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Abstract: 

We  present  in  this  paper  a  comparative  study  between two control strategy of  Induction 

Motor that propels an electrical vehicle: Direct Torque Control (DTC-SVM), and Predictive 

Direct Torque Control (MPDTC). The first algorithm based on load angle control is developed. 

The use of simple equations to obtain the control algorithm makes it easy to understand and 

implement. Fixed switching frequency and low torque ripple are obtained using space vector 

modulation. This control strategy overcomes the most important drawbacks of classic DTC. We 

also present in the second algorithm, the Predictive Direct Torque Control based on the 

linearization input-output of the induction machine. The technique of the linearization is used 

for to give a model linearized and decoupled from the machine for anticipating the future 

behavior of the output. The comparison is based on several criteria including: static and 

dynamic performance, structure and implementation complexity, decoupling, torque and current 

ripple. 

Keywords-Electric drives, Induction motor, Electrical vehicle, Direct torque control, 

Predictive direct torque control, Space vector modulation. 

 

1. INTRODUCTION 

In the last decade, the increasing restrictions imposed on the exhaust emissions from 

internal combustion engines and the traffic limitations in the urban areas have given a 

strong impulse toward the development of electrical propulsion systems for automotive 

applications. The major goal of electrical and hybrid vehicles is the reduction of global 

emissions, which in turn leads to a decrease of fuel resources exploitation.  

The major components of an electric vehicle system are motor, controller, power 

source; charger and drive train. The majority of electric vehicles (EV) developed so far 
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are based on dc machines, induction machines or permanent magnet machines. The 

disadvantages of dc machines forced the EV developers to look into various types of ac 

machines.  

The power density of permanent magnet machines together with the high cost of 

permanent magnets makes these machines less attractive for EV applications. The 

maintenance-free and low-cost induction machines became a good attractive alternative 

to many developers. However, high-speed operation of induction machines is only 

possible with a penalty in size and weight. Three-phase squirrel cage-rotor induction 

motors are best suited to electric vehicle drive applications thanks to its well-known 

advantage of simple construction, reliability, ruggedness, and low cost. 

The constantly increasing need for better industrial drives (fastest dynamic response, 

parameter robustness, algorithm simplicity, among others) has encouraged researchers 

to develop new control strategies to comply with these requirements. New alternatives 

to both linear and nonlinear methods have been proposed using predictive algorithms to 

achieve high-bandwidth control loops [1]. The main difficulty in the asynchronous 

machine control resides in the fact that complex coupling exists between the field and 

the torque, the direct torque control assures decoupling between these variables. 

We present in this paper a comparative study between two control strategy of electrical 

machines.  The first section a control algorithm DTC-SVM, based on PI controllers. The 

algorithm retains the basic idea of the technique DTC [2] [3]. For this, the technique of 

orientation of the stator flux is used. Thus, the control voltages can be generated by PI 

and imposed by SVM technique [4]. In addition the estimate of the torque and flux is 

based on the model of the machine voltage [5]. This control structure has the advantages 

of vector control and direct torque control and helps overcome the problems of 

conventional DTC [6]. PI and vector modulation technique is used to obtain a fixed 

switching frequency [7] and less torque pulsations and flux [8]. The input of the motor 

controller is the reference speed, which is directly applied by conductor from the pedal 

of the vehicle. 

The second section, the Predictive Direct Torque Control based on the linearization 

input-output of electrical machine, this control is a technique of advanced control 

automation [9]. It aims to control complex industrial systems [10]. The principle of this 

technique is to use a dynamic model of the process inside the controller in real time to 



PSYCHOLOGY AND EDUCATION (2024) 61(5): 773-789 

ISSN: 1553-6939 

WWW.PSYCHOLOGYANDEDUCATION.NET                                                                                    775 

 

anticipate the future behavior of the process [11]. It is to be optimized, based on 

inputs/outputs of a system, predicting the future behavior of the system under 

consideration. The prediction is made from an internal model of the system on a finite 

interval of time called the prediction horizon [12]. The solution of the optimization 

problem is a control vector; the first input of the optimal sequence is injected into the 

system. The problem is solved again on the following interval using the data system 

updates [13][14].This control strategy has shown its efficiency, flexibility and success in 

industrial applications, even for systems with low sampling period [15]. 

