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This paper presents linear estimation techniques used to identify the stator 

resistance, the stator leakage inductance (transient inductance), the stator 

self inductance and rotor time constant of an induction motor without 

measuring its speed. Such estimation is important to achieve high 

performance for sensorless field-oriented control of induction motor 

drives. The discrete-time parameter estimation models express the 

relationships of the dynamic machine model in terms of measurable stator 

voltages, currents and an estimated motor speed. These models are 

represented by linear regression equations from which machine 

parameter vectors can be obtained using a recursive least squares (RLS) 

estimation algorithm. Moreover, a robust speed estimator based on a 

model-reference adaptive system (MRAS) is proposed to use the estimated 

parameters for accurate estimation of motor speed. The estimated motor 

speed is used iteratively in the parameters linear estimation models and is 

fed back in a sensorless field-oriented control of motor drive. The 

accuracy of parameter estimation is good regardless of load conditions. 

Simulation results validate the proposed scheme with reasonable 

accuracy of the estimated parameters as well as excellent performance of 

the motor drive. 
      

1- INTODUCTION 

Parameter and speed estimation are indispensable to the design of high performance 

induction motor drives. This fact is quite noticeable when the drive control scheme is 

based on the field-oriented control. Several different configurations are suggested for 

the field oriented-control according to the flux positioning method. Among them, the 

indirect field-oriented (IFO) control is known as an attractive candidate due to its 

simple structure and effective decoupling characteristics [1].   

In the indirect vector control method, the calculation of slip-speed depends on 

the rotor time-constant, which changes significantly with rotor temperature when 

saturation is neglected. An error in the slip-speed calculation gives an error in the rotor 

flux position, resulting in improper coupling between the flux-and torque-producing 

current components due to axis-misalignment. This results in a torque response with 

possible overshoot or undershoot and a steady-state error. Therefore, in order to get the 

rotor flux positioned correctly, the accurate rotor circuit parameters are necessary. 

When incorrect parameter values are used in the controller, it may cause instantaneous 

errors in both torque and flux resulting in sluggish dynamics. Thus, it is essential to 
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have accurate parameters of the induction machine in order to achieve the ideal 

instantaneous torque control [1] and [2].    

Traditionally, machine parameters have been determined by performing no-

load testes and locked rotor tests. These experiments are not convenient because they 

require a human operator for electrical measurements and for intervention on the 

machine. The machine service must be interrupted while the tests are performed. This 

is in addition to the difficulty to perform the locked rotor tests on large power 

machines [3]. Moreover, the locked rotor test gives a very high slip frequency, which 

increases the skin-effect influence on the rotor resistance. Thus, they can lead to 

inadequate operating conditions and inaccurate parameter estimation. In [4] a review of 

numerous methods being proposed to identify the motor parameters is introduced. In 

most of these methods, only one parameter (rotor time constant or resistance) 

estimation is considered. 

The use of parameter estimation techniques in the characterization of an 

induction machine has been reported by many research teams [5]-[10]. The main 

problems associated with these techniques are: 1) the use of special test signals [5], [7] 

and [9]; 2) the requirement of special operating conditions, such as to keep the machine 

at standstill [9]; and 3) the need of several operating points when the machine is 

supplied with sinusoidal pulse width modulated (PWM) waveforms [10]. 

On the other hand, speed sensorless IFO control of induction motor drives is 

recently receiving wide attention in the literature due to their low cost and high 

reliability. Among the various approaches that have been proposed, the observer-based 

[11]-[17] and the model-reference-adaptive-system (MRAS)-based [11], [17] and [20] 

speed estimators seem the most promising ones. In addition to an estimate of the 

mechanical speed, both the observer-based and the MRAS-based schemes provide a 

flux estimate which can be used in field-oriented control of the induction motor drive. 

The observer-based estimators [12]-[16] have the advantages of removing the 

open-loop integration and providing a mechanism to include stator resistance 

estimation [12] and [13]. Among the observer-based methods, the extended Kalman 

filter [15], [16] and the adaptive observer [12]-[15] and [16] can be distinguished. 

Kalman filters are known for obtaining highly accurate estimates of state variables 

under noisy conditions, however, at the expense of large computation time 

requirements. 

