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A New Fuzzy Modeling Algorithm Considering Correlation

among Components of Input Data
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Abstract
Generally, fuzzy models have the capability of dividing input space into several subspaces.
compared to linear ones. But hitherto suggested fuzzy modeling algorithms do not iake into
consideration the correlations between components of sample input data and address them
independently of each other, which results in ineffective partition of input space. Therefore. to
solve this problem. this letter proposes a new furzy modeling algorithm which partitions the
input space more efficiently than conventional methods by taking into consideration correlations
between components of sample data. As a way to use correlation and divide the inpur space. the
method of principal component is used. Finally, the results of computer simulation are given (o

demonstrate the validity of this algorithm,

L A S olg¥T 2eid A dolye wy7ol 2w
' & melsted ol Qlolzl As o E gy vy =
A A afolel M FEAE OBAM P he method of

1965 Zadeholl olall Mors 5z} ol &{1]& o S 7 WA o robul o) &
o I W g Boblld d¥Hor $8dD Q) dlod muel 9 alE Fo|xE &)
ov 1 MlHEEE ol §3tel W AlsHE mababn ’
A oshE HA mddgel dig APy shwsl AdE T ..
31 1f3 I oo
el e olelg wwne vy 4 ooy g 1 ST (Simply Identified) HX| 2

#

principal component)[131[14

o
w39 A @correlation) & 1eist i 7 4RSS

ZYxon 2o pddsis Y43 e An A Wl AR = ST B welale )@
oo delele] 2 4rEL Me daso] Agels oA mE gelA Zhd e e el v
7383 o)5 % Y SPHow o] g Frre Takagi Sugeno RA[6]7  Sugeno-Yasukawa 2 (&)
Tg8geozAM BhasA HA fHe F7h F7helo) ol FHE AU MRS #HR Rdy wyleld ¥

$0 27 Takagi-SugenoRd g 3oy Ao o)
A arAc s EHS AAY g don 4 sd
debnjet A gol QlolME Sugeno- Yasukawa T gl
FoAA AEHE FEY S e 4Ee] 9 R
49l eruelFe we 2 oy 240 5 oA
olan) SUwdel shebele 4 e ebr

RIS
SEesimply Identined: S 2l 0msel 2 8ok 2l g
L 2l diolg g2t atas
R T L E T defet M2 wWaAlol HX 29
oo e

RS S LSS N

SP3BT )

—111—



Hojun 4% wmFol VU 44e b

o 1eu 712y LmelEsd bR o %
E

ST S <4

j=)

] A% 2 se 4ng
HstA G 4 FE 7 wgol gt wiste
A4 AR ARG o} BAH L sfdsl) 91§
3 2 (uncorrelation)®] NE & A HE g

ot

r{a

z

YOS CWe el

3. vlas 3o Y

22t ol el oy Alzdlel 49, 4 dolH
o] ¥ te] ZF A (strong correlation) A7
S o o] FAIEL zt ¥FH W5
RIfx is Al and x, ¢ is Al and -+
He2 AY FE 2¥si= A v
LagE BAATIA Eo

A 2219 QY Al 49, 1y 2o B
= ouieh go], ME tad ke comiere] 45
sl 25

R-If x; is Ay and v. s AL then -

bk sha) oo

gshe e v e 98

tlo
Hr
tio

ﬁébﬂi qE B
[:13
=

x2 t ~] x2
o I o
1O c
r a b x? I a b ox? a ) x1
(a) (b) (c)
el 22 pe @ag oy M Cpen

523 !
el % bl

t] 2 0] HPC-MEANS ¢3¢} 52 483 ol§ 72t o

A FAel &3 dold Al 1 dyel 4z we)
Mg 3sk gl Eel Y il st Be

o 13 2olay el
e o
Rolrv s boand « o 0 den

and x,, is AL then -

ez ANRE R@shs e ANY vv) fee
% % gl

x2

.

