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Abstract - In order to improve the stability of the doubly-fed wind turbine, and change the 
situation that the traditional Direct Torque Controller's (DTC) torque and speed fluctuate greatly, 
which affects the stable operation of the motor situation, a hybrid method of space vector 
modulation and matrix variation is used. First of all, the principle of direct torque controller and 
direct control key vector modulation are introduced. Then, based on the above two principles, a 
hybrid method based on space vector modulation and matrix variation is proposed to design four 
modules of direct torque controller: PI control module, reference control winding flux module, 
reference voltage calculation module, and Space Vector Modulation Pulse (SVMP) module. Finally, 
the simulation analysis and comparison are carried out between direct torque control based on 
space vector modulation and matrix transformation hybrid method and traditional direct torque 
controller. The results show that the hybrid method based on space vector modulation and matrix 
transformation plays a good role in improving the operation stability of doubly-fed wind turbine; 
similarly, when the predetermined value is reached, the circle of the flux diagram in the hybrid 
method based on space vector modulation and matrix transformation is very close, while the 
conventional DTC controller's flux diagram is closer to the hexagon; for the speed and torque, the 
pulsation of the traditional direct torque controller is very large, while the pulsation of the direct 
torque controller using the mixed method of space vector modulation and matrix transformation is 
very small; smaller fluctuations also make it more stable. The research can provide a good idea for 
wind power generation technology in China. 
 
Keywords: Doubly-Fed Wind Turbine; Direct Torque Controller; Space Vector Modulation; Matrix 
Transformation.

1. Introduction 
 
The rapid development of industrialization has 
accelerated the rate of energy consumption on earth. 
With the further development of world 
industrialization, the consumption rate of coal, oil, 
and natural gas has exceeded human expectation [1]. 
Traditional energy reserves are in short supply, and 
human life is closely linked to them. In terms of 
power supply, power generation in China depends 
on thermal power and hydraulic power. But thermal 
power generation still relies mainly on coal, if coal 
energy is in shortage, the power supply may face 
paralysis. But coal reserves have far exceeded the 
expected consumption rate [2]. In order not to 
destroy the growth of nature and not to over-exploit 
the traditional resources, it is the only way for the 
sustainable development of human industrialization 
to find new energy to replace the traditional 
resources. 

In order to solve the problem of energy shortage 
and excessive consumption, mankind focus on the 
use of renewable energy. According to the 
development of science, scientists have various 
definitions of new energy sources, but wind, solar, 
and tidal power are known as renewable energy 
sources, among which wind energy has been 
favoured by scientists [3]. As wind is one of the 
meteorological conditions of nature, it has no 
pollution, is a good green energy, and has the 
reputation of inexhaustible, so it has great prospects 
for the development and utilization of wind energy 
[4]. At present, converting wind energy into electric 
energy is the most commonly used effective method. 
According to the law of conservation of power, 
scientists convert the mechanical energy of wind 
into electric energy. In the process of transformation, 
wind energy does not produce pollution and the 
effect of energy saving makes it very popular [5].  
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According to relevant statistics, since the birth of 
wind power generation, the global installed capacity 
of wind turbines has increased at an average rate of 
25% every year. According to the annual growth rate 
of 35% to 55% in the past three years, it is estimated 
that by 2025, the output power of wind power 
generation can reach about 10% of global demand 
[6]. Relevant scholars have verified that wind power 
generation, accounting for 10% of the global 
electricity demand, can reduce the emission of more 
than 10 billion tons of carbon dioxide. However, 
wind power generation technology in China is not 
the most advanced, but more advanced in European 
countries [7]. With the rapid development of 
variable speed and constant frequency technology, 
wind power generation technology has entered a 
rapid development stage. For China, the resource 
conditions of wind power generation are very 
favorable. China is a country with vast territory and 
abundant resources and a long coastline. The annual 
wind power density is 100W/m2, and the wind 
energy storage capacity can be as high as 322,600 
MW, which is far ahead in the world. Therefore, 
combining wind power generation technology with 
wind power generation conditions in China is one of 
the important means for sustainable development of 
energy and power supply in China. 

