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Abstract

Recent research on the application of fuzzy set theory to the design of control systems has led to
interest in the theory of decomposition of multivariable fuzzy systems. Decomposition of multivari-
able control rules is preferable since it alleviates the complexity of the problem. However inference
error is inevitable because of its approximate nature. In this paper we define an index of applicability
which can classify whether the Gupta et. al’s method can be applied to multivariable fuzzy system or
not. We also propose a modified version of the decomposition which can reduce inference error and
improve performance of the system.
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IF X, is X;0) AND-- Xy is Xy,
THEN Y, is Ym) AND--Y,, is Y,
ALSO

IF X;is Xyy AND - Xy is Xy,
THENY, is Y,(k) AND--Yy is
ALSO

YM(k)
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0 1(H) 0 1(H) 0 1(H)




84 ) o] 7t 3

A9 9y X, X7} 25 HYw Guptas-ol A)qkat
ez e 3269 oot o

4
R, = k\=/1 { Xygy A Yo !

= [1 1 (30)
-

= [1 1 (31)
]
Y={X, o R”}/\{X2 o Rzl}=[1 1] (32)

Aol +2¢ 2327 A SAlo) eplwl 23)

48} 7t

H [l
i — XY duY
: A PEY
i -— Al d@de
. ¢ PEYU
2.5

a8 4. #8434 (crisp A1)

Fig. 4. Result of inference (crisp set).

°]21g ENOR Alo|& weloll tid} 2 87]FA4(C)

2 Fohd ohes R,
Z { /\n=1 Pxn =im y=.]l _Rl(il’ i2’j1) }
i1,42, j1

C) = = 0.5
qr X q: Xp,

(33)

oleldt AoE nAs Ll AL7FEA 47} 0.50) 22
AAGHA Aot Haol os) 7 FeAsel=
B A 237} 50%7F B vehdc}, o) AAlz A
oty Falunlez 73 22243 AARE =4
Moz vehd 28] follA = FE 037} 50%7 U o
T ek ol2@ e xbs AAl Alaw] FEA] Sk A%
T Rl F1 le] " wal ohizt oulgt akg
ol Hel Lg =% zdslo 24 249 alo] Wb A
A AoH Aol A9 EobseA Be 4 4 Uek

2. 917 Ao 2 ENORAlC|ES] £2i7t 2
Alzgle] qlEs Zu4ES APz 74T

Leltel g chdg 2] Aad Aol HEAFA4

FFH

A 32299 Fu4el A2 245 Aokl & A
ol &g 294, 133l ENOR Ao|= 2ol 44
o w712 qeh

d3t 299l oA AR5 W4 T4 22 59
o] Aok,

D8 5. QlE 7 3 4e) niv4] @4
Fig. 5. Membership function of input and output
variables,

ENOR Alo|£9] }2ist £l vt eloj =l Fa&

chg3} 2k,

IF X;is Land X»is LTHEN Y is H
IF X, is L and Xois H THEN Y is L
IF X, is H and Xy is LTHEN Y is L
IF X;is Hand X, is HTHEN Y is H (34)

A9 9 X, X5 =% Hebw 7bg @) Guptas} Al
kgt °li°l 2219 AAPa L o] 8sted g3} 7o)
33k

%%L 2= o];}_.
Y =X, o Ry A X; © Ry (35)
Ry = ki/l {Xauw Ay } (36)
Ry = k=\4/l { X0 A vew) } (37)

Max, Min % Max-Min A48 o]&3le] 2 ozl
B 5 2 2HAYE A 27} oot 2o}

[ 1.00 1.00 0.80 0.80 1.00 1.00 ]
1.00 1.00 0.80 0.80 1.00 1.00
0.80 0.80 0.80 0.80 0.80 0.80
0.80 0.80 0.80 0.80 0.80 0.80
1.00 1.00 0.80 0.80 1.00 1.00
| 1.00 1.00 0.80 0.80 1.00 1.00 |

(562)



1992?

