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ABSTRACT
In this paper, a control approach for direct control of the wind turbine torque based on a doubly-fed 
induction generator using space vector modulation and matrix convertor control method is presented and 
also evaluated. The goal of many conventional torque control methods is creating a sinusoidal current in 
input and output sides. In the conventional direct torque control method, despite the proper performance 
in transient and steady states, the switching frequency is not constant. However in this paper, using the 
estimative method and direct torque control method, a constant switching frequency is obtained. In 
addition, fast dynamic response and wind turbine control are provided in the proposed control method. 
This paper compares the theoretical and operational complexities of direct torque control using space 
vector modulation and matrix convertor method. In this paper, the direct torque control approach is 
simulated using matrix convertor and space vector modulation methods for a wind turbine based on a 
doubly-fed inductive generator and the results of simulations, using MATLAB-SIMULINK software, are 
discussed under different operational conditions and in terms of theoretical complexity, load current 
quality, dynamic response, sampling frequency, switching frequency and presence of resonance in the 
input filter.
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1. INTRODUCTION
Matrix convertor consists of a set of two-way 

switching elements, which is used directly through 
connecting the power supply to a load without 
utilizing a DC link or energy storage elements [1]. 
Some of the important features of matrix convertor 
are: 1) Integrated and simple power circuit. 2) 
Creating a voltage with desired amplitude and 
frequency. 3) Sinusoidal input and output currents. 
4) Operation with the power factor of one. 5) 
Renewability and upgradability. These obvious 
features show the great importance of this structure 

well. Extensive research in the field of MC is started 
by Venturini and Alsina in 1980. Through providing 
accurate logical background and introducing it 
well as “matrix convertors”, they described the 
manner of performance of low frequency, voltage 
and current generation on load side and input side. 
One of the biggest barriers in operation of these 
convertors is the two-way function of switching 
[2], [3] and [4].

In recent years, with respect to the advancements 
in power electronics, the usage of three-phase 
drives has increased. Meanwhile, because of 

http://creativecommons.org/licenses/by/4.0/.
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existing advantages, using the matrix convertors 
has attracted more attention [5].

Advantages of using the matrix convertors in 
electric drives is that, having a smaller convertor 
size and no need for a DC link capacitor, it can 
provide a two-way electrical power transmission 
between the AC grid and the induction machine, 
and vice versa. In addition, power factor of 
input power will be close to one. On the other 
hand, harmonic injection to the AC grid will be 
prevented. With respect to the advantages of direct 
torque control, Casadei et al. first presented the 
direct torque control of induction machine using 
the matrix convertor in 2001.

In this method, in addition to controlling the 
stator flux and wind turbine torque, input power 
factor is also modified. In this paper, the results 
of direct torque control simulation through space 
vector modulation (SVM) and matrix convertor 
(MC) are presented. Performance of each one of 
control methods of space vector modulation and 
matrix convertor are analyzed with respect to 
criteria such as: theoretical complexity, load current 
quality, dynamic response, sampler frequency, 
switching frequency, presence of resonance in 
input filter [6].

2. DIRECT TORQUE CONTROL WITH 
MATRIX CONVERTOR
A. The matrix convertor used in the direct torque 
control

Matrix convertors are a set of controllable 
semiconductor switches that connect the three-
phase sources to three-phase loads. These 
convertors have interesting features that has 
attracted more attention to them in the last two 
decades. Generation of voltage with desired 
amplitude and frequency, sinusoidal input and 
output currents, possibility of modifying power 
factor to one and not needing a DC link capacitor 

are advantages of these convertors. There are two 
method for controlling the matrix convertors. First 
method, which is also known as direct method, is 
based on estimation of transfer function between 
the input and output of convertor. Modulations 
methods, which are based on Venturini method, 
are in this category. The second method, which is 
based on hypothetical DC link and it is also known 
as indirect method, has simpler control algorithm 
and, without adding third harmonic, its maximum 
output voltage is higher than that of first method 
[7]. From structural point of view, different power 
electronic structures are proposed for the matrix 
convertors and a lot of attempts are made to 
simplify it and decrease its number of switches. 
Meanwhile, decreasing the number of switches to 
15, 12 and even 12 is analyzed [8].