SAAM M2 L2 s

GepH B ERolME FHE 24 J1HE olgs
o 2t HA FH 249 oo X

oy 2 ez} zole A
zdy YneEg

2 o]l ojit hL‘S?} (Karhunen and Loeve®

Belet ¢eln HA ;Y oo HA RdYolA

S 9y BB HA LT A¥E B 3 2 9
A FAe +43 HE dolels 4¥ FuE Yol
7 28, Hol TR A ZWE Hgstod ¥
g U4 —M% WEs sl Andes o g
& o9x Rde oed 2o YyuE Ha "o

R If (fxy+ tioxa+ -+ f1,,x,) is B} and

and (L X, F lpoXo + o+ LX) 18 B, | n

then v' = a| + a\x; + - + a,v,,

A71M e i A A 33
of ;s AAR ZAAe WS Uelye ¢ #E
o] i=l.~-~.m°ﬂ e M2 A B9 A
orthonormal) gt} u}} A
tret & w (THNT) =12 &

ties [ f e

mutually

T = [ t) ot -

Uele gagol sl ( Is o ws) sizolth)

He olgated QY dlele]
Qe 4we glole Bae N4y 4ue S8
sddel BP. ket 2P ol 2 sholol Foft

A " Ao A sl dolE gy 4wRe

Bk A3
EUSIER ]

.o
i
k)
=N

!
2

peld ds o AA wdd wqelEe el
@ o19] gof yalslAl Aok ol the el e

dap v o b Abelell Sof bl siis UI‘J%* ot

Foancorrelation process: 2 4 31 s sk

—112—-



‘Coarse Tunlng

{"Uncorrelation’
e

| F\ne Tunlng i
- .

Performance

Cend >
Qa4 ¢ HOIE MEAY HBE
o Pwe ¥nels

32 ujat@ 3y
oM (x g, v). l<l<n ¢ n7le] AEF dlolg H¥
} zolA, g 24 HPolA ¢ N FALHEZ
Ao} Mo, AR FesEA FEl Sske 4B
doleiel 48 N, (,;N,:ma} g o

STEP 1: Hx 73 R'o disl #d de m' &
L Ea-id=

= 2 ox; (=1,-,0

1 x, 7 R
STEP 2 2 A 72 ROl sl 3% 24 92

{covariance matrix)

2;“' x,Tx,‘- m'm' =10

2 ANED 1 n%A T 0ok 4HE Addg
mxm #3 C'el DHAE ACH=4, A ) Ao
gtaba, ® 1 2Ze Wk i 4HE
th, th, -, th@Th A7 = [t G

o] HE & Ze HE ot

STEP 3: STEP 294 73 1% HElE o] &3t
A diolE ALY HHE o e Wy
g defe HA 2dE& ngq_
RIf 2 is Bl ¢ and : s B¢l ém) and

~and z, & Bu(gn. 4.0 2

then v = a, v ayx; - -

—113-

o 7| A zi= t;Tx=‘t;1x,+t}_.x3+---+tj,,,x,,, oz 4
(1 Yxske Aotk 71N zt AR #HPvEE
24 HEE dF 23 FAFolM Hai segolH
olnl AR metvEE g Al oz 2F IR

B = exp(— (224 7 2=y @
gh=t'm' (mean) 5)
¢h=V2xy A (deviation) ®)

=1+ 57+ 0 )Y, 1<y, &5 (D
ol MA Rdo Ay £4d g AMgsE 23
) A oMY Ajxdolh, v1Fe] #HaA 2 A4
vage s A5e BHAsg ¢4 N (N HE
AxdozrE HolHE 0/ FEstY HA 2
FASL 1¥ 62 o2 HA FH Fo o
Qztel MFeol HF T Zoltk HA FHel 3
Ae 2z7t g2 4+ Ut

ﬂN oo e
go ir e

o

a8 5 HA gael Fo g %

R': If (-0.9480x,—0.3182x,) is B} and (0.3132v,--0.9480x,) is B}
then y' = 3.910624 - 0.362504 x, -~ 0.245329x,
RS 7 (- 0.9647x, +0.2632x,) is B} and (- 1.2632x,—0.9647x,) &5 BY
then v = T.044374— 052047, - 1.311219x,
R I (-0.9386x, ~0.3150x,) & B} and (0,350, - 0.9386x,) is By

then v' = {.341276 - 1. 344543 x; - 0.066644 x2

slxel WAR stebplEE B = exp(~(Z 2 by

¢
ol 4 13 ¥k



EoLOHA @@ Mg detojed
Table 1. Premise parameters of fuzzy model

81 b | P b
R -3w7sn 0006 1 1823514 1 22308 1
R’-' 3216351 1.397517 7 Wtr)i.“)S)‘JO(il 1.235303
R -3117508 0611325 3206018 1677119

