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Abstract— the traditional inverter techniques prone many 

limitations, they are designed with the high range of 

switching frequencies (15-20 kHz) and imposes high stress 

on the switching devices. The conventional sinusoidal PWM 

inverter induces large harmonics in the output waveforms 

and leads to reduction of efficiency. The proposed space 

vector pulse width amplitude modulation (SVPWAM) 

technique for boost-VSI operates at low range switching 

frequency (5-15 kHz). Compared to sinusoidal PWM 

inverter the SVPWAM technique for boost-VSI reduces the 

switching loss and harmonic distortions to the greater extent. 

It also improves the efficiency of the system. In this paper 

the proposed work completely analyzes all the limitations; 

the software model has been developed to overcome the 

limitations. The experimental results shows the efficient 

performance of the proposed SVPWAM technique. 
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I. INTRODUCTION 

With the rapid growth of technology, the inverters are 

playing vital role in power systems. Now voltage source 

inverters [VSI] finding applications in alternative energy 

interfacing and power quality control. The electric vehicles 

and hybrid electric vehicles are fed from existing inverter 

techniques such as discontinuous pulse width modulation 

[DPWM], sinusoidal pulse width modulation [SPWM]. 

 
Fig. 1: Hybrid Electric Vehicle 

The traditional inverters of high voltage Battery 

and pulse width modulation (PWM) Inverter with a dc/dc 

boost front end. Typical hybrid electric vehicle is shown in 

the fig.1.  The major limitation of these traditional 

techniques is the reduction of motor‟s constant power speed 

range due to imposition of high stress on switching devices, 

this problem can be overcome by using dc/dc boost PWM 

inverter.                                                         

The conventional inverters are designed with the 

high range of switching frequencies (15-20 kHz), these 

higher switching frequencies induces large switching losses 

in the switching devices and it leads to increase of core loss 

in motor‟s stator but the winding losses and core losses of 

the motor should be minimum; in order to maintain the losses 

at minimum value the motors are required to fed with less 

harmonic current from the inverter. These limitations can be 

eliminated by use of rectifier diode bridge with small dc link 

capacitor. The values of the power loss, voltage ripples and 

harmonics depends on the type of switching devices 

arrangement and its switching sequence. Differential pulse 

width modulation (DPWM) inverters reduces the switching 

frequencies up to half of the  switching frequency by single 

zero vector selection in one sector but this technique failed to 

reduce the harmonic distortion and switching losses. It has a 

lower thermal stability.  

      This paper studies boost-VSI based on the space 

vector pulse width amplitude modulation technique. The 

switching frequencies are reduced for voltage source inverter 

by discarding zero vectors in the space vector modulation. 

The total harmonics distortions and switching losses will be 

reduced to lowest value. The SVPWAM model for boost-

VSI has been developed and THD of SVPWAM reduced 

from 80% to 50% compared to sinusoidal PWM inverter. 

The thermal stability and power density of SVPWAM is 

improved and higher system efficiency is accomplished. 

II. RELATED WORK 

A. Boost Converter: 

A boost (step-up) converter is used for DC/DC front end 

with small dc link capacitor for voltage source inverter. The 

boost converter functions as a dc/dc step up transformer, it 

gives the boosted dc to the rectifier which is sufficient to 

produce the PWM output. 

 
Fig. 2.1: Boost Converter Circuit 

B. Concept of Space Vector Modulation: 

The topology of a three-leg voltage source inverter is shown 

in Fig.2.1. Because of the constraint that the input lines must 

never be shorted and output current must always be 

continuous a voltage source inverter can assume only eight 

distinct topologies.  

 
Fig. 2.2: Topology of Three-Leg VSI. 
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 These topologies are as shown in Fig.2.2. Six out 

of these eight topologies produce a nonzero output voltage 

and are known as non-zero switching states and the 

remaining two topologies produce zero output voltage and 

are known as zero switching states. 

