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Abstract— This paper aims to improve the performance 

characteristics of the induction motor through the direct torque 

control. In this paper, the magnetizing inductance is 

compensated. To get good performance for the induction motor, 

two algorithms are constructed. One of them is used to compute 

the reference torque and the reference of the stator flux through 

lookup table of the rotor flux. The other algorithm is used to 

compute the estimated torque and stator flux. The parameters 

of these algorithms are compared and the errors are introduced 

to two proportional integrator controllers to verify the best 

performance. Also, the stator flux angle of the reference 

algorithm is used to improve the same angle estimating from the 

other algorithm. Improving angle has more reliable for 

performance characteristics of induction motor at low speed 

and at resistances variation and at any operating conditions. 

Keywords— induction motor, algorithms, performance 

characteristics, direct torque control.  

I. INTRODUCTION  

The direct torque control (DTC) is spread in the industrial 
applications due to have some advantages as very simple 
control, decoupled control of torque and flux, quick torque 
response, very good dynamic performance, less effective by 
parameters change, low computational time and absence co-
ordinate transformation. Also, it has some disadvantages as 
possible problem during starting, torque and flux estimators 
are needed, higher ripples in torque and flux also current 
distortions are higher [1-2]. The problems of DTC are arising 
due to use hysteresis band to control the switching frequency 
of inverter to drive the AC motor. The basic principle of the 
DTC is comparing between the reference stator flux and 
estimated stator flux and the error between them is introduced 
into hysteresis band also the reference torque is compared to 
estimated torque and the error is introduced to another 
hysteresis band [3-4]. This basic principle is constructed to 
control the AC motor and it is called now the conventional 
DTC. Fig.1 shows this conventional construction of DTC. If 
effects of these bands are studied in the conventional DTC it 
is found that, each band has own effect. The hysteresis band 
of the stator flux has more influence on the THD of the current 
which means effecting copper losses of AC machine so when 
the amplitude of this band increases the THD and copper 
losses increase. Also, the other hysteresis band is more 
effecting on the switching frequency of inverter so when 
amplitude of the band decreases the losses comes from 
inverter increase [5-6]. To decrease these disadvantages, this 
paper studied this problem and produced proposal to solve it. 

This proposal can be seen in Fig.2. The AC machine used here 
is the induction motor. In this proposal, the reference value of 
the stator flux as the magnitude and angle are computed 
through the rotor flux and reference torque. The rotor flux is 
deduced from lookup table and reference torque is deduced 
through proportional integrator (PI) speed controller. The 
error between the magnitude of the reference stator flux and 
the magnitude of the estimated stator flux is introduced into 
the PI flux controller to improve the performance of the flux 
controller hysteresis band. Also, the error between the 
reference torque and the estimated torque is introduced into 
the PI torque controller to improve the performance of the 
torque controller hysteresis band. To make this proposal more 
reliable, the reference stator flux angle is used to improve the 
estimating stator flux angle. Moreover, the magnetizing 
inductance is compensated. This occurs through the 
calculation of the airgap flux producing current. This driving 
model is simulated through the MATLAB program. The 
simulation shows effectiveness of this driving model and 
importance of each adding in this model. 

 

Fig. 1 Conventional method of DTC to drive AC motor 

II. INDUCTION MOTOR MODEL 

 The dynamic model of induction motor in the stationery 
reference frame can be written as it is  
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  are a space vector of 

the stator flux and a rotor flux respectively, sR is the stator 

resistance, rR is the rotor resistance, sL is the stator 

inductance, , mL is the magnetizing inductance, rL is the rotor 

inductance, eT is the electromagnetic motor torque, LT  is the 

load torque, m  is mechanical speed of the motor, B  is the 

fractional coefficient, J is the moment of inertia and p is the 

deferential operator. 

