Intelligent Control and Automation, 2013, 4, 108-113
http://dx.doi.org/10.4236/ica.2013.41015 Published Online February 2013 (http://www.scirp.org/journal/ica)

Type-2 Fuzzy Logic Controllers Based Genetic Algorithm
for the Position Control of DC Motor
Mohammed Zeki Al-Faiz1, Mohammed S. Saleh2, Ahmed A. Oglah3
1

Department of Computer Engineering, Al-Nahrain University, Baghdad, Iraq
2
Department of Electronics Engineering, Diyala University, Diyala, Iraq
3
Department of Control & Systems Engineering, University of Technology, Baghdad, Iraq
Email: mzalfaiz@ieee.org, mohselman@gmail.com, ahmedalaa1975@yahoo.com
Received October 31, 2012; revised November 30, 2012; accepted December 7, 2012

ABSTRACT
Type-2 fuzzy logic systems have recently been utilized in many control processes due to their ability to model uncertainty. This research article proposes the position control of (DC) motor. The proposed algorithm of this article lies in
the application of a genetic algorithm interval type-2 fuzzy logic controller (GAIT2FLC) in the design of fuzzy controller for the position control of DC Motor. The entire system has been modeled using MATLAB R11a. The performance
of the proposed GAIT2FLC is compared with that of its corresponding conventional genetic algorithm type-1 FLC in
terms of several performance measures such as rise time, peak overshoot, settling time, integral absolute error (IAE)
and integral of time multiplied absolute error (ITAE) and in each case, the proposed scheme shows improved performance over its conventional counterpart. Extensive simulation studies are conducted to compare the response of the given
system with the conventional genetic algorithm type-1 fuzzy controller to the response given with the proposed
GAIT2FLC scheme.
Keywords: Type-2 Fuzzy Logic Controller; Genetic Algorithm; DC Motor

1. Introduction
Fuzzy logic controllers (FLCs) are usually constructed
using type-1 fuzzy sets [1], referred to as type-1 FLCs.
Such FLCs have been applied to many areas, especially
for the control of complex nonlinear systems that are difficult to model analytically [2,3]. Despite their popularity,
research has shown that type-1 FLCs may have difficulties in modeling and minimizing the effect of uncertainties [4]. This limitation may restrict the usefulness of design methods that tune the FLCs using the genetic algorithm (GA) and a model of the controlled process. Since
it is impossible for a model to capture all the characteristics of the actual plant, the performance of a controller
designed using a model will inevitably deteriorate when
it is applied to the practical system. A controller takes
fully into account the non-linear ties. Emerging intelligent techniques have been developed and extensively
used to improve or to replace conventional control technique because these techniques do not require a precise
model. One of intelligent technique, fuzzy logic by Zadeh is applied for controller design in many applications.
The advantage of fuzzy control methods [5] is the fact
that they are not sensitive to the accuracy of the dynamical model. With the development of T2 FLSs and their
ability to handle uncertainty, utilizing type-2 FLCs (IT2
Copyright © 2013 SciRes.

FLCs) has attracted a lot of interest in recent years. The
concept of type-2 fuzzy sets was first introduced by Zadeh as an extension of the concept of well-known ordinary fuzzy sets, type-1 fuzzy sets. A type-2 fuzzy set [6]
is characterized by a fuzzy membership function i.e. the
membership grade for each element is also a fuzzy set in
[0, 1], unlike a type-1 fuzzy set, where the membership
grade is a crisp number in [0, 1]. The membership functions of type-2 fuzzy sets are three dimensional and include a footprint of Uncertainty (FOU), which is the new
third dimension of type-2 fuzzy sets. The footprint of uncertainty provides an additional degree of freedom to handle uncertainties. In this paper, the application of type-2
fuzzy logic concepts to the position control of a simple
dc motor is illustrated. The device model is straightforward and the physical implications of position control are
readily perceived.

2. Genetic Algorithm (GA)
GA was first proposed in 1975 [7]. GAs are theoretically
provide a robust search in complex spaces [8]. Figure 1
contains the flow chart of a basic GA. First, a chromosome population is randomly generated. The fitness of all
individuals with respect to the optimization task is then
evaluated by a scalar objective function (fitness function).
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Figure 2. Structure of a type-2 FLS.

of all elements in the FOU (secondary membership grades) area nifty. The inference engine then matches the
fuzzy rules in the rule base. To compute unions and intersections of type-2 sets, compositions of type-2 relations are needed. Just as the sup-star composition is the
backbone computation for a type-1 FLC, the extended
sup-star composition is the backbone for a type-2 FLC
[4].
Figure 1. The flow chart of a basic.

