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Abstract 

 
In recent years, adaptive and intelligent control schemes 

have begun to take the place of conventional control 

methods. In this study, a model reference adaptive control 

(MRAC) scheme based on genetic algorithm (GA) and 

Fuzzy Logic (FL) has been used by the help of Vector 

Control type driving method based on Space Vector Pulse 

Width Modulation (SVPWM). In this control technique, the 

conventional PI controller and the proposed control strategy 

has been applied to induction motor in real conditions by 

using an appropriate digital signal processor and peripheral 

units. As digital processor, DSPIC 30F6010 which is 

produced by Microchip Co. has been used. Experimental 

studies have been implemented for both of the control 

techniques under the same conditions. The results obtained 

from conventional PI controller and the proposed control 

strategy have been analysed and compared.  

 

1. Introduction 

 
Induction motors have many applications in the industry. 

Because they are simple, cheap, robust, reliable, durable and 

they need little maintenance. However, induction motors have 

some disadvantages such as mainly controllability due to its 

complex mathematical model and its nonlinear behavior [1-4]. 

In recent years, by the rapid development of microprocessor and 

power semiconductor technology, controlling methods of 

induction motors have been improved. In order to achieve high 

performance and better controllability, the field oriented control 

(FOC) has been investigated. DC motors have high performance 

in terms of dynamic behavior and their control is simple.  

Armature and excited winding currents of self-excited DC 

motors can be independently controlled because they are vertical 

to each other. This is not the case in induction motors. In the 

FOC, induction motor can be controlled as a separately excited 

DC motor [1-6]. Since FOC was introduced in 1971 [6], a great 

number of articles have appeared in the literature to improve the 

high performance. These methods are fuzzy logic controller 

(FLC) and various adaptive controllers such as MRAC, sliding-

mode controller, variable-structure controller, etc [7-9]. 

Before control studies, genetic algorithms, which are the 

stochastic search methods based on the natural process of 

evolution, were carried out and implemented in Matlab 

environment. Afterwards, the fuzzy logic based adaptive control 

mechanisms have been developed. Classical fuzzy logic 

controller design is based on the trial-error methods and the 

expert information. Therefore, this method takes a longer time 

and the design is not always feasible to reach best outcomes. 

This method can be applied to the simple fuzzy logic 

controllers, but it is not convenient to complex parameters. In 

this case, different methods are used for the fuzzy logic 

controller design [10-14]. In recent years, GA has been used to 

design the fuzzy logic controllers. Thus, the ability of finding 

the best solutions is combined with effectively process structure 

of the fuzzy logic controllers [10-12].  

Here, an adaptive control system is preferred in order to 

realize the speed control.  By using fuzzy logic controller based 

on the model structure, a speed control system is established. 

The adaptive control system is an effective solution to solve 

speed control for vector controlled induction machine. Required 

control performance is represented with a reference model in the 

control system. Design of FLC based on the comparison of 

actual system output and reference model is quite difficult. GA 

is preferred to solve this problem. The best solutions are 

obtained in Matlab by characterizing the problem.  

This paper deals with MRAC based on GA and fuzzy logic 

controller (GA+FMRAC) in speed control of vector controlled 

induction motor. An inverter-controlled induction motor is 

realized in the laboratory. Then, the comparison of the drive 

response under conventional PI and proposed control technique 

has been demonstrated by several graphics on a number of 

different reference speeds. After that, the performance of 

proposed control technique has been researched and compared 

with conventional PI controller.   

 

2. Vector Control and Mathematical Model 

 
Vector controlled induction motors are based on control 

principle of DC motors. DC motors have high performance in 

terms of dynamic behaviour and their control is simple. 

Armature and excited winding currents of self-excited DC 

motors can be independently controlled because they are vertical 

to each other. There isn’t such case in induction motors [1-3]. 

Made studies on induction motors showed that these motors 

could be controlled such as DC motors if three-phase variables 

are converted to dq-axis and dq-axis components are controlled. 

Vector control methods which are done transform of axis have 

been developed. Thus, flux and torque of induction motors can 

be independently controlled [15-17]. The d-q equations of 3-
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phase induction motor expressed in the stationary reference 

frame are: 

dsdssds piRV                                      (1) 

qsqssqs piRV                        (2) 

qrrdrdrr wpiR0                                                      (3) 

drrqrqrr wpiR0                              (4) 

The flux linkage equations: 

 
qrmqssqs iLiL                                   (5) 

 
drmdssds iLiL                         (6) 

 
qsmqrrqr iLiL                        (7) 

dsmdrrdr iLiL                         (8) 

Electromagnetic torque in the stationary reference frame is given 

as: 
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Where; p= (d/dt), Rs, Rr are stator and rotor resistances; Ls, 

Lr, Lm are stator, rotor and mutual inductances; ds, qs  are 

stator flux in d-q frame; dr, qr  are rotor flux in d-q frame; ids, 

iqs , iqr, iqr are stator and rotor currents in d-q frame, wr is rotor 

speed and P is the pairs of poles. 

