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ABSTRACT 
In this paper a new technique for speed control system for induction motor which is based on fuzzy logic instead of outmoded 

indirect vector control using PI controller as a speed regulator in outer speed loop. In outmoded method for speed control system 

of a induction motor drive uses a voltage source pulse width modulation inverter-fed vector controlled indirectly which is having 

low exactitude for the speed control giving bad speed regulation characteristics and decreasing the performance of the whole 

induction motor drive .To reign over this PI controller by a automatically sensing fuzzy control system which is based on fuzzy set 

theory. The implementation of this automatically sensing fuzzy control system can be inquired through digital simulation which is 

based on MATLAB-SIMULINK package. By using this digital simulation system the performance of fuzzy control system can be 

seen by creating variable operating conditions by varying reference speeds and at different load torques. Consequences of this 

digital simulation system shows improved performance characteristics of the suggested fuzzy control system over the obsolete PI 

controller as a speed regulator in outer speed loop. 

 

KEYWORDS:   
 

INTRODUCTION 
 

For loading of induction motor electrically ethical dynamic execution is obligatory as to meet the demand 
when there is changes in reference speed and load torques .These necessities can be meet by the inverter-fed 
vector control system by controlling induction motor as a dc motor by exciting its field separately to meet 
demand of the load. By using this method enabling us to control the field and torque decoupling to influence 
field oriented loads. The obsolete inverter-fed vector control system uses ordinary PI controller in the outer 
speed control loop because of its simpler and stability operation but due to external factors like changes in load 
demands which results in changes in motor speed characteristics, which results in poor drive performance. 
Recently, Fuzzy logic control has found many applications in the past decade. FLC has proven effective for 
complex, non-linear and inaccurately defined processes for which standard model based control techniques are 
impractical or impossible. Fuzzy controller deals with problems that have imprecision, ambiguity and use 
membership functions with values varying between 0 and 1. This means that if the reliable practiced knowledge 
is not available or if the controlled system is too difficult to derive the required decision rules, development of a 
FLC become time consuming and sometimes impossible. In the case that the practiced knowledge is available, 
fine-tuning of the controller might be time consuming as well. Furthermore, an optimal FLC cannot be achieved 
by trial-and-error.  
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These drawbacks have limited the application of fuzzy logic control. Some difficult tasks have been made 
to solve these problems and simplify the task of tuning parameters and developing rules for the controller. 
These approaches mainly use adaptation or learning techniques drawn from artificial intelligence or neural 
network theories. To meet this demands we are going to use automatically sensing controllers based on fuzzy 
logic instead of PI controller which is having improved characteristics like simpler in operation, economical .we 
can predict performance characteristics without knowing the actual mathematical model of plant. 

Fuzzy logic is used in automatically sensing controllers of inverter -fed vector control system of induction 
motor is discussed. The design, simulation and analysis of automatically control sensing fuzzy control have 
been discussed based on the fuzzy set theory. When a new control strategy of a driver system is formulated it is 
easier to study the performance of the system by using simulation rather than building the practical prototype. 
By simulation technique we are able to optimize of the system performance by iteration of its parameters and 
validates the system operation. By using this simulation technique so much valuable time in the development 
and design of required product and the failure of components of poorly designed systems can be reduced. The 
simulation program also helps to generate real time controller software codes for digital signal processor. 
 
Automatic Sensing Controller: 

Since the implementation of off-line tuning of PI controller is difficult in dealing with continuous 
parametric variation in the induction motor but also the non-linearity present in the entire system, it better to go 
for intelligent controller. As it is known that the stator and rotor resistances of induction motor may change with 
the temperature up to 50% and by changing the magnetic operating point which varies the motor inductance and 
also the load torque may change due to mechanical disturbances.  

 
Fig. 1: 

 
This problem can be solved by using several adaptive control techniques like model reference adaptive 

control, sliding-mode control, variable structure control, and self tuning PI controllers, etc. However, this 
technique does not fully utilize the capabilities of the fuzzy logic. Moreover, the inherent disadvantages 
associated with the PI controller cannot be avoided.   The fuzzy PI controllers are less useful in industrial 
applications. They used S-functions in the power system block and it is difficult to work with as the rest of the 
Simulink blocks. The work presented uses a automatically sensing controller by using fuzzy logic to set the 
torque component of reference current based on speed error and change of speed error. Within hysteresis band 
the inverter is then switched to follow the reference current. However, the constant hysteresis band of the 
current regulated PWM inverter of the fuzzy logic based indirect vector control system possesses problem in 
achieving superior dynamic performance, even the drive control system includes the efficient fuzzy logic 
controller. In this paper discusses the fuzzy logic speed control for VSI fed indirect vector controlled induction 
motor drives. Such an automatically sensing controller based on fuzzy logic consists of four basic blocks viz. 
 
