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Abstract— The multilevel inverter collectively converts the 

several levels of dc voltage to a desired ac voltage. Multilevel 

inverter incorporates various pulse-width modulation 

Strategies. The unique structure of multilevel inverters allows 

them to reach nearer to sinusoidal i.e. with low harmonics. As 

the number of voltage levels increases, the harmonic content 

of the output voltage waveform decreases. The increase of 

voltage levels with low ratings of individual devices can 

increase the power rating. The Simulated results of sinusoidal 

pulse width modulation and space vector control for 

Cascaded multilevel inverter and Proposed modified 

cascaded multilevel inverter using continuous and SPWM 

techniques. The Total harmonic distortion (THD) of both 

topologies has been compared. Proposed seven level 

multilevel inverter reduces voltage and current THD. 
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I. INTRODUCTION 

An inverter is a device that converts dc power into an ac 

power at desired output voltage and frequency. The dc power 

as the switching frequency in voltage source inverters (VSI) 

increases, a better output voltage / current waveforms are 

obtained. Harmonic reduction in controlling a VSI with 

variable amplitude and frequency of the output voltage is of 

importance and thus the conventional inverters which are 

referred to as two-level inverters have required increased 

switching frequency along with various PWM switching 

strategies. In the case of high power / high voltage 

applications, the two-level inverters have some limitations to 

operate at high frequency mainly due to switching losses and 

constriction of device rating itself. Input to the inverter is 

obtained from an existing power supply network (or) from a 

rotating alternator through a rectifier (or) a battery, fuel cell, 

photovoltaic array (or) magneto hydrodynamic (MHD) 

generator. These inverters are classified as voltage source 

inverter (VSI) and Current source inverter (CSI). The voltage 

source inverter has stiff dc voltage source at its input 

terminals and the current source inverter is fed with 

adjustable current from a dc source of high impedance. 

 Recent advances in power electronics have made the 

multilevel concept practical. In fact, the concept is so 

advantageous that several major drives manufacturers have 

obtained on multilevel power converters and associated 

switching techniques. It is evident that the multilevel concept 

will be a prominent choice for power electronic systems in 

future years, especially for medium-voltage operation. Multi-

level inverters are the modification of basic bridge inverters. 

They are normally connected in series to form stacks of level. 

 Multi-level PWM inverters have significant 

operational advantage, such as the ability to drive a motor 

with nearly sinusoidal current waveforms and at higher 

output voltages. The multilevel inverter topology can 

overcome some of the limitations of the conventional three-

level inverter. The output voltage and power increases with 

number of levels. Harmonics decreases as the number of 

levels increase. In addition, increasing output voltage does 

not require an increase in voltage rating of individual force 

commutated devices. Recently, active schemes of inverter 

topologies and PWM strategies have been introduced in 

several literatures for both two-level and multi-level inverters 

to reduce or even eliminate common-mode voltage. This 

multi-level inverters are used to increase the level of output 

voltage so that accurate pure sinusoidal waveform can be 

obtained with reduction of THD. 

II. CASCADED TOPOLOGY OF INVERTER 

Fig.1 shows a basic structure of cascade inverter with 

separate dc source. Each separate dc source is associated with 

single balancing capacitors and with single phase H-bridge 

converter. All such four inverters together forms cascade 

multilevel inverter. A diode clamped multilevel (m-level) 

inverter (DCMLI) typically consists of (m-1) capacitors on 

DC bus and produces m levels on each phase. The resulting 

voltage is (2m-1) level stair case i.e. m-level inverter has m-

level output phase voltage and (2m-1)-level line voltage. The 

blocking voltage of diode clamped inverter is 
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 Fig.2 shows a capacitor clamped multilevel inverter 

with separate dc source. Each separate dc source is associated 

with single balancing capacitors and with single phase H-

bridge converter. The numbering is immaterial as long as the 

switches are turned ON and OFF in the right sequence to 

produce the desired output waveform. Each phase leg has an 

identical structure. Assuming that each capacitor has the same 

voltage rating, the series connection of the capacitors 

indicates the voltage level between the clamping points. 

 
Fig. 1: M-Level Diode Clamped Multi Level Inverter 
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Fig. 2: M-Level Capacitor Clamped Multi Level Inverter 

III. CASCADED MULTILEVEL INVERTER 

Cascade H-bridge (CHB) uses cascaded H-bridge inverters 

with separate DC sources (SDCs). The general function of 

this multilevel inverter is the same as that of the other two 

previous inverters. The multilevel inverter using cascaded-

inverter synthesizes a desired voltage from several 

independent sources of DC voltages, which may be obtained 

from batteries, fuel cells, or solar cells. This configuration 

recently becomes very popular in AC power supply and 

adjustable speed drive applications. This new inverter can 

avoid extra clamping diodes or voltage balancing capacitors 

as shown in five level cascaded inverter and seven level 

cascaded inverter. Fig.3 shows five level cascaded inverter is 

to produce five level output voltage similarly Fig.4 shows 

seven level cascaded inverter produces seven level output 

voltage. 

 
Fig. 3: Five Level Cascaded Multi-Level Inverter 

 
Fig. 4: Seven Level Cascaded Multi-Level Inverter 

IV. MODULATION TECHNIQUES OF INVERTER 

Modulation strategies are responsible for synthesizing 

reference control signals and for keeping all voltage sources 

balanced. For Power Converters with DC voltage sources 

output voltage is represented by short voltage pulses of different 

width. Average voltage in sampling time should be equal to 

commanded voltage. In general there are many modulation 

strategies. Among them, most important are: Sinusoidal PWM 

(SPWM) and Space Vector Modulation (SVM). 

