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Abstract- The purpose of this study is to control the speed of
3-Phase Induction Motor with Artificial Neural Network
(ANN) controller using MATLAB application. The Artificial
Neural Network Controller will be design and must be tune, so
the comparison between simulation result and experimental
result can be made. The scopes includes the simulation and
modelling of 3-Phase Induction Motor, implementation of
Artificial Neural Network Controller into actual 3-Phase
Induction Motor and comparison of MATLAB simulation
result with the experimental result. This research was about
introducing the new ability of in estimating speed and
controlling the 3-phase Induction Motor. In this project, ANN
Controller will be used to control the speed of 3-Phase
Induction Motor. The ANN Controller will be programmed to
control the speed of 3-Phase Induction Motor at certain speed
level. Direct Torque Control (DTC) is one of the latest
technique to control the speed of motor, in this paper, the
control technique of DTC is based on when load changes then
inverter switch position are changed and supply to the motor is
changed, in this paper Proportional Integral (PI), Neural
Network (NN) controller and Adaptive motor model is designed
this is the heart of the DTC, as we know that DTC doesn’t
require any feedback and sensors to measure. The NN
structure is to be implemented by input output (nonlinear)
mapping models and is constructed with input, output and
hidden layers of sigmoid activation functions. It has been
introduced as a possible solution to the real multivariate
interpolation problem. To improve the performance of DTC
with the modern technique using NN approach is
implemented, and performance of DTC with PI controller and
NN controller is done, hence, the NN approach shows the
better performance than conventional PI controller.
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1. INTRODUCTION
Induction motor drives controlled by Field Oriented
control (FOC) have been till now employed in high
performance industrial applications, has achieved a quick
torque response, and has been applied in various industrial
applications instead of dc motors. It permit independent
control of the torque and flux by decoupling the stator
current into two orthogonal components FOC, however, is
very sensitive to flux, which is mainly affected by
parameter variations. It depends on accurate parameter
identification to achieve the expected performance. During
the last decade a new control method called DTC (Direct
Torque
Control)
has
been
developed
for
electricamachines.TC principles were first introduced by
Depenbrock and Takahashi. In this method [1], Stator
voltage vectors is selected according to the differences
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between the reference and actual torque and stator flux
linkage. The DTC method is characterised by its simple
implementation and a fast dynamic response. Furthermore,
the inverter is directly controlled by the algorithm, i.e. a
modulation technique for the inverter is not needed.
However if the control is implemented on a digital system
(which can be considered as a standard nowadays), the
actual values of flux and torque could cross their
boundaries too far. The main advantages of DTC are
absence of coordinate transformation and current
regulator; absence of separate voltage modulation block,
Common disadvantages of conventional DTC are high
torque ripple and slow transient response to the step
changes in torque during start-up. For that reason the
application of artificial neural network attracts the
attention of many scientists from all over the world. The
reason for this trend is the many advantages which the
architectures of ANN have over traditional algorithmic
methods [1].Among the advantages of ANN are the ease of
training and generalization, simple architecture, possibility
of approximating nonlinear functions, insensitivity to the
distortion of the network, and inexact input data. In this
paper we present the evaluation of flux and torque using
the three stator currents is the voltage of input inverter,
and artificial neural network has been devised having as
inputs the torque error, the stator flux error and the
position of the stator flux in which it lies, and as output the
voltage space vector to be generate by the inverter. The
ANN then replaces the switching table’. The theoretical
Principle, numerical simulation procedures and the results
of these methods are discussed and compared with
conventional DTC [1].

2. DIRECT TORQUE CONTROL
TWO-LEVEL INVERTER

WITH

Fig. 1 shows the schematic of The basic functional blocks
used to implement the DTC of induction motor drive. A
voltage source inverter (VSI) supplies the motor and it is
possible to control directly the stator flux and the
electromagnetic torque by the selection of optimum
inverter switching modes [1]-[4].
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Fig 1: Figure 1. Basic direct torque control scheme for AC
motor drives

3. VECTOR MODEL
OUTPUT VOLTAGE

OF

INVERTER

In the PWM voltage source inverters, considering the
combinations of the states of switching functions inverter
switching state functions (C1,C2,C3) which can take either
1 or 0, the voltage vector becomes[7][8][9]:

(1)
Eight switching combinations can be taken according to
the above relationship: two zero voltage vectors and six
non-zero voltage vectors show by Fig.2 [1][2].

