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Abstract – In this paper, a novel model reference adaptive system (MRAS) is introduced for estimation the stator and rotor 

resistances and rotor speed. The presented MRAS is designed for simultaneous identification of the three quantities in order 

to save the cost of implementation and processes time. The Popov's criterion is used to design the adaptation mechanisms. 

The validation of the modified technique is tested through Matlab/ Simulink. The results evaluate the effectiveness of the 

suggested algorithm under load disturbance and parameters variation. 
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I. Introduction 

Induction motors (IMs) are commonly used as variable 

speed drives in industry as a result of their advantages 

such as rugged construction and less maintenance [1]. 

Moreover, the accuracy of slip speed calculation is effect 

on the performance of the indirect field oriented control. 

The slip angle is calculated from the flux producing 

current component, the reference of torque, and rotor 

parameters of the machine under consideration [2-3]. For 

obtaining a precise rotor position, accurate values of 

rotor circuit parameters are required. Thus, to achieve a 

high dynamic performance, accurate values of machine 

parameters should be used in the controller.  

The schemes of rotor flux estimation with constant 

parameters of induction machine model suffered from 

inaccuracy. This is attributed to the variation of machine 

parameters with temperature variations, frequency and 

magnetic saturation. A lot of algorithms have been 

presented to eliminate the effect of rotor resistance in IM 

drives [3]. The method presented in Refs. [4-5] was 

based on model reference adaptation of either flux or 

reactive power. Ref. [6] used the artificial injection signal 

for estimating the output signal variation. Ref. [7] 

detected the variation of rotor resistance using an 

adaptive feedback linearization control. Also, an 

Extended Kalman filter was used for estimating rotor 

resistance in Refs. [8-9]. From these algorithms, MRAS 

were the most common techniques that used for the 

identification processes; due to their relative simplicity 

and low computational effort [10-13].  

In the most reported papers, the MRAS was used 

for rotor resistance estimation only or rotor speed only 

with or without stator resistance estimation. So, the aim 

of this paper is to save the cost of implementation and  
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processes time of speed estimators. 

In this paper, a novel parallel MRAS is used to identify 

simultaneously the stator and rotor resistances for 

sensorless IM drives. The stability of the proposed 

scheme is derived based on Popov's criterion in order to 

design the adaptation mechanisms. For validation the 

proposed scheme at different operating conditions, the 

Matlab/Simulink package is used to test the control 

system. The simulation results prove the affectivity of the 

control system under load disturbance and/or parameters 

variation. 

List of Symbols 

        ,        : The d-q axis stator voltage and current 

components (V); 

       : The d-q axes rotor current components (A); 

   
     

 ,    
     

 : Stationary axes stator and rotor current 

components (A); 

  :  Magnetizing inductance (H); 

   ,
 
   ,

 
   ,    : Stator and rotor self-leakage and 

leakage inductance (H); 

  Leakage coefficient(  
  
 

    
)
;
   

  ,   : Load and electromagnetic torques (Nm); 

  ,   : Stator and rotor resistances (Ω);                            

   ,     ,   ,   
 : Synchronous, slip, rotor speeds 

(rad/sec); 

  : Rotor time constant,    
  

  ;
 

 : Moment of inertia (kg.m
2
); 

   
     

 : Stationary axes rotor flux components (wb); 

 ̂  
   ̂  

 : Stationary axes estimated rotor flux components 

(wb); 

       : The d-q axes rotor flux components (wb); 

  
 

  
: Differential operator; 
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P:   No. of poles. 

II. Induction Motor Model    

     The dynamic model of IM in      stationary 

reference frame can be modified as follows [14]: 
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III. Vector Control of the Induction Motor 

  In vector control schemes, the condition of 

      is well pleased. Moreover, simplified indirect 

vector controller can be described for calculation the slip 

speed as follows: 

                                                                       (6) 

and aligning the rotor flux phasor   on the d-axis as 

follows: 

                                                                             (7) 

                                                                              (8)  

 

Then, IM rotor model is presented as follows: 
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where:      
 

 

 

 

  

  
 torque constant. 

