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A New Approach to Fuzzy Control
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abotracts The cubthors wude o new appraoch to the wrtifi-
ciol dntelligest (A1) contrel, cowbining fuzzy control with the
conventionsl PID regulaticn cnd utilizing a self-optimizing
tecliilyue . Mhe reculetion strutepy of this new refulator deve-
loped Fy the aubbors, the methed of fuzzication of the vari-

inveolved—-the expressione of their wembership [unciions,

albrles imn
crd bhie woy of cn-line self-cptimizoetion of opereting pura-
meters wore described in detuil. Also, scwe results of the
cuulabic:, such ws the date wud respouse curves were glven oy
evorles, showing the excellence of our regulater.

1t 1o well Lknown thot fuzzy language is an effective wenns
Sor cxproselny buean's thought, tilms coame out weny kinds of

A - - M
fuzzy cunbreller, provided with its related artificlal intel-

ligpence (A1),
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conbrollers so for velenped to eltlier ¢ne of

Che Scldoewing bypes: non=lineor proporticnal or noen-linear D

centrellisr .

i3

some of  Lhew, which been more or less effec-—

2,5) .
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ractice, cre of the latter type

Long end Y.Z2. "ang succeeded in realizing scme kind of relation

()

between them—a simple and effective relaticn . 1lt's eacily

seern tunt, Lhis

kind ¢f relaticn implies just a PD control func-

ticen, of course, gpain with the churucterizing non-linearity of

fuzzy contrel—a valuuble properity which hus been used te cen-

veniently simulute the lLumeni's thought as well as lLids cpero-

tion sxill.,

Leverinelrss, ncne of bhe up Lo dute fuzzy cuntrcller, even

thiat one

4=

N Yo
with toe

[
v

c s
winiilze 4

N CED S VAN

e
[l

.......

seveloped by S.Z2. Long and .Z. Vang, lius been providea
o T—tunction of the cenventicnal PID cenbroller so us to
static error.
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develup o ctrutegy of fuzozy ccnubrol as follows:
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rewl value of the guonbiby bte be contrelled;y

s gob-point velues

... ...the deviution ¢f U frum Uu, or the inpub toe Uhe

fuzzy cuntrcller;
Ve ie e cutput frow the conlroeller, cr the mopnitude ol
the centrelling funevion.
. rew rind of controller, the fuzzy PID controller thus
Leer Goveldped. It holds simultuanecusly the cenventinal 11D us
vell oo tne Tuwoy contrel functleon oo 18's excellent Teulures.
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Furtherwore, it has been provided with self-optimization func-

titn=—velf-cptimizaticn of Py I, ond Kd' During the first pe-

KR

ricd of cur researcl, we mercly, however cptimize K, for the

purpcse of simplizaticn of cur desipn. Also fer this purpose,

vhiz cocrespending gusntities in eq. (1) are fuzzified mwerely to

seven groces:

=

"B (negative big), 1 (negytive melium), 13 (negu-

tive suwull}, 7B (zero), i3 (positive small), PI (positive mediuw),

I'B

(=t b P - I .
\posdtive bLig), as s0 ¢14 in poper

Mg,
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pe (X)) =sy ([X])=wg (1¥])=0

X=X
PM(IXI)=:8XPE~(-l~4&‘3)4j

O =y
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fexpE__( _._l...)il —Xs
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X

(%)) =ll

| x| =0

O x| ==,
[x] > x,
[x] >0

0< x| <x,

FX] > x4

¥

IX]

wewbership functions used in cur regulator ure as follows:

-

)



130

Lere, 4 omuy dencte wny ol the variables E, D and ¥V (we lct
— (EE - - : STy g
D = v fcr the purpose of cenvenience te deal with BaSIC 1T pro-

cromwing) . Lereover, all these expressicns do desl with the ab-
sclute value of ¥, thus subscripts used are simplified intc S
(Swall), I (Mediuw) wnd P (Bif), wncé the letter P (Positive) or
N (Wegutive) before them as renerully uﬁed may be omitted.
Cubstibubting the real porameter ©, D or Y for ¥ into (3),

we huve

#s(lEl) =,y (lE])=85(lEl)=0 | E] =0

1 0<I|E] =E,

pe(lE]) =

eXP[—( 51~ B‘f) ) |El > %,
Oy

’E"—:l—g-*)‘*'J IB| >0

k£ (1E]) =expl—(

5)4) 0< |B] <E:

