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Abdtract : The stability is studied for fuzzy systems with their premise variables employing two-overlapped fuzzy
partition. For autonomous systems,the stability analys's method of continuous systemsis generalized to discrete time
systems based on the maximal overlapped-rule group ,and the f uzzy L yapunov method is applied to obtain new stability
results. By applying the nornrparalel distributed compensation law, the corresponding results are obtained for
controlled systems. The results are less conservative than existing ones. A smulation example shows the stabhility
results.

Key words: T-Sfuzzy system; Stability; Fuzzy partition; Fuzzy L yapunov method

1 L yapunov
, T-S '
(3] T-S ( TFP ) [2]
[46] ) . )
L yapunov , . [1,3,7] L yapunov ,
(7 (+3] L yapunov .
L yapunov . L yapunov L yapunov (
, L yapunov ) ,
- [2] 2 TS
(TFP) , T-S ,
T-S ’ Riliz i .
1 2005-12-09; 1 2006-05-15.
(60504013) ; (ZH2006008) ;
(06213545) .

(9729, , , , ; (1974,



22

458
If 2 (1) is B, 2 (D) is F7, P
.and z, (1) is Fy 1 S [1]
Then LyapUnOV s ’
x(t+1) = Aiji, ipX(t) + Bii, ,ipu(t) .
| (1) T2 Piji, i,
RGe (1,2, ,ny,0 {1,2, ,p}) Ay 1y Pisiz ipAiniz 1, = Paip 1, <0,
2 (I (1.2, .o} ’ . Vi, i {1,2, ,n},l {1,2, ,p}, (6
=[z,, ,z] ;x RX ‘u Rv (4) x=0 '
pitiz  ip r 1 Pisi, I = P, (6) OF
P 2 1. 2
= |E|r" (LMI)
, Sum- Product ) , LMI
p
' 1 Nip = I 2 N2 =
x(t+1) = |r1|
n P r 2
_ Zz hi, i, ip(t) (Ailiz ipX(t) + Bi,j, ipu(t)) = (Il_ll I)
=1 . TFP
Ax (1) + Bzu(t). (2) .
X, 112 {F,i=1,2, ,n}
) z TFP F z
X; = hi i, i (t) Xiyiy iy '
i =11 ZZ .p : r Zi .
v @ z, n,l  {1,2,
hii, () 20, Vi {1,2, ,n}, . P}
! 2 z(1) ,
S B R
(3a) z(1)
hii, i () =W i (t Wi i, i (t). 3
12 p() 12 p()/ilzl;l Z-Z " 12 p()
(3D) TFP 21
Wi, i, (1) itz ip , p
M = 1 ,
mo-
i ; 2°;
Wi, i () = F t)),
1 i, (1) . ll_L b (z (D)
F(z()) “z()isF” TFP . [2]
(2) T-S . :
" 1 TFP.
t+1) = h,i, i () Aii, i t).
x(t+1) - Z.z e o (0 A, i x (1)
4 Pn,m {1,2, ,M}
AI1 |£" |p PmA\iTi2 im - Pm < 0
L yapunov : : Vit'iz ip  sm,m {1,2, M}, (7)
1[6] —
sm={ m
P } (4) x =0
Ai-l;_iz i PAi i, i - P<O, ]
Vi {1,2, .n}.0 {1,2, .pt, (5 [2] 3

