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      ABSTRACT:Matrix converters are used to convert an AC signal to an AC signal with a different voltage and 

frequency. The SPWM and SVPWM techniques are used for applying control pulses to the switches of the Matrix 

converter for three-phase AC to three-phase AC conversion. This greatly simplifies the complexity of the matrix 

converter and thereby increases the reliability of the converter. Matrix converters have applications in the adjustable 

speed motors found in wind turbines, generators and electric engines. A suitable pulse width modulation (PWM) 

technique is employed to obtain the required output voltage in the line side of the inverter. The different methods of 

PWM generation such as sine PWM (SPWM), Space Vector PWM (SVPWM) are implemented in this project. In sine-

triangle PWM, three phase reference modulating signals are compared against a common triangular carrier to generate 

the PWM signals for the three phases. In SVPWM methods, a revolving reference voltage vector is provided as voltage 

reference instead of three phase modulating waves. In this paper, the model for SPWM and SVPWM technique is made 

and simulated using PSIM 9.0.3.400 software and its performance is compared with matrix converter. The control 

pulses for the matrix converter are developed by using C programming. 

 

KEYWORDS:SPWM.SVPWM,MatrixConverter,PWM 

I. INTRODUCTION 

 

The progress in the development of power device (silicon) technology and large power integrated circuits encouraged 

the interest of research to explore an AC-AC matrix converter as an elegant silicon-intensive and efficient way to 

convert AC input supply directly into AC output supply. However, the power converter is still not utilized in industry 

because of the difficulties involved in the practical implementation related to   bi-directional switch realization, zero 

current commutation problems, the complexity of the PWM control method, the synchronization and the protection 

problems. It is hoped that the AC-AC matrix converter topology will replace the work of standard AC-DC-AC 

converters . In this project matrix converter is made to operate in the following modulation techniques namely SPWM 

and SVPWM. Compared to SPWM technique, SVPWM are more suitable for digital implementation. Also the 

maximum voltage transfer ratio can be increased up to 87% [2]. The comparative method reveals the superiority of the 

SVPWM over PWM technique in terms of THD.  The three phase ac line voltage is applied to matrix converter after 

appropriate filtering. The matrix converter converts the fixed voltage to voltage with variable amplitude and frequency. 

The output can be supplied to any load that requires variable voltage with variable frequencies such as to drive an 

induction motor and the permanent magnet synchronous motor. This topology can be used in the fields of industrial AC 

motor drives, in a marine application, in a military application especially for military vehicles, in an aerospace 

application.The control pulses for the converter are developed in C programming. The proposed modulation techniques 

for matrix converter are Sinusoidal Pulse Width Modulation (SPWM) and Space Vector Pulse Width Modulation 

(SVPWM). 

 

II.MATRIX CONVERTER 

 

Matrix converter is a direct AC-AC converter topology that is able to directly convert energy from an AC source to an 

AC load without the need of a bulky and limited lifetime energy storage element. Due to the significant advantages 

offered by matrix converter, such as adjustable power factor, capability of regeneration and high quality sinusoidal 

input/output waveforms, matrix converter has been one of the AC – AC topologies that receive extensive research 

attention for being an alternative to replace traditional AC-DC-AC converters in the variable voltage and variable 
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frequency AC drive applications. The main advantage of a matrix converter is to obtained variable frequency output 

from fixed frequency input supply.The matrix converter consists of 9 bi-directional switches that allow any output 

phase to be connected to any input phase. With nine bi-directional switches the matrix converter can theoretically 

assume 512 different switching states combinations. But not all of them can be usefully employed [1].  Regardless to 

the control method used, the choice of the matrix converter switching states combinations to be used must comply with 

two basic rules.The input terminals of the converter are connected to a three phase voltage-fed system, usually the grid, 

while the output terminal are connected to a three phase current- fed system, like an induction motor might be. Taking 

into account that the converter is supplied by a voltage source and usually feeds an inductive load, the input phases 

should never be short-circuited and the output currents should not be interrupted. From a practical point of view these 

rules imply that one and only one bi -directional switch per output phase must be switched on at any instant. 

 
Fig. 1Structure of Matrix Converter. 

 
One of the key benefits of the Matrix Converter technology is the possibility of greater power density due to the 

absence of a DC link. This is translated into a realistic advantage if the filter size is also optimized, by having a 

sufficiently high switching frequency of semiconductor devices. This means, though, a compromise between filter size 

and semiconductor losses must be found. Factors such as the absence of electrolytic capacitors, the advantage for 

increasing power density, reducing size, reducing weight and obtaining good input power quality are fundamental to 

power supply applications. 

 

A. Static Frequency Changer (AC/AC Converter)  

 

A static frequency changer is a converter which can convert ac power at a given frequency to ac power at a different 

frequency. In this conversion, voltage magnitude and phase angle can be controlled as well. The block diagram of a 

three-phase to three-phase static frequency changer is shown below.   

 
Fig. 2Block diagram of frequency changer. 