In summary, in order to improve the 
performance of the wind turbine and improve the 
stability of the wind turbine power generation, a 
hybrid method of space vector modulation and 
matrix variation is proposed. Firstly, the principle of 
torque controller and direct space vector modulation 
are introduced. Then the design of direct torque 
control module based on space vector modulation is 
proposed. Finally, the feasibility analysis and 
simulation structure analysis of the doubly-fed wind 
turbine based on spatial vector direct torque are 
carried out. It is expected that the research can 
provide a good idea for the technology of wind 
power generation in China. 
 

2. Literature Review 
 
At present, the global attention to wind power 
generation is increasing, and scholars all over the 
world begin to turn to the research on wind power 
generation. With the rapid development of power 
electronics technology, the doubly-fed Alternating 
Current (AC) excitation motor came into being. 
Doubly-fed wind turbine is the doubly-fed ac 
excitation motor used in the wind power generation 
system. Given the nature of wind power, more 
problems are encountered in doubly-fed wind power 
systems than in profit-making systems. In order to 
improve the performance of doubly-fed wind 
turbine, scholars have done a lot of research in this 
area. Related researches on the control strategy of 
direct torque controller include: Ayadathil and 

Venkatesh (2016) [8] proposed a hybrid control 
strategy for a matrix converter to feed the wind 
energy conversion system. The system adjusts 
output parameters such as voltage and frequency to 
provide a constant voltage and frequency output 
from the wind energy conversion system. In order to 
control the output voltage, a fine-control structure 
power tracker based on space vector modulation can 
maximize the mechanical output power of the 
turbine. In order to protect the system from the 
influence of overcurrent current protection and 
clamp circuit input protection are introduced; Bhanu 
and Pappa (2017) [9] proposed a direct matrix 
converter control improvement method based on 
fuzzy pulse-width modulation control. The results 
show that the dynamic voltage changes and load side 
output voltage levels show better performance, 
therefore, the direct matrix controller based on fuzzy 
rules can control the signal; with the development of 
science, Ponce et al. (2018) [10] studied the 
application of artificial organic network to the 
control capability of variable speed wind turbines. 
Artificial organic controller is an integrated 
intelligent controller based on fuzzy reasoning 
system and artificial hydrocarbon network. The 
results show that the wind turbine has excellent 
control performance when artificial organic network 
is implemented. it can not only obtain higher rotor 
and the stator power value but also obtain the 
smaller pitch angle response (meaning lower energy 
consumption), high power factor value, and smooth 
start-up stage, so as to maximize the reduced wind 
motor in the process of running risks of damage and 
bad fluctuation on the grid; Nahilia et al. (2019) [11] 
used ecosystem simulator technology to design an 
accurate imitation of the real system. The system 
simulates the active and reactive power vector 
control scheme of the whole doubly-fed induction 
generator and the wind turbine. The advantage of 
this approach is to design a system that is more open 
to structural changes, can be changed, and can be 
adapted to multiple operational scenarios at a lower 
cost; Sivaprakasam (2017) [12] proposed the 
method of 12-sector direct torque controller for 
permanent magnet synchronous motor. First of all, 
the structure of the classical direct torque controller 
is modified, which provides 27 voltage vectors of 
different sizes, 6 new switching tables. Therefore, 
the proposed switching table based on DTC can 
effectively reduce torque ripple, mechanical 
vibration and noise and achieve improved 
performance. 

To sum up, classical DTC provides a large torque 
fluctuation in operation, but has a negative impact 
on noise and performance. In order to improve the 
performance of doubly-fed wind turbines, scholars 
have adopted various methods. The above hybrid 
control strategy, fuzzy rule method, artificial organic 
controller method, and 12-sector method have all 
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changed the direct conversion matrix controller, 
which has improved the performance of the wind 
turbine. But the several techniques that have been 
tried to reduce torque ripple are often complex and 
more computationally burdensome. In order to 
reduce the complicated calculation process, the 
hybrid method of space vector modulation and 
matrix change is used to change the control strategy 
of the direct matrix transformation controller of 
doubly-fed wind turbine to improve the performance 
of doubly-fed wind turbine. 
 