[ 1.00 1.00 0.80 0.80 1.00 1.00 T
1.00 1.00 0.80 0.80 1.00 1.00
0.80 0.80 0.80 0.80 0.80 0.80
0.80 0.80 0.80 0.80 0.80 0.80
1.00 1.00 0.80 0.80 1.00 1.00
| 1.00 1.00 0.80 0.80 1.00 1.00 |

Y,=X, o R,=[10100800801.010] (38)
Y,=X, o R, =[1.01.00800801.01.0] (39)
Y=min{Y, Y,}

=[1.01.00800801.01.0] (40)
Aoz wawjeos F23 Ane xAFez et

W b 23 63t Rem AL EAS B Tohd o
234 o),
2
Z { n/=\1 Pxn =iny=j1 - Rl(ily iz, ]1) }
iy igdy
Cr= =0.32
G X % X Py (41)
- - Yl Ay
t g 22U
0.8 — 22} dBRYHA
2 2g

el Ay &
43

a2l 6. & A3(HA )
Fig. 6. Result of inference (fuzzzy set).

ol2g Aol A AlelFAE RastAl w2 el o
Bz 22 AAY 23] ddgate e A
oA & Balsl A FEG Adske it 2 2LAE e
v mkef # x| Ao)7] e AlelFA o] o2l £4L 7t
Ackd 24 3e gho] AlejglH oz Ak slo] oilg
A2®l S5 vERd & e HoFEc ol A
23 HE7EAS7F 0.320122 HEdH FELAL
32%7} B4 el ol2d Fxe A AotE 87
3 chil 4 S A 2Rl 2400 AFPArte 2 FAH
L Aloa ozt A FE FHHE 71
4 QS HAFEt

At W8 o]-&-3ted ENORA|E =le| &3t
< 23 Xt EAlekA) gezz 4(24)& A (

o
=]

7TH BTLRBEREE

H

{563)

#29% B# £ 7% 85
o} Zrolsl . A Yol =F H' RS FE=AA &
B gre o33 2ok

Y=X; o Xz © Rias

=/030.30.30.81.01.0] (42)

Akgt ol o8] F2slojd E3H3hE =AHez
bl o8 73 o o|2|d) Ayt 334 dusHe
4B F1A17 el Halsta] g2 Aol o)
A F23d 2Ygtelnz A47FEAS C2 00] =Hedl
ol T AlAMgtate] HF A FEA) 0%71 HE 9
v]ghet.,

— HQY Gy gy
YU

- - fd duNA ¢
28U

T2l 7. Al<kd whol o3 £ A5
Fig. 7. Result of inference by the proposed method.

oleld A%E wake ¥ w AT B 712
ol v)8) 280 37} Basold g & 4 ek

A Guptagol Wi =29 oz FollM 2-&
7] 4-9] 4] Aol 24 ARE AR FolAl
ooz Be g Ayl 4 FALLUSH
AR apste] T3 TAAQl AnYae] FHULUE
H(Py) & Al4bshed vhesh ek,

=)

O

2

o o»

2
Py >4 /__\' P, =i, y=j; — Rl(ih i2:j1) }

ipigdy "

10 (43)

A7l Prol 10012 A& ABqd FAALel A%
7} 3432k AolA WS AL gelek. olelg A2He]
A A 8712243110 /343) o] 0.0292HE AL Aol A
o Z3H shtel AAH 2oz WElAl 2344 AR
ez 2R 2EA0 AAzkae BE A
22037t 2.9%2A % Ae AE enldch ded
Ag A% Aol AL oled 5HY Axdelds
Guptast A<kat Aol 4 Fal g 2% T2l A S
g % 98e wolToh A AF Asakel Aol2A
ol whet m)2] AW A7 22 Sod @E Guptarh A
Qb WL ol g3kl o) 47} 23 5)
o) AR Aol 43T

