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Abstract: 

Induction motors are used in variable speed drive applications with the development of vector 

control technology. There are two forms of vector or field oriented control: direct field 

orientation, which relies on direct measurement or estimation of the rotor flux, and indirect field 

orientation, which utilizes an inherent slip relation. Though indirect field orientation essentially 

uses the command (reference) rotor flux, some recent works using the actual rotor flux are 

reported to achieve perfect decoupling Estimation rather than measurement of the rotor flux is an 

alternative approach for both direct and indirect field orientation that has received considerable 

attention. In this paper the rotor flux and speed control of induction motor is presented using a 

novel technique in which the induction motor model in rotor reference frame is considered. 

Controllers used for sensor less control of the drive. The estimation technique works well and the 

sensor less speed control scheme can achieve fast transient response as good as that of the 

induction motor with sensors and at the same time maintain a wide speed control range. This 

paper presents work on flux and speed estimation of induction motor by considering the rotor 

reference frame of the Induction motor using MATLAB / Simulink. 

 

Index Terms— Induction motor, Kalman filter, Sensor less control, Simulink.  

 

INTRODUCTION: 

In a field oriented induction motor drive, the field flux and armature mmf are separately created 

and controlled based on the vector coordinate transformations. These projections lead to a 

structure similar to that of a DC machine control[1]-[3].  The field oriented control is used in 

most of the induction motor drive applications in order to obtain high control performance, but it 

needs motor flux position (rotor flux angle) information and utilizes AC excitation voltages for 

the current regulation. Current regulation is provided with advanced feedback control methods 

based on the current measurements taken at the output of excitation voltages supplied from 

voltage source inverter (VSI). The rotor flux angle can be measured by using shaft sensor and 

that information is utilized by field orientation scheme. However, as discussed in the current 

study, sensor less control algorithms[5]-[8] eliminate the need for a shaft sensor. The induction 
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machine drives without the speed sensor are attractive due to low cost and high reliability. 

Therefore, flux and speed estimations have become  particular issues of the field oriented control 

in the recent years. The main advantages of speed sensor less induction motor drives are lower 

cost, reduced size of the drive machine, elimination of sensor cable and increased reliability. As 

it is stated, for implementing vector control, the determination of the rotor flux position is 

required. Two basic approaches to determine the rotor flux position angle have evolved. One of 

them is the direct field orientation which depends on direct measurement or estimation of rotor 

flux magnitude and angle. From the feasibility point of  view, implementation of the direct 

method is difficult. The other one is the indirect field orientation which makes use of slip relation 

in computing the angle of the rotor flux relative to rotor axis. 

 

The Field Oriented Control (Vector Control) of Induction Machines: 

Basically, field oriented control[4],[9] (FOC) is a method based on vector coordinates. The term 

“vector” refers to the control technique that controls both the amplitude and the phase of AC 

excitation voltage. Vector control is used for controllers that maintain 90° spatial orientation 

between the two field components which are d and q co-ordinates of a time invariant system. In a 

field oriented induction motor drive, the field flux and armature mmf are separately created and 

controlled based on the vector coordinate transformations. These projections lead to a structure 

similar to that of a DC machine control. The field oriented control is used in most of the 

induction motor drive applications in order to obtain high control performance, but it needs 

motor flux position (rotor flux angle) information and utilizes AC excitation voltages for the 

current regulation. Current regulation is provided with advanced feedback control methods based 

on the current measurements taken at the output of excitation voltages supplied from voltage 

source inverter (VSI). The rotor flux angle can be measured by using shaft sensor and that 

information is utilized by field orientation scheme. However, as discussed in the current study, 

sensor less control algorithms eliminates the need for a shaft sensor. The induction machine 

drives without the speed sensor are attractive due to low cost and high reliability. Therefore, flux 

and speed estimations have become particular issues of the field oriented control in the recent 

years. The main advantages of speed sensor less  induction motor drives are lower cost, reduced 

size of the drive      machine, elimination of sensor cable and increased reliability. As it is stated, 
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for implementing vector control, the determination of the rotor flux position is required. Two 

basic approaches to determine the 

rotor flux position angle have evolved. One of them is the direct field orientation which depends 

on direct measurement or estimation of rotor flux magnitude and angle. From the feasibility 

point of view, implementation of the direct method is difficult. The other one is the 

indirect field orientation which makes use of slip relation in computing the angle of the rotor flux 

relative to rotor axis. 