SVPWM has been a very popular technique used in AC 

motor control. SVPWM goals to generate a voltage vector that 

is close to the reference circle through the various switching 

modes of inverter. Figure 1 demonstrates the schematic of a 

two-level inverter. As it seen figure 1, When switch of one leg is 

closed, Si is 1 and when switch is opened, Si is 0. In two level 

inverters have eight different (23=8) switching states. There are 

six active voltage vectors (V1-V6) and two zero voltage vectors 

(V0-V7). A typical space vector diagram of two-level inverter 

has been shown in Fig. 1. [8-11]. 
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Fig. 1. a) Two-level inverter b) Space vector diagram of two-

level inverter 

 

3. Fuzzy logic and Genetic Algorithms 

 
Fuzzy Logic Control is an appropriate method for designing 

nonlinear controllers via the use of heuristic information [18]. A 

FLC system allows changing the control laws in order to deal 

with parameter variations and disturbances [19-23]. The block 

diagram of Fuzzy PD system for vector controlled induction 

motor is given in Fig. 2. The fuzzy PD controller has two inputs 

and one output. The inputs of FLC are speed error e(k) and 

change in speed error ∆e(k). These inputs are normalized to 

obtain error e(k) and its change ∆e(k) in the range of -1 to +1. 

The fuzzy PD controller action can be written in the form of K-

domain equations as follows: 

 

dt

)t(de
Kd)t(e.Kp)t(u       (10) 
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Where; Kp and Ki are gain factors, Ts is sample time. 
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Fig. 2. Fuzzy PD controller system 
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Fig. 3. Membership functions for inputs and output 

 

Table 1. Rule Base 
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The fuzzy membership functions consist of seven fuzzy sets: 

NB, NM, NS, Z, PS, PM, PB as shown in fig. 3. The rule base 

of FLC system is given in Table 1. There may be 7×7=49 

possible rules in the matrix. GAs are a stochastic global search 

method that mimics the process of natural evolution. It is one of 

the methods used for optimization. GAs are reliable and robust 

methods for searching solution spaces. GAs were introduced by 

John Holland in 1970. GAs have three main stages such as 

reproduction, crossover and mutation. GAs starts with no 



knowledge of the correct solution and depends wholly on 

responses from its environment and evolution operators such as 

reproduction, crossover and mutation to succeed at the best 

solution. By starting at several independent points and searching 

in parallel, the algorithm avoids local minimum and converging 

to sub optimal solutions [11-14]. Genetic algorithm process 

flowchart is shown in fig.4. 
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Fig. 4. Genetic algorithm process flowchart 

 

4. Fuzzy Adaptive Control 

 
Adaptive control takes an important part in modern control 

systems. While control system is running, it works against to 

various disturbances, parameter variations and changes in the 

operating conditions. The success of the first adaptive control 

has appeared with the realization of a time-varying mass control 

of the rocket and spacecraft. One of the direct adaptive control 

methods is MRAC.  

This mechanism has been proposed to be performed in 

aircraft control. The adaptation of these control systems is 

performed by comparing the system output and reference based 

model output. Thus, an error signal (em) is obtained. The signal 

from the output of the adaptation mechanism is used for the 

parameter or signal adaptation. The block diagram of a MRAC 

system is given in fig. 55. 
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Fig. 5. MRAC system 

 

A fuzzy adaptive control system is designed in Fig. 6, which 

is used as a suitable structure such as PD-type FLC with 

feedback mechanism. The inputs of the adaptation mechanism 

are the difference between the reference model and system 

outputs (error), and variation for a sampling time of this 

difference (error variation). The output is used to adjust the gain 

of the fuzzy logic. Fuzzy model reference adaptive control 

(FMRAC) system has six gains, which are occurred with two 

gains in the fuzzy logic and adaptation mechanism, and one gain 

in the outputs. The gain of the FLC output is adjusted by using 

adaptation mechanism and this setting affects directly the signal 

of the control system. The other five gains are parameters that 

affect the performance of the control system [24-27]. The 

algorithm aims to determine the gains affecting the desired 

system performance. Each individual of the GA consists of 

combination of the five gains. Each member of the community is 

decomposed to achieve the necessary gain values. Each 

individuals' performance is determined by evaluating the degree 

of compatibility. It impacts the probability of survival of 

individuals and provides the desired values passed to new 

generations [10,11,26]. 

