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Abstract:

This manuscript presents the achieved efforts on 1-¢ 7-level reduced switch multilevel
inverter (5S-7L MLI) in PV system. To carry out improved maneuver of PV cells and
make best use of the solar energy extraction, a MIC ( Modified incremental
conductance) based MPPT with DC-DC boost converter plan is employed. To cheer the
quality of 5S-7L MLI output parameters primarily THD and switching losses, SHE
PWM (selective harmonic elimination based pulse width modulation) technique is
consider for controlling the gate pulse of PV based 5S-7L MLI. The proposed PV based
7-level 5S-7L MLI is compared with other conventional MLI and various existing 7-
level reduced switch topologies. This work is performed and results are validated using
MATLAB/SIMULINK.
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Publication: 18 May 2020 conductance (MIC), Photovoltaic (PV), Total harmonic distortion (THD).
mostly in the MPPT controller due to its

I.  INTRODUCTION

As trends are heading towards the era of clean
energy, and as of 2020 usage of renewable energy
resources is increasing continuously. Solar and wind
energy sources are the two mainly ample classes to
pursue the clean energy and they have matured
broadly elevated for generation of electricity. It has
approximately improved by 20-25% per year over
the last decades [17]. Solar energy has additional
merits above wind energy and other energy
resources in reference to equipments, rate,
dimension and protection. Photovoltaic (PV)
devices fabricate electricity straightly from the light
of sun by an electronic process that arises naturally
known as semiconductors. The voltage production
of various PV arrays fluctuates in the midst of vary
in irradiations and ecological alteration. Thus to
control the fluctuations, a DC-DC boost converter
with MPPT control method is employ to create the
utmost voltage from the PV arrays. Few decades
ago, for the tracking of MPP, numerous control
methods have been projected for. P&O
(Perturbation and Observation) method is employ

Published by: The Mattingley Publishing Co., Inc.

straightforwardness and simple implementation. It
works on iterative method, in which operating spot
at normal period is perturbed and as a result it
fluctuate about the spot dP/dV = 0 that is, MPP [7].
MIC (Modified incremental conductance) method is
employed to improve the tracking accurateness &
vibrant production while speedily transform in
atmospheric situation [19]. In this paper, an MIC
MPPT method is employed with commutable
disparity of the step size. To manage the step size,
an alteration coefficient is espouses. The achieved
voltage output from PV panels is fewer when
evaluated from the voltage rating of the majority of
networks, thus a DC-DC boost converter is bring
into play. Principally, the boosted output voltage of
PV panels is DC. So for profitable principles it
desires to be changed into AC since the majority of
the loads works on AC. MLI’s play’s major role in
the PV arrangement to change the generated DC
voltages to AC, so to be feed to the loads. A range
of predictable topologies of MLI are employed for
transfer of DC to AC. This topologies are NPC MLI
(Neutral point clamped MLI), FC MLI (Flying
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capacitor MLI) and CHB MLI (Cascaded H-bridge
MLI) [10, 4 ]. NPC MLI involves extra no. of
diodes and FC MLI needs extra no. of capacitors
due to balancing of voltage prerequisite. In CHB
MLI as the levels increases in it, it needs to engage
more PV panels with respect to its levels increased.
The switches in MLI describe price, the dimension,
consistency and complication of the circuit. So no.
of switches plays vital role in designing MLI with
respect to its voltage levels. Then a new concept
draws the attention of “reduction of switch”.
Discovering the accessible crucial 7-level
topologies, diminution of switch was prepared from
12 switches to 10 then to 9, 8, 7 and subsequently to
6. Endeavoring at dropping the switches to the
utmost likely amount and dropping difficulty, the
novel topology is established for 7-levels with 5
switches, and this would be the smallest amount
possible reduction. The novel PV based 5S-7L MLI
is proposed in the work which is obtaining same
output as of 7-level CHB MLI.

There are a lot of accepted methods employed to
diminish the harmonics in position to obtain an
effectual outcome. The accepted methods for
elevated switching frequency are (SPWM)
Sinusoidal PWM and (SCPWM) Space Vector
PWM. SVPWM and SHE technique are used for
low switching frequency methods are [2]. The
negative aspect of SPWM technique is as, it cannot
entirely abolish the lower order harmonics. Because
of this it leads to foundation of loss and elevated
filter necessity is required [1].