)
)
L1 1B >E;

“S([Dl):’"“m(!Dl=‘“B(IDI)=0 ID| =0
1 0< |D| <D,
L g(ID]) = ]
D[{-Dy
e,{p[ (—___.,__—, 4 e
oy ) ) DI > D, (%)
#1101y = exp(~ (21 70x a5

oy ID} >0
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| |D]-D
eXp(~(=——)%) 0<|DI<D,

PI3(|I31) = '
1 ID|>D,

“s(lY‘)=""m(lYl)="B(|Y|)=U Y| =0

-1 O< | Y| £V,

v
{

ra(lY]) =

exP[*(“;Ej-)4J | Y] >Y, 6>

e:rp(-(ﬂl¥-3)4j 0< Yl =7,
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i | Y >7Ys

1u wur emulotion esperimente, the following values have been

=1, By T 0y By
B.oc o Le, 0% = 285 ¥y = 1AL, Ty = L0, Y= e, oy = 1.

‘e cn-line self-vptiwization of I was iwmplewented ~1UL &
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=5 Jp = L6 D" Ualhy By = ol
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et Cuncbion scmewhat like Q :/glE\t dt, an uceful critericn

fer the eptimization of the contrel systews. sand the method of

er-line cptinization used 1s cimiloar to the limited Depth-first
coopen Jn AL Ve pruacbise thils sdna of cptimization in wn cne-
il i< puce of bthe puramster . 68 for our design idea, it
p ne Ll sol low] NN
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/ “direction of Search
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i, 1. The metbod of limivted Depth-first search for K

“ne pereralived plunt to be cuntr@lled is eibher o 1'ct order
Gicolial elemer s LArs+l) cnly, or together with & time-lug ele-
Hnontow cerloi .y connecled between them, which been suslly re-
=3 o bhe trpical simplized model for meet technicul ther-
Loy neic pf@c@ﬁé&fﬁ(FiS- 27,

g ciwulotion experiwents were carried cut on microeccumpuber
vl L, wn eguivalent bo IRS-8u, velng prograuwmed in EASLIC T11. The
sukpl.ing rote chicosed was 1 biwe per AT = U.0L, as compured with

= lu, ur apein together witih 2= 0.C5 in our simulaticn systeim.

e e o r <
JoLnngieliv 000

yenses Of this system were cbtained for 50 set-

N,

seint ldoturbaice (l.e. storting frem U = 50% when TO = 10075, oo
well e for o S —disturbance in the interval t = 9 - 9.5. TFig. 5
and & ohow bhe rerults, with the curve-plotting rate chcosed as
CATD, i.e., 40 times the sampling rate. For reccgnition's sake
toe oriinates Snothese bwo £ip. have been repluced by ancther
deviution, and been twice doubled Lo 4E, as shown in
. o4 oond O, where the licting rabe was 50 AT, and the plotting

7

ot L A Tne inTlucnce of ér—jis:ufbance is euclily scen.
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Evidently, the results obtained, even if [rum our preliminsry an

rowsh experiments, are quile cabticfoctory:  the overshoot < U.1%

Cer the syebtem 1410s41), and << U.8% Lor a system 1/(LUs+41) ip
. - -U.U5s ' .
series witil ¢ -7

However we wure sure that, the foereruving results can be much
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nere dvproved by mems of increasing the nunber of grades of
S
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end Y oto ccme tens, as well us by meuns of carefully adjustuent o

N

» poranceters of the fuzzy conbroller. This will be just the
i J J
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furtheruecre work of the author's vezsesurch.

generalized plant

. |
E  Fuzzy PID o _
7 controller

Tle 20 Tlock dilacrem of the siwmulobtion system
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