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Abstract--- This paper compares the different dynamic 

properties of indirect field oriented control (IFOC) of induction 

motor which is fed from a three phase Four switch 

inverter(FSTP) and comparison has been drawn between Fuzzy 

logic control (FLC) and Artificial Neural Network (ANN). 

MATLAB Simulink model is used and it has been found that the 

ANN method improves dynamic properties of induction motor.   

Index Term--- FLC, FSTP Inverter, IFOC. 

I. INTRODUCTION 

THREE-PHASE induction motor is one of the highly 

used and proficient motor in the market. Inverter are 

considered as an important part of AC motor drive. Usually 

six-switch three phase inverter are used in different 

industrial application. Inverter has a very wide spectrum of 

use in industries. Six switch inverters are considered to have 

a disadvantage in low power application. Because of the 

extra switch these inverter’s result in high losses and 

complicated controlling... Low cost application is very 

important and to create that driving system we replaced the 

traditional sex switch inverter with that of four switch 

inverters. Different configuration of these inverter is 

discussed in [1]. Currently a lot of research work has been 

done on FSTP inverters, not only in drives but these 

inverters are applicable in renewable application [2]. FSTP 

inverter’s have fair share of advantages over SSTP 

inverter’s in term of (i) Power loss, (ii) cost of device (iii) 

switching system. With FSTP we require less complicated 

switching algorithm and less complicated switching layers. 

IM control is a challenging task because of it’s non linear 

model and parameter changes. In usual approach there are 

PI, PID controller which we often use. But these controllers 

are very much depending on the parameter variation so, this 

results in in accuracy. So, PI, PID controller cannot give 

proper result in speed tracking and load impact conditions. 

[3]. 

Now a day’s various research work has been taking place 

in the field of artificial intelligence which include ANN and 

FLC. These techniques have a lot of merit over the 

traditional PI and PID controller. The main advantage of AI 

controller is that there working are not that affected by the 

mathematical model and performance is on the spot. [3] [4-

9]. Controlling of IM is done with the help of IFOC. In 

IFOC rotor flux is essential for the rotor positioning. Field 

orientation concept implies that the current component 
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supplied to the machine should be oriented in the phase and 

in quadrature to the rotor flux vector using sensor for direct 

measurement of rotor flux gives direct measurement of rotor 

flux gives correct values without sensitivity to machine 

parameters. But this method is costly and result in error in 

noisy environment. 

So, predicting of flux depends upon the dynamic model of 

the IM which is essential for better performance of IFOC of 

IM drive. Problem with machine is that it’s parameter 

changes as the operating condition changes. With the change 

in machine parameters machine working got interrupted. 

In low speed region varying of machine parameters can 

be recognizable of lesser speed operation. At speed less than 

2/3 of full speed both FSTP and SSTP inverter works same 

[1].  So, basically FSTP inverter works properly up to 2/3 of 

maximum speed. For speed greater that 2/3 of maximum 

speed there will be a requirement of DC link voltage to 

carryout IFOC and acquire same performance for FSTP 

inverter. Past work has been done in the field of FLC 

controlled IM derives [3], [4-10]. 

There are some paper which analyze the FLC based IM 

fed from FSTP inverter all those papers are based on the 

high-speed application and low speed application is left out 

[10]. So, this paper will help us to understand the 

comparison of FLC based speed control and ANN based 

speed control method.  

II. MATHIMATICAL MODEL IM AND FSTP 

INVERTER 

IM motor is shown by using d-q axis and control of IM 

depends upon IFOC. IFOC is elaborately explained in [11]. 

MATLAB Simulink of FLC based induction motor which 

is powered by FSTP inverter is shown in fig 1. So input to 

the FLC are error between reference, motor speed and 

derivative of error and its output is torque (Te). Output of 

FLC is used to generate d-q reference current. There 

reference current are converted into reference iabc current by 

using inverse parks transformation. By using sensor we will 

obtain actual iabc and both the above currents are given into 

hysteresis controller which will generate switching of 

inverter. 
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Fig. 1: Simulink Block Diagram of FLC based system 

Circuit of FSTP inverter is shown in Fig 1. This circuit 

has two parts, first part is rectifier and other part is inverter. 

Switches which are used are IGBT. These IGBT have diode 

antiparallel to it. First pair of switches are used as rectifier 

which are supplied by a single phase supply, with a constant 

frequency. Inverter part consist of two limbs which consist 

of four switch. Phase a and b are obtain from inverter part 

and phase c is used to charge the capacitor bank which then 

provide the third phase for the machine. Phase voltage can 

be expressed in term of switch sequence of inverter and 

capacitor dc link voltage by the following equation [10]. 
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Where Vdc is the dc link voltage and Sa and Sb are the two 

binary variable which are used to control the conduction of 

inverter. 

