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Abstract— Multilevel Inverter (MLI) technology has emerged recently as a very important alternative in the area of high-power medium-

voltage energy control. The elementary concept of a multilevel inverter is to achieve higher power by using series of power semiconductor 

switches with several lower voltage dc source to perform the power conversion and obtain a staircase voltage waveform. This paper presents 

the most important topology, cascaded multilevel inverter for Hybrid Electric Vehicle (HVE) applications which uses IN-PHASE SVPWM, 

the most relevant control and modulation methods developed for the family of inverters. The simulation for the above method is done using 

MATLAB software and obtain a five level output having a THD value of  8.49% as below. 
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I.INTRODUCTION 

Recently developed needs of domestic policy goals, Global impact, energy  independence, 

developing nation and climate changing factors which motivate us to embrace  new  technology  of electric  

and hybrid electric vehicle (EV or HEV)[1][2]. These hybrid electric vehicles (HEVs) and electric vehicles 

(EVs) are gaining increased attention due to their higher efficiencies and lower emissions. Both Hybrid 

Electric Vehicles (HEVs) and Electric Vehicles (EVs) require a traction motor and a power inverter. The 

need of  power inverter include high peak power, optimum consumption of energy and inexpensive 

circuit ,low output harmonics.  These inverter constitute from basic conventional 3 level inverter to 

upgraded inverters.  Among  them  multilevel inverter have great influence and the concept of multilevel 

inverter  has been introduced since 1975. Also power electronic converters are widely used in industrial 

power application for utility and drive applications[3][5]. In recent years industry power requirements 

keeps on increasing from medium voltage level to megawatt power level for a medium voltage grid. Today 

it is a troublesome to connect directly a single switch. As result multilevel converters emerged as an 

alternative choice for medium voltage and high power situations. Conventional power electronic converters 

can generate each input or output connection between two possible voltage (or three possible current) 

levels, namely those of the internal DC voltage (or current) link[6]. In multilevel inverters as the power 

level increases the voltage level increases in order to obtain the satisfactory efficiency. some of it features 

are high power quality, high voltage capability, low switching loss and low EMC concerns and preferred as 

the best choice for static var compensator and large electrical drives. A multilevel inverter can be 

implemented in different ways[8]. Each with its own advantages and disadvantages. The simplest 

technique involves parallel or series connection of converters to form multilevel waveforms. PWM of 

multilevel converters is an extension of two level methods[9]. 

In this paper a new cascade multilevel inverter for electric vehicle and hybrid electric vehicle 

application, which uses only one dc source. Hence it is easy to overcome all the disadvantages of existing 

topology.  Traditionally, each H-bridge of a cascaded multilevel inverter needs a dc power supply. The 

proposed cascaded H-bridge multilevel uses a standard inverter (one leg for each phase) and an H-bridge in 

series with each phase which uses a capacitor as the dc power source[11]. The elimination of large inductor 

is another important advantage of this topology and a fundamental switching scheme is used to obtain the 

modulation control and to output five-level phase voltages[12].  

II. MULTILEVEL INVERTER TOPOLOGIES: 

 

The selection of the best multilevel topology for each application is often not clear and is subject to 

various engineering tradeoffs. By narrowing this study, it leads to the dc/ac multilevel power conversion 

technologies that do not require power generation. 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[7]. The steps are increased to obtain an almost sinusoidal waveform. The number 
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of switches involved is increased for every level increment. The term multilevel began with the three-level 

converter[4]. Subsequently, several multilevel converter topologies have been developed 

The different multilevel topologies are listed below. 

 

 Diode-clamped multilevel inverter 

 Capacitor-clamped multilevel inverter 

 Cascaded multilevel inverter 

 

Among the above topologies  the proposed method uses cascaded h bridge multilevel inverter with a single 

dc source 
 

2.1 CASCADED H BRIDGE MULTILEVEL INVERTER: 

 

The cascaded multilevel inverter is nothing but the inverter which have the ability to generate a 

desired voltage from several independent sources of  DC voltages such as fuel cells, solar cells and 

batteries etc. This configuration has recently become the most popular topology in high-power AC supplies 

and adjustable-speed drive applications. Cascaded inverters have also been proposed for use as the main 

traction drive in electric  vehicles, where several batteries or ultra capacitors are well suited to serve as 

SDCSs. The cascaded inverter could also serve as a rectifier/charger for the batteries of an electric vehicle 

while the vehicle was connected to an ac supply. Additionally, the cascade inverter can act as a rectifier in 

a vehicle that uses regenerative braking.  

