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Abstract--- As the demand for more reliable and 

high quality power from therenewable energy 

sources is increasing exponentially,amore 

efficient type of dc-ac conversion: ‘Modular 

Multilevel Inverter’ is used. Theoutput 

voltagelevels reduces voltage stresses byadding 

additional cells without across power 

switches.Among the promoted inverter 

topologies,the proposed inverter is efficient as it 

eliminateselectrolytic capacitors and power 

diodes that cause the major power loss in 

theinverters, thus obtaining the same output 

voltage levels with lesser components.To obtain 

very low harmonic distortions, the proposed 

model implements various PWMtechniques such 

as staircase and sinusoidal PWM as gate driver 

circuitsUsing OPAL-RT simulator, the proposed 

model has been implemented. 

Keywords--- Modular Multilevel Inverter, low 

harmonic distortions, PWM techniques, 
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I. INTRODUCTION 

A. Need for a Multilevel Inverter 

Power electronic circuits which are 

capable of providing desired alternating voltage 

level at the output using multiple lower level 

DC voltages at the input are called Multilevel 

Inverters(MLI).Many topologies[1] and [2] are 

introducedto utility scale applications.They 

principally use a dc–ac converter, equipped 

with a mediumfrequency transformer, which 

has been designedto transform the dc input 

voltageto three ac isolatedvoltages. 
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A new MLI topologythat exhibits reduction in 

the components count compared to 

thetopologieswithout changing the output 

voltage levelsnumber has been discussed in [3] 

and [4]. The proposed topology has the feature 

wherein the switches have reduced stresses 

irrespective of the output voltagelevels. 

B. Types of MLI 

There are three types of MLI: 

 Diode clamped MLI 

 Flying capacitors MLI 

 Cascaded H-bridge MLI 

C. Diode Clamped MLI 

The inverter provides multiple voltage 

levels through the different phases of the 

capacitor banks which are in series. A diode 

transfers a limited amount of voltage, thereby 

reducing the stress on other electrical devices. 

The maximum output voltage is half of the 

input DC voltage. This type of 

invertersprovidesa high efficiency because the 

fundamental frequency is used for all the 

switching devices and it is a simple method of 

back to back power transfer system. 

D. FlyingCapacitors MLI 

The inverter uses the capacitors. It is a 

series connection of capacitor clamped 

switching cells. The capacitors transfer the 

limited amount of voltage to electrical devices. 

In this inverter switching states are similar to 

the diode clamped inverter.Clamping diodes 

are not required in this type of multilevel 
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inverters. The output is half of the input DC 

voltage.It can control both the active and 

reactive power flow. However, switching 

losses will be more due to high frequency 

switching. 

 

E. Cascaded H-Bridge MLI 

The cascaded H-bridge multilevel 

inverter uses capacitors and switches and 

requires less number of components in each 

level. Series of power conversion cells are 

present where power can be easily scaled. A 

separate input DC voltage is given for each 

H-bridge which consists of H-bridge cells and 

each cell can provide three different voltages, 

zero, positive DC and negative DC 

voltages. Multilevel cascaded inverters [8] are 

used to avoid usage ofthe bulky transformer as 

required in conventional multiphase inverters. 

 

F. Modular MLI 

 
Fig.1.1 Modular cell 

A relatively new converter topology is the 

modular MLI with distinct advantages in high 

voltage and high power applications, is shown 

in figure 1.1. A modular multilevel converter 

(MMC) is different to other multi-level 

topologies [7] and [10] where increased 

number of levels does not considerably add to 

mechanical and control complexity.The 

proposed topology, shown in figure 1.2, is a 

phenomenal evolution in power electronics as 

it is probably the first time that a more 

expensive converter has been designed to 

replace an economical and virtually simpler 

2-level H-bridge converter. 

 

Fig.1.2.Block diagram of proposed topology 

The basic cell is constructed by combining 

two conventionalthree-phase voltage source 

inverters in distinct manner tobuild a new cell 

that is capable of generating three voltage 

levels acrossthe output terminals (T1and T2, T3 

and T4, and T5and T6)asshown.The basic cell 

utilizes two dc-voltage sources along with 

12switching devices.It is worth mentioning 

that increasingthe number of cells is not 

affecting thevoltage stresses over the power 

switches.Therefore, the proposed topology is 

muchappropriate for low, medium and 

high-voltage applications.. 