SVPWM technique can’t be useful for
unsymmetrical DC voltages. SHE (selective
harmonic elimination) technique work out
dissimilar non linear equation’s as well as provides
enhanced most favorable outcome for MLIs [3]. So
in this work of paper harmonic elimination
technique based on PWM technique is employed to
diminish specified lower harmonics like 3", 5"and
7™ from the output voltages of MLI.

This work recommends a 1-¢ 5S-7L MLI
incorporated with PV arrays. The goal of the
projected PV based 5S-7L MLI is to boost the level
of voltage output with reducing the number of
switches. A MMIC MPPT method through boost
converter is employ for substitute every DC input of
recommended 5S-7L MLI. The use of detached
boost converter is by abolishing further regulator to
stable the DC linkage voltages.
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The layout of manuscript report is as pursue:
Section 2 portrays the modeling of PV array.
Section 3 demonstrates the arrangement of DC-DC
Boost converter. Section 4 illustrates the need of
MIC MPPT technique for pull out peak power from
the PV panel. The PV based 5S-7L MLI is
explained with its switching scheme with its
comparison with existing topologies is portrayed in
section 5 and 6 correspondingly. PWM technique
with SHE is described in section 7. Results achieved
with MIC MPPT with and without DC-DC Boost
converter and proposed topologies output voltage
with and without filter is with reduced THD of both
is presented followed by conclusion in section 9 and
10 respectively.

II.  MODELING OF PV ARRAY

Solar cells contains of P-N junction put together on
a layer of silicon. When a P-N junction is out in the
open to light of sun the electrons gets excited from
photons outcome in the configuration of couple of
holes and electrons [4]. The flow of current is
resulted when holes and electrons coupled whenever
the outer load is connected. The output of a lone
solar cell is small (as 0.5V). So in realistic
appliances, these solar cells are associated in a
range of series and parallel construction to obtain
the preferred ratings. Fig. 1 shows the construction
of these solar cells.

Sun Light
-(Energy)
metal grid—_
n-type Semiconductor
layers
p-type

metal base—
Fig. 1: construction of solar cell

We can surrogate PV cell to a comparable electrical
and electronics circuit which contains a supply
source, resistors and diodes as shown in Fig. 2.

Fig. 2: Ideal circuit for Photovoltaic cell.
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By using nodal technique,

I'=1Ipy—1Igy
(1)
Iy = I [exp() — 1]
(2)
I=1Ip,~ I, [en () - 1]
(3)

Eessential eqn. after the enclosure of all the
supplementary constraints,

V4+IR\ V+IR,
1= (L) -
(4)

Here,

lov = current generated by sunlight
lg1= diode current

I= Output current of PV cell

V= voltage of PV cell

K= Boltzmann Constant

Rs= Series Resistance

Rp= Parallel Resistance

l,= leakage current of diode

Q =charge of an electron

N=ideal factor of diode.

Kn

For having the high quality of any solar cell, R,
desires to be extremely big and Rs should be very
diminutive. Fig. 3 illustrate the P-V and V-l curve
& PV cell depends on MPP, Isc and Voc[10].

A
/ Pnpp

1-\/ Curve

Cell Current

V mpp | Voc
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lsc 8.89A

Temperature coefficient of 1s(KI) (0.065 £ 0.015)%/°C

1. DC-DCBOOST CONVERTER

For maintaining the steady
voltage of load and to provide
requisite. DC voltage, a DC-DC
Boost converter is used between the
inverter and PV array [7]. For
continuous conduction, the input and
output relation of voltage for can be
defined as :

Vo 1

Vin 1-D
(5)

Where, D is duty cycle, input
and output voltages of boost
converter are Vj, and V, respectively.
When D enhance from 0 to 1, then
Vo>V\n. Fig. 4 deploys the circuit
diagram of DC-DC  boost
converter with PV.

__r*k*lw ﬂlr&q

I

> T T

<+ SW !Dl C,—— R|0a§ Vo
t

“GND

fi

Fig. 4: System pattern for Boost converter with PV.

IV. MODIFIED IC-MPPT TECHNIQUE

Cell VVoltage

Fig. 3: P-V and V-I curve of Solar cell.