This paper is organized on fifth sections. The control methods by DTC-SVM and 

MPDTC will be discussed in section two and three. In the fourth we present the 

comparison of simulation results. Finally, a general conclusion summaries this work. 

The simulation results are obtained by using Matlab/Simulink. 

2. DTC-SVM  control based on the control of the load angle: 

In the proposed method, the control objective is to select the exact stator voltage 

vector (𝑉𝑠) that changes 𝛷𝑠 to meet the load angle reference, and so the desired torque 

while keeping flux amplitude constant. A space vector modulation algorithm is used to 

apply the required stator voltage vector. 

The block diagram of the control structure is shown in (Fig. 1). This strategy uses a 

single torque controller, which operates on the angle between the stator flux and the 

rotor flux (Fig.2), known as the load angle δ, and a simple estimation block flux rotor 

[16]. We see in this method there is not a rotation transformation in the block header of 

the SVM, and we have a single PI controller; making the simple strategy applied to 

control. The input of the motor controller is the reference speed, which is directly 

applied by conductor from the pedal of the vehicle. 
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Fig. 1 Schema Block of DTC-SVM control based on the control of load angle. 

 

Fig. 2 Load angle between the reference stator flux and rotor flux 

 

A. Estimation of the rotor flux: 

To implement the estimation of the rotor flux we remember the model of the following 

machine data: 

         {  
  𝑉𝑠̅ = 𝑅𝑠. 𝐼𝑠̅ + 𝑑𝛷𝑠̅̅ ̅̅𝑑𝑡𝑉𝑟̅ = 0 = 𝑅𝑟 . 𝐼𝑟̅ + 𝑑𝛷𝑟̅̅ ̅̅𝑑𝑡 − 𝑗𝜔𝛷𝑟̅̅ ̅𝛷𝑠̅̅ ̅ = 𝐿𝑠. 𝐼𝑠̅ + 𝐿𝑚. 𝐼𝑟̅𝛷𝑟̅̅ ̅ = 𝐿𝑟 . 𝐼𝑟̅ + 𝐿𝑚. 𝐼𝑠̅

                                                                        (1) 

By according: Equation (2) of system (1), we can write: 

   
𝑑𝛷𝑟̅̅ ̅̅𝑑𝑡 = −𝑅𝑟 . 𝐼𝑟̅ + 𝑗𝜔𝛷𝑟̅̅ ̅                                                                                       (2) 
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And equation (4) of system (1):    

         𝐼𝑟̅ = 1𝐿𝑟𝛷𝑟̅̅ ̅ − 𝐿𝑚𝐿𝑟 . 𝐼𝑠̅                                                                                             (3) 

By injecting (3) in (2) found: 

         
𝑑𝛷𝑟̅̅ ̅̅𝑑𝑡 = − 𝑅𝑟𝐿𝑟 . 𝛷𝑟̅̅ ̅ + 𝐿𝑚𝑅𝑟𝐿𝑟 𝐼𝑠̅ + 𝑗𝜔𝛷𝑟̅̅ ̅                                                                      (4) 

And as  tr = LrRr   we can write:           

         
𝑑𝛷𝑟̅̅ ̅̅𝑑𝑡 = − 1𝑡𝑟 . 𝛷𝑟̅̅ ̅ + 𝐿𝑚𝑡𝑟 𝐼𝑠̅ + 𝑗𝜔𝛷𝑟̅̅ ̅                                                                          (5) 

