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lers for complex industrial processes has appeared in seve-
sl studies in recent years. The experiences of these stu-~

dies were used in this paper to come to the simple control

algorithm which is close to the decision-making process of

a human operator.

The controlled process in this case is the raw mate-
rinl mill in a cement plant where the waste heat from the
rotary kiln is used for drying the raw material in the mill.
The output raw powder temperature is controlled via materi-
al r'eed regulation. In each next sample a feed change 4D(3+1)
is made to respond to the current temperature error 4U(t)
and to the last feed change 4D(t-%7) that correlates with
thic temperature error. This can be symbolically written

[aV&), 2D (s-2)] —= 4D (t+1) (1)

In terms of fuzzy sets the control algorithm is given by set
o1 rules

if P1 then (if P2 then P3) (2)

where Y1, P2 and P3 are statements:
1o al) is U, where U< U
2 1 4 D(t-T) is V , where Ve (3)
P3 : A D(t+1) is W , where W< W

U, Vv and & are fuzzy sets of the universes of discourse Z(,
W ona Wrespectively. u, V&ndﬂfare finite sets of elements
v ound W orespectively.
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LU AM; iy AUE=T) and 4u(t+1) be fuzzy variables
Vuswy vontooller, Cor which 1inite sets of values, i.e.
PO N ) 2 U ‘\\J ) .;.—:]...-,I; VJ, J:1,000,J; EIK, 1\'.:1,..’1)\ are
Gaede onceh individual control rule (2) of a fuzzy control-

oWl cxpiesys relation L, n=1,...,0 cver space U x WXW,.

N = 4 LD s /1. Jq
14 J_L‘\“) X VJ\IJ-) X “h(n) ()
e overaldl relation R is then formed as an union of
chicvvidual *{n ’s
= 1{’]01\';<:'U...URN =URn (5)
n
row having given this fuzzy relation and some Tuzzy
sets U and Vo repyesenting input values (the antecedents),
tit output tuzzy set can be infered, which has a membership

Juanction

M) = nax max min Z?/U’(u) Wv'(v)’(”R(u’v’W)] (6)

seczuse the input variables A?X(t) and 4D(t-T) at
encli sample are represented by numbers rather than fuzay
sets, they have to be discretized to quantified levels ue
and ve respectively. These are nonfuzzy values which infer
outnut fuzzy set W with a membership function

Gt w) = min fHy(ug) @i, ) ) ] = Aruo,v% ,w)  (7)

nna Yor all control rules (Uj(p) == Vj(n)) — Wk(n)

[l/.j'-(w) = mgx min [(”Ui(n)(u")’(”vj (n)(v")cﬂwk(n) (w)] (8)

« fuzzy set J as such cannot be used for control pur-
cose. Une nonfuzzy value we must be chosen as the control
sction fed to the process. Decision procedure used here is
Lo teke that value wg, at which the membership function is

maximum, that is we of which

CUYJ'(;..r, ) = [z {mzralx min [é/Ui(n)(u"){JVj(n)(v")(‘ka(n)(w)]} (9)



Low cssume that «ll input and output fuzzy sets are
noriel. sspecially maxcdwk(n)(w)=1 . Purther, commutativi-
t, ol the operators max and max in (9) leads to result

n
C{I”’(Wo) = mgx min Z(an(n)(u")t”Vj(n)(V")] (10)

In the case that N=I.J 1t can be seen that this expression
is equal to the expression

My (we) = minkzrm?xcﬂhi(ug), mngUVj(VO)JZ (11)

Let’s mark the fuzzy sets U; and Vj to which inputs
lg and ve respectively belong with the greatest grade of
membership as Ui, and Ve respectively. Then

Hu(we) = min /My, (ue),Mlys,(ve) / (12)

There is certain ne corresponding to a pair (ie,Je).

Then the equation (12) can be written also as

& (we) = min.Z;bﬁi(no)(uo)tﬂvj(no)(vo)t?wk(no)(Wo)J7 (13)
The value My ’(we) in (13) will be reached for such
we, foOr which<f/wk(no)(wo)=1.

Prom above results the following procedure to specify
noniuzzy control action:

T for given ue, Ve the io, je are specified, which maxi-
mize y.(uo) and C(/Vj(vo).

() according to a pair (ie, Jo) the no and Wy(pg)(w)
will be found.

L Values wo are searched for, for which Wk(n,)(We)=1.
However iif there is more than one such wg, the mean

of maxima is calculated.

Ii can be seen that this procedure is more convenient
irvom point of view of memory and algorithm than the procedu-
re according the equation (9). If can be also seen that pro-
cedure above can be easily generalized even for more than

v snoubs.