 

 

          Fig.2 Field orientation control of Induction Motor 

Field orientation control of Induction Motor 

   

Stator quadrature axis flux linkage 

 

 

e 

=  ids/1+τrs 

τrs=  
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Stator direct axis current reference 

Rotor flux position : 

)dt 

 

 

 

Sensor less Vector Control of Induction Machine: 

To implement vector control, determination of the rotor flux position is required. Rotor speed or 

position could be measured by a shaft sensor. Moreover, rotor flux position could be taken by 

sensing the air-gap flux with the flux sensing coils. The main drawbacks of using speed/position 

sensor are high cost, lower system reliability and special attention to noise. Such problems make 

sensor less drives popular. The recent trend in field-oriented control [11]-[14] is towards 

avoiding the use of speed sensors and using algorithms based on the terminal quantities of the 

machine for the estimation of the fluxes. Different solutions for sensor less drives have been 

proposed in the past few years. Saliency based fundamental or high frequency signal injection is 

one of the flux and speed estimation techniques. A method involving modulation of the rotor 

slots results in a salient rotor, and the saliency can be tracked by imposing a balanced, three-

phase, high-frequency set of harmonics from the inverter. An alternative method is to use 

saliency caused by magnetic saturation the absolute rotor position can be detected. The 

advantage of the saliency technique is that the saliency is not sensitive to actual motor 

parameters the rotor speed[10] can be estimated through nonlinear observers alternatively, the 

rotor speed can be considered as a parameter and estimated using recursive identification. The 

latter method can also be augmented to include machine parameter estimation (inductances, 

resistances, and time constants). These methods do not need to rely on harmonics or saliency, 

and the hardware requirements are the same as for the digital implementation of vector control, 

given that the estimation algorithm is not too complex. Their drawback is that the rotor speed 

estimate will be inaccurate if the non-estimated machine parameters are not known.. 
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Induction motor modeling: 

            

 

Fig.2 Induction motor block diagram 

 

 

Fig.3 Speed and Estimator block 

 

Fig.4 control and logic block 
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Fig.5sensorless vector control induction motor Mat lab/Simulink model   

Table.1 

Ratings and parameters of induction motors   

 

 

SIMULATION RESULTS: 

Direct Torque Control of Induction machine is simulated on MATLAB or SIMULINK- platform 

to study various aspects of the controller. This chapter discusses a realization of difference in 

response of induction motor with regular input and the implementation of Direct Torque Control 

(DTC) technique.  
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 In this Simulink block diagram the induction motor is fed from a balanced three phase supply. 

For the induction motor block torque and speed estimation block is added in order to observe 

response of an induction motor. The balance three phase supply is converted into the voltages of 

the d-q axis components for the estimation of the motor parameters. In the fallowing block only 

the subsystems of induction motor and torque & speed estimation block are presented for the 

simplicity purpose. From the above simulation results it is observed that the induction motor 

parameters can be estimated by simulating the induction motor model equations. Fig 6. shows 

the plot between rotor speed versus time. Fig 7-9 shows the estimated value of the induction 

motor. For all the results the initial time taken is 2 msec after that it comes to steady state. 

 

 

Fig.6. rotor torque 

 

 

Fig.7. stator currents direct axis and quadrature axis (Ids, iqs) 
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Fig.8. rotor speed 

 

 

Fig.9. Rotor currents direct axis and quadrature axis (idr, iqr) 

 

Conclusion:  

The estimation of rotor flux and speed of induction motor is presented by the rotor reference 

frame model equations by using the flux and speed estimator. The dynamic response of sensor 

less speed control is as fast as that of the machine with physical sensors. Sensor less speed 

control scheme works for a wide speed control range.  
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