                  = 1𝑡𝑟 [(𝑗𝜔𝑡𝑟 − 1)𝛷𝑟̅̅ ̅ + 𝐿𝑚𝐼𝑠̅] 
          𝑑𝛷𝑟̂ = 1𝑡𝑟 [(𝑗𝜔𝑡𝑟 − 1)𝛷𝑟̂ + 𝐿𝑚𝐼𝑠̃]𝑑𝑡 
          𝛷𝑟̂ = 1𝑡𝑟 ∫[(𝑗𝜔𝑡𝑟 − 1)𝛷𝑟̂ + 𝐿𝑚𝐼𝑠̃]𝑑𝑡                                                                           (6) 

 

B. Estimation of the stator flux: 

By injecting the relation (3) in equation (3) of system (1) found: 

         𝛷𝑠̅̅ ̅ = 𝐿𝑠. 𝐼𝑠̅ + 𝐿𝑚. ( 1𝐿𝑟𝛷𝑟̅̅ ̅ − 𝐿𝑚𝐿𝑟 . 𝐼𝑠̅) 

         𝛷𝑠̂ = 𝐿𝑠𝜎𝐼𝑠̃ + 𝐿𝑚𝐿𝑟 𝛷𝑟̂ With:  𝜎 = 1 − 𝐿𝑚2𝐿𝑟𝐿𝑠                                                          (7)   

C. Estimation of the electromagnetic torque: 

The torque estimation formula is given by: 

         𝐶𝑒̂ = 𝑝 𝐿𝑚𝐿𝑟𝜎𝐿𝑠 (𝛷𝑟̂⨂𝛷𝑠̂) 
              = 𝑝 𝐿𝑚𝐿𝑟𝜎𝐿𝑠 (𝛷𝑟𝛼̂. 𝛷𝑠𝛽̂ − 𝛷𝑟𝛽̂ . 𝛷𝑠𝛼̂)                                                                  (8)   

The bloc of estimate the flux and the torque from the measured stator currents and the 

speed of rotation are shown in Fig. 3: 

 

Fig. 3 Block diagram of flux and torque estimators 
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The block calculator of stator flux reference is given by: 

         𝛷𝑠∗̅̅̅̅ = |𝛷𝑠∗̅̅̅̅ | cos(𝛿 + arg(𝛷𝑟̂)) + 𝑗|𝛷𝑠∗̅̅̅̅ |𝑠𝑖𝑛(𝛿 + arg(𝛷𝑟̂))                                 (9) 

3. Predictive Direct Torque Control (MPDTC) 

The Predictive control is a technique of advanced control automation. It aims to 

control complex industrial systems [9]. The principle of this technique is to use a 

dynamic model of the process inside the controller in real time to anticipate the future 

behavior of the process [11]. 

A. General Strategy of Predictive Control 

The basic principle of predictive control is taken into account, at the current time, the 

future behavior, through explicit use of a numerical model of the system in order to 

predict the output in the future, on a finite horizon [17][18].One of the advantages of 

predictive methods lies in the fact that for a pre-calculated set on a horizon, it is possible 

to exploit the information of predefined trajectories located in the future, given that the 

aim is to match the output of system with this set on a finite horizon. 

B. Formulation of The Model 

All algorithms predictive control differs from each other by the model used to represent 

the process and the cost function to be minimized [13]. The process model can take 

different representations (transfer function by state variables, impulse response...), we 

will give for our formulation, the technique of the linearization input-output of the 

induction machine [19], in order to give a linearized model; module of the stator flux 

and the torque are decoupled. The interest of such approach is to linearize the nonlinear 

model of the machine and to obtain a homogeneous behavior whatever the point of 

operation.We recall the system of the equations of the induction machine in the 

reference (α,β) which is given by:  

        

