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ABSTRACT

Abstract— An electrical device used for converting DC voltage into AC voltage with multiple
voltage levels is termed as multilevel inverter. Unlike conventional inverters that generate square-
wave or pulse-width modulated waveforms, multilevel inverters produce a stepped waveform with
several voltage levels. The main advantage of multilevel inverters is their ability to lower the
output waveform's harmonic content, resulting in reduced stress on the load and improved
efficiency. They are also useful in applications where high voltage or high power output is
required. Their main drawback is complexity, as they need a lot of batteries and switches. This
article introduces a novel fifteen-level inverter with an asymmetric hexagonal design and uses
MATLAB simulation to study the analysis of THD and harmonics The universal control scheme
is tested experimentally using STM32F4 discovery board and proposed MLI configuration has
been tested using various PWM techniques. It first aims to reduce the number of components.
Additionally, it uses a small number of switching devices to produce each level of output voltage
and has a low total device rating (TDR) and total blocking voltage (TBV). In comparison to
traditional multilevel inverter topologies, the proposed topology uses only eight switching devices

to give fifteen levels at the output.
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CHAPTER I: INTRODUCTION

The first multilevel inverter (MLI) was introduced in 1975, since its invention, demand for DC/AC
power conversion and related applications has been rapidly increasing [1]. Three level is the basic
building block of a multilevel inverter; it like a square waveform [2]. Multilevel level inverter is
widely used for medium and high power systems, because it provides high quality output
waveform with low harmonic distortion.

MLIs are often divided into three categories: Flying capacitor (FC), Neutral
point clamped (NPC), and cascaded H-bridge (CHB). Most published material over the last few
decade’s studies CHB, FC, and NPC topologies in terms of their individual benefits and drawbacks
[3]. NPC (Neutral Point Clamped Inverter) topology, also referred to as diode-clamped topology,
first gained attention when Nabae et al. demonstrated the use of an NPC inverter during
experimentation utilising a pulse-width modulation technique in the 1980s. The clamping diode is
used for the Diode-Clamped Multilevel Inverter to transmit a minimal quantity of voltage. N? is
the total number of components needed for N level voltage generation, which includes (N-1)*(N-
2) clamping diode, 2 (N-1) switching devices linked in series, (N-1) dc link capacitor to split the
dc link into various voltage levels, and one dc source. Diode clamped Multilevel inverters have a
significant disadvantage in that only half of the input dc voltage is produced by them at their peak
voltage, but they also have high efficiency due to the fundamental frequency that is used in all
switching devices. Flying Capacitor Multilevel inverter's configuration structure is similar to that
of the preceding one, with the exception that here, capacitors are employed to limit voltage rather
than diodes. In order to limit voltage, n level flying capacitor inverters combine (n-1) *(n-2)/2
flying capacitors with (2n-2) switching components.

The cascaded H-bridged multi-level inverter (CHBMLI), one of the common
types used in high power moderate voltage circuits, is one such device. There are several cascaded
H-bridge multi-level inverters topologies depending on the input DC voltage source. The first type
of CHBMLI has equal DC voltage supplies; this form of inverter generates high ac voltages by
combining several equal units of the power supply [10]. And the term "classical topologies" is now
frequently used to describe these topologies. The conventional topologies don't likely to have much

that is advantageous as application and component count, complexity, and cost considerations have



a significant impact on multilevel solutions. Because of its modularity and simplicity among the
traditional MLI, CHB has drawn a lot of attention; yet, the topology limitation is a requirement of
an isolated source. [4]. As a result, many topologies and control schemes have been presented in
recent years with a lower device count that combine unidirectional and bidirectional switches of
various ratings [5-6]. There have been several reduced switch MLI topologies introduced, and they
largely are divided into two categories: MLI topologies that are symmetric and asymmetric [7].
Anoop suggested a topology for a fifteen-level inverter, using three capacitors, sixteen diodes, and
sixteen semiconductor components to generate the fifteen levels of output voltage. Due to the
existence of capacitor devices and the high component count in this design, ripple voltage issues
exist [8]. Anand also proposed a fifteen-level asymmetric inverter [9]. While using a comparatively
smaller number of switching devices than [10], still uses a huge amount of components. To address
the current problems, the smallest number of components possible asymmetric multilevel inverter
topology had been introduced. In order to address these issues, a novel fifteen-level inverter with
a hexagonal design is presented in this paper.

