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Abstract 

Direct Torque Control (DTC) is one of the novel methods of the induction motor control in which the torque generated 

by the induction motor is controlled directly by the inverter switching modes. The direct torque control method has 

advantages than other induction motor control methods, which include: 1- Non-use of current controllers 2- Remove rotor 

positioning sensors 3- Quick torque response 4- Lack of dependence on some parameters of the induction motor and 5- 

lack of need to control any axis of the motor. Due to these features, this method has become one of the popular methods 

of the induction motor control in industry. But it still has some disadvantages, such as a high ripple in the curves of 

electromagnetic torque and stator flux, as well as the inappropriate performance at low engine speeds. In this paper, 

various strategies for direct torque control of the induction motor have been investigated and an improved switching table 

has been proposed as well as a switching table with 12 regions that are compared with other methods and results indicate 

that the direct torque control strategy using 12 regions, improves the flux and torque ripple to a satisfactory level. The 

simulation was performed in Simulink/ Matlab and the results are presented in the simulation section. 
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1. Introduction 

At first, the speed control of electrical machines was 

driven by direct current machines traditionally, since the 

magnetic flux and electromagnetic torque are in direct 

relationship with the stator current and the rotor 

respectively. In the past 20 years, direct current machines 

(DC) have given way to induction machines and their 

abundant application is undeniable in the industry. 

However, due to their coupled nonlinear structure, the 

coupling between stator and rotor windings varies over 

time, which makes it is difficult to to control this type of 

motor. The vector control method (FOC) has been used 

in the industry for many years and instead of direct 

current motors, AC machines with this type of control 

was used. The vector control method (FOC) is similar to 

the DC motor control which has a fast torque response 

but for optimal performance, it needs to specify motor 

parameters accurately and the dependence of this method 

on the induction motor parameters is one of its 

disadvantages  [1-6].  

In the last two decades, in order to improve the 

performance of the induction motor, a new direct torque 

control (DTC) of induction motor method was proposed 

by Japanese and German researchers. This method acts 

on the basis of selecting the most suitable voltage vector 

to maintain the curve of electromagnetic flux and torque 

in the bandwidth defined in the hysteresis controllers of 

flux and torque[7, 8]. A lot of research has been done to 

improve the DTC in recent years. In[9, 10], a direct 

torque control method is proposed based on which the 

stator flux curve is directed at a specified path and by 

inverter switching frequency reduction by the specified 

reference value for it. In[11, 12], a control scheme based 

on direct torque control has proposed in which the rotor 

reference flux has used instead of the stator reference flux. 

In this method, the use of rotor and stator flux control 

have combined without knowing the position of the rotor 

flux. This idea requires the use of induction motor 

parameters that has usually encountered with saturation 

problems. In the common DTC method, two hysteresis 

controllers for flux and torque are used in which flux 

hysteresis controller is two-levels and torque hysteresis 

controller is three-levels. The bandwidth of the hysteresis 

controllers has a great influence on the stator current 

curve. So that, by decreasing the bandwidth of the 

hysteresis controllers, the stator current curve approaches 

a sinusoidal wave [13]. In [14]different methods of 

artificial intelligence have been investigated on direct 

torque control, In the case of using fuzzy logic, neural 

networks as and hybrid fuzzy logic, the flux, and torque 

ripple decrease significantly.  
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In this paper, first introduces the common direct 

torque control (DTC) scheme and then compares it with 

other methods based on direct torque control. Various 

articles have been done in this field [15-17], but the 

methods presented in this article have good performance 

in terms of torque ripple and flux ripple. Due to the 

adjustment of the parameters controlling the hysteresis 

flux and torque in all three conventional methods, it has 

improved and the 12 ripple flux regions, especially the 

torque ripple, have had an acceptable reduction compared 

to the normal state. Also in some similar papers, a 

synchronous motor as well as a dual feed induction 

generator have been used to test the work, but in this 

paper the squirrel cage induction motor has been used. 

The results show that by applying this type of proposed 

switching table, the stator flux ripple and electromagnetic 

torque will be reduced to an acceptable level and the 

problems that were in the common DTC, somewhat 

resolved. 