L3om - 50y

0.0087542 4] Sugeno-Yasukawa =99 0.079, SI 3
2 249 001972 B $582 ¢ ¢+ UG

V. dE

® egddE JlEel A4 nael gAEE A
S Y BV BUL AEHOE &7 Us w4
FAEe Qs 9 #0e rEse M2e W
Aol WA £UY YnAFE AAsATh ¥ =L
Age Edez SHA U el HEHAA,
NEe ge dudzols A8 v ¥ oz 4z
g}

{1l L. A. Zadeh, "“Fuzzyv Algorithm,” Information
and Control, vol. 12. pp.94-102, 1968.

2] J. C. Bezdek, "Editonal: Fuzzy Models - What
Are They, and Why 7 [EEE Trans. Fuzzy
Systems, vol. 1, No. 1. pp. 1-6, Feb. 1993.

[3] J. C. Bezdek and S. K. Pal. Fuzzy Models For
Pattern Recognition: \ethods that Search for
Structures in Data, /£FEF Press.

[4} R. M. Tong, "The Evaluation of Fuzzy Models
Derived From Experimental Data,” Fuzzy Sets
and Systems, vol. 1. pp.1-12, 1980.

[5] W. Pedrvcz, "An ldentification  Algorithm in
Fuzzv  Relational Syvstems” Fuzzy Sets and
Svstems. vol. 13 pp ih70 167, 1984,

6] T. Takagi and M >ovenn "Fuzzy fdentification

of Svstems and 0 appdiatens to modelng

and conwrol,”  [EEE Lrans, Systems Man

Cybernet, vol. 15, No. 1 . ppl16-132, 1985

[7] K. Tanaka and M. Sugeno. “Stability Analvsis
and design of fuzzyv control svstems,” Fuszy
Sets and Systems. vol. . 136-156, 1992

(8 M.
Fuzzy-Logic-Based Approach to Qualitative
Modeling”, IEEE Trans. Fuzzy Systems, Vol
I, No. 1, pp 7-31, Feb. 1993,

[9} E. T. Kim, M. K. Park. S. H. Ji and M. Park,
"A New Approach to Fuzzy Modeling,” IEEE

Sugeno u«nd T.  Yasukawa, A

Trans. Fuzzy Svstems (To appear)

(10] Hewl, 2wy P59 vl "2 #He
Hzx wdad” gt Wi FEI=E, A 329,
BH, A 28, pp. 199-207

[11] Sam-Kit Sin and Rui J. P. deFigueiredo, "Fuzzy
Svstem Design Through Fuzzy Clustering and
Optimal Predefuzzification.” “nd [EEE Int’l Conf
on Fuzz.y Systems. San francisco, Calif,, 1993,
pp.190-195. '

[12] Li-Xin Wang, Adaptive Fuzzy Svstems and
Control:  Design and  Stability  Analysis,
Prentice~Hall International. Inc. pp. 83-99

[13} H. Hotelling,
Statistical Variables mto Principal Components,
" J. Educ. Psychol. vol.2\ pp. 417-441, 498-520

F1.4} K. Karhunen, “Uber Lincare Methoden in der

“Analysis of a Complex of

Wahrscheinlichkettsrechnung.”  Ann Acad. Sci.
Fennicae, Ser. A137.¢ Iranslated by I Selin in
“On Linear Methods m Probabibility Theory.”
T-131, 1960, The RAND Corp., Santa Monica,
Calif.)

K.Astrom and B.Wittenmark,
Addison Wesley, 19=3.

[16] B. Widrow, S. Steamns,

{15

Adaptive Control,

Adaptive  Signal

Processing. Prentice -Hall

—114—



