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Abstract— This paper presents a predictive fuzzy based   

sliding mode controller for a vector controlled induction 

machine (IM) fed by a three phase voltage source inverter 

(PWM). The proposed predictive fuzzy sliding mode control 

method combines features of both indirect vector control 

(sliding mode control) and DTC (model predictive control). 

The sliding mode control is a nonlinear, high speed 

switching, feedback control strategy for controlling the 

nonlinear system (IM).The model predictive control is used 

to precalculate the behavior of the system and choose an 

optimal switching input for voltage source inverter. The 

sliding mode parameters can be adjusted to get faster error 

convergence, however, this will, in turn, increase the control 

gain, which may produce severe chattering on the sliding 

surface and, therefore, deteriorate the system performance. 

To cope with dynamic uncertainty and external load, a fuzzy 

sliding mode control (FSMC) is designed by incorporating a 

fuzzy inference mechanism into the existing sliding mode 

control scheme to reduce the chattering problem. A 

predictive fuzzy sliding mode controller (PFSMC) has been 

designed and the functions are verified through MATLAB-

Simulink.     

Key words:  Induction motor, Sliding mode controller, 
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I. INTRODUCTION 

AC induction motor is the most popular motor used in 

consumer and industrial applications, because of their 

simple design, high torque to weight ratio and ability to 

operate in dangerous environments. These advantages 

however suppressed by control problems when using an 

induction motor in industrial drives with high performance 

demands[1].presently introduction of micro-controllers and 

high switching frequency semiconductor devices, and VLSI 

technology has led to cost effective sophisticated control 

strategies. One of the most important development in control 

area for induction motor has been field oriented control 

(FOC) established firstly by (Blaschke, 1972). However, the 

performance of this technique is affected by the motor 

parameter variations. To improve the response and reduce 

the complexity of FOC methods, an extension amount of 

work has been done to find new methods, such as direct 

torque control (DTC), sliding mode and Model Predictive 

Control. 

The Model Predictive Control is not a specific 

control strategy but a wide class of optimal control based 

algorithms that use an explicit process model to predict the 

behavior of a plant. In this method, load and converter 

models are used to predict present behavior, and thereby 

select the most appropriate actuation following arbitrary 

control criteria. This approach uses predictive control to 

calculate the necessary load voltage to optimize the 

behavior. Later, a modulator is used to generate the desired 

voltage. One advantage of predictive control is the 

possibility to include nonlinearities of the system and hence 

calculate the behavior of the variables for different 

conduction states. The predictive control was used to 

minimize switching frequency for high-power inverters [2].  

In control theory sliding mode control, is a variable 

structure control (VSC). It is a nonlinear control method that 

alters the dynamics of a nonlinear system by application of a 

high-frequency switching control. The main strength of 

sliding mode control is its robustness. Because the control 

can be  simple as a switching between two states, it need not 

be precise and will not be sensitive to parameter variations 

that enter into the control channel. Sliding mode control is 

an appropriate robust control method for the systems, where 

modeling inaccuracies, parameter variations and 

disturbances are present. It is computationally simple 

compared to adaptive controllers with parameter estimation.  

Induction motor with sliding mode control 

performs well in the servo applications. Sometimes sliding 

mode control has a demerit of chattering of the control 

variable and some of the system states. The strengths of 

SMC include: 1) Low sensitivity to plant parameter 

uncertainty 2) Greatly reduced-order modeling of plant 

dynamics 3) Finite-time convergence (due to discontinuous 

control law). The weaknesses of Sliding Mode Control 

include: 1) Chattering due to imperfections in 

implementation. This chattering problem is avoided by the 

use of fuzzy interference system(FIC). 

The combination of sliding mode controller and 

model predictive control is used for controlling the 

induction motor. On the whole, it derives a set of switching 

rules that orchestrates the transition between the constituent 

modes. This is done in such a way that ensures asymptotic 

stability and reference-input tracking within the overall 

constrained switched closed-loop system [3]. 

II. MATHEMATICAL MODEL OF AN INDUCTION MOTOR 

A proper model for the three phase induction motor is 

essential to simulate and study the complete drive system. 

