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Abstract— The objective of this paper is to operate of an 

induction motor drive at an average device switching 

frequency limited to rated fundamental frequency by using a 

fifteen-level Hybrid inverter. To reduce the number of 

separate dc sources, a three-level transistor clamped inverter 

was used as a cell in the fifteen-level hybrid inverter. The 

switching angles for each semiconductor switch are then 

obtained from optimal fifteen-level waveforms based on the 

criteria to minimize the switching frequency as well as 

unbalance in dc-link capacitor voltages. Simulation results 

obtained from the 1.5-kW induction motor drive show THD 

< 5% for stator currents. Simulation of Hybrid multilevel 

inverter of single phase 15-level Transistor clamped 

multilevel inverter is presented and the output waveforms 

were observed using MATLAB.     
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I. OVERVIEW 

The necessity of increasing power quality in the past years 

leads to the development of inverter due to its efficiency and 

control methods. An inverter is a device which converts the 

direct current (DC) into an alternating current (AC) without 

changing the magnitude. The converter current may contain 

the required voltage and frequency by using the transformer, 

switching devices and control circuits. 

In order to improve the quality of an inverter by 

performing the power conversion in small voltage steps 

resulted in lower harmonics. The output voltage of an AC side 

contains several numbers of discrete levels of equal 

magnitude. The harmonic content of a multilevel inverter is 

reduced, compared to the two levels voltage waveform. This 

method is known as multilevel inverter. Multilevel inverters 

are significantly different from the ordinary inverter where 

only two levels are generated. The semiconductor devices are 

not connected in series to for one single high-voltage switch. 

In which each group of devices contribute to a step in the 

output voltage waveform. The steps are increased to obtain 

an almost sinusoidal waveform. The number of switches 

involved is increased for every level increment. Multi level 

power inverters employ power semiconductor switches in the 

inverter to select the DC voltage source to produce a staircase 

voltage waveform at the output of inverter. The output of a 

multilevel inverter is in the form of staircase waveform, so 

that the harmonics get reduced thereby the voltage gain get 

increased and the power quality increases. 

The general purpose of the multilevel inverter is to 

synthesize a nearly sinusoidal voltage from several levels of 

dc voltages, typically obtained from capacitor voltage 

sources. As the number of level increases, the synthesized 

output waveform has more steps, which produce a staircase 

wave that approaches a desired waveform. Also as more steps 

added to the waveform, the harmonic distortion of the output 

waveform decreases, approaching zero as the level increases. 

As the number of level increases, the voltage that can be 

summing multiple voltage levels also increases. 

Several multilevel inverter topologies are proposed 

over the past few years, the most popular multilevel inverters 

which are mostly used are Diode-clamped, Flying capacitor 

and the H-bridge multilevel inverter. One aspect which sets 

the cascaded H-bridge apart from other multilevel inverter is 

the capability of utilizing different DC voltages on the 

individual H-bridge cell which results in splitting the power 

conversion among high voltage low frequency and low 

voltage high frequency inverters. An alternate method of 

cascading involves series connection of two three phase 

inverters through the neutral point connection of the load. 

An advantage of these cascading inverters is that 

isolated sources are not required for each phase. It should be 

noted that the cascaded inverter system can be considered in 

a different view points. Considering the cascaded inverter as 

one unit, it can be seen that a higher number of voltage levels 

are available for a given semiconductor devices. Capacitor 

batteries or renewable energy sources are used as DC voltage 

source 

 
Fig. 1: Multilevel Inverters Waveform 

Optimization is the act of obtaining the best result 

under given circumstances. In design construction and 

maintenance of any engineering system, engineers have to 

take many technological and managerial decisions at several 

stages. Optimization can be taken to mean minimization since 

the maximum of a function can be found by seeking the 

minimum of the negative of the same function. An 

optimization algorithm is a procedure which is executed 

iteratively by comparing various solutions ill the optimum or 

a satisfactory solution is found. In many industrial design 

activities, optimization is achieved indirectly by comparing a 

few chosen design solutions and accepting the best solution. 

Optimization algorithms begin with one or more design 

solutions supplied by the user and then iteratively check new 

design solutions in order to achieve the true optimum 

solution. 
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Modern Meta heuristic algorithms have been 

developed with an aim to carry out global search, typical 

examples are genetic algorithms (Glod berg 1989), particle 

swarm optimization (PSO) (Kennedy and Eberhart 1995, 

Kennedy et al 2001). The efficiency of Meta heuristic can be 

attributed to the fact that they imitate the best features in 

nature, especially the selection of the fittest in biological 

systems which have evolved by natural selection over 

millions of years. Two important characteristics of meta 

heuristics are: intensification and diversification (Blum and 

Roli 2003, Gazi and Passino 2004, Yang 2009). 