 

2. General DTC Structure 

The DTC method includes different parts such as 

switching tables, flux and torque hysteresis controllers, 

speed estimator, voltage source inverter, PID controller 

and several other components. In this method, the voltage 

and current of a motor are sampled and, based on the 

voltage and current values sampled, the amount of stator 

flux is calculated. Then, using the current and flux values, 

the electromagnetic torque is calculated. The values of 

flux and torque are compared with their reference values 

and are given to hysteresis controllers, the outputs of 

these controllers are used for inverter switching. An 

overview of the DTC method is given in figure 1. 

The state space voltage of the three-phase inverter, 

which is the induction motor stator windings input, is 

given in equation 1: 
( 1)
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Fig. 1.  An overview of the DTC method. 

In which the variable n specifies different areas for 

inverter operation. Voltage vectors for the six regions are 

shown in Figure2. Indirect torque control, spatial vectors 

are used, for this reason, the real and imaginary parts of 

the stator voltage converted from the three-axis device 

into a two-axis device using the following transformation 

[18]. 
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2.1. Calculation of Stator Flux 

The stator flux vector is calculated using the stator 

voltage vector and the stator winding resistance: 

0
0
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                                              (3) 

In equation (3), 0s  is the value of the flux linkage at 

the instant      t = 0.  

 
Fig. 2.  Output voltage vectors of inverter and stator 

flux vector with six regions. 

If the stator resistance is ignored, the stator flux 

variations are obtained by the following equation: 

s sV t = 
                                                        (4) 

In which 𝛥𝜙𝑠  represents the variations rate of the 

stator flux which has been created by a new voltage 

vector. This equation shows that the variations in the 

stator flux depend on the input voltage vector applied 

during the time interval Δt. Fig. 2 shows the stator flux 

vector, which contains the radial component 𝛥𝜙𝑠𝑟and the 

tangential component of 𝛥𝜙𝑠𝑡[19, 20], and shows that if 

the stator flux increases, we must select a voltage vector 

that generates a greater radial component of the stator 

flux. 

 

2.2. Calculation of Electromagnetic Torque 

 

The electromagnetic torque is obtained in induction 

motors using Equation (5) [13, 21]: 

* *sinm
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                                                  (5) 

In the high equation, P the number of machine poles, 

Lm the stator and rotor mutual-inductance, Ls the stator 

self-inductance and the Lr are the self-inductance of the 

rotor windings. In steady state, the stator and rotor flux 

sizes are almost constant and so, the electromagnetic 

torque depends on the angle between the stator and rotor 

flux vector (θsr), So that by increasing the angular value 

between the stator and rotor flux vector, The 

electromagnetic torque increases and vice versa.  

 

2.3. Hysteresis Controllers of Torque and Flux 
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Hysteresis controllers’ performance are shown in 

figure 3 and 4. The torque and stator flux are estimated 

using equations 6 and 7: 

3

2
e s s s sT P I I     = − 

                                                          
(6) 

2 2( )s s s   = +
                                                             (7) 

Estimated values are compared with their reference 

values, and the resulting error value is given to hysteresis 

controllers of flux and torque. The output of the 

hysteresis controllers produces an integer that indicates 

the increase or decrease in each of the flux and torque 

values.  

 
Fig.3. Hysteresis controller of torque [1] 

 

 
Fig.4. Hysteresis controller of flux [1] 

 

Then the position of the stator flux vector is calculated 

by Eq. (8): 
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Using the switching table 1, suitable voltage vectors 

are selected for switching the voltage source inverter 

(VSI). The applied voltage vectors will affect each of the 

electromagnetic flux and torque. So that if the flux vector 

is in region i, the voltage vectors of Vi + 1 or Vi - 1 will 

increase the flux amplitude and the Vi + 2 or Vi - 2 vectors 

will decrease the amplitude. Similarly, the voltage 

vectors of the Vi + 1 and Vi + 2 will increase the torque, 

and the Vi - 1 and Vi - 2 vectors will reduce the amount 

of torque produced by the motor. 

