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2 n .
By introducing the term %Tf to fuzzy (logic) controllerseand

generalizing SRC (11C}),we get & peneral form of parametric

fuzzy FID controllers,

¥ey Word Index--Computer control,fuzzy controllers,fuzzy FID
controllers,linpuistic control rules,implication operators,

self-resulating parameters.

1. INTRODUCTION

SINCE tte introducing of fuzzy (logic) controllers,there have
been many applications in various fidlds, even in industrial
processes(L8) and {17)).In the theoretical aspects there have
been also many advances({2) and 16]etc.).The control policy of
30C(116)) is one that can change with respect to the process i+
ig controlling and the enviroment it is operating in.Another vway

to change the control policy with respect to the process is that -
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proposed by 5.Z.long and P.Z.Wang ((10]) called self-regulation
controllers (SRC) that vas studied in more details by [71].

The importance of SRC liesmot only in that it can change the
control ruleson-line but also in that it is the first controller to
express the linguistic control rules by a parametric function.
Almost all the published fuzzy controllers' rules are obtained
by analysing the operators' experiences and composed’of usually
of the order 10-70 rules.There are some undefined actions so it
cannot simulate thre continuous thinking and deciding character of
human-brain.

In this psper,we consider the integral action bzced on fugzy
logic in fuzzy controllers and the possibility of generating
linguistic control rules by machine.The main topics are:

1. The feneral form of fuzzy PID controllers.

After analysing the fuzzy controllers and integral actions,ve
point out that the so-called "fuzzy PD" controllers are,in fact,

fuzzy PI controllers and fuzzy FID controllers are of the form

dF a’x . . . * R
Au = F(gg »8B, —572) which is equivalent to u = G(E, Lfdt, I -

2. DirFital simrulations for fuuzzy PID controllers.
3. Self-repsulating of parameters on-line.

4. Accuracy of implication operators.
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2.FUzzY PID CONTROLLERS

2.1 Parametric fuzzv controllers

Fuzzy controllers are defined by N individual linguistic
control rules in the following form:
IF error is o and diffrential of error is §
THEN process-input-change is Y .

whereei,ﬁ and ¥ are liguistic values,such as positive big,zero,

negetive small.

Throughout this paper we suppose error E,differential cf error
¢k

HT»,process—input-change C and other linguistic variables take
seven linguistic values:Negetive Big (NB),Negetive Medium (KM),
Negetive Small (NS),ZEBro (ZE),Positive Small (PS),Positive Medium
(PM) and Positive Big (PB).Of course,those linguistic valueg have
different meanings leponding on different variables and processes.
The seven linguistic values are denoted by L1= NB,LQ: 1,
L3= NS,L4: ZE,L5= PS,1¢= PH and L7= PB. The 5RI of 10 is
expressed in the following form:

Qu
=

|

If E is Li and is Lj THEN C is L

Qu
+

£(i,3)
where f(i,j)= <A(i-4)+(1-A)(j-4) >¢ +4,15i,5€7,0<Ah <1 and
a If a is an inteper
<ar» =
[al+sing(a) otherwise.
The parameter A may take various values with respect to various

Processes.

In the following section we will generalize the function f(i,j) to

obtain fuwzy PID contirollers,
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2.2 Fuzzy PID tontrollers
Before setting up fuzzy PID controllerslet's take a look et
the classic2l PID controller;
de)

t
u(t) = Kp-(e(t) + T%{g(t)dt-+ T g

or by difference equation
T
uln)== u(n-1) + Kp(e(n)—e(n-1)+»%§-e(n)+-ﬁ?(e(n)—?e(n—1)+e(n—2)

that is,
u(n)= u(n-1) + au

au= ¥ (e(n) e(n-1)) +-T——e(n)i”5;r(e(n) 2e(n-1)+e(n-2))

From the last equations we realize why the integral action Tlg

i
can reduce steady state error:If e(n) = e(n-1) = e(n-2) and e(n)
# O,then the next process-input-change is 4u -~ET—~e(n) that is
only the integral term acts then.

There have been some studies on how to apply an integral action
to fuzzy controller ([24]).But the main ideaS. are different from
the classical integral action as gnalysed above.

In the classical PID controller,the differential term is acted

to Au with the difference

e(n)-e(n-1) ___ e(n-1)-e(n-2)
T T

not with the differential directly.The above term juct likes the
term-g?; .

BEased on the above analysis we give the general forms of
liguistic control rules for fuzzy PI,fuzzy FD and fuzzy PID
controllers:

Fuzzy FPI controller: IF %% is & and E is B THEN C is Y.

‘ , . SR d*E . :
Fuzzy FPD controller: IF qt 1s ® and g3y is g THEN C is Y.
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Fuzzy PID controller:

4E . : 4% % . - :
IF 4% is o and B is g and g3z is & THEN C is ¢ .

wheret&,ﬁ,]’and $ are linguistic values.

Fuzzy PL and fuzzy PID controllers are different from all the
published fuzzy controllers.There have many studies on fuzay PI
céntrollengand other ways considering the integral action such as
introducing the lipuistic control rules:

I™ the error-sum ......THEN process-input-change ...... .
In fact for the process controlled we have no knowledge to
control the error-sum at any fixed point.¥hereas for all processes
we want to control the error,differential of error and the second
differential of error at zero. Pased this intuitive ideal we Qoint
out that it may be more effective to use fuzzy PID controllerg
introduced here for complex processes.