Table 1: Electrical uniqueness information of
Solar Panel at STC [4]

Parameter’s Value’s
Peak power (Pyx) 140W
Voltage at Ppi(Vimpp) 17v
Current at Py(lmgp) 8.24A
Voc 21V

Published by: The Mattingley Publishing Co., Inc.

The modified incremental conductance
(MIC) technique is result of differentiate
the power of PV with respect to (wrt)
voltage and set the result equals to zero
[9, 20]. Which is exposed in the
following eqn: The numerical valuation of
MIC technique is as pursu
P=V x| Pertaining the chain rule,
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dap _[d(VI)]

v  av

(6)

At MPP, as a9
dv

a_ 1

dv =~ Vv

(")
(8)

Where, di/dV is IC and I/V: Instantaneous

conductance.

Eqn. 8 point out that MPP can be initiated by

evaluating instantaneous conductance with IC. Fig.

5 illustrates the flowchart of this algorithm which
works in three zones which is deployed in Table 2.

Table 2: Method of MIC MPP

Prior to MPP Following On MPP
MPP
d_P>O d_P<O d_P 0
dv dv dv
or or or
d_P+l>0 d_P+l<O d_P+l 0
dv VvV dv VvV dv VvV

é

Read : V(k)and 1(k)

AV =V (K)-V (K -1)
Al =1(K)—1(k-1)

!N

0
< -

Ry (k+1) R (K+1) Ry (K-+1) Ry (k+1)
=Ru®)+P, | | =R, (-P, =Ry (K)-P, —R, (K)+P,
1 Y

l

Fig. 5: Basic Flow chart of MMIC MPPT

technique.
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V. REDUCED SWITCH MULTILEVEL
INVERTER(5S-7L MLI)

The practical building block of the PV based MLI
arrangement is revealed in Fig. 6. The improved
output voltage from PV array is fed to the 5S-7L
MLI to acquiesce an AC voltage with fewer THD

o Vac
9 _ —_—
7 \\‘\\ DC-DCBoost 17220 Multilevel | seepped AClo
Tin Converter DC voltage output 0a
irradiation : I Inverter ,_,L

Fig. 6: Projected arrangement with cascaded MLI

a. Operation of 5S-7L ML
The recommended 5S-7L MLI arrangement
contains series linked sub MLI building block,
which settle on the level of waveform [4]. The
arrangement moreover contains straightforward full
bridge MLI arrangement, which assist in polarity
turnaround (sine waveform). It is exposed in Fig. 7.
The switching scheme for essential element is
exposed in Table 3.
It can be without difficulty unstated that sole
essential sub ML is capable to generate two voltage
level (VDC and 0) by interchange toggle of S1 and
S2.
To produce VDC crossways the terminal of the
levels production part (Vo) the series switch
S1 be supposed to triggered as high (1) and switch
in parallel S2 be supposed to be low (0) on that spot
[5].
Likewise, for production of 0" level, S2 be
supposed to high (1) to create a short circuit
pathway crossways VDC and S1 must be in low (0)
[4,6]. The level production elements are linked in
sequence and the final voltage is as specified in eqn.

9).

Vo =
(9)

Vo1 + Vo2 +o..+ Von
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c. Existing Topology

KT 1. 7-level with 10 switches: As stated

J_'LJ:I__‘ above in this work, the flexibility on
MLI can be increased by reducing the

no. of switch count [12]. Fig. 9 shows

vbC —* H—= Vo the simulation of this topology is which
I S q Zl necessitate 3 DC sources with 10
switches for generating a 7-level output.

Small amount of apparatus are exploit in

contrast to a conventional MLI [11].

Fig. 7: production circuit of sub levels j@
Table 3: The switching table for essential
element: - SﬂL
State Switching state | Voltage levels 1 . S
Vo) J;E& J;@
S1 S2
1 1 0 Vic T e H 7;
2 0 1 0 vbc ng
b. Conventional Topology —
A 1-¢ 7-level CHB MLI arrangement contains 3

i.e. +Vpg, 0, and —vpc [11, 18] voltage levels can be
given by

m=(n+2)2 (10)
Where, 7 is the no. of Switch in the arrangement.

