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 ABSTRACT 
The goal of this paper is to estimate the rotor resistance of squirrel-cage induction motor with the help of Artificial Neural 
Network (ANN) .Firstly presented mathematical modeling of nonlinear multivariable control system of squirrel-cage induction 
motor. Feed forward and recurrent network of ANN is used to remember the identified parameters at steady state and compute 
during transient state. The simulation and ANN based mathematical modeling results of Induction motor are analyzed. The 
performance of given two methods is presented. 
 
Keywords: Squirrel-cage Induction motor, ANN (Artificial neural network), Rotor resistance, Mutual inductance, 
Parameter identification 

1. INTRODUCTION 
In recent days Induction motor is widely used in industrial and domestic applications. It is nonlinear dynamic control 
systems in which parameters are vary with respect to temp, frequency, operating point and saturation. The rotor 
resistance can vary up to 150% over the continuous operation. The efficiency and accuracy (i.e overall performance) of 
induction motor are mainly depend on parameters. Therefore it is necessary to develop algorithm for online parameter 
estimation.  ANN is used for evaluation of parameter identification of induction motor. Flux identification is based on 
luenberger observer system and rotor speed identification based on speed observer system. Rotor parameters playing 
very important role in control mechanism of induction motor. Identification of rotor parameter is put forward by 
estimating the rotor temperature because its impact on fundamental frequency compensation of terminal voltage for 
given input current. Many papers have shown the effect of motor parameters on the quality of flux and speed [4]. 
Identification of rotor resistance and mutual inductance based on ANN is presented. Advantage of ANN is to 
approximate a wide range of nonlinear functions to high degree of accuracy. ANN not only runs in parallel with other 
system but also time require for computation is reduced. ANN also has fault tolerant capabilities and immunity to 
harmonic ripples. So ANN is used to identify and control the nonlinear dynamic control system. 
Since 1990’s, several applications of neural networks in the field of electrical machine and power electronics have 
appeared. Now a day’s ANN is used in modulation system, control, and estimation of state variables and identification 
of induction motor parameters. Two types of ANN design are available one is based on machine model and direct speed 
estimation by stator current and voltages. In this paper ANN is developed as memory for remembering the calculated 
values during steady state and compute during transient state. So the accuracy in performance estimation of induction 
motor is improved by using online identification of machine parameter in sensor less control system.  

2. MATHEMATICAL MODELING OF INDUCTION MOTOR  
The mathematical model of a squirrel-cage induction motor in a stationary coordinate system is expressed in the form 
of differential equations for the rotor-flux vector components and stator-currents are presented as follows 
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Where,  
Ψrx= rotor-flux vector component in x stationary coordinate, 
Ψry= rotor-flux vector component in y stationary coordinate, 
isx = stator-current vector component in x stationary coordinate, 
isy = stator-current vector component in y stationary coordinate, 
usx= stator-voltage vector component in x stationary coordinate, 
usy= stator-voltage vector component in y stationary coordinate, 
ω r = Angular speed of the rotor shaft, 
 Lm= Mutual inductance, 
 J = Moment of inertia, 
 mo= the load torque,  
 
Furthermore the constants are 

 
Where, 
Rs = stator resistances 
Rr = rotor resistances 
Ls = stator inductance 
Lr = rotor inductance 
τ  = time in per unit (p.u.).  

3. INDUCTION MOTOR FEEDBACK LINEARIZATION FED BY VSI  
Induction-motor drive is fed by voltage-source inverters (VSIs), but the control signals are voltage vector components 
therefore four novel state variables are recommended to describe the motor model [6]. The new variables may be taken 
as the rotor angular speed, scalar and vector product of rotor flux vectors and stator current, and square of the rotor flux 
linkage  

x11 =ωr                                                                                 (6) 
x12 =Ψrxisy – Ψry isx                                                               (7) 
x21 =Ψ2

r x +Ψ2
ry                                                                    (8) 

x22 =Ψrxisx +Ψryisy                                                              (9) 
After taking into account the new state Variables, differential equations for new model of the induction motor is 
obtained [6]. 

 

 
Where, 
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The compensation for nonlinearities in equations (11) and (13) forms the following expressions with the new input 
variables m1 and m2: 

 
The new speed observer system was recently proposed and it is used for the rotor-speed estimation. The rotor-flux 
linkages of the induction motor may be estimated by using the modified Luenberger observer system. 

4. ROTOR RESISTANCE ESTIMATION 
The value of the rotor resistance used in the observer is very importance to obtain more accuracy in rotor-speed 
estimation using the observer system. A simple algorithm provides large errors during the identification of the rotor 
resistance this can be improved by using extra procedures. The identification of the rotor resistance using modified 
algorithm was tested by computer simulation and experiments. These experimental results of nonlinear control system 
give the necessity of feed forward neural network system for remembering the identified rotor resistance. To minimize 
the estimated errors of the stator-current components in the Luenberger observer, it is possible to assume that   

 
Where ˆ symbol indicates the variables estimated by the speed observer. 
 