The voltage equations of the three phase induction motor in 

synchronous reference frame are: 

Vds=RsIds+
    

  
-ωeΨqs                                                                 (2.1) 

Vqs=RrIqs +
    

  
 +ωeΨds                                                                   (2.2) 

Vdr=RrIdr+
    

  
–(ωe-Pωr)Ψqr                                    (2.3)   

Vqr=Rr
    

  
Iqr+

    

  
+(ωe-Pωr)Ψdr                             (2.4)                     

The developed torque Te is: 

Te=
 

 
P (ΨdsIqs -ΨqsIds)                                                  (2.5) 

The torque balance equation is:  

J
   

  
=Te – Tl - βωr                                                           (2.6)   

Where, 

In the above equations, all voltages (V) and 

currents (I) refer to the arbitrary reference frame. The 

subscripts ds, qs, dr and qr corresponds to d and q-axis 
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quantities for the stator and rotor respectively. Ψ denotes 

flux linkage. ωe and ω are the speed of the reference frame 

and the mechanical speed of the rotor.  Rs and Rr are the 

stator and rotor resistances per phase of the motor 

respectively. P is the number of pole pairs. J is the moment 

of inertia and ß is the coefficient of viscous friction. Te is 

the developed torque and Tl is the load torque. 

III. SLIDING MODE CONTROLLER 

A Sliding Mode Controller is a Variable Structure 

Controller (VSC). It includes various continuous functions 

that can map plant state to a control surface, and the 

switching of different functions is determined by plant state 

that is represented by a switching function. 

Sliding mode control can be conveniently used for 

both non-linear systems and systems with parameter 

uncertainties due to its discontinuous controller term. That 

discontinuous control term is used to negate the effects of 

non-linearity’s and/or parameter uncertainties. With sliding 

mode controller, the system is controlled in such a way that 

the error in the system states always moves towards a 

sliding surface. The sliding surface is defined with the error 

(e) of the state and its rate of change (e˙) as variables.  

The distance of the error trajectory from the sliding 

surface and its rate of convergence are used to decide the 

control input (u) to the system. The sign of the control input 

must change at the intersection of the tracking error 

trajectory with the sliding surface. In this way the error 

trajectory is always forced to move towards the sliding 

surface. 

The below equation showa the possible choice of 

structure of a sliding mode controller:  

u=-K sgn(S) + ueq                     (6) 

Where 

 ueq is called equivalent control which is used when 

the system state is in the sliding mode. k is a constant and it 

is the maximal value of the controller output. S is called 

switching function because the control action switches its 

sign on the two sides of the switching surface S=0. S is 

defined  

S=è+λe                                                                          (3.1) 

Where, 

e = ωref - ω is the desired state. λ is a constant. 

sgn(S) is a sign function, which is defined as:  

sgn(s) = {
                                
                                    

                     (3.2) 

The control strategy adopted here will guarantee 

the system trajectories move toward and stay on the sliding 

surface S = 0 from any initial condition if the following 

condition meets: 

IV. FUZZY SLIDING MODE SPEED CONTROLLERS 

A fuzzy controller basically comprises four principle 

elements; fuzzification, fuzzy control rules, fuzzy inference 

engine, defuzzification, the design of the fuzzy controller is 

described as follows: 

 In this section, a fuzzy sliding surface is introduced 

to develop a sliding mode controller. Which the expression   

Sgn(S)  is replaced by an inference fuzzy system for 

eliminate the chattering problem .The if-then rules of fuzzy 

sliding mode controller can be describes as: 

 Rule 1: IF S is BN then Us is BIGGER  

 Rule 2: IF S is MN then Us is BIG  

 Rule 3: IF S is JZ then Us is MEDIUM  

 Rule 4: IF S is MP then Us is SMALL 

 Rule 5: IF S is BP then Us is SMALLER. 

Where BN, MN, JZ, MP and BP are linguistic terms 

of antecedent fuzzy set, they mean Big Negative, Medium 

Negative, Just Zero, Medium Positive, and Big Positive, 

respectively.  

