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ABSTRACT 

The Matrix converter is a forced commutated Cyclo-converter with an array of controlled semi conductor 

switches that connects directly the three phase source to the three phase load. The matrix converter is a direct 

AC-AC Converter.  It has no limit on output frequency due to the fact that it uses semiconductor switches with 

controlled turn-off capability. The simultaneous commutation of controlled bidirectional switches limits the 

practical implementation and negatively affected the interest in matrix converters. This major problem has been 

solved with the development of several multi-step commutation strategies that allow safe operation of the 

switches Examples of these semiconductor switches include the IGBT, MOSFET, and MCT. Some of the 

modulation techniques existing are Basic, Alesina-Venturi and Space vector Modulation Techniques. Out of the 

above modulation techniques Space vector Modulation Technique is most widely used. The simulation of matrix 

converter modulation and control strategies of Space vector Modulation Technique is done by using MATLAB-

Simulink. 

KEYWORDS: Matrix converter, Space Vector Modulation. 

I. INTRODUCTION TO MATRIX CONVERTER 

The matrix converter is the most general converter-type in the family of AC-AC converters. The AC-
AC converter is an alternative to AC-DC-AC converter which is called as direct converter is shown in 
Fig. 1. The matrix converter is a single-stage converter which has an array of m×n bidirectional 
power switches to connect, directly, an m -phase voltage source to an n-phase load. The AC-DC-AC 
converter is also called as indirect converter as shown in Fig. 2. The matrix converter is a forced 
commutated converter which uses an array of controlled bidirectional switches as the main power 
element to create a variable output voltage system with unrestricted frequency. It does not have any 
DC-link circuit and does not need any large energy storage elements. The key element in a matrix 
converter is the fully controlled four-quadrant bidirectional switch, which allows high-frequency 
operation. The converter consists of nine bi-directional switches arranged as three sets of three so that 
any of the three input phases can be connected to any of the three output lines is shown in Fig. 3. 
[1][3] 

 

Fig. 1 AC to AC or Direct power Conversion 
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Fig. 2 AC-DC-AC or Indirect power Conversion 

 

Fig. 3 Matrix converter Switch Arrangement 

The switches are then controlled in such a way that the average output voltages are a three phase set 
of sinusoids of the required frequency and magnitude. The matrix converter can comply with four 
quadrants of motor operations, while generating no higher harmonics in the three-phase AC power 
supply. The circuit is inherently capable of bi-directional power flow and also offers virtually 
sinusoidal input current, without the harmonics usually associated with present commercial inverters. 
These switches provide to acquire voltages with variable amplitude and frequency at the output side 
by switching input voltage with various modulation techniques.[4][5] [8]. 
These modulation techniques are to change the voltage transfer ratio of matrix converter and out of 
these methods we mainly concentrate on the venturini modulation technique and the space vector 
maodulation method.One of the main contributions is the development of rigorous mathematical 
models to describe the low-frequency behavior of the converter, introducing the “low-frequency 
modulation matrix” concept. The use of space vectors in the analysis and control of matrix converters 
in which the principles of Space Vector Modulation (SVM) were applied to the matrix converter 
modulation problem.   

Advantages of Matrix Converter: 

• No DC link capacitor or inductor  
• Sinusoidal input and output currents  
• Possible power factor control  
• Four-quadrant operation  
• Compact and simple design  
• Regeneration capability  

Disadvantages of Matrix Converter: 

• Reduced maximum voltage transfer ratio  
        • Many bi-directional switches needed  
        • Increased complexity of control  
        • Sensitivity to input voltage disturbances 
        • Complex commutation method.[5]-[8]. 

Section 1 describes introduction to matrix converter, Section 2 describes the various Commutation 
techniques for matrix converter, Section 3 describes the various modulation strategies for matrix 
converter, Section 4 describes the simulation of Space Vector Modulated matrix converter, Section 5 
describes the simulation results and  Section 6 describes conclusions of the paper. 
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II. COMMUTATION TECHNIQUES FOR MATRIX CONVERTER 

There are three methods of implementing the Bi-directional Switch. They are Diode Bridge 
Bidirectional switch arrangement, Common Emitter Bidirectional Switch arrangement, and Common 
Collector Bidirectional Switch arrangement. This bidirectional switch consists of two diodes and two 
IGBTs connected in anti-parallel as shown Fig. 4.   