Fuzzification: 

The success of this work, and the like, depends on how good this stage is conducted. In this stage, the crisp 
variables eω (k) and ceω(k) are converted in to fuzzy variables eω and ceω respectively. The membership 
functions associated to the control variables have been chosen with triangular shapes. The universe of discourse 
of all the input and output variables are established as (-0.8, 0.8). The suitable scaling factors are chosen to 
brought the input and output variables to this universe of discourse. Each universe of discourse is divided into 
seven overlapping fuzzy sets namely given as NL (Negative Large), NM (Negative Medium), NS (Negative 
Small), ZE (Zero), PS (Positive Small), PM (positive Medium), and PL (Positive Large). Each fuzzy variable is 
a member of the subsets with a degree of membership μ varying between 0 (non-member) and 1 (full-member). 
All the membership functions have asymmetrical shape with more crowding near the origin (steady state). This 
permits higher precision at steady state. 
 
De-Fuzzification: 
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A crisp value of the output variable is obtained by using height defuzzufication method is observed in this 
stage, in which the centroid of each output membership function for each rule is first evaluated. The final output 
is the average of the individual centroid, weighted by their heights 
Principle of field-oriented control: 

 
 
Fig. 2: 

 
The construction of a DC machine is such that the field flux and armature flux are perpendicular to each 

other. Being orthogonal, these two fluxes produce no net interaction on one another. Adjusting the field current 
we can control the DC machine flux, and by adjusting armature current torque can be controlled independently. 
Because of interactions between the stator and rotor fields an AC machine is not so simple in which orientations 
are not held at 90 degrees. DC machine-like performance can be obtain in holding a fixed and orthogonal 
orientation between the field and armature fields in an AC machine. To attain independently controlled flux and 
torque by orientation of the stator current with respect to the rotor flux, such a control scheme is called flux-
oriented control or vector control and it is applicable to both induction and synchronous motors.  
 
Principle of space vector modulation:  

The concept of space vectors is derived from modulating the inverter output voltage from the rotating field 
of AC. In this technique the three phase quantities can be transformed to their equivalent 2-phase quantity either 
in synchronously rotating frame or stationary frame. From this 2-phase component the reference vector 
magnitude can be found and used for modulating the inverter output. By using active and zero space vectors the 
active and zero switching states can be determined.  

 

 
 
Fig. 3:  
 
Field Oriented Control: 

Field oriented control (FOC) technique is intended to control the motor flux, and thereby be able to 
decompose the AC motor current into “flux producing” and “torque producing” components. These current 
components can be treated separately, and then recombined to create the actual motor phase currents. This gives 
a solution to the boost adjustment problem, and also provides much better control of the motor torque, which 
allows higher dynamic performance. Some approaches which yield the maximum torque have been published. 
Xu and Novotny [3] insisted that a method which set the stator flux reference inversely proportional to the rotor 
speed should produce more output torque than a conventional method, which set the rotor flux reference 
inversely proportional to the rotor speed. However, in their  
 
Implementation Of Fuzzy Logic Controller: 
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To obtain fuzzy based model of the motor, the training system derives information from two main sources, 
a. The static flux linkage curves of the motor, which provides important information about the electromagnetic 
characteristics of the motor b. The dynamic real time operating waveforms of the motor, which can include real-
time operating effects, such as mutual coupling between phases, temperature variations, eddy currents and skin 
effects. During the training phase, each input-output data pair, which consists of a crisp numerical value of 
measured flux linkage, current, angle and voltage is used to generate the fuzzy rules. 

 

 
 
Fig. 4:  

 

 
Fig. 5: 
 
Conclusion: 

The performance of automatically sensing controller based on fuzzy logic for the speed control of indirect 
vector controlled, PWM voltage source inverter fed induction motor drive authenticated and compared with that 
of obsolete PI controller performance. The SIMULINK results of Fuzzy logic controller give the dynamic 
performance of induction motor and it is reliable. It is very useful in sudden changing of loads in transient 
periods. It is concluded that the proposed automatically sensing controller based on fuzzy logic has shown 
superior performance over the parameter fixed PI controller. 

The proposed speed controller gives maximum torque over the entire speed range. In the steady state, the 
efficiency of the induction motor is increased. The validity of the proposed controller is confirmed through the 
simulation results. To implement it in the laboratory various parameters like rotor flux, rotor current and 
operating points, rotor parameter tuning are to be estimated. The proposed speed control system can be useful 
for the variable speed drive system.  
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