 

Table1. General DTC switching table 

Outputs of hysteresis 

controllers 

 

sector 

sC
 

TeC  1 2 3 4 5 6 

 

1 

1 
2V  3V  4V  5V  6V  1V  

0 
7V  0V  7V  0V  7V  0V  

-1 
6V  1V  2V  3V  4V  5V  

 

0 

1 
3V  4V  5V  6V  1V  2V  

0 
0V  7V  0V  7V  0V  7V  

-1 
5V  6V  1V  2V  3V  4V  

 

Table2. Switching table of improved scheme  

Outputs of hysteresis 

controllers 

 

sector 

sC
 

TeC  1 2 3 4 5 6 

 

1 

1 
2V  3V  4V  5V  6V  1V  

0 
7V  0V  7V  0V  7V  0V  

-1 
1V  2V  3V  4V  5V  6V  

 

0 

1 
4V  5V  6V  1V  2V  3V  

0 
7V  0V  7V  0V  7V  0V  

-1 
5V  6V  1V  2V  3V  4V  

 

3. Direct torque control using improved switching 

tables and 6 regions 

A We found that in the general DTC, the first region 

of the six regions was bound from the angle of -30 

degrees to +30 degrees, but in the improved switching 

table (table 2), the first region is bounded from zero to 

+60 degrees; in other words, the six regions have 30 

degrees of angle variation (figure.5)[1]. The improved 

switching table is obtained by changing the 30 degrees of 

region. The improved switching table is presented in 

table 2. 
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Table3: Flux and torque variations due to theuse of different voltage vectors 

Improved DTC (0 and 60) General DTC (-30 and +30) Applied voltage 

vector 

Flux increases and torque increase Ambiguity in torque V1 

Torque increase and flux decrease Torque increase and flux increase V2 

Ambiguity in flux Torque increase and flux decrease V3 

Torque increase and flux decrease Ambiguity in torque V4 

Torque decreases and flux decrease Torque decreases and flux decrease V5 

Ambiguity in flux Torque decreases and flux increase V6 

 

Table4. DTC switching Table in 12-Region Method 

Outputs of 

hysteresis 

controllers 

 

sector 

sC
 

TeC  1 2 3 4 5 6 7 8 9 10 11 12 

 

 

1 

2 
2V  

3V  3V  4V  4V  5V  5V  6V  6V  1V  1V  2V  

1 
2V  2V  3V  3V  4V  4V  5V  5V  6V  6V  1V  1V  

-1 
1V  1V  2V  2V  3V  3V  4V  4V  5V  5V  6V  6V  

-2 
6V  1V  1V  2V  2V  3V  3V  4V  4V  5V  5V  6V  

 

 

0 

2 
3V  4V  4V  5V  5V  6V  6V  1V  1V  2V  2V  3V  

1 
4V  4V  5V  5V  6V  6V  1V  1V  2V  2V  3V  3V  

-1 
7V  5V  0V  6V  7V  1V  0V  2V  7V  3V  0V  4V  

-2 
5V  6V  6V  1V  1V  2V  2V  3V  3V  4V  4V  5V  

 

 

 
Fig.5. The six regions of the improved scheme. 

According to Table 3 in the general DTC, two voltage 

vectors V1 and V4 have not been used because this 

voltage vector, depending on the location of the stator 

flux vector, can increase the torque and can also reduce 

it. In the improved DTC, two vectors V3 and V6 are not 

used, and here there is an ambiguity in the flux vector 

[22]. In the improved DTC, the flux ripple value is less 

than the ripple value in the general DTC. 

4. Direct torque control with 12 regions switching 

table method 

In the general direct torque control (DTC), the two 

applied voltage vectors of Vi and Vi + 1 in the i-region 

created an ambiguity in torque and were practically 

useless.Thus, in the improved DTC with six regions, two 

applied voltage vectors of Vi + 2 and Vi + 5 created an 

ambiguity in increase or decrease of flux, and these two 

vectors were not used. Now if the geometric location of 

the stator flux is divided into 12 regions, all applied 

voltage vectors in each region were usable and there was 

an ambiguity problem described in the methods, will be 

resolved. The geometric location of the stator flux with 

12 regions is shown in figure 6. [1, 18] 

 

 
Fig.6. Voltage vectors and geometric location of 

stator flux with 12 regions[23]. 