 
Fig. 4 Common emitter bidirectional switch arrangement 

The diodes are included to provide the reverse blocking capability. There are several advantages in 
using this common emitter bidirectional switch arrangement. It is possible to independently control 
the direction of the current. Conduction losses are also reduced since only two devices carry the 
current at any one time. One possible disadvantage is that each bidirectional switch cell requires an 
isolated power supply for the gate drives. Therefore, the common emitter configuration is generally 
preferred for creating the matrix converter bidirectional switch cells. In the common emitter 
configuration, the central connection also allows both devices to be controlled from one isolated gate 
drive power supply [1],[9]. 

 

2.1 Current Commutation for the Safe Operation of Bidirectional Switch 

Reliable current commutation between switches in matrix converters is more difficult to achieve than 
in conventional VSIs since there are no natural freewheeling paths. The commutation has to be 
actively controlled at all times with respect to two basic rules. These rules can be visualized by 
considering just two switch cells on one output phase of a matrix converter. It is important that no two 
bidirectional switches are switched on at any instant. This would result in line-to-line short circuits 
and the destruction of the converter due to over currents. Also, the bidirectional switches for each 
output phase should not all be turned off at any instant. This would result in the absence of a path for 
the inductive load current, causing large over-voltages. These two considerations cause a conflict 
since semiconductor devices cannot be switched instantaneously due to propagation delays and finite 
switching times [7][8]. 

2.2 Current-Direction-Based Commutation 

A more reliable method of current commutation, which obeys the rules, uses a four-step commutation 
strategy in which the direction of current flow through the commutation cells can be controlled. To 
implement this strategy, the bidirectional switch cell must be designed in such a way so as to allow 
the direction of the current flow in each switch cell to be controlled. A diagram for two-phase to 
single-phase matrix converter, representing the first two switches in the converter as shown in Fig. 5 
[1].  

 
Fig. 5 Conversion of 2-ø to 1- ø with bidirectional switches 

In steady state, both the devices in the active bidirectional switch cell are gated to allow both 
directions of current flow. The explanation assumes that the load current is in the direction shown and 



International Journal of Advances in Engineering & Technology, July 2012. 

©IJAET                                                                                                          ISSN: 2231-1963 

247 Vol. 4, Issue 1, pp. 244-255  
 

that the upper bidirectional switch ( AaS ) is closed. When a commutation to BaS is required, the 
current direction is used to determine which device in the active switch is not conducting. This device 

is then turned off. The device that will conduct the current in the incoming switch is then gated BaS , in 
this example. The load current transfers to incoming device either at this point or when outgoing 
device ( AaS 1) is turned off. The remaining device in the incoming switch ( AaS 2) is turned on to allow 
current reversals. This process is shown as a timing diagram the delay between each switching event 
is determined by the device characteristics as shown in Fig. 6. 
This method allows the current to commutate from one switch cell to another without causing a line-
to-line short circuit or a load open circuit. One advantage of all these techniques is that the switching 
losses in the silicon devices are reduced by 50% because half of the commutation process is soft 
switching and, hence, this method is often called “semi-soft current commutation”. One popular 
variation on this current commutation concept is to only gate the conducting device in the active 
switch cell, which creates a two-step current commutation strategy. All the current commutation 
techniques in this category rely on knowledge of the output line current direction [3], [10].  
However, other method called “Near-Zero” commutation method will give rise to control problems at 
low current levels and at startup. This method allows very accurate current direction detection with no 
external sensors. Because of the accuracy available using this method, a two-step commutation 
strategy can be employed with dead times when the current changes direction, as shown in Fig. 7. 
This technique has been coupled with the addition of intelligence at the gate drive level to allow each 
gate drive to independently control the current commutation. There is another method of commutation 
called relative voltage magnitude commutation. The main difference between these methods and the 
current direction based techniques is that freewheel paths are turned on in the input voltage based 
methods. 