While the MRAS based estimators are preferred because of their simplicity, 

ease of implementation, and their proven stability [20]. They have a certain 

disadvantage in the low-speed area, where open-loop integration may lead to instability 

due to stator resistance and leakage inductance as well as rotor circuit parameters. All 

of this has limited the application of speed sensorless IFO controlled induction motor 

drives. 

This paper presents models and procedures used to estimate most of electrical 

parameters of an induction motor. These parameters are namely, the stator resistance, 

the stator leakage inductance, the stator self inductance and rotor time constant.  Such 

parameters are important for high performance speed sensorless field-oriented (FO) 

control of induction motor drives. 

The presented models are derived from the dynamical machine model. These 

models are represented by linear regression equations from which machine parameter 

vectors may be obtained using the RLS estimation algorithm. Moreover, a robust speed 
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estimator based on the MRAS is proposed. This estimator contains the estimated 

parameters to achieve high-precise control in a wide range of motor speed. The 

estimated motor speed is used in the linear regression equations and is used as feed-

back signal in a speed sensorless FO control system. The different estimation 

algorithms can provide good estimation accuracy of parameters at any load conditions 

and be easily introduced with the speed sensorless FO control system. Simulation 

results are presented which demonstrate the effectiveness of the proposed scheme. The 

results clarify satisfactory operation of the proposed scheme and reasonable accuracy 

of estimated machine parameters. 

 

2. DYNAMIC MODEL OF AN INDUCTION MOTOR 

The mathematical model of an induction motor in a stationary    reference frame 

can be described by a state-space equation as [1]: 

          tuBtxAtpx                                                                                           (1) 

where        T

rsix         and      sVu       

The state space vectors are complex quantities defined as: 

       sss ijii    ,      rrr j      

The input vector is a complex quantity given by  sss VjVV       

The dynamic matrix A and the input matrix B of equation (1) are given by 
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The use of system estimation techniques in this work is based on a discrete-

time representation of the induction motor behavior. To derive the discrete-time 

version of equation (1) it is assumed that the stator voltage vector is supplied to the 

motor through a zero order hold device such as the voltage source inverter. 

Furthermore, the motor speed r  is assumed to remain constant during the sampling 

interval t , i.e. the mechanical modes are slower than the electrical ones. Under these 

assumptions, the discrete-time representation of equation (1) is expressed as 

                 tuGtxFtx                                                                                  (2) 

where   is the delta operator [19],        ttxttxtx  /  or tq  /1  

where t  is the sampling period and q is the shift operator.  

The matrices F and G of the discrete-time model are determined by 
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From equation (3), it is clear that  
0
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0
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sampling rates. 

The discrete-time model can be replaced by its continuous-time counter part 

using the power series expression of 
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Equation (2) may be expanded, by using the complex quantities defined 

previously [19] and may be rewritten as: 
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where        mnymnxmn jfff  ,   ymxmm jggg 111   , m=1, 2, n=1, 2.  

After some algebraic manipulations, it is possible to eliminate the rotor flux 

terms from equation (5), resulting in 

            sssss VgVgififi 0101

2                                                               (6) 

where    yx jfffff 1122111                                                                           (7) 

             yx jfffffff 00112221120                                                                 (8) 

              yx jgggg 11111                                                                                   (9) 

and        yx jgggfgfg 00112221120                                                              (10) 

Equation (6) represents the basic equation used to formulate the parameter 

estimation problem. It is possible to show that some parameters of the state-space 

model (equation (2) or equation (5)) can be recovered once the parameters of equation 

(6) have been determined. By assuming that 101 ,, gff  and 0g  are determined, it is 

possible to calculate  

                    111 gg                                                                                                 (11) 

If the sampling rate is sufficiently high, the discrete-time model can be 

approximated by its continuous-time counter part, i.e., F=A and G=B and consequently 

02121  Bg  which yields  

                    1022 / ggf                                                                                         (12)       

                   10111 / ggff                                                                                     (13) 

                    101

1

0

02112 / ggf
g

g
fff                                                              (14) 
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and then, the model given by equation (6) becomes  
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In terms of real and imaginary components of  sV  and si  vectors, the 

continuous-time model given by equation (15) can be rewritten as: 
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This also represents that    txptx  , where p=d/dt, since the delta 

operator can be interpreted as the forward-difference approximation of the differential 

operator. 