Intensification intends to search around the current best 

solutions and select the best candidates or solutions, while 

diversification makes sure that the algorithm can explore the 

search space more efficiently, often by randomization.           

II. MULTILEVEL INVERTER TOPOLOGIES 

A. Introduction: 

The multilevel voltage source inverter is recently applied in 

much industrial application such as AC power supplies, static 

VAR compensators, drive systems, etc, one of the significant 

advantages of multilevel configuration is the harmonic 

reduction in the output waveform without increasing 

switching frequency of decreasing the inverter power output. 

The output voltage waveform of a multilevel inverter is 

composed of the number of levels of voltages, typically 

obtained from capacitors voltage sources. As the number of 

levels reach infinity the output THD approaches zero. The 

number of the achievable voltages levels, is limited by 

voltage unbalance problems, voltage clamping requirement, 

circuit layout and packaging constraints. 

B. Types of Multilevel Inverter: 

There are three types of multilevel inverter namely 

Transistor-Clamped Multilevel Inverter, Flying-Capacitor 

Multilevel Inverter and Cascaded-Inverters with Separated 

DC Sources. Multilevel inverters include an array of power 

semiconductors and capacitor voltage sources, the output of 

which generates voltages with stepped waveforms with less 

distortion. 

C. Transistor Clamped Multilevel Inverter: 

Recently, the transistor clamped converter topology has 

received increased attention as it provides a simpler approach 

to increase output levels by taking different voltage levels 

from the series stacked capacitors The transistor-clamped 

inverter has the advantage of requiring the same number of 

power transistors as the levels generated, and therefore, the 

semiconductors are reduced by half with respect to the 

previous topologies. A 51-level converter requires 51 

transistors (instead of 100 transistors). Fig. 1 shows the circuit 

topology of a m-level transistor clamped inverter, which 

fulfills 

T = m (1) (3.1) 

In this topology, the control of the gates is very 

simple because only one power transistor is switched-on at a 

time. Then, there is a direct relation between the output 

voltage, Vout, and the transistor that has to be turned-on. 

However, and despite the excellent characteristics of this 

topology, the number of transistors is still too large to allow 

the implementation of a practical converter with more than 50 

levels. 

S1 S2 S3 S4 S5 Van 

0 1 0 0 1 Vdc 

1 0 0 0 1 0.5Vdc 

0 0 or 1 1 or 0 0 or 1 1 or 0 0 

1 0 0 1 0 -0.5Vdc 

0 0 1 1 0 -vdc 

Table 3.1: Switching patterns of TCMLI 

III. FLYING CAPACITOR MULTILEVEL INVERTER 

Capable of solving capacitor voltage unbalance problem and 

excessive diode count requirement in DCMI .Employs 

separate capacitors pre charged to [(nl-1)/(nl-1)x VDC], [(nl-

2)/(nl-1)x VDC] …{[nl-(nl-1)]/[nl-1]x VDC}. Size of 

voltage increment between two capacitors defines size of 

voltage steps in ICMI output voltage waveform. 

 
Fig. 3.2: Flying Capacitor Multilevel Inverter 
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V5=Vd

c 
1 1 1 1 0 0 0 0 

V4=3v

dc/4 
1 1 1 0 1 0 0 0 

V3=Vd

c/2 
1 1 0 0 1 1 0 0 

V2=Vd

c/4 
1 0 0 0 1 1 1 0 

V1=0 0 0 0 0 1 1 1 1 

Table 3.2: 

To generate m-level staircase output voltage, m1 

capacitors in the D bus are needed. Each phase-leg has an 

identical structure. The size of the voltage increment between 

two  

Table 3.2 shows the phase voltage level and their 

corresponding switch states. It shows that state 1 represents 

that the switch is on and state 0 represents the switch is off. 

In each phase leg, a set of four adjacent switches is on at any 

given time. There exist four complimentary switch pairs in 

each pairs, i.e Sa1-Sa’1, Sa2-Sa’2....and Sa4-Sa’4. 
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Table 3.3: Switching Pattern of CMLI 

IV. CASCADED H-BRIDGE MULTILEVEL INVERTER 

The general function of this multilevel inverter is the same as 

that of the other two previous inverters. This multilevel 

inverter using cascaded inverter with SDCS synthesis a 

desired voltage from several independent sources DC 

voltages which may be obtained from batteries, fuel cells, all 

solar cells. This configuration recently becomes very popular 

in AC power supplies and adjustable speed drive applications. 

This new inverter can avoid extra clamping ten diodes or 

voltage balancing capacitors. A single phase m-level 

configuration of such an inverter is shown in Fig. 3.3. Each 

SDCS is associated with the single phase full bridge inverter. 

The AC terminal voltages of different level inverters are 

connected in series. 