The advantage of the suggested topology is that fewer components are
needed: For generating fifteen output levels, it consists of a diode, three voltage sources, and eight
switching devices. The proposed modulating signal reduces the no of active switches as well as
total number of components required for generation per level output voltage. And this topology is

extendable up to n level

1.1 Objective

In order to overcome the problem of distortion in the output voltage waveform caused due to the
presence of harmonics, this project proposes Universal Control Scheme on a Fifteen Level Inverter
topology using MATLAB/SIMULNIK 2016a. The objectives of the work are:

1. To study and simulate a Single-Phase fifteen level voltage source inverter (VSI ).

2. Comparison of proposed topology with the original existing topologies.

3. Comparison of THD ( Total Harmonic Distortion ) in different control techniques.

4. To understand and implement Pulses Width Modulation to reduce the need for filtering



1.2 Problem Formulation

1. In high-power and high-voltage applicants low-level (for eg. Three , five, seven ) inverter have
some limitations in operating at high frequency.

2. Total harmonic distortion (THD) is a significant component of low-level inverters.

3. Low-level inverter doesn’t provide good quality of output waveforms.

4. No of switching component are large in other conventional topologies

1.3 Solution Methodologies

Implementation of a 15-level inverter to mitigate the drawbacks of low-level inverter use:

1. Increasing the level of inverter will make the resultant waveform move toward the sinusoidal
waveform. Increasing the waveform quality.

2. The proposed topology employs less number of DC voltage source to produce high level
voltages and less number of switching devices which also reduces the switching losses.

3. With minimal overall harmonic distortion and no need for a transformer, the proposed Topology

of the multilevel inverter enables high voltage levels.

1.1 Inverter

Most of the household appliances along with other electrical equipment and fixtures purely depend
on AC electricity. Energy demand is increasing day by day globally due to economic growth and
cooling and heating demand. The major concern across the world is fossil fuel expenditure and its
availability. Humankind is facing two major problem currently: the environment climate crisis and
energy crises. Due to these reason we are moving towards Renewable energy sources. Many
countries are working on green energy sources. Most of the renewable sources produces DC
power. In grid connected system it is necessity to convert it in AC. Inverter is a device that convert

DC into AC.

1.2 Multilevel Inverter Types

There are three main types of multilevel inverters:



1.2.1 Diode Clamped MLI

Diode-clamped topology, also referred to as NPC (Neutral Point Clamped Inverter) topology, first
drew attention when Nabae et al. demonstrated the use of an NPC inverter alongside
experimentation utilizing a pulse-width modulation technique in the 1980s.

The clamping diode is used for the Diode-Clamped Multilevel Inverter to transmit a minimal
quantity of voltage. n is the total number of components needed for n-level voltage production,
which includes 2*(n-1) IGBT devices linked in series, (n-1)*(n-2) clamping diodes, (n-1) dc link
capacitors to split the dc link into various voltage levels, and one dc voltage source . Diode clamped
multilevel inverters have a significant disadvantage in that their maximum output voltage is only
half of the input dc voltage, but they also have high efficiency due to the fundamental frequency

that is used in all switching devices.

1.2.2 Flying Capacitor MLI

This inverter's configuration structure is similar to that of the preceding one, with the exception
that here, capacitors are employed to limit voltage rather than diodes. In order to limit voltage,
n level flying capacitor inverters combine (n-1) *(n-2)/2 clamping capacitors and (n-1) DC link

capacitors with (2n-2) switching components.

