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T-S fuzzy system based on multi-resolution analysis
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Abstract: The existing methods of fuzzy system identification hardly keep good trade-off between precision and fuzzy
meaning . One of the main reasons is that we are short of systematic and optimal structure identification methods. Thus, a novel
topology of T-S(Takagi-Sugeno) fuzzy system is constructed based on multi-resolution analysis from the view of time-frequency
domain. Then, the fuzzy membership functions are constructed by B-spline scale functions with multi-resolution characteristic; an
adaptive learning algorithm for structure identification of fuzzy system is proposed based on projection algorithm and dissimilarity
measure of fuzzy membership functions. Simulation results show the efficiency of the fuzzy system and its structure identification

algorithm.
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2 /NE S E S E X (Definition of

wavelet multi-resolution analysis)

BH—mH ¢(x) € L*(R),H{¢(x-n):n€Z}
£ Vo  L*(R) B— Riesz 5,0

P a(x): = 2624 (2% — n), k,n € Z.

He: k ARERT, AR 23R H 73U
RBEF;n HEBEHETF R TR, Z RS .

B ., (x) AL L2(R) M F=RR

Vi = closzy{$. .(x):n € Z).

MEFF v, HRIM TR

DecVacVocVic

2) clost(E)(kLeJ:Vk) = LX(R);

3) QZVk = {o};

4) f(z) € Viaf(2x) € Vi, k € Z;

5) Vier = Vi + Wi k € ZESF W, RV, XF
Vi g—Fh b ], d/hEE W (%) A Riesz #
{ ¥ L (x) t RPETR BB TR L, BN

W, = closp2x) (¥ .(x):n €Z), k € Z.
Ho v, (x): = 2"29(2% - n) B V, AR RN

Vie =+ Wea+ Wiy, KE Zs

6) f(x) € Vs f(x +2—ﬂ) €V, k€T,

B $(x) ERT —DEHERNH VI8 H
$(x) BRI RE R

BENELZSHESTEX, TS ENT
EH.

EHE1 ®f(x) € LX(R),¥x,¥e >0,3K,
518

[(2) = Zextei(x)] < € L.

iE & f(x) € LX(R),EV, ERBENA(x).

BT & .(x) & V, BEE— Riesz %, LA f,(x) =

2l pii(x). BIBHERESHRAER(), Q) TH
J lim ¥, = L(R),
B
lim| f(2) - Pei 4,0 = 0.
BT, A HERET k RRE, £, () % f(x) 38

ERERBSE. Hi, Y2, Ve>0,3K, %k>K
BARIE | () - Der b0 < e
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B BT RN, T2 H— Mg

FEIBESTEY RS RTINS .

3 BEFEOBESWNT-SEMRELE (TS
fuzzy system based on multi-resolution analy-
sis)
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TRE I PHRERY 5, I A ATELER SR8k
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RAT —ERERBENEHR IR AR HRE,

BT .

T A IR RAE, 1 (x) A A FIRIR R,

p NEMASHWEMZERENM. 1’ x c [a,a +

A], RIERBECH supp$(x) c [0,M] H #(x) = 0.

B4 supp#i, o (x) c [27%0,27%(n + M) ], W0 1 B

7. 024 suppéy, (%) N suppf, (x) = {0} B9 8, .(x)

MR :

p=2"a+M) (Ko () XRrBEEH). (1)
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Fig. 1 Scale function and scale function generated
by dilation and translation
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N HETE SRR R, K, x € A C R
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if p(f(x)) is B, scale level,then y is _ﬂ,(x)

He. p(+) MEHRFTET; B HEHRBERE N
s (p,x) B p; 3R REH L R HEAH

BZHRFH pn,p, BAHSFRBERE, A 2 Frn. HAH
B x — f(x) FESRRA N RR RBULE 3.
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B ’ = s 3
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Fig, 2 Neighboring fuzzy membership functions in time domain
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Fig. 3 Cormesponding fuzzy membership functions
in frequency domain
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BRI A 25 (B R SR R otk
4 BEF&oBEFTHNEMRGZHERE
=) % % ( Adaptive leaming algorithm of fuzzy
system based on multi-resolution)
THERBIHENET 20 BRMTRIEN R
G FIRZ AR B-HEERE RBIENE
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FORBUEA B, BT LB R T 7E RS B P A AR
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Step 0 MRIFX(O)WERERTHE.

Step 1 B T AERIRE BB & T HAE, F
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Step 3 RHE m RE/KF TR SHIED R
BB RPUE R E R, 28 m REKETH
SRR EE, B ZREKETRFHESRRE
REES B, MEHER

3 .
d( V1,V2) = E(vl,k - vz,k)z-
k=1

ﬁq:' V,- = ('vi,l’”i,z)’i = 1,2 j’ﬂﬁ*ﬂiﬁ%ﬁﬂﬁq“
DEMTEREHRORE.

Step 4 HR m < mu, MEB Step 2; FN 5
AF—3.

Step5 B D N jth WA RK) XL, R

R(supp UBL) N D = D %k, MU Step 6,5
U, LA 8 R B R TS TR B S 2
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Step 6 MMIRGIEHESBIHA.

— R SRR R ORI B K
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G T AR TEN REE SR T TR
Pt Fh I o, AT R AR RSk, AT S
BRAESE SRR
5 {AE A (Simulation example)

BT RIEACET S5 BT RS R
HLAE 2 TR E R, AR SR B
ALk Lorenz R4

dx 2
Q=Y -alx - F),
d

d—i,=xy—bxz—y+G,
dz

dt:bxy+xz—z
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8.0, = 1.0 WAGHAR x(t - 1),y(¢t - 1),2(¢
1), 8 2 (). WRBEBUE X R 2000, K ET
1000 3F Fl Fill %, /5 1000 3 B F¥iF 88 Z 5 0
RACEE D, R B B-BEARERE/E A ERRR
BB 4 MR T-SEMRE R I BALE
BRI R R R B S AZEM RSN BESR.

0.8

0.6

04

REE

05 0 05 1 15 2 25
x(@t-1)

(a) x(e-1 1M 8 R B 53 A

RIRE

357050 051 15 2 25
ye-1)
(b) y-1)yEERR BRI


http://www.cqvip.com

EEF - ETESPREINH T-S BB ARG 329

0.8

0.6

R

0.4r

0.2

S 2051050 051 15 2 25
zZ(t-1)
(©) z(-1)EMRBRE D

B4 BEFEHHRLFTH T-S ERIREEN
FR BB AR
Fig. 4 Fuzzy membership functions extracted of T-S fuzzy
system based on multi-resolution analysis
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Fg. 5 Fuzzy approaximation of T-S fuzzy system based
on multi-resolution analysis
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