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Abstract –This paper proposes a topology of 15 level 
Asymmetrical Multi-tiered inverter with condensed devices. 
Multilevel inverters are most widely used for medium-voltage 
high-power converter like fans, pumps and material transport 
drives. The proposed inverter topology is suitable for power 
conversion in renewable energy systems due to its high power 
quality output. This topology will give good performance, low 
switching losses, reduced Total Harmonic Distortion(THD), 
Installation cost of the converter is less unit and size of the unit 
too. The proposed 15 level Asymmetrical Multilevel inverter is 
validated with resistive and inductive loads through MATLAB 
simulation.  
 
Index Terms– Multi-tiered inverters, Total Harmonic Distortion,   
 

I. INTRODUCTION  
 
The MLI are becoming a preferred choice for Non-conventional 

energy power conversion system in fact that it has several 
advantages. A MLI is a power electronic converter which will give 
the bi-directional voltage as the output in staircase format from the 
uni-directional input voltage[1-3]. The advantages of multilevel 
inverter include low dV/dt stress, less Electro Magnetic 
Interference EMI and high Power quality [4-6]. Based on the 
nature of components used and circuit configuration multilevel 
inverters are classified into three categories. They are (i) Diode-
clamped multilevel inverters, (ii) flying capacitor multilevel 
inverters, and (iii) cascaded multilevel inverters [7-10]. The 
Cascaded H-bridge inverter is implemented by connecting several 
H-bridges in series. These cascaded multilevel inverters can be 
broadly classified into two types .i.e., Symmetrical and 
Asymmetrical cascaded inverters. The asymmetrical cascading of 
inverters is preferred over the symmetrical inverter as the former is 
capable of achieving more voltage steps than the latter 
configuration with the same number of power switches [11]. As a 
result of this, capital cost of installation and fabrication of an 
asymmetrical configuration of the inverter is lower compared to a 
symmetrical configuration of the inverter for producing the same 
voltage level. The main issue in these existing topologies is that the 
smoothness of the waveform is proportional to the number of 
voltage steps, but as we keep on increasing the number of voltage 
steps, the number of components as well as complexity of control 
circuit increases. This will also leads to increase in switching losses 
[12].   

In this paper, a novel multilevel inverter topology with a less 
number of switches has been designed and simulated. This 
topology aims to reduce the total harmonic distortion (THD) as low 
as possible by adopting suitable switching strategy thereby 
improving the power conversion efficiency. In the following 
sections, the circuit configuration, operation, comparative analysis 
between existing topologies and proposed topology and simulation 
results of the proposed topology are discussed.   
 

II. CONVENTIONAL TOPOLOGY  
The basic configuration of 15 level symmetrical sources 

cascaded multilevel inverter topology is shown in Fig.1. The 
system consists of Seven H bridge inverters with seven voltage 
sources and 28 switches. Due to the cascaded H- bridges the 
multilevel output is obtained but the  due to usage of  seven H-
bridges for 15level output generation, the size and cost of the 
circuit is going to be increases.  

 
Fig.1- Conventional 15-level MLI  

 
The Conventional 15 level inverter system consists of Seven 

Hbridge inverters with seven sources and 28 switches. A stepped 
waveform is generated at the output according to how the sources 
are being connected to the load. The H Bridge is operated normally 
to generate alternating voltage output. During positive half cycle, 
the positive direction switches of each H-bridge are turned on and 
for the negative half cycle the negative direction switches of each 
H-bridge inverters are turned on. Here the H- bridges are connected 
in cascaded but they are operated with different duty cycles in 
order to obtain stepped output waveforms.  

The stepped waveform output is shown in the Fig.2 results in 
near to sinusoidal waveform so, the harmonic content in the 
multilevel inverter is going to be reduces up to some extinct. Due 
to the reduction of harmonic contents in output voltage or current 
waveforms the losses across the loads due to harmonics are going 
to reduces there by the system efficiency is going to be reduces.    