The stator resistance Rs can be assumed constant during a
large number of converter switching periods Te. The
voltage vector applied to the induction motor remains also
constant one period Te. Therefore, resolving first equation
of system leads to:
(7)
(8)
In equation (8);
stands for the initial stator flux
condition. This equation shows that when the term RsIs
can be neglected, (in high speed operating condition for
example), the extremity of stator flux vector Vs.
Furthermore, the instantaneous flux speed is only governed
by voltage vector amplitude .
In fact, we have
for the case Vs =V3.

the following Fig.3 Established

Fig 2: Partition of the d q plane into 6 angular sectors

4.
STATOR FLUX AND TORQUE
ESTIMATION
The components of the current (Is , Is , and stator
voltage (Vs , Vs are obtained by the application of the
transformation given by (2) and (3) :.
(2)

(3)

The components of the stator flux ( s , s

.

given by (4).

(4)

The stator flux linkage phase is given by (5).

Fig 3: An example for flux deviation
Therefore, by adequate voltage vector selection we can
increase or decrease the stator flux amplitude and phase to
obtain the required performances. The deviation obtained
at the end of the switching period Te can be approached by
the first order Taylor Seri as below. The radial component
(component of flux) of the vector of tension acts on the
amplitude of the vector flux and its tangential component
(component of the torque) on the position of the vector
flux. By choosing a suitable sequence of the vectors of
tension, one can force the end of the vector flux to follow a
desired trajectory. To function with a module of practically
constant flux s, it is enough to choose an almost circular
trajectory for the end of the vector flux. That is not
possible that if the period of control is very weak for you in
front of the period of rotation of flux.

5. SWITCHING TABLE
(5)
The electromagnetic couple be obtained starting from the
estimated sizes of flux (
,
) and calculated sizes of
the current ( , )
(6)
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When flux is in zone I, the vectors Vi+1 or Vi-1 are
selected to increase the amplitude of flux, and Vi+2 or Vi2 to decrease it. What shows that the choice of the vector
tension depends on the sign of the error of flux,
independently of its amplitude. This explains why the exit
of the corrector of flux can be a Boolean variable. One
adds a band of hysteresis around zero to avoid useless
commutations when the error of flux is very small. Indeed,
with this type of corrector inspite of his simplicity, one can
easily control and maintain the end of the vector flux, in a
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circular ring. The switching table proposed by Takahashi,
as
given
by
Table1

6. DTC BASED NEURAL NETWORK
Principles of Artificial Neural Networks
Artificial neural networks use a dense interconnection of
computing nodes to approximate nonlinear functions .Each
node constitutes a neuron and performs the multiplication
of its input signals by constant weights, sums up the results
and maps the sum to a nonlinear activation function g; the
result is then transferred to its output. A feed forward ANN
is organized in layers: an input layer, one or more hidden
layers and an output layer. A MLP consists of an input
layer, several hidden layers, and an output layer. Node i,
also called a neuron, in a MLP network is shown in Fig.4.
It includes a summer and a nonlinear activation function g
[1],[10],[13].

Fig 4.:A multilayer perceptron network with one hidden
Layer.
The inputs , k = 1...K to the neuron are multiplied by
weights
and summed up together with the constant
bias term . The resulting I n is the input to the activation
function g. The activation function was originally chosen
to be a relay function, but for mathematical convenience a
hyperbolic tangent (tanh) or a sigmoid function are most
commonly used.

The ANN is trained by a learning algorithm which
performs the adaptation of weights of the network
iteratively until the error between target vectors and the
output of the ANN is less than an error goal. The most
popular learning algorithm for multilayer networks is the
back propagation algorithm and its variants. The latter is
Implemented by many ANN software packages such as the
neural network toolbox from MATLAB.In the case
presented in this paper the DTC control strategy shown on
table I has been implemented. Neural network has been
devised having as inputs the torque error, the stator flux
error and the position of the stator flux, and as output the
voltage space vector to be generate by the inverter. The
ANN block then replaces the switching table selector block
of Fig.5.