3. Methodology 
3.1 Principle of torque controller 
 

The matrix changing appliance has good input 
and output, because it can make reactive 
compensation to the power grid without generating 
harmonic pollution. In addition, the small size, high 
efficiency, and input power as high as 0.99 make the 
matrix changer widely used in power grid. For the 
current matrix converter in theory, the input N-
phase AC frequency is set as f1, the output as M-
phase, the AC current frequency as f2. Therefore, the 
research object is three - phase AC - AC matrix 
converter. For the three-phase to three-phase matrix 
converter, the power circuit of three three-phase to 
single-phase matrix converters is actually 
assembled. According to the topology of the three-
phase to three-phase matrix converter, it is required 
to have 3×3 power switches S with bidirectional 
switching off and blocking ability. (i=a, b, c; j=X, Y, Z) 
forms the single-stage power converter. In each 
phase, the three-phase power supply is connected to 
the load. Then the relationship between voltage and 
current is expressed in matrix form. 
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During one cycle of pulse width modulation 
(PWM), if the ratio of switching matrix converters 
s11, s12, and s13 in the first column is M11, M12, and M13 
in the whole cycle, the space vector is expressed as 
follows.  
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Eq. 4 is obtained according to the restriction 
conditions of PWM. 
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Eq. 5-Eq. 7 can be obtained according to the limiting 
conditions. 
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The traditional direct torque controller requires a 
large number of switches, the converter method is 
complex, and the cost of frequency conversion 
equipment is relatively large, so it can't be used on a 
large scale in enterprises. Therefore, to solve these 
shortcomings of the traditional direct torque 
controller, its topology needs to be changed. 
 

3.2 The principle of direct space vector 
modulation 
 

The concept of space voltage vector control 
strategy is to connect several voltage vectors head to 
tail in one cycle to form an equivalent voltage us. 3 of 
the 7 basic voltage vectors (including a zero vector) 
are taken and added together to form a space voltage 
vector successively within a period. The time is 
controlled for the three voltage vectors to act within 
a period to make the magnetic flux track closer to the 
circle, as shown in Figure 1 [13]. 

u3

u2

u1

us

P2

P1

 
Figure 1:  The flux trajectory of space vector pulse 

width modulation 
 

In Figure 1, during the period of a complete 
control winding flux P1, the three voltage vectors u1, 
u2 and u3 operate respectively, and finally stop at P2. 
The magnetic flux trajectory of this control method is 
very close to the ideal trajectory. The three voltages 
u1, u2, and u3 are combined into an equivalent voltage 
us, so there is a balance equation between the 
voltages.  
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In Eq. 8 and Eq. 9, 1t , 2t , and 3t  respectively 

represent the time applied to 1u
, zero voltage vector, 

and 3u
; while st  represents a cycle of space vector 

pulse width modulation (SVPWM). Then the voltage 
balance is obtained. 

1 1 3 3su t u t u t                                                         (10) 

31
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s s
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                                                      (11) 

Therefore, it can be concluded that voltage us is 
synthesized by voltage u1 and u2, as shown in Figure 
2. 
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Figure 2: The synthetic voltage vector diagram 

 
According to Figure 2, under the control of space 

voltage vector control strategy, each voltage us is 
linearly composed of u1 and u3. By changing the 
working time of two voltages in one cycle, the 
composition of the new voltage space vector is equal 
to the original value of the voltage space vector. In 
this way, it can be guaranteed that the adjacent basic 
voltage vector changes with time in each cycle, so as 
to ensure that the combined value of the voltage 
space vector is the same.  
 

