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ABSTRACT 

This paper presents Artificial Neural Network (ANN) based Direct Torque control scheme for Matrix 
Converter fed Induction Motor. Matrix Converter drives have received more attention due to its 
bidirectional current flow, sinusoidal input current, sinusoidal output voltage and adjustable displacement 
angle. Direct Torque Control scheme provides direct control of motor torque and flux and hence provides 
fast torque response and flux control. The DTC technique has the drawback of torque and flux ripple. The 
drawbacks of DTC technique has been addressed some extent by Fuzzy Logic. The accuracy may be 
increased by using fuzzy logic, but at the same time it can be used only a static environment.  In case of 
dynamic decision-making, the artificial neural network is used.  In this paper, the optimisation of the neural 
network using fuzzy inputs to estimate the reference voltage vectors using various combinations of flux 
position, stator flux and torque values is done. Then the ANN controller replaces space vector modulator 
which generates the appropriate switching states for Matrix Converter. The Lavenberg-Marquardt back 
propagation technique has been used to train the neural network. The simulation model of the proposed 
scheme is presented. The speed and torque response of the model is presented for various switching 
frequencies. 
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1. INTRODUCTION 

Recently, Direct Matrix Converters have 
received more attention in the application of 
variable speed induction motor drives. Matrix 
converter uses nine bi-directional switches to 
connect the input to output at desired frequency. 
Matrix converter drives for Induction Motors are 
widely popular not only because of its variable 
frequency but also due to the lack of energy storage 
element, bi-directional current flow, sinusoidal 
output voltage and sinusoidal input current with 
adjustable displacement angle. Hence, matrix 
converters have become good alternative for 
voltage source inverters in the variable frequency 
applications. The major drawbacks of matrix 
converters are requirement of large power 
semiconductor devices to implement the bi-
directional switching and proper commutation of 

switches to meet the required torque and speed 
control[6]. It is very difficult to achieve 
simultaneous commutation of switches without 
generating over current and over voltage spikes 
which can spoil the power semiconductor switches.  

Direct Torque Control (DTC) has become one 
of the high performance control technique to 
provide quick torque and flux control. The major 
advantage of Direct Torque control technique is its 
simplicity and robust control scheme which does 
not depend on complex mathematical transforms. 
The major disadvantage of DTC is its high 
electromagnetic torque ripple which leads to high 
stator current distortion noise and slow transient 
response to step changes in torque during start-up 
process. In DTC, the torque and flux are controlled 
by proper estimation of voltage vectors. The 
amplitude of stator flux and torque, the stator flux 
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sector determines the switching pattern of Matrix 
Converter. The stator flux identification is based on 
the accurate estimation of stator flux position. The 
advantages of Matrix Converter are combined with 
DTC to reduce the ripples and achieve fast torque 
and flux control.  

The conventional DTC can have three major 
disadvantages, namely, (i). It is time consuming to 
evaluate the combination of switches that are ON or 
OFF states, (ii). It is better suited in a static 
environment rather than the dynamic, and (iii). It is 
high electromagnetic torque ripple, which leads to 
high stator current distortion noise and slow 
transient response to step changes in torque during 
start-up process.  To over come the above 
drawbacks, in some extent, that the state variables 
used in an induction motor are considered to be 
stochastic natured inputs instead deterministic. This 
leads to get a better switching combination with 
less time, but it is difficult to use a dynamic 
environment. The performance of ANN is to speed 
up the process dynamically and the anomalies, if 
any in the linguistic classification can be self-
corrected by itself through back propagation 
algorithm. ANN has very rich mathematical 
backgrounds and it can be trained to solve the 
complex nonlinear functions with desired 
parameters. ANNs can learn the desired mapping 
between the input and output signals without 
knowing the knowledge of the model.  

This paper is structured as follows, In section 
II, Matrix converter principle is described along 
with the simulation model. In section III, The 
simulation model of DTC control technique is 
described. In section IV, ANN controller used in 
this paper is described. In section V, the complete 
model of ANN based DTC for Matrix converter 
and simulation results are described. Section VI 
provides conclusions followed by references.  

2. CONVENTIONAL DIRECT TORQUE 
CONTROL 

Direct Torque Control (DTC) method involves 
no co-ordinate transforms which allows direct 
control of torque and flux and selecting an optimal 
switching state. DTC technique provides fast torque 
response. DTC technique is advantageous over the 
Field Oriented Control Technique by the following 
points 

1. Optimal switching state selection 
2. Use of open loop flux and torque estimators to 

improve the performance at low speeds 

3. Introduction of fuzzy techniques to improve 
the effect of ripples on the torque output.  

It is required to maintain short sampling period 
time in order to maintain the electromagnetic torque 
ripple within an acceptable hysteresis band. Hence 
DTC algorithm is usually implemented on a DSP 
board.  