DC source and 12 switches is exposed in Fig. 8. M= H= =
Every 1-¢ H-Bridge can create three output levels, %mﬂ%r Sﬂﬂ/ } Sﬂ@ sﬂ {é&

Fig. 9: 7-level, 10 switch MLI

2. T7-Level with 9 Switches: The topology

CHE-MLI deployed in Fig. 10 consist of 3 DC
source, 1 H-Bridge consist of 4 switches
Sﬂ@ 33, and then the next 5 additional switches
PV Systemwith | _| e for generating staircase 7-level, for +ve
MPPT and Boost|
Converter [ | S4 @ 524@ B ! & -ve half cycle. [6,13].
—
87 vDC
PV System with @ @ S6
MPPT and Boost| + V, W o L s8 H
Converter [ ]
"3 “KF L
| 894@ )
PV System with | | + L
MPPT and Boost - vpe = =
Converter [ | S12 S10
05 FAYCR VA VAN A
Fig.8: Shows 7-level Conventional MLI H

Fig. 10: 7-level, 9switch MLI
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3. 7-Level with 8 Switches: This topology
which is deployed in Fig. 11 consist of 3
DC source with 8 switches is proposed.
The no. of switch is summarized to eight
comparing to the conventional topology
with 12 switches.

-

vbDC — _

JTARE 7

=
AR VAN

Fig. 11: 7-level, 8 switch MLI

[T

4. T7-Level with 7 Switches: This topology
deployed in Fig. 12 and is prepared with
3 DC source and 7 switches. Single H-
Bridge there is generally for
polarityvary. Here, 3 switches perform at
a instance for levels production[6,16]

L
I

vbC —

41/

iy

LOAD

Ja% B

Fig. 12: 7-level, 7 switch MLI

VvDC

1|
o
il
™~

5. 7-Level with 6 Switches: This is a
unique arrangement containing 4 DC
source and 6 switches. S6 switch across
the load is employed for zero level. S1,
S2, S3 employed for level production

Published by: The Mattingley Publishing Co., Inc.
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and S4, S5 switches used for polarity
varying. Fig. 13 signify the arrangement
of this topology [6,14]

L

vbe
A
L Tg

vVDC ___

)

|

l
[%2)
(o)

{0
ey
04

Fig. 13: 7-level, 6 switch MLI

vboC

"

h 4 [ T S3
VDC ﬁ

)

d. Projected 5S-7L MLI Topology:

The projected 7-level MLI as revealed in Fig. 14 is
a propos of spruce up of accessible by removing 1
switch from 6-switch topology conquering the mark
of 5 switch arrangement. The circuit accordingly
attain is the straightforward plan evaluate to
predictable and every extra obtainable topologies.
The proposed topology contains four PV panels for
7-levels and for 9-level, 5 PV panels and
furthermore.
Proposed expression for level of output voltage is
the novel topology projected is

y=2%-3 (11)
Where, y =no. of levels of output, x = no. of
switches

y=2*z-1
(12)

Where, z = No. of PV panel.

The plan of pulse production circuit create the
topology vary from further so as to attain the only
one of its kind of pulse model to activate the
switches at the correct time. So the use of 4 PV
panel for production of 7-level MLI outcome in
fewer operation of panels, reduction of switch
paybacks in short switching loss. H-bridges are not
employed. Two switches engage in recreation the
function of reversal of polarities [5, 6]. Projected
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PV based 5S-7L MLI, proposed MLIs waveform of
voltage by way of corresponding switching states is
deployed in Fig.14 and 15 respectively. The
switching scheme of projected topology is proposed
in table 4.

PV Boost Convert ter

ystem L
e |
PV
an | L Gate i ivber
“V Pulse —

2
PV > — —\Sl }—‘4‘
re Gate ¢t  ivbDC2 ZE
pulse ] sS4 H

L
»l
e

L ¢ Gale ¢t ivpcs s2
MPP Pulse 1

:

s ] [ ] l
= [ [ 1 [ ‘
* | ] ] ‘
- I

ss \ \

Fig. 15: PV based 5S-7L MLIs voltage waveform
with equivalent switching states.

