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Abstract: Pulse Width Modulation has nowadays become an 

integral part of every electronics system. These techniques 

have been widely accepted and are researched extensively 

nowadays. It has found its application in large number of 

applications as a voltage controller. Its use in controlling 

output voltage of Inverter is the most frequently used 

application. There are basically two main techniques of PWM 

Generation- Analog technique and Digital Technique. In the 

digital PWM technique sine PWM (SPWM) and space vector 

PWM (SVPWM) are included. SVPWM technique is more 

convenient and use in this project. 

 Due to demerits of analog techniques digital 

techniques are studied. Various digital PWM Generator 

topologies are studied. The proposed system first implements 

the single phase inverter in MATLAB/SIMULINK 

environment. The output with different load is taken with the 

help of scope in matlab. The output contains the THD, with 

the FFT analysis THD percentage waveforms are get. The 

output of inverter being check with and without PWM 

controlled technique. Total harmonic distortion is reduced 

from output because of PWM technique. As the inductive load 

increases THD increases. 

The power modules in the matlab are used for circuit 

simulation. It gives many advantages to first simulate the 

circuit and then implement it. 

Keywords: Sine PWM (SPWM), Space Vector PWM 

(SVPWM), VHSIC Hardware Description Language (VHDL), 

Inverter. 

I. Introduction

In the propose system, digital pulse width modulation 

(PWM) controlling technique is in development. The matlab 

used for designing the desire circuit of PWM generator. 

The simulink offers the most preferred way of 

designing PWM generator for inverter. The power modules  

are used for designing. The IGBT switches are used because 

more convenient than MOSFET. Switching losses are very 

less. This design is economically suitable [1]. 

PWM modulation has nowadays become integral part of every 

electronics system. These techniques have been widely 

accepted and are researched extensively nowadays. It has 

found its application in large number of application. Its use in 

controlling output voltage of inverter is the most frequently 

used application for the generation of PWM, the digital 

technique is used because analog technique having some 

demerits. 

Single phase pulse width modulated (PWM) inverters have 

found widespread application in uninterruptible power 

supplies (UPS) for telecommunication applications. The 

control strategy of a PWM inverter is one of the key aspects 

that influence its performance, size and cost. Many closed 

loop control strategies with the purpose of improving the 

output signal quality of a single-phase PWM inverter have 

been proposed. 

Inverters are static power converters (DC to AC) that produce 

an AC output waveform from a DC power supply [3]. 

Inverters are applied in adjustable speed drives (ASDs), UPS 

etc. For the sinusoidal AC outputs, the magnitude, frequency 

and phase should be controllable [3]. Single phase inverters 
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are those inverters which produces only single phase of AC 

output. 

 Single Phase Voltage Source Inverters  

Single-phase VSI can be found as half bridge and full 

bridge topologies. Although the power range they cover is the 

low one, they are widely used in power supplies, single-phase 

UPS, and currently to form elaborate high power static power 

topologies, such as for instance, the multi cell configurations. 

Half-Bridge VSI 
Fig.1. shows the power topology of a half-bridge 

VSI, where two large capacitors are required to provide a 

neutral point N, such that each capacitor maintains a constant 

voltage (Vi)/2. Because the current harmonics injected by the 

operation of the inverter are low order harmonics, a set of 

large capacitors is required. It is clear that both switches S+ 

and S- cannot be ON simultaneously because a short circuit 

across the dc link voltage source Vi would be produced. There 

are two defined (states 1 and 2) and one undefined (state 3) 

switch state as shown in Table 3.1. In order to avoid the short 

circuit across the dc bus and the undefined ac output voltage 

condition, the modulating technique should always ensure that 

at any instant either the top or the bottom switch of the 

inverter leg is on. 

Fig1.: Single phase half bridge VSI. 

Full-Bridge VSI 

Fig. 3.2 shows the power topology of a full bridge 

VSI. This inverter is similar to the half bridge inverter; 

however, a second leg provides the neutral point to the load. 

As expected, both switches S1+ and S1- (or S2+ and S2-) 

cannot be on simultaneously because a short circuit across the 

dc link voltage source Vi would be produced. 

Fig.2.: Single phase full bridge VSI.

There are four defined (states 1, 2, 3, and 4) and one 

undefined (state 5) switch states as shown in Table 3.2. The 

undefined condition should be avoided so as to be always 

capable of defining the ac output voltage. It can be observed 

that the ac output voltage can take values up to the dc link 

value Vi, which is twice that obtained with half bridge VSI 

topologies. Several modulating techniques have been 

developed that are applicable to full bridge VSI. Among them 

are the PWM (bipolar and unipolar) techniques. 

Pulse Width Modulation Techniques in inverters 

Output voltage from an inverter can also be adjusted 

by exercising a control within the inverter itself. The most 

efficient method of doing this is by pulse-width modulation 

control used within an inverter. 

