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APPROACH TO AN ADAPTIVE METHOD OF FUZZY CONTROL SYSTEMS

Summary. From the point of view of the control theory a great 
amount of papere on fuzzy controllers have been concerned with one- 
-level structure of the controller.

In the paper a two-level structure of fuzzy controller is being 
proposed and discussed, where, the first one consists of a fuzzy lo
gic controller and the second one has two components: an Identifi
cation Block and Fuzzy Optimizer, which makes it possible to tune 
the controller in a formal way.

1. Introduct ion

In many works on fuzzy control systems in the application area, a fuz
zy logic controller containing a set of control rules of a complex, ill- 
-defined process, forms a precise, formal description of the actions of 
a human operator, [l] , [2], [3]. From the point of view of the control 
theory a great amount of papers have been concerned with one-level struc
ture of the controller (fig. l). Because of the ease of computation, fuz
zy control algorithms are implemented mainly on real time minicomputers. 
Fuzzy control rules, their structure, the definition of basic sets of er
ror, change of error, control etc. are defined at the design 3tage of 
controller. Attempts have been made to improve such kind of algorithms, 
modifying properly the control rules discussing their influence on the 
dynamical characteristics (e.g. unit step response, rise time, damping 
factor of the process) [lj. Self-organizing, adaptive algorithms have been 
discussed, too [2 3 , [3], The way of obtaining the final proper conditions 

of a fuzzy controller is in its main idea rather heuristic.
In this paper a two-level structure of fuzzy controller is being pro

posed. The first one consists of a fuzzy logic controller, the second one 
which consists of a Fuzzy Optimizer and an Identification Block, makes it 
possible to tune the controller in a formal way. Thus the second level 
enables us to analyse the properties of the controlled process, as well.

A similar two-level structure of fuzzy controller, i.e. a self-organi
zing controller has been described by Procyk and Mamdari [33. where the 
second level consists of two blocks: a performance measure and a i n c r e m e n 

tal model, which according to assumption, is more precise than a fuzzy
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Fig. 1 . One-level structure of a fuzzy logic controller

Fig. 2. Two-level structure of a fuzzy logic controller

Fie. 3. General structure of e self-organizing controller

logic controller. When the concrete values of error and change of error 
are given, the incremental value rk+1 of control is computed a.s follows

where U k+1 denotes the value of control computed by means of maxmin 
operation of input fuzzy sets and the controller s matrix. Fuzzy sets F-k , 

Ck ' Uk+1 ’ Uk + 1 sre created by means of fuzzification [6j :
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E k - F(V

ck = F(ck >

= Ffu, „k+1 k+1

k+1 k + 1

The control rules of the controller in the form:

- if error is equal to E^
else

if change of error is equal to ,
then

control is equal to U. . ,
A

should be replaced by the following implication:

- if error is equal to E^
else

if change of error is equal to
then

control is equal to + j

Thus the replacement might be expressed as follows:
The matrix R|< + 1 of controller should contain the rule but not
the rule R'k , i.e.

R. . (S.AR!) V  R" k+1 k k k (3)

The method is an effective one, under the assumption that the incre
mental model is an adequate one, and in the case, when the input variab
les i.e. error and change of error are measurable, so that a hierarchical' 

model can be constructed in an analytical form.
Vie present the method of fuzzy process identification and the algo

rithm of generation of control rules with respect .to the performance in
dex. For further discussion we assume that all the spaces in which fuzzy 
sets of state or error, and control are defined, have a finite number of 

elements i.e.:

card ( X  ) =n 
card(U ) =m

(4)

where ^ stands for state space and denotes the control space.
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2. Identification of a fuzzy system

We take Into account a relational de3criptio n of the process:

Xk+1 “ Xk 0 U k ° R (5)

where , Xk+1 are fuzzy sets of the space of process in discrete time 
moments, is a fuzzy control and R denotes a fuzzy relation des
cribing the connections in the process

x k ,xk+i - u k e i ( m  ). R e ? (ir * * *  u )

where ?(•) denotes a family of fuzzy sets defined in the spaces X  andt) 
respectively [4 ] . 0 stands for maxmin operation. Eq (5 ) could be rewrit
ten in the following equivalent form:

m r n -1

Z *!5 ■ V  [ V (̂ 1, (yJ )A^R(xi >yj ' Ul ))| (6)
K+1 1-1 j-1 K

V = max x i 'Yj É ^ 'x2 ••••>x_ j
A = nin u^e J) -juj .u2 .. >um |

Our task is to estimate the unknown process relation, where a collection 
of "measurements" is given. Before describing the procoss idenfification 
let us introduce some useful definitions.

Def. 1 Fuzzy set X € ? (  ¡?) is called an l-normal fuzzy set if ¿1^ (x.̂  )=1.

Def. 2 i-normal and J-normal fuzzy sets X,Y e ?  ( ) are called indepen
dent if 1 /  J .

Generally fuzzy sets A 1 ,A2 ,.,.,An are called mutually independent if 

I j ^ i g / i j / . . .  ~ i n where max ¿1^ (x, ) = (x± )
x ^ X 1 1 3

Def. 3 Degree of fuzzines3 of fuzzy set X is a nonnegative real number

*v.

n

max ' 7 '>
XjtX 1=1

Def. 4 An extension of fuzzy relation G induced by the fuzzy singleton
jujJ we call a fuzzy relation Ext Ge?()f >Hj) defined as fol
lows :
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^ x t C fy'V -u) ¿xG (x.y) . u ^

0, otherwise

We discuss and identification method, baaing on an active experiment, 
so the following oq.