 

3. REAL TIME PARAMETER ESTIMATION BASED ON 

 RLS ALGORITHM 

To estimate the motor parameters using the RLS algorithm, it is necessary to rewrite 

the model of equation (16) in the form of a regression equation such as: 

              tty                                                                                                (17) 

where  ty ,  t  and   are the prediction vector, the regression matrix and the 

unknown parameters vector respectively. Equation (16) may be rewritten as linear 

regression model simply by defining 
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The RLS algorithm for a regression model computes the unknown estimated 

parameters vectors   N
^

  in such a way that the weighted quadratic cost function is 

minimized for N successive instants samples:       

                 

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n

nnnyC
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                                                                   

The basic equations of the RLS estimation algorithm used to calculate the 

unknown parameters 
^

  can be found in [19]. In this algorithm, the time variation of 

the parameters is taken into account by the forgetting factor  n . The forgetting 

factor is used to track the time variation of the unknown parameters.    
       

3.1 Estimation Model of Stator Resistance  

The stator resistance estimation together with the other parameters may cause in 

general an inaccurate estimation. Then, it is wise to develop a model to estimate the 

stator resistance independently of other parameters. If the machine is supplied with dc 

quantities, i.e. the stator frequency 0s , equation (16) can be written as follows:  

                    sss iRV                                                                                             (21) 

Then, the regression model may be represented by  

               T
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                           T
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   and               sR                                                                                           (24) 

The stator resistance estimator is accomplished online by adding a dc bias to 

the reference signals. This estimated value is considered when the stator windings are 

supplied with PWM waveforms and the machine is running under normal operating 

conditions.  
 

 

3.2 Estimation Model of Stator Leakage Inductance 

From equation (16) it is possible to derive the following regression model if the stator 

resistance has already been estimated. 
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where   ssss iRVu                 and            ssss iRVu    

When the machine is supplied with sinusoidal PMW waveform, only the 

leakage inductance can be estimated with good accuracy. Due to high frequency 
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components present in the voltage and current waveforms, the ratio 
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dominant over the other terms of the regression model. 

By using equations (25)-(27), one may obtain sL  as long as r  is available 

from speed estimator. A simpler model to determine sL  independently of r  is 

possible. If the excitation frequency is sufficiently high such that rs  , the 

model given by (16) can be approximated by  

             shssh iLV                                                                                        (28) 

where the subscript h in the above equation stands for the high frequency components 

of voltages and currents.  

Then, from equation (28) the following regression model can be obtained  

                T

shqshd VVty                                                                           (29) 

                shqshd iit                                                                        (30) 

               sL                                                                                              (31) 

 

3.3 Estimation Model of Rotor Time Constant and Stator Self 
Inductance 

To derive the equations for this model, it is assumed that the stator resistance, leakage 

inductance and motor speed have been previously estimated. 

In this case, one may derive from (16) the following regression model 
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The unknown parameters   of the discrete-time model can be determined 

using equations (32)-(34). The estimated rotor time constant ( rT ) is used in the slip 

calculator of the IFO control to achieve proper field orientation. 
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4. ROBUST SPEED ESTIMATION BASED ON MRAS 
TECHNIQUES FOR AN IFO CONTROL 

Field-oriented control allows high-performance control of speed and torque of 

achieved induction motors. A speed sensor is usually requisite for FO control. In 

practical applications, the use of speed sensor not only spoils the ruggedness and 

simplicity of induction motor scheme, but also, it increases the cost and complicity of 

the control system. A speed estimation scheme based on a robust MRAS has been 

proposed and evaluated for speed sensorless IFO control of induction motor drives. 

This scheme is based on the measurement of stator voltages and currents. The motor 

voltages and currents are calculated in a stationary    reference frame, it is 

convenient to express the stator and rotor model of the induction motor in the 

stationary reference frame [11]: 
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Adjustable model (rotor equation) 
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The stator equation expressed by equation (35) does not involve motor speed 

r , while the rotor equation expressed by equation (36) does. The MRAS technique 

depends on the comparison between the rotor flux outputs of these two models and 

adjusting the value r  in the rotor equation for minimizing the resulting flux error. 