Table 4: Switching scheme of projected topology

S. No S S S S S | Output
1 2 3 4 5
1 0 0 1 0 1 | +Vpc
2 0 1 0 0 1 | +2Vpc
3 1 0 0 0 1 | +3Vpe
4 0 0 0 0 0 0
5 1 0 0 1 0 | -Vbc
6 0 1 0 1 0 | -2Vpc
7 0 0 1 1 0 | -3Vpc

Published by: The Mattingley Publishing Co., Inc.
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The Proposed 5S-7L MLI arrangement for
producing different output voltage levels.

4‘;
[Vl —
sl
— =
. @
Y/l
|
voc |+ s2
T
< ﬂﬁéi
N
e — ,:,d‘ s3
‘

(@) For +Vpc

. Lo
VDCti ‘5 HLSS o m—
(b) +2Vpc

vDC 4&
|

vDC |

vDC

VvDC

(C) +3Vpc
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vDC !

VD€ |

VDC |

‘Lr

125

4400

T

S

40«0
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s
wo |+ e
/A
VDCii J
(9) -3Voc

Fig. 16: The Proposed 5S-7L MLI arrangement for
producing different output voltage levels. (a) +Vpc,
(b) 2VDc,(C): 3VDc,(d): OVpc, (e): -Vpc, (f) -2Vpc,
(g) -3Vpce

VI. EVALUATION OF PROJECTED 5S-7L MLI wWITH
STATE OF ART TOPOLOGY':

This part elaborates the evaluation of projected
topology of 5S-7L MLI is with the various existing
topologies of MLIs. In this work of paper various
existing topologies have discussed and the
comparison of those topologies with the proposed
topologies is discussed in the table: on the basis of
no. of DC source, no. of switches, no. of discrete
diodes, no. of levels in output, standing voltage on
each H-bridge switches, no. of gate drivers.

9751



g\ =

— N

Engineering & Management

Table 5 demonstrates the Evaluation of these existing topologies.
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é::EV 7-LEVEL, 7-LEVEL, 7-LEVEL, 7-LEVEL, 7-LEVEL, PROPOSE
INBUILT CHB 10SWITCH[1 9SWITCH[1 8SWITCH[1 7SWITCH 6SWITCHJ1 D 5S-7L MLI
MLI[10] 2] 3] 4 [16] 5] TOPOLOGY
No of
DC source 8 3 3 3 3 4 4
No of
switches 12 10 9 8 7 6 5
No of
diodes NA NA NA NA NA NA NA
No of
level in 7 7 7 7 7 7 7
output
No of
gate drivers 12 10 9 8 7 6 5

Table 5: Evaluation of single-phase seven-level MLI topologies

Now the proposed topology of 5S-7L MLI is
analyzed with conventional DC MLI, CHB MLI and
FC MLI. The projected 5S-7L MLI needs (m+3)/2
no. of switches for creating m voltage levels output,
though CHB MLI requires 2(m— 1) switches per
phase for same voltage level output. Fig. 17(a)
shows that proposed topology requires fewer switch
to produce same out voltage level. Table 6
elaborates the comparison of projected 5S-7L MLI
with CHB MLI, DCMLI, FCMLI on the basis of no
of capacitor, diode, switch, dc source. Table 6:
comparison of 7-level 5S-7L MLI with other
topologies.

capgcci)fo?f 14 6 NA NA
diyd?f NA >7 NA NA
swli\ighOf 10 10 12 5
Sgl.?r(?; & NA NA 3 4

Here the dimension, volume and price of the MLI is
considered as Fc. The coefficient Fc can be defined
as follows:

Fc = Ndc x Ns x Ndriver x Nvr (13)

Fig. 17(b) deployed the variation of coefficient of
the F. wrt m voltage levels. The projected 5S-7L
MLI is better than CHB MLI, DCMLI and FCMLI
which indicates the dimension and price in aiming
this is compacted as compared to others [7].

However, the 5S-7L. MLI doesn’t need any diode
and capacitor like a CHB MLI. But, (m—1)(m—2)

Published by: The Mattingley Publishing Co., Inc.

additional diodes per stage are required for DC
MLI. FC-MLI needs (m — 1)(m —2)/2 capacitor per
stage. The evaluation of the no. of DC source for
conventional topologies with 5S-7L MLI is
deployed in Fig. 17(c). For producing m voltage
levels, CHB MLI use (m — 1)/2 DC sources with
(2m-1) switches and RSMLI needs (m+1)/2 DC
sources with (m+3)/2 switches, where only 1 DC
source is require with (m-1) bus capacitors for FC
MLI and DC MLI.