Fig. 5. Direct Torque Control with Neural network
Applied
Creating a Simulink model for the motor of desired
specification operated by a programmable voltage source.
For this purpose we will use the Matlab version 7.10.0.499
(R2010a) [23].
The motor specification that we have chosen is
5HP, 460Volts, 60Hz, 1750 RPM and reference
we have chosen is stationary.
The Specification of the Programmable voltage
source is 460V, 60Hz, with initially zero phase.
The speed value initially applied to the motor is
200 rpm and step signal from 100 rpm to 200
rpm. The figure below shows the Simulink model
of the 3-phase IM connected to the DTC block
which is given the specified supply, speed,
electromagnetic torque, stator current_a/b/c
response connected to the waveform visualization
(scope).

7.
SIMULATION
MODEL
AND
STRUCTURE OF DTC SYSTEM BASED
ANN
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Fig. 6. DTC Control application in controlling the 3-phase
induction motor

Fig. 7. Detailed Simulink model of DTC
We have designed a neural network and trained it so that it
can replace the switching table to get the desired response.
Network formed is feed forward with one input, one
hidden and one output layer. The training is done using
Levenberg – Marquardt Back-propagation Algorithm with
30 neurons through nftool in Matlab [10]. Neural network
for DTC is created by following stepsFor this we have to create the inputs and outputs
.for the inputs we have the switching table as

Table 3. The Expanded switching table of DTC
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Input X is a [3 X 24] matrix. In which 1st row is for flux
error values , 2nd row is for torque error values and 3rd
row is for flux angle sector whereas each row contains 24
values as stated above in proper correspondence .In this we
have 24 samples set we have to create more samples. So
for that we have to increase the no of samples in order to
do that Horzcat function of matlab will be used.
X1=horzcat(X,X);This will create 48 samples. Now further
applying horzcat function as X2=horzcat(X1,X1);This will
create 96 samples. Now further applying the function
again X3=horzcat(X2,X2);This will create 192 samples.
Now this will give [3X192] dimension matrix which
means 192 samples in the form of column vectors with 3
values in each. Output Y is a [6 X 24] matrix. In this each
of this column represents a output vector i.e
V1/V2/V3/V4/V5/V6
and each of these vectors are
represented by the six bit binary code as stated below. So
the neural network will gives its output in the form of these
6 bits for the specified vector angle output.

In this we have results of 24 samples respectively. As we
have created 192 samples. So for that we have to take care
of the result in the same quantity in order to do that
Horzcat function of matlab will be used.
Y1=horzcat(Y,Y);
This will create 48 sample’s result. Now further applying
horzcat function as
Y2=horzcat(Y1,Y1);
This will create 96 sample’s result. Now further applying
the function again
Y3=horzcat(Y2,Y2);
This will create 192 sample’s result. Now this will give
[6X192] dimension matrix which means 192 sample’s
result in the form of 6 binary value (either 0 or 1) in each.
Now we will design a neural network and train it as we
have 192 input samples and their respective results.
X3 – input,Y3 – output.For that we have nftool in matlab
by using this we will design the network. Give it the input
(X3) that have been created above in the workspace of
matlab in the column format. Also give it the output (Y3)
that have been created above in the workspace of matlab in
the same column format [23].Now train them using the
Levenberg – Marquardt Back propagation algorithm using
30 neurons to create a two-layer feed-forward network with
sigmoid hidden neurons and linear output neurons
(newfit), can fit multi-dimensional mapping problems
arbitrarily well, given consistent data and enough neurons
in its hidden layer.The three parameters are firstly given
given to the matrix concatenate i.e Flux error, Torque
error, Flux angle vector position (sector). In matrix
concatenate Block Number of inputs is 3 and mode is
vector. Then this output in single dimension is given to the
Neural Network and output is given to the Rounding off
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Block and then given to the gate finally. Finally generating
the Simulink model of the neural network and using it as
a substitution to the switching table used in the Direct
Torque Control drive AC4 created before. And then
comparing the results.