The adjustment value of motor speed r



  is generated from the error between the 

reference and adjustable model observation by using a suitable adaptation mechanism 

as [18]:    

       





 



s

K
K I

Pr                                                                                    (37) 

where  





 



rrrr    

Figure 3 shows the block diagram of the speed estimation MRAS based on this 

adaptation mechanism. Notice that the factors mr LL  in equation (35) and rm TL  in 

(36) have conveniently been incorporated into the adaptation mechanism gain 

constants pK  and IK . The outputs of the two models thus only represent the rotor 

flux components and all variables are expressed in the stationary reference frame so 

that the input voltages sV  , sV  and currents si , si  are obtained from measurements. 

As shown in the system of figure 3, the only remaining parameters are ( ss LR ,  and 

rT ). The output of the reference model of the speed estimator is sensitive to the stator 

resistance which changes with motor temperature. Also, the stator leakage inductance 
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is included in the reference model and the estimated speed is critically affected over the 

whole speed range due to variation of the leakage inductance with change of the load 

torque. 

On the other hand, the output of the adjustable model of the estimator is 

influenced by the rotor time constant which varies significantly with the rotor 

temperature, frequency (skin effect) and magnetic saturation.  

Thus, these parameters ( ss LR ,  and 
rT ) have strong influence upon the 

motor speed estimation. In order to estimate the motor speed accurately the estimated 

stator resistance and leakage inductance based on equations (22)-(24) and equations 

(25)-(27) respectively are employed to correct the reference model output. Also, the 

estimated rotor time constant based on equations (32)-(36) is used to correct the 

adjustable model output. Therefore, the MRAS estimator is robust against motor 

parameter variations.  

 

 

 

 

 

 

 

 

 

                          

 

 

 

 

 

 

 

 

 

 

Figure 3: Block diagram of MRAS speed estimation system 
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5. PROPOSED SENSORLESS IFO CONTROL SCHEME 

To achieve ideal decoupling between the direct and quadrature axes, the rotor flux 

linkage would be aligned along the d-axis, i.e. 

            0qr                    and             rdr         

If the rotor flux is set constant according to the operation requirements, the 

torque equation becomes  

        qsTe iKT       where    
r

r

m

T
L

L
PK 

2

3
      and the slip speed is defined as :   

        

ds

qs

r

sl
i

i

T

1
  

In the IFO control scheme, the stator current components dsi
*

 and qsi
*

 are 

respectively, the magnetizing and torque current commands. 

Figure 4 shows a block diagram of the proposed speed sensorless IFO control 

of an induction motor drive system based on MRAS estimator. The control system is 

composed of classical PI (proportional-integral) speed controller, two current 

controllers, vector rotator, a digital pulse width modulation (PWM) scheme for a 

transistor bridge voltage source inverter (VSI), a motor speed estimator based on 

MRAS and stator resistance, leakage inductance and rotor time constant estimators 

using RLS algorithm. In the speed controller, the speed is corrected by the error 

between the command and estimated motor speed. The speed controller is to generate 

the command q-component of stator current  qsi
*

. The two current controllers of Fig. 4 

are included for controlling the torque-producing current-component (q-axis current 

controller) and the magnetizing current component (d-axis current controller). Since 

the quantities to be adjusted by these current controllers are dc quantities, a classical PI 

control technique can be successfully employed. The output of these controllers are the 

d-axis and q-axis components of stator voltage commands ( dsV
*

 and qsV
*

). The 

vector rotator in Fig. 4 is used for transforming dsV
*

 and qsV
*

 to the three-phase 

stator voltage commands ( asV
*

 bsV
*

 and csV
*

) by using the field angle s .  

The control inputs to the PWM block are the stator voltage commands and 

predefined triangular carrier waves. In the PWM scheme, the inverter output voltage is 

defined by the intersections of the stator voltage commands and carrier waves, which 

are synchronized such that the carrier frequency is an integer multiple of the frequency 

of stator voltage commands. This manner of synchronization eliminates subharmonic 

generation. The output of the inverter is the input to the induction motor. The speed 

estimator calculates the speed r

^

  directly from the stator phase voltages and currents 

after being transformed to the α- and β– components. This estimated speed is fed back 

to the speed controller. Also, the estimated speed is added to the slip speed and the sum 

is integrated for obtaining the field angle s .  