Genetic operators such as crossover and mutation are applied to the parents in order to produce a new generation
of candidate solutions. As a result of this evolutionary
cycle of selection, crossover and mutation, more and more
suitable solutions to the optimization problem emerge within the population. Increasingly, GA is used to facilitate
FLSs design [9]. However, most of the works discuss
type-1 FLC design. This paper focuses on genetic algorithm of type-2 FLCs. There are two very different approaches for selecting the parameters of a type-2 FLS [4].
Type-2 FLCs designed via the partially dependent approach are able to outperform the corresponding type-1
FLCs [9], The type-2 FLC has a larger number of degrees of freedom because the fuzzy set is more complex.
The additional mathematical dimension provided by the
type-2 fuzzy set enables a type-2 FLS to produce more
complex input-output map without the need to increase
the resolution. To address this issue, a comparative study
involving type-2 and type-1 FLCs with similar number of
degrees of freedom is performed. The totally independent
approach is adopted so that the type-2 FLC evolved using
GA has maximum design flexibility.

3.2. Type-Reduction and Defuzzification
The output of the inference engine is a type-2 fuzzy et, it
must be type-reduced before the defuzzifier can be used
to generate a crisp output. This is the main structural difference between type-1 and type-2 FLCs. The most commonly used type-reduction method is the center-of-sets
type-reducer, which may be expressed as [4].
The footprint of uncertainty (FOU) of the membership
function (MSF) in the IT2FLS is the area which limited
by two MSF, the overhead limitation is the upper membership function UMSF and the down limitation is the
lower membership function (LMSF), as shown in Figure
3.

4. DC Motor Model
In this study, proposed approach has simulated a DC
shunt motor as is shown in Figure 4. The characteristics
equations of the DC motor can be defined by the following equations [10];
v  Ra i  La
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The structure of a type-2 FLS is shown in Figure 2. It is
similar to its type-1 counterpart, the major difference being that at least one of the fuzzy sets in the rule base is
type-2. Hence, the output of the inference engine is type2 sets and a type-reducer is needed to convert them into
type-1 sets before defuzzification can be carried out.

An interval type-2 FLS is employed [4]. “Interval”
means that the input/output domains are characterized by
interval type-2 sets [5], whereby the membership grades
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The transfer functions are defined for speed and position control of DC motor, respectively.
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5. Simulation
In this section. The assumed parameters of the electric
DC motor represented in the following transfer function.

 s

V s
R1 R R2

Figure 3. Membership function of FLCT2.

Figure 4. Diagram of DC shunt motor.

where Ra is armature resistance, La is armature inductance i is armature current, V is armature voltage, ea is
back emf voltage, Ke is back emf constant, Km is torque
constant, Tm is torque developed by the motor, ω is angular speed of shaft, θ is angular displacement of shaft, J
is moment of inertia of motor and load, B is frictional
constant of the motor and load. Unlike conventional control, which is based on mathematical model of a plant, a
FLC usually embeds the intuition and experience of a
human operator and sometimes those of designers and
researchers. While controlling a plant, a skilled human
operator manipulates the process input (i.e. controller
output) based on with a view of minimizing the error
within shortest possible time. The controlled variable of
fuzzy controller is u(t). Once the fuzzy controller inputs
and outputs are chosen, one must think about the membership functions (MSFs) for these input and output variables. In this paper, all membership functions for the
conventional fuzzy controller inputs (e and Δe) and the
controller output are defined on the common normalized
domain [−1, 1]. We use symmetric triangles (except the
two MFs at the extreme ends) with equal base and overlap with neighboring MFs. This is the most natural and
unbiased choice for MFs. The actual control input voltage for the main fuzzy controller (In the case of PI-type
FLC) can be written as

u  k   u  k  1  u  k 

(6)

where k is the sampling instant, is the crisp at k sampling
instant and is the incremental change in controller output.
showed that an IT2 fuzzy-PI (or the corresponding PD)
controller is equivalent to a nonlinear PI (or PD) controller with variable gains and control offset [11].
Copyright © 2013 SciRes.
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5.1. Experiment Analysis of Fuzzy Type-1 &
Fuzzy Type-2 without GA
Simulation experiments under different operation status
is carried out based on the fore established model and
performance comparison with IT2FLC and conventional
type-1 fuzzy controller is made. The two curves in Figure 5 are the simulation curves of the rated running state
for DC motor respectively under the control of conventional type-1fuzzy controller and the type-2 fuzzy controller. For a clear comparison between the conventional
fuzzy controller and the clustering based fuzzy controller,
several performance measures such as peak overshoot
(%OS), settling time, rise time, integral absolute error
(IAE) and integral-of-time-multiplied-absolute error (ITAE)
are computed as shown in Table 1. Using fuzzy type-1
and type-2 controller, the rise time and settling time not
good whereas for other measures, both the controllers
give approximately the same performance.