 
Fig. 3.3: Cascaded Multilevel Inverter 

By different combinations of the four switches, S1-

S4, each inverter level can generated three different voltage 

outputs, +Vdc, -Vdc and zero. The AC output of each of the 

different level full bridge inverters are connected in series 

such that the synthesis voltage waveform is the sum of the 

inverter outputs. In this topology, the number of output phase 

voltage level is defined by m=2s+1, where s is the number of 

DC sources. 

Table 4.3 shows the phase voltage level and their 

corresponding switch states. It shows that, state 1 represents 

that the switch is on and state 0 represents the switch is off. 

In each phase leg, a set of four adjacent switches is on at any 

given time. There exist four complimentary switch pairs in 

each pairs, i.e Sa1-Sa’1, Sa2-Sa’2....and Sa4-Sa’4. 

V. COMPARISON OF THREE MULTILEVEL INVERTERS 

In high power system, the multilevel inverters can 

appropriately replace the existing system that uses traditional 

multi-pulse converters without the need for transformers. All 

three multilevel inverters can be used in reactive power 

compensation without having the voltage unbalance problem. 

In back-to-back inverter application, however, it is not 

possible to use multilevel inverter using cascaded-inverters 

with SDCSs because a short circuit will be introduced when 

back-to-back inverter are not switching synchronously. 

To overcome such a problem, a transformer having 

one primary winding and several secondary windings can be 

used. On the other hand, the structure of separated DC 

sources is well suited for various renewable energy sources 

such as fuel cell, photovoltaic, biomass, etc. This structure is, 

therefore it is suited for an AC power supply in vehicle 

system utilities. In the adjustable speed drive application, the 

multilevel inverters can be used for a utility compatible 

adjustable speed drive (ASD) with the input from the utility 

constant frequency AC source and the output to the variable 

frequency AC load. The major differences when using the 

same structure for ASDs and for back-to-back interties are the 

control design and the size of the capacitors. Because the 

ASD need to operate at different frequencies, the DC link 

capacitor needs to be large enough to avoid a large voltage 

swing under transient state. It compares the power component 

requirement per phase leg among the three multilevel voltage 

sources inverters. 

The main switches and main diodes, needed by the 

inverters to achieve the same number of voltage levels is the 

same. The transistor clamped converter topology has received 

increased attention as it provides a simpler approach to 

increase output levels by taking different voltage levels from 

the series stacked capacitors The transistor-clamped inverter 

has the advantage of requiring the same number of power 

transistors as the levels generated, and therefore, the 

semiconductors are reduced by half with respect to the 

previous topologies. The number of voltage levels can be 

easily adjusted by adding or removing the full bridge cells. 

VI. NECESSITY OF MULTILEVEL INVERTER 

PWM techniques minimize the magnitude of the harmonics 

but not removed completely. The multilevel inverter is used 

to remove the particular harmonics completely. The 

multilevel voltage source inverter is recently applied in much 

industrial application such as AC power supplies, static VAR 
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compensators, drive systems, etc, one of the significant 

advantages of multilevel configuration is the harmonic 

reduction in the output waveform without increasing 

switching frequency of decreasing the inverter power output. 

The output voltage waveform of a multilevel inverter is 

composed of the number of levels of voltages, typically 

obtained from capacitors voltage sources. As the number of 

levels reach infinity the output THD approaches zero. The 

number of the achievable voltages levels, is limited by 

voltage unbalance problems, voltage clamping requirement, 

circuit layout and packaging constraints. 

VII. HARMONICS AND ITS EFFECTS 

One of the biggest problems in power quality aspects is the 

harmonic contents in the electrical system. Generally, 

harmonics may be divided into two types: 1) voltage 

Harmonics, and 2) current harmonics. Current harmonics is 

usually generated by harmonics contained in voltage supply 

and depends on the type of load such as resistive load, 

capacitive load, and inductive load. Both harmonics can be 

generated by either the source or the load side. Load 

harmonics can cause the overheating of the magnetic cores of 

transformer and motors. On the other hand, source harmonics 

are mainly generated by power supply with non-sinusoidal 

voltage waveform. 

VIII. TOTAL HARMONIC DISTORTION (THD) 

Any periodic waveform contains a set of harmonic 

components. By applying Fourier transformation, these 

components can be extracted. The frequency of each 

harmonic component is an integral multiple of its 

fundamental. There are several methods to indicate of the 

quantity of harmonics contents. The total harmonics 

distortion (THD) which is defined in terms of the amplitudes 

of the harmonics, Hn, at frequency nw0, where w0 is 

frequency of the fundamental component whose amplitude of 

H1 and n is integer. 

IX. RESULTS AND DISCUSSION 

A. Simulation Result 

In this Hybrid multilevel inverter 7 MOSFET is used and thus 

Transistor clamped and H-bridge inverter is forming a hybrid 

topology. Basically the inverter operation is to convert the 

variable DC into an AC. The input dc source is given by using 

rectifier to the transistor clamped circuit. By using pulse 

width modulation technique the triggering pulse given to the 

switches are controlled. 