In recent years, to develop induction machine 
control methods, extensive attempts are made 
to improve the fast torque response and decrease 
the theoretical complexities. It is worth noting 
that direct torque control method and speed 
control method in induction machine are directly 
dependent on the electromagnetic machine’s 
conditions.

Direct matrix convertor (DMC) that is shown 
in Figure (1), is a one-stage two-way power 
convertor that connects an m-phase voltage source 
to an n-phase load [2], [9]. From scientific point 
of view, connecting a three-phase load to a three-
phase source is justifiable for a motor. In matrix 
convertors, the following two rules must always be 
in place:

1) Since the load of matrix convertors 
are usually inductive, to prevent current lag, it is 
necessary for at least one of the keys connected to 
the output phase to be on.

2) With respect to fact that voltage sources 
supply these convertors, none of the input phases 
should be short-circuited.

 
 
 
Figure 1: Direct matrix convertor 
 
  

Fig. 1. Direct matrix convertor
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Based on these rules, 27 allowed switching 
states remain, which create 27 output voltage 
vectors based on the following equation:

 2 
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In this equation, Av , Bv and Cv denote the voltages of output three phases and ov  denotes the output voltage vector. 

 
Figure 1: Direct matrix convertor 
 
These 27 states are divided into 3 groups. In the first group, output voltage vectors include 6 vectors with equal amplitude and 
positive or negative phase sequences. In the second group, there are 18 vectors that are in six different directions with constant 
phase and different sizes. In the third group, there are three vectors that produce output voltage with zero amplitude. In this 
group, all three output phases are connected to a single input phase. The direct torque control with matrix convertor only uses 
vectors of groups two and three [4] – [8]. 
Presence of power filters (Rf, Lf and Cf) in the input of convertors, decreases the high-frequency harmonics of input currents to 
the MC, result in generation of almost-sinusoidal currents and prevent the consequent overvoltage. The overvoltage caused by 
presence of short circuit reactance can cause sudden change in input currents of the power supply. During the switching, 
inductance in input filter LF and capacitor CF create series resonance for each input harmonic of the three-phase grid and parallel 

resonance for current harmonics in currents AI , BI and CI . When the frequency of these harmonics gets closer to resonance 
frequency of the filter, it creates harmonics with large amplitude. Input filter design plays an important role in DMC structure. 
Switching function in a switch is defined as follows: 
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With respect to presence of the capacitor in the input of MC, only one switch in each column can be closed. In addition, inductive 
characteristics of the load makes sudden disconnection of the load impossible. Hence, at least one switch in each column should 
be closed [10], [12]. To develop the modulation approach for MC, a mathematical model seems essential which can be derived 
from Figure 1, as follows: 

( )o ijV T S Vi=      (3) 

( )Ti ij oi T S i=      (4) 

Where,  To a b cV v v v= and  Ti A B CV v v v= are output and input voltages, respectively. In addition, 

 Ti A B Ci i i i= and  To a b ci i i i= are input and output current vectors, respectively. ( )ij T S is transfer matrix of the 

direct MC, which is defined as ijS switching function in the following form: 
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Equations (3) and (4) are basis of all of the modulation methods, which include proper combination of switch openings and 
closings for creating desired output voltage [9]. The overall block diagram of the direct torque control with matrix convertor is 
shown in figure 2 [4]. 
 