Space vector modulation (SVM) for three-leg VSI 

is based on the representation of the three phase quantities 

as vectors in a two-dimensional (a,b) plane. Considering 

topology 1 of Fig.2.3. It can be seen that the line voltages 

Vxy ,Vyz, and Vzx are given by 

Vxy=Vs 

Vyz=0                                  

Vzx=0                                                                   (1) 

 

VEC

TOR 

STA

TES 

CONDUCTI

NG 

SWITCHES 

LINE TO 

NEUTRAL 

VOLTAGE 

LINE TO 

LINE 

VOLTAGE 

Vxy Vyz Vzx 
Vx

y 

Vy

z 

Vz

x 

I S1 S6 S2 2/3 -1/3 -1/3 1 0 -1 

II S1 S3 S2 1/3 1/3 -2/3 0 1 -1 

II S4 S3 S2 -1/3 2/3 -1/3 -1 1 0 

IV S4 S3 S5 -2/3 1/3 1/3 -1 0 1 

V S4 S6 S5 -1/3 -1/3 2/3 0 -1 1 

VI S1 S6 S5 -2/3 1/3 1/3 1 -1 0 

Table 2.1: Vector States, Switching Pattern and Voltages 

 This can be represented in the a,b plane as shown 

in Fig.2.4, where voltages Vxy ,Vyz, and Vzx are three line 

voltage vectors displaced 120° in space. The effective 

voltage vector generated by this topology is represented as 

V1(pnn) in Fig.2.3. Here the notation „pnn‟ refers to the 

three legs/phases x,y,z being either connected to the positive 

DC rail (p) or to the negative DC rail (n). Thus „pnn‟ 

corresponds to „phase a‟ being connected to the positive DC 

rail and phases b and c being connected to the negative DC 

rail. Proceeding on similar lines the six non-zero voltage 

vectors (V1 - V6) can be shown to assume the positions 

shown in table 1. The tips of these vectors form a regular 

hexagon(dotted line in Fig.2.4). We define the area enclosed 

by two adjacent vectors, with in the hexagon, is defined as a 

sector. Thus there are six sectors numbered 1 - 6. 

 
Fig. 2.3: Topology I-V1 (PNN) of VSI. 

 Considering the last two topologies which are 

repeated in for the sake of convenience it is observed that 

the output line voltages generated by this topology are given 

by: 

 
Fig. 2.4: Representation of Topology I in the Α, Β Plane. 

Vxy=0 

Vyz=0                                                                                 (2) 

Vzx=0 

 These are represented as vectors which have zero 

magnitude and hence are referred to as zero-switching state 

vectors or zero voltage vectors. They assume the position at 

origin inthe α,β plane as shown in Fig.5. The vectors V1-V8 

are called the switching state vectors. 

III. PRINCIPLE OF SVPWAM CONTROL IN VSI 

The principle of an SVPWAM control is to eliminate the 

zero vector in each sector. The modulation principle of 

SVPWAM is shown in Fig.3.1. In case of sinusoidal PWM 

VSI for every vector state all three legs are doing PWM 

switching. SPWM operates at high switching frequency, it 

imposes high stress on switching devices and the switching 

losses also very high. 

  In the SVPWAM method only one phase leg is 

doing PWM switching thus, the switching frequency is 

reduced by two-third. This imposes zero switching for one 

phase leg in the adjacent two sectors. For example, in sector 

VI and I, phase leg A has no switching at all. The DC-link 

voltage thus is directly generated from the output line-to-

line voltage. In sector I, no zero vector is selected. 

Therefore, S1 and S2 keep constant ON, and S3 and S6 are 

doing PWM switching. 

 
Fig. 3.1: SVPWAM for VSI 

 



Boost-VSI Based on Space Vector Pulse Width Amplitude Modulation Technique 

 (IJSRD/Vol. 3/Issue 02/2015/085) 

 

 All rights reserved by www.ijsrd.com 330 

VECTO

R 

STATE 

Conduction pattern of switches 

S1 S3 S5 S4 S6 S2 

I 

PW

M 

ON 

▬ ▬ ▬ 

PW

M 

ON 

PW

M 

ON 

II ON 

PW

M 

ON 

▬ ▬ ▬ ON 

III ▬ ON ▬ 

PW

M 

ON 

▬ ON 

IV ▬ ON 

PW

M 

ON 

ON ▬ ▬ 

V ▬ ▬ ON ON 

PW

M 

ON 

▬ 

VI 

PW

M 

ON 

▬ ON ▬ ON ▬ 

Table 3.1: Switching Sequence of SVPWAM 

 The circuit schematic and control system for Boost 

converter inverter motor drive system is shown in Fig.3.2.  

A 6ω DC-link voltage is generated from a constant DC 

voltage by a Boost converter, using open-loop control. 

