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Abstract- This paper proposes an advancement of Artificial Neural Network (ANN) for Speed Estimation of Sensorless 
Speed control of Induction Motor (IM). Stator voltages and the stator currents are considered as input parameters for ANN to 
output the rotor speed of IM. The ANN is trained first by considering the different loads of IM to improve the accuracy of 
speed measurement and is made independent of stator resistance variation. The proposed implementation is then validated 
through the MATLAB/SIMULINK environment. The results show the significant improvement as compared to the 
convention speed estimation methods and are independent from parameter and load variations. 
 
Index Terms- Artificial neural networks, induction motors, sensorless control. 
 
I. INTRODUCTION 
 
The various advancement of three phase induction 
motors. Significantly increases its industrial 
applications for its robust performance, easy 
availability and low cost maintenance as well as fast 
response to speed and torque. The use of mechanical 
sensors to estimate the speed of IM lowered its 
reliability and affected by noise. The Artificial Neural 
Network uses sensorless control methods for digital 
measurement of motor parameters such as rotor 
speed. Artificial neural network is a network of 
simple processing elements which can exhibit 
complex global behavior, determined by the 
connections between the processing elements and the 
machine parameters. The various load parameters are 
considered as training the data for ANN by using 
Levenberg-Marquardt algorithm which results in 
improved rotor speed output.  
There are two basic methods for speed control of 
induction motor i.e. scalar and vector control. The 
scalar control is limited to chosen control quantities 
and is not applied for complex and dynamic behavior. 
Therefore to vector control methods takes this 
advantages to deal with vector quantities, controlling 
the desired values for rotating vectors in complex co-
ordinate system by using the space phasors. This 
methods establish the uncouple components such as 
torque, current and flux by changing the magnitude 
and phase. Uncoupling establishes two independent 
and single controlled currents, flux producing 
component and the torque producing component. 
There two different methods for vector control such 
as direct control method depends on the generation of 
unit vector signals from the stator or air-gap flux 
signals. The stator flux components and air gap 
signals can be measured form stator quantities and 
stator voltage and current quantities respectively. In 
indirect vector control methods uses summation of 
rotor speed and slip frequency to estimate the rotor 
speed angle or unit vectors. This paper deals with 

sensorless speed control of three phase induction 
motor by using the various advancement of Artificial 
Neural Network.  
 
II. RELATED WORK 
 
ANNs can be utilized to recognize and control 
nonlinear element frameworks since they can rough 
an extensive variety of nonlinear capacities to any 
wanted level of precision. Besides, they can be 
executed in parallel and, subsequently, shorter 
computational time. Likewise, they have 
insusceptibility from symphonious swells and have 
blame tolerant capacity.  
Since the 1990s, several investigations into the 
applications of neural networks in the field of 
electrical machines and power electronics have 
appeared [2]. In recent years, many papers have 
appeared which deal with the use of ANN in 
modulation systems [3], [19], in breakdown detection 
[4], in control [5]–[7], in the estimation of state 
variables [8], [9], and in the identification of 
induction motor parameters [20]. The literatures [5]-
[7] deal with estimation of the rotor angular speed. 
This work evaluates the basic approaches of speed 
estimation, one is the stator currents and voltages for 
direct speed estimation [12], [13] and another by 
using the machine model [7].  The [7]-[9] presented 
the neural speed values while the detailed explanation 
about the actual voltage and current values from 
previous steps of magnitude and stator current are 
described in [12]-[13].  
The various algorithms and architectures have been 
developed to estimate the speed of Induction motors. 
The Artificial Neural network concept proved 
significantly better amongst them because of its 
various advantages such as fallows.  
ANN is faster because of its parallel structures. 
ANN work independent without solution of any 
mathematical model 
The effect of any intermediate neurons corruption is 
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negotiable in Neural Network. 
ANN once trained properly gives significant accuracy 
for speed and torque measurement.  
Independent on parameters so parameter variations do 
not affect ANN results.  
This paper presents the ANN based speed estimation 
of Induction Motors. Section I describes the overview 
of induction motor concepts ad its various approaches 
for speed estimation. The literature survey is 
described in section II. Section III deals with vector 
control methods for speed estimation. Section IV 
highlights the implementation of ANN based speed 
control approach. The results are summarized in 
section V. The conclusion and various future 
developments are discussed in conclusion section VI.   
 
III. VECTOR CONTROL OF INDUCTION 
MOTOR 
 
The conventional methods deals with difference 
between synchronous angular velocity (ωs ) and slip 
angular velocity ( ωk ) to calculate the rotor speed.  
This technique has lower accuracy as they are 
parameter dependent. The three phase Induction 
motor has complex parameters mainly when the two 
phase parameters are transformed into three phase, 
the parameters that are nonlinear are dependent are 
eliminated. also variation in input parameters does 
not affect the result accuracy of ANN. In this case the 
quantities of squirrel cage rotar are referred as stator 
with zero rotor voltage.The torque is controlled by 
armature current in case case of excited flux in DC 
machines. In AC machines, the components of Stator 
current (isq and isd ) are changed with change in 
stator current which also changes the rotor 
component.  

