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GLOBAL STABILITY OF FUZZY CONTROL SYSTEMS

LI Shao-Kuan ZHU Kun-Ping

(Department of Applied Mathematics,Dong Hua University, Shangha: 200051)
(E-mail: skli@dhu. edu. ¢n)

Abstract The global stability of fuzzy control systems is discussed using the congru-
ency transformation method. A necessary and sufficient condition of the system con-

vergence to equilibrium state with any normal initial state 1s presented.

Key words Global stability, equilibrium state, congruency transformation

1 5[5

2 EME RS RARERWEREOR, LERM T-S HAMREER B T &
B RA M 25 I SCHER (1~ 3] (LR X H AR 122 il 22 ey fe e W st e #1344k 18
R4 JE e LT A XM R AW RE L FESFESRBE, TR T RE X =Xe R
HIfaE v SCERS 82 T H T RA MWW ELE 30 ) BB B R EORB 5 M R R ETERI J7
Bes CBRL6~81A H TILAF M RER RN X =Xue R(PWI T AR ICE XT3 KA
WMIHRE N EEHENEREN, B REWRSRTWAT AR FESENLT B A
G L RRa et MM X =X RIEB RS S 1 T 2R FTEFZM X T A
RN X =X R WHAREM A5, LA H T 2R REEN TR

7%

4

WekEHEE  2000-05-09 WiEmiEBE] 2001-01-22




794

E 5 K F

i 28 #

2 FRENETHT

T2 B8 SCHR 6 AL EE

778, AR A MR RSLE W LARAR N x (k+1)=x (k) *R(p)

LG E—ERG T, AAEMRFZLTTLLER R A x(b+1)=xk)R.

TN 1. XMEBERRRE x;+D=xk)R(p), HIEALFH ENRIHIRET , x (&) P
WET RER IR E x., WFRERE G RE x(b+ 1) =x(R)-R(p) B2 RFEEN.

¥ TFEB AR x;+D)=xR) R, 5 x(OOP W N ERE X="{_a, a5, ra,}»x. =
(U, Car) s by Caz) s ooy it (an)) AR GERFERRES 2 x fIEH x.= (x1s225 000 52,) , WG TEHE

an b e .
€ HE
R™ W8T

1. MHEBEMIENIERES , EM AL x+1D)=xB) - RN TF x. W HELXMHR

Re!;iEF'

R, =

A1 Ay

X

HNTHEEEMES xk+1D)=x(R) R Z2RBENTELRG, BRITELRITIEY x. RN

EEK*HEH‘j‘%E%aZ{ﬁﬁ Xe E/]%/I\%E?ﬁ%ﬁ $1>I2>"'>In9ﬁﬁ]4§iﬂz Hﬂﬁ*ﬁﬁﬁj

AR xG+D=xR) RHFHES x. BB ENREFMZ RBREOTHRM

1 ) T:‘jéxj! Ig];

2) 'V Vij™Xjs J==2+3s%*sN}

1=i<y

3) V ?"gj;l‘]_g f=2$3!"'9ﬂ;

15 5<d

4 ) ?"11 :-:C]_-

W BT H S TR an T e 5.

T
1)~ 4

FEIE 3. Wx.= (21,225 s2,) s o 2, >, > >, , MBI HI RS x(B+1)=x(2) R

2. #RNWEIRSZME 1)~ 4)AyBINI3E R4 1, WX FE B i E BB m, R™ i JE &

).

EAEEW TGRS TFTWRST x. WEELRERE R EESME 1)~4).

11FBR.

iiﬁﬂ({l‘z‘%,&).

DA x(k+1) =x (k)R FEAE B H E N HHRE TR x., 6F x.=x, °R, Bf

L1711 sz?"zl Ve Laltnl — L1y Klfjb I1>$z>"'>$n!ﬁ ?'11,}'*-1‘1 ’ E]IE;E‘

X1l 12 V N YEY \VACLE V Lyl pp— Ty ﬁ& rlzgﬂfz;

1713 V Lol 33 Voee V Tp¥n3—aT3 fﬁ mﬂX{ﬁg » ¥ 93 }gis;

17 1n V e V ‘rerﬂ V ves V Lnlan—Tns E-lﬁ max{rln !'an? *ee ,rﬂ‘“—l!l }"""<-..-Iﬂ'

A A= b



5 Hi FHHF RMER R 2R ENE 795

R*ﬁﬁiﬁéf_—: 1 %[”%?‘U R" Llﬁfﬁﬂi Re!ﬂ‘ﬂz‘ﬁ ?’~<I-,V A {1 2ot 9?’3} r@mUFﬁg riﬂiﬂ>~riﬂ!mu
(2)_\/(?'&/\?”;@ )>-’17 ;

(3) =— V (7'(2) /\ ?'kf:ﬂ) = I;'ﬂ;

{m) — V (?’(m D A rk:‘[}) > L o

— R” qﬁﬂﬂ: R, %JE ZT?J:EH% Fim—I s EI_E
Y S Xjsy 1K ] (1)

2) HEM 1HFY R WS RBVETEM, 3 m<MItH
r§T+1) — V (ra A Tém)) — Ty

(D) 7, (2<b<n) , 18 1y =213

i—

ﬁj[ r:(:{;;[:ﬁ‘l‘ﬁgq&ﬁ:‘]: Z; o ig.