By generclizing SRM we get parametric fuzzy FPID controller (FPID):

o) azw

1w a7 is I; and ¥ is Ij and-azy is I,

WEN ig L .. i, 3 .
THRN C 18 If(l,:j,k) ’ 151,:}3}(&7

where £(i,3i,¥)=

(Fp(i—4)+Fi(j—4)+Fd(k—4) + 4 >, and <ad= TA(La> V1). The

parameters Fp,Fi and Fd are called FPID parameters.By adjustin%

those parameters we can get various linguistic control rules.
Similarly,we have FPI and FPD controllers.If we let Fp = 0.7 and

F} =0.7 then the linguistic control rules of FPI controllersare the

same with A2 of [2]:
e

MBI W e s em L TRT n e fwe B e ST e T MR TR RIS I T e i

NE NM NS ZE PS PM PB

"NB N8 NB NB NB NH NS ZE
N N8B NB NB NM NS ZE PS
& NS ' NB NB MM NS ZE PS PH

2E NB NN NS 22 PS PM PB
PSS NM NS 26 P§ PM PB PB
PP NS ZE PS PH PB PR PB
PR ZE PS PH PB PB PB FB



2.3 Simplified computation
The seven linguistic values are defined by the following fuzzy

sets on [-5,5 ).

1 If w4
L, (w)= NB(w) WL e dcweo
0 otherwise.
e lw+31 If w<=-3
§1 if -3g&ws-2

if -2<€<w <0

otherwise.

L2(w)= NM(w) =<le_|w+2[
0

e 15w
L3(w)= NS(w) ={1 it 1< we O
0 othervise .
_ N If w =0
I14("”7)_ zE(w) = {O otherwise .
Lg(w)z PS(w) = NS(-w)
Lo(w)= PM(w) = NM(-w)
I.:7(w)= PB(w) = NB(-w).

The parametric fuzzy PID (FPID) controller is defined by 73=343

jndividunal statements.The following is the computation algorithm.

dE 4*E
For a triple input Efgé.’EYf ,the output fuzzy set C is

7 7 7
ctu)= V.V \/1( Li(8)AL (e) AL (E)AL
1: =

)(U) )
j=1 k

f(i,j,k
' 2
wvhere é = g?/GD, e = E/G®R, §& =-%;%L/bﬂ3i.e.,they are scaled by

scaling factors GD,GR and GH.Non-fuzzifying decision operator is

the procedure of finding the "centre of gravity":

r

-C d
Ao £= D(C) .___.._)-su (u) du

L?(u) du
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By multiplying a scaling factor GC we get the process-input-change:

Au = Ac-GC

The above procedure can be illustrated by Fig.1 .

i ——— \"-S 4 ———;"‘(}—)I-:» e______é‘ : l M
R . } ! ~
- L_____}_-:‘@—E ___J_____ N 1 ;‘_;G?Eq:'ﬁ—’ )! \/ ( * e s 0 o 0 ) S C—M‘;i D( ‘ ) — }
I ‘——éz_ GH’{’ é >‘% l » %‘ '] l!: i , f
! ‘ T |
| ' 1
i
!
| I
|
: ' e —— g
Y S _ - Process L“H~mJL_._i%;&%Auﬁhj GC ¢ oe— N
4 | L 2 N
Fig.1 Tuzzy PID controller
It takes TX7x7x4 = 1372 times min-max operations to compute the

membership C(u) for any u by the above formula.Then it will take
very long time to compute D(C) =i§pc(u)du /SEXu)du LIt is
neccessary to simplify the computation.

Noticing that L%(y) = L6(x) = L7(y) = O whenever X£0,we have
a simplified formula for C(u).

VAV

C(u) = VvV VvV (L. (&AL, I, (8) AT . . u

i:ionE‘, k=k, 1 ) J(e)/\ k(e) f(lerk)( ) )

where i, eguals 1 or 4 with respect to & is negetive or not,i.e.,
] 51 If ééo
lo:l

4 otherwise.

jo and k, are defined similarly.

According to the new expression of C(u),it takes only 4Xx4x4x4 =

256 times min-max operations to compute C(u).
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2.4 Digital simulation results

~-0.495 e—O.BS
For processes (0.35+1)2 and'TS+1)(S+2) ,1et FPID parameters

be:

F, = 0.3, F3=0.45, Fy= 0.15
and scaling factors be:
GhD = 1, GR = 1.6A7, GH =1, GC = 0.8 .

With the above parameters the responses are sketched in Fig.2 .

4

. -0.48
¢ ! / 1 € -
o ©(0.38+1)°

¢ s T=0.1
' / -0 W8S
4 2 e
S (S+1)(5+2)
iA
/67 el et o ekl kT N

Fig.? The responses under FIID controllirng

In Fig.? yoe[9.97, 10.3] and %eL9.92, 10.08] after t>12

and t >24 respectively.
Under classical PID contolling with optimal PID parameters ([23])

Kp = (0.630517, Ti = 0.5948613, Td = 0.2370%6 the response of

~C. 45

process TF*;FTT?T is sketched in Fige.3 .
. V0

Comparing Fifr.? and Fig.3 we find that the rise-time is shorter

under FPID than that under PID controlling.Ve list the integral
SZSOT 2$°T -

square error &% = JIR(t)1*dt and ITAR = t]E(t)dt as follows:
]

[}
N?E ITAR
FPID 199.0 68.0

PID 291.¢ 236.3
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Fig.3 The response under PID controlling

In fuzzy PI controllers there is no direct rules to control

the change of %% .Then the error may increase and decrease

unregularly.This idea has been proved by digital simulations

such as in Fig.4 which sketches the response of the process

(O.3S+1)z under a

fuzzy PI controlling with the same parameters

as in the above fuzzy PID controller. In Fig.4 y e[9.6, 10.4]

after t>9.
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The response under FPI controlling

( to be continued )



