 𝑒𝑥𝑝 (

−𝑉0𝑐
𝐴

𝐴

)
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B) SEPIC CONVERTER
By regulating the Duty Cycle of a pulse to the MOSFET, the SEPIC converter can increase or decrease an input voltage. One way
to do that is to directly control the Duty cycle using a potentiometer SEPIC is a DC-DC converter allowing the yield voltage to be
not exactly, more than, from for its information. The yield of the SEPIC is worked through the commitment Pattern of the oversee
transistor. SEPIC is ordinarily a lift converter and it is seen by utilizing a buck-raise converter. Thus it's far from a normally finished
method for a greenback-raise converter, it has the advantage of having a non-modified yield (the yield that has indistinguishable
voltage polar as the enter). To move a chain capacitor to couple power from the contribution to the yield (and to react in a more
style to a concise circuit yield), and to have the capacity to do chevalier of concerned shutdown: after the switch S1 is developed to
get off, its yield drops to 0 V, following an ephemeral withdraw of charge.

Figure 4 SEPIC Converter Block Diagram
SEPIC is advantageous in applications in which a battery voltage can be above and underneath that of the controller's design yield.
The schematic diagram for a basic SEPIC appears in the parent because they did exchange mode power components (uncommonly
DC-to-DC converters). The SEPIC impact power among the capacitors and inductors is to substitute starting with one voltage and
then onto the next. The traded measure of vitality is approved in switch S1, which is a transistor that includes a MOSFET. A SEPIC
converter is also called a single-ended primary inductor converter. It is based on a dc-dc converter with several inputs. The polarity
of the output voltage cannot be changed for a step up and step down the capability of a converter and a series capacitor is used to
couple energy from the input to its output. A SEPIC is essentially a boost converter followed by an inverted buck-boost converter,
thus it's identical to a typical buck-boost converter. However, the benefits of having a SEPIC outweigh the disadvantages. Noninverted series capacitor couples energy from the input to the output (the output has the same voltage polarity as the input).MOSFET
is more noteworthy higher a decent arrangement rivalry to the current day and lower voltage drop than bipolar intersection
transistors (BJT). It does now not requires biasing resistors as MOSFET exchanging is overseen through contrasts in voltage instead
of the present day.
C) ANFIS based MPPT
A new ANFIS-based MPPT method is proposed to achieve tracking the maximum power of the PV module underchanging weather
conditions. The proposed input variables are the PV voltage (V_ PV), PV current (I_ PV), and the PV cell temperature (TPV). The
output variable is the duty cycle, which is used to control the DC-DC switched SEPIC converter to keep tracking maximum power.
Because traditional FLC modeling is dependent on trial and error, the chances of achieving ideal performance are slim.

Figure 5 ANFIS model structure.
As a result, learning ANFIS can be used to obtain membership functions and fuzzy rules. The trained data should be collected first.
To obtain the trained data, the steps involved are as follows,
Using traditional MPPT methods, the system was simulated under various sun radiation and temperature conditions
The data was collected and processed using a MATLAB algorithm that was created specifically for this purpose.
The manipulated data were then shuffled. The data is then filtered again to extract only the unique rows in the data collection.
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D) 21-LEVEL INVERTER
Multilevel Inverters [MLI] are devices that use power electronic switches, power diodes, and some DC voltage to generate
a stepwise output waveform. The source could be PV cells connected in series or parallel, a renewable energy source, or a battery.
Multilevel inverters reduce DV/it strains on equipment while also producing
low harmonic distortion. Electromagnetic
compatibility can be reduced as a result. In MLIs, there are three basic types of topologies. Diode clamped, Flying Capacitor, and
Cascaded Multilevel Inverters are the three types. In diode clamped MLI, a diode transfers a limited amount of voltage, reducing
the load on other electrical devices. Half of the input DC voltage is used as the maximum output voltage. The neutral point clamped
(NPC) inverter was another name for the inverter. The structure of the multilayer inverter is based on the series connection of each
Sub cell. The flying capacitor was initially introduced by Meynard. The inner redundancies in this topology are redundant. Two or
more legitimate switch combinations can produce the voltage levels; in other terms, two or more valid switch combinations can
produce the voltage levels. The waveform of the required output voltage MLIs with cascaded H Bridges can be symmetrical or
asymmetrical.
The kind that is asymmetrical All of the voltage sources utilized in a symmetrical cascaded H-Bridge are of the same type.
In symmetrical, the voltage sources employed are of the same magnitude, but in asymmetrical, the voltage sources are of unequal
magnitude. The multilevel converter is made up of nine switches (IGBT) that are activated by three sources located nearby. MLI's
synthesized output can be obtained using with the help of the switching, providing multiple channels for conduction to the connected
sources. The power switch pattern. For the sources, a variation in values might be considered. Therefore, The proposed solution is
broken down into two sections: symmetrical and asymmetrical structure. Another key element of the aforementioned structure is
its modularity, which allows it to be customized. The output changes with the same architecture when utilized in high-voltage
applications. The 21-level MLI converts the input DC signal into an AC signal in the defined work, resulting in a higher-quality
output waveform with lower THD, which is then sent to the motor load.

Figure 7 Multilevel inverter
III. RESULT
The simulation results are examined using the software MATLAB/SIMULINK.

Figure 7 Solar panel output voltage waveform
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Figure 8 Output Voltage Waveform

Figure 9 Input DC Voltage to the Hybrid System

10(a)

10(b)
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10(C)

10 (d)
Figure 10 PWM pulse to switch waveform Figures 10 (a, b, c, d) indicates the PWM pulse applied to switches S1, S2, S3, and S4
respectively. A constant pulse of 1V is applied to the switches for the effective control of the operation

11(a)

11(b)
Figure 11 (a) & (b) PWM Pulse to Switch H1 and H2
Figures 11 (a) & (b) indicate the PWM pulse applied to the terminals H1, H2, H3, and H4. A constant pulse of 1V is applied
for controlling the operation of the converter.
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Figure 12 Twenty one level output voltage waveform
The voltage value ranges from +50V to -50V for a varying period of seconds.

Figure 13 Twenty One Level Output Load Current Waveform
The output current waveform for the 21-level inverter is shown in Figure 13. The current value ranges from +1A to -1A for a
varying period of seconds.

Figure 14 21 level inverter THD waveform
Figures 14 represent the THD waveforms of the 21-level inverter. The obtained values for the THD are given by 8.52%. Thus the
proposed approach generates improved voltage outputs with minimized THD.
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Figure 15 Hardware view
IV. CONCLUSION
A new 21-level inverter has been designed with a reduced number of components for solar PV applications was proposed in
this project. The conventional SEPIC converter produces a higher DC-link voltage and is fed to the inverter for AC stepped output
waveform. ANFIS-based MPPT technique is implemented to extract the maximum power from the PV panel, the stable output is
achieved irrespective of partially shaded conditions. The 21-level multilevel inverter generates higher output voltage levels with a
lesser number of circuit components with low THD. The DC voltage source was provided with reduced losses, high efﬁciency, and
total harmonic distortion is found to be relatively low
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