 

In figure 6:  

FI = Flux Increase  

FD = Flux Decrease 

TD = Torque Decrease 

TI = Torque Increase 

TSD = Torque Slight Decrease 

TSI = Torque Slight Increase 
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It should be noted that all voltage vectors are used in 

this method. 

The 12 regions DTC switching tableis listed in Table 

4. It is clear that the voltage vector of V1 will generate a 

relatively large increase in flux, as well as a slight 

decrease in torque in the 12th region. According to the 

switching table of 12-region method that given in table 4, 

hysteresis controller of torque has 4-levels and hysteresis 

controller of flux is 2-levels. 

5. Simulation 

To check the general direct torque control (DTC) 

performance and proposed methods for improved 

switching table and also, the 12-region switching table 

mentioned above, in the Matlab/Simulink, simulation of 

these methods are performed and simulation results are 

given below. In simulations, the hysteresis controller 

bandwidth of the torque is set to 0.5 and hysteresis 

controller bandwidth of the flux is set to 0.01. 

In simulations, the dynamic model of Squirrel cage 

induction motor is used and the motor parameters used 

are as follows: 

Rr = 1.34 ohm 

Rs=1.77 ohm 

Llr=12.12 mh 

Lls=13.93 mh 

Lm=369 mh 

P=3kw     

Vn=380 v     

Pole=4 

j=0.005 kg.m2                  

Bm=0.00001 

 

5.1. Electromagnetic Torque Curves 

Electromagnetic torque curves for different switching 

tables are shown in figures 7-9. These curves are 

magnified and can be seen in figures 10-12. As you can 

see in the figures, the torque ripple in the general DTC 

switching table is better than the torque ripple in the 

improved switching table and also, the torque ripple in 

the 12-region switching table has a noticeable 

improvement over other switching table. 

 
Fig.7. General DTC electromagnetic torque curve 

 

 
Fig.8. Improved switching table scheme torque curve 

 

 
Fig.9. 12-region scheme torque curve 

 

 
Fig.10. Magnified general DTC torque curve 
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Fig.11. Magnified improved scheme torque curve 

 

 
Fig.12. Magnified 12-region scheme torque curve 

 

5.2. Geometric Location Curves for Stator Flux 

In figures 13-15, the stator flux curve is given in the 

general DTC, DTC with improved switching table and 

DTC with 12-regions switching table. According to the 

figures, it can be seen that the stator flux curve in the 12-

regions method has improved relative to the general DTC 

method and this will reduce the harmonics of the stator 

current and improve its quality. 

 
Fig.13. The geometric location of the general DTC 

stator flux 

 

 
Fig.14. The geometric location of improved scheme 

stator flux 

 

 
Fig.15. The geometric location of 12-regions scheme 

stator flux 

 

5.3. Rotor Speed Curves 

 

Rotor speed curves are presented in figures 16-18 in 

triple methods of switching tables and its magnified 

curve in figures 19-21. Also, it should be noted that the 

load is applied to the system at the instant of 0.1 seconds 

and the speed decrease in the curves is also due to this 

issue. 

 
Fig.16. Rotor speed curve in general DTC 
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Fig.17. Rotor speed curve in improved scheme 

 

 
Fig.18. Rotor speed curve in 12-regions scheme 

 
Fig.19. Magnified general DTC speed curve 

 

 
Fig.20. Magnified improved scheme speed curve 

 

 
Fig.21. Magnified 12-regions scheme speed curve 

 

6. Conclusion 

In this paper, new switching tables for direct torque 

control were studied and compared and with the 

simulations of these new strategies, it was observed that 

in the direct torque control method with improved 

switching table and 6 regions decrease flux ripple but 

torque ripple will increase. But in direct torque control 

with the 12-region switching table, the flux and torque 

ripple decreases to an acceptable level. The dynamic 

response of the torque has acceptable speed in improved 

and general DTC technique and the 12 regions. Also,it 

was observed that the motor speed did not change 

significantly at the time of loading and almost it 

continues at about the same speed. It was found that the 

DTC method with 12-regions switching table has better 

performance than other tables and multi-levels inverters 

can be used to improve the performance of this strategy. 
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