III. SPEED CONTROL TECHNIQUE  

FLC Technique 

FLC is used in the IM to overcome the main problem 

related to the parameter variation and disturbance. Input to 

the FLC block has been discussed already. Output of the 

FLC block is the torque and reference flux is used to obtain 

reference quadrature and direct axis reference current [12]. 

By using inverse peak transformation we will obtain three 

phase reference current. Purpose of FLC block is make sure 

output motor speed should be as close to the reference speed 

as a result motor current are kept close to the reference 

motor current. Calculation of reference torque depends upon 

the model of IM and parameter but the problem is that these 

parameter do not remain constant. Controller like FLC are 

used to deal with the variation of parameter at low speed 

which is very significant. Block diagram of FLC controller 

has been show in figure 2 it contain a memory block. 

Membership functions are made based on the rule which we 

design in FLC block. Total of six rule are created these rule 

are made to make system as human as possible [3]. Diagram 

of the membership function are also given in Figure 3. 

 
Fig. 2: Sub System of FLC based system 

 
(a) 

 
(b) 

 
(c) 

Fig. 3: Membership function for, (a) speed error, (b) 

change of speed error, (c) torque reference 

So as we can see in figure 3 that Mamdani system is used 

which work upon the IF-THEN-AND rule. 

ANN Technique 

ANN is other technique which is used in this paper. It is 

based on the biological concept of neural network. It has 

different interconnected layers which are used to compute 

the result. Neural network has a interconnected web of 

network which has neurons in it.  
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These neurons are designed to process information 

accurately. Neural network is trained my constantly 

matching the input and output pattern. In this paper the rest 

of the block diagram is same as that of the FLC but the only 

change is ANN subsystem which replace the FLC 

subsystem as show in fig 4 and 5. Input to the ANN 

subsystem is same that of the FLC system and output is also 

the same. 

 
Fig. 4: Subsystem of ANN based system 

 
Fig. 5: Layers used in subsystem of ANN based system 

So as we can see that in figure 4 and 5 that same delay 

block is used as was used in FLC based system and total of 

two layers are used for the proper output with reduced error 

IV. SIMULATION RESULTS 

To identify the effectiveness of ANN controller over FLC 

simulation has been done in MATLAB simulink.. 

A. Speed Tracking Parameter 

Fig. 6 (a) and (b) demonstrate speed and current 

responses of a FSTP fed IM drive using a FLC and proposed 

ANN respectivly. 

IM is started under light load toque and speed varies from 

0rpm to 100rpm. As we can see the variation of speed in fig 

6 we can see that ANN track the reference speed more 

properly as compared to FLC. Response time of ANN is 

more fast as compared to FLC as we can see both of these 

method will not give overshoot. If we consider the current 

response we can see that FLC will give higher overshoot in 

current as compared to ANN control and FLC take more 

time to reach steady state condition as comapared to ANN 

control. 

Other respone related to speed and current are shown in 

fig 7. 

In which speed is varied from 20rpm to 40rpm and 

response of current and speed is noted and compared. Here 

we can see that if IM is runing at a certain speed and there is 

a sudden change in speed both FLC and ANN work a bit 

similar as compare to fig 6. So figure 7 gives good speed 

tracking performance as compared to figure 6. 

B. Load Torque Disturbance 

Robustness of a system can be identified by changing the 

load suddenly and that is exacty performed in Fig 8. In this 

case motor is running at a constant speed of 20rpm and than 

suddenly at t = 2 sec a rated torque of 7N.m is applied. If we 

compare the speed respone than both FLC and ANN shows 

a sudden dip of speed but dip in FLC is little bit higher than 

that of ANN. Current variation in FLC is more as compared 

to the ANN output as we can see that ANN gives that exact 

output with minimum variation. Now if we compare the 

variation in torque variation we will see that variation in 

torque for FLC case is very significant and for ANN we can 

see that torque is very much steady about the reference 

value. 

 

 
(a) 
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(b) 

Fig. 6: Result of speed and stator current of FSTP 

inverter fed IM drive with a step change in speed from 

0rpm to 100rpm  using (a) FLC and (b) ANN controller 

 

 
(a) 

 

 
(b) 

Fig. 7: Result of speed and stator current of FSTP 

inverter fed IM drive     with change in speed from 20 

rpm to 40rpm  using (a) FLC and (b) ANN controller. 

 

 

 
(a) 
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(b) 

Fig. 8: Result of Speed and stator current with the 

sudden change of load   torque to 20N.m at time 2 sec 

using (a) FLC and (b) ANN controller 

V. CONCLUSION 

As we can see in the simulated result that in Figure 6 

ANN produces more effective result as compared to its 

counterpart. ANN gives us lesser ripple in stator current and 

better speed tracking. Now if we move towards the figure 7 

we will get almost equal result for both FLC and ANN in 

terms of speed as well as stator current. Considering Figure 

8 we can see that as we apply the load torque at time two 

second speed drop in FLC is bit higher than that of ANN 

and the most significant difference is the torque after two 

seconds FLC has more ripple in the torque as compared to 

that of ANN. 
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