We can use a general form to describe these fuzzy 

rules: 

Rule 1: IF S is Ki then Us is Kj.     I=1, 2,5.  

Where Ki and Kj are a triangle-shaped fuzzy number. 

 
Fig. 1: The input member function of FSMC 

 
Fig. 2: The output member function 

This paper introduces a fuzzy sliding mode 

controller, which combines the fuzzy controller and the 

sliding mode controller ,for an induction motor speed 

control reduce the sensitivity to parameter variations and 

load disturbances ,the  fuzzy controllers are driven by the 

error (speed ) and its change , the establishment of the 

control rule is based on a systematic procedure, the sliding 

mode controller is designed based on plant modeless using 

conventional methods, both computer for induction motor 

drives are presented to demonstrate that the proposed 

control scheme can reduce the sensitivity to parameter 

variations and load disturbances. 

V. MODEL PREDICTIVE CURRENT CONTROLLER 

 
Fig. 3: Model Predictive Control 



Predictive Fuzzy based Sliding Mode Control of an Induction Motor 

 (IJSRD/Vol. 3/Issue 02/2015/548) 

 

 All rights reserved by www.ijsrd.com 2227 

The main idea of predictive control is to use a model of the 

plant to predict future outputs of the system. Based on this 

prediction, at each sampling period, a sequence of future 

control values is elaborated through an on-line optimization 

process, which maximizes the tracking performance while 

satisfying constraints. 

A block diagram of the predictive control strategy 

applied to the current control for a three phase inverter. The 

current control is performed in the following steps. 

 The value of the reference current Iref is obtained 

from an outer loop and the load current I is 

measured. 

 The predictive model is used to predict the value of 

load current in the next sampling time for each of 

the different voltage vectors. 

 In this case, the cost function evaluates the error 

between the reference and the predicted currents in 

the next sampling interval. The voltage that 

minimizes the current error is selected and applied 

to the load. 
The below figure shows overall block diagram it 

describes the function of a predictive fuzzy based sliding 

mode control of an induction motor. The frequency 

estimator calculates the speed of the induction motor 

without the use of transducer and the sensor; due to that the 

cost of the ac drives is reduced. It leads to the increase of 

efficiency. 

 
Fig. 4: Block Diagram of Proposed System 

 
Fig. 5: Logic Diagram of Proposed System 

To overcome the chattering of induction motor the 

fuzzy sliding mode controller (FSMC) is used. The FSMC is 

a combination of Fuzzy logic control and the variable 

structure of Sliding Mode Controller. 

VI. SIMULATION RESULT 

The simulation tool used here is MATLAB/SIMULINK. 

 
Fig. 6: Voltage waveform 

The voltage is measured from the inverter. The 

output of the inverter is varying depends upon the error 

between the reference current and the actual current. In 

order to track the reference current the inverter changes the 

input of the induction motor. 

 
Fig. 7:  Current waveform 

Unlike previous techniques the speed is calculated 

without using any speed sensors and transducer. So the cost 

of the controller is reduced. 

The starting torque on motor is slightly larger than 

its full-load torque, so this motor will start carrying any load 

that it can supply at full power. 

 
Fig. 8: Speed and Torque response of the induction motor 

The torque –speed curve shown when induction 

motor driven at speed greater than the synchronous speed  

by a prime mover, direction of induced torque reverses & 

act as a generator. Comparing to existing system the torque 

fluctuation is reduced. 

VII. CONCLUSION 

A predictive fuzzy sliding mode control scheme was 

proposed in this work for an induction motor control to 

reduce the sensitivity to parameter variations and load 

disturbances; in the control scheme, the establishment of 

control rule was based on a systematic procedure .the sliding 

mode controller was designed using the conventional 

method. The proposed controller is designed for the field 

oriented (d,q) model of the motor ,the fuzzy sliding property 
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of the controller makes it more practical ,since, in real 

applications The load is not exactly known in advance and 

that the rotor resistance may vary quite a bait; due to 

heating; in addition ,the controller is asymptotically stable A 

computer simulations and results demonstrated that the 

proposed control scheme can reduce the sensitivity to 

parameters variations and load disturbances. 
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