The estimated rotor time constant is used in the slip speed calculator to update 

the estimated value of slip speed. The estimated stator resistance, leakage inductance 

and the estimated rotor time constant are used to correct the calculation of reference 

model and adjustable model outputs respectively, of the MRAS. 
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Figure 4: Overall block diagram of the proposed sensorless IFO control drive system 

 

6. SIMULATION RESULTS AND DISCUSSION 

In order to verify the validity and the performance of the proposed scheme of Fig. 4, 

computer simulations have been carried out using Matlab software. The test motor was  

a 9.8 H.P, 220 V, 50 Hz, delta connected, slip-ring induction motor. The rated current 

per phase was 15.1 A at 1450 rpm. Coupled to the motor was a DC generator of about  

the same rating. The equivalent circuit parameters for the motor were determined by 

the no-load and locked rotor tests (standard tests), in the usual manner.  

The parameter estimation procedure is carried out using the presented 

regression equations and the RLS algorithm with forgetting factor. The sampling time 

is set to sec40t  and the forgetting factor =0.99. The machine is to be supplied 

by a three phase PWM voltage source inverter which is controlled by the IFO control 
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method. The parameter estimation algorithm runs with the data generated by 

simulation program. Table 1 illustrates the estimated mean values of electrical motor 

parameters obtained using the RLS algorithm and those obtained experimentally 

(standard tests). The third row shows the percentage error results. It can be noted that it 

is possible to estimate all electrical parameters with good precision (estimation errors 

between 2-4 %). These errors are small and tolerated to get good parameters 

estimation.  
 

Table 1 Estimated and standard induction motor parameters 

Electrical parameters 
sR   (Ohm) sL  (Henry)  sL   (Henry) 

rT    (Sec.) 

Using RLS algorithm    0.5260    0.0072    0.1169    0.2287 

   Experimentally    0.5120    0.0069     0.1215   0.2341 

        % |error|      2.7 %       4 %     3.8 %     2.3 % 

 

Figure 5 shows the simulation results for stator resistance estimation with dc + 

sinusoidal waveform using the estimated model of equations (21)-(23). The estimation 

of the stator resistance in this case is obtained using a first-order low pass filter with 

suitable cutoff frequency to reduce the estimation time. The average value of the 

estimated stator resistance (


sR = 0.526 ohm) is in reasonable agreement with the 

measured one. 

Figure 6 shows the simulation results for stator leakage inductance estimation 

with model given by equations (24)-(26) and the previously estimated stator resistance 

is employed in this model. From this figure, it can be seen that the estimates converge 

quickly to the measured one and only the initial high transient peak ( about 0.05 henry) 

due to the startup of the RLS algorithm is observed. 

Figures 7 and 8 show the simulation results for the rotor time constant and the 

stator self inductance estimations as obtained from equations (27)-(29). The previously 

estimated values of stator leakage inductance, stator resistance and motor speed are 

used with this model. It can be seen from these figures that the estimated values of 

rotor time constant and stator self inductance provide good performance i.e. fast 

convergence time and limited estimation errors.  

From these figures 5-8, it can be seen that, the different estimated parameters 

follow the measured one very closely which indicates that the presented estimation 

procedure worked successful for motor parameter estimation. These results are 

confirmed by Table1 Figure 9 shows the simulation results of motor speed estimation 

for conventional MRAS estimator using the standard parameters (
ss LR ,  and  

rT  ). This 

figure exhibits undesirable oscillations on the motor speed due to the influence of 

misestimated of the motor parameters. The estimated motor speed response of 

conventional MRAS estimator is unacceptable for speed sensorlees drive applications. 

Figure 10 shows the motor speed estimation for the proposed MRAS estimator using 

the estimated parameters (


ss LR , and  rT


 ) in the estimator to compensate the effects 

of their variations on the accuracy of the speed estimation..  This figure indicates that 
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the estimated motor speed is well matched and agrees satisfactorily with its actual one. 

Also, the motor speed is estimated with mean error less than 0.5 %. It is clear that a 

speed estimator with such an error can be used to replace speed sensor.    

The presented estimation methodology is evaluated by comparing the waveform of the 

stator current obtained by simulation using the estimated parameters with the 

waveform obtained from using the measured ones.  