 

Fig-2: Output voltage of 15-level MLI  
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                                III.PROPOSED TOPOLOGY 

The proposed multilevel topology is a hybrid multilevel 
inverter. Fig.4.2.1 shows the basic block diagram. The proposed 
system consists of a normal H bridge inverter and some auxiliary 
switches. In auxiliary switching part consisting of set series 
connected smaller multilevel inverter blocks. In this reduced 
switching topology separates the output of the multilevel inverter into 
two parts. One part is named level generation part and it is 
responsible for level generating in positive polarity. The other part is 
called polarity generation part. The H-bridge is responsible for 
generating the polarity of the output voltage. H bridge consisting of 
four switches and these switches are operating at fundamental 
frequency.   

 

Fig-3 Proposed Topology Block diagram 

The proposed asymmetrical MLI generated fifteen level output 
without using bidirectional switches and capacitors. It consisted of 
three sources and diodes connected in between the switches S5, S6, 
and S7 as shown in the Fig.4.    

The sources V1, V2, and V3 which are asymmetrical in 
magnitudes are cascaded in this thesis for generating 15-level output 
voltage and the three voltages are considered in the ratio 4:2:1 
respectively. The H-Bridge inverter uses the three sources in series as 
a single source for generating 15-level output voltage. The sources 
V1-V3 can be connected or disconnected using the switches S5-S7 
respectively for producing different voltage levels. So, the auxiliary 
switches S5-S7 plays a key role in the generation of output stepped 
voltage.  

 
 

 
Table-1: Comparison of Conventional topologies with proposed 

topology 

 

The Switches S1-S4 are basic H-bridge switches which are  used to 
control the direction of current flow and hence produces alternating 
output across the load i.e., the auxiliary switches S5-S7 generates 
stepped output voltage for every half cycle  

Fig-4.Proposed 15-level Multi-tiered inverter continuously 
and this generated output is switched to the load by the H-bridge 
switches S1 and S2 in positive direction and when the S3 and S4 
switches are in on condition then the generated stepped output is 
going to be supplied to load in the reverse direction. Thus the resultant 
obtained across the load is a stepped wave near to the sinusoidal 
wave.   

For the generation of 15 level output, an Diode clamped MLI 
requires 24 Switching devices, 60 diodes and 12 dc link capacitors 
whereas in the proposed topology, it requires only 7 switching devices 
and 3 diodes to generate same fifteen level output, the comparison 
between the conventional multilevel inverters with the proposed multi 
level inverter is  shown in Table-1.  

From the table it is clear that the proposed topology reduces 
the maximum complexity in circuit design when compare with 
conventional multilevel inverters except with usage of more sources 
than diode clamped and flying capacitor Multilevel inverters but the 
remaining part is simple in design as compared with them.  
 

