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3.SOME ADVANCED PROBLENS

3.1 Self-regulating of scaling factors on-1line

If we always change the FPID parameters on-line,it is meaningless
to compute the look-up-table off-line.We meet the problem of
large computations that must be solved for the reason of applications.

Procyk and Mamdani ([16]) have analysed the effect of the
scaling factors.We summerise some points here: Decreasing GE and
GD makes the performance measure more sensitive around the
set-point and less sensitive during rise-time.Increasing the two
parameters has the opposite effect.A low value of GC results in
slow rise-time,a larger intesrral square error and so extends the
area of poorest response but increase the region of fastest
convergence.A high value of GC decreases the region of fastesﬁ
convergence.

It is possitble to get a good response by regulating the scaling
factors on-line. Using the analysis of [161 and the idea of [21]
we may rerulate the scaling factors as follows

GD = f (E, )

GE

i

£ <E,d )

aCc = t (F,dF)

Functions f1,f2 and f3 mzy be very complex. In this primary study

we take f1 = conaotant, f2 = constant and
dE
f5(B,gy) = ko [Ef + X,

where k, and k1 are constants.Digital simulations prove thisgs’
method is very effective.

—'0048
For the process O.3s+1)2,We use fuzzy PI controller with all

10
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the same parameters as in Fig.4 but GC = 0.15|E{+ 0.2 . The response
(showed in Fig.5) is better than that when GC fixed.In Fig.5
"ye[9.9%, y.94] after t>18 and AR =127,1 and LTAE = 76.4
whereas A% = 181.2 ,ITA% = 131,7 and y&(9.6, 10.4] after t>1&

in Piv.4 when GC = 0.8 .

\/

te —— ~

8-

6 - ; _9'0'43

4:; (0.35+1)¢
] GC=0.158i+0.2  T=al

2 -
1o e ot AT T
§ i

Fig.5 The response under FPI controlling

e have seen in Fig.2 (@) that the rise-time is very long for the
=085
process TaTT)(g+z) “hen GC = 0.8 fixed.If we let GC = 0.3(E|+0.15,

then the rise-time is shortened as shown in Fig.6 .where

y€{9.95, 9.97] after t >15

Ny
117
8 -
/
6+
. —0988
p
q - (5+1)(5+2)
.
2 -/ GC=0.3{B{+0.15 T =0
_2/ 60T 180T 3007 420T gooT T
s or e et ot eer

Fig.6 The response under FPID controlling
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If a small over-shoot permitted,we can increase k, in GC =

kJB|+ k1 to shorten the rise-time and decrease /°F and ITAE.
-0.8S

For the process (351)(S+2)',if all parameters are the same with

1]

that in Fig.6 but GC O.6(EH O.1,then the over-shoot is 1 but

LfE = 180.6 and ITA®E= 52,4 .The response is shown in Fig.7 .

Ty
Moy

{6 ——

g .
L - e—O.aa
. (S+1)(3+2)
4 - | o
/ GC=C.6 1R +0.1 T =c.|
2 T)
1 ot (&oT ot e cooT b

R R | L4 . \ 0 Y .

<

Fig.7 The response under FPID controlling

3.2 Automatically generating linguistic control rules

For a particular process,using optimization techniques we can
get the optimal FPID parameters of the FPID controller.Then the
linguistic control rules are fFenerated by machine.In fact,in &ll
the former (digital simulations the FPID parameters and +hen the
linpuistic control rules are generated by machine not by
human-brain as in all publiched literature

After obtaining the control rules the operators' experiences
may be used on adjusting scaling factors and analysing those

rules with techniques as proposed in {3 [.
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4. ACCURACY CF IMPLICATION OPERATCRS

Generally,the linguistic control rules that defined a fuzzy

controller may describe the relations between input
and output (process-input-change) ¥y =(y1,y2,o--,ym)
IF x is Q; THEN y is B, , 1 Si SN .

1 2 n _ 1 2 m
where & =(di, Ryeves & ) Bi = ( @i’ Bi""’ B
are linguistic values,1 <i<XN, 1<£k<n,1<1<m .
From the N individual rules one can synthesis the
represented by a fuzzy relation:
- v ¥ v
R - R1vR2v.o-\/RN
where VW is an operator and R, is obtained from the
_ 1 . 2 ) . n 1 + 2 I + m
Ry = % Q7 & o4l NB; X BT Y. .¥By

. 4
where *,* and J\ are fuzzy operators.

