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ABSTRACT

Selective harmonic mitigation method is primarily used in the suppression of lower order harmonics. The Bee colony
optimization method is used to implement a SHE technique in this paper; the reduced switch thirty-one stage inverter
receives input voltage from the photovoltaic system. A stable voltage is maintained at the photovoltaic panel's output through
a SEPIC converter. Grey Wolf Optimization is used to boost the efficiency of the photovoltaic system. Multi Carrier
modulation method is often used to reduce the current and voltage harmonics in the inverter. Additionally, the proposed BCO
method is compared with genetic algorithm based SHE method. The proposed suggested framework has been validated using
Matlab simulation, and the prototype results have been validated using DSPIC30F2010 controller.

Keywords: Reduced switch Multilevel inverter,Selective harmonic Mitigation, SEPIC Converter,Multi Carrier,Bee colony
optimization, MPPT algorithm, GWO algorithm, DSPIC controller.

1. Introduction

Solar-powered autonomous modular inverters have become increasingly popular in
several applications in recent years. Due to implementation of power electronic devices in
traditional inverters, the harmonic pollutants are more. This harmonic pollutant has a detrimental effect
on the life span of electrical products. To address these harmonic problems, a multilevel inverter
(MLI) is used [1]. Multilevel inverter reduces the switching stress and switching loss of the power
semiconductor circuitry. The photovoltaic method is critical to modern life in the twenty-first century.
However, because of innate temperature and luminescence variations, the output voltage of a
photovoltaic device has higher cognitive ripples and often varies in output power. These disadvantages
are overcome by using the Maximum Power Point Tracking (MPPT) process in conjunction with a
suitable DC-DC converter. While the output power of a MLI is typically regulated via sinusoidal
PWM(SPWM), switching loss including Total Harmonic Distortion(THD) are substantially higher when
using high frequency modulation scheme. The modular SHE approach overcomes these disadvantages.
Several works of published literature are reviewed below. The diode clamped multilevel inverter, the
capacitor type multilevel inverter, and the cascaded H bridge inverter are the three primary types of
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multilevel inverters. Cascaded H Bridge MLI is the most commonly used of these three types due to its
low volume, low switching stress and low switching losses, good electromagnetic
interference capability, and high reliability. However, this CHBMLI is subdivided into
symmetrical(SMLI) and asymmetrical (AMLI). The semiconductor switches used in SMLI is very large.
The author of [1] addressed low component SMLI with varying input voltages; this configuration
produces high-quality voltage level with a small number of switches. However, modulation at a high
frequency tends to increase the losses.The researcher addressed the multi-stage inverter with carrier
based PWM control methods in [2]. This strategy decreases the harmonic distortions but is only useful
for smaller systems. The authors in [3] presented a switched capacitor MLI in which there is a reduction
inthe DC supplies. However, in this case, the use of capacitance creates voltage unbalance. The
disadvantages of high frequency modulation are resolved using the SHE technique [4]. However, this
inverter is incompatible with nonlinear loads.
2. Literature Review

Switched rectifier line voltage includes massive capacitor bank and supply from the grid. These
disadvantages are resolved by [5], implementing a cascaded MLI based on photovoltaics [5]. However,
the PWM employed in this article is carrier based PWM. These strategies limit the inverter's potential
applications. In [6] a boost inverter is presented. However, this configuration has a large number of
switches and a complex control circuit.

The paper [8] analyses a photovoltaic-based T-shape inverter. This inverter is ideal for grid-
connected photovoltaic applications. The authors in [9] implement a MLI with SHE PWM using current
source rectifiers. However, a rectifier that uses a current source degrades the efficiency of the input
source current and raises the power loss. In [10] the author discusses the general strategies for removal
of harmonics using SHE. This method would be extremely beneficial in the creation of modular or
developed SHE strategies. Various methods of SHE is addressed in [11-14]. The four-quadrant
functioning of SHE is explored in [15]. SHE method with a fewer DC source based MLIs are discussed
in [16, 17]. The author in [18] implements a parallel resultant -based SHE strategy. In this technique, the
proposed inverter has high number of switches. SHE technique with PV system and DC-DC converter
fed MLI is discussed in [19]. But low gain DC-DC boost converter having high voltage stress are used
for boost converter switch.

All the existing problems are overcome in the proposed work. In this proposed system, the input
voltage from the photovoltaic system is fed into the High gain DC-DC SEPIC (Single Ended Primary
Inductor converter) converter. The GWO algorithm-based PI controller fine tunes the output voltage.
The different output voltages are given to the proposed reduced switch 31- level inverter.High frequency
modulation method and SHE method is used for controlling the inverter.The comparison result shows
the THD parameters in the result and discussion chapter.