When the voltage selection period is very small, 
the magnetic flux rotation trajectory of the control 
winding approximates to a circle. The relation of us 
and u1, u3 can be obtained from Figure 2. 
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According to Figure 2, voltage us is decomposed 
into axis α and , and the voltage on axis α and  can 
be obtained. 
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Supposing the mean of the non-zero voltage vectors 

is 2 3dcu , dcu  represents the DC bus voltage. The 

amplitude of 1 3u u、  is taken into 2 3dcu , then the 

corresponding time 1 2t t、  of 1 3u u、  is obtained. 
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Eq. 17 shows the action time of the zero vector t2. 

2 1 3st t t t                                                            (17) 

In order to reduce the switching loss and limit the 
switching frequency of the inverter, the sampling 
technology of t1/t2 and the action time of the voltage 
vector need to be divided in detail. According to 
Figure 3, when ensuring the transformation of 
switch state every time, a zero vector is inserted to 
change one phase. Eq. 18 shows the order and time 
of action of the voltage vectors in a switching cycle. 
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According to the above process, in a complete 
control cycle, for each switch, the inverter is 
switched on and off once, the inverter's constant 
frequency can be realized, and the harmonic 
component can be further reduced. 
 

3.3 Design of direct matrix control module 
based on space vector modulation 
 

For the design of PI control module, Eq. 19 shows 
the relation expression between torque Pt and 
frequency angle of revolution. 
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In Eq. 19,   is the slip frequency; TM is the 
time constant. Power winding and control winding 
flux do not change under stable operation state, so it 
can be concluded that the magnitude of 
electromagnetic torque of wind force is linear with 
the angle of revolution.  

Therefore, when designing the PI control module, 
it is necessary to consider setting the input as the 
torque error of speed regulation and the output as 
the angular frequency of revolution.  
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Then the output is the angular velocity of rotation 
for the next step.  

Figure 3 and Figure 4 show the speed regulator 
and torque regulator respectively. 
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Figure 3:  The speed regulator 
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Figure 4:  The torque regulator 

 
Through the design of the PI control module, the 

given speed is compared with the actual speed of the 
wind turbine. After the proportional integration, the 
required torque is output. Coordinate conversion of 
power winding, current, and control winding is 
carried out to calculate the actual torque. 

The magnetic link of control winding is expressed 
as polar coordinates. 

 

c c                                                                (20) 

In Eq. 20,  
 represents the control winding flux 

angle. The control winding flux angle can be 
calculated according to the angular velocity. 
 

c dt                                                                  (21) 

In Eq. 21, c 
 represents the angular velocity of 

the control winding flux angle. According to the 
relationship between the angular velocity, it can be 
concluded that the sum of the angular velocity of 
revolution and the original rotating acceleration is 
the angular velocity of the control winding flux angle, 
as shown in Eq. 22. 

c c                                                                (22) 

Then the reference control flux is decomposed 
into α and  coordinate systems, as shown in Eq. 23 
and Eq. 24. 

cosca c                                                           (23) 
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According to the reference control flux and flux 
observer, the flux is transferred to the next 
calculation module. 

For the design of the reference voltage, the stator 
flux error should be released to zero. Eq. 25 and Eq. 
26 show the voltage needed. 
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Finally, the SVPWM module is designed. The 
design of SVPWM is to decompose the reference 
voltage of the above design to the axis of the α- 
coordinate system and enter the SVPWM block, 
which also needs the dc bus voltage Ue and period t. 
As input and output, XYZ module, N module, 
conduction time t1, t2 module, voltage vector 
switching point module, and PWM wave generation 
module are successively entered. The design of 
SVPWM includes five modules: sector vector 
judgment module, XYZ module, conduction time t1, 
t2, module, voltage vector switching point module, 
and PWM wave generation module. 
 

4. Results 
4.1 Feasibility analysis of doubly-fed wind 
turbine based on space vector direct torque 
 

In order to verify the superiority of the doubly-
fed wind turbine control system with spatial vector 
direct torque, the simulation experiment is carried 
out for the traditional direct torque controller and 
the direct torque controller based on space vector 
modulation and matrix variation. The flux value is 
set to 1.7wb, the given speed is 670r/min, and the 
torque value is 30N·m. 