Here, similar to the classic direct torque control, the stator flux and torque error of wind turbine enter the hysteresis comparators and, using 
the classic switching table, a voltage vector is obtained first. In the next stage, with respect to the fact that the average angle sinus between the 
input voltage and current must be zero, the average of this value is given to a two-level hysteresis comparator and with respect to the obtained 
vector from the last stage, sector of input current vector and using the mentioned table in reference [6], the proper sates of the convertor 

switches are obtained. Moreover, to obtain the average of sin( )i , a low-pass filter is used. In this method, to estimate the motor torque and 
stator flux, input voltage and output current of convertor are measured and with respect to state of switches, the output voltage and input 
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phase sequences. In the second group, there are 
18 vectors that are in six different directions with 
constant phase and different sizes. In the third 
group, there are three vectors that produce output 
voltage with zero amplitude. In this group, all three 
output phases are connected to a single input phase. 
The direct torque control with matrix convertor 
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Presence of power filters (Rf, Lf and Cf) 
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frequency harmonics of input currents to the MC, 
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and prevent the consequent overvoltage. The 
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be closed. In addition, inductive characteristics of 
the load makes sudden disconnection of the load 
impossible. Hence, at least one switch in each 
column should be closed [10], [12]. To develop 
the modulation approach for MC, a mathematical 
model seems essential which can be derived from 
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are input and output current vectors, respectively. 
( )ij T S is transfer matrix of the direct MC, which 

is defined as ijS switching function in the following 
form:
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Equations (3) and (4) are basis of all of the 
modulation methods, which include proper 
combination of switch openings and closings for 
creating desired output voltage [9]. The overall 
block diagram of the direct torque control with 
matrix convertor is shown in figure 2 [4].

Here, similar to the classic direct torque control, 
the stator flux and torque error of wind turbine 
enter the hysteresis comparators and, using the 
classic switching table, a voltage vector is obtained 
first. In the next stage, with respect to the fact that 
the average angle sinus between the input voltage 
and current must be zero, the average of this value 
is given to a two-level hysteresis comparator and 
with respect to the obtained vector from the last 
stage, sector of input current vector and using the 
mentioned table in reference [6], the proper sates 
of the convertor switches are obtained. Moreover, 
to obtain the average of sin( )iϕ , a low-pass filter is 
used. In this method, to estimate the motor torque 
and stator flux, input voltage and output current of 
convertor are measured and with respect to state of 
switches, the output voltage and input current are 
calculated. Since controlling the switch state in this 
method depends on instantaneous values of stator 
flux and motor torque error, its switching is not 
constant, which increases torque ripple and makes 
it more difficult to filter the current harmonics for 
measuring.

B. Classification of control and modulation methods
Figure 3 shows the proper control and 
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modulation methods that are currently developed 
for MC. The first method is named direct transfer 
function and is also known as Venturini method. 
Here, the output voltage is obtained using the input 
voltage and transfer matrix. Scalar (numerical) 
method is one of other methods developed by 
Roy, which uses ratio of instantaneous voltage to 
input phase voltage to create active state and zero 
the convertor’s switches. Using the pulse width 
modulation (PWM) is a very important approach 
for controlling switching in the matrix convertors. 
Many methods and approaches are presented for 
voltage source invertor. Currently, using the space 
vector modulation (SVM) in switching of matrix 
convertor is one of the most efficient approaches. 
The alternative solution is direct torque control and 
flux control.

In the Venturini vector method, the method 
used in modulation is applying the proper signal 
and firing angle of each two-way switch (Sij). This 
method is proposed by Venturini [2], which is used 
in many work, e.g. [3], [4] and [9]. 

In this approach, the purpose of modulation is 
generating varying frequency and sinusoidal output 
voltage with varying amplitude (VjN), from constant 
frequency and voltage with constant amplitude. In 
this approach, the instantaneous input voltage is 
used to combine with a low-frequency signal that 
is the desired output voltage. The time period in 
which ijS  is on is denoted by ijt and sT denotes 
the distance between the two sampling. Hence, the 
following relation can be stated:

Aj A Bj B Cj C
jN

s

t v t v t v
v

T
+ +

=               (6)

Where, ( )jV N is the low-frequency component 
(the calculated average in the time duration of 
sampling) from j-th output phase, and changes 
in every time duration of sampling. Using this 
approach, a switching output voltage with high 
frequency is created, which is combined with the 
desired waveform. 