Figure 11 shows the  -axis stator current component error (
sss iie  


) 

between the simulated stator current component using estimated parameters and the 

corresponding current obtained using the measured ones. The  –axis stator current 

component error (
sss iie  


) is illustrated in the same figure. As noted from this 

figure, the errors of the stator currents components have been increased to about    

1.7 A due to the small deviations of the measured parameters from their estimated 

ones. Figure 12 compares the simulated stator current vector obtained using the 

estimated parameters si


 and the simulated current vector obtained using the measured 

ones. From this figure, it is obvious that the simulated stator current vector si  with the 

standard parameters shift from the centre of the circle due to the small difference 

between the estimated parameters and standard ones. 

The transient behavior of the proposed sensorless IFO control system is 

evaluated for an acceleration to 75 rad./sec., followed by the application of the motor 

rated torque (50 N.m) and the removal of this torque as shown in figure 13. 

Figure 13a shows that the motor speed can be effectively estimated and have 

the same track as the actual one with the proposed sensorless scheme. Figure 13b 

indicates that a fast and precise transient response of the motor torque is achieved. 

Also, the stator phase current matches the value of the application and removal of the 

motor rated torque as shown in Fig. 13c.  

The worst condition under which the sensorless drive system can operate is 

with disconnected load. In this case the inertia is low and the fastest speed transients 

appear. Some speed transients with disconnected load are shown in figures 14 and 15. 

In figure 14 the actual and estimated speed transient, motor torque and stator phase 

current are shown during the forward-reverse operation (up to 10 % of its rated speed 

=15 rad./sec.) under no load condition. This figure shows that the proposed sensorless 

drive system exhibits excellent dynamic performance during speed transients. The 

incorporation of the estimated parameters (


ss LR ,  and  rT


 ) in the MRAS estimator 

ensures correct speed estimation during transient operation. The actual and estimated 

motor speed has the same track as shown in figure 14a. The motor torque gives a 

desired performance as shown in figure 14b.The stator phase current during the speed 

transient is dedicated as shown in figure 14c. Moreover, the drive system operates 

stably at zero speed. Figure 15 shows the actual and estimated speed transient, motor 

torque and stator phase current during acceleration to 120 % of its rated speed (180 

rad./sec.). The estimated speed agreed satisfactorily with the actual one as shown in 

figure 15a. Also, it has small deviation from its actual one before reaching steady-state 

with a subsequent fast tracking towards the command value. The motor torque 

response exhibits good dynamic performance as shown in figure 15b. Figure 15c 
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shows the stator phase current during speed acceleration. From the simulation results, it 

is seen that there is only a small estimation error during  speed transients. The proposed 

sensorless drive system is capable of operation at high speed as illustrated in figure 15. 

   
     

 

Figure 5: Simulation results of stator resistance estimation 

 

 

Figure 6: Simulation results of stator leakage inductance estimation 
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Figure 7: Simulation results of rotor time constant estimation 

 

Figure 8: Simulation results of stator self inductance estimation 

 
 

 

Figure 9: Actual and estimated  motor speed using conventional MRAS 
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Figure 10: Actual and estimated motor speed using proposed MRAS 

 

Figure 11: α-axis and β-axis stator currents  errors 

 

 

Figure 12: Comparison between the simulated 


si  using the estimated parameters and 

the simulated si  using the standard ones 
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(a)  Actual motor speed (-) and estimated motor speed (---) 

 

(b) Motor torque 

 
 

 

                                                        (c) Stator phase current 

Figure 13: Simulation results of speed transient with load step changes 

of rated value using the proposed sensorless drive system 
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(a) Actual  and estimated speed 

 

(b) Motor torque 

 

 

(c) Stator phase current 

Figure 14: Simulation results of the forward-reverse operation using the proposed 

sensorless drive system 
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(a) Actual  and estimated motor speed 

 

(b) Motor torque 

 

(c) Stator phase current 

Figure 15: Simulation results of the acceleration operation using the proposed 

sensorless drive system 
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7. CONCLUSION 

This paper presents, an efficient methodology to online estimate of the basic electrical 

parameter set ( sss LLR ,,  and 
rT ) of an induction motor using linear estimation 

techniques and without the measurement of motor speed. These parameters are 

important for high performance sensorless IFO control system. The estimation models 

take the form of linear regression equations which are derived from the dynamical 

machine model. The RLS algorithm is applied successfully for estimating the machine 

parameter vectors of the linear regression equations using the measurements of stator 

voltages, currents and estimated motor speed. The estimation is carried out by using 