5.2. Fuzzy Type-1 & Fuzzy Type-2 with GA
In this section, DC motor is used in simulation. The genetic algorithm is very useful in optimization technique.
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Figure 5. Response of T1FLC & T2FLC OF DC motor.
Table 1. Numerical result of experiment on DC motor without disturbance.
Controller
T1FLC
T2FLC

MP%
21.25
8.00

ts (sec)
0.165
0.410

tr (sec)
0.045
0.055

ITAE
22.7536
23.2048

IAE
15.2709
15.5737
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it is apply in this paper of fuzzy type two logic controller
in multi position of simulation process, to measured the
optimal parameters of fuzzy such as scaling factor input
and output data, start-end point of triangular memberships function (bottom triangle) and center of memberships function (top triangle). The number of variable parameters are thirty two parameters. Figure 6 compares
the simulation results of the two controllers when the external disturbance is zero. The performance of the two
controllers is listed in Table 2. Observe that GA type-1
FLC has a noticeable overshoot and a slower convergence to the set point in comparison to GAIT2FLC.
Clearly, the GAIT2FLC has zero overshoot. It is easy to
see that GAIT2 FLC has a faster settling time than GA
type-1 FLC. However, under disturbance, the performance of the scheme shows improved results. Figure 7
shows the zoom of response of the system with a 30%
disturbance applied at t = 0.36 sec. Table 3 shows the
values of peak overshoot, settling time, IAE and ITAE
computed under this condition. At the time t = 0.36 sec,
the external torque is decreased by a step of 25% Figure
8. The system again reaches the steady state after transient period. Table 4 shows the values of peak overshoot,
settling time, IAE and ITAE computed under this condition. The illustrated figures verify that a significant improvement has been achieved using the proposed genetic
algorithm (GA) type-2 fuzzy controller.
Initially the motor is operated at the steady state. At
the time t = 0.36 sec, an increased step of 25% of initial
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Figure 7. Response of GAT1FLC & GAT2FLC on DC motor with disturbance.
Table 3. Numerical result of simulation on DC motor with
disturbance.
Controller

MP%

ts (sec)

ITAE

IAE

GAT1FLC

0.725

0.513

32.7145

21.9560

GAT2FLC

00.00

0.487

30.4870

20.4616
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Figure 8. Response of GAT1FLC & GAT2 on DC motor
sudden decrease in position.
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Figure 6. Response of T1FLC & T2FLC OF DC motor
without disturbance.
Table 2. Numerical result of genetic simulation on DC motor disturbance.
Controller

MP%

ts (sec)

tr (sec)

ITAE

IAE

GAT1FLC

21.665

0.2400

0.0550

111.2549

20.2650

GAT2FLC

00.00

0.2150

0.0950

102.1742

18.6110
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Table 4. Numerical result of simulation on DC motor with
sudden decrease in position.
Controller

ITAE

IAE

GAT1FLC

36.8605

24.7386

GAT2FLC

34.1573

22.9244

set point. As shown in Figure 9 the motor position tracks
the new set point after a transient period. Obviously, the
external torque is assumed constant. Table 5 shows the
ICA
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values of IATE and IAE under these conditions. Comparisons with the conventional fuzzy controller indicate
the improvement achieved.

ET AL.

6. Conclusions

Figure 9. Responce of GAT1FLC & GAT2FLC on DC motor sudden increased in position.