 

 

Fig. 6 Timing diagram of current commutation 

 

 
Fig.7  Timing diagram of two-step semi-soft current commutation with current direction -detection within the 

switch cell 
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III. MODULATION TECHNIQUES FOR MATRIX CONVERTER 

The purpose of these modulation techniques is to change the voltage transfer ratio. The different types 
of Modulation techniques are Basic Modulation technique, Voltage ratio limitation and optimization, 
Alesina –Venturini modulation technique, Scalar modulation technique, Space vector modulation 
technique, indirect modulation technique. The main modulation techniques which have wide 
applications are Venturini modulation technique and the space vector modulation technique. To 
describe the above methods we need some fundamentals and some switching schemes which are 
explained below. The basic switching states are shown in Fig. 8.[1. 

 
Fig. 8 Basic Switching Sequence 

Defining the switching function of a single switch as[1], [6], [11], [12],[13] 

��� = 	 �1, 	
��ℎ������	��0, 	
��ℎ������� ���	��,�,����	� ,!,"�                                   (1) 

With these restrictions, the 3×3 matrix converter has 27 possible switching states. The mathematical 
expressions that represent the basic operation of the MC are obtained applying Kirchhoff’s voltage 
and current laws to the switch array. 

#$ %�&$!%�&$"%�&' = #�� %�&�� %�&�� %�&��!%�&��!%�&��!%�&��"%�&��"%�&��"%�&' #
$�%�&$�%�&$�%�&'  

                                                                                          (2) $( = ) × $where T= Instantaneous transfer matrix 
 

#+�%�&+�%�&+�%�&' = #�� %�&�� %�&�� %�&��!%�&��!%�&��!%�&��"%�&��"%�&��"%�&'
,
#+ %�&+!%�&+"%�&'                     (3) 

 �- =	),�( where TT is the transpose matrix of T 
 

Where $ ,$!.��$"  are the output phase voltages and iA, iB and iC represent the input currents to the 

matrix. The output voltage is directly constructed switching between the input voltages and the input 
currents are obtained in the same way from the output ones. For these equations to be valid, next 
expression has to be taken into consideration: 

��/ + ��/ + ��/ = 1, � = 	 �., 1, �                              (4) 

What this expression says is that, at any time, one, and only one switch must be closed in an output 
branch. If two switches were closed simultaneously, a short circuit would be generated between two 
input phases. On the other hand, if all the switches in an output branch were open, the load current 
would be suddenly interrupted and, due to the inductive nature of the load, an over voltage problem 
would be produced in the converter. 
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By considering that the bidirectional power switches work with high switching frequency, a low-
frequency output voltage of variable amplitude and frequency can be generated by modulating the 
duty cycle of the switches using their respective switching functions. Let 23/%�& be the duty cycle of 

switch �3/%�&, defined as 

23/%�& = 	 �3//)567which can have the following values:0 < 23/%�& < 1,    

9 = �:, ;, ��, � = �., 1, �. 
The low-frequency transfer matrix is defined by 

2%�& = <2� 2� 2� 2�!2�!2�!2�"2�"2�" =                                    (5) 

 
The low-frequency component of the output phase voltage is given by  $(%�& = 2%�&$-%�&                                                                                                                                (6)     
The low-frequency component of the input current is given by  +-%�& = 2%�&,�(%�&                                                                                                                                                                                                         (7) 

3.1. Venturini Modulation Technique 

The modulation problem normally considered for the matrix converter can be stated as follows. Given 
a set of input voltages and an assumed set of output currents [4], [6], [14]  

$� =	$�> # cos%B��&cos%B�� + 2 × D/3&cos%B�� + 4 × D/3&'                     (8) 

+� =	 +�> # cos%B�. � + ∅�&cos%B�. � + ∅� + 2 × D/3&cos%B�. � + ∅� + 4 × D/3&'                                         (9) 

find a modulation matrix  M(t) such that the constraint equation  is satisfied. In the voltage gain 
between the output and input voltages, 