{   
   𝑑𝐼𝑠𝛼𝑑𝑡 = −( 𝑅𝑠𝜎𝐿𝑠 + 𝑅𝑟𝜎𝐿𝑟) 𝐼𝑠𝛼 −𝜔𝑟𝐼𝑠𝛽 + 𝑅𝑟𝜎𝐿𝑟𝐿𝑆𝜙𝑠𝛼 + 𝜔𝑟𝜎𝐿𝑆𝜙𝑠𝛽 + 1𝜎𝐿𝑆 𝑉𝑠𝛼𝑑𝐼𝑠𝛽𝑑𝑡 = −( 𝑅𝑠𝜎𝐿𝑠 + 𝑅𝑟𝜎𝐿𝑟) 𝐼𝑠𝛽 + 𝜔𝑟𝐼𝑠𝛼 + 𝑅𝑟𝜎𝐿𝑟𝐿𝑆𝜙𝑠𝛽 − 𝜔𝑟𝜎𝐿𝑆𝜙𝑠𝛼 + 1𝜎𝐿𝑆 𝑉𝑠𝛽𝑑𝜙𝑠𝛼𝑑𝑡 = 𝑉𝑠𝛼 − 𝑅𝑠𝐼𝑠𝛼𝑑𝜙𝑠𝛽𝑑𝑡 = 𝑉𝑠𝛽 − 𝑅𝑠𝐼𝑠𝛽

                (10) 
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The generated torque can be expressed in terms of currents stator and stator flux as 

follows: 

     𝑇𝑒 = 𝑝(𝜙𝑠𝛼𝐼𝑠𝛽 − 𝜙𝑠𝛽𝐼𝑠𝛼)                                                                                 (11)  

The system of equations east receives in the form suggested for the application of the 

linearization within the meaning of the input-output as follows: 

         {𝑥̇ = 𝑓(𝑥) + g1(𝑥)𝑉𝑠𝛼 + g2(𝑥)𝑉𝑠𝛽𝑦 = h(x)                                                                    (12) 

With: 

         𝑓(𝑥) = [  
 𝑓1(𝑥)𝑓2(𝑥)𝑓3(𝑥)𝑓4(𝑥)]  

 = [  
   − (

𝑅𝑠𝜎𝐿𝑠 + 𝑅𝑟𝜎𝐿𝑟) 𝐼𝑠𝛼 − 𝜔𝑟𝐼𝑠𝛽 + 𝑅𝑟𝜎𝐿𝑟𝐿𝑆𝜙𝑠𝛼 + 𝜔𝑟𝜎𝐿𝑆𝜙𝑠𝛽−( 𝑅𝑠𝜎𝐿𝑠 + 𝑅𝑟𝜎𝐿𝑟) 𝐼𝑠𝛽 + 𝜔𝑟𝐼𝑠𝛼 + 𝑅𝑟𝜎𝐿𝑟𝐿𝑆𝜙𝑠𝛽 − 𝜔𝑟𝜎𝐿𝑆𝜙𝑠𝛼−𝑅𝑠𝐼𝑠𝛼−𝑅𝑠𝐼𝑠𝛽 ]  
    

Where the vector of states 𝒙 and the command 𝒖 are: 

         𝑥 = [𝐼𝑠𝛼  , 𝐼𝑠𝛽 , 𝜙𝑠𝛼  , 𝜙𝑠𝛽]𝑡 , 𝑢 = [𝑉𝑠𝛼 , 𝑉𝑠𝛽]𝑡 
         g1(𝑥) = [ 1𝜎𝐿𝑠 , 0 , 1, 0]𝑡 ,      g2(𝑥) = [ 0, 1𝜎𝐿𝑠 , 0, 1]𝑡 

a. Control  Flux-Torque : 

Our concern is to minimize the pulsations at the level of the torque and the flux of 

the induction machine. For that, we chose the torque and the module of stator flux like 

variables to be controlled; thus the vector of output is given by the equation according 

to: 

         𝑦 = [ℎ1ℎ2] = [ 𝑇𝑒|∅𝑠|2] = [𝑝(𝜙𝑠𝛼𝐼𝑠𝛽 − 𝜙𝑠𝛽𝐼𝑠𝛼)𝜙𝑠𝛼2 + 𝜙𝑠𝛽2 ]                                                   (13) 

b. Linearization Input-Output: 