( ) ( ) ( )        Aj Bj Cj
Aj Bj Cj

s s s

t t t
m t m t m t

T T T
= = =   (7)

One of the important aspects of the presented 
approach is that with respect to the general principle 
(average value) and input voltage waveforms, the 
voltage gain of the convertor cannot exceed q= 0.5. 

In the Venturini method, to increase the voltage 
gain to 3

2q = , injection of third order harmonic 
is proposed, where we will finally have:

( ) ( )
2

2  1 4(1 )
3 3 3

iN jN
ij

i

v t v qm t
v

ξ= + +   (8)

Roy’s vector method uses the ratio of 
instantaneous voltage to input phase voltage 
to generate active power and create zero state 
of switching for the convertor [11], where the 
instantaneous phase voltage of output side
( , , )j a b c=  is stated as follows:

K K L L M M
jN

s

t v t v t vv
T

+ +
=    (9)

K L M st t t T+ + =     (10)

Based on a general principle, index M is 
assigned to an input voltage that has different sign 
from the other two inputs. Index L is assigned to 
the input voltages with the smallest value and index 
K is assigned to the third input voltage. As stated 
before in the last section, equation (7) and (8) are 
similar to the approach proposed by Venturini. 
In this method, switching patterns depend on the 
numerical comparison of the input phase voltage 
and instantaneous value of the output voltage. 
Therefore, we have the following work cycle:

2

2

( )
3

2
( )

3
2

1 ( )

jN m L
Lj

i

jN m K
Kj

i

Mj Lj Kj

v v v
m

v

v v v
m

v

m m m

−
=


 − =

 = − −


   
  (11)

Where, for j, we have , ,j a b c= , respectively. 
As mentioned before, the fundamental approach to 
solve the modulation problem, to obtain positive 
values for times Kt , Lt and Mt , is using the 
voltage transfer ratio which is limited to 0.5q ≤
. Changing the switching time using the usual 
numerical method makes it possible to add the third 
harmonic to achieve overall transfer voltage ratio of 

3
2q = . Therefore, the work cycle modulation for 
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the numerical method can be stated using equation 
(10) as follows:

2

21 2(1 )
3 3

i j
ij

i

v v
m

V
ξ= + +    (12)

When the output voltage is maximum and 
3
2q = , equations (8) and (12) will be equal. The 

difference between the approaches are presence of 
parameter q that is used in Venturini method and 
in numerical method it is fixed at the maximum 
value. Except for lower switching frequency, its 
impact on output voltage is negligible, which shows 
the superiority of Venturini method [2], [9].

In addition to the mentioned vector methods, 
many control methods are also used that are based 
on pulse width modulation (PWM) and used for 
adjusting the output voltage and maintain the 
power factor of one. For simplicity, we discussed 
the PWM based on carrier for a three-phase MC, 
which can be easily upgraded to a three-phase to 
three-phase convertor or multi-level convertor 
that is sinusoidal pulse width modulation 
(SPWM). In this method, a high-frequency 

carrier with triangular shape is compared to 0 V
reference sinusoidal signal and the results are 
shown in Figure 4.

In this method, the switching pulse as a function 
of input voltage and its desired voltage in the output 
will be generated based on a logical table. Different 
methods considering variables Ax , Bx and Cx are 
identified for generating input voltages that are 
shown in Table 1. If the mentioned conditions in 
the Table are not desirable, we will consider the 
logical variable with value of zero. Characteristic 
and pattern of the generated gate pulse for the MC 
is stated according to switching conditions using 
equation below:

1 016 8 4 2A B CN x x x L L= + + + +   (13)

Where, 0L and 1L are output voltage levels. (If 
the reference voltage level is lower than or equal 
to zero, 0L is chosen and if the voltage is higher 
than zero, 1L is chosen). In general, the PWM can 
operate with variable input power factor, where, 
to generate sinusoidal input current with desired 
power factor, carrier angle change and voltage shift 
might be used.

