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ABSTRACT:  
As compared with the conventional inverters, a multilevel inverter has many advantages like low voltage THD 

and current THD. A stepped ac voltage waveform is obtained in an H bridge inverter connected in cascade. As 

the voltage output of the multilevel inverter is a stepped wave that resembles that of a purely sinusoidal ac 

voltage, the need for filters is reduced. Along with that due to the reduction in filters requirement the cost and 

volume of the overall system are also reduced. In a multilevel inverter in every stage dc source is connected so 

this technology proves to be attractive for the application of solar photovoltaic panels as solar photovoltaic 

panels also generated electricity in stages.  In this paper, a 27 level inverter is designed in MATLAB Simulink. 

The validity of the design is illustrated from its total harmonic distortion in the results. 
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I. INTRODUCTION 
Multilevel inverter technology is based on 

the fact that if many H- Bridge inverters are 

connected in cascade then by appropriate switching 

of the switches stepped ac voltage can be obtained. 

If the number of H- bridges in the cascaded 

multilevel inverter is increased then several steps in 

the output voltage also get increased and the output 
voltage comes near to the pure sinusoidal ac 

voltage. The multilevel inverter is utilized in high 

power applications such as hybrid solar systems 

and FACTS. As the number of voltage levels is 

increased the requirement of filters is reduced, 

along with that as the harmonics are also reduced 

the overall efficiency of the system also becomes 

high. In low power applications, the switching 

frequency is not restricted so harmonic content can 

be reduced by using control methods such as 

multicarrier pulse width modulation; multiple 
hysteresis band control, etc. due to the cell 

structure of the solar photovoltaic system 

multilevel inverter is very much suitable. In a solar 

PV system, each solar array provides different dc 

voltage levels. This voltage source can be 

connected to different H- Bridge so that different 

voltage stages can be obtained. Thus the use of 

multilevel inverter can be proved to be very useful 

in solar applications or fuel cell applications. 

Various advantages of a multilevel inverter are: 

1. It increases the reliability of the system. 

2. Reduces the requirement of filters. 

3. Reduces the switching losses. 

4. Improves the power quality. 

5. Low maintenance requirement. 

6. It has high efficiency. 

7. Reduces the total harmonic distortion. 

The single-phase structure of a multilevel inverter 

is as shown in figure 1. 
 

 
Fig 1 Cascaded multilevel inverter, single-phase 

structure 

 

Dc link voltage present in the multilevel 

inverter has a low switching frequency and thus has 

less switching loss. Thus it allows combining 

different types of switches to increase the 
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efficiency of the inverter. The inverter proposed 

has three sets of the dc-link voltage of value ±1 V, 

±3 V, ± 9 V. From the three sets of dc voltage 27 

levels of voltage can be obtained at the output stage 

by the various combination of the switches. From 

the 27 levels of output voltage stepped output 

waveform which is nearly a sinusoidal voltage can 

be obtained. Three single-stage inverters are 
connected to produce a stepped output voltage is 

obtained at the output.  

 

II. MODELING OF 27 LEVEL 

MULTILEVEL INVERTER 
Each block of the cascade multilevel 

inverter has a different voltage source. So by the 
combination of switches 27 different levels of 

voltage can be obtained. The internal circuit of 1st 

block is as shown in figure 2 

 

 
Fig 2 Internal circuit of 1

st
 block. 

 
The output of the 1st block is Vdc when S1 

and S4 switch is turned on, it is –Vdc when S2 and 

S3 switch is turned on and it is 0 volt when S2 and 

S4 switches are turned on. In a similar manner in 

the 2nd block and 3rd block also three voltages can 

be obtained by the combination of various 

switches. From three voltage combinations of each 

block total of 33 = 27 voltages can be obtained at 

the output stage and by proper sequencing, the 

output voltage will be a stepped voltage whose 

shape will be similar to the desired sinusoidal 
voltage. The complete simulation is done in 

MATLAB Simulink and it is shown in figure 3. 

 
Fig 3 Simulation model of a 27 level inverter 

 

As seen from the model it consists of 

three-stage inverters connected in cascade. The 1st 

stage of the inverter is connected with a 3-volt 

source, the second stage of the inverter is 

connected with a 9-volt source and the 3rd stage is 

connected with a 27-volt source. The output of the 

inverter is connected with a load having a 

resistance of 5 ohms and an inductance of 5 milli 

henry. It is assumed that the output of the solar 
panel is a constant dc source and each panel is 

connected to a different panel having 3 volts, 9 

volts, and 27-volt output. To supply the ac load 

these dc voltages are to be converted into an ac 

source so it can be achieved by the inverter.  

 

III. SWITCHING TECHNIQUE OF THE 

PROPOSED MODEL 
A combination of different switches will give 

out different values of output at the ac side.  The 

output voltages that can be obtained at the ac side 

are -39 to 39 volt in an interval of 3 volts. The 

switching table for different voltage output at the 

ac side is shown in table 1. 
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Table 1 switching table of the model 

 

To illustrate the table let us take a case of 

getting 39 volts at the output. To obtain so positive 

voltage of all the three stages must be added that is 

3+9+27=39 volt. This can be achieved when 

switches s1 and s4 of the 1st stage, s5 and s8 of the 

second stage, and s9 and s12 of the third stage are 

triggered. Because of this pattern, the above 

switching pattern is created.  

 

IV. CONTROL TECHNIQUE OF THE 

PROPOSED MODEL 
The discrete control technique is 

implemented to control the inverter to obtain the 

output voltage with minimum total harmonic 

distortion. A reference voltage of 39-volt amplitude 
and frequency equal to desired 50 Hz is utilized. 

The reference voltage is again divided into a 

different range of voltages in steps of three and 27 

discrete voltages are obtained. The switching 

signals are generated as per the required 

combination of these discrete voltages for example 

the switch s1 of the1st stage is turned on when the 

discrete reference voltage value is either -33,-24, -

15, -6, 3,12,21,30, or 39. So the switching of the 

switch S1 is done accordingly. Similarly, switching 

signals of all the switches are generated as per the 

switching scheme of table 1. 
 

V. SIMULATION RESULT 
The outpul voltage of the proposed model is as 

shown in figure 4 . 

 

 
Figure 4 output voltage waveform 

 

As can be seen in the figure the output 

voltage seems to be very near to the sinusoidal 

voltage of magnitude 39 volts. 
The output current waveform of the 

proposed model modeled in MATLAB Simulink is 

as shown in figure 5. 

 

 
Figure 5 output current waveform 

 

As seen the current waveform is nearly 
harmonic-free.  

FFT analysis of voltage as well as the 

current waveform is also performed in MATLAB 

Simulink.  FFT analysis of output voltage and 

current is shown in Figures 6 and 7. 
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Fig 6 FFT analysis of output voltage 

 

 
Fig 7 FFT analysis of output current 

VI. CONCLUSION 
There are several kinds of controlling 

techniques present in the literature such as 

sinusoidal pulse width modulation, space vector 

PWM, selective harmonic elimination, active 

harmonic elimination, and all of them can be 
utilized in the inverter control. In the proposed 

model controlling is done by discretization of the 

reference voltage and generating reference voltage 

by applying logic as per the switching table. From 

the result obtained it is very much clear that a very 

high-quality voltage and current waveform are 

obtained at the output terminal. Along with that, 

the total harmonic distortion in voltage waveform 

is only 4.19% and in current waveform, it is 

only1.93% which means the power quality at the 

output side is very good. Thus this topology of 27 
levels hybrid multilevel inverter proves to be very 

efficient to be used along with solar PV panel to 

convert dc power to ac power.  
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