By using the pulse width modulation control we can 

control the output by changing the magnitude and the 

modulation index value of the reference and carrier 

waveform. Mostly the carrier wave is triangular wave and the 

sampling wave is either we take DC signal as reference or we 

take sine wave. The gate triggering is very important in the 

MOSFET device compared to many semiconductor power 

devices MOSFET device has the fast switching 

characteristics and high speed applications. So this device is 

mostly used in the inverter circuits nowadays. Simulation of 

a 15-level multilevel inverter uses four variable dc sources to 

minimize the harmonics. Four variable dc sources are 

V1=81.5, V2=81.5, V3=81.5 & V4=163. This simulation 

achieves a speedup of 500x and the execution time range is 

20 mille seconds. The output voltage of 15 levels multilevel 

inverter as shown in Fig 6.2.The solution of this approach is 

4.12% of THD by using genetic algorithm as shown in 

Fig.6.3.  

 
Fig. 6.1: Output of 15 Levels multilevel Inverter 

 

X. FFT ANALYSIS OF 15 LEVELS MULTILEVEL INVERTER 

A. Hardware Result: 

In this multilevel inverter 3 MOSFET is used and thus 

cascade and H-bridge inverter is forming a hybrid topology. 

Basically the inverter operation is to convert the variable DC 

into an AC. The input dc source is given by using rectifier to 

the cascaded circuit. Here MSP used to control the output 

voltage of the inverter. By using pulse width modulation 

technique the triggering pulse given to the switches are 

controlled. 

B. Power supply for microcontroller: 

Microcontroller run as 5V DC supply, so AC supply step 

down to 12V and rectified into dc supply and given to 

microcontroller via voltage regulator 

C. Transformer: 

Transformer is a device used either for stepping-up or 

stepping-down of the AC supply voltage with a 

corresponding decreases or increases in the current. Here, a 

center tapped transformer is used for stepping-down the 

voltage so as to get a voltage that can be regulated to get a 

constant 12V. In this project, to satisfy these requirements, 

we make use of 1.0A, 12V-0-12V transformer. 

D. Rectifier: 

A rectifier is a device such as a semiconductor capable of 

converting sinusoidal input waveform units into a 

unidirectional waveform, with a non-zero average 

component. 

E. Fixed Voltage Regulator: 

An IC7805 fixed voltage regulator is used in this circuit. The 

function of this regulator is to provide a +5V constant DC 

supply, even if there are fluctuations to the regulator input. 
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This regulator helps to maintain a constant voltage 

throughout the circuit operation. 

F. Power supply for Driver (opto coupler) Circuit: 

Opto coupler driver circut needs 12V DC supply, so AC 

supply step down to 12V and rectified into dc supply and 

given to Opto coupler driver circuit via voltage regulator. 

G. Fixed Voltage Regulator: 

An IC7812 fixed voltage regulator is used in this circuit. The 

function of this regulator is to provide a +12V constant DC 

supply, even if there are fluctuations to the regulator input. 

This regulator helps to maintain a constant voltage 

throughout the circuit operation. 

H. Operating Voltages: 

Voltage: 4.5 - 5.5V 

Speed Grades: 0 - 16 MHz 

I. Power Consumption at 4 Mhz, 3V, 25°C: 

Active: 3.6 mA 

Idle Mode: 1.0 mA 

Power-down Mode: 0.5 µA 

J. Driver Circuit: 

The IRS2110 is high voltage, high speed power MOSFET 

and IGBT drivers with independent high and low side 

referenced output channels. The Chip shaves several 

applications like motor drives, lighting blast, and switched 

mode power supplies. 

K. Technical Features of IR2110: 

Logic inputs are compatible with standard CMOS or LSTTL 

output, down to 3.3 V logic. 

The floating channel can be used to drive an N-

channel power MOSFET or IGBT in the high side 

configuration which operates up to500Vor600V. 

The IRS2110, has a floating channel which provides 

gate drive for the high side switch. 

32 

XI. CONCLUSION 

In this approach, optimization harmonic function in hybrid 

multilevel inverter using SPWM is proposed. The proposed 

system achieves a smooth start of induction motor and also 

reduces switching frequency. Hybrid multilevel inverter is 

used to speedup the harmonic minimization function at very 

narrow time as well as time consuming process of MATLAB 

function also very healthy. This work provides a powerful 

solution for control of multilevel inverter. 

FUTURE ENHANCEMENT 

The system of Hybrid multilevel inverter can be further 

enhanced to real time application and implementation of 

software will extend to hardware. The optimization of 

harmonic function in hybrid multilevel inverter using 

synchronous optimal pulsewidth modulation technique still 

more improving the control strategy for each inverter than the 

present implementation. 
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