Figure 5 is the comparison diagram of the 
magnetic flux of the traditional direct torque 
controller and the magnetic flux based on the hybrid 
method of space vector modulation and matrix 
transformation. The flux diagram trajectory of the 
conventional DTC controller is not a circle, while the 
flux diagram of the space vector modulation and 
matrix transformation hybrid method is very similar 
to a circle.  

Figure 6 shows the comparison between the 
speed of the hybrid method based on space vector 
modulation and matrix transformation and the 
speed of the traditional direct torque controller. 
Figure. 7 is a comparison between the torque of the 
hybrid method based on space vector modulation 
and matrix transformation and that of the traditional 
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direct torque controller. From Figure. 5 to Figure. 7, 
it can be concluded that although the DTC controller 
of the traditional doubly-fed wind turbine can reach 
the predetermined value in the state of open loop, 
the gap between its flux diagram and the circle in the 
ideal state is large, which makes the speed and 
torque ripple of the doubly-fed wind turbine larger 
and unstable in the open-loop state. The simulation 

results obtained based on space vector modulation 
and matrix change method are better than each 
other. This method can compensate the flux error to 
control the voltage vector. The flux diagram, as 
shown in Figure 5(a), is very close to the circle, and 
the pulsation of speed and torque is very small, so 
that the doubly-fed wind turbine is more stable in 
operation. 
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(a) The flux diagram of a conventional direct 

torque controller 
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(b) A magnetic flux diagram based on a hybrid method 
of space vector modulation and matrix transformation 

Figure 5:  Comparison between the flux diagram of the traditional direct torque controller and the flux diagram 
based on the hybrid method of space vector modulation and matrix transformation 
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(a) The speed diagram of a conventional 
direct torque controller 
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(b) The rotational speed diagram based on the hybrid 

method of space vector modulation and matrix 
transformation 

Figure 6:  The comparison of the speed graph based on the hybrid method of space vector modulation and matrix 
transformation with the traditional direct torque controller 
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(a) The torque diagram of a conventional direct 

torque controller 
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(b) Torque diagram based on space vector 

modulation and matrix transformation 

Figure 7:  The comparison of the torque diagram based on the hybrid method of space vector modulation and 
matrix transformation with the traditional direct torque controller 
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4.2 The advantage analysis of the doubly-fed 
wind turbine based on space vector direct 
torque 
 

A comparison is made between the doubly-fed 
wind turbine based on spatial vector direct torque 
and the conventional doubly-fed wind turbine direct 
torque controller. Costa et al. (2018) [14] found that 
the conventional DTC strategy of doubly-fed wind 
turbine controlled the winding flux and 
electromagnetic torque using two hysteresis 
comparators. The magnetic chain and 
electromagnetic torque of the control winding of the 
wind turbine are controlled by hysteresis 
comparator. However, on the one hand, because the 
switching frequency of the hysteresis device's 
inverter is not stable and is not in a constant state.  

There is no way to avoid the pulsation in the 
process of rotation. Another aspect is that the 
hysteresis device is prone to problems in the use 
process. Through the analysis of the principle of the 
traditional flux comparator and torque comparator, 
it can be concluded that in the traditional direct 
torque controller, a controllable allowable error 
quantity exists. Such existence would make the 
operation of doubly-fed turbines with traditional 
direct torque extremely unstable. Wind turbine is 
used to convert wind energy into electric energy, the 
wind speed is not controlled, so it must be controlled 
and adjusted, take some measures to reduce the 
torque ripple of the working motor, to maintain 
smooth operation in the work. 

Conventional DTC can only choose one voltage 
space vector in a sampling period, while for the 
direct torque strategy based on voltage space vector, 
two adjacent voltage vectors and a zero vector are 
used to synthesize a voltage vector in a sampling 
period.  