1.2.3 Cascaded H-bridge Inverters

The cascaded H-bridged multi-level inverter (CHBMLI) is one of the popular forms of multi-
level inverters utilized in high power moderate-voltage circuits. There are several topologies for
cascaded H-bridge multi-level inverters with regard to the input DC voltage source. The first
kind of CHBMLI has equal DC voltage supplies; this form of inverter generates high ac voltages

by combining several equal units of the power supply.

1.3 Advantages of MLI

e Total harmonic distortion (THD) reduces



e High Voltage level obtained

e Staircase waveform quality

e Operates at both fundamental and high switching frequency PWM

e Low switching losses

e High power quality

e Electromagnetic interference reduces.

e They generate less CM, or common-mode voltage. Furthermore, CM voltages can be

eliminated using complex modulation techniques.
1.4 Applications

e High-voltage and Medium-voltage motor drives.
e High voltage dc transmission.

¢ Flexible AC transmission system (FACTS).

e Traction

e Active filtering

e Utility interface for renewable energy systems.



CHAPTER II: PROPOSED HEXAGONAL SHAPED MULTILEVEL
INVERTER

In this study, a special multilevel inverter structure with a hexagonal shape has been proposed. In
this configuration, there are three dc-link voltages, one diode, and eight switching devices to
provide an output voltage with fifteen levels (Fig. 1). The computation of blocking voltage has

been briefly discussed below.

2.1 OPERATING PRINCIPLE

The proposed topology's basic idea is demonstrated in this subsection. Seven positive modes, seven
negative modes and a single zero mode make up the proposed topology's fifteen modes. The
suggested structure requires just eight switching devices and three voltage sources to provide these
fifteen modes. The voltage sources' values are selected in such a way that V2 and V3 must be
two and four times the supply voltage respectively. To avoid a short circuit of dc sources, the
switches (S3, S6) and (S1, S2) are all turned on simultaneously. Tablel provides an illustration of

how this suggested topology functions. Fig.2 presents some voltage generation techniques.

Table 1. Switching states of the proposed topology

Voltage level Active switch Current path
V1+V2+V3 T2,T8,T4,T6 = V3-T2-VI-T8-V2-T4-LOAD-T6-V3
V2+V3 T2,T4,T6,T7 V3-T2-T7-V2-T4-LOAD-T6-V3
V1+V3 T2,T4,T6 V3-T2-V1-D1-T4-LOAD-T6-V3
V3 T2,T1,T6 V3-T2-T1-LOAD-T6-V3
V1+V2 T8,T4,T3,T2 V1-T8-V2-T4-LOAD-T3-T2-V1
V2 T4,T3,T2,T7 V2-T4-LOAD-T3-T2-T7-V2
Vi T4,T3,T2 V1-D1-T4-LOAD-T3-T2-V1
0 T4,T5,T6 T4-LOAD-T6-T5-T4
-Vl T5,T6,T1 V1-DI1-T5-T6-LOAD-T1-V1
-V2 T7,T5,T6,T1 V2-T5-T6-LOAD-T1-T7-V2
-(V1+V2) T5,T6,T1,T8 V1-T8-V2-T5-T6-LOAD-T1-V1
-V3 T3,T4,T5 V3-T3-LOAD-T4-T5-V3
-(V1+V3) T5,T3,T1 V1-D1-T5-V3-T3-LOAD-T1-V1
-(V2+V3) T5,T3,T1,T7 V2-T5-V3-T3-LOAD-T1-T7-V2



-(V1+V2+V3) T5,T3,T1,T8 V1-T8-V2-T5-V3-T3-LOAD-T1-V1

T2

T3
T1

—\1

=3 & }TS &m

|

B

T6

V2 Ll T4

+

C ]
15

LOAD

Fig. 1. Proposed hexagonal-shaped multilevel inverter.