400

DC MLI, FC MLI, CHB MLI
[ 5S-7L MLI

150 - 1 l
100

n . . . . . .
20 40 60 80 100 120 140
Number of levels

Number of switches
N
o
o

I I
160 180 200

X 106

5S-7L MLI

CHB MLI

|

150 FC MLI, DC MLI i
| !

0.5 /
% 50 100 150 200

Number of levels
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100

801

60 5S-7L MLI, CHB MLI

DC MLI, FC MLI
40/

Number of DC sources

201

20 40 60 80 100 120 140 160 180 200
Number of levels

Fig. 17: comparison of proposed 5S-7L MLI with
convention topologies on the basis of (a) No. of
required switches (b) coefficient variation F. (C)No.
of dc source on the basis of No. of voltage levels.

vil. HARMONIC ELIMINATION BASED PWM
TECHNIQUE

For producing a high functionalized AC waveform
with less losses and THD, power converter switches
must be controlled with diminished switching
frequency. SHE PWM technique is one of the
various techniques generally employed to manage
the MLIs to perk up the V/I quality [11] for
removing unambiguous harmonics of lower
order[2]. SHE PWM technique analyzed the
staircase waveform by using Fourier series
expansion study by solving the objective functions.
In this way, the comprehensive waveform of

staircase output can be articulated as follows:

V()= A sin(na,)
(14)

where , A, is the magnitude of n™ harmonics.

For an output with symmetrical quarter wave,
harmonics with even-order id not present.
Consequently, on the basis of magnitude of each
harmonics, a, can be articulated as
follow 4, = 4::5_""_ {cosne, + cosng, 4+ cosneg)

(15)

Here, Vpc is the base voltage

A 7-level arrangement is taken in this paper. So, dc
voltages are,

Var = Vao = Vas= Vas= Va this technique is
specified to remove the targeted harmonics also it
completes the essential required fundamental
components too [10]. So, the collection of equations
for ignoring the odd level harmonics can be uttered
as follows:

Published by: The Mattingley Publishing Co., Inc.
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4V

a;= {cosoy +oosmy+eos; J=m
4Vpe
4:=

. (cos3o;+cos3mytcosda; =0

S

Vi

a;= ({cosioy+cosioytoosiog =0
e

_4‘;—]3&

i

a- (cos?al—cos?az—cos?l:g:l#) (16)

Where, « is the switching angle.

The modulation index of the ML is given by,

mi=——1__ 0<mi<l
(4Vye /)

(17)

Vvill. RESULT AND ANALYSIS

The work proposed in the paper carry out on the PV
based DC-DC Boost converter using MMIC MPPT
method integrated through 5S-7L MLI with filter
using SIMULINK/ MATLAB software. A regulated
duty cycle is employed to control the load power of
boost converter which is deployed in Fig. 18 for
Boost converter 1. Under the changing temperature
and irradiance the proposed 5S-7L MLI is
connected to a separate PV panel individually with
boost converter and MPPT technique. The output
voltage and current of PV panels is depicted in Fig.
19 without being boosted by the Boost converter.
As the output voltage of PV panel is not appropriate
so DC-DC boost converter employed in proposed
topology which improved the voltage from 85 to
360Volts approximately which is shown in Fig.20.
The output power obtained for PV panellwithout
boost converter shown in Fig. 21 The output which
is obtained by boost converter is not best suited for
the various loads. So now the boosted output is
appropriate for proposed topology with less
oscillation.

1
0.8

0.6

0.4

0.2

0
0 0.5 . 1 15
Time (sec)

Fig. 18: Duty cycle of boost
converter 1
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(d) Fig. 20: Voltage output of each PV panel with Boost

Fig. 19 : The voltage output of every PV panel converter: (a) panel 1, (b) panel 2, (c) panel 3, (d)
devoid of Boost converter: (a) panel 1, (b) panel 2, panel 4.

(c) panel 3, (d)panel4.
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Fig. 21: Output power attained for every PV panel
devoid of Boost converter.