(4) x=0 . O



4 TS 459
1 , 1 LMI 3) Plhg im = Ppig im 3
. 2 ;
, 1 LMI Ntu = M X 4) Pip im = Pm, 3
2° = : 2(n - 1) r 1 1
|l_1| | . P | , 4
LMI LMI 2 2 3
, 1
. TFP
(*)
' L yapunov Jii2  ip iiri2 ip im
3 T'S (2),
2 TFP. : : |
Piliz ip,il {1,2, ,n},l {1, u(t) :(Z hi(z(t))Yi)(,Z hi(Z(t))G) x(t) =
2, ,p}%, Y.Gtx (1), (10)
Airig i P jm A m - Piminom <0, v G . 2 (10, (8]
Vit ip Ll jp Sm, (
m {12, .M}, (8) * Theorem 5") :
(4) x=0 3 Y, G P >
[2] 3 . k Koo
5 5 4 0,0 >0,Qi,j>1i,
" 9 Yi > Qf ik {1, .1}, (12)
2) , LMI N < M Yi+Y§ > Qb >,
, P ij,k {1, ,r}, (12)
x (2°)° = 4(r - 1),
(207 = [Jptn- D 2Q (%) (*)
LMI; K K
g | @ 20 S
3) Nu < Nn < N, , (8 (6) N ( *) ’
’ 2 2 ; Q;l[(r Q%r»l)r Zer<
4) 1 ' 2 K {1, .n. (13)
P *
3 TFP Y :[ (") J ,
Phm m AiG; + BiY; Gk + G- P
e ik {1, .n. (14)
Al im Pyp m - Phip m < 0 (10 . (2) x=0
Vit ip,jrj2  jp Sm, ) : )
m {1’2, ,M}, (9) 3 1Qi Qij 1
(4) x =0 (13) )
1 2 3 3 ,
, L yapunov 1 .
( 2 1 ). O 4 TFP.
3 3, 4 Yi,G P >0,Q >0,Qf,j>i,
p
1) LMI 2(n - 1),
|E| Yin > Qm, im,kn  Sm, (15)
1 LMI
p Y'kgjm +Y}(mim > Qiknnﬁm’
2) LMI Ne = Mx (27?2 = IE|4(I’|- jm > im, im,jm,Kkn  Sm, (16)
1) ; Wi > 0, km  So. (17)



460 22
Ri: If z(t) is Fi and (1) is B,
Vv P, (*) Then x(t + 1) = Aijx(t) + Biu(t),
imm = Ai G +Bi Y. G + GIm Pl i {1,2,3}, ] {1,2}. (25)
: = Fi ,' = 1,2,3 , =
im jm ke Sm: (18) a= | 1{2 11 = 1,232
X R,i=12,Rh, R
WPl = Yk ij &€sn Q ? ¢ }
19 ’ '
(19) 1. 15
(10 (2) X =
, Mij Rij ;
- S, S 'S
4 . 4 3 Rii, Rz, Ra, R 'S Ro1,Re2 , Ra1
’ Ra ; 7 2
1) LMI 3 , LMI
3
2 X, A
2P ,q"'krﬁ“ 2P x 2P Q , 3 F)} 1 M, M, M,
Yk Wkn : s, S5
3) 4 3 , 4 ]
3 FZI Mll MZI M3|
5 TFP. Fix) |3 -1 1 3 Iy,
Fl(xl) Fll Flz Fl3
Yi,G, m Y
PT > 0,Q™ > 0,QM" ,jm > im, 1
Yn > QM im, km  Sm, (20) ,
Y 4 Y > Qi 1 -B]
mlm + Im'm 2 Qmjm’ A = A = B ,
jm > im, im,jm,km Sm, (21) :_ 1 - 05_
_ _ 1 0
ZQ;:“’ (*) (*) An = An = .1 -o0d"
mk mk r T
m m 1
WYk = Qiil:niﬁ\ 2Qi$n >0 Aa = A2 = P )
( *) ’ L-1 - 0.5
Q. or QF1p  2Qz0 Bu = B = ,
L 'm'm 'm 'm 'm < L 13
Km Sm. (22) 5
B2z = B2 = ,
p" * (5 -
Y M= " (") , Bz = B = B} .
mm Ai G, + Bi Y, ka"'(G«m)T- Py - ZB
im i ke Sol (23) 8 4t 9,
P P B <1.76660 P < 1.79 676 <
Fim iy S 1.796 78) . [8] Theorem3  Theorem
Q . (24)
5 , B < 1.756 6B <
(10) , (2) x=0
1.76136 [ < 1.766 60. ,
' . 4 ( 8]
5 , {P,,Q", QM } (P,
e 4 5 4 Theorem 4 Theorem 5 ,
Q™+ Quin} ' Theorem 3 ).
5 B =1.79%, 4
s Yu = Yz = [- 131.3 1354],
2030.7 1032.1
, G = G2 = ,
453.5 5 633.