$� = 	I. $�> # cos%B�. �&cos%B�. � + 2 × D/3&cos%B�. � + 4 × D/3&'                                       (10) 

+� = I. cos%∅�& +�> # cos%B�. � + ∅�&cos%B�. � + ∅� + 2× D/3&cos%B�. � + ∅� + 4× D/3&'                           (11) 

The first method attributable to Venturini is defined by above method. However, calculating the 
switch timings directly from these equations is cumbersome for a practical implementation. They are 
more conveniently expressed directly in terms of the input voltages and the target output voltages 
(assuming unity displacement factor) in the form   

2 =	 JK L1 + M2$3$/N/$-OP Q for 9 = �:, ;, ��, � = �., 1, �                                                        (12) 

                                 

2%�& = <2� 		2� 		2� 2�!		2�!		2�!2�"		2�"		2�"
=                                                                                                   (13) 

 
This method is of little practical significance because of the 50% voltage ratio limitation. Venturini’s 
optimum method employs the common-mode addition technique defined to achieve a maximum 
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voltage ratio of 87%. The formal statement of the algorithm, including displacement factor control, in 
Venturini’s key paper is re-complex and appears unsuited for real time implementation. In fact, if 
unity input displacement factor is required and then the algorithm can be more simply stated in the 
form [1], [3]. 

2/3 =	 JK R1 + M2$3$/N/$-OP + S4 7K√KU sin%B-� + X3& sin%3B-�&Y                                                 (14) 

 

For 9 = �:, ;, ��, � = �., 1, �	.��		X = 0, PZK , [ZK    respectively. 

Noting that, the target output voltages include the common-mode addition defined in equation 
provides a basis for real-time implementation of the optimum amplitude Venturini method which is 
readily handled by processors up to sequence (switching) frequencies of tens of kilohertz. Input 
displacement factor control can be introduced by inserting a phase shift between the measured input 
voltages and the voltages$�inserted in above equation. However, like all other methods, displacement 
factor control is at the expense of maximum voltage ratio [1],[14]. 

3.2 Space Vector Modulation Technique 

The SVM is well known and established in conventional PWM inverters. Its application to matrix 
converters is conceptually the same, but is more complex. With a matrix converter, the SVM can be 
applied to output voltage and input current control. Here, we just consider output voltage control to 
establish the basic principles. The voltage space vector of the target matrix converter output voltages 
is defined in terms of the line-to-line voltages [8], [12], [15] 

$(%�& = 	 PK %$ ! + .	$!" + .P$" &                                (15) 

  	+-%�& = 	 PK %+ + .	+! + .P+"&                                            (16) 

  where   . = 	�%/PZ/K& 
In the complex plane $(%�& is a vector of constant length M√3I$-ON rotating at angular frequency	B(. 

In the SVM, it is synthesized by time averaging from a selection of adjacent vectors in the set of 
converter output vectors in each sampling period.  
The Table1 shows the 27 switching states of the three-phase Matrix Converter (MC). Table 1 shows 
all different vectors for output voltages and input currents. The group-2 consists of eighteen space 
vectors are constant in direction but the magnitude depends on the input voltages and the output 
currents for the voltage and currents space vectors respectively. On the contrary, the magnitude of the 
six rotating vectors remains constant and corresponds to the maximum value of the input line-to-
neutral voltage vector and the output line current vector, while its direction depends on the angles of 
the line-to-neutral input voltage vector α and the input line current vector β. 

The 27 possible output vectors for a three-phase matrix converter can be classified into three groups 
with the following characteristics.  

� Group I: Each output line is connected to a different input line. Output space vectors are 
constant in amplitude, rotating (in either direction) at the supply angular frequency. 