Therefore, taking these relations from the motor model and observer system into account yields 
 

 
Where  
Rr = rotor resistance  
 
The parameters with the superscript ∗  denote the estimated parameters. The left sides of above equations are derived 
from the motor model and the right sides are obtained from the observer system. The rotor angular speed varies slowly 
and could be assumed as a constant parameter in the variable-estimation system. Equations (22) and (23) are valid at 
steady state, particularly for the instants τ1 and τ2. The instantaneous values of the rotor-flux components are not 
accessed for direct measurement. However, it is possible to determine the difference between the values of the rotor-flux 
components for the instants τ1 and τ2. This makes it possible to determine the values of rotor resistance from the 
following equations, assuming that the rotor angular speed is constant and known: 
 

 

 
Using the motor equations, the next relations could be obtained 
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The rotor flux of induction motor cannot measure directly. Therefore stator flux estimation by voltage integration 
provides more error in voltage and current signal. These errors can be minimize by evaluating the difference between 
stator flux component at stages τ1 and τ2 as  
 

 
Above two additional integrators proposed in the estimation system at a specified time with initial values. The outputs 
of these integrators at instant τ2 will be the incremental value of the stator-current vector components. The rotor 
resistance at vector component x and y can be calculated from equation (36) and (37) as follows: 
 

 
Where,  
Rrx =Rotor-resistance on x axis stationary reference frame 
Rry =Rotor-resistance on y axis stationary reference frame 
 
In the next calculation of algorithm the resistances Rrx and Rry are assumed as follows. At instant τ1, the values of the 
flux and current during running condition of integrators are evaluated in Luenberger observer system. The integration 
period has been assumed to 50 periods of transistor switching (about 7.5 ms). At instant τ2, with the help of voltage 
model in equation (34) and (35), flux is calculated also the incrementing values of flux are computed by using 
equations (32) and (33) and by using Luenberger observer. Additionally, resistances Rrx, Rry and Δzx, Δzy, are 
computed. The calculated values of resistances are filtered and put again in speed observer systems and Luenberger 
observer systems. In next 50–100 switching periods of observer evaluated values are stabilized. Then, at instant τ1, 
makes the integrators once again zeroed, and start the process from the beginning. Approximated relationship gives 
equations (36) and (37) and these equations are used to rotor resistance Rr, with the error depends on the value of the 
rotor resistance R*r assumed in estimation algorithm. 
If the denominator of equation (36) and (37) may be small or zero, then calculated rotor resistance Rr is with large 
error. This gives incremented variables. In some special cases values of periodic variables could be same and the 
incremented values would be zero. If the calculated rotor resistance exceeds the assumed limit then these values are 
rejected. By calculating the average rotor resistance Rr_s with the help of two phases, effect of above errors can be 
minimized. 

Rrav = 0.5  (Rrx + Rry)                       (38) 

5. MODELING AND SIMULATION OF INDUCTION MOTOR 

5.1 Induction Motor Working in Discrete Mode 
The basic SVPWM based vector control block diagram of the proposed drive system of the Induction motor is shown in 
fig.1.The system comprises of the following modules:  

 SVPWM based voltage source inverter (VSI) module. 
 Three phase Induction motor module. 
 Computation of mathematical equations to estimate Rr_s 

 

5.2 Simulation of motor in discrete mode 
Simulation of Induction motor during load condition has been observed. The simulation results are given in the form of 
following Figures: 

1. Rotor Resistance in X axis Rr_x. 
2. Rotor Resistance in Y axis Rr_y. 
3. Average Rotor Resistance Rr_s. 
4. Angular speed Wr. 
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Figure 1 Simulink model of Induction motor in discrete mode 
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(a) 

 
(b) 

 
(c)           

 
(d) 

Figure 2 Graph of   (a) Rotor resistance in x axis (b) Rotor resistance in y axis (c) Average rotor resistance (d) Angular 
speed ωr 

5.3 Estimation of Rotor Resistance with ANN 
5.3.1 Estimation of Rotor Resistance with ANN 
The rotor resistance as mathematical parameter of the machine model is not constant and changes with the time, 
temperature, and speed. During transients, which is when the speed changes, the resistance estimation algorithm shows 
a large estimation error (30%) although filtering is used. Artificial Neural Network (ANN) can be used for 
remembering the rotor resistance at the steady states and is determined during transients. 
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Figure 3 ANN architecture for remembering the rotor resistance: feed forward ANN 

5.3.2 Rr_n estimation results using ANN 
Training input data of Induction motor using ANN has been observed. The simulation results are given in the form of 
following Figures: 

a) Rotor speed ωr 
b) Estimated Rotor Resistance Rr_s. 
c) Rotor resistance calculated by ANN Rr_n. 

 Due to the use of an ANN, Rotor resistance Rr_n in the steady-state error was decreased nearly to zero. After nearly 
zeroing the error, small oscillations are observed. However, as a result of using the ANN corrector, it does not exceed 
2.5%. 

 
Figure 4 Graph of ωr, Rr_s &Rr_n Vs Time 

The some oscillations observed during the estimated value Rr_s shown in Fig.4.during steady state condition 

5.4 Rotor resistance Rr_s under no load and load condition 
 

 
Figure 5 Graph of Rr_s Vs Time 
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6. CONCLUSION 
The online parameter evaluation is essential for improved static and dynamic performance for drives in electric and 
hybrid vehicles. The methods for evaluating the online rotor resistance of induction motor are presented. ANN tool is 
implemented for remembering the evaluated rotor resistance during steady state and compute it during transients. 
These methods are applied to the closed-loop sensorless nonlinear control of induction motors. From the results 
obtained, it is observed that error in evolution is within certain limit and the speed evaluation process was appreciably 
improved. The proposed system is useful for high performance applications. 
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