In this method, a fixed dc input voltage is given to 

the inverter and a controlled ac output voltage is obtained by 

adjusting the on and off periods of the inverter components. 

This is the most popular method of controlling the output 

voltage and this method is termed as Pulse-Width Modulation 

(PWM) Control. 

The advantages possessed by PWM techniques are as under: 
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SVPWM is an advanced technique used for variable 

frequency drive applications. It utilizes dc bus voltage more 

effectively and generates less THD in the three phase voltage 

source inverter. SVPWM utilize a chaotic changing switching 

frequency to spread the harmonics continuously to a wide 

band area so that the peak harmonics can be reduced greatly. 

Simulation has been carried out by varying the modulation 

index between 0 and 1. Finally performance of SVPWM has 

been compared with conventional SPWM. 

 Generalized MATLAB/SIMULINK Model of SVPWM 

This section details the step by step development of a 

matlab/simulink based simulation model for implementing 

both continuous and discontinuous SVPWM. By slight 

modification in the matlab function code different types of 

SVPWM can be realized. Thus the presented simulation mode 

is general in nature and can be configured very easily to 

simulate continuous and discontinuous SVPWM in linear 

modulation range.  

 Reference Voltage Generation Block 

This block is used to simulate balanced phase input 

reference. Three-phase input sinusoidal voltage is generated 

using ‘function’ block from ‘Functions & Tables’ sub library 

of simulink. This is then converted into two-phase equivalent 

using Clark’s transformation equations. This is once again 

implemented using the ‘function’ blocks. Further the two-

phase equivalent is transformed to polar form using ‘Cartesian 

to polar’ block from ‘Simulink extras’ sub-library. The output 

of this block is the magnitude of the reference as the first 

output and the corresponding angle of the reference as the 

second output. The waveform of magnitude is simply a 

constant line as its value remains fixed. It is a saw tooth signal 

with peak value of ± . Sector identification is done using the 

comparison of the angle waveform with the predefined values. 

The number inside the waveform represents the sector number 

Switching Time Calculation 

The switching time and corresponding switch state 

for each power switch is calculated in Matlab function block. 

The matlab code requires magnitude of the reference, the 

angle of the reference and timer signal for comparison. The 

angle of the reference voltage is kept constant for one 

sampling period using ‘zero order hold’ block so that its value 

does not change during time calculation. Further, a ramp time 

signal is required to be generated to be used in matlab code. 

The height and width of the ramp signal is equal to the 

switching time of inverter branch. This ramp is generated 

using ‘repeating sequence’ from the source sub library. The 

matlab code should firstly identify the sector of the reference 

voltage. The time of application of active and zero vectors are 

then need to be calculated. The times are required to be 

arranged according to the predefined switching pattern. This 

time needs to be compared with the ramp timer signal. The 

height and width of the ramp is equal to the switching period 

of the inverter branch. Depending upon the location of the 

time signal within the switching period, the switch state is 

defined. This switch state is then passed on to the inverter 

block for further calculation [2]. 

Inverter Block 

This block is built to simulate a voltage source 

inverter assuming constant dc link voltage. The inputs to the 

inverter block are the switching signals and the outputs are the 

PWM phase-to-neutral voltages. The inverter model is built 

using ‘function’ blocks. 

Inverter as System Part In MATLAB/ SIMULNK 

 The single phase full controlled inverter is designed 

in the MATLAB/SIMULINK software, using power modules. 
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Fig.12: FFT analysis of single phase full controlled inverter 

(R=50�, L=20H) 

The fig. 11 and 12 shows the output 

waveforms for the load R= 5�, L=30H. The all 

observation shows that the constant output voltage 

and current for each load. Either load is heavy or 

light the output is constant by using digital PWM 

method 

Fig 13: Output voltage of single phase full controlled inverter (R= 5�, 

L=30H) 

Fig 14: Output current of single phase full controlled inverter (R= 5�, 

L=30H) 

Fig 15:  FFT analysis of single phase full controlled inverter (R= 5�, L=30H) 

The FFT analysis of the output at each load is as 

shown in the graph 4.4, 4.7, 4.10 etc. The FFT signal shows 

the THD= 52.30%for load R= 10� and L= 3H. The THD 

=24.16%for the load R=50�, L=20H. For the load R= 5�, 

L=30H the THD=25.48%.Athe inductive load decreases the 

THD decreases. To improve the output and reduce the THD 

SVPWM is applied to the circuit.  

The IGBT module is suitable for many applications 

in power electronics, especially in PWM servo and three-

phase drives requiring high dynamic range control and low 

noise. It also can be used in UPS, SMPS, and other power 

circuits requiring high switch repetition rates. IGBT improves 

dynamic performance and efficiency and reduced the level of 

audible noise. It is equally suitable in resonant-mode 

converter circuits. Optimized IGBT is available for both low 

conduction loss and low switching loss. 
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