2.2 OPERATING STAGES

The following figures illustrate different operating modes used to achieve various voltage levels.
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Fig. 2. Procedures for generating output voltage levels: (i) 0; (i1))V1; (ii1)V2; (iv)VI+V2 ; (v)V3;
(Vi)VI+V3; (vil)V2+V3; (viil) VI+V2+V3

2.3 Universal Control Technique

In this section, the suggested universal control technique is explained. It can be used with any
multilevel inverter topology because of the way it is designed. Let the total number of level in the
phase voltage for the supplied inverter will be N level .If N level is greater than 3, a voltage source
inverter can function at various waveform’s number of positive levels will also be:

N: (Nleve] - 1 )/2

A sinusoidal waveform of amplitude Arrand frequency frr constitutes the modulating signal
Srep(t) [11]. For sine PWM and low-frequency schemes, there needs to be triangular, constant,
2N carrier signals. The frequency of these carriers is frer and Acar is their peak-to-peak amplitude.
Carrier signals that are higher than the zero level are known as sg,,. ;(t) and those that fall below
the zero level are known as ¢, ;(t), (j = 1to N). The zero reference is positioned in the middle

of the continuous bands that the carrier signals occupy.



Accordingly, the following quantities can be defined:

Index of frequency modulation , P= wear/Wref

"P" determines the output waveform's harmonic profile as well as the power switches' switching
frequency.

Index of amplitude modulation, M=Aet/(N Acar)

The output waveform's peak value and number of levels are determined by the value of "M".
Every time, the modulating signal is compared to each carrier [14]. For each comparison, the
outcome is either "1" if the modulated signal exceeds the carrier, or "0" otherwise. All carrier
signals above the zero reference are affected by this. For each comparison, the outcome is either
"0" if the modulating signal exceeds the carrier or "-1" if the carrier signal falls short of the zero
reference.That is.

Sout,j () =1, for Sper = 55, (1) = 0, otherwise
Sout,j(t) =0, for Sper = Scop i (£)
= -1, otherwise
The results so obtained are combined to create an "Aggregated signal" that is designated as

Sagg(t) Thatis,

N
Sagg () = Z(S;ut,j ®) + So_ut,j ®) )
=1

J

It should be observed that the waveshape of c,44(t) gains the same property as the expected output
voltage. With a certain topology, power electronic switches require real-world driving signals,
which requires the use of logical components and a look-up table to be generated from s,44(t).
Using Boolean operations,

Sq,c(t) are derived from s,44(t) using following criteria:
Sd,t(t) =1if Sagg(t) =]
= 0, otherwise; where,j = —Nto + N

As a result, there will be a total of N level derived signals, each of which will be used to operate

the switches that must remain ON at the voltage level indicated by the output waveform. In order

10



to acquire the switching function Sy, itching (t) for a certain switch, the necessary derived signals

would be sent into an OR gate. The mathematical formulation of the switching function is

Sswitching ) = 1_[ Sa (t)
Where,

sq(t) = 1—54(t)
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| |
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Fig.3 Block Diagram of Universal Control Scheme

2.4 Calculation of Blocking Voltage

Designing multilayer inverters requires careful consideration of the blocking voltages on the
switching devices. Therefore, the problems with blocking voltage have a significant impact on

the price and size of multilevel inverters. When a switch is reverse biased, blocking voltage

11



appears across it. The total blocking voltage in a topology is the sum of the individual blocking
voltages needed for each switch. For the suggested topology, we may obtain the following

equation for total blocking voltage:
V blocking =VSI1+VS2+VS3+VS4+VS5+VS6+VS7+VS8 (1)

Equation (1) results in a total blocking voltage of 28 V, where V is the minimum dc-link voltage.