� Group II: Two output lines are connected to a common input line; the remaining output line is 
connected to one of the other input lines. Output space vectors have varying amplitude and 
fixed direction occupying one of six positions regularly spaced 60 apart. The maximum 

length of these vectors is 
P√K × $6\]where $6\]the instantaneous value of the rectified input 

voltage envelope. 
� Group III: All output lines are connected to a common input line. Output space vectors have 

zero amplitude (i.e., located at the origin) 
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Table 1 3Φ-3Φ Matrix converter switching combinations 
 

 

In the SVM, the Group I vectors are not used. The desired output is synthesized from the Group II 
active vectors and the Group III zero vectors. The hexagon of possible output vectors is shown, where 
the Group II vectors are further subdivided dependent on which output line-to-line voltage is zero. 
The Switching times for the space vectors for the sector is given below 

�1 =	^|$�| $��`a b)	�I sin%c&                             (17) 

�6 =	^|$�| $��`a b)	�I sin%60 − c&                            (18) 

�� =	)	�I − %�1 + �6&                   (19) 
Where to is the time spent in the zero vector (at the origin). There is no unique way for distributing 
the times (t1, t6, t0) within the switching sequence. The example for switching times is  shown in Fig. 
9.    

 

Fig. 9 Switching times 

For good harmonic performance at the input and output ports, it is necessary to apply the SVM to 
input current control and output voltage control. This generally requires four active vectors in each 
switching sequence, but the concept is the same. Under balanced input and output conditions, the 
SPVM technique yields similar results to the other methods mentioned earlier. However, the increased 
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flexibility in choice of switching vectors for both input current and output voltage control can yield 
useful advantages under unbalanced conditions. 

IV. SIMULATION OF MATRIX CONVERTER WITH SVPWM MODULATION 

TECHNIQUE 

The simulation diagram of matrix converter with SVPWM Modulation technique is as shown in Fig. 
10. The SVPWM Modulation technique is implemented based on the consideration of Voltage & 
Current sector location. The important blocks in SVPWM modulation technique are Matrix converter, 
Duty cycle block, Switching times calculation block, pulse generation block. The Duty cycles are 
generated based on the Voltage and Current Vector sector location. The input to duty cycle block is 
the sector location and the output is the duty cycles and these are used for calculating the switching 
times. The input to the pulse generation block is switching times and also voltage and current sector 
and the output of pulse generation block are pulses to the nine switches which are directly connected 
to the switches of matrix converter.  

 
Fig. 10 Simulation diagram of SVM for matrix converter 
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V. SIMULATION RESULTS 

The voltage and current sector is shown in the Fig. 11 which is in the form of pulses. The upper 
waveform shows the voltage sector location and the lower waveform shows the current sector 
location. 

 

Fig. 11 Firing angles and control orders 

The output voltages (Ub1,Ub2, Ub3)and output  currents (Ib1,Ib2,Ib3)of three phase RL branch are 
shown in Fig. 12. The voltage gain transfer ratio (q) is taken as 0.8. 

 

 
 

Fig. 12  Output Voltage and Current of SVM strategy for q =0.85 
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The output voltages (Ub1,Ub2, Ub3)and output  currents (Ib1,Ib2,Ib3)of three phase RL branch are 
shown in Fig. 13. The voltage gain transfer ratio (q) is taken as 0.6. 

 

 
Fig. 13  Output Voltage and Current of SVM strategy for q =0.60 

VI. CONCLUSIONS 

This paper reviews some well known modulation technologies like Alesina-Venturini method and 
space vector method.  In theory, both methods are equivalent to each other. The relationship between 
the input/output voltage in the time domain and the input/output reference vector in the complex space 
is systematically analyzed. The duty-cycle of each switch in the time domain can be represented by 
combination of space vectors and the reverse of the transformation is also established. The most 
important practical implementation problem in the matrix converter circuit is the commutation 
problem between two controlled bidirectional switches. This has been solved with the development of 
highly intelligent multistep commutation strategies. The important drawback that has been present in 
all evaluations of matrix converters was the lack of a suitably packaged bidirectional switch and the 
large number of power semiconductors. This limitation has recently been overcome with the 
introduction of power modules which include the complete power circuit of the matrix converter. 
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