This converter can avoid extra clamping diodes or voltage-balancing capacitors. But the above said  

topology needs separate dc sources for each level which reduces the importance of this topology. To 

overcome this drawback a new topology with a single dc source is implemented in this section. This 

topology employs a cascade of low voltage H-bridges each with independent and isolated dc sources. The 

phase output voltage is synthesized by the sum of series of H-bridges plus one. One major advantage of 

this approach is that the number of the output can be further increased without addition of any new 

components, requiring only the dc sources with different voltage levels. The advantages of the cascaded 

multilevel H-bridge converter are the following: 

The series structure allows a scalable, modularized circuit layout and packaging due to the identical 

structure of each H-bridge. 

No extra clamping diodes or voltage balancing capacitors is necessary. 

The main disadvantage of this topology is that it needs separate dc sources for real power 

conversions, thereby limiting its applications. This disadvantage can be overcome by using the proposed 

topology. 

 
2.1 CASCADED H BRIDGE MULTILEVEL INVERTER WITH SINGLE DC SOURCE: 

 

A  Cascaded h bridge multilevel inverter with a single dc source consist of a three phase voltage 

source inverter and h bridge in series with each phase. In this topology the three phase inverter consist of a 

single dc source and each series connected h bridges are supplied with capacitors. The generated output 

depend on the charging and discharging of each capacitor in the h bridges. For explaining the operation of 

the above topology let us consider a single phase topology. Basically an h bridge is an electronic circuit 

that enables a voltage to be applied across a load in either direction. These circuits maintains a link 

between digital circuitry and mechanical action and are often used in robotics and other applications to 

allow dc motor to run. Here an inductor less h bridge multilevel boost inverter for electric or hybrid electric 

vehicle is proposed. Traditionally each H-Bridge consists of separate dc source. 
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Figure 2.1 Proposed  five level cascaded multilevel inverter 

But in this proposed system uses a standard three leg inverter and an h bridge in series with each 

inverter leg which uses a capacitor as a DC source. A fundamental switching scheme is used here to obtain 

a five level output. Figure 2.1 depicts the basic block diagram of proposed power converter. To explain the 

operation, here we are considering a single phase topology is considered followed with the modes of 

operation. The simultaneous operation of switches S1,S4,S6 a1,1,a1,3 b1,3,b1,4 produces an output voltage of  

VDC. This voltage will be +VDC . Similarly when switch S1,S4,S6 a1,1,a1,4 b1,3,b1,4  produces an output 

voltage of  2VDC. This voltage will be -2VDC. Here each leg of inverter is connected in series with a full H-

Bridge, and is supplied by a capacitor. In the below system capacitors are considered to be fully charged at 

the beginning which provide different voltage levels according to the switching. The brief operation of 

various modes is explained in below. 

 
2.2  SINGLE PHASE TOPOLOGY OF N LEVEL INVERTER 

 

The single phase structure of the dc-ac cascaded n-level inverter is shown in Figure. 3.2. The circuit 

operates with the help of switching actions. The outputs are generated according to the switching actions. If 

the switch S5 is closed in the bottom level inverter, the output voltage of  V1 will be vdc/2.Similarly the 

switch S6 closed the output of the V1 is      -Vdc/2. This output is given to the H-bridge, which is supplied 

by a capacitor voltage. The capacitor is kept charged to Vdc/2 , then the switches S2 and S3 is closed. 

Similarly switches S1 and S4 are closed, the H-bridge output V2 is taken to -Vdc/2. If the output voltage is 

0, when the switches S1 and S4 or S 2and S3 will be closed. To explain how the staircase voltage is 

synthesized, point o is considered as the output phase voltage reference point. In the Table, state 1 

represents that the switch is on, and state 0 represents the switch is off. There exist four 

    

 
 

Figure 2.3  single phase topology of N level inverter 
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2.3 COMPARISON TABLE OF VARIOUS MULTILEVEL INVERTER: 

   

Configuration Diode 
clamped 

Capacitor 
clamped 

cascaded 

Main switch 2(m-1) 2(m-1) 2(m-1) 

Main diode 2(m-1) 2(m-1) 2(m-1) 

Clamping 

diode 

(m-1)(m-2) 0 0 

Dc bus 

capacitor 

(m-1) (m-1) (m-1)/2 

Balancing 

Capacitor 

 

0 

 

(m-1)(m-
2)/2 

 

0 

 

The above table shows the various comparison of  multilevel inverter topologies. The Comparison of these 

topologies with the proposed  five level  multilevel topology is as below. 
 