The various switches of projected topology are
triggered by PWM signals. The voltage output of 1-
¢ 5S-7L MLI with and without filter for non linear
R-L load is shown in Fig. 23(a) and Fig. 22(a)
respectively. THD present in the output is compared
and find that THD present in non filter voltage
output is 7.44% and THD present in voltage with
filter is 3.85% at 50Hz frequency which is shown in
Fig. 22(b) and 23(b) respectively, which deploys
that using filter circuit minimizes the THD and
simulated voltage waveform presents that the lower
order harmonics are almost removed from the PV

based proposed multilevel inverter.
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Fig. 22 (a) Voltage waveform of projected MLI
without filter, (b) FFT investigation of projected
MLI without filter
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Fig. 23 (a) Voltage waveform of projected MLI
with filter, (b) FFT investigation of projected MLI
with filter

IX. CONCLUSION

The 7-level PV based 5S-7L MLI with MIC MPPT
and DC-DC Boost converter technique with only 5
switches is effectively proposed imitating the
circuitry using MATLAB/SIMULINK. A stepped 7-
level voltage output with and without filter cases are
also presented. And THD of output voltage with and
without filtered are compared. By using filter circuit
the staircase voltage waveform of 5S-7L MLI is
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improved. The no. of output levels increased with
fewer no. of switches, which depicts the excellent
feature of PV based 5S-7L MLI. The SHE based
PWM technique is employed to trigger and control
the switching pulses of switches of MLI. And using
SHE, the lower order (3", 5™ 7™ harmonics are
eliminated resulting in minimum THD.

In the paper, the proposed PV based 5S-7L MLI is
compared with other existing topologies on the
basis of no. of dc sources, no. of switches, no. of
discrete diodes, no. of levels in output, standing
voltage on each H-bridge switches, no. of gate
drivers is done and also comparison of proposed
topology is done with other conventional topologies
of MLI is also performed.

REFERENCES

[1] R.K. Kumawat, D.K.Palwalia, “A Novel PWM
For Asymmetric Multilevel Inverter Based on
Half Bridge Module”,Power India International
Conference, Page no.1-5, 2016

[2] B.Ashok, A.Rajendran, “Selective Harmonic
Elimination of Multilevel Inverter Using
SHEPWM Technique”, International journal of
Soft Computing and Engineering, vol.3, no.2,
page no.79-82, 2013

[3] Kaibalya Prasad Panda, Sze Sing Lee, Gayadhar
Panda, “Reduced Switch Cascaded Multilevel
Inverter With New Selective Harmonic
Elimination Control for Standalone Renewable
Energy System”, IEEE Transaction on Industry
Applications, vol.55, no.6, page no.7561-7574,
2019

[4] R. Sridhar, Snehamoy Dhar, Subhranshu Sekhar
Dash, “Performance analysis of a stand alone PV
system with reduced switch cascaded multilevel
inverter”’, International Journal of Power and
Energy Conversion, vol.6, no.2, page no.107-127,
2015

[5] Ebrahim Babaei, Seyed Hossein Hosseini, “New
cascaded multilevel inverter topology with
minimum no. of switches”, Energy Conversion
and Management, vol.50, no.11, page no.2761-
2767, 2009

[6] S. Umashankar, T.S. Sreedevi, V.G.Nithya, D.
Vijayakumar, “A New 7-Level Symmetric
Multilevel Inverter With Minimum No. of
Switches”, ISRN Electronics, vol.2013, page
no.2-9, 2013

Published by: The Mattingley Publishing Co., Inc.

May — June 2020
ISSN: 0193-4120 Page No. 9744— 9757

[7] Yatindra Gopal, Dinesh Birla, Mahendra
Lalwani, “Reduced Switches Multilevel Inverter
Integration with Boost Conversion Photovoltaic
System”, SN Applied Sciences, vol.2, no.1,2020

[8] Priyanka Sen, Prabhat Ranjan Bana, Kaibalya
Prasad Panda, “Firefly assisted genetic algorithm
for selective harmonic elimination in PV
interfacing reduced switch multilevel inverter”,
International Journal of Renewable Energy
Research, vol.9, no.1, page no.32-43, 2019

[9] Mohamed A. Eltawil, Zhengming Zhao, “MPPT
techniques for  photovoltaic  applications”,
Renewable and Sustainable Energy Reviews,
vol.25, page no.793-813, 2013