 

The input power supply with fixed frequency is applied to the frequency changerblock. The frequency changer changes 

the frequency of the input power supply depending on the required output frequency. The variable frequency output 

voltage is obtained from the frequency changer [8]-[10]. Therefore, electrical energy can be transferred between the 

input and output of the converter without a dc-link. A single-stage static frequency changer can be realized by thyristor. 

In that case, it is called a naturally-commutated cycloconverter, featuring restricted frequency conversion. It is also 

possible to realize a single-stage static frequency changer by controllable switches. In this case, it is called a forced- 

commutated cycloconverter or a Matrix Converter (MC). 

 

 

 

 

II. THE BIDIRECTIONAL SWITCH 
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The Matrix Converter requires a bi-directional switch capable of blocking voltage and conducting current in both 

directions.  Unfortunately there are no such devices currently available, so discrete devices need to be used to construct 

suitable switch cells. There are three types of Bi-directional switches are available they are 

1) Diode bridge bi-directional switch cell arrangement. 

2) Common emitter back-to-back.  

3) Common collector back-to-back. 

 
Fig. 3 Bi-directional switches 

 
The diode bridge bi-directional switch cell arrangement consists of an IGBT at the center of a single-phase diode bridge 

arrangement is shown in above fig. The common emitter and common collector bi-directional switch cell arrangement 

consists of two diodes and two IGBTs connected in anti-parallel as shown in above fig. The disadvantage of the 

arrangement is the need of two isolated power supplies for the two gate drivers of the IGBT’s. The diodes are included 
to provide the reverse blocking capability .In this project diode bridge bi-directional switch cell arrangement because 

the main advantage is that both current directions are carried by the same switching device, therefore only one gate 

driver is required per switch cell. The cost of the hardware implementation is also reduced because of only 9 IGBT is 

used. 

IV. IMPLEMENTATION OF MATRIX CONVERTER 

 

The implementation of matrix converter using diode bridge bi-directional switch cell arrangement is shown in fig. The 

individual pulses for IGBT is obtained using two different modulation techniques. The three phase input supply is 

given to the each leg of the matrix converter and the three phase output is obtained from the each leg of matrix 

converter. At every instant of time only three switches of a matrix converter is in ON state remaining switches must be 

in OFF state [9]. The two modulation techniques are Sinusoidal Pulse Width Modulation (SPWM) and Space Vector 

Pulse Width Modulation (SVPWM) techniques. 

 

 
 

Fig. 4 Implementing Matrix Converter Circuit in PSIM Environment 

 

V.MATRIX CONVERTER USING SINUSOIDAL PULSE WIDTH MODULATION 

 
Sinusoidal PWM refers to the generation of PWM output sine wave as the modulating signal.  The  on  and  off instants of a 

PWM  signal in  this case can be determined by comparing a reference sine  wave  (the  modulating  wave)with  a high  

frequency triangular wave (the carrier wave).Sinusoidal PWM technique is commonly used in industrial applications and is 

abbreviated here as SPWM. The frequency of the modulating wave determines the frequency of the output voltage.  

 

A. Pulse Generation Logic For Matrix Converter 

  

The SPWM pulses are obtained by comparing the sinusoidal waveform and triangular waveform. The different phase shifted 

sinusoidal waveform is compared with the triangular waveform for obtaining six output pulses. The output of the SPWM is 
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used for generating pulses for IGBT’s in the matrix converter after performing certain logic. The generation of SPWM is 
shown in figure. 

 
Fig.5 SPWM generation 

 

In the SPWM technique different phase shifted sinusoidal waveform is compared with triangular waveform. The three phase 

shift of sinusoidal waveform is 0,120&240 degrees. This will create six different output pulses, that pulses are applied to the 

control logic function.The pulses for the IGBT’s in the matrix converter are generated with certain logic as shown in figure. 

 

B. Simulation Of Matrix Converter Using SPWM 

 

The matrix converter using SPWM is designed with the help of PSIM software. Individual sub-blocks are created for SPWM 

generation, gate logic and matrix converter. The simulated circuit diagram of MC using SPWM is shown in below figure. 

 

 
Fig.6 Simulation circuit for Matrix Converter using SPWM 

 

VI. MATRIX CONVERTER USING SPACE VECTOR PULSE WIDTH MODULATION TECHNIQUE 

 

Space Vector Modulation (SVM) was originally developed as vector approach to Pulse Width Modulation (PWM). It is a 

more sophisticated technique for generating sine wave that provides a higher voltage to the motor with lower total harmonic 

distortion. The main aim of any modulation technique is to obtain variable output having a maximum fundamental component 

with minimum harmonics. Space Vector PWM (SVPWM) method is an advanced computation intensive PWM method and 

possibly the best techniques for variable frequency drive application. SVPWM is a different approach from PWM modulation, 

based on space vector representation of the voltages in the α-β plane. The α-β components are found by Clark’s 
transformation. Space Vector PWM (SVPWM) refers to a special switching sequence of the upper three power transistors of a 

three-phase power inverter. It has been shown to generate less harmonic distortion in the output voltages and/or currents 

applied to the phases of an AC motor and to provide more efficient use of dc input voltage. Because of its superior 

performance characteristics, it has been finding widespread application in recent years. 