12



CHAPTER III: CONTROL AND MODULATION TECHNIQUES IN
PROPOSED TOPOLOGY

For MLIs, various types of modulation techniques have been proposed in the literature.
Multiple carriers, which can be saw-tooth or triangular signals, are used in multilevel carrier-
based PWM techniques. The following properties of carrier signals are open to change:
frequency, amplitude, phase of each carrier, and offset between the carriers. Additionally, the
reference wave (modulating signal) allows for injection of zero sequence signals as well as
freedom in frequency, amplitude, and phase angle. So many multilevel carriers-based PWM
techniques can be obtained by applying these combinations. In general, it would be necessary to
have a set of n-1 carrier signals for an inverter with n-levels in the phase voltage [15].

The multicarrier pulse width modulation techniques are as follows

A. Phase Disposition (PDPWM) PWM
All carriers’ signals in this technique are level shifted and phase shifted. The carrier set's zero

reference is positioned in the Centre. A set of phase-disposed carrier waveforms for a 15-level

inverter used to generate pulses can be seen in Fig.4.
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Fig.4 PD technique
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B. Phase Opposition Disposition (PODPWM) PWM

In this method, the carrier signals above and below the zero reference

another, but they are 180 degrees out of phase, respectively.as shown in Fig. 5.
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Fig. 5 POD technique
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C. Alternate Phase Opposition Disposition PWM (APODPWM) Technique.

0.02

The carrier signals in this technique alternately phase-displace by 180 degrees from one
another, as shown in Fig.6.
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D. Variable Frequency Inverted sine carrier PWM (VFISCPWM) Technique

In this technique, the reference wave is an inverted sine wave with variable frequency, and the
sine wave is used as the carrier wave, with the carrier signals having different frequencies from
each other. Whenever the amplitude of the reference sine wave is greater than that of the

inverted sine carrier wave, pulses will be generated using the control technique as shown in
the Fig.7.
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Fig.7 VFISC Technique

E. Inverted Sinusoidal Carrier ISCPWM) PWM

The carrier wave in this technique is a sine wave. In the inverted sine carrier PWM (ISCPWM)
technique reference signal is a sine wave and an inverted sine carrier with a high frequency as
the carrier signal. Combining reference and carrier signals with various modulation
indexes results in low harmonic distortion.
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CHAPTER 1V: SIMULATION AND EXPERIMENTIAL RESULT

4.1 SIMULATION RESULT

MATLAB/SIMULINK R2016a is used to simulate this proposed multilevel inverter topology. The
following are the simulation's parameters: R=10 with dc voltage V1 = 100V, V2=200V and
V3=400V .The switches has been assumed ideal and carrier signal frequency is 10kHz and this
paper has five PWM techniques are used PD,POD,APOD ,ISC and VFISC with different
Modulation Index (MI)[13] .THD of five PWM technique are shown in table 2. In
MATLAB/Simulink, the harmonic spectrum is determined via FFT analysis.
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Fig. 9 Output voltage waveform of 15-level MLI
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Table.2: Comparison of different modulation technique results

Level Modulation Modulation Technique
Index
PD POD APOD VFISC ISC
15 level 1.1 7.61 7.55 7.59 8.07 7.85
1 7.98 7.95 8.04 9.09 8.69
9 9.03 9.01 8.89 9.77 9.50
8 10.65 10.65 10.67 11.21 11.01
Table.3: Comparison of multiple MLI topology
Inverter Topologies CHB NPC Flying- Proposed
Capacitor Topology
IGBTs/Switching 28 28 28 8
Devices
Diodes 0 0 0 0
Clamping diode 0 182 0 0
DC bus capacitor 0 14 14 0
Flying capacitor 0 0 91 0
Dc source 7 1 1 3