2

For any input x = (x1,x yeee,X2) the output fuzzy

c =x®R

X :(X1’X2,...,Xn)

as follows.
k 1
) s o, and 6i

fuzzy controller

ith rule:

set is

where © is a composition operator.The accuracy output y is obtained

by a non-fuzzifying operator D:

y = D(C).

Kiszka,J.B. et al [9] studied 72 definitions of R when n=m=]

for a fuzzy model and obtained the best fuzzy relations R2* and

R27* defined as follows:
~ 1 If As(x) < Bs(y)
Rox(x,y) —-f\ _
s\ O otherwise.
1 If Ag(x) S B(y)

Rope (x5y) :/s\{

Bs(y) otherwise.



86
where the linguistic rules are IF x is AS THEN y is Bs y1 %8s <N.
In tre former sections our problem is one when n = 2 or 3,

m=1and N =49 or 34%. The operators used are V (mar} and A

(min):

- I. ,
R i’\{k( ANTGATE AL gy )

We denote this relation by (V, A) and define relations (Z,¢)

and (V,+) in the following way:

Z(on-l

(V,+) = 1\3/1{( Lit Lo Iy Lf(i’j,k))

where N = 3473,

We define R,, , R,q, and Lukasiewicz-like (T11]1) operator
Regy (97 for n=3 as follows:

1 If TAX)ALA(YIAL (=) S Tppy 5 4y (w)
Rl*()(,y,z,u): /\{ 1 J k f(l’37 )
0]

i,j,k otherwise.

1 If L.(x)eL.(y) L, (2)SL,, . . y(u)
?*(Y’V’ ‘1)-’* /\ 1 J k ’f(lr.]’k)

i,j,k ‘MO otherwise.

1 R
327*(,3(,3’,71,11)'-‘-"— /\

{1 If Ifi()()/\Lj(y)’\Lk(z)s I"f(i,j , k) (w)
i’j ’k

Lf(i,j,k)(u) otherwise.

(1,9,x) ()

A Lo(¥) T . (y)-I,(z2)<1
2 - Sy
R27*(X:y:71;u) { * J K
i,j,k V1

)

(i, k)(u) otherwise.
1 . '
RE*(X’Y)ZQU)‘* i/J\k (1 /\(1—11()()/\1’3(y)ALk(Z)+Lf(1,J’k)(u)))

and

B Goymm= N O A1 (0) T (1) Ty (2)

SRRl
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In order to compare the accuracy of those implication operators,
we apply them to the contrclling of a process with the same
scaling factors and same FPID parameters( i.e.,the same linguistic

control rules).

For process'?%f?§:775 we select FPID parameters Fp=0-3,Fi=O.45,

and F3=0.15 and scaling factors GD=1,GE=1.667,GH=1 and GC=0.8 .

The computation results are listed in Table 1 where
2ot Lo

A*g= 5JW(tH dt and ITAR = | t|B(t)|at .
0

Table 1
Operator ) A&E ITAR
(V,A) 199.0 68,8
(z ? . ) 11532-9 69'5
(V, ) 1811 68,6
R, 394.0 349.9
R2, 394.5 346.9
g1
27 416, 351.6
R2 413.5 334.8
27 2 .
Rg, 207.4 130.9
Rg* 204.9 113,5

From Table 1 we can classify those operators to three groups:

I: (V,/\)’(Z")’(V")

1 2
II: RS* ’RS*

2 1 2

7. pl 2
IIT: R sRox »Rogu sR50u

2%
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We may conclude that the implication obperators must be

chosen with respect to various problems but Zadeh's operrator

V-A

1]

(23

(31

(4]

5]

&)

171

is effective always.
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APP®RNDIX

45 and

Fi=0.

3,
.6 and F

=0.

p

A1 Linguistic control rules of FPID when F

7

ig

Fig

’

the rules for Fig.2

C.15,1.e.,

Fd:
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A2 Linguistic control rules of FPI when Fp=0.3 and Fi=0.45,

i.e., rules for Fig.4 and Fig.5 .
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