 

A. Simulation Of Mc Using SVPWM 

 

SVPWM Generation, 

Basic switching, vectors and sectors. 

Modeling of space vector  

Step # 1 determination of Vd, Vq, Vref and angle (a)  

Step # 2 determination of time duration T1, T2, T0  

Step # 3 determination of switching time of each transistor (S1 to S6)  

Step 1: 

Vd, Vq, Vref,   

Line Voltage = 500   

Van = Vbn = Vcn = 230 

Vd = Van- Vbncos (θ) − Vcncos (θ)  
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Vq = Vbncos (θ) − Vcncos (θ)         √             

The three phase coordinating input supply is converted to two phase rotating system by using the equation. 

The sector can be obtained by calculating the angle from the values of Vd and Vq.  

Step 2: 

Determination of time duration:        ,                          is fundamental frequency                                       

The pulse duration for generation of pulses is implemented in PSIM as shown in figure. The calculated angle is used for 

calculating the time duration of each pulse. 

B. Time Duration Calculation 

 

The monostable multivibrator is used for obtaining duration of pulses. The constant values are given to the output of the 

multivibrator. From that results six various SVPWM output is obtained for generating pulses for IGBT’s in matrix converter. 
 

C. Implementation Of Mc Using Svpwm 

 

The matrix converter is designed using SVPWM as shown in figure.The individual circuits are formed into sub-

blocks.Various loads are connected to the output of the matrix converter.  

 
Fig.7 Matrix Converter using SVPWM simulation circuit 

 

VII.SIMULATION RESULTS  

The simulation of matrix converter using SPWM and SVPWM is designed and simulated with various R load and their 

performance is studied. The variable frequency output is obtained in matrix converter using both SPWM and SVPWM.  

 

A. Simulation Results For Matrix Converter Using SPWM 

 The simulated results are obtained with various loads and various modulation indexes. The results are shown below 

Simulation Results for Matrix Converter Using SPWMWith R Load 
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The simulation result for the MC using SPWM with modulation index=0.25 

 

Fig.8 Modulation Index=0.25 

D. Simulation Results For Matrix Converter Using SVPWM  

 The simulated results are obtained with various loads and various modulation indexes. The results are shown below 

Simulation Results for Matrix Converter with R Load 

The simulation result for the MC using SVPWM with modulation index=0.25 is shown in figure. 

 

Fig.9 Modulation Index=0.25 

E. Measurement ofPercentage THD andOutput Voltage inMC Using SPWM WithRL Load. 

 

MODULATION 

INDEX 

RL LOAD 

% THD VOLTAGE                         

0.25 1.9 2.1 2.0 152 151 150 

0.5 1.7 1.9 1.9 304 299 300 

0.75 1.5 1.8 1.7 357 352 352 

1 1.4 1.2 1.0 369 364 364 

 

Table 1 SPWM Comparison table 

F. Measurement of Percentage THD and Output Voltage in MC Using SVPWM with RL Load 

 

MODULATION 

INDEX 

RL LOAD 

% THD VOLTAGE                         

0.25 0.5 0.6 0.5 289 285 287 

0.5 0.5 0.6 0.5 289 285 287 

0.75 0.6 0.5 0.5 297 297 298 

1 0.8 0.9 0.6 312 309 310 

 

Table 2 SVPWM Comparison table 
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G. Output Voltage with Variable Frequency in MC Using SPWM 

The input three phase supply frequency is 50Hz and the obtained output three phase supply frequency is 40Hz. The frequency 

is varied by changing the frequency of sinusoidal input in the SPWM generation. The variable frequency output is shown in 

figure. 

 

Fig.10 Output Of Variable Frequency In Matrix Converter Using SPWM. 

H. Output Voltage With Variable Frequency In Mc Using Svpwm 

 The input three phase supply frequency is 50Hz and the obtained output three phase supply frequency is 40Hz. The 

frequency is varied by changing the frequency of sinusoidal input in the SVPWM generation. The variable frequency output 

is shown in figure. 

 

Fig.11 Output Of Variable Frequency In Matrix Converter Using SVPWM. 

VIII. CONCLUSION 

 

This project demonstrated the analysis, design, and development of the three-phase-to-three-phase AC-AC matrix 

converter with SPWM and SVPWM techniques in PSIM software. A background study of the various topologies of the 

matrix converter and the associated controlling algorithms was investigated. Theoretical background of the simulation 

results of three-phase-to-three-phase AC-AC matrix converter with SPWM and SVPWM topologies were presented. 

The results for percentage THD, output voltage and output variable frequency of both MC using SPWM and MC using 

SVPWM is presented.From the simulation results it is concluded that matrix converter using SVPWM gives less THD 

percentage in output waveform and high output voltage as compared to the matrix converter using SPWM. The results 

of the simulation test proved that the converter successfully complied with its specifications. Thus the three-phase 

matrix converter using SVPWM can be used as a replacement of the conventional rectifier-inverter based converter. 

The advantages of the matrix converter in short are:   

 Inherent four -quadrant operation  

 Absence of bulky DC-link electrolyte capacitors 

 Pure input power characteristics with unity power factor  

 Small sized all-silicon, and cost effective converter. 
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