 
Fig. 1: The vector diagram of induction machine 

The Figure 1 above indicates the vector diagram of 
induction motor in in α − βand d-q frames. . If d-axis 
and rotor flux are aligned then Ψrq = 0. But this 
alignment requires the position of rotor flux vector. 
Then d-q frame and rotor flux rotate together. The 
torque expression for vector control is given as:  
 
IV. ARTIFICIAL NEURAL NETWORKS 

 
The Artificial Neural Network imitates the behavior 

of human brain to perform the faster calculation for 
complex structures. It establish its own rules based on 
experience from training data so as human brain 
perform this with its real experience. 
In ANN, the neurons are connected in various 
structured ways so as variation in parameters do not 
affect the ANN results. ANN needs a learning 
procedure. In this procedure information is gathered, 
these information is spared and summed up through 
weights. These weights are between neurons. To 
acquire the coveted yield, learning process 
incorporates learning calculations, which accomplish 
this by overhauling the weights.  
Neurons are essential components of ANN. The most 
normal neuron model is appeared in figure-3. A 
neuron comprises of five sections. These parts are; 
information sources, weights, summing intersection, 
initiation capacity and yields. Inputs take information 
from different neurons or from outside. Information 
joins the neuron by weights and these weights decide 
the impact of the pertinent info. Summing 
intersection ascertains the net info; net information is 
the entirety of the augmentation consequences of 
sources of info and their applicable weights. Initiation 
work applies the net contribution to a procedure and 
gives neuron yield. By and large initiation capacity is 
non-straight. 

 
Fig. 2: Artificial Neuron Model 

The Figure 2 above shows most basic model for 
ANN. X0 is constant and called as bias or threshold 
of the activation function. The mathematical model of 
neurons is represented as  

 
 
In general in ANN neurons are connected to each 
other and their outputs are also connected other 
neurons or to themselves by weights with particular 
delays between them. There are various forms of 
ANN based on their activation functions, learning 
rules or connection types. The neurons learn by their 
own experiments by applying the learning rules they 
adjust their weights by using output error generated. 
The different actual data is trained by applying the 
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learning rules and this test data is applied to check the 
reliability of system. 
Where W (k) is correction co efficient which is 
calculated by learning rules in K.th times. The 
multilayer feed forward algorithm is mainly use for 
supervised learning of ANN because of its good 
learning capacity. In backpropagation training data is 
used to adjust the weight of ANN and by using this 
corrected weight ANN is checked by testing this data. 
By performing the check on test data ANN 
memorized the training data and check for reliability 
of ANN. The training data needs be carefully chosen 
to avoid the computational complexity. Therefore the 
data which is only capable of giving input output 
relation. The multilayer feed forward is used to 
obtained obtain a set of weights by carefully training 
them to avoid the errors between desired and actual 
output. ANN is trained by the sum of squared error. 

 
Where: 

is input value in discrete time k where i goes 

from 0 to m,  is weight value in discrete time 
k where i goes from 0 to m, b is bias, F is a transfer 

function, Is output value in discrete time k. 
The multilayer feed forward uses gradient descent 
method to minimize the squared errors between 
desired output and real output. But the 
backpropogation algorithm has slow approaches to 
the result and to catch the errors which then can be 
improved by learning rate and momentum coefficient. 

 
Fig. 3: Proposed ANN-based speed estimator. 

 
V. PROPOSED MULTILAYER FEED 
FORWARD ANN BASED SPEED ESTIMATOR 
 
A multilayer feed forward based ANN with structure 
with 89-1 (9 input nodes, 10 nodes in hidden layer, 1 
output node) employed by trial and error method to 
measure the instantaneous rotor speed as shown in 
figure3 above. The input parameters to the ANN are 
the sampled values of stator currents, stator voltages 
and past value of the rotor speed (usd (k), usd (k-1), 

usq (k), usq (k-1), isd (k), isd (k-1), isq (k), isq (k-1), 
wr(k-1)). For the proposed speed estimator the past 
values of stator voltage and stator current are use as 
inputs to ANN for better performance of output rotor 
speed (wr (k)). The ANN trained such input data with 
less error and obtained the good output results by 
using the activation function of input and hidden 
layers as tansigmoid. The tansigmoid function of 
hidden layer or training data makes training phase 
become shorter as compared to logsigmoid function. 
The activation function of output is linear while the 
training of ANN is performed on data 
corresponding’s the unloaded motor.  
The simulation of proposed speed estimator by using 
ANN and multilayer feed forward algorithm is 
performed by using MATLAB/SIMULINK and 
Neural network toolbox NNET 3.0. The simulation 
results are shown in figure 7 below. The simulation 
parameters are show in table 1 below.  

 
Fig. -4: Induction motor parameters 

The values taken for training of actual and proposed 
data and other parameters for ANN to obtained the 
desired out so as by reducing the squared erros asare 
shown in Figure 5 below. The system performance 
was obtained by chnging the paraeter values for 
training data and loading the motor. The proposed 
estimator shows the good performance for speed 
estimaton as shown in simuation results of Figure 5.  

 
Fig.-5 MATLAB simulation model of sensorless speed control 

of induction motor. 
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Fig.-6 For any test data (a) characteristic of Stator current (b) 

characteristic of electromagnetic Torque 
 

 
Figure.-7 For any test data (a) Difference between Estimators 

output and Actual output (error). 
 
CONCLUSION 
 
The advancement of artificial neural network to 
estimate the speed of induction motor is proposed in 
this paper. The modified speed estimator uses the past 
values of motor voltage and current as a training data 
for ANN. The backpropogation algorithm is used for 
reliability of ANN. The proposed system is applicable 
for high performance application. This ANN 
estimator gives better performance when the ANN 
parameter changed while training as well as when 
motor is loaded. Therefore this can be used as a 
reliable estimator for motor drive applications. Initial 
results for true senseless speed control using the 
estimated rotor position for indirect field orientation 
have been presented. In future, analysis of ANN 
based methods in detailed to further improvements 
speed estimation need to be considered.  
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