4.2 EXPERIMENTAL RESULT

In the paper, the universal control techniques have been implemented to control the MLI. Five
different PWM modulations techniques have been presented on varying modulation index. In
experimentation, a low cost STM32F4 discovery board haven been used to verify universal
technique experimentally. The experimental photograph is shown in figure 16. The discovery
board is fitted with ARM Cortex —M4 32 bit microcontrollers and have fifteen analog to digital
pin (PAO-PA7,PB0-PB1 and PCO to PC5) , two digital to analog pins (PD0-PD1),. In this paper
DAC pins are used to extract the outputs of multilevel inverter. Real-time implementation of
created Simulink models can be readily created and loaded into the board memory by using Keil,

embedded coder target for STM32F4, and other working tools.
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Create a model using Simulink that includes embedded target blocks in accordance with the
applications and accessibility requirements. Before creating any files for Simulink models, ensure
that the primary directory path is correctly located in MATLAB's command window. Simulink
models can be created and executed on a discovery kit by using the Support packages for
STMicroelectronics' STM32F4 exploration board. Simulink blocks for configuring and gaining
access to board peripherals are included in the support package. The STM32F4 blocks' third-party
interface, in addition to MATLAB, is Waijung software. To complete the Waijung block
installation, the user needs install the STM link utility driver. Choose the parameter parameters for
the target arrangement based on your requirements. FIG. 17-19 displays the experimental findings

at various modulation indices.

STM32F4
Discovery Board

Fig.16 Experimental Realization of Universal Control Technique
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CHAPTER V: CONCLUSION

In place of the traditional multilevel inverters, a new fifteen-level inverter with a hexagonal
design was introduced in this study for the grid-integrated system. The number of components was
decreased by the suggested topology. Moreover, it ensures the lowest hardware implementation
cost. The suggested inverter topology is controlled by switching pulses produced by the low-
frequency modulation approach, which also offers the lowest total harmonic distortion. There is
no need for a filter with the suggested inverter. Consequently, in the future power system, the grid-
connected systems are made more reliable, efficient, and compact due to the proposed inverter
topology. The simulation outcomes for an inverter with a 15-level hexagonal design have been
given. It was shown that the inverter's THD varies when different PWM techniques are applied,
and the Phase Opposition Disposition (POD) Method achieves the lowest THD. Reduced device
multilevel inverters have the potential to revolutionize various sectors, including renewable
energy, transportation, industry, and power quality. Continued research and development efforts
in this field are likely to lead to further advancements, improved performance, and increased

adoption of these inverters in future energy systems.

24



REFERENCES

(11 Baker, R.H., Bannister, L.H.: ‘Electric power converter’, US Patent 3 867 643, February 1975
2] A. Nabae, 1. Takahashi, and H. Akagi, “A new neutral-pointclamped PWM inverter,” IEEE
Trans. Ind. Appl., vol. IA-17, no. 5, pp. 518-523,Sep./Oct. 1981.

3] Gupta, K.K., Jain, S.: ‘Comprehensive review of a recently proposed multilevel inverter’, [ET
Power Electron., 2014, 7, (3), pp. 467479

4] Veenstra, M., Rufer, A.: ‘Control of a hybrid asymmetric multilevel inverter for competitive
medium-voltage industrial drives’, IEEE Trans. Ind. Appl., 2005, 41, (2), pp. 655-664

51 Nami, A., Zare, F., Ghosh, A., Blaabjerg, F.: ‘A hybrid cascade converter topology with series-
connected symmetrical and asymmetrical diode-clamped H-bridge cells’, IEEE Trans. Power
Electron., 2011, 26, (1), pp. 51-65

6] Mondal, G., Gopakumar, K., Tekwani, P.N., Levi, E.: ‘A reduced-switch-count five-level
inverter with common-mode voltage elimination for an open-end winding induction motor drive’,
IEEE Trans. Ind. Electron., 2007, 54, (4), pp. 2344-2351

(77 Dhanamjayulu, C.; Meikandasivam, S. Implementation and Comparison of Symmetric and
Asymmetric Multilevel Inverters for Dynamic Loads. IEEE Access 2017, 6, 738-746.

8] Kanaujia, A.K.; Kumar, S. A Reduced Switch Count Hybrid Fifteen-level Inverter for an Open-
End Winding Induction Motor (OEWIM) Drive. In Proceedings of the 2018 8th IEEE India
International Conference on Power Electronics (IICPE), Jaipur, India, 13—15 December 2018; pp.
1-6.