 2.4  COMPARISON FOR FIVE LEVEL  MULTILEVEL  TOPOLOGIES WITH PROPOSED SYSTEM: 

 

Inverter 

configuration 
DCMLI FCMLI CMLI 

with 

multiple 

source 

CMLI 

With 

Single 

source 
Main switch 

 

8 8 8 8 

Main diode 

 

8 8 8 8 

Clamping 

diode 

12 0 0 0 

Dc bus 

capacitor 

4 4 2 2 

Balancing 
Capacitor 

0 6 0 0 

 

From the above tabulation it is clear that cascade multilevel inverter with single Dc supply is better than 

other topologies.Minimum harmonic distortion can be obtained by controlling the conduction angles at 

different inverter level. The total harmonics distortion (THD) 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. 

 
III.SIMULATION RESULTS AND ANALYSIS 

 

           The simulation for cascaded h bridge multilevel  inverter with single dc source has been simulated 

using MATLAB/Simulink software tool under different loading condition and performance analysis had 

been made based on the THD values at different load condition. 

 
3.1 SIMULATION MODEL FOR CASCADED  H-BRIDGE MULTILEVEL INVERTER 

 

The simulink block of cascaded H-bridge multilevel inverter is shown in figure, it consists of a 

single DC source, inverter and voltage, current measurement. The gate pulse of inverter switches are 

controlled by In phase disposition with space vector pulse width modulation  technique  which in turn 

controls the switch. Here the simulation is carried out for five level cascaded h-bridge inverter  hence we 

use four carrier waves. Then that reference (modulating) waves are compared with the carrier wave 

(triangular wave) as in the following simulation. 
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Figure 3.1.1 simulation for cascaded H-bridge  multilevel inverter 

 

 

 
Figure 3.1.2 Over all diagram of IN-PHASE SVPWM  in five level inverter 

 

In the above simulation  three sine wave of 120˚ phase shift is converted   into space vector wave to control 

the switches. The waveforms are below.  
 
3.2  OUTPUT WAVEFORM: 

 

The following wave forms are generated by using workspace model in MATLAB. 

 
Figure 3.2.1 Three phase sine wave with 120˚ phase shift 

 

The above sine wave is converted into three phase space vector modulating wave that is shown in the 

below figure. The offset can be obtained by comparing the minimum and maximum value of sine wave. 

 

𝑇𝑜𝑓𝑓𝑠𝑒𝑡=-(𝑇𝑚𝑎𝑥+𝑇𝑚𝑖𝑛) 
 

 
Figure 3.2.2 Three phase modulating  wave with 120˚ phase shift 

 

Finally the  output  waveform for  five level  phase voltage and line voltage can be obtained as below. 
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Figure3.2.4 output waveform for five level phase voltage 

 

 
Figure3.2.5 output waveform for five level line voltage 

 

3.3 THD ANALYSIS FOR CASCADED H-BRIDGE INVERTER:  

 

               The THD obtained for a cascaded H-bridge  multilevel inverter is about 8.49%. The amplitude of 

the fundamental component is about Vout=129.9 

 

 
           

Figure 3.3.1 THD analysis of  phase voltage 

 

 

The line voltage THD obtained is 2.72% and the wave form is below. The amplitude of the fundamental 

component is about Vout=221.9 
   

IV.  CONCLUSION 

 

                    This paper has provided a brief summary of cascaded h bridge multilevel inverter with a single 

dc source for electric/hybrid electric vehicle applications. The proposed method consist of a standard three 

leg inverter and h bridge in series with each of the phase. The speciality of this method is nothing but the 

utilization of a single dc source by three phase inverter and each of the series connected h-bridges are 

supplied with capacitors. Here the capacitor acts as a dc source for each series connected h-bridges. The 

simulation of the proposed five-level cascaded h-bridge multilevel inverter is successfully done using 

Space Vector Pulse Width modulation technique. From the simulation, it is noted that the cascaded H-

bridge multilevel inverter topology works well and shows hope to reduce the Total Harmonic Distortion to 

8.49%.  
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