 4 

 
 
 

Figure 4: PWM method, unipolar and desired voltage level 
 

  

Fig. 4. PWM method, unipolar and desired voltage level

Table (1): input voltage condition in PWM method 
 

Value Condition 

𝑿𝑿𝑨𝑨 � � 𝑣𝑣� � 𝑣𝑣� 

𝑿𝑿𝑩𝑩 � � 𝑣𝑣� � 𝑣𝑣� 

𝑿𝑿𝑪𝑪 � � 𝑣𝑣� � 𝑣𝑣� 

 
  

Table 1.  input voltage condition in PWM method
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3. SPACE VECTOR MODULATION METHOD
The space vector modulation (SVM) method 

is based on instantaneous vector combination of 
voltage and current. Approximately 27 possible 
switching states are available for a three-phase 
MC, where, only 21 states are used for space vector 
modulation. First 18 switching states specify the 
output voltage vectors and input current vectors that 
have certain directions according to Figure 5. Value 
of these vectors depend on instantaneous values of 
input voltage and output current, respectively. The 
three next switching states specify the zero input 
current and output voltage vector. SVM algorithm 
for matrix convertor MCs has the intrinsic 
capability of simultaneous control of output voltage 
and angular shifting of instantaneous current. The 
two-stage space vector modulation SVM method, 
similar to over modulation that was used before, is 
considered as a classic space vector modulation and 
it is important, [6] and [13].

Output voltage vector and shift angle of input 
current are considered as reference quantity and 
sampled instantaneously. Phase voltage vector is 
applied by the voltage source and its correctness 
is measured. Next, the input side can be adjusted 
by controlling the vector phase angle of the input 
current. Both output voltage and input current 
vectors are combined considering the work cycle. 
According to Figure 5, work cycle is fulfilled based 
on reference input current and output voltage 
phase [14].

 6 
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In the equations above, m is modulation index.  is the angle of displacement between the measured input voltage vector 
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If the sign of work cycle is negative, switching work cycle must also be put in negative state and operate in that manner. Similar 
to the whole work cycle, 0 zero vector work cycle must also be equal to the sampled frequency. For example: 
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Considering the displacement power factor of one in the input side of direct matrix convector, i.e. 0 = , maximum 

modulation index is 3
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Performance of all of the methods can be compared according to the following criteria:  
1- Theoretical complexity 
2- Load current quality 
3- Dynamic response 
4- Sampling frequency 
5- Switching frequency 
6- Presence of resonance in the input filter 

Comparison of these methods are presented in Table 2. Although the methods based on space vector modulation have many 
equations because of complexity, creating the gate drive signal with a two-way power switch is very easy. In the DTC method, 
we must know the effect of each switching state on the torque, flux and input power factor of the MC[14]. 
In all of the presented methods, load current with high quality is delivered. The major difference is that some approaches operate 
with constant switching frequency and some other, e.g. DTC and PTC, operate with variable switching frequency. Moreover, 
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space vector modulation, which operate with constant switching frequency, decrease the resonance state of the input filter. 
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of complexity, creating the gate drive signal with 
a two-way power switch is very easy. In the DTC 
method, we must know the effect of each switching 
state on the torque, flux and input power factor of 
the MC[14].

