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Abstract

This paper describes the application of a rough fuzzy controller to the stabilization of an inverted
pendulum using two knowledge bases (a nine-rule base and a forty-nine-rule base). In comparison with fuzzy
controllers, rough controllers work considerably faster, however, their performance may be cruder. It has been
shown that the control results obtained by means of a forty-nine-rule are more satisfactory than those obtained
from a nine-rule knowledge base.
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1. Introduction

In 1974 Mamdani published a paper describing the application of a fuzzy controller (fuzzy logic
controller) to the control of an ill-defined complex process [6].

Fuzzy controllers, synthesized from a collection of qualitative "rules of thumb”, are applicable to the
control of the processes (plants) that are mathematically difficult to understand and describe [1,2,5].

The most important advantages of fuzzy controllers are: intuitive design, reflecting the behaviour of
human operator, the fact that the model of the controlled process is not necessary (an important feature when
ill-defined processes are to be controlled), and good control quality (not worse than that of classical controllers)

The main disadvantages of fuzzy controllers are: the necessity of the acquisition and preprocessing
of the human operator’s knowledge about the controlled process, sequential search through rule bases, and time
consuming defuzzification methods [1].

The alternative approach to manipulating incomplete or imprecise information was presented by Pawlak
in 1982 as a rough set theory {7]

The idea of a rough fuzzy controller based on the notion of a rough set [7,8] was introduced in (3],
by analogy with the concept of a fuzzy controller. It can be observext that rough fuzzy controllers work faster
than fuzzy controller, although they are more crude due to the finite number of levels on which they operate.

In this paper we compare control results obtained by the use of a rough fuzzy controller, in the
stabilization of an inverted pendulum employing two knowledge bases. They are nine-rule and forty-nine rule

knowledge bases.

1 On leave of Technical University of Silesia
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2. The idea of a rough set

Below we recall the fundamental notions and notation of the rough set theory. More detailed
considerations on rough sets and their applications can be found in [8).

Let ¥ be a finite set and let R € I X U be an equivalence relation called an indiscernibility relation.
We denote by /R the family of all equivalence classes R, and [x]; denotes an equivalence class containing x
€. :

An ordered pair Az = < U,R > will be called an approximation space.

With every X € U we associate two sets defined as follows:

RX ={x€U:[xk S X} t))

RX ={x€U:[xl]NX = O}
and called the R-lower and R-upper approximations of X in A, respectively.

Set Bny(X) = RX\RX will be called the R-boundary of X in Ay.

If RX = RX , we say that X © U is R-exactly approximated in A,.
We can see that in this case we have Brg(X) = 0.
If RX # RX , we say that X & U is R-roughly approximated in Ag.

In this case we have Bny(X) # 0.
In order to express numerically how a set can be approximated using all equivalence classes of R we
will use the accuracy of approximation of X in A, (accuracy measure)

() = card RX @
f card RX
where X 0.
Below we use another measure related to cg(X) defined as
(X)) = I=o(X) Q)

and referred to as R-roughness of X,
Additional numerical characteristics of imprecision, e.g.

- the rough R-membership function of the set X (or rm-function, for short){15] defined as [15]:

card ([x], [1X)

R
ml) = ——g )

@

- a coefficient characterizing the uncertainty of membership of the element to the set with respect to
the possessed knowledge

card ([x], ﬂX) (5)

#e) = card (U)

- the quality of approximation of the family F = {X,, X,, ... X,} by R

E card(RX) (6)
- i
WP = =
and other measures are presented in [8] and [9].
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3.The mathematical model of the pendulum-car system.
The pendulum-car system, shown in Fig. 1, consists of

- a car moving along a line on two rails of limited length,

- a pendulum hinged in the car by means of ball bearings, rotating freely in the plane containing this line,

- a car driving device containing a dc motor, a dc amplifier, and a pulley-belt transmission system.

Such a system is characterized by an unstable equilibrium point in upright position of the pendulum, a
stable equilibrium point in pendant position, as well as two uncontrollable points when the pendulum is in
horizontat position. ‘

Now let us introduce a simple mathematical description of the system. Assuming that the pendulum is a
rigid body, both friction and damping forces are neglected in the system. Thus we obtain differential equations,
describing the system, by projecting respective forces on to corresponding axes. We obtain the following
differential equations describing the dynamic behaviour of the pendulum-car system:

(M+m)f—%mzé’sine+%mzécose - u ™
—l-mlicos6+lml’é+-l—mglsin6 = 0 (8)
2 3 2

Rearranging equations (7) and (8) we get:

(M +m)g tan® + L mising 67|+ u
8 - 2 ©)

—%(erm)lseca + %mlcose

The last equation is used for the stabilization of the system in two positions: upright and slightly deflected
from vertical.

5. Simulation results.
Numerical results obtained by simulating the control of the pendulum will be presented here. Block
diagram of the control system is depicted in Fig. 2.

A nine-rule and a forty-nine knowledge base were used for comparison in this experiment. The knowledge
bases were created using an ordinary fuzzy partition of input space. Each coordinate of the input space was
evenly divided into three parts or seven parts respectively.

Using the rm-functions we obtain value 1 for certain regions and 0.5 for all uncertain regions of condition
attributes (error, change in error) and a decision attribute as well.

The rough fuzzy controller used in our experiments employed sup-min as a compositional operator, min
for the *and’' connective between rule premises, max for the sentence connective 'also’.

The control objective was: a) to stabilize the pendulum in upright (180° ) position and b) to stabilize it in
a position that would be slightly deflected from vertical, i.e. 185°,

The parameters of the model were taken as follows:

M=128%kg m=02kg l=075m, g=981ms’

The initial position of the pendulum was [70" and the initial control value was 0.

The deflection angle 8 = X1, its derivative df/dr = X2, control value u = Dr and control error §,-SP, =
Err as functions of time for both types of controllers are shown in Figs. 5, 6, 7 and 8.

For the purpose of comparative study a quality index (QI) was defined as below

N

where SP, is the set point and N+ is the total number of observation points.

1405

® ELITE-Foundation, EUFIT '94
Promenade 9, D-32076 Aachen



Comparing the results of the control we see that the forty-nine-rule knowledge base operates better than
the nine-rule base. For the forty-nine-rule knowledge base the quality index amounts to 605.5 as opposed to
636.3, The occurence of the zero level of control value in corresponding time interval can be observed. In both
cases rm-functions were used.

6. Concluding remarks.

It should be pointed out that rough fuzzy controllers may perform more crudely than fuzzy logic controllers
(in view of stabilization problems). Their crude performance can be explained by the fact that they operate on
a finite number of selected levels. However, they are considerably faster than fuzzy logic controllers on account
of a simplified defuzzification procedures.
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Fig. 1. The pendulum-car system Fig. 2. Block diagram of the control system
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Fig. 3. Results of control using rough fuzzy controller (a nine-
rule knowledge base applied).
X1 = deflection angle, X2 = derivative of deflection
angle, Dr = control value, Err - control error
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Fig. 4. Results of control using rough fuzzy controller (a forty-
nine-rule knowledge base applied).
X1 = deflection angle, X2 = derivative of deflection
angle, Dr = control value, Err - control error