[10] Yatindra Gopal, Dinesh Birla, Mahendra
Lalwani, “Selected Harmonic Elemination for
Cascaded  Multilevel Inverter Based on
Photovoltaic with Fuzzy Logic Control
Maximum Power Point Tracking Technique”,
Technologies, vol.6, no.3, page no.2-17, 2018

[11] Kaibalya Prasad Panda, Gayadhar Panda,
“Application of Swarm Optimisation-based
modified algorithm for selective harmonic
eleminaion in reduced switch count multilevel
inverter”, IET Power Electronics, vol.11, no.8,
page no.1472-1482, 2018

[12] Najafi, E., Yatim, AHM., “Design and
implementation of new multilevel inverter
topology”, IEEE Trans. Ind. Electron., 2012, 59,
(11), pp. 4148-4154

[13] Nedumgatt, J.J., Kumar, D.V., Kirubakaran, A.,
et al.: ‘A multilevel inverter with reduced no. of
switches’. IEEE Students’ Conf. on, Electrical,
Electronics and Computer Science (SCEECS),
March 2012, pp. 1-4

[14] ElI-Naggar, K., Abdelhamid, T.H., “Selective
harmonic elimination of new family of multilevel
inverters using genetic algorithms”, Energy
Convers. Manage., 2008, 1, (49), pp. 89-95

[15] Chitra, A., Himavathi, S., “Reduced switch
multilevel inverter for performance enhancement
of induction motor drive with intelligent
rotorresistance estimator”, |ET Power Electron.,
2015, 8, (12), pp. 2444-2453

[16] Lakshmi, T.V.V.S., George, N., Umashankar, S.,
et al.,, “Cascaded seven level inverter with
reduced no. of switches using level shifting PWM
technique”. IEEE Int. Conf. on Power, Energy

9756



T HES'T

Engineering & Management

and Control (ICPEC), February2013, pp. 676—
680

[17] Cecati C, Ciancetta F, Siano P (2010) A
multilevel inverter for photovoltaic systems with
fuzzy logic control. IEEE Trans Ind Electron
57:4115-4125

[18] Upadhyaye H, Gopal Y, Birla D (2019), “THD
analysis for PV based cascaded multilevel
inverters with MPPT technique”. In: Proceedings
of international conference on sustainable
computing in  science, technology and
management (SUSCOM-2019), February 26-28,
2019, Amity University Rajasthan, Jaipur, India.

[19] Gopal Y, Kumar K, Birla D, Lalwani M (2017)
“Banes and boons of perturb and observe,
incremental conductance and modified regula
falsi methods for sustainable PV energy
generation”. J Power Technol 97:35-43

[20] Ishaque K, Salam Z, Lauss G (2014) “The
performance of perturb and observe and
incremental conductance maximum power point
tracking method under dynamic weather
conditions”. Appl Energy 119:228-236

[21] Ebrahimi, J., Babaei, E. and Gharehpetian, G.B.
(2012) “A new multilevel converter topology
with reduced number of power electronic
components”, IEEE Transactions on Industrial
Electronics, February, Vol. 59, No. 2, pp.655—
667.

[22] Rodriguez, J., Lai, J. and Peng, F.Z. (2002)
‘Multilevel inverters: a survey of topologies,
control, and applications’, IEEE Transactions on
Industrial Electronics, August, Vol. 49, No. 4,
pp.724-738.

[23] Ahmadi, D., Zou, K., Li, C., et al.: ‘A universal
selective harmonic elimination method for high-
power inverters’, IEEE Trans. Power Electron.,
2011, 26, (10), pp. 2743-2752

[24] Babaei, E.: ‘A cascade multilevel converter
topology with reduced number of switches’, IEEE
Trans. Power Electron., 2008, 23, (6), pp. 2657—
2664

[25] Ebrahimi A, Farokhnia N, Fathi SH (2012).A
hybrid approach for solving nonlinear equations
of SHE-PWM in multilevel inverters. In:
Proceedings of IEEE international conference on
industrial electronics, pp 19621967

Published by: The Mattingley Publishing Co., Inc.

May — June 2020
ISSN: 0193-4120 Page No. 9744— 9757

9757