A. Sinusoidal Pulse Width Modulation 

The most advanced of these is Carrier Based or Sinusoidal 

Pulse Width Modulation (CB-PWM or SPWM). The 

operating principle of this method is based on comparison of 

commanded voltage signal with triangular carrier signal. 

Result of this operation is rectangular signal. Width of the 

rectangle is proportional to average value of commanded 

signal. Output signal of this operation can be directly 

delivered to the semiconductor’s driver. 

 
Fig. 5: Operation of CB-PWM for an Inverter 

B. Space Vector Control (SVC) 

A conceptually different control method for multilevel 

inverters, based on space vector theory has been introduced. 

This control strategy, called SVC, works with low switching 

frequencies and does not generate the mean value of the 

desired load voltage in every switching interval, as in the 
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principle of SVM. Space Vector Control (SVC) is a technique 

where the reference voltage is represented as a reference 

vector to be generated by the power converter. SVC can be 

done in nearest vector control and nearest level control. 

1) Nearest Vector Control 

The basic idea is to take the advantage of high number of 

voltage vectors generated by a multilevel converter by simply 

approximating the reference to the closest voltage vector that 

can be generated in the α-β plane, without even need of 

modulation. Therefore, this method is referred to as Nearest 

Vector Control instead of modulation. 

2) Nearest Level Control 

The same principle is applied but to voltage levels instead of 

space vectors, thus selecting the nearest voltage level that can 

be generated by the inverter to the desired output voltage 

reference. The main advantage is that the algorithm is greatly 

simplified in relation to NVC, since it is much easier to find 

the closest level than the closest vector. In fact, the output 

voltage level selection is reduced to a unique simple 

expression per phase 

.Closestvoltagelevel
N dc round

V V f


   

V. SEVEN LEVEL MULTILEVEL INVERTER                           

In recent years multi-level voltage source inverters have 

become quite popular, mainly due to their capability to 

increase the output-voltage magnitude and to reduce the 

output voltage and current harmonic content. Many different 

modulation strategies are present to obtain multilevel output. 

Usually the modulator is chosen to match the hardware 

topology. However, this choice does not always correspond 

to a single modulation technique which generates the least 

harmonic content .This least- harmonics modulation 

technique can be used for all hardware topologies. It only 

requires a logic circuit to decode the modulation output to the 

individual switch commands. Multilevel voltage-source 

inverters unique structure allows them to span high voltages 

and to reduce individual device switching frequency without 

the use of transformers. Multilevel inverters,(including 

seven-level inverters), have significant operational 

advantage, such as the ability to drive a motor with nearly 

sinusoidal current waveforms and at higher output voltages. 

 The proposed single-phase seven-level inverter 

(Multi String) involves two Auxiliary switches, four IGBT’s 

with antiparallel diodes. The Multi String Multi Level 

Inverter involves various steps of operation. The proposed 

inverter can be shown in Fig.6 

 
Fig. 6: The Proposed Single Phase Seven-Level Inverter 

The proposed single-phase seven-level inverter. Two 

switching elements and eight diodes added in the 

conventional full-bridge inverter are connected to the center-

tap of dc power supply. Proper switching control of the 

auxiliary switches can generate middle levels of dc supply 

voltage. The operation of proposed inverter can be divided 

into 7 switching states as illustrated in Fig.7. 

 
Fig. 7: Switching Combination Required to Generate Output 

Voltage 3
s

V . 

Simulink model of proposed seven level inverter 

 
Fig. 8: Simulink Model of Seven Level Inverter 
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VI. SIMULATION RESULTS 

Pulses from sinusoidal pulse width modulation technique 

 

 
Fig. 9: Switching Patterns of Proposed Multistring Inverter 

for SPWM 

 
Fig. 10: Pulse from Nearest Vector Control 

 
Fig. 11: Pulse from Nearest Level Control 

The Developed Inverter is simulated and the Output Voltage 

and Current Waveforms for SVC / SPWM Techniques are 

represented 

 
(a) 

 
(b) 

Fig. 11(a): Voltage Waveform of SPWM (b) Current 

Waveform of SPWM for Seven Level Inverter (Multi 

String) 

 
(a) 

 
(b) 

Fig. 12(a): Voltage Waveform of NVC for Seven Level 

inverter(b) Current Waveform of NVC for Seven Level 

Inverter (Multi String) 

 
(a) 

 
(b) 

Fig. 13(a): Voltage Waveform of NLC of Proposed Seven 

Level Inverter (b) Current Waveform of NLC of Proposed 

Seven Level Inverter 

 
Fig. 14: Voltage & Current THD for SPWM of Proposed 

Seven Level Inverter 

 
Fig. 15: Voltage and Current THD for NVC of Proposed 

Seven Level Inverter 
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Fig. 16: Voltage & Current THD for NVC of Proposed 

Seven Level Inverter 

MODULATION TECHNIQUES 
THD

V  
THD

I  

SPWM 18.52% 18.52% 

NVC 25.92% 25.92% 

NLC 12.37% 12.37% 

Table 1: THD of Modulation Techniques 

5 level inverter 17.75% 

7 level inverter 12.37% 

Table 2: THD of Five & Seven Level Inverters 

VII. CONCLUSION 

Multilevel inverters have become an effective and practical 

solution for increasing power and reducing harmonics of ac 

waveforms. Thus the multilevel inverters are used in various 

fields. The multilevel inverters were designed to present 99% 

efficiency at normal operating point. 

 The simulated results show that our proposed seven 

level inverter has many merits such as reduced number of 

switches, and hence switching losses, minimize the used 

capacitors, low harmonic distortion, lesser TDD. And the 

THD of the proposed inverter is alleviated and the dynamic 

response is improved significantly. Thus the proposed 

inverter has many advantages over conventional inverter. The 

study can be further extended to higher level inverters by 

adding an auxiliary switch by which THD values can be 

further reduced. 
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