Inverter then could be modulated by SVPWAM method. 

The specifications for the system are input voltage is 100–

200 V; the average DC-link voltage is 300 V; output line-to-

line voltage rms is 230 V; and frequency is from 60 Hz to 

1kHz. The output wave forms of the SPWM and SVPWM is 

shown in the fig.3.4 & fig.3.5. 

Fig. 3.2: SVPWAM-Based Boost-Inverter system. 

 
Fig. 3.3: DC-link voltage of SVPWAM in VSI. 

 
Fig. 3.4: Output Voltage & Current Waveforms of SPWM in 

VSI. 

 
Fig. 3.5: Output Voltage & Current Waveforms of SVPWM 

in VSI 

IV. TOTAL HARMONIC DISTORTION 

The total harmonic distortion (THD) of a periodic voltage 

which can be represented by the Fourier series: 

  ∑   
 
                                                  (3) 

Where, THD is defined as: 

    
√∑   

  
   

  
                                             (4)  

and its weighted total harmonic distortion is defined as: 

     
√∑ (

  
 
)
 

 
   

  
                                      (5)                            

 The analysis of THD is done based on a novel 

algorithm where the Fourier coefficients of all the pulses of 

a given line/phase voltage in one fundamental time period 

are summed up. The analysis is valid for all integral fs/fo, 

where fs is the switching frequency and fo is the 

fundamental frequency at the output of the inverter. 

A. Comparison of THD between SPWM, SVPWM & 

SVPWAM: 

Figs.4.1-4.3 shows the calculated spectrum magnitude at 

before LC filter for three methods. 
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Fig. 4.1: Spectrum of SPWM Before Filter. 

 The DC-link voltage is designed to be a constant 

for SVPWM and an ideal 6ω envelope of the output six line-

to-line voltages for SVPWAM method. Thus, the harmonic 

of   

 
Fig. 4.2: Spectrum of SVPWM before Filter 

 
Fig. 4.3: Spectrum of SVPWAM before Filter. 

 

 
Fig. 4.4: Spectrum of SPWM after filter. 

The SVPWAM here does not contain the 

harmonics from the DC converter output. It can be 

concluded that the THD of SVPWAM has less or 

comparable with SPWM and SVPWM. Figs.4.4–4.6 shows 

the calculated spectrum magnitude at after LC filter for three 

methods. 

 
Fig. 4.5: Spectrum of SVPWM after Filter 

 
Fig. 4.6: Spectrum of SVPWAM after Filter 
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From Table.3, it can be concluded that the THD of 

SVPWAM has less or comparable with SPWM and 

SVPWM for before and after LC filter. The fig.4.7 shows 

comparision of THD for SPWM, SVPWM & SVPWAM 

From the fig.4.7 we can clearly understood that the 

total harmonic distortions of SVPWAM technique is very 

less compared to SPWM & SVPWM techniques. Hence we 

can conclude that the Boost-VSI based on SVPWAM 

technique   is efficient and economical than the conventional 

SPWM & SVPWM inverter techniques. 

Switching 

Technique 

THD in % 

Before LC filter After LC filter 

SPWM 79.62% 6.85% 

SVPWM 69.65% 6.05% 

SVPWAM 53.11% 2.97% 

Table 3: THD‟s Comparison of before and after LC Filter 

 
Fig. 4.7:  THD of SVPWAM Comparable With SPWM and 

SVPWM 

V. CONCLUSION 

The inverter switching losses are reduced in SVPWAM 

method compared to SPWM and SVPWM, by eliminating 

the zero vectors in each sector. If the output voltage is kept 

at the normal three-phase sinusoidal voltage, the DC-link 

voltage should be equal to line-to-line voltage Vac at this 

time. Consequently, the DC-link voltage should present a 

6ω varied feature to maintain a desired output voltage. The 

switching signal has two sections of PWM in positive cycle, 

but no PWM in negative cycle at all. In SVPWAM, a 

spectrum analysis is conducted to be compared with other 

methods on the basis of an equal average switching 

frequency. From the spectrum comparison between SPWM, 

SVPWM and SVPWAM, it can be concluded that the total 

harmonic distortion (THD) of SVPWAM has less or 

comparable with SPWM and SVPWM. Hence The 

experimental results shows the efficient performance of the 

proposed Boost-VSI based on SVPWAM technique. 
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