3. Proposed System

The proposed PV fed high gain SEPIC Converter based reduced switch asymmetrical 31- level
inverter is shown in figure 1.The extremely underdamped voltage from the photovoltaic system is fed
into the SEPIC Converter, which provides a stable input current. Theessential DC output voltage to the
MLI is achieved by using the Grey Wolf optimization algorithm.The reference voltage and actual
voltages are compared and then the error is given to the comparator. Actual voltage is measured from
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output of the SEPIC Converter. The error is given to the PI controller. The PI controller minimizes error
and generates a reference voltage signal for the generation of PWM. The GWO algorithm adjusts the
gains of the PI controller. To generate a PWM pulse, the generated reference value is equated with
the carrier value. The SEPIC Converter receives the triggering signals. The RSMLI receives four input
voltages from the SEPIC Converter. The RSMLI in the proposed system is composed of a single
H Bridge and a voltage multiplier circuit. The power circuit contains eight MOSFETSs and 4 DC inputs.
Multi Carrier Modulation is used to power the MLI. MCM is often referred to as high frequency
modulation. The THD as well as the switching losses are severe in high frequency modulation schemes.
To address these problems, a SHE algorithm based on Bee colony optimization is used. The degree of
harmonics is compared to the genetic algorithm.

SEPIC CONVERTER BASED THIRTY ONE LEVEL INVERTER
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Figure 1. Proposed System Circuit diagram

4. GWO ALGORITHM
The SEPIC Converter output voltage Vpc and reference voltage Ve are compared and the error
is given to the PI controller. The error voltage can be calculated as,

AVerr(n) = Vref(n) +V De(n) (1)
The output of PI controller is presented as,
Iref =Kpl(AVerr(n)— AVerr(n—1) + KI1.AVerr(n) @)

The role of GWO algorithm is to calibrate the K, and K; values.

The grey wolf optimization technique is modelled after the grey wolves' traditional hunting behavior
in nature, which is focused on their management hierarchy and traditional hunting mechanism. This
method emulates the hierarchical system by using four different types of wolves, namely alpha (a), beta
(B), gamma (3), and omega (). Because the a wolf is regarded as the optimal solution, it is regarded as
the team leader and commander of the hierarchy. The wolves' f ands are regarded as 2nd and 3rd best
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solutions, respectively, assisting the wolf in solving problems. Finally, o signifies the wolves which
remain behind the leaders. The simulation outcomes describe the attack behavior in the algorithm.

e’ = |f.x'p(H) — X p(t)| €©)
X(t+1) =xp() —a.e 4)
where t is the current iteration, a, e and f represent the coefficient vectors, xp specifies the
position vector of the prey and x refers to the position vector of grey wolf. The vectors a and f are
computed as follows:

i=2brl —b (5)
£ =2rl (6)

Where the components of b~ decrease linearly from 2 to 0; 1 ™", 2~ are random vectors in [0, 1].

5. Selective Harmonic Elimination Technique
The output voltage of the inverter can be presented as ,

Vwt=Y7_1 V, sin(nwt) (7)
Where,
V,, — The nth harmonic switching angles are limited in amplitude to zero and 90° (0 <= 6;<= ).

The even harmonics are equated to zero

Vwt= % [ V1 cos(nBy) + V, cos(nb,) ............+ V, cos(nb,)] sinnwt (8)

Where n=1, 3,5, 7
Shortly
4 S

Vn i=1€05(nfy) for odd ns

9)
0 for even ns

The proposed thirty-one level inverter can reduce the harmonics up to 15 th order. To remove

these 15 orders of harmonics 15 trigonometric nonlinear equations are solved and 15 triggering angles

are obtained. Equation 10 is solved for obtaining the triggering angles.

Vls[Vl cos(8,) + V5 cos(6;) ......... ... + Vi5 cos(By5)]
Vg,;in [ V1 cos(361) + V,cos(303) ....vw o+ Vi5 cos(3615)]
Vs [ V1 c08(561) + V3 C0S(5603) e oo+ Vi €OS(5615)]
Vis—[ V3 cos(156;) + V; €0S(156,) ...+ Vi5 cOS(15615)] (10)

6.Results and Discussion
The proposed work has been implemented in Matlab simulation and hardware is implemented using

http://annalsofrscb.ro 10474



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 10471 - 10484
Received 25 April 2021; Accepted 08 May 2021.

