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Regional Stability Analysis of Continuous-times
Fuzzy Control Systems

LI Yong -ming, SH 1 Zhong e
(Department of Automatic Control, Northwestern Polytechnical University, Xi%an 710072, China)

Abstract: T he solution of simplified continuous—times fuzzy control systems is obtained. T he necessary
and sufficient conditions for the stability of simplified continuous-times fuzzy control systems are given.
T hese conditions unify the existing necessary or sufficient conditions for the stability of continuous—
times fuzzy control systems. The gradient-based algorithms are suggested to simplify the stability
tests, which allows a systematic approach to find stabilizing fuzzy controls.
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Ry:if x1(t) is Miand  xa(t) is M
then x (t) = Aix(t) + Biu(i)

i: 1,27 7l (1)

M ,1 su(t)
,x(t) XS R M'= My >
< M ., Mi(x) = HM.f(x.f),x =

(x1,x2, ,x0) X, Ry
Rp:if x(t) is M' then x(t) = Aix (t) + Biu(t)
i= 1,2, I (2)

X = Zw(x(t))[/lix(t) + Biu(t)] (3)
w(x(y) =

ZM](x(t))

Si= {x  X|M'(x) =M'(x),j Zi},i= 1,
27 ’l7
n 1, x S 4
o, x &S 4
1
S Si= X, SinSi=@,i=
J( ) )

() = S A1) + Bu(1)] (5)

,0
5(0) u(k) =0 ,
S(0)
x(0), (3)
14
Si, Si,, L, Si, [0,21),
[t1,82), ,[tn-1,2], (5)
x(t) = exp(Ai(t— ta-1) +
Ai_ (t-1— tn-2) + +
Ai(ta—= ) + Ait)xo (6)

7x0 Silaexp(Ailtl)xO Sil’
(0) :

1 :A(0)
, A(0) 0
2
A(0) , Vi,Vxo Si,3in, (6)
x(t)  S(O)(t> tn) t> tn LA (t-
tne1) + Ai (tn-1— tn-2) + + Ai(2— 1) + Ait

1
) V{i, ,u}<s {12, .n},k N, i
k k
,Zo;Ag : Zog: L,
Vi, =0;
2) P, i AP +
PA:< 01
3 et
So s Ao Bo
2 , u= 0
A() Qv
AOP + PAo= - (7)
Di= AP+ PA: (8)
3 (5) u= 0
:AO Qv
Vi, Vax Si,xTDix =0 , X =
0
Ao
WA V(t) = x(t) ' Px(t),

V(t)= x(t) Px(t) — x(t) Px(t) =
[ZniAx(t)] i x(t)TP[ZniAx(l):l X =

x (1) Al Px (1) + x(t) PAw(t) =

x (1) (AP + PA)x (1) = ( x(t) S
x (1) Dix (1)
V(1) =<0 , x(t)= 0
« )

R D , >
Tanaka  Sugeno ( 1
2)) D \ S x'Dix <

0 . ;
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> Stepl: Q, Q= I(
; 1 ) (7
Q 3 Step2: P (8), x'Dix,
) Q 3 ) ) ;
Di , x'Dax =<0 ,
Au( D) D , Ji = Step3: xDix =0 , (10)
n(Diy, Ji  Q Q , Jia, a,b, e
0=L'L D(= D) , Stepd: L= L - Zoo(Ji/d.), L
., G'DG , G Di , 0= L"L, Stepl
gv G Au( D) )
J= M(D)= ghDgu  AQ AJ, AD 4 FaEEH
AJ = gulDDgu,AD = A"AP + APA( g
CAQ ’ (5 ;
3 3
)
(7) '

00

P = exp(Agt)Qexp(AOt)dt

AP = [@exp(Adr) AQexp(Aot)di

ANQ = AL'L+ L"AL + AL'AL

AP = M exp(Adr) (AL'L + L"AL +

AL'AL)exp(Aot)dt
Tr(AB) = Tr(BA) = Tr(B'A™)
B) = Tr(A) + Tr(B),
AJ = ghADgu =
gu(A"AP + APA)gu =
2Tr(LWAL") + Tr(ALWAL")