PWM voltage waveform which is controlled from IFO control system. Thus it is 

possible to continuously retune the controllers of the drive as long as there are changes 

in the parameters. Moreover, the robust motor speed estimator based on the MRAS is 

proposed which uses the estimated parameters ( ss LR ,  and rT ) to estimate the motor 

speed accurately for sensorless IFO control system. From the present analysis, one can 

draw the following main conclusions: 

1-  The special procedure that uses a small dc bias and a low pass filter to estimate the 

stator resistance has given good results. 

2-  The estimated parameters ( sss LLR ,,  and rT ) have provided good performances, 

i.e. fast convergence time and track well their standard ones with small estimation 

errors.  

3-  The presented regression models have provided good estimation accuracy 

regardless of load conditions. 

4-  The forward–reverse operation of the drive is obtained by the robust MRAS speed 

estimator in guarantee the stability of the proposed sensorless control order to 

system at a zero speed.  

5-  Simulation results demonstrate that the proposed sensorless IFO control drive 

system is capable of working from low speed to high speed and exhibits very good 

dynamic and steady-state performance.  
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 اƃتقييم اƃمتين Ƃƃل من اƃسرعه واƃثوابت ƃمحرك حثى

وجهƃلحصول على اداء عاƃى من نظام اƃتحƂم ƃلمجال اƃم  

  ƅوذƄوذاتك وƅحوث اƅمت ورل واƅحوث اƅاابوو واƅعضوو اƅل من مقاومة اƄ تقييمƅ بحث يقدم طرق خطيةƅهذا ا
ويماول هوذا اƅتقيويم ƅااوابوو اƅموذƄورة اهميوة Ƅبورل ƅاح وول  اابو اƅزمن ƅدائرة اƅعضو اƅدوار ƅمحر  حاك.

 ون ح اس ƅقياس اƅ رعة.عاك اداء عاƅك من نظام اƅتحƄم اƅغير مباشر ƅامجال اƅموجه اƅذل يعمل بد
تووم عموول نموواذي ƅتقيوويم اƅاوابووو تعبوور عوون اƅعج ووة بووين اƅنموووذي اƅووديناميƄك ƅامحوور  و وويم اƅج ووود واƅتيوواراو 

هووذا اƅمنوواذي يمƄوون تمايا ووا بوا ووطة معوواد و  اƅمقا ووة ƅوودائرة اƅعضووو اƅاابووو وƄووذƅ   يمووة اƅ وورعه اƅمقوودرة.
 ووتخدام اƅطريقووة اƅتƄراريووة ƅح ووال ا وول  يمووة ƅحيووود خطيووة وذƅوو  ƅاح ووول عاووك اوابووو اƅماƄينووة وذƅوو  با

مجموووا اƅمربعوواو. وعووجوة عاووك ذƅوو  تووم ا تووراس مقوودر متووين ƅا وورعة يعتموود عاووك نموووذي اƅمرجعووك ƅانظووام 
اƅ وورعة اƅمقوودرة ت ووتخدم  ووك  اƅمجئووم واƅووذل يتضوومن اƅاوابووو اƅمقيمووة ƅتحقيووق د ووة عاƅيووة ƅا وورعة اƅمقوودرا.

ع اƅووتحƄم اƅموجووه ƅامجووال اƅووذل يعموول بوودون ح وواس ƅقيوواس اƅ وورعة. طوورق نموواذي تقيوويم اƅاوابووو وƄووذƅ  موو
تقييم اƅاوابو تعطك تقدير د يق ƅااوابوو دون اƅنظور ƅقيموة اƅحمول ومون اƅ و ل ادخوال اƅاوابوو اƅمقيموة موع 
  ƅوذƄورعة و ƅاوابوو واƅتقيويم اƅ مرضويةƅد وة اƅمطروحوة اƅنتوائم اƅموجوه. و ود اابتوو اƅامجال اƅ مƄتحƅنظام ا

  ول عاك اداء متميز ƅانظام اƅمقترس.اƅح
 
  
 

 

 
 

 

 

 