Fig. 9 Electromagnetic torque Response of Conventional
DTC

Fig. 10. Electromagnetic torque Response of ANN DTC
Fig. 8. Neural Network instead of switching Table for the
Vector model of Inverter output voltage

8. SIMULATION RESULTS
The Induction motor speed controlling model using
Conventional DTC and ANN applied DTC has been
designed and studied successfully and the results of the
thesis work are almost satisfying by using ANN in it as a
substitution of the switching table. The Sampling period of
s. To compare with Conventional DTC
and ANN DTC for Induction motor are simulated. In two
cases, the dynamic responses of speed, flux, torque and
stator current for the starting process with 0 Nm load
torque and input speed reference of 200 wm applied are
shown in Figure from 9 to 16 respectively. Figs.9 and 10
show the response of electric torque of the Conventional
DTC, and ANN DTC respectively. It can be seen that the
ripple in torque with ANN DTC control is less than 0.3
Nm and with conventional direct torque control the ripple
is about 2 Nm at the same operating conditions. Figs.11
and 12 show the response of stator flux magnitude of the
Conventional DTC and ANN DTC respectively. By ANN
DTC technique shown Fig 12, the stator flux are the fast
response in transient state and the ripple in steady state is
reduced remarkably compared with conventional DTC, the
flux changes through big oscillation and the torque ripple
is bigger in Conventional DTC. In Fig 13 and 14, It can be
seen that the ripple in speed with ANN DTC control is less
than 0.3 wm and with conventional direct torque control
the ripple is about 2 wm at the same operating conditions.
Figs 15 and 16 show the steady state current response of
the ANN_DTC has negligible ripple in stator current and
a nearly sinusoidal wave form while as with conventional
DTC the stator current has considerably very high ripple.

Fig. 11. Stator flux direct axis of Conventional DTC

Fig. 12. Stator flux direct axis of ANN DTC

Fig. 13. Rotor Speed Response using Conventional DTC

Fig. 14. Rotor Speed Response using ANN DTC
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Fig. 15. Stator Current phase-A in Conventional DTC

Fig. 16. Stator Current phase-A in ANN DTC

9. CONCLUSION
Direct Torque Control System Using a Neural Network is
successfully implemented on three phase induction motor.
In this work, using the MATLAB simulation, a robustly
stable neural network for the induction motor system using
the ANN toolbox is presented. A high power 3-level fed
induction motor with direct torque control system is
developed. To cope with the inherent uncertainties such as
parametric uncertainty, external disturbance and modeled
dynamics, the NN is used as an uncertainty observer.In
this thesis a ANN DTC of induction machine have been
proposed. An improved torque, speed and flux response
was achieved with the ANN DTC than the conventional
DTC. The performance has been tested by simulations.
Also, a command flux optimization scheme has been
proposed to reduce the torque ripple. The optimization was
tested using simulation. The results show a reasonable
improvement by flux optimization. The main
improvements shown are:
Reduction of torque and current ripples in transient
and steady state response.
No flux droppings caused by sector changes
circular trajectory.
Fast stator flux response in transient state.
Reduction of speed ripples in transient and steady
state response