Also, the electromagnetic motor torque can be expressed as 
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Where P is the number of poles 

III. ALGORITHS TO IMPROVE THE PERFORMANCE 

To improve the performance characteristics of the 
induction motor through the drive system, two algorithms are 
used as shown in Fig.2. The first algorithm is used to compute 
the stator flux as the magnitude and angle depending upon 
rotor flux from lookup table and reference torque. By written 
the modeling of induction motor in the synchronous reference 
frame and locking the rotor flux aligned with d-axis, the 
electromagnetic torque and q-axis stator and rotor currents can 
be written as  
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From “(7-8)” the electrical rotor speed can be written as 
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From “(8-10)” the q-axis stator flux can be written as 
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By similar manner, the d-axis stator flux can be written as 
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Where *
s  is a magnitude of reference stator flux 

computed and *
s  is computed angle of reference stator flux  

 The second algorithm is used to estimate the stator flux as 
the magnitude, angle and electromagnetic torque depending 
upon the motor current and motor voltage as it is 
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The estimated electromagnetic can be found as “(6)” 

Fig. 2 Proposal induction motor drive system through DTC 



s  is estimating angle of the estimating stator flux 

(Algorithm 2) 

The computing stator flux from algorithm 1 is compared 
to estimating stator flux from algorithm 2 and the error is 
introduced to PI flux controller to improve the input of 
hysteresis band of stator flux, the reference torque from output 
of the PI speed controller is compared to estimated torque 
from algorithm 2 and the error is introduced to PI torque 
controller to improve the input of hysteresis band of torque 
also the stator flux angle is computed from algorithm 1 is used 
to improve the stator flux angle estimating from algorithm 2 
to improve performance of sector selector which is used with 
help of hysteresis bands for torque and stator flux to improve 
the switching of the drive system. This improvement in the 
stator flux angle will reflect on the dynamic performance and 
steady state performance of the induction motor at any speed 
as can be concluded that from simulation results. 

IV. MAGNETIZING INDUCTANCE CALCULATION 

Here, the magnetizing inductance is reported as the 
function of magnetizing current. This function is constructed 
inside the MATLAB program depends upon curve fitting. 
This function is computed with help of magnetizing voltage, 
current and reactive power as shown in Fig. 3   

 

Fig. 3 open loop magnetizing inductance calculation 

V. SECTOR SELECTOR 

Choosing the appropriate sector is very important in the 
operation of the DTC. This depends upon the estimated value 
of the stator flux angle. This is because the performance of the 
AC motor is related by the shape of the flux. This flux depends 
upon the space vector of inverter. Due to the stator flux ideally 
follows circular pass in the space so the stator flux locus can 
be divided this pass into six sectors (Fig.4) depending upon 
the active space voltage vector which deduced from the 
inverter. To determine the position of voltage vectors for 
inverter, the sector selector block defines the sector specified 
for the voltage vector belong to it. With increasing or 
decreasing the stator flux depending upon the hysteresis flux 
band, the sector selector determines the different set of the 
vectors for these increasing or decreasing in the stator flux. 
The hysteresis bands for the stator flux and the torque are quite 
difference where the flux controller is two level comparators 
while the torque controller is three level comparators this can 
be seen in Fig. 5.  These comparators can be explained as the 
follows 

For the stator flux, if the reference value greater than the 
actual value, the output is 1 but if the reference value smaller 
than the actual value, the output is -1 and this can express as 

*1 sH if s                                                  (19) 

*1 sH if s                                                    (20) 

For the torque, if the reference value greater than the actual 
value, the output is 1, if the reference value smaller than the 

actual value, the output is -1 and if the reference value and 
actual value are equal doesn’t anything. This can express as     

*1TH if T T                                                  (21) 

*1TH if T T                                                   (22) 

*0TH if T T                                               (23)  

 

Fig. 4 Sectors and angles 

These hysteresis bands and sector selector form the action 
of the switching table. 

 

Fig. 5 Hysteresis band for the stator flux and torque  

VI.    SWITCHING TABLE TO DRIVE THE INVERTER 

The hysteresis comparators of the torque and stator flux 
with help of selector sector are used by switching table block 
to choose the suitable voltage. The switching table can be seen 
in table I. Each power switch of inverter operates for duration 
1800 conducting mode. If the upper switch in the upper leg in 
any phase is on, the switching signal of this phase is designed 
as S=1 but if the lower switch in the lower leg in any phase is 
on, the switching signal of this phase is designed as S=0. By 
this is the way, there are eight of operation for inverter. Two 

of them are zero space vectors ( 0 7,V V ) which located at the 

center of the space vector plane (Fig. 4) and the others ( 1 6V V

) are effective vectors and each one from them faraway from 
the other in space by 600. Depending upon these criteria, the 
output of the inverter voltage as the vector can be calculated 
as 
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Where , ,a b cS S S are represent switches signals 

