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Abstract— In this paper, conventional direct torque control 
(DTC) and DTC with matrix converter (DTC_MC)  for 
induction motor (IM) drives are studied comparatively. The 
advantages of DTC method are combined with the 
advantages of the matrix converter. Comparison between the 
two techniques is made through computer simulations.  
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I. INTRODUCTION 
 

The Direct Torque Control (DTC) method for AC 
machines is prevalently utilized in many variable speed 
drives, especially in case the torque control is more 
desired than speed control. The DTC method has the 
dominant advantages such as fast transient toque response 
and low calculation burden [1]. However because of 
“Bang-Bang”control characteristic and not using modular 
regulators, conventional DTC has two drawbacks. First, 
the switching frequency is variable and dependent to the 
hysteresis bands and speed of the motor. Second, the 
torque ripples are considerable especially when it is 
comparing with the Field Oriented Control method. 
Reducing the torque ripple in conventional DTC has the 
cost of small sampling interval that may lead to high 
switching frequency [2]. In recent years, several 
investigations have been performed with the aim of 
improving steady state performance of the DTC method, 
e.g., Direct Self Control (DSC) [3], utilizing Space Vector 
Modulation (SVM) [4], utilizing multi level inverters [5], 
[6] or Matrix Converter [7] and Predictive Torque Control 
[8]-[9].   

Recently, three phase matrix converters (MC) have 
emerged to become a good alternative to the well known 
voltage source inverter (VSI). The matrix converter is an 
advanced circuit topology capable of converting AC-AC, 
providing generation of load voltage with arbitrary 
amplitude and frequency, bidirectional power flow, 
sinusoidal input/output waveforms, and operation with 
unity input power factor. Furthermore, since no inductive 

or capacitive elements are required, matrix converter 
allows a very compact design [21]. By combining the 
advantages of matrix converters with the advantages of 
DTC schemes, it is possible to achieve fast torque and flux 
responses in a wide speed range. 

This paper aims to give comprehensive evaluation of 
the two techniques from several aspects, including steady 
state, and dynamic performance, etc. Simulation results 
are presented to give a comprehensive comparison of 
them. 

 

II.  DTC AND DTC MATRIX CONVERTER 
(DTC-MC) STRUCTURES 

II.1. DTC STRUCTURES  

The basic model of DTC induction motor scheme is 
shown in Fig. 1. At each sample time, the two stator 
currents ���  and ��� and the DC bus voltage ��� are 
sampled. Using the inverter voltage vector, the �, 
 
components of the stator voltage space vector in the 
stationary reference frame are calculated as follows. 

 

����
�� = �� ��� ��� − ������ �  
���
�� = �√� ������ − ���                           (1) 

 
 

The �, 
 components of the stator current space vector 
are calculated using 

 

!"�� = ���              "�� = #$%��#$�√�                                      (2) 

The stator flux is a function of the rotor flux which is 
provides from the flux observer. 
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�&�� = '(�"�� + *+, &
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Then the magnitude of the stator flux is calculated by
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

The electromagnetic torque is calculated by 
 -� = �� .�&��"��/&��"���                      

    
where p is the number of pole pairs. 

The torque and flux errors are defined as 
 

!∆&� = 1&�
��1 − |&�|∆-� = -
�� − -�              
                       

 
The inverter switching states are determined by the 

torque and flux errors according to the sector determined

In  order  to  maintain  the  estimated 
and torque within their boundaries which a
by the two hysteresis bandwidths as shown in figure
2b, at each sampling period, the torque and 
are estimated and compared with the corre
reference values before passing th
comparator.The position of the stator flux
and  the  most  suitable  space  vector 
space vectors generated by a VSI is selected
switching table given in Table 1 to compensate t
torque and the stator flux.  

         
 

(a) Flux comparator.           (b) Three-level torque comparator.
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Fig. 1. Block diagram of classical DTC 
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(c) Output voltage vectors.

 
 

Fig.2. DTC definition of the voltage vectors and comparator
 
 

Table 1. Classical DTC Switching 
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Output voltage vectors. 

and comparators. 

Switching table. 
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Group Vector A B C vs α0 i i βi 
 
 
 
 
 
 
 
 
 
 
 

I 

+1MC a b b 2/3vab 0 2/√3isa -π/6 
-1 b a a -2/3v 0 -2/√3i -π/6 
+2MC b c c 2/3vbc 0 2/√3isa π/2 
-2MC c b b -2/3vbc 0 -2/√3isa π/2 
+3MC c a a 2/3vca 0 2/√3isa 7π/6 
-3MC a c c -2/3vca 0 -2/√3isa 7π/6 
+4MC b a b 2/3vab 2π/3 2/√3isb -π/6 
-4MC a b a -2/3vab 2π/3 -2/√3isb -π/6 
+5MC c b c 2/3vbc 2π/3 2/√3isb π/2 
-5MC b c b -2/3vbc 2π/3 -2/√3isb π/2 
+6MC a c a 2/3vca 2π/3 2/√3isb 7π/6 
-6MC c a c -2/3vca 2π/3 -2/√3isb 7π/6 
+7MC b b a 2/3vab 4π/3 2/√3isc -π/6 
-7MC a a b -2/3vab 4π/3 -2/√3isc -π/6 
+8MC c c b 2/3vbc 4π/3 2/√3isc π/2 
-8MC b b c -2/3vbc 4π/3 -2/√3isc π/2 
+9MC a a c 2/3vca 4π/3 2/√3isc 7π/6 
-9MC c c a -2/3vca 4π/3 2/√3isc 7π/6 

 
II  

0a a a a 0 - 0 - 
0b b b b 0 - 0 - 
0c c c c 0 - 0 - 

 
 
 

III  

x a b c x x x x 
x a c b x x x x 
x b c a x x x x 
x b a c x x x x 
x c a b x x x x 
x c b a x x x x 

 
 

II.2. DTC MATRIX CONVERTER (DTC-MC) STRUCTURES 

 
Figure 3 shows a schematic block diagram of the matrix 
converter has a simple topology and a compact design 
due to the lack of DC-link capacitor for energy storage. 