T§T+D — V (73 N\ Tém) ) =1, X Takgxk(?)gkgﬂ) ’ ﬂ 73 V ?’32;11?1 3

(m-l—l)_ V (?’ nk /\ ?’é ):xl * rnngxnﬂﬁ 'n1 Vrnz v *ee V rﬂ,ﬂ—l.—-}""rl'
WE V ru;xlﬁ 1=2535%" s,

<<

3) B RAWRELME 2), 445X (DM FETEEE L

mﬁx{?"lk o ope " !rk—l,k} g (2)
?'(&2):?’ 17 1% V Vol 2k Voeer V Vioek—1Tk—1,2 V TSy Ve Vrrm, 1<k 933“-—4:1 = X _t(l) (2)15
?',%) < Lho 1 < K (3)

r =rarP Vrars? Voo Vi ari2ia Vrarid Voo Vrare G<<k), BERX (D~ Q) H4
Hrd<az,i<k. HAAEGENMEERNEREBE n G ri"<<a, i<k, X5 R"WHT R. T

'aﬁ \ rij— Ijo j=2!39"'971. %J:Rﬁ)ﬁ%ﬁ: 1)"""’4).

1<y

A EHE A YERE I B BE G T E R IE. HEEE.

St T — AR . 5 x. &S BARWHIERN K X.= (T, T, T H X 1955
%%ETHH iﬁﬁzﬁﬁt—'%ﬁﬂﬂ’ﬂﬂﬁ&TTﬂ X ’%jb X, = (x)sX29°*" s T, ) s ﬁ':ij T Iy e >
z.. EEFX % KRS T 2GR — NN SERE, TREA x.=% - P, LH
P R EREL — RN P AT e B B MR S R, N B RF PT -P=P -P" HH{
.

FN 2. HEWHEE ABRE—RERWN . EHEP, #E P -A-P=B,HHP P HH
LSRR RE 275 T IR PN e 15 3 ) 4 S5 30 [

T 4. & x=G, 5, T HE WEIBEAME, MR RS x(k+1)=x(k) R
FEEEHENRERS THRST = WAELRMNHRE R=P -Q-P", K P FRNEKLET
WA BB SEEE, R ® - P= (21,22, yx) 2%, FH 2,.>2,>>1,,Q AT E

itk 1)~ 4)BYRERIE RE.
HEBR. 3 %, cP={(Z1sx25 " y X)X (21 >2; 2 >0 ) Hs P R ELE T IRS




796 £ zlj 1k, = ik 28 &

SR SE R, TR x(e+1)=x(k) R HEEBEHENFIEERTES x PHECT %, Hf
xXoR™ —>X%,
=xePoP'eR"P —»X%,P = X,
S (xoP)e(P'oR-P)" —> Xx,

WPTR-PHQ,HQHNMELRM 1)~ 4 ) WEM, i R=P -Q -P".
A EFE 4 HE0]15a T o 3.
T 5. BHEBEHEAERX x4+ 1D=xG) R ELENENMIERS TWREST % HX B

SABRERMAMRELSMR R SWESHE D~ OMEMEMES KSR Y.

STF R PARR A x(B+1)=x(k) >R B A P A BRI R 50, v i # bk g B A5 &
SHEREEE XIRB e I rik, B AT EM AR LRI N x(k+1)=
x(B)oR(p), HP RO AEGIEEH p HXW—PMEHHBEEIFABE x (&) -Ri<x(k)-
R(pO><x(B)°R,, R, R, HHETIF NG ER M MEMCRERE, T2 .45 ¥ 4 BRCAEN
TEH.

T 6. LAEAE P EE RLR, ISR LM 1)~ )M RS KSR,
AR ERZSE x+1D)=xR) - R(p)—ERZRBEN (HFEIRE R (2,225 y2.)°P).

3 ZEh

B T A8 FF 3R % 4 A0 B S2 9 A PR 4 0] DA 2647 B0 455 ) 2% 1Y 1% 1, T A 2= AN g B L WA
Wit EREN . B EeRRRE. A TAXAHE T RE2R/REER R WEKEA,E
S SC ZE IR B DA BN B T RO i g ikt

Z F X R

1 Kim W C et al. Stability analysis and stabilization of fuzzy state space models. Fuzzy Sets and Systems,1995,71:131
~142

2 Kim E ef a/. Numerical stability analysis of fuzzy control systems via quadratic programming and linear matrix in-
equalities. TEEE Trans. Syst. Man. Cybern, 1999, 29:333~346

3 Wang H O ef al. An approach to fuzzy control of nonlinear systems: Stability and design issues. TEEE Trans. Fuzzy
syst, 1996,4:14~23

4 Tong R M. Analysis and control of fuzzy systems using finite discrete relations. Int. J. Control, 1978,27:431~440

5 Kiszka J B et al. Energetistic stability of fuzzy dynamic systems. TEEE Trans. syst. Man. Cybern, 1985,15:783~
791

6 KESSF. HEESMNAFEREREESNT. B b #,1994,2001):1~9

7 Chen Jian-Qin et al. Analysis and synthesis of fuzzy closed-loop control systems. TEEE Trans. Man. Cybern, 1995,
25:881””888

8 Chen Jian-Qin et al. Study on stability of fuzzy closed-loop control systems. Fuzzy Sets and Systems, 1993,587:159~
168

FREE HL . RKERFNVHRFRZBR. TETRIELE HR.
KF KRERFMHBEFERM, ARG LA FEFRABAENRRTRREHE.