In all of the presented methods, load current 
with high quality is delivered. The major difference 
is that some approaches operate with constant 
switching frequency and some other, e.g. DTC and 
PTC, operate with variable switching frequency. 
Moreover, sampling frequency is low in some 
methods, while some others require high frequency. 
All of the proposed approaches have desired 
dynamic behavior that are acceptable in scientific 
applications. The extent of resonance in the input 
filter is considered as a very important matter for 
switching in MC. An important issue that has not 
been discussed before is that the modulation and 
control methods have significant impact on the 
behavior of the input filter. In fact, methods such 
as Venturini, Roy and space vector modulation, 
which operate with constant switching frequency, 
decrease the resonance state of the input filter.

In the direct torque control, the input filter 
has great resonance, whereas we observe different 
results in estimative methods. Presence of reactive 
power control in the state function decreases the 
resonance state in the estimative method. There are 
other proposed approaches such as fuzzy control 
method, neural networks method and genetic 
algorithm for MCs. In addition, new structures for 
AC-AC convertors, e.g. the convertor with z source, 
are introduced for special applications.

4. SIMULATION RESULTS
Matrix convertors are one of many types of 

power electronic convertors. Although they are 
under study in research and laboratory level, they 
have lots of advantages and interesting features 
that led to choosing analysis and simulation of this 
type of convertor as the main topic of this paper. 
In this section, to present a clear image in this 
domain, first, simulation of matrix convertor and 
space vector modulation methods, used for directly 
controlling the torque of the doubly-fed induction 

generator (DFIG), is discussed and both control 
methods are assessed and compared.

Simulations of both method are done in 
Matlab Simulink software and all of the utilized 
control systems, blocks and devices are chosen and 
designed with the aim of directly controlling the 
torque of doubly-fed induction machine. First, the 
matrix convertor method for direct toque control 
(MC-DTC) is implemented and the results such 
as rotor and stator flux (in Webers), currents and 
voltages of rotor and stator in reference frame of 
stator (in Amperes and volts), rotational speed 
of the rotor, (in radians per second), electrical 
torque  (in newton meters), rotor angle (radians) 
are obtained. The same procedure is carried out for 
space vector modulation for direct torque control 
(SVM-DTC). Finally, the obtained results are 
assessed and advantages and disadvantages of both 
methods are mentioned.

As mentioned before, the extent of resonance in 
the input filter is considered important for matrix 
convertor switching. The important issue that 
was not discussed before is that the control and 
modulation methods have significant impact on 
the behavior of the input filter. In fact, the SVM, 
which operates with constant switching frequency, 
decreases the resonance state of the input filter. 
This is shown in the results of the simulation. In 
the method based on matrix convertor, because of 
presence of resonance in the input filter, the input 
current cannot have high quality. This behavior can 
be greatly mitigated with respect to the input filter. 
In the direct torque control method using matrix 
convertor, the input filter has a lot of resonance, 
whereas we observe different results from the 
space vector modulation. The result of simulations 
indicate superiority of the space vector modulation. 
In this section, the result of simulation of MC-DTC 
and SVM-DTC direct torque control methods are 
analyzed. In this paper, Matlab/Simulink is used for 
simulation of direct torque control. The intended 
parameters of DFIG are shown in Table 3. To 
compare the performance of these methods, the 
system behavior is analyzed in the following states:

1. The reference speed of the rotor is 

Table 2: comparison between the SVM-DTC and MC-DTC control methods 
 

Theoretical 
complexity 

Input filter 
resonance 

Dynamic 
response 

Switching 
frequency 

Sampling 
frequency 

Control 
method 

Very high low good Low low SVM-DTC 
high Very high fast high Very high MC-DTC 

 
  

Table 2. comparison between the SVM-DTC and MC-DTC control methods
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increased from 0 to 500rpm in zero seconds and 
lowered to 0 again in 1 second.