REFERENCES

Volume 3 Issue 4 July-August, 2014

[1] Riad toufouti, Salima meziane, Hocine benalla, “Direct
torque control for induction motor using intelligent
techniques”, Journal of Theoretical and Applied
Information
Technology,
(toufoutidz,mezianedz,
Benalladz)@yahoo.fr
[2] Riad toufouti, Salima meziane, Hocine benalla, “Direct
torque control strategy of induction motors”, ISSN 13358243 © 2007 Faculty of Electrical Engineering and
Informatics, Technical University of Košice, Slovak
Republic, Acta Electrotechnica et Informatica No. 1, Vol.
7, 2007.
[3] Takahashi, T. Noguchi, “A new quick response and highefficiency control strategy of induction motor”, IEEE
Trans. On IA, Vol.22, N°.5, Sept/Oct 1986, PP.820-827.
[4] M. Depenbrock, “Direct self – control (DSC) of inverter –
fed induction machine” , IEEE Trans. Power Electronics,
Vol.3, N°.4, Oct 1988, PP.420-829.
[5] Texas Instruments, “Field Orientated Control of 3-Phase
AC-Motors”, Literature Number: BPRA073,
Texas
Instruments Europe February 1998.
[6] Bilal Akin and Manish Bhardwaj, “Sensored Field
Oriented Control of 3-Phase Induction Motors”, Copyright
© 2013, Texas Instruments Incorporated, SPRABP8–July
2013.
[7] Tobias Geyer and Georgios Papafotiou, “Direct Torque
Control for Induction Motor Drives: A Model Predictive
Control Approach Based on Feasibility”, M. Morari and L.
Thiele (Eds.): HSCC 2005, LNCS 3414, pp. 274–290,
2005, Springer-Verlag Berlin Heidelberg 2005.
[8] S. Buso, L. Malesani, P. Mattavelli, "Comparison of
Current Control Techniques for Active Filter Applications",
IEEE Transaction on Industrial Electronics, Vol. 45, No.5,
October 1998., pp.722-729.
[9] M.P. Kazmierkowski, L. Malesani, "Current control
techniques for three phase voltage-source PWM
converters: a survey", Industrial Electronics, IEEE
Transactions on Industrial Electronics, Vol. 45, No. 5,
Oct.1998., pp. 691 -703.
[10] Ashutosh Mishra , Prashant Choudhary, “Artificial
Neural Network Based Controller for Speed Control of
an Induction Motor using Indirect Vector Control
Method”, International Journal of Power Electronics
and Drive System (IJPEDS) , Vol.2, No.4, December
2012, pp. 402~408 ,ISSN: 2088-8694.
[11] Suresh Kumar Chiluka, S. Nagarjuna Chary, E
Chandra Mohan Goud, “Direct torque control using
neural network approach”, IJRET | APR 2013,
Volume: 2 Issue: 4, 682 – 686, ISSN: 2319 – 1163.
[12] M. zerikat, and A. chekroun, “Adaptation learning
speed control for a high- performance induction motor
using neural networks”, World Academy of Science,
Engineering and Technology 21 2008, P-293-298.
[13] Alberico Menozzi, Mo-yuen Chow, “A design
methodology for an intelligent controller using fuzzy
logic and Artificial Neural Networks”, 0-7803-08913/93$03.00@1993 IEEE, P-408-413.
[14] Antsaklis, P.J., K. M. Passino and S. J. Wang,
“Towards intelligent autonomous control systems:
Page 49

Web Site: www.ijettcs.org Email: editor@ijettcs.org, editorijettcs@gmail.com
Volume 3, Issue 4, July-August 2014
ISSN 2278-6856
Architecture and fundamental issues,” Intelligent
Robotics System, Vol. 1,PP. 315-342, 1989.
[15] G. Kohlrusz, D. Fodor, “Comparison of scalar and
vector control strategies of induction motors”,
Hungarian Journal Of Industrial Chemistry Veszprem,
vol. 39(2) pp. 265-270 (2011).
[16] Anders Kronberg , “Design and Simulation of Field
Oriented Control and Direct Torque Control for a
Permanent Magnet Synchronous Motor with Positive
Saliency” ISRN UTH-INGUTB-EX-E-2012/05-SE,
Examensarbete 15 hp, Maj 2012.
[17] Giuseppe Buja, Domenico Casadei and Giovanni
Serra, “Direct torque control of induction motor
drives”, IEEE Catalog Number: 97TH8280, ISIE’97Guimaraes, Portugal.
[18] Texas Instruments, “Field Orientated Control of 3Phase AC-Motors”, Literature Number: BPRA073,
Texas Instruments Europe, February 1998.
[19] S. Buso, L. Malesani, P. Mattavelli, "Comparison of
Current Control Techniques for Active Filter
Applications", IEEE Transaction on Industrial
Electronics, Vol. 45, No.5, October 1998., pp.722-729
[20] Bilal Akin and Nishant Garg, “Scalar (V/f) Control
of 3-Phase Induction Motors”, Texas Instruments,
SPRABQ8–July 2013, www.ti.com.
[21] F. Parasiliti, “Appunti delle lezioni di Azionamenti
Elettrici: Controllo Vettoriale ad Orientamento di
Campo”, Università degli Studi di L’Aquila
[22] R. Di Gabriele, F. Parasiliti, M. Tursini, “Digital
Field Oriented Control for induction motors:
implementation
and
experimental
results”,
Universities
Power
Engineering
Conference
(UPEC’97)
[23] www.mathworks.com
[24] www.wikipedia.com
[25] www.naptel.co.in

Volume 3 Issue 4 July-August, 2014

Page 50