The method of the linearization input-output is developed starting from the theories 

of the differential geometry [20]. It consists in using the derivative of degrees to express 

the model of the machine in relation input-output. To obtain the non-linear law of 

control, let us derive as much from time than it is necessary in order to reveal the entry 

u. The derivatives of the two outputs are given by: 

         𝑦̇1 = 𝐿𝑓ℎ1(𝑥) + 𝐿𝑔1ℎ1(𝑥)𝑉𝑠𝛼 + 𝐿𝑔2ℎ1(𝑥)𝑉𝑠𝛽 

              = ∑ 𝜕ℎ1𝜕𝑥𝑖4𝑖=1 𝑓𝑖(𝑥) + ∑ 𝜕ℎ1𝜕𝑥𝑖4𝑖=1 𝑔1(𝑥)𝑉𝑠𝛼 + ∑ 𝜕ℎ1𝜕𝑥𝑖4𝑖=1 g2(𝑥)𝑉𝑠𝛽                          (14) 
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With: 

         𝑳𝒇𝒉𝟏 = −𝑝𝜙𝑠𝛽 [− ( 𝑅𝑠𝜎𝐿𝑠 + 𝑅𝑟𝜎𝐿𝑟) 𝐼𝑠𝛼 − 𝜔𝑟𝐼𝑠𝛽 ++ 𝑅𝑟𝜎𝐿𝑟𝐿𝑆𝜙𝑠𝛼 + 𝜔𝑟𝜎𝐿𝑆𝜙𝑠𝛽] + 𝑝𝜙𝑠𝛼 [− ( 𝑅𝑠𝜎𝐿𝑠 + 𝑅𝑟𝜎𝐿𝑟) 𝐼𝑠𝛽 + 𝜔𝑟𝐼𝑠𝛼 + 𝑅𝑟𝜎𝐿𝑟𝐿𝑆𝜙𝑠𝛽 − 𝜔𝑟𝜎𝐿𝑆𝜙𝑠𝛼] 
         𝑳𝒈𝟏𝒉𝟏 = 𝑝(𝐼𝑠𝛽 − 1𝜎𝐿𝑠𝜙𝑠𝛽)                                                                                (15) 

         𝑳𝒈𝟐𝒉𝟏 = 𝑝( 1𝜎𝐿𝑠𝜙𝑠𝛼−𝐼𝑠𝛼) 
 

         𝑦2̇ = 𝐿𝑓ℎ2(𝑥) + 𝐿𝑔1ℎ2(𝑥)𝑉𝑠𝛼 + 𝐿𝑔2ℎ2(𝑥)𝑉𝑠𝛽 

              = ∑ 𝜕ℎ2𝜕𝑥𝑖4𝑖=1 𝑓𝑖(𝑥) + ∑ 𝜕ℎ2𝜕𝑥𝑖4𝑖=1 𝑔1(𝑥)𝑉𝑠𝛼 + ∑ 𝜕ℎ2𝜕𝑥𝑖4𝑖=1 g2(𝑥)𝑉𝑠𝛽                         (16) 

With: 

         𝑳𝒇𝒉𝟐 = −2𝑅𝑠(𝜙𝑠𝛼𝐼𝑠𝛼 − 𝜙𝑠𝛽𝐼𝑠𝛽) 
         𝑳𝒈𝟏𝒉𝟐 = 2𝜙𝑠𝛼                                                                                                   (17) 

         𝑳𝒈𝟐𝒉𝟐 = 2𝜙𝑠𝛽 

c. Linearization of the System:   

The matrix defining the relation between the inputs of the system and its derived 

outputs is given by the expression: 

         [𝑦̇1𝑦̇2] = 𝐴(𝑥) + 𝐷(𝑥) [𝑉𝑆𝛼𝑉𝑆𝛽]                                                                                (18)                      

With: 𝐴(𝑥) = [𝐿𝑓ℎ1𝐿𝑓ℎ2] ; 𝐷(𝑥) = [𝐿𝑔1ℎ1 𝐿𝑔2ℎ1𝐿𝑔1ℎ2 𝐿𝑔2ℎ2] = [𝑝(𝐼𝑠𝛽 − 1𝜎𝐿𝑠𝜙𝑠𝛽) 𝑝( 1𝜎𝐿𝑠𝜙𝑠𝛼−𝐼𝑠𝛼)2𝜙𝑠𝛼 2𝜙𝑠𝛽 ] 𝐷(𝑥):  Matrix of decoupling. 

