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Abstract: In this paper the authors present the usefulness of fuzzy logic in controlling engineering processes or
applications. Although fuzzy logic does not represent a novelty for the scientific and engineering field, it enjoys a
great appreciation from those involved in the two domains. The fact that fuzzy logic uses sentences kindred with
the natural language make it easier to comprehend that a complex mathematical model required by the classic
control theory. In MatLab software there are dedicated toolboxes to this subject that make the design of a fuzzy
controller a facile one. In the paper design methods of a fuzzy controller are being presented both in Simulink
and MatLab.

1. INTRODUCTION

Every day we can observe how our daily activity becomes more dependent of
computers and electronic devices in order to control resources and processes from the real
world.

Such an example can be seen on airports all around the world, where a plane pilot
receives indications in order to land or take off safely, without the flight controller having to
look on the window.

Soft computational approaches in decision making have grown in popularity in many
fields. This is easily observed by the large number of technical papers that are published in
journals and magazines as a result of conferences in all domains of engineering, production,
science, medicine and business. Soft computational method is a fast evolving field and it
implies knowledge, technics and methods from various sources.

We have chosen this subject for our paper because soft computational methods have a

large applicability in the field of engineering and control, and also due to the fact that they are
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highly appreciated by engineers. Also there is dedicated software that gives a special attention
to these technics, such as tools and toolboxes. For example in MatLab for fuzzy logic we have

Fuzzy Logic Toolbox and for neural networks we have Neural Network Toolbox.

2. FUZZY CONTROL

Fuzzy logic controllers satisfy the same functions as conventional controllers, but they
handle more complex control problems by heuristic models and mathematics given by the
fuzzy logic, rather than mathematical models given by differential equations.

An approach for fuzzy control is a functional form of the fuzzy system, developed by
Takagi and Sugeno, where there is no need for defuzzification. This model based fuzzy
control method can be used when it is possible to describe the system’s dynamics at a local
level in adequate terms.

The main rule of the method is

Ri:1f x1 is Ay and ...and x,, is A;, thenw; = f; (x4, %2, ..., X,) (1)
for j =1,2,..,7, where x; represents the observed values of the input variables, f; are
functions and A;; forms a fuzzy partition of the input system. Considering the product of 4;;
we can express the rules in a more simple form

Ri: If xis A; thenw; = f; (X1, %3, .., X5)” )

The total output value is
u(x) = Y A4@fE) / > 4w G)
j=1 j=1

In the case of Takagi — Sugeno method each function f; is liniar.

n
f]"(xl,xZ,...,xn) =a0]- +Zaijxi (4)
i=1
Other used forms are the quadratic
n
f}'(xl,xZ,...,xn) = a()j +Zaijxi2 (5)
i=1
And the trigonometric
n
fi (X1, %2, .., X)) = €Xp Z a;; sinx; (6)

U]

When choosing ]j-(x) we must take into consideration the particularities of the

application.
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3. TAKAGI - SUGENO FUZZY CONTROLLER

In this example we will design a fuzzy controller that respects the requirements of the
Takagi — Sugeno controller. The design has been made in MatLab Simulink.

This controller has 2 inputs and an exit. First input is given by the error, error=x, and
the second is given by the time differential of the error, error dot=y. The output of the
controller is the change in the control action and not the control itself.

The fuzzy membership functions for the primary and secondary inputs are isosceles
triangular, 5 membership functions for each input. The membership function for the first entry
has its peaks at [—x, — x,/2 0 x,/2 x,]. The base of each triangle has a length of x,. The
triangular function for the second entry has its peaks at [—y, — v,/2 0 y,/2 y,]. The base of
each triangle has a length of y,. x, and y, have been set at 1. The output membership
functions are NB (negative big), NM (negative medium), Z (zero), PM (positive medium) and
PB (positive big).

The fuzzy rules are:

Ryj,i=1,..5j=1..5

Ry1:Daca x este NB si y este NB atunci z este NB (7)
Ry;:Daca x este NB si y este NM atunci z este NB

Output z is calculated according to
Z:ZWUZU/ZWU’I::1""'5;j:1""’5 (8)

w;; represents the weigh of the rule ij (minimum between the membership degree of input 1
and the membership degree of input 2). z;; is the value of z in rule jj.

Reference Point Ref Pointl

emor-dot

‘Saturation1
error_dot gain fuzzy controller based on
Sugenc-like model

Fig 1. Block diagram of the Takagi — Sugeno controller
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Fig. 2. The model of the controller
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Integrator

Fig. 3. The model of the system

Fig. 4. The output of the controller

4. CONCLUSIONS

As it can be observed in the upper graph rises linearly to the desired value, and once
this value is achieved there are fluctuations from the target, and through fuzzy control this

value is manipulated and in this way we can obtain what we want from the system.
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