4 T-S 461
Ya = Y2 = [- 466.7 96.2],
o G s [2 140.3 - 1000.3] | ( References)
552.2 4 601.8 [1]
Ya = Y2 = [- 1337.4 - 1355.8], Lyapunov [3]. L2004, 30(2) :
G - G = [3634 505. j | 255260,
624 3 013. (Wang Y, Zhang Q L, Sun Z Q, et a. Anayss and
x(0) =[5 - S]T‘ (10) design of discrete fuzzy system with fuzzy Lyapunov
2 approach[J]. Acta Automatica Snica, 2004, 30 (2) :
> 255-260. )
< 3 [2] , . TS
’* 1 [3]. , 2004, 30(5) : 731-741.
3 -1 (Xiu Z H, Ren G. Stability analysis and systematic
"3 design of T-Sfuzzy control systems[J]. Acta Automatica
g 3 10 15 Sinica, 2004, 30(5) : 731-741.)
4 [3] Ding B, Sun H, Qiao Y. Stahility analysisof T-Sfuzzy
2 control systems based on parameter-dependent L yapunov
S : function[J]. Acta Automatica Snica, 2005, 31 (4) :
Yu = Yz = [- 0.0979 1.028 3], 651-654.
Gu = Go = 1.5390 O 7SZZ| ’ [4] Lee K R, Jeung E T, Park H B. Robust fuzzy Ho
-0.326 7 4.273 control for wuncertain nonlinear systems via state
Ya = Yz = [' 0.3415 0.0637], feedback: An LMI approach [J]. Fuzzy Sets and
Gi = Go = 18791 0'74751 , Systems, 2001, 120(1) : 123-134.
-0.374 6 3.4073 [5] YoneyamalJ, Masahiro N, Hitoshi K, et al. H control
Yo = Ye = [_ 0.9810 - 0.9951], for Takagi- Sugeno fuzzy systems [J]. Int J of Systems
Gi = Go = 2.658 9 0.399 j ) Science, 2001, 32(7) : 915924,
-0.4618 2.185 [6] Tanaka K, Sugeno M. Stability analyss and desgn of
x(0) =[5 - 5]T’ (10) fuzzy control systems[J]. Fuzzy Sets and Systems,
2 1992, 45(2) : 135156.
[7] Tanaka K, Hori T, Wang H O. A fuzzy Lyapunov
' Matlab 5.3 L MI approach to fuzzy control system design[C]. Proc ACC.
FEASP(LMIS, OPTIONS) , Arlington, 2001 : 4790-4795.
OPTIONS [0 100 1e9 10 O], )
[8] Guerra T M Vermeiren L. LMlkbased relaxed
nonquadratic stabilization conditions for nonlinear
6 systemsin the Takagi- Sugeno’ s form[J]. Automatica,
2004, 40(7) : 823-829.
' L yapunov [9] TeixeiraM C M, Assuncao E, Avellar R G. On relaxed
’ L MFbased design for fuzzy controllers[ C]. Proc IEEE
Fuzzy. Mebourne, 2001 : 704-707.
' [10] Ding B, Sun H, Yang P. Further studies on LMI-
’ 4 3 3 based relaxed stabilization conditions for nonlinear
( [3.9.10] ) s TEP systems in Takagi-Sugeno’ s form[J]. Automatica,

2006 , 42(3) : 503-508.



