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DESIGN OF THE SIMPLE CONTROL ALGORITHMS ON THE BASIS OF THE
FU7Z7Y AFPROACH

Vitedek, Antonin - The College of Mining and Metsllurgy in
Ostrava

An article describes, in brief, design of control algo-
rithms on the basis of the fuzzy approach and pays attention
to some of the significant view-points which should be used
as a starting nosition. This procedure eliminates most of
troubles arising both in the course of designing and parti-
cularly during debugging and implementation designed algo-
rithms.

1. Introduction

In spite of the enormous development of the control theo-
ry and identification methods there is still a number of
processes with the static and dynamic behaviour that doesn’t
allow to automate their control. These processes are often
successfully controlled by human operator. The fuzzy approach
as 2 basis of the design of the control algorithms is one of
the way how to automate control of these processes; here me-
thods of the design based on the deterministic resp. stocha-
stic approasch don’t bring satisfactory results.

2. Fuzzy approach

Designer of the control systems elaborates, on basis of
word description of partial control interventions of the ex-
perienced operator, linguistic control algorithm in a form
of a set of partial implications; all the variables are con-
sidered as the linguistic variables /1-3/. This stage is al-
readyv accompenied with the big problem - with a choice of
the tyne of control algorithm. Even very experienced opera-
tor doesn’t exactly know if he operates with the absolute
values or with the increments. So the choice of the inade-
auate type of the control aslgorithm cen csuse that the desi-
red quality of the control performance isn’t achieved; there

can appear instability etc. This fact sggravates correct de-
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bugging of the designed algorithm and its utilization or even
makes 1t impossible.

Tuzzy epproach leads to the non-linear deterministic con-
trol algorithms /1,3/, which can be divided similarly like
conventional algorithms into followig types:
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where u, resp. Zkui ies menipulated variable resp. its incre-
ment, e, Teap. zﬁei is control deviation resp. its increment,
R is real function, i 1is index corresponding with an instant
of sampling t;= iT, /i=0,1,2,.0../, T, is a sempling in-

terval.

Chenge in the sempling interval Tv influences integral
resp. derivative action in algorithms /1/ by the way similar
to the corresponding conventional algorithms. More complex ty-
pes of algorithms aren’t considered, as the operator isn’t
able to react continuously on more than 2 variables 73/ .

Jhoice of the suitable type of the control algorithm can
be based on adeptive properties of human operator acting in
s closed loop of the control system. After obtaining the ne-
cessary training the operator conforms himself to behaviour
»f the controlled system so that the closed loop conirol sy-
stem is stable end along with it the open loop control system
hes o charscter of the integral element /3/. On the basis of
the following table designer and operator should choose, the-
refore, the same type of the control algorithm:

CONTROLLED SYSTEM TYPE OF CONTROL ALGORITHV
static I, PI

1st order astatic P, PD /PI1/

2nd order astatic /PD/

Algorithms in parentheses can be accompanied with problems
>f stebility.

As for concretization of the partial implications /algo-
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rithm PT is considered/ in a form /1-3/:

2y e IF e, = x THEN IF Aei= x THEN Au; = x, /2/

where Rj is a partial control intervention /j = 1,2,...,N/;
™ is & number of the nartial control interventions; x 1is
2 linguistic value of the respective variable, a next big
problem arises - choice of a number of linguistic values
/e.g. P3 = positive big, AZ = gpproximately zero etc./. A num-
ber of linguistic values can differ due to the different va-
riables in the control system. As a rule 5-7 linguistic ve-
lues are used /1-3/. It seems it is due to limitation of hu-
man memory what is in the accordence with the hypothesis of
capacity of operating human memory exoressed by a number

Tx 2 /37,

After elaborating partial implications /2/ the resultant
lineuistic control algorithm cen be written in a form of a
relation /1-3/:

R = R, ELSE R, ELSE ... ELSE Ry. /3/

1 2

Linguistic values x can be quantified by fuzzy sets ex-
nressed by their membership functions lx Choice of the mem-
bership function form for the respective linguistic values
isn’t critical /3/.

The fuzzy elgorithm can be achieved from the linguistic
slgorithm by the formal transcription through min-mex compo-
sitions /1-3/. For example, as to the chosen type of the con-

trol algorithm PI /3/, the fuzzy algorithm has & form of the
“uzzy relation with membership function:

<§1R<ei, Aei, Aui) —_ mQX(dJRl, Cle,o-o’ C.IRN>’ /4/
where membership functions MR, @are given by the relation-
o » J
ships:?

g (egs Aes, Buy) = min[dux(ei)’élx(Aei)’Cux<Aui>J’ /5/
5 =1,2,00.,1.

The compositional rule of inferece is used in the cone-
ntion with the determination of the membership function of
the ectual intervention /1-3/, e.g. we can achieve from the



relstionship /4/:
I —
A ui> -

::iﬂgj min{ézx (Aei) ,mg;i: min[d“x(ei) , CuR(ei’ Aey, Aui)]}. /&/

As in the instant of sampling t; control deviation e;

end its increment zkei have tengible numeral values e o
and Aeio then:

M (Aui) = CuR(eiO’ Ae;qs Aui) . /7/

The tengible value of the menipulated intervention Z&uio
is usually determined using the relationship N-37:

e = (Auié.l(Aui)d Aug

0 8 fél (Aui)dAui

where X, is suitably chosen gain coefficient. Its value is

) /8/

close to 1 and can be determined on the basis of the experi-
mental verification of the designed algorithm, e.g. from the
requirement on control time, meximum overshooting etc.

% Zonclusion

Design of the simple control algorithm on the basis of the
fuzzy approach leads to non-linear deterministic algorithms
5f the types P, I, PD end PI. Choice of suitable type of the
control algorithm must be based on the behaviour of the con-
trolled system.

Thenks to the fuzzy approach it is possible to get quanti-
tative expression of the approximate qualitative description
»f sperator’s control action. It can serve as a basis for
the elaboration of more perfect control algorithm by conven-
tional methods.

4. References

W/ 3rsse M.,Rutherford D.A.:Fuzzy Relation in a Control Set-
ting.7ybernetes,Vol.7/78,pp.185-188

/2/ ¥ing P.J.,Yamdani E.H.:The Application of Fuzzy Control
Systems to Industrial Processes.Automatica,Vol.13/77,
Dp.235-242

/3 Titedek A.:Fuzzy Approach to Design /in Czech/.V3B 1982