This method can not only reduce the error of flux 
and torque, but also reduce the fluctuation of speed 
and torque. Conventional direct torque control 
selects the required voltage vector through magnetic 
linkage and torque hysteresis comparator, and the 
controller adjusts according to the tolerance of 
hysteresis comparator. When the torque and flux 
change greatly, it can't be adjusted quickly. The 
direct torque control based on the voltage space 
vector is adjusted by the given flux linkage and the 
estimated travel value of torque and actual value, 
and a PI controller is added. When the flux and 
torque change greatly, it can be adjusted in time to 
reduce the fluctuation of flux and torque.  

The switching frequency of conventional direct 
torque control inverter is unstable, while the voltage 
space vector direct torque control frequency is 
determined by a given period and the frequency is 
constant, which reduces the given value of the period 
and can improve the accuracy of the control. 
 

5. Discussion 
 
At present, there are many researches on the control 
strategies and methods of doubly-fed direct torque 
controller. In order to solve the traditional direct 
torque controller in the wind turbine with speed, 
torque fluctuation, motor operation instability, the 
method of mixing space vector modulation and 
matrix is used to improve the direct torque 
controller. It is found that the improved direct 
torque controller can not only generate flux error to 
control the voltage vector, but also reduce the 
fluctuation of speed and torque and improve the 
stability of the electrode. The research results are 
almost consistent with those of Abouheaf et al. 
(2018) [15]. Yaramasu et al. (2017) proposed that 
the complex programmable logic devices and digital 
signal processing were used to construct the matrix 
converter experimental excitation system, and the 
model reference adaptive control strategy was 
adopted to voltage closed-loop control. The results 
show that this method can improve the stability of 
the system. Matrix converter has the characteristics 
of good low frequency performance, adjustable 
power factor, four-quadrant operation, and so on.  

A matrix converter is adopted in the excitation 
controller of doubly-fed wind generator. The 
variable speed and constant frequency wind power 
generation system with ac excitation is constructed.  

The amplitude, frequency, and phase of the 
output current of the matrix converter are controlled 
by the dual-space indirect vector control strategy, so 
as to adjust the amplitude, frequency and phase of 
the current of the generator control winding, and 
realize the variable speed and constant frequency 
operation and power factor control of the brushless 
doubly-fed wind power generation system. It proves 
that the improvement of electrode stability of 
doubly-fed wind turbine requires the research on 
the control strategy of torque controller [16]. In this 
research, the stability of doubly-fed wind turbine is 
improved by using space vector modulation and 
matrix transformation. 
 

6.  Conclusions 
 
In order to improve the stability of doubly-fed wind 
turbine, the direct torque controller is designed by 
using space vector modulation and matrix 
transformation. By introducing the principle of 
torque controller and direct space vector 
modulation, based on the principle of torque 
controller and the principle and theory of direct 
space vector modulation, the method of mixing space 
vector modulation and matrix change is proposed to 
design and transform the direct matrix converter. In 
the design of direct matrix control module based on 
space vector modulation, PI control module, 
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reference control winding flux module, reference 
voltage calculation module and SVMP module are 
designed respectively. Based on the improvement of 
the five modules, a direct torque controller based on 
spatial vector and matrix variation is proposed. 
Finally, simulation experiments are carried out on 
the DTC doubly-fed wind motor based on the hybrid 
method of space vector modulation and matrix 
change and the DTC doubly-fed wind machine based 
on the traditional DTC controller. The experimental 
results show that the improved method proposed in 
this research can generate the control voltage vector 
of flux error, the flux trajectory is closer to the circle, 
which can reduce the fluctuation of speed and 
torque, making the doubly-fed air motor more stable 
in operation. 

The research has solved the shortcomings of 
traditional direct torque controller, which can 
provide good reference and guidance for wind 
power generation technology in China. But doubly-
fed wind turbine system is very complex and needs 
many studies. The mathematical model of doubly-fed 
air-fed motor under the condition of flux saturation 
and harmonic interference is not considered in the 
study. It is expected that the finite element model 
can be used for further research in this field. 
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