DTC allows the compensation of instantaneous 
errors in flux magnitude and torque under the 
constraint of unity input power factor. Using the 
measured output currents and voltages, the motor 
flux is estimated and then the electromagnetic 
torque is estimated. The electromagnetic torque is 
compared with electromagnetic torque reference 
using the three level hysteresis comparator and 
hence decreases increases or maintains the torque 
depending on the comparator output. The 
conventional DTC scheme for selecting the switch 
state for matrix converter is shown in Fig. 1. 

In the same way, flux value is compared with a 
flux reference using a two level hysteresis 
comparator to increase or decrease the output flux 
level. It is important to maintain a narrow hysteresis 
band of the hysteresis comparators to get smooth 
flux waveforms.  

The angular sector of the actual flux is to be 
calculated to select the proper switching state. The 
comparator outputs and switching sector is then 
used to select the voltage vector.  

4. ARTIFICIAL NEURAL NETWORK 
CONTROLLER FOR DTC 

The design of ANN controller can have the 
following procedure: 

 

• The three inputs, namely, the stator flux error, 
torque error and stator flux angle are 
linguistically divided into several inner 
classification as given in Table (2), Table (3) 
and Table (4).The combination of all linguistic 
rules of the above said variables are formed as 
outputs of the fuzzy variables. 

• Then the fuzzy outputs are fed as input to the 
ANN controller and this controller is optimized 
through back propagation algorithm. 

• The optimized ANN controller that eliminates 
the need for switching table in the conventional 
system and calculates the switching 
configuration required to fire the matrix 
converter switches. Here the ANN controller is 
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designed to have three variables and one 
control variable for achieving constant torque 
and  flux control. 

The Neural Network is based on layers of 
neurons. Fundamental processing element of a 
neural network is a neuron. Initially, the network 
has to be structured for a particular application, 
then the network can be trained be choosing the 
initial weights randomly. Here three fuzzy 
controllers are used to calculate the stator flux 
error, torque error and stator flux angle. In this 
paper, Mamdani fuzzification system is used.  

Fig. 1: Conventional DTC for Matrix Converter[2] 
 
Then the fuzzy outputs are fed as input to the ANN 
controller which eliminates the need for switching 
table in the conventional system and calculates the 
switching configuration required to fire the matrix 
converter switches. Here the ANN controller is 
designed to have three variables and one control 
variable for achieving constant torque and flux 
control. The ANN controller in DTC system is 
shown in Fig 2. 

The first variable is the flux error which is the 
difference between the command stator flux ф*s 
and the estimated flux magnitude фs given by,  

| | 

The actual stator flux can be calculated from 
the voltage and current information in stationary 
reference frame as 
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Fig. 2: ANN Controller in DTC System 

In the fuzzy system, three linguistic values 
negative, zero and positive is used to calculate the 
crisp value of flux linkage error.  

The second variable torque error which is the 
difference between command electric torque Te

* 
and estimated torque Te given by 

Ete = Te
* - Te 

The electric torque is estimated from the flux 
and current information as  

3
2 2  

In the fuzzy system five linguistic values 
Negative large, Negative Small, Zero, Positive 
small and Positive large are used to calculate the 
crisp value of Torque error. The third variable is the 
stator flux angle which is the angle between stator 
flux and reference axis given by, 
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The controller calculates the stator flux linkage 
angle of θ0 to θ12 which is fed as one of the input to 
ANN Controller.   

The fuzzy outputs are computed by centre of 
gravity defuzzification method. The fuzzy control 
rules for stator flux erroris  shown in Table 1.[4] 

∆e 
d∆e 

NL  NS  ZE  PS  PL 

NL  NL  NL  NS  NS  ZE 

NS  NL  NS  NS  ZE  PS 

ZE  NS  NS  ZE  PS  PS 

PS  NS  ZE  PS  PS  PL 

PL  ZE  PS  PS  PL  PL 

Table 1. Fuzzy rules for Stator flux error 

From Fig.1, it can be seen that any output 
phase to be connected to any input phase provided 
that the input phase should never be short circuited 
and output phase should never be open circuited. 
Based on the above condition, 27 switching 
combinations are possible.  

From equation 1 and equation 2, all the 27 
switching states of matrix converter can be 
calculated.  Among the 27 voltage and current  

 

Table 3: Selection of switching configurations 

 

vectors, only active and zero vectors are used by 
DTC technique.  ANN controller is used to select 
the switching vectors which is shown Table.2. The 
ANN controller further selects switching 
configurations from the selected switching vectors. 
shows the selection of switching vectors. The 
Selection of the switching configurations and hence 

the switches to be fired are shown in Table.3 and 
Table 4 respectively. Thus the ANN controller 
replaces the switching table in the Conventional 
DTC system.The response time of the speed curve 
is reduced due to the elimination of the switching 
table.  