         Det[𝐷(𝑥)]=𝑝 (𝐼𝑠𝛽 − 1𝜎𝐿𝑠𝜙𝑠𝛽) . 2𝜙𝑠𝛽 − 𝑝 ( 1𝜎𝐿𝑠𝜙𝑠𝛼−𝐼𝑠𝛼) . 2𝜙𝑠𝛼                       (19)                        

After simplification, we get: 

         Det[𝐷(𝑥)]=2𝑝 [−1𝜎𝐿𝑠 (𝜙𝑠𝛽2 + 𝜙𝑠𝛼2) + 𝐼𝑠𝛽𝜙𝑠𝛽 + 𝐼𝑠𝛼𝜙𝑠𝛼] ≠ 𝟎                         (20)                      

The determinant (Det[𝐷(𝑥)]) of the matrix D(𝑥)is different from zero; therefore D(𝑥)is 

an invertible matrix. 

𝐷−1(𝑥) = 12𝑝[ −1𝜎𝐿𝑠(𝜙𝑠𝛽2+𝜙𝑠𝛼2)+𝐼𝑠𝛽𝜙𝑠𝛽+𝐼𝑠𝛼𝜙𝑠𝛼] [ 2𝜙𝑠𝛽 −𝑝( 1𝜎𝐿𝑠𝜙𝑠𝛼−𝐼𝑠𝛼)−2𝜙𝑠𝛼 𝑝(𝐼𝑠𝛽 − 1𝜎𝐿𝑠𝜙𝑠𝛽) ]                 (21)                   
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The linearization following input-output which is introduced for the system illustrated 

by (12) is given by: 

         [𝑉𝑠𝛼𝑉𝑠𝛽] = 𝐷−1(𝑥) [−𝐴(𝑥) + [𝑉1𝑉2]]                                                                      (22)                                                     

𝑉 = [𝑉1𝑉2]  : represent the new vector of input. 

The application of the law linearizing (22) on the system (18) led to two linear and 

decoupled mono variable system: 

         {𝑉1 = ℎ1̇(𝑥)𝑉2 = ℎ2̇(𝑥)                                                                                                      (23) 

To ensure perfect regulation and track the desired signals of the flux and torque toward 

their reference, V1 and V2 are chosen as follows:  

         {V1 = |∅̇s|ref2 + k1(|∅s|ref2 − |∅s|2)V2 = Ṫe ref + k2(Te ref − Te)                                                                  (24) 

Here, the subscript ‘ref’ denotes the reference value and (k1, k2) are constant design 

parameters to be determined in order to make the decoupled system in (18) stable. The 

behavior of the linearized model is imposed by the pole placement method. The 

coefficients selected, such as  s + k1  and  s + k2, are the Hurwitz polynomials [17].[18]. 

4. Criterion of Optimization 

We must find the future control sequence to apply on the system to reach the desired 

set point by following the reference trajectory. To do this, we just minimize a cost 

function which differs according to the methods, but generally this function contains the 

squared errors between the reference trajectory and the predictions of the prediction 

horizon and the variation of the control [17]. This cost function is given as follows: 

         𝐽 = ∑ [𝑤(𝑡 + 𝑗) − 𝑦̂(𝑡 + 𝑗)]2𝑁2𝑗=𝑁1 + 𝜆∑ Δ𝑢(𝑡 +  𝑗 − 1)2𝑁𝑢𝑗=1                            (25) 

With:  

w (t + j): Set point applied at time (t + j). 

jty (ˆ ): Output predicted time (t + j).  