2. The wind speed is changed in t=0.5, 1 and 
1.5s.

As mentioned before, the speed control loop 
creates reference torque and flux for the DTC block 
using a PI controller. Figure 6 shows the speed 
variation graph and the value of speed following 
the reference speed. The rotor angle variation is 

shown in figure 7.
The performances of each one of the control 

methods are presented in Table 2 based on the 
theoretical complexity, load current quality, 
dynamic response, sampler frequency, switching 
frequency and presence of resonance in the input 
filter. Now, with respect to the results of simulations, 
we compare the SVM and MC. According to Figure 
8, the frequency fluctuations are minimized with 
space vector modulation method and the sampling 

Table 3: the parameters of DFIG connected to a wind turbine 
 

Type: DFIG Power=1.5 MVA  
Rr=0.016 pu Rs=0.023 pu 
Lr=0.16 pu Ls=0.18 pu 

Pole=6 Lm=2.9 pu 
Frequency=60 Hz Voltage=575  v 
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Figure 6: rotor speed and the value of reference rotor speed 
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Figure 7: rotor angle in radian per second 
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Figure 8: Frequency variations for (a) MC-DTC, (b) SVM-DTC methods  
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Fig. 8. Frequency variations for (a) MC-DTC, (b) SVM-DTC methods
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frequency is decreased. According to Figure 9, 
dynamic response of electromagnetic torque is 
also improved in SVM-DTC method. In the Figs 
10-15, the value of current, fluxes and voltages of 
reference frame of stator will approve this notion. 

Figure 16 clearly shows the superiority of the 
SVM-DTC method in decreasing the input filter 
resonance. Switching frequency and sampling 
frequency in SVM are lower than those of in MC. 
As a result, distortions caused by them will also be 
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Figure 9: Electromagnetic torque for (a) MC-DTC, (b) SVM-DTC methods 
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Figure 10: Stator current for (a) MC-DTC, (b) SVM-DTC methods 
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Figure 11: Rotor current for (a) MC-DTC, (b) SVM-DTC methods 
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Fig. 9. Electromagnetic torque for (a) MC-DTC, (b) SVM-DTC methods

Fig. 10. Stator current for (a) MC-DTC, (b) SVM-DTC methods

Fig. 11. Rotor current for (a) MC-DTC, (b) SVM-DTC methods
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Figure 12: flux domain in q for (a) MC-DTC, (b) SVM-DTC methods 
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Fig. 12. flux domain in q for (a) MC-DTC, (b) SVM-DTC methods
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Figure 13: Flux in domain d for (a) MC-DTC, (b) SVM-DTC methods 
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Fig. 13. Flux in domain d for (a) MC-DTC, (b) SVM-DTC methods
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decreased. But Space vector modulation method 
has higher theoretical complexity compared to 
matrix convertor MC.

5. CONCLUSION
In this paper, the two methods for controlling 

the torque of wind turbines based on a doubly-fed 
induction generators are designed and simulated. 
The results suggest that, compared to the matrix 
convertor, the space vector modulation leads 
to smaller torque ripple and stator flux in the 
induction generator (DGIF). The simulations 
results also clearly show the superiority of SVM. 
Nevertheless, high-quality load current is delivered 
in both of the presented methods in the paper. The 
major difference between the two methods is that 
the space vector modulation operates with constant 
switching frequency, whereas the matrix convertor 
method operates with variable switching frequency. 
Moreover, unlike the matrix convertor method, the 
sampling frequency is lowered in the space vector 
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Figure 14: Stator voltage in domain q for (a) MC-DTC, (b) SVM-DTC methods 
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modulation method. With respect to the fact that 
having too many switches is one of the problems 
of the matrix convertors, the matrix convertor 
with 9 one-way switches and modified clamping 
circuit is discussed and its performance is assessed 
based on criteria including: theoretical complexity, 
load current quality, dynamic response, sampling 
frequency, switching frequency and presence of 
resonance in input filter. The simulation results 
show reduced torque ripple, stable switching 
frequency despite reduced number of convertor 
switches, and the possibility of properly controlling 
the torque in the space vector modulation SVM 
compared to direct torque control using matrix 
convertor.
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Figure 16: DC link voltage for (a) MC-DTC, (b) SVM-DTC methods 
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