 

Considering the command torque- and flux-producing 

current components,     and      , then using them for 

calculation the command values of the rotor flux   
  and 

torque   
  as follows: 
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The slip speed command   
   is expressed as follows:  
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IV. Modified MRAS 

The IM model in the stationary       reference 

frame can be expressed as follows:   

 

Reference model (stator equation): 
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Adjustable model (rotor equation):  
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The modified MRAS has been shown in Fig. 1. In 

this figure, the rotor flux is estimated using the stator 

model (reference model), Eq. (20), and the rotor model, 

Eq. (21). The stator model as shown in Eq. (20) consists 

of the stator resistance. But the rotor model (adjustable 

model) consists of the rotor resistance and speed as 

shown in Eq. (21). The error between the two estimators 

is input to the suitable adjustable mechanism to estimate 

the stator resistance, ̑ , rotor resistance,  ̑  or speed  ̑ . 

The estimation of the rotor resistance and rotor speed 

from one adjustable model is based on the fact of slow 

variation of the rotor resistance with temperature, and 

also using a different sample time for the two adaptation 

mechanisms. The stability and the adaptation laws for 

speed and stator and rotor resistances estimation have 

been deigned based on the Popov's criterion. Using 

Popov's criterion, the stability of MRAS can be analyzed 

as shown in Eqs (22-41). The state error equation can be 

written using Eqs. (20) and (21) as follows: 
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Substituting for [  ] and [ ]  in this inequality and 

using the definition of  , Popov's criterion for the 

present system becomes: 
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A solution to this inequality can be found through the 

following relation: 
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 ) and      and      are the 

parameters of PI controller of an adaptation mechanism.
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Popov's criterion requires that: 
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parameters of PI controller of an adaptation mechanism. 
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  *
  
  

+,      and      are the parameters of PI 

controller of an adaptation mechanism. 

V. Proposed Sensorless Vector Controlled Induction 

Motor Drive 

Figure 2 displays the scheme of the suggested 

control system for the sensorless indirect vector-

controlled IM drive including the estimation of the rotor 

resistance and stator resistance. The block diagram 

involves the induction motor model, a hysteresis current 

controlled PWM, inverter, the designed vector control 

with a co-ordinate transformation and closed loop speed 

controller. Moreover, figure 2 shows the adaptive stator-

rotor resistance and motor speed estimator. The 

estimation process of the stator and rotor resistances has 

been designed to run in parallel at each time step in the 

implementation time. 
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Figure 1: Structure of MRAS. 

PWM

inverter
Rectifier

Hysteresis 

Current 
Controller

Coordinate 
Transformation

Speed 

Controller
Limeter

Vector  

Controller








phase3 C

L

*

sl
 *

e


3 -phase  

currents  

*

r


rR̂

3 - phase 
voltages  

r
̂

*

csi*

bs
i

*

as
i

tionTransforma

  

 tophase-3

s sqd 

r̂

e

qsi *

e

ds
i *

r
̂

*

r


Model of an 

Induction 

Motor

 

s

qs

s
qs iV ,

s

ds

s

ds
iV



,

Parallel rotor 

speed and stator 

and rotor 

resistances 

estimator based 

on MRAS 

rR̂

sR̂

 
Figure 2:  The block diagram of the parallel MRAS for sensorless IM drive. 
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VI. Simulation Results and Discussion 

In order to validate the proposed control 

scheme, a 3.8 HP induction motor with four poles has 

been tested considering various operating conditions. The 

nominal parameters and specifications of induction motor 

have been itemized in table 1. The Matlab/ Simulink is 

utilized for evaluating proposed control system. 

Table 1: Parameters and data specifications of the 

induction motor 

            (  )                   ( )     

              ( )                   (  )    

   ( )          ( )       

   ( )           ( )        

   ( )                         (  )       

  (     )                    (   )      

 

The influence of variation of the rotor resistance in 

the IM drive is shown in Fig. 3. In this case of study, the 

transient performance is examined for step change of the 

rotor resistance when the motor is running at very low 

speed of 10 rad/sec at nominal load torque. Figures 3a-3f 

show the dynamic response when the rotor resistance is 

increased by 50 % from its nominal value at t = 5 sec. 

From Figs. 3b-3f, it is seen that, the estimated stator 

resistance, estimated motor speed, speed error, motor 

torque, and d q  axes rotor flux components are 

equal their command values during the rotor resistance 

variation.    