1 Anand, R.; Kamatchi, M. A Fifteen Level Cascaded H-Bridge Multilevel Inverter with Space
Vector PWM Technique with Reduced Number of Switches. Int. J. Inf. Technol. (IJIT) 2016, 2,
17-25.

(10] M. Shamil, M. Darwish and C. Marouchos, "Single phase Multi level inverter with desire
harmonics," 2012 47th International Universities Power Engineering Conference (UPEC),
London, 2012, pp. 1-4

n11K. K. Gupta and S. Jain, “A novel universal control scheme for multilevel inverters,” 6thIET
International Conference on Power Electronics, Machines and Drives (PEMD 2012), Bristol, 2012,
pp. 1-6.

1121S.S. Tomar, N. Agrawal and P. Bansal, "Various Modulation techniques in symmetrical

25



multilevel inverters", International Conference on Energy Communication Data Analytics and soft
Computing (ICECDS 2017) Chennai India, pp. 1322-1327.

113]Nikhil Agrawal and P. bansal, "A new 21-level Asymmetrical multilevel inverter topology with
different PWM techniques", IEEE Conference RDCAPE 2017, pp. 224-229.

141K. K. Gupta and S. Jain, "Control of Multilevel Inverters With Reduced Device Count" in
Modeling and Control of Power Electronics Converter System for Power Quality Improvements,
Academic Press, pp. 121-149, 2018.

isjAgrawal N, Tomar SS, Bansal P (2017) ‘A multilevel inverter topology using reverse-
connected voltage sources.” In 2017 International Conference on Energy, Communication, Data
Analytics and Soft Computing (ICECDS), Chennai, 2017, pp 1290-1295.

6] N. K. Dewangan, D. Kumar, R. K. Nema and K. K. Gupta, "A Bipolar Multilevel Structure for
DC/AC Conversion with Reduced Device Count," 2021 IEEE 2nd International Conference On
Electrical Power and Energy Systems (ICEPES), Bhopal, India, 2021, pp. 1-5, doi:
10.1109/ICEPES52894.2021.9699788.

171 R. R and D. C, "A Novel 25-level Asymmetrical Multilevel Inverter With Reduced Devices
Count," 2021 Innovations in Power and Advanced Computing Technologies (i-PACT), Kuala
Lumpur, Malaysia, 2021, pp. 1-6, doi: 10.1109/i-PACT52855.2021.9696722

26



Appendix



M:fdhav Institute of Technology &Science, Gwalior (M P)
A Gowt. Aided UGC A

utonomous& NAAC Accredited Institute, Estd.In1957, Affiliated to RGPV Bhopal

ELECTRICATL, ENGINEERING DEPARTMENT

PLAGIARISM CHECK CERTIFICATE

This is to certify that I/we, students of B.Tech. in Electrical Engineering
Department have checked my complete internship/project report entitled “Process-

in-Loop Analysis of Universal Control Technique for a Hexagonal-Shaped
Reduced Device Multilevel Inverter” for similarity/plagiarism using the “Turnitin
“software available in the institute.

This is to certify that the similarity in my project is found to be 19% which s within

the specified limit. Full plagiarism report along with summary is enclosed.

Akash Kushwah (0901EE191009) Date: 25 May 2023




?] turnitin Similarity Report 1D 0id'28506236231 384

PAPER NAME
Akash new.pdf
WORD COUNT CHARACTER COUNT
- 4709 Words 24911 Characters
PAGE COUNT FILE SIZE
38 Pages 2.7MB
SUBMISSION DATE REPORT DATE
May 26, 2023 12:22 PM GMT+5:30 May 26, 2023 12:23 PM GMT+5:30

® 19% Overall Similarity
The combined total of all matches, including overlapping sources, for each database.

