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Mbstract

In LLiz paper, a4 now spprosch o lueey conirol for continucas nonlinear dvnamisa] systorns is divelopzed
basad on the frarewoerk of Takagh Sugend fursy mode] aad a cotnmon contraller for all the lecal modelz

ceneraled by luesilying the non‘inzar dynamical systen,

Soma theovems that zive sufticient conditions for checking the simultancous srabilization or fBizzy
onmrnl avstems via A commorn guadrat’e rapunoy Minclion have heen presented and developed; their eeratical

aspoects have also bean proved and discussed,

Desipn algoe’ hms, uslralive cxampies and praphs have been presenled Lo show aitectivensss of the

approach,

Introduction

In mzny phyzical and enginzering sysremsy,
enzingers we bindered by srom2 nonbingarity foom
aucressfi]l applicaten of linear eonien] theomy. Tn
the past bew decadzs, as the dimerest o fowey
gysems bas mcreased, researchers have conzidered
the stability analvsis of these fuzzy wsing a variey
af modeting anc conmol fancworks, One of the

ramersearks thal hove sureewed s preal dea! of

arersion 15 tne so called furzmy “lekagl Sugero L
¥ ool g irating from Tuery dearifcation [T
lakagi and M. S1zena 9855,

The: popLiarity of the T-5 model griees sl
voly foan ils steplicity, but 2lso foom the idea that
lovsl demarnics wl a4 conliosar pa, van e
representec. oy ditterent fozzy reles (linear Madels)
in T-58 rxle: Boeend resuls bave aliee showen Lhit
-5 model car bz a universal approximator of any
smcoth nonlinear Cynamic systemes (O Fanlngs
gl T Foeeatti 1994, B Ying 199§, 5[5 H.
Wang, L} Mietmann ard K. Clanaks 20007 These
razutis dilles 1o e conomnen?y held wize hat &
T-5 model has  enly  linilod  wopobilite e
represealag nonbivear syalem. Mercower, it has
Feen fownd ous that ey oonl nge: systems can ba
represeated exactly throush zecterization by 1-5

mpdels wile cnly v low mles Fron e padol of

view of avslem anabysiz, T-8 inodel are aposling
as well sinece the stability wnd  perfonnence
characteristics of the system can be analyzed sing
a [yapuners approack (K. Tanata and M Rueenn
1902, K. Taraka and M. Szno 1993 5 G Cao and
Moo e 1095 5 00 Cao WOW. Tlees and G
lerp 199s O Kanp, ) Yhao, W Werts =nd K
Cronos 100, W, Loz and b, Sueeno 14994,

11 this puper £ theorem labeled Lhcomem (1)
has meen developed, which deser’bes o duesy
contrey e that simutancoosiy  quadratizally
lonca!
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steizifize the muolti-input svitems whosz i

Alse we  discussed  the  simultanecas
guadracic stabilizak:livy ef the wnsedain mulia-inpul

f sl

luery dvoarical svstems whose i™ local mudzl
(."—". AR - Hi); ‘- that a theoron abeled
thzorem (2) has been develosed as un exlension o
thzovem (13, which deseribes o Tuzzy comroller Qe
somulaneosly  guadretically stebilize e above
unceruin rwli-input fuzzy dynamica! sysems vin s
cernmon Taapunoy [uogion VI::-C}— T Ty,
uzing 1-% fezzy model and sumable coordinates
Lramformnalion.

Alterwards a step by stes design algurithm
has heen swmprested. A praclical exacnple and
fllusttation  grapns o toe locn!  svulems  dne
prear el

(Ly Sinbility Analysis of Takagi-Supena Fuzzy
Syslems:

In this gection w2 conaider the wmlinesy
englysis of fuzmy control svetenns where the plan:
end cortoller At Clakasi-Supens ueey syslains,
The main featwe of thy lakagi-Sugena fuzey
model (1-5 is the sxpression of cxer dyuaric by a
T irnliesrion fruley. T overall Tusey odel of
the <ysrem ‘= aclieved b fuzsy intorpolacon of
these I'raar systams madels, Ws shell be eoneemed
in the atudy of the tontinoows case o7 Lhe (T-8)
fuey muodhed which has [uliowing loan, "7
Bulei:1f x {t)is 1" and »,(t3is B aral-- (0} is F,

Then x0Ty — A 2z T4 ult]

11}
whoere: TEy= [ili:t:l, !:t'i},... 4 {ﬂ] .
u'it) = [ul[t‘_r.u:(t]....:L"_{_:}]__ i=L2,. .0 and iz

the uber ol the 10-Then moles, x {1 are same
fumew  wariablzs, r ars fuzoy  scls,
#=4 5{0-B ult) Tew by i TE-Then rele
“[A LB )iz calicd the © lacal model”

Llsing  Singletwn  Seeileation,  prodost
inferener und ConlerulaGree 1y Trefizziticalien
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Lemma (3}
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Thearem {13
Considar the noclinear dynzngsical model
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the time.

(4) Matching Conditions:

The meekciing conditions are preconditions,
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uneRr iy b opeenalied oocaer ik die dynaimics,
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Theotem 2y
Conswder the nonlinear dynamica) moedel:
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1. Approximating the nonlincar omdsl by
lingsr local flizzy models (In our example
we shall use smyloen nsalication):

Rulei If x| {t)is f" ane Xy (t)is bl and- X (L) is FIE,
Then % —{A - Ayhit)+ (BB (o)
where {A AL B 1By ) is the it Local
o] whers AL A e RTTR
BB, cRM

- “ﬁil‘.g CEr1Lﬂr-0f—C‘}|}|»‘itj‘ Tae e laalion
meathiod we comnest atl lacal medels
produced by fazzification intn ong alabal
rode:

o TOeHTA A el (B B i)
A ARES s
El L ey
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whin e hl_l:k’[.l}): ------ '——. th {T} ]_[ Fil‘f I “
E, ‘I‘J{r} .

TR f: |:‘<](T:I} >l wnbemship lunction of dis
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'My M
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M« B M nd a0, be ]

5. Caleulate matrixy B sech thare the MeTix
Byp+ MM ta ostable. "= pole-
Flacemenl ™.

% Caleulal e pesitive delnile ssmeeuic
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W, Wa
W 4 T
Wy W,

whers N sl RSN s
: I : U127
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cowlere QUeWUTTTTT O w um
negative  cefinite  symemeteic  marix,
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computed fron: W, =P + W_J Wf]l‘?fz
where P=F~ 0.
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QoMW WM vGGY
ml i, i ]
\qi Q2 — "’|I A
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as 10 sanesy a3 —¥ilog q e *:h <,
wliry

N
05 = My Wy 4 Wy + 90, [ WM,
end
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11. Calerate  the lincar state  feedaack
uft] —udt)+u ) - K, + E beft)
where K, ax i oslep (31 and
K ;’ (TRY WT.

15, Ca'calare ke cemcnon Lyapuncy finetion

vix}— [La) w (T,

Example (31 Consider the dvnwmieal sysion
o] by the Bl ki cquatioon,
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