Figure 4 shows the performance of IM drive at 

rated speed of 150 rad/sec, rated load and 50% increment 

of rotor resistance. The estimated rotor and stator 

resistances, estimated speed, speed error, motor torque, 

and d q  axes rotor flux components are all shown in 

Figs. 4a-4f. The figure shows a large spike for a very 

short time in estimated torque, the reasons of this large 

spike may be because the step variation in the rotor 

resistance at high speed reference speed. 

 

The sensorless IM drive system has been tested with step 

change in the load torque from 10 N.m to 20 N.m. Figure 

5 shows the drive response when the rotor resistance is 

increased by a 150 % of its nominal value at command 

speed of 100 rad/sec. This figure shows that, the actual 

and estimated speed has the same track and the d-axis 

rotor flux component is equal to its command value. 

Also, the q-axis rotor flux component is equal to zero 

that satisfies the vector control principles. 

In a different manner, a ramp variation of the rotor 

resistance from its nominal value to 150% of its nominal 

value is assumed as shown in Fig. 6. This figure shows 

the results at speed of 150 rad/sec. While, Figs. 7 show 

the performance of the sensorless IM drive at different 

rotor speed of 100 rad/sec respectively with the ramp 

variation of rotor resistance. 

 

 
Figure 3: The effect of rotor resistance variation on the motor drive performance at very low speed.  
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Figure 4: Estimation of rotor resistance and speed for induction motor drive performance at high speed 150 rad/sec. 

 

   

 
Figure 5: Performance of the proposed sensorless drive system for load torque disturbance at 100 rad/sec.  
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Figure 6: Performance of the proposed sensorless drive system for load torque disturbance at high speed of 150 rad/sec. 

 

 
Figure 7: Performance of the proposed sensorless drive system with step increase  

in the rotor resistance (speed = 100 rad/sec.) 
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Figure 8: Motor performance with step increase in the stator and rotor resistance  

at very low speed.   

 

 
Figure 9: Motor performance with step increase in the stator and rotor resistance  

at low speed.   
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Figure 10: Motor performance with step increase in the stator and rotor resistance  

at high speed. 

The variation in stator resistance will be done in 

parallel with the rotor resistance to ensure the stability of 

the drive system. Figures 8- 00 show the variation of 

stator and rotor resistance by a 150% of its nominal 

values. The motor speed in these cases is kept constant at 

10 rad/sec, 100 rad/sec and 150 rad/sec respectively. 

From these figures, a good dynamic performance and an 

accurate estimation of rotor resistance and rotor speed 

have been achieved.  

   

VII. Conclusions 

This paper presented a novel MRAS for estimation 

stator, rotor resistances and rotor speed for sensorless IM 

drive simultaneously. This algorithm achieves a high-

precise control in a wide range of motor speed and saves 

the implementation cost and processes time. Moreover, 

the stability of the control scheme is derived using 

Popov's criterion to obtain the adaptation mechanisms. 

Simulation tests are performed for investigation the 

performance of presented scheme under different 

operating conditions. The simulation results show that, 

the dynamic performance of the presented drive is 

satisfactory at very low speed as well as high speed 

operation under the load torque disturbance.  
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 الملخص العربي

 

 MODEL REFERENCE ADAPTIVE SYSTEMيعخًذاً عهً انًُىرج انًشخعٍ نهُظاو انًلائى خذَذة  َهذف انبحث إنً حقذَى طشَقت -يهخض

(MRAS)   ويقاويت انعضى انثابج وسشعت انًحشك بانخىاصٌ وفٍ راث انىقج ارَاء حشغُم يقاويت انعضى انذواس نهًحشك انحثٍ وحقذَش قُى كم يٍ نحساب

وحىفُشا  حداهً نهًحشك بذوٌ اسخخذاو حساساث نهسشعتلاسخخذايها فٍ انخحكى الإى حقذَى هزِ انطشَقت . حOn-line simultaneous Estimationانًحشك 

نخىضُح يذي قذسة انطشَقت  باسخخذاو بشايح انًحاكاِ وحى عشض َخائح َظشَت .عهً دقت عانُت فٍ انخحكىنىقج حُفُز وحساب وحم انًعادلاث انشَاضُت ونهحصىل 

 .بشهُج انُخائح انًعشوضت عهً أٌ خىاص َظاو انًحشك يًخاصة وهزا َؤكذ قذسة انطشَقت عهً ححقُق الأغشاض انًطهىبت. وقذ وكفائخها انًقخشحت
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