IV.SWITCHING SEQUENCES 

Nle
vel  

Componen
ts 

Conventional Topologies 
Proposed 
Topology 

15 
 

Diode 
clampe
d 

Flying 
Capacitor 

Cascaded 
Bridge 

DC 
sources 

1 1 7 3 

DC 
link 
capacitior 

12 12 - - 

Diodes 60 - - 3 
Clamping 
capacitors 

- 30 - - 

 24 24 28 7 

S1  S2  S3  S4  S5  S6  S7  

1  1  0  0  0  0  0  

1  1  0  0  1  0  0  

1  1  0  0  0  1  0  

1  1  0  0  1  1  0  

1  1  0  0  0  0  1  

1  1  0  0  1  0  1  

1  1  0  0  0  1  1  

1  1  0  0  1  1  1  

1  1  0  0  0  1  1  

1  1  0  0  1  0  1  

1  1  0  0  0  0  1  

1  1  0  0  1  1  0  

1  1  0  0  0  1  0  

1  1  0  0  1  0  1  

0  0  0  0  0  0  0  

0  0  1  1  1  0  0  

0  0  1  1  0  1  0  

0  0  1  1  1  1  0  

0  0  1  1  0  0  1  

0  0  1  1  1  0  1  

0  0  1  1  0  1  1  

0  0  1  1  1  1  1  

0  0  1  1  0  1  1  

0  0  1  1  1  0  1  

0  0  1  1  0  0  1  

0  0  1  1  1  1  0  

0  0  1  1  0  1  0  

0  0  1  1  1  0  1  

0  0  1  1  0  0  0  
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               The proposed MLI in this thesis has simplicity in design with 
reduction of switches when compared with diode clamped MLI and 
flying capacitor MLI, reduction in usage of number of sources when 
compared with conventional cascaded H-bridge MLI. Due to the 
reduction of voltage sources utilization the size and cost of the circuit is 
going to be reduces so, automatically the maintenance of the circuit is 
minimum. 
                Switching sequences in the proposed multilevel inverter are 
simpler as compared to conventional topologies. There is no need to 
control negative cycle so it does not generate negative pulses. Thus, 
there is no need for extra conditions for controlling the negative voltage. 
The switching sequence for the proposed MLI in this thesis is presented 
in Table-2.  

V. SWITCHING PATTERN 

i.Voltage level-0   Condition: 
 

 

 

 

 

 

 

 

 
ii.Voltage level-1 Condition: 

 
iii.Voltage level-2 Condition:  

 
 

 

 

 

 

iv.Voltage level-3 Condition: 

 
 

v.Voltage level-4 Condition: 

vi.Voltage level-5 Condition: 

 
vii.Voltage level-6 Condition: 
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viii.Voltage level-7 Condition: 

 
ix.Voltage level-8 Condition: 

  

x.Voltage level-9 Condition: 

xi.Voltage level-10 Condition: 

  

 

 

xii.Voltage level-11 Condition: 

 

xiii.Voltage level-12 Condition: 

 

xiv.Voltage level-13 Condition: 

 

xv.Voltage level-14 Condition: 
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VI. SIMULATION RESULTS  
              The simulation case study has been carried out software to 

validate the result. Fig.5. shows the simulation model of the proposed 
topology. To generate the 15- level output voltage, 7 IGBTs and three 
asymmetrical DC power sources of Voltages in the ratio of 1:2:4 are 
used. Pulses are generated by using nearest level control method. The 
gate pulses for the switches are shown in the Fig-6. The simulated 
Output voltage is shown in Fig.7 and the harmonic spectrum was 
analyzed using the FFT Window in MATLAB/Simulink is shown in the 
Fig 8, by observing the FFT analysis the total harmonic distortion for 
the proposed Multi-tiered inverter is 8.66%.  

VII. CONCLUSION 
                   A single phase 15-level cascaded multilevel inverter 
topology has been shown to produce an increased stepped output with 
less number of semiconductor switches. With fewer switches, 
controlling the overall circuit becomes less complex, the size and 
installation area are reduced. Switching loss and THD are reduced as 
compared to conventional topologies. The proposed circuit is 
performing harmonic reduction with reduced no of switches. Almost all 
the drawbacks of the conventional multilevel inverters are rectified by 
the proposed topology. This topology uses less number of switches as 
compared with conventional topology, where it reduces the complexity 
and overall size of the system which in turn reduces the harmonics and 
cost of the entire system. Fewer switches will be conducting for 
specific time intervals so switching loss is also reduced in the proposed 
topology. The less number of switches used in the proposed topology is 
in a count of seven switches and the voltage sources used are three 
asymmetrical voltage  sources which plays a vital role in the 
development of 15-level output voltage from the proposed topology. 
  

Fig-5 Simulation model for proposed Multi-tiered Inverter  
 

 
 

Fig-6 Triggering Pulses for proposed Multi-tiered Inverter  

 

Fig-7 Output voltage of the proposed Multi-tiered Inverter  
 
       

 
 

Fig-8 FFT analysis of proposed Multi-tiered Inverter  
 

                  It is clear that the proposed topology is easy to 
analyze due to the reduction of several factors when compared 
with conventional cascaded H-bridge 15-level inverters and also 
the proposed topology is performing in effective and efficient 
manner under load conditions in order to run the loads with less 
amount of losses. The major advantage from the proposed 
topology to the conventional topologies is the simplicity in 
circuit design which results in easy implementation and usage in 
various applications in different fields.  A 15-level inverter 
simulation is carried out and the results are tested in MATLAB 
Simulink.  
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