Y. - X. o U. o R k k l

holds. For every degenerate control .U , whero (u 1 - <J
1 i u j J  l'U 1

lection of fuzzy input and output sets is given: J

N) hi

(8 )

a col-
give 

j « 1.2,

where jXjjJ forms a family of mutually independent normal fuzzy sets. As 
a the result of identification we take a fuzzy relation R computed a 9 :

m n

u Ext[n xji@yji]
i»i 3-1

(9 )

nhare @  stands for of-operator defined as [5] :

T = xj i©^-) i 6 ̂  ( X *

def
^ T (x r ^ s 5 =

1, if ux ( x _ ) « a Y (y )
3 i • Yji s

U y  (ys ). if (x ) > ^ Y  (yg)
. ji Ji r Ji

fio)

An active experiment as defined above enables us to identify accurately 
an unknown fuzzy relation. Otherwise if identified fuzzy sets are not 
chosen as described above, having a higher value of degree of fuzziness, 
the performance index of identification expressed as the Hamming distance 

betwen R and /? has a non-zero value.

3. Generation of the rules of fuzzy logic controller

The task of generating the rules of a fuzzy logic controller might to 
stated as follows. The local performance index.of the control

0(Uk , X k ) = p H (Xop t, Xk + 1 ) +CYpH (Uo p t , (1.1)
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and a set of fuzzy sets X 1 ,X2 ,... .X*'1 (specified e.g. by the human ope
rator of a controlled process) are given.

The procedure of generating a fuzzy control U 1 for each X1 ,X2 ...,XN 
deals with the computation of the membership function in the following way 
For each X1 ,i° l,2,...,N we compute a value of the performance index 

Qix1 , U j ) for a control equal to:

,;: - N

i.e. Q(x^ ,Uj )

Thus the fuzzy control U* has a membership function:

QCx1 ,u )

. i ( u i > ■ 1  T T d hmax ,Q(X ,u. )
( 12 )

Repeating this procedure for each X'1', we generate a collection of ru
les of a fuzzy controller:

X 1^  U1

X2 ^ U 2 (13)

xN - u N

In the case v»hen u,. (u) «cT, and pi H (u) » <J , the Hamming dl-
r U opt * opt u *uiopt * opt

stance in eq. 11 is equal to:

P H < V Uopt
) . j,.U.1.".U°P.tj. (14)

max u
Uj6

The matrix of a fuzzy controller 13 formed as a logical sum of each of 
the rules i.e.

N

G = (J (X1 , U 1 ). (15)
i=l

with the membership function:

fl6)



The method described above may be generalized, if some different competi
tive criteria are discussed, i.e.:

II A III
Q (17)

with a slight modification, that G is created in a different way:

(18)

p-1 1-1

where X i p , Uip stand for i-th fuzzy set of state and control respecti-
vely discussed from the point of view of p-th criterion.

4 . Conclusions

A two-level structure of a fuzzy controller permits to identify an un

known process snd to generate the control rules analytically, minimizing 
the performance index. The fuzzy relation obtained by the Identification 
procedure might be useful for the solution of another problem as well, 
i.e. the prediction of the state of the process. The control rules gene
rated according to the method described in the paper, can form the matrix 
of a fuzzy controller and be compared with those given by a human opera
tor making it possible to try to estimate (at least approximately) the 
performance index (i.e. its general feature) using a human beinig in the 
control procedure. The structure of the controller defines also the struc
ture of the computer system and its working mode, so the optimization and 
identification may be worked out off-line and the control algorithm can 
be implemented on on-line minicomputer.
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METODA ADAPTACJI W ROZMYTYCH SYSTEMACH STEROWANIA
\

S t  r o s z c z e n i e
t

Z punktu widzenia teorii sterowania większość prac dotycząca regulato- 
rów rozmytych rozpatruje Je jako struktury jednopoziomowe. V! niniejszej 
pracy zaproponowano i przedyskutowano strukturę dwupoziomową, gdzie regu
lator rozmyty znojdujs się na pierwszym poziomie, zaś drugi,złożony z 
Bloku Identyfikacyjnego i Optymalizacyjnego, pozwala na nastrojenie regu

latora.

METO# AAAI1TA1MH B PACiin-lBMATitó CHCTEI/.AX v*nPA3JlEHH3 

P e 3 10 h e

C torkh 3peuH c re o p a a  ynpasjieKH fl Oozliiihhotbo padoT nocBameHux pacru iu B aa-  
thm pery.iHTopaM paccM aT pusaeT  ax  :;ax  OAHOyposeHHue cTpyKTyphi (n e  a e p a p x a -  
M eoK ae). B AaHHoil p a d o ie  npcjinojseno a oroBopeH o AsyxypoB9Huyio cT pyn T ypy, b 
KOio p o ii ' pacruiuBHaTuii p ery jiaT o p  H ax o ^ E ica  Ha nepsoM ypoBH e. B topo ii pery jin T op ' 
cocTOiinail a a  E jic aa  a^eiiTHipHKauaH a B a o x a  onT aM asanaa jtaeT B03H0«H0Cfh n a-  
CTpoilKH jSeryjiH Topa.


