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 
Abstract—A Space Vector based Pulse Width Modulation 

control technique for the three-phase PWM converter is proposed in 
this paper. The proposed control scheme is based on a synchronous 
reference frame model. High performance and efficiency is obtained 
with regards to the DC bus voltage and the power factor 
considerations of the PWM rectifier thus leading to low losses. 
MATLAB/SIMULINK are used as a platform for the simulations and 
a SIMULINK model is presented in the paper. The results show that 
the proposed model demonstrates better performance and properties 
compared to the traditional SPWM method and the method improves 
the dynamic performance of the closed loop drastically.  

For the Space Vector based Pulse Width Modulation, Sine signal 
is the reference waveform and triangle waveform is the carrier 
waveform. When the value sine signal is large than triangle signal, 
the pulse will start produce to high. And then when the triangular 
signals higher than sine signal, the pulse will come to low. SPWM 
output will changed by changing the value of the modulation index 
and frequency used in this system to produce more pulse width. The 
more pulse width produced, the output voltage will have lower 
harmonics contents and the resolution increase. 

 
Keywords—Power Factor, SVPWM, PWM rectifier, SPWM.  

I. INTRODUCTION 

OWER electronic equipment is advancing to new scales 
of performance like never before and is being widely 

touted as a solution for most of the power conversion and 
power quality issues. Even though on a wider scale power 
electronics has advanced but certain key issues remain 
unabated such as the low input power factor, harmonic 
distortion of ac line currents, and harmonic interference on the 
grid in case of a standard diode/thyristor based bride rectifier. 
For DC loads or voltage source fed drives, the PWM 
rectifier/converter is a preferred choice for the production of a 
DC voltage. This may be attributed to the inherent capability 
of PWM based rectifier to regulate the power factor, and 
mitigate the line current harmonics as well as the bi-
directional power flow capability [1], [2]. 

For improving the input power factor and shaping the input 
current into sinusoidal waveform many control strategies have 
been proposed. One of the simplest strategies is the Phase and 
Amplitude control (PAC) which provides a good switching 
pattern but a decrease in the closed loop stability is observed 
because of the DC offset on the input current of the rectifier 

 
Farhan Beg is an Electrical Engineer from the National Institute of 

Technology Srinagar, India and is affiliated with the Global Energy Network 
Institute San Diego California USA (e-mail: f.beg1@yahoo.com). 

during the transient state. Advantages such as good accuracy, 
constant switching frequency, insensitivity to parameter 
variations and fast dynamic current response are observed in 
the current regulating fashion in the synchronous frame [3]. 
The direct current control scheme is widely adopted in the 
actual implementations. Even though many different PWM 
modulation schemes are presently being used, such as the 
delta modulation technique, the space vector technique and the 
sinusoidal PWM technique, but it has been theoretically 
proved that the Space vector PWM technique offers the best 
modulation properties. SVPWM provides a highly dynamic 
and robust way to suppress the input harmonics as well as for 
specific applications such as motor velocity control. 
Especially in low operating frequency, low harmonics can be 
obtained. One more benefit of using SVPWM technique 
consists of raising the fundamental component in the output 
voltage by about 15%. Development of digital signal 
processing has clearly provided a platform for the 
implementation of SVPWM. This paper proposes the 
modeling of a Three-Phase Space Vector Controlled Voltage 
source pulse PWM rectifier rated at 22kW. The simulations 
and results demonstrate the robust capability of the proposed 
scheme. The proposed algorithm avoids the superficial usage 
of the look-up tables of sine or arc-tangent that forms the basic 
mechanism for the design of the controller in a traditional 
framework. Duty cycles of space voltage vectors are directly 
calculated by tracking the voltage reference vector in each 
sector in the vector space. 

II. SYSTEM DESCRIPTION AND MODELING 

Fig. 1 shows the schematic of the three-phase voltage 
source converter based on IGBT’s. In developing the 
mathematical model, it is assumed that the source voltage 
employed in a balanced three phase supply and a linear filter 
reactor is used. The IGBT’s are also assumed to be lossless 
and ideal [4]. The various quantities in the mathematical 
model used are; ݑ௔, ,௕ݑ  ௖ represent the per phase voltage ofݑ
the three phase voltage source and ݅௔, ݅௕, ݅௖ represent the phase 
current set. ݒௗ௖ represents the DC o/p voltage and ܴଵ,ܮ  
signifies the Resistance and Inductance of the filter circuit. C 
is the smoothing capacitor and ܴ௅ is the DC side load. 
,௥௔ݑ ,௥௕ݑ  ௥௖ represent the input voltages of the rectifier circuitݑ
[5]. 
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universal variables X,Y,Z the expressions developed are shown 
as: 
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Phase voltages in abc coordinates can be obtained using the 

relationships (6); 
 

             ൞
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Using the properties of the 3-Phase Sine wave; 
 

If Va>0; A=1, else A=0 
If Vb>0; B=1, else B=0 
If Vc>0; C=1, else C=0 

 
Sector number is consequently obtained using (7); 
 

          Sector= A+2B+4C         (7) 
 
In order to optimize the number of device switches for a 

given PWM application period, only one switching is allowed 
per transition of the state. For this purpose, a peculiar 
arrangement of the three zero vectors is made as in Fig. 5. 

IV. SIMULATION RESULTS AND ANALYSIS 

MATLAB/ SIMULINK platform is used for the design and 
simulation of the proposed control strategy.  System behavior 
is approximated as a discrete control system. The complete 
simulation model is shown in Fig. 6. The rectifier is shown in 
the top part of the Fig. 6. As already concocted, the AC source 
used is a balanced three phase voltage source with a frequency 
of 50 Hz and a per phase voltage of 380 volts. The value of the 
line resistance is .1 ohms and the line inductance has a value 
of 3 mH. A value of 600 V is assumed for the DC voltage in 
the steady state. Switching frequency of 10 KHz is employed. 

 

 

Fig. 4 PWM bridge rectifier voltages space vector representation 
 

 

Fig. 5 Sector wise conventional and switching sequence   
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V. CONCLUSION 

In this paper, a simplistic model of the rectifier at unity 
power factor is introduced and the proposed control strategy 
leads to a significant improvement in the performance of the 
model. Conventional non- linear models can be modified to 
linear models using non linear input transformation technique.  

The consequent design of the controller becomes 
straightforward. Independent design of the controller is made 
possible by the proposed technique. A design of the decoupled 
feed-forward controller for 3 phase voltage is proposed in this 
paper. Simulation results demonstrate the modifications in the 
performance in both DC as well as reactive power control. 
Minimum hardware is required for the design of the SVPWM 
controller and the IGBT switching losses are reduced.  
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