Design of a MRAC scheme based on GA is especially 

complex due to have more parameters affecting the control 

system performance. Therefore, GA is used to solve this 

complex problem. As it seen in Fig. 6, G1, G2, G3, G4 G5, G6 

gains are selected as parameters and created society of 

individuals, which represent all of these parameters. Thus, the 

problem is optimized to be solved by GA.  
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Fig. 6. The Proposed Control Technique 

 

The conformity assessment function is established by sum of 

the absolute value which obtained from the error of the 

reference speed and actual speed. By using Matlab/Genetic 

Algorithm, the conclusions are given as shown in fig. 7. 
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Fig. 7. Optimized result of GAs 

 

5. Simulation and Experimental Results 

 
In this section, in order to validate the performance of the 

proposed control technique, an experimental setup was designed 



as it was shown in fig.8. The experimental setup consists of an 

induction motor, encoder, dsPIC 30f6010, measurement and 

IGBT card. The proposed control technique for vector 

controlled induction motor is experimentally implemented using 

digital signal processor board dsPIC 30f6010 through both 

hardware and software. The parameters of the induction motor 

are given in Table 2. 

 

 
Fig. 8. The Proposed Control Technique 

Table 2. Rule Base 

Parameters Values 

Stator resistance (Rs) 1.45Ω 

Rotor resistance (Rr) 1.93Ω 

Number of poles (P) 2 

Stator self-inductance (Ls) 0.4H 

Rotor self-inductance (Lr) 0.599H 

Moment of inertia (J) 0.03kg-m2 

Mutual inductance (Lm) 0.18787H 

Friction factor (B) 0.03 

 

The simulation results of PI controller and proposed control 

technique are shown in Fig.9-13. It represents the speed 

performance, torque response and stator currents at no-load for 

vector controlled induction motor drive. Figure 9 and 12 show 

the speed performance of the vector controlled induction motor 

drive using PI controller and proposed control technique. 

According to the simulation results, The proposed controller has 

a remarkably better response than the PI speed controller. 
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Fig. 9. Speed control performance of the proposed control 

technique 
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Fig. 10. Torque response of the proposed control technique 
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Fig. 11. Stator currents of the proposed control technique 
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Fig. 12. Speed control performance of the PI controller 
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Fig. 13. Torque response of the PI controller 

 

Several experimental results for speed control of vector 

controlled induction motor drive using PI controller and the 

proposed control technique are realized. The experimental 

results are performed for different reference speeds with no-load 

during 10 sec. Figure 14 shows the performance of conventional 

PI controller. In the figure 14, unloaded induction motor has 

been accelerated. Induction motor starts to operate at a steady 

state at 2000 rpm reference speed. Then, a sudden step speed 



command increasing, form 2000 rpm to 3800 rpm is applied. 

Then, the reference speed is reduced from 3800 rpm to 1000 

rpm at 6 seconds. As seen in Fig. 14, the PI controller response 

reaches the reference speed after nearly 4 sec. with overshoot.  

Figure 15 demonstrates the dynamic response of the 

proposed control technique. As it seen in fig. 15, the reference 

speed is chosen 2000 rpm. At 2 seconds, the reference speed is 

increased to 3800 rpm. Then, the reference speed is changed 

from 3800 rpm to 1000 rpm at 6 seconds. As can be seen from 

figure 16, the proposed control technique response reaches to 

reference speed after nearly 2.5 seconds without overshoot. 

 

 
Fig. 14. Speed control performance of the proposed control 

technique 

 
Fig. 15. Speed control performance of the PI controller 

 

In Fig. 16, the reference speed is chosen as 2000 rpm. 

Unloaded induction motor is required to accelerate from 2000 

rpm to 3800 rpm in 2 seconds. The reference speed is kept 

constant at 3800 rpm from time, t=2 sec to 6 sec. After that, the 

reference speed is changed from 3800 rpm to 1000 rpm in 6 

seconds. As it can be seen, the proposed control technique gives 

better performance against the conventional PI controller with 

respect to overshoot and response time. 

In the Fig. 17, the reference speed is 1000 rpm. Then, a 

sudden step command increasing, from 1000 rpm to 3400 rpm is 

applied. After that, the reference speed is decreased from 3400 

rpm to 2000 rpm. As can be seen from Fig. 17, the proposed 

control technique follows the reference speed without overshoot 

and steady state error. While the conventional PI controller 

follows the reference speed with overshoot. 

 

Fig. 16. Comparison of the speed responses of the controllers 

 

Fig. 17. Comparison of the speed responses of the controllers 

 

6. Conclusions 
 

In this work, a MRAC scheme based on genetic algorithm 

and fuzzy logic controller has been used for vector controlled 

induction motor. The motor drive system is performed using 

both conventional PI and the proposed control technique. Both 

of the control systems are compared and the effectiveness of the 

proposed control technique against PI control performance is 

illustrated. The running of the induction motor in real conditions 

has demonstrated that the reference speed values have been 

obtained with smooth convergence regime and rather small error 

values being left under the 2 per cent of set values in a good 

response time. As a conclusion, Considering the overshoot and 

the response time, the proposed control technique gives 

obviously better performance than the conventional PI 

controller.  
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