 
 
 
 

Table 1    Possible Switching Configurations of MC 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 

Fig3. Matrix converter schematic block diagram 

 
 

A. Matrix Converter Theory 

 

The three-phase matrix converter module includes nine 
bi-directional switches as shown in Figure 1. There are 27 
switching configuration states, which  mean 27 possible 
space vectors can be used to control IM and can be split 
respectively into 3 groups as shown in Table 1; in Group I, 
two output lines are connected to one of the other input 
lines;  in  Group  II,  all  output  lines  are  
connected  to  a common input line; while in Group III, 
each output line is connected  to  a  different  input  
line.  The corresponding output line-to-neutral voltage 
vector and input line current vector have fixed directions 
as represented in Figure 2. However, Group III is not 
useful. Only 18 non-zero space vectors  in  Group  I  
(±1,  ±2,  …,  ±9)  and  3  zero  space vectors in 
Group II (0a, 0b, 0c) can be usually employed in the 
modern control techniques for the matrix converter (such 
as the Space Vector Modulation, DTC methods, etc.) 

 
 
 
 
 
 
 
 
 
 
 

a) Output line-to-neutral voltage vectors 
b) Input line current vectors 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

B. DTC Principles Using Matrix Converter 
 

According to [4], the basic DTC principles using matrix 
converters can be briefly described as follows: at each 
sampling   period,   the   proper   switching   
configuration, which allows the compensation of 
instantaneous errors in the stator flux magnitude and 
torque, is selected under the constraint   of   unity   
input   power   factor.   This   last requirement of 
the input side of the matrix converter is intrinsically 

satisfied if the average value of sin (ψi) is maintained 

close to zero, where ψi   is the  displacement angle 
between the input line voltage and input line current. The 
hysteresis comparator shown in figure 2a directly controls 
this variable and the average value of sin (ψi) is obtained 
by applying a low-pass filter to its instantaneous value. 
The average value of sin (ψi) is controlled close to zero  
because  the  input  power  factor  is  aimed  close  
to unity. 

As a facultative example, after calculation at the first 
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time of each sampling period and considering the stator 
flux vector lying in sector 1, the input voltage vector lying 
in sector 2, the output of the torque hysteresis comparator, 
the   flux   hysteresis   comparator   and   the   
hysteresis comparator   of   the  average   value   
of   sin   (ψi)   are  respectively cT    = +1, cϕ   = 
0 and cψ= +1. As shown  in Figure 4, first with cT   = 
+1, cϕ   = 0 and the stator flux in sector 1, the suitable 
voltage vector V6-vsi  is the VSI output voltage vector by 
the DTC algorithm in a given switching period from Table 
2. Then, with the chosen VSI voltage vector V6-vsi, cψ= +1 
and the input voltage vector in sector 2, the opportune 
matrix converter voltage vector is finally selected as V-5MC 

from Table 3.The  schematic  of  the DTC method 
using  the  matrix converter fed induction motor is 
represented in Figure 4. The reference values of the 
torque and the stator flux are compared with the 
estimated values and coordinate with the average value of 
the sin (ψi) hysteresis comparator. In the lower part of the 
block diagram, the estimators of the electromagnetic 
torque, stator flux and the average value of sin (ψi) are 
represented. These estimators require the knowledge of 
input and output of voltages and currents for the matrix 
converter. However, only the input voltages and the 
output currents of the matrix converter module are 
measured by sensors, while other quantities such as the 
input  voltages  of  the  induction  motor  and  the  
input currents  of  the  matrix  converter  module  
are  calculated from the previous switching states, the 
input voltages and the output currents of the matrix 
converter module. 

Table 3    DTC Switching Table Using MC 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

   Figure 4.  Block diagram of the DTC with MC 

III.  SIMULATION RESULTS 

 

The classical DTC and DTC-MC are simulated and the 
comparison between the results is performed. The 
simulated induction motor parameters are shown in Table 
4. Figures. 5 , 6 and 7 show the torque, steady state and 
speed signals of the DTC and DTC_MC, under 
(wref=100% rated speed and TL=100% rated torque). 

 

 
Figure 5.  Simulation results of Torque: a) DTC, b) DTC_MC 

 
 
 

 
 

Figure 6.  Simulation results of Steady state at 375 rpm 

:a) DTC, b) DTC_MC 
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Figure 7.  Simulation results of Speed reversal: a) DTC, b) 
DTC_MC 
 

 

IV.  CONCLUSIONS 
 

A direct torque control (DTC) and DTC with Matrix 
converter (DTC_MC) are proposed and compared, the 
torque ripples of DTC_MC method are as small as that of 
in DTC.  

The DTC_MC is reinforced by modifying the torque 
error hysteresis comparator in order to distinguish between 
small, medium and large positive and negative torque 
errors.  

The simulation results prove the excellent transient 
torque response for both proposed methods. The 
DTC_MC method has a better performance. Since the 
torque control and torque ripples reduction was the main 
goal, the speed and steady  response of DTC_MC 
method possesses less ripples in compare DTC. 
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