In this control, the output of the inverter voltage changes 
only if output of the hysteresis controllers changes their the 
outputs at the sampling period 

TABLE I.   SWITCHING TABLE OF INVERTER VECTOR VOLTAGE 
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VII. SIMULATION RESULTS AND DISCUSSION  

Here the simulation and simulation results are discussed. 
The simulation starts by simulating the DTC which is model 
one at low speed without any modification i.e. the PI speed 
controller to compare between the reference speed and actual 
speed to deduce the reference torque and two hysteresis bands 
one is for the stator flux and the other is for the torque. The 
simulation results for model one is compared to the simulation 
results of model two. The model two is the same model one 
and add to it two PI controllers one of them is an introducing 
of the hysteresis flux controller to improve this hysteresis band 
and the other PI controller is an introducing of the hysteresis 
torque controller to improve this hysteresis band. These two 
models are compared to the third model (proposal model). 
This third model is as the second model and add to that the 
improving in the stator flux angle. Improving this angle occurs 
by subtracting the reference flux angle from the estimating 
flux angle to improve the performance overall. The purpose of 
this comparing is to show effectiveness of each adding in the 
proposal model. Also, the simulation showed the effect of 
rising temperature on the performance characteristics of 
induction motor at low speed. This occurs by increasing the 
rotor and stator resistances to 150% from rated values and 
study the effect of this rising on the performance 
characteristics of induction motor. The increasing in the stator 
and rotor resistances is choosing to simulate the practical case 
where in any environmental due the motor operates for along 
time, the motor temperature increases which mean that, the 
stator and rotor resistances increases. These resistances reach 
twice the rated value due to raising in motor temperature. 
These simulations are repeated at rated load rated speed with 
tacking into account effect of raising temperature. 

A. Simultion Results with Low Speed 

Here the mechanical load is at the rated but the motor 
speed is 100 R.P.M. i.e. 10.46 rad/sec. Fig. 6 shows the stator 
flux with the first model, Fig. 7 shows the stator flux with the 
second model and Fig. 8 shows the stator flux with the third 
model. From these Figs can be concluded that 

 

Fig. 6 Stator flux of induction motor with first model 

 

Fig. 7 Stator flux of induction motor with second model 

 

Fig. 8 Stator flux of induction motor with third model 

The stator flux is distorted and oscillated with the first 
model and with the second model if it is compared to the third 
model. The stator flux is the worst with first model during the 
dynamic behavior and steady state behavior. The stator flux 
with third model is the best due to add improvement for 
computation of the stator flux angle.   

Fig. 9 shows the stator current with the first model, Fig. 10 
shows the stator current with the second model and Fig. 11 
shows the stator current with the third model. From these Figs 
can be concluded that 

 

Fig. 9 Stator current of induction motor with first model 

 

Fig. 10 Stator current of induction motor with second model 



 

Fig. 11 Stator current of induction motor with third model 

The stator current is highly distorted with the first model. 
This distorted is reduced with the second model and vanish 
with the third model. This occurs due to improve in the stator 
flux with third model. This means that, copper losses decrease 
with third model if it is compared to the first and second 
models.   

The Figs. 12-14 show the effect of these models on the 
motor torque where it is found that, the dynamic performance 
is the best with third model if it is compared to the others.  

The Figs. 15-17 show the effect of these models on the 
motor speed where it is found that, the dynamic performance 
is the best with third model because the motor is less effected 
by load at starting and reaches to steady speed faster if it is 
compared to the others models.  

 

Fig. 12 Torque of induction motor with first model 

 

Fig. 13 Torque of induction motor with second model 

 

Fig. 14 Torque of induction motor with third model 

 

Fig. 15 Speed of induction motor with first model 

 

Fig. 16 Speed of induction motor with second model 

 

Fig. 17 Speed of induction motor with third model 

B. Simultion Results with Low Speed at Rising Temprature 

This case as above but the rising temperature is tacking 
into consideration i.e. rotor and stator resistances increased to 
150% of the rated value.  Figs. 18-20 show the stator flux for 
all models. From these Figs can be concluded that 

 

Fig. 18 Stator flux of induction motor with first model 

 

Fig. 19 Stator flux of induction motor with second model 



 

Fig. 20 Stator flux of induction motor with third model 

The stator flux is distorted and oscillated with the first 
model and with the second model if it is compared to the third 
model. In this case and in the same case without temperature 
increase, the stator flux is the worst with first model during the 
dynamic behavior and steady state behavior. The stator flux 
with third model is the best due to add improvement for 
computation of the stator flux angle.    