G. Sinusoidal Pulse Width Modulation  

Sinusoidal Pulse Width Modulation 

(SPWM) is a technique which can be utilised 

inMLI.In SPWM, comparison of two signals - a 

sinusoidal reference signal and a high 

frequency carrier signal (triangular 

signal)-yields two states (high or low).  

Modulation Index (MI),which is defined as the 

ratio of the magnitude of the reference signal 

(Vr) to that of the magnitude of the carrier 

signal (Vc),controls the fundamental 

component of the output voltage of the inverter 

 

 
Fig.1.3.Simulation block-Gate Control Circuit 
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The above Fig1.3 shows the connections 

for the SPWM signal generation. Two gate 

pulses were generated by imposing the sine 

wave on two triangular carriers in phase with 

each other logically operated and added by 

gates and multiplexer by executing the 

following logical operations on these control 

signals, four switching pulses S1,S2,S3 and S4. 

S1=G2 

S2=complement of G2 

S3=G1* complement of G2 

S4=complement of G1 

The generated switching signals are fed to 

leg A (in Fig.1.9). By using sinusoidal signals 

shifted in phase by -120 degrees and 120 

degrees, the above process is repeated for leg B 

and leg C respectively. 

 

Fig.1.4 PD technique 

 The figure 1.4 shows Phase Disposition  

Technique in SPWM. Here the reference wave 

and the carrier waves which are in phase 

disposition are compared to give Pulse 

Generation. 

Fig.1.5 POD technique 

The figure 1.5 shows Phase Opposite 

Disposition (POD) Technique in SPWM. Here 

the reference wave and the carrier waves which 

are in opposite disposition are compared to give 

Pulse Generation.   

Fig.1.6 APOD technique 

The figure 1.6 shows Alternate Phase 

Opposite Disposition (APOD) Technique in 

SPWM. Here the reference wave and the carrier 

waves which are in alternate opposite 

disposition are compared to give Pulse 

Generation.   

 

 
Fig 1.7.THD for open loop control using PD technique 

The figure 1.7 shows Total Harmonic 

Distortion (THD) for open loop control using 

Phase Disposition (PD) Technique. Here the 

order of harmonics and Magnitude in terms of 

Fundamental frequency is plotted and 

absorbed.   

 
 

 

Fig.1.8. THD for open loopcontrol using POD technique 
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The figure 1.8 shows Total Harmonic 

Distortion (THD) for open loop control using 

Phase Opposite Disposition (POD) Technique. 

Here the order of harmonics and Magnitude in 

terms of Fundamental frequency is plotted and 

absorbed.   

Fig.1.9. THD for open loop control using APOD technique 

The figure 1.9 shows Total Harmonic 

Distortion (THD) for open loop control using 

Alternate Phase Opposite Disposition (POD) 

Technique. Here the order of harmonics and 

Magnitude in terms of Fundamental frequency 

is plotted and absorbed.   

 

II. CLOSED LOOP OPERATION 

The closed loop is, to reduce the Total 

Harmonic Distortion(THD).In order to examine 

the performance of the proposed MLI topology, 

a three-level case-study is simulated, and its 

prototype has been implementedand tested 

forclosed-loop operations. 

A. Block Diagramfor Closed Loop 

Operation 

Fig 2.1. Block Diagram for closed loop 

The figure 2.1 shows the block diagram of 

closed loop. A reference 3phase signal is 

generatedand compared with feedback 3phase 

signal. To simplify this comparison,we convert 

thesethree phasesignals into dq0 signal. The 

transformation isusedin threephase circuits is 

the reference frame which, will be rotated, such 

that they will become DC signal. Then the 

actual dsignal will becompared withreference 

dsignal in first comparator, and theactual q 

signal will becompared withreference q signal 

in second comparator.  The outputs of the 

comparators will be tuned byusing PI 

controllers. 