Δu (t + j-1): Increment of control at the moment (t + j-1). 
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N1: Minimum prediction horizon on the output. 

N2: Maximum prediction horizon on the output, with N2 ≥ N1. 

Nu : Horizon prediction on the order. 

λ: Weighting factor on the order. 

      Ts: The period of sampling. 

The model is linearized and decoupled from the induction machine, so that it is 

established inside the predictive control, which is shown by (Fig. 4). 

 

Fig. 4   Schema block of the predictive direct torque control 

5. Results of Simulations 

a. Electromagnetic torque 

It is found that the predictive direct torque control has a high dynamic performance 

of the electromagnetic torque acting very quickly by following the instructions load 

introduced. The latter has are mark able decrease in the amplitude of the oscillations 

from the DTC-SVM. 

b. The speed of rotation 

It is found that the speed reaches its reference Ωref =100 rd/s without overshoot and 

releases disturbance due to load instructions applied to various for mentioned moments 

are eliminated. Predictive direct torque control this release very fast perturbation that 

the DTC-SVM. 
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c. The stator flux 

The module of the stator flux is quickly established at its reference value 1.11 Weber 

in both control techniques. The approach to predictive DTC has a visible reduction in 

oscillation amplitude and the modulus of the flux with respect to the DTC-SVM. The 

dynamic component of the stator flux is not affected by the application of the load 

command. 

d. The stator current 

Predictive control has a large inrush current at startup with swings and revenue Is the 

steady state after 0.28s. This current has a sinusoidal shape compared to the DTC-SVM.      

MPDTC DTC-SVM 

  

 

  

Fig. 5 Comparison of the electromagnetic torque 
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Fig.6 Comparison The speed of rotation 

 

 
Fig.7 Comparison of The stator flux 
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Fig.8   Comparison of The stator current 

The table below summarizes the results of the comparative study treated previously. 

In fact, from the table, one can choose the approach to be used according to the needed 

objectives, the desired performances and the available means. 

Control Approach DTC-SVM MPDTC 

Commutation frequency fixed fixed 

Electromagnetic  torque 

ripples 
high low 

Stator flux ripples high low 

Switching losses high low 

rejection of disturbance Bad good 

Algorithm complexity low high 

6. Conclusion 

This paper has presented two switching techniques for DTC of an induction motor 

drive that propels an electric vehicle, the principle and a several characteristics of Direct 

Torque Control and Predictive Direct Torque Controls chemes for Induction Motor 

drive are studied by simulation in order to determinate the main advantages and 

drawbacks of each control and to make a comparison between them. 

The simulation results show that MPDTC control provides high dynamic 

performance in torque and stator flux module, as well as disturbance rejection at speed. 

The stator current is sinusoidal. (less harmonics), comparing with the DTC-SVM. 

Note, however, that the toughness can be improved by increasing the weighting factor 

by acting on the adjustment parameters of the predictive controller. These parameters 

have a decisive influence on the system behavior. But it is not always easy to find 

optimal values for these parameters. 
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CHARACTERISTICS OF THE MACHINE USED FOR SIMULATION: 

parameter symbol Value 

Number of pole pairs   p 2 

Power  Pu 3 KW 

Line voltage   Un 380V 

Line current  In 6.3A 

Nominal frequency f 50Hz 

Mechanical rotor speed Nn 1430 tr/mn 

Electromagnetic torque   Te 20Nm 

Stator Resistance Rs 3.36Ω 

Rotor Resistance Rr 1.09Ω 

Stator cyclicinductance Ls 0.256H 

Mutual cyclic  Inductance  Lm 0.236H 

Rotor cyclic inductance Lr 0.256H 

Rotor inertia j 4,5. 10−2Kg.m2 

Viscosity coefficient  

 

f 6,32.10−4N.

m.sec. 
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