Figs. 21-23 shows the stator current with the first model, 
second model and third model. Where it is found that; 

The stator current is highly distorted with the first model 
if it is compared to others models. This distorted is 
approximately reduced with the second model and vanish with 
the third model.  

 

Fig. 21 Stator current of induction motor with first model 

 

Fig. 22 Stator current of induction motor with second model 

 

Fig. 23 Stator current of induction motor with third model 

The Figs. 24-26 show the effect of these models on the 
motor torque where it is found that, the dynamic performance 
is approximately similar for all models.  

 

Fig. 24 Torque of induction motor with first model 

 

Fig. 25 Torque of induction motor with second model 

 

Fig. 26 Torque of induction motor with third model 

The Figs. 27-29 show the effect of these models on the 
motor speed where it is found that, the dynamic performance 
is the best with third model because the motor is less effected 
by load at starting if it is compared to the others models.  

 

Fig. 27 Speed of induction motor with first model 

 

Fig. 28 Speed of induction motor with second model 



 

Fig. 29 Speed of induction motor with third model 

C. S imultion Results at Rated with Rising Temprature 

Here the motor operates at rated condition but the rising 
temperature is taking into consideration i.e. rotor and stator 
resistances increased to 150% of the rated value.  Figs. 30-32 
show the stator flux for all models. From these Figs can be 
concluded that 

 

Fig. 30 Stator flux of induction motor with first model 

 

Fig. 31 Stator flux of induction motor with second model 

 

Fig. 32 Stator flux of induction motor with third model 

The stator flux is highly distorted with the first model. The 
stator flux is the worst with first model during the dynamic 
behavior and steady state behavior. The stator flux with third 
model is the best.    

Figs. 33-35 show the stator current with the first model, 
second model and third model. Where it is found that; 

 

Fig. 33 Stator current of induction motor with first model 

 

Fig. 34 Stator current of induction motor with second model 

 

Fig. 35 Stator current of induction motor with third model 

The stator current is highly distorted with the first model 
if it is compared to others models. This distorted is less with 
the second model and vanish with the third model.  

The Figs. 36-38 show the effect of these models on the 
motor torque where it is found that;  

The first model is highly distorted and noisy if it is 
compared to the others. 

 

Fig. 36 Torque of induction motor with first model 



 

Fig. 37 Torque of induction motor with second model 

 

Fig. 38 Torque of induction motor with third model 

The Figs. 39-41 show the effect of these models on the 
motor speed where it is found that, the first model makes more 
time to reach the steady state speed if it is compared to the 
others.  

 

Fig. 39 Speed of induction motor with first model 

 

Fig. 40 Speed of induction motor with second model 

Fig. 41 Speed of induction motor with second model 

VIII. CONCLUSIONS 

This paper suggested proposal model to improve the 
performance characteristics of induction motor through the 
DTC. Some elements are added to the classical DTC such as 
rotor flux lookup table, PI controllers and modified stator flux 

angle. These elements make the model more reliable. Also, the 
compensating of the magnetizing inductance is constructed. 
This model improves the stator flux and switching frequency 
which reflect on the stator current, motor torque and motor 
speed. These improvements occur at low speed and at rated 
conditions. This improvement occurs at transient, dynamic 
and steady state.  When this model is tested under high 
temperature at low and at rated speed gives robust 
improvement. 

TABLE II.  MOTOR DATA 

Motor Parameters Values  

Power  750 W 

Voltage  380 V  

Frequency  50 Hz 

Poles  4 

Speed  1410 RPM 

Stator resistance 11.6  

Rotor resistance 10.4  

Stator inductance 0.579 H 

Rotor inductance 0.579 H 

Magnetizing inductance 0.577 H 

Moment of inertia 0.002 Kg.m2 

Fraction coefficient 0.001 N.m.sec/rad 
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