Table 2: Selection of switching vectors 

The ANN is trained for set of values. As soon 
as the training process is over, the ANN gives the 
same output for the same or nearby input values. 
This capability of ANN makes it used as intelligent 
drive system. At the same time, this controller acts 
as a template dynamically and the results can be 
achieved with a minimum  time complexity. 

 

 

 

 

The three inputs to ANN controller are flux 
error, torque error and stator flux angle. The output 
generated by the controller is the switching state for 
Matrix Converter. Thus the ANN controller 
replaces the switching table in the conventional 
DTC technique.  
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The designed ANN controller is a feed forward 
neural network and it has three layers called input 
layer, hidden layer and the output layer. The ANN 
is trained by a learning algorithm in which the 
weights of the network is adapted iteratively until 
the error between target vectors and the output of 
the ANN is less than the error goal. Back 
propagation algorithm is used for training in this 
paper. In the back propagation method, the error 
signal is propagated through the network in 
backward direction and adjusts the weights of the 
free parameters and reduces the error. The back 
propagation training algorithm is shown in the flow 
chart Fig. 4. The ANN training The output 
switching configurations selected by ANN is shown 
in Table 3.The matrix converter generates higher 
number of output voltage vectors compared to the 
conventional VSI drive. The input power factor can 
be controlled and maintaining the average value of 
the sine of displacement angle close to zero. The 
selection of matrix converter switches to be fired in 
shown in Table 4.  

Table 4. Selection of switches to be fired 

The ANN training algorithm is given in the Fig. 4. 
The training process is repeated until the error is 
minimum. The ANN performance plot [2] is shown 
in Fig. 5. 

 

Fig. 4: ANN Training Algorithm 

 
Fig. 5:ANN performance plot 

Switching  
Configurations 

Matrix Converter Switches to be 
fired 
Phase A Phase B Phase C 

-1 SBa SAb SAc
+1 SAa SBb SBc
-2 SCa SBb SBc
+2 SBa SCb SCc
-3 SBa SAb SBc
+3 SAa SBc SAc
-4 SAa SBb SAc
+4 SAa SAb SBc
-5 SBa SCb SBc
+5 SCa SBb SCc 
-6 SCa SAb SCc
+6 SAa SCb SAc
-7 SAa SAb SBc
+7 SBa SBb SAc 
-8 SBa SBb SCc
+8 SCa SCb SBc
-9 SCa SCb SAc
+9 SCa SCb SAc
0a SAa SAb SAc
0b SBa SBb SBc
0c SCa SCb SCc

Get the training data from 
simulation results 

Select number of layers, nodes 
for ANN topology 

Get the training data from 
simulation results 

Select the output pattern and 
calculate the ANN output and 
compute error 

e ≤ emax 

i ≤ imax 

Change the weights by 
training process 

i = i + 1 

C
ha

ng
e 

th
e 

nu
m

be
r o

f 
ne

ur
on

s o
r n

um
be

r o
f 

la
ye

rs
 

N
etw

ork is ready for use 

Yes 

No 

No 

Yes 



International Journal of Reviews in Computing  
15th July  2011. Vol. 6 

     © 2009 - 2011 IJRIC & LLS. All rights reserved.      
 

ISSN: 2076-3328                                                       www.ijric.org                                                          E-ISSN: 2076-3336 

 
38 

 

        Publication of Little Lion Scientific R&D,  Islamabad PAKISTAN 

IJRIC 

5. SIMULATION RESULTS 
 

The ANN based DTC system for Matrix Converter 
shown in fig. 3 is simulated in Matlab/Simulink. 
The torque speed characteristics are shown in fig 6, 
fig. 7 and fig.8.  

 

 
Fig. 6 Speed under no load torque 

 
Fig 7.No load Torque curve 

 
Fig. 8. Speed curve for applied torque 
 

 
Fig. 9 Torque curve with applied torque of 
15Nm 
 
It can be seen from fig 6 that the motor speed 
follows the reference speed with a very little 
overshoot at steady state speed of 300rpm at 
0.5µsec. When the torque of 15Nm is applied 
at 1µsec, the speed is maintained constant at 
the reference value except for a small 
fluctuation around the reference value of 
300rpm. It can be seen that at no load torque 
and with load torque the speed curve follows 
the reference speed curve. The speed curve 
shows that the motor speed follows the 
reference speed except for a very small 
overshoot when the torque is changed.It shows 
that the ANN network switching state selection 
is error free and accurate compared to the 
conventional controller.  
 

6. CONCLUSION 
 
This ANN controller is used successfully in 
Direct Torque Control system for Matrix 
Converter. The design of ANN controller and 
its performance shows that the error is 
minimized. The ANN controller avoids the 
need of need of switching table as in the space 
vector modulation technique. The overshoot in 
the speed curve is maintained very less and the 
ripples in the torque curve is maintained 
minimum. The accuracy of the torque and 
speed curves can be improved by replacing the 
fuzzy  flux error controller and fuzzy torque 
error controller by ANN controllers.  
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