DSPIC30F2010 controller. The solar panel output is given to the SEPIC converter, the converter output
voltage is fed to multilevel inverter. The figures from 2 to 21 shows the simulation and hardware results
of proposed system.The table 1 shows the parameters of solar panel used in this system.The figure 2
shows the output voltage from the PV panel.

Table 1. Solar panel rating details

COMPONENTS SPECIFICATIONS
Number of panels 4

Number of cells in series 36

Cell 125mm X 31.25mm
Open circuit voltage 21.4V
Optimum operating voltage 16.8V

Short circuit current 1.214
Optimum operating current 1.194
Operating temperature —40to + 850C
Maximum system voltage 1000V DC

SOLAR PANEL OUTPUT VOLTAGE WAVEFORM
15 T T T T T

LA AR A A A A AR AR

VOLTAGE IN VOLTS

0
0 0.05 01 015 0.2 0.25 03
TIME IN SEC

Figure2. Simulation Output of PV system
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Figure3.Hardware Output of PV system
The four DC voltages are with range of 6, 12, 24 and 48 V. The figure 3 shows the output voltage of
the SEPIC converter. Theratings of the SEPIC converters are given in following table 2.
Table 2.Parameters of SEPIC converter

Components Symbols Rating
Source Voltage Vin 6to 20V DC.
Source Current I 11A
Capacitors C;,C, 50uf/100v
Inductor L1,L2 1Mh
Output load current 1 Amps
Switching frequency f 10 KHZ
Output Power Py 200W
Switching devices(all) IRF250
Diodes(all) MUR1560
Driver Circuit TLP 250

INPUT DC VOLTAGE VDC1 WAVEFORM

VOLTAGE IN YOLTS

0 0.05 01 015 02 0.25 0.3
TIME IN SEC

Figure4.Simulation output of VDC1
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Figure5. Simulation output of VDC2
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Figure6.Simulation output of VDC3
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Figure7.Simulation output of VDC4
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Figure 11. Hardware output of VDC4

The figure 12 shows the thirty-one-level inverter voltage waveform using MCM with MI=
0.95.The MCM technique is used to regulate the multilevel inverter. The reference signal is produced

using PI controller. The output voltage of the thirty one level inverter is given below.
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Figure 12. Simulation output of Thirty one level inverter (MCM)
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Figure 14.%THD of 31-level inverter using MCM method

Table3 presents the triggering angles calculated using BCO. The triggering pulsesto the proposed
inverter is fed using DSPIC30F2010 controller.

Table 3.Switching angles using SHE-BCOmethod

ANGLE a1 a2 a3 a4 a5 a6 a7 a8 a9 al0 all

al2 al3 al4 al5

ABC-
SHE
GA

597 11.02 16.7 22.6 291 348 41.6 476 529 587 652

598 1097 169 231 293 352 40.7 468 532 57.6 643

711 773 831 89.6

702 771 828 889

The figure 15 presents the shows simulation and hardware results of SHE-BCO method.

THIRTY ONE LEVEL INVERTER OUTPUT VOLTAGE USING ABC
HARMONICS ELIMINATION TECHNIQUE
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Figurel5. Simulation output of SHE-BCO method

http://annalsofrscb.ro

10480




Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 10471 - 10484
Received 25 April 2021; Accepted 08 May 2021.

Figurel6. Hardware output of SHE-BCO metd
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Figurel7.%THD of 31-level inverter using BCO method
The figure 18 presents the shows simulation and hardware results of SHE-GA method

THIRTY ONE LEVEL INVERTER OUTPUT VOLTAGE USING
GENETIC ALGORITHM SHE TECHNIQUE
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Figurel8. Simulation output of SHE-GA method
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Figurel9. Hardware output of SHE-GA method
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Figure 20.%THD of 31-level inverter using GA method

Figure 21. Experimental setup for proposed system
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CONCLUSIONS

In this paper, the BCO and GA-based SHE methods are used primarily to reduce lower order
harmonics. The Grey Wolf Optimizer maximizes the performance of the photovoltaic system by
tracking maximum power with the help of SEPIC converter. Moreover the proposed 31-level inverter
was also analyzed using MCM method. Finally, the THD's of the two SHE strategies and the MCM
methods are compared, and it is discovered that the BCO SHE method gives a lower harmonic content
than the other two methods. The research approach has been validated using Matlab software, and the
hardware tests have been validated using DSPIC30F2010 controller simulation.
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