« 8% Internet database « 14% Publications database

» Crossref database . Crossref Posted Content database
« 12% Submitted Works database

@ Excluded from Similarity Report

« Bibliographic material « Cited material
- Small Matches (Less then 8 words)

ot

Summary




M

Acceptance of Paper (Paper ID: 47) in ISCMCTR 2023, MITS, Gwalior

1 message
Nicsent O 4 May 2023 at 232 pm
Microsoft CMT <email@msr-cmt.org> ™, y
Reply to: Saurabh Kumar Rajput <saurabh9march@gmail.com>
To: Akash Kushwah <akashkushwah47ak47@gmail.com>
" Cc: saurabh9march@mitsgwalior.in

Dear Authors

Thanks for submitting your research paper to International Student Conference on

Technical Research-2023 ) a7,

Technical Program Committee (TPC) of ISCMCTR-2023 is pleased to inform you that your p;p:fcgzag::iiz ol tileve

Title: Process-in-Loop Analysis of Universal Control Technique for a Hexagonal-Shaped Re :ultidisciplinaf/ and

Inverter], has been accepted for presentation in the International Student Confereqce on biected to:

Current Technical Research-2023, MITS Gwalior, and provisionally accepted for publication, subjec

+ Satisfactory revision of paper based on enclosed reviewer comments

- Presentation of paper by one author during the conference on May 20721,2023

. Submission of camera-ready paper with good-quality illustrations using the temp
+Plagiarism should be less than 20% and less than 6% from a single source )
- Completing all registration formalities by at least one author per paper as per 1ns

website and also as given below.

General comments by editors for preparing camera-ready.paper:

Formatting to be according to the template on the website.

Add the latest references.

All the references should be cited using square brackets in the paper.

Look carefully for grammatical errors and correct each.

Reviewer comments are to be addressed in camera-ready paper

Multidisciplinary and Current

late provided on the website

tructions available or

Reviewer’'s Comments:

The manuscript “Process-in-Loop Analysis of Universal Control Technique for a Hexagonal-Shaped Reduced Device
Multilevel Inverter” is presented in proper way. The presented research work is worthy for acceptance.

Few minor corrections in the manuscripts are as follows-

1. Latest references of years from 2019 to 2023 should be added in the manuscript.

2. In order to provide a research path for the upcoming researchers in the similar field, the future scope
of the work may be added in the conclusion.

3. At few places, authors are using the statement “as shown in fig”, but they are not writing the figure
numbers. All the figures must be the properly cited in the text body.

4. Plagiarism in the manuscript is quite high. Reduce the Pilgrims as per the conference guidelines.

Addressing comments or suggestions received during the presentation at the conference, if any, and their
inclusion in the final paper may also be required before publication.

ivbnerersr bt iREGISTRATION PROCESS®hekaamamanas T
Step 1. Implement the Editor’s and Reviewer's comments in the paper.

Step

;. Camera-ready (Final Version) paper should be submitted through the registration link only.
Step 3. Payment for paper presentation will be done using QR Code (PhonePe, Paytm, GPay, etc.) and also through
internet banking. OR code and details are available in the registration form itself.
Last date for registration & submission of the camera-ready paper is the May 10, 2023.
wx ¥ *REGISTRATION LINK: t rms.gle/oMusBFoZdGv7ShUJA

Looking forward to meeting you..!!!
With Best Regards,

ISCMCTR-2023 Organizing Team

For any query, please write us at: iscmctr@mitsgwalior.in

Contact No. Dr. Nikhil Paliwal: 8871313135, Dr. Saurabh Kumar Rajput: 9555969573

PQWH}Oéq the CMT app to access submissions and reviews on the move and receive notifications:
Sk pple.com/us/app/conference-management-toolkit/id1532488001
&8 google.com/store/apps/details?id=com.microsoft.research.cmt

To stop receiving co
nferenc ' .
Profile. g e emails, you can check the 'Do not send me conference email' box from your User

Micros ;
oft respects your privacy. To learn more, please read our Privacy Statement.

Microsoft Corporation