 

Fig.2.2.Simulation diagram of closed loop control 

The figure 2.2 shows Simulation diagram 

of closed loop control. The obtained three phase 

output is converted into DQ0 signal along with 

a reference (sine)wave and is fed to a PI 

controller along with another DQ0 signal 

obtained from three sinusoidal phase shifted 

waves which is then converted back into three 

phase signal which is fed to the PWM 

generation circuit(represented as subsystem in 

the block diagram),from which we obtain the 

switching pulses for the three legs in the 

modular cell. 
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Fig.2.3.THD for closed loop control using PD technique 

The figure 2.3 shows Total Harmonic 

Distortion (THD) for closed loop control using 

Phase Disposition (PD) Technique. Here the 

order of harmonics and Magnitude in terms of 

Fundamental frequency is plotted and 

absorbed.   
 

Fig.2.4.THD for closed loop control using POD technique 

The figure 2.4 shows Total Harmonic 

Distortion (THD) for closed loop control using 

Phase Opposite Disposition (POD) Technique. 

Here the order of harmonics and Magnitude in 

terms of Fundamental frequency is plotted and 

absorbed.   
 

Fig.2.5.THD for closed loop control using APOD technique 

The figure 2.5 shows Total Harmonic 

Distortion (THD) for closed loop control using 

Alternate Phase Opposite Disposition (APOD) 

Technique. Here the order of harmonics and 

Magnitude in terms of Fundamental frequency 

is plotted and absorbed.   

 

III.  RT-LAB 

 

RT lab allows the user to readily convert 

Simulinkmodels, via real-time workshop, and 

then to conduct real-time simulation of those 

models executed on multiple target computers 

equipped with multi-core PC 

processors.RT-LAB transparently handles 

synchronization, user interaction, real world 

interfacing using I/O boards and data 

exchanges for seamless distributed execution. 

There are four synchronization modes available 

in RT-LAB: 

 Simulation 

 Software synchronized 

 Hardware Synchronized  

 Simulation with low priority 

 

A. OPAL-RT Inputs and Outputs 

The following shows the input and output 

pins available in the OPAL-RT 

 Digital In-32 

 Digital Out-32 

 Analog In-16 

 Analog Out-16 

Of these pins, 12 Digital Out pins were used to 

the generated switching pulses. 

 

B. Generation of Switching pulses 

A sinusoidal wave was generated using 

OPAL-RT which was used for comparing with 

high frequency carrier waves. Six of the twelve 

pulses were fed to Module B subsection 3 of the 

digital out pins and the other six were fed to 

Module B subsection 4.The outputs were 

viewed using CRO.The outputs for the other 

two legs are shifted by –120 deg and 120 deg. 
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Fig.3.1 block diagram of frequency and amplitude  

control of sinewave 

 

The figure 3.1 shows Block Diagram of 

frequency and amplitude control of sine wave. 

Here the frequency and amplitude are 

controlled by gain values of respective blocks.  

 

 

 

Fig.3.2 switching pulse for devices S1 and S2 

The figure 3.3 shows Switching pulse for 

Switches S1, S2. Here the Pulse generation for 

S1,S2 are displayed. 

 

 

 

Fig 3.3 switching pulse for devices S1 and S3 

The figure 3.3 shows Switching pulse for 

Switches S1, S3. Here the Pulse generation for 

S1, S3 are displayed.  

 

 

 

 

 

 

Fig 3.4 switching pulse for devices S1 and S4 

The figure 3.4 shows Switching pulse for 

Switches S1, S4. Here the Pulse generation for 

S1, S4 are displayed.  

 

IV. RESULTS AND DISCUSSION 

 
Table 4.1 Comparison of THD 

 

 

The table 4.1 shows comparison of type of 

configuration and technique used in 

measurement of THD. From the THDs 

measured for various PWM techniques[9] and 

for closed loop analysis it is clear that distortion 

is lesser for closed loop design. Hence this 

design will have better conversion efficiency. 