Tr(A +

W
AW + WAo=— (Agugn + guguAd') (9)
Jg/a = 2LW (10)
AL = - ]/ d) (x> 0),

T T
AJ = - O(Trg‘LL%L + OTr %LW %L]

of3) {819

N =- oa+ b= b[&— a/(2b)]° - a’/(4b)

X< alb, A <0 . o=

al(2b),A] ., AL-=
o) | D ,

R if x(t) is Mithen u(t) = Kix () (11)

u(t) = ZrliKix(t) (12)
(12) (5)
x(t) = Zni[Ai+ Zr}Bin]x(t) =
Z’L[Aw BiK ] x (¢) (13)
(13) NN =zsN=1=1
(13)
(13) Ai+ BK: Ai, 3
0 P
(Ao+ BoKo)'P+ P(Ao+ BoKo) = — Q (14)

Di= (Ai+ BiK,:)TP+ P(Ai+ BiKi) (15)

4 (5) (12)
(Ao+ BoKo)
( (Ao,Bo) ) ¢
Vi,Vx Six Dix=<0 , X
=0 (Ao+ BoKo)

(Ai, Bi)
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3 Q ,
K Q P
( 3 ) (14),
Ko
D= (A+ BK)'P+ P(A + BK), J=
Xi(D), J= Au(Di)= giDgn  AK AJ,
AD
AD = (BAK)'P + P(BAK)
A = gﬂTleDgM = ZgEIAKTBTPgM =
2Tr(B " PgugnAK")
J/ X = 2B"Pgugh (16)
AK =~ o/ &) .« . N
_ @L]
= ol r aK[aK < 0, D
afa.
o> J/c, c= Tr[fK K
D ,
, K
Stepl: ,
Kiyi= 1,2, I ,
Ki)
Step2: Ko , (14)
P
Step3: P (15) D., 4
Step4: 1 2 Dix =<0 s
Ki= K- oc(a]i/ﬁKi), O
Ki, Step3
1 Ki ,
2 Kl’
5 S
1 NB,NM,ZO,PM, PB
; 2
) mi= - 10, - 5,0,5,10;0= 2

p e [— 0.5854

- 0. 029z]
0.0386 - 1.134

(=]
]

INNB NM ZO PM FB
0. 8
0. 6
Q. 4
0
1o p—y ° 5
L

1

1 [0.9174 - 0.362j

0.3985 - 5.240
|:— 5.3169 0.4730}
As=

- 05913 1.7781

10

Rui:if x1is ZO and x21is ZO then x(¢) =
Ro:if x1is NM  then x(¢) = A1x(¢)

R3:if x1is PM  then x(¢) = Aw(¢)

R4+ if x11s Z0O and x21is NB then x () = A2x(t)
Rs:if x1is ZO and x2is PB then x(¢) = A (¢)
(
(

A m(t)

Re:if x1is NB and x2is ZO then x () = A (t)
R7:if x11s PB and x2is ZO then x(¢) =
Ao= A, Q =1, (7)
0.8538 - 0.004 8

Asx (1)

D=

D> =

Ds =

- [_ 0.0048 0.440 9
(-1 0]:|
Lo -
[ 1.5627 - 0.1123
L- 0.1126 - 4.617
(- 9.0734 0. 160’;‘]
L 0.1603 1.563
,D1 , Ri,R2,R5 D>
1.564 7, - 4.619 6; D3
9.0758, 1. 5662 D2, Ds ,

%' Dx Rs, Rs: [ - 462.563 6,
0 7
-2 5
x, —4 x: 3
—& 1
—8 —1
0 5 10 0 5 10
t/s t/s
(al (b)
2
(a) =~ (b) x>
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- 245.747 2];Re, R7: [ - 908. 979 6, - 494. 571 §]

xS, aDa=0, 3
, x(0)
= (_ 8’ 7) ’ 2
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