In this paper, The GAFLCT2 has been proposed for position control of DC motor. Performance of the proposed
GAFLST2 was also compared with corresponding conventional GAFLCs with respect to several indices such
as rise time, settling time, maximum peak overshoot
(MP%), integral of absolute error (IAE). and integral
time of absolute error (ITAE).
The simulated results show that, using a type-2 FLC in
real world applications can be a good option since this
type of system is a more suitable system to manage high
levels of uncertainty, as we can see in the results shown
in Tables 2-5. Simulation results indicate that the performance of the GA FLCT2 will better. That is mean the
system will sense for change the value of IAE and ITAE.
The results demonstrate that a type-2 FLC can outperform type-1 FLCs that have more robustness design parameters. The main advantage of the type-2 FLC appears
to be its ability to eliminate persistent oscillations, especially when unmodelled dynamics were introduced. This
ability to handle modeling error is particularly useful
when FLCs are tuned offline using GA and a model as
the impact of unmodelled dynamics is reduced. The significance of the work is focused to manage the uncertainty of the system. The nonlinear of the systems are big
problem therefore the one of successful methods to eliminate or reduce nonlinearity system by using fuzzy type
two. It is a good option for real time applications that
limited time is needed such as robot system.

Table 5. Numerical result of simulation on DC motor with
sudden increased in position.
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5.3. Fuzzy Type-1 & Fuzzy Type-2 with Random
Noise GA
In this section, we show in Figure 10 the simulation results for control of DC motor using both the GA type-2
fuzzy controller and the conventional fuzzy controller
when used random noise reference signal.
6

5

Position in rad.

4

3

2

Reference
GAT1FLC
GAT2FLC

1

0

-1
0

0.5

1

1.5

Time in sec.

Controller

MP%

ts (sec)

tr (sec)

ITAE

IAE

GAT1FLC

2.900

0.5020

0.0600

36.8607

24.7387

GAT2FLC

00.00

0.5450

0.0700

34.1576

22.9246

[1]

L. A. Zadeh, “Fuzzy Sets,” Information and Control, Vol.
8, No. 3, 1965, pp. 338-353.
doi:10.1016/S0019-9958(65)90241-X

[2]

J. John and R. Langari, “Fuzzy Logic Intelligence, Control and Information,” Prentic Hall, Englewood Cliffs,
1998.

[3]

P. King and E. Mamdani, “The Application of Fuzzy
Control to Industrial Process,” Automatica, Vol. 13, No. 3,
1977, pp. 235-242. doi:10.1016/0005-1098(77)90050-4

[4]

J. M. Mendel, “Rule-Based Fuzzy Logic Systems: Introduction and New Directions,” Prentice-Hall, Englewood
Cliffs, 2001.

[5]

Q. Liang and J. M. Mendel, “Interval Type-2 Fuzzy Logic
Systems: Theory and Design,” IEEE Transactions on
Fuzzy Systems, Vol. 8, No. 5, 2000, pp. 535-550.
doi:10.1109/91.873577

[6]

Q. Liang and J. M. Mendel, “MPEG VBR Video Traffic
Modelling and Classification Using Fuzzy Technique,”
IEEE Transactions on Fuzzy Systems, Vol. 9, No. 1, 2001,
pp. 183-193. doi:10.1109/91.917124

[7]

J. H. Holland, “Adaptation in Natural and Artificial Systems,” University of Michigan Press, Ann Arbor, 1975.

[8]

M. Sakawa, “Genetic Algorithms and Fuzzy M Ultiobjec-

3.5

3

Position in red.

2.5

Refeneces
GAT1FLC
GAT2FLC

2

1.5

1

0.5

0
0

0.1

0.2

0.3

0.4
0.5
0.6
Time in sec.

0.7

0.8

0.9

1

Figure 10. Response of GAT1FLC & GAT2FLC on DC
motor with random noise.
Copyright © 2013 SciRes.

ICA

M. Z. AL-FAIZ
tive Optimization,” Kluwer Academic, Boston, 1975.
[9]

A. Homaifar and E. McCormick, “Simultaneous Design
of Membership Functions and Rule Sets for Fuzzy Controllers Using Genetic Algorithms,” IEEE Transactions
on Fuzzy Systems, Vol. 3, No. 2, 1995, pp. 129-138.
doi:10.1109/91.388168

[10] N. Tutkun and D. Maden, “Determination of the PI Controller Parameters for a DC Shunt Motor Using Genetic

Copyright © 2013 SciRes.

ET AL.

113

Algorithm Method,” International Conference of Electronics and Computer Engineering, Bursa, 2-5 December
2010, pp. 330-333.
[11] X. Du and H. Ying, “Derivation and Analysis of the
Structures of the Interval Type-2 Fuzzy-PI and PD Controllers,” IEEE Transactions on Fuzzy Systems, Vol. 18,
No. 4, 2010, pp. 802-814.
doi:10.1109/TFUZZ.2010.2049022

ICA