 

 

 

 

 

 

CONFIG 
TECHNIQUE 
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THD 

OPEN 

LOOP 
SPWM-PD 36.11% 
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SPWM-POD 38.63% 

OPEN 
LOOP 

SPWM-APOD 38.52% 
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SPWM-APOD 23.53% 
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A.  Current and Voltage Waveform 

 

The voltage waveforms for a single 

modular cell have three steps for pole voltages 

and five steps for line voltages. The voltage 

levels can be increased by increasing the 

number of modular cells connected in series. It 

is to be noted that the stress across the 

switching devices remains unchanged 

irrespective of the increase in the number of 

modular cells. Better efficiency is achieved for 

inductive loads. Since commonly used loads are 

inductive, this design proves to be effective. 

 

 

V. CONCLUSION 

The proposed three-level modular multilevel 

inverter is an improvement when compared to 

the previous topologies of multilevel inverters 

in terms of efficiency of equipment. Studies can 

be made with the use of other modulation 

techniques to improve the design the Modular 

Multi-level inverter further. 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES 

[1].   Ahmed Salem, EmadM.Ahmed, Mohamed Orabi, 

and MahrousAhmed,"Study and Analysis of New Three 

Phase Modular Multilevel Inverter,"IEEE Transactions 

Industrial Electronics, vol. 63, no. 12, Dec 2016.          

[2].   A. Salem, E. M. Ahmed, M. Orabi, and M. Ahmed, 

“New three-phase symmetrical multilevel voltage source 

inverter,” IEEE J. Emerging Sel. Topics Circuits Syst., vol. 

5, no. 3, pp. 430–442, Sep. 2015. 

[3].   M. A.Perez, S. Bernet, J. Rodriguez, S. Kouro, and R. 

Lizana, “Circuit topologies, modeling, control schemes, 

and applications of modular multilevel converters,” IEEE 

Trans. Power Electron., vol. 30, no. 1, pp. 4–17, Jan. 2015. 

[4]. K. Gupta, A. Ranjan, P. Bhatnagar, L. Sahu, and S. 

Jain, “Multilevel inverter topologies with reduced device 

count: A review,” IEEE Trans.Power Electron., vol. 31, no. 

1, pp. 135–151, Jan. 2016. 

[5]. E. Samadaei S. A. Gholamian A. Sheikholeslami J. 

Adabi "An envelope type (E-type) module: Asymmetric 

multilevel inverters with reduced components" IEEE Trans. 

Ind. Electron. vol. 63 no. 11 Nov. 2016.  

 

[6]. R. S. Alishah S. H. Hosseini E. Babaei M. Sabahi "A 

new general multilevel converter topology based on 

cascaded connection of sub-multilevel units with reduced 

switching components dc sources and blocked voltage by 

switches" IEEE Trans. Ind. Electron. vol. 63 no. 11 Nov. 

2016.  

 

[7]. Y. Hu Y. Xie D. Fu L. Cheng "A new single-phase π 

-type 5-level inverter using 3-terminal switch-network" 

IEEE Trans. Ind. Electron. vol. 63 no. 11 Nov. 2016.  

 

[8]. E. Burguete J. López M. Zabaleta "A new five-level 

active neutral-point-clamped converter with reduced 

overvoltages" IEEE Trans. Ind. Electron. vol. 63 no. 11 

Nov. 2016.  

[9]    Dr. R. Prema,” Smes Based Dvr Against Voltage 

Sag Using Anfis System” International Journal of 

Innovations in Scientific and Engineering Research 

(IJISER),Vol.3 No.3 pp 23-32 Mar.2016. 

 

[10]. X. Sun B. Wang Y. Zhou W. Wang H. Du Z. Lu "A 

single dc source cascaded seven-level inverter integrating 

switched-capacitor techniques" IEEE Trans. Ind. Electron. 

vol. 63 no. 11 Nov. 2016.  

 

[11]. Q. A. Le D.-C. Lee "A novel six-level inverter 

topology for medium-voltage applications" IEEE Trans. 

Ind. Electron. vol. 63 no. 11 Nov. 2016.

International Journal of Pure and Applied Mathematics Special Issue

2123



8 
 

 

International Journal of Pure and Applied Mathematics Special Issue

2124



2125



2126