=

=

A
+



86 Al o 3]

V.2

rhu

2 =FollAE Guptago] A ekdt AlelF3 Zaupy
o2 thil4 Hx] A 2uL Ao)st HSo) HLrpat
o} ALEs8 AS2 T AHe 7| ZR| 42
AP g A% B gy 945 3AA) I3 o
oio:i,] o= o/—oﬂ ‘;HEH ’]Z}'-,—/\}-o]-c':] zLﬁLp;]. ]?‘_
ol 3iel Slsdch. =3 ol Y petes
231 ABYR A AolFA L sl &
& o] AL 7|FEA4zke] by w$- e 2
kAl El=d] olelgl HAER] 2EZ8 o g
4% o HE G QJore zefsne s
Aol Ao 2B AE RrAAE Y N2s Aol
A B S AAskeich. Guptase] Aqksl wieg
ENOR= ol AL3ta)] AAzta 2258 7ko] o2 v
& Z29 57} W AAG AL TR L0 9
ul9} A= ZeF Bol oY el S 8o & &

A=t

2y B gv-’
Lot it do du 2 od o

L

olo
)

»% A AlA

F ¥ E(re€H)
19604 8F 148 4. 19864 28 ~
r,}]ﬁl-_,-g_ =] ;q:Lﬁ—L;q. Z-‘.o‘j(i'—fsb\].)
19894 2R 743-oiga ojshyd A=k
3 B3t B4 Al 25 19907 3
el M 1001 27 Zucista AT
k. 4 2 skp)l =m. 19894 38 ~E=] 7 uo)
8l Azlgdta) e lm A ek

st . 19914 38 ~
A kAR AlojAzs YAl FAdobe

o7 A 28l Alo], HAA ), FHAEE 5
°

£ H E(EgEH)
19454 128 28H4%. 19694 2H A
sojstm Foaet TekAl e A
+. 19784 Houston oj& A >33
3 FEAA 9 A5, 19834
iR Houston oi&r A 7|2sta} Z3haba)

3l A5 1971f15~1976fr- St
sojstm At
B, FRA ok

o}
.

i | 7(}——1—-'61- 3}
Ael, F4A53 3

o
> s

Tl el g kg w2 A 2d o Aole) HEr)FEA 4

(564)

R 4t
2 £ ¥

(1] YF. Liand C.C. Lau, “Developement of fuzzy
algorithms for servo systems,” IEEE Con.
Syst. Mag., pp. 65-71, 1989.

PJ. King and E. M. Mamdani, “The applica-
tion of fuzzy control system to industrial pro-
cesses,” Automatica, vol. 13, pp. 235-242,
1977.

E. Czogala and H.J. Zimmermann, “Some
aspects of synthesis of Probabilistic fuzzy
controllers,” Fuzzy Sets and Systems, vol. 13,
1984.

G.M. Trojan and J.B. Kiszka, “Solution of
multivariable fuzzy equations,” Fuzzy Sets
and System, vol. 23, pp. 271-279, 1987.

W. Cheng, S. Ren and T. Tsuei, “An expres-
sion for fuzzy controller,” in Fuzzy Informa-
tion and Decision Processes, North-Holland,
1982,

MM. Gupta, J.B. Kiszka and G.M. Trojan,
“Multivariable structure of fuzzy control sys-
tems,” IEEE Trans. Syst. Man, Cybern. vol.
16, no. 5, pp. 638-655, 1986.

(2]

(3]

[4]

(5]

(6]

F ¥ 2(E&E)
195548 38 1884, 19774 A7
A 2 (34D,
19844 =u|= Univ. of Texas at
Austin A7) 2 AFEFEI E9]
‘ ‘ (Z3a4 A1), 19874 ©|S Univ, of
Texas at Austin A7) & AEelF
St o1 (Fehabal). 19874 ~19894 ©]F Oklahdma
State univ. A7|3 234 198ME~A) ZHEgdn
AR zms, FIALbE wA YA 20l E, 7

Alojo] & =)

.

jagna

A
T

4324 2457

d



