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Membership-function-dependent control of fuzzy systems with time-varying delays
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Abstract; To investigate the stability analysis and stabilization for T-S fuzzy systems with time-varying
delays, an augmented Lyapunov-Krasovskii function is first constructed and delay-dependent stability
criteria, combining with the free-matrix-based integral inequality, are defined in terms of linear matrix
inequalities (LMIs). Based on the state space decomposition method, some piecewise membership func-
tions, which are locally represented in terms of the convex combinations of the supremum and infimum
of some local basis functions, are employed to approximate the membership functions, some relaxed
membership-function-dependent stability results are obtained with fully consideration of the boundary in-
formation of membership functions and introduction of some slack matrices. Secondly, state feedback
controllers for the fuzzy systems with time-varying delays are presented based on the imperfect premise
matching technique, in which the membership functions and the number of fuzzy rules are allowed to be

designed freely, as a result, the flexibility of controller design is then improved. Finally three numerical
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examples are given to demonstrate the effectiveness of the proposed approaches.

Keywords: Freematrix-based integral inequality; State space decomposition; Piecewise membership

functions; Membership-function-dependent; Imperfect premise matching
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SO AR AN SRR 18 AR M L HE
FHEST SCERL 18 ], A SCHAT T /N RS eAh A
SCHT IS S A B L SCERC 19 A A8 50D, Ho L
SCHRL 19 JHEAT BN PRSP, U B AR SCHE Hh 9 7 vk
TEPRUE A B8/ NS 11 [R] B AR - st 3 ot 1 3 15
02 % P 1) (] .

R2 FEIHY p BEXT R B R K SEVFBTRE A (2=20)
Tab. 2 Maximum allowable delay Ay for different p(z=20)

ik £=0  u=0.1  u=0.5 A AR

SCRik[18] 4.42 3.42 2.02 51.5n% +9. 5n

SCHERL19] 5. 5826 4, 2044 2. 0685 209n% +8n
FH 5. 5826 4. 3763 2. 2547 114n2% +18n

B2 25 B SCHR 19 45 Hh iy BA 5 S B0 £
H AbRAR T-S BRI AR R 58 (3).
2
(0= D7 mi(x() (A () +Aux (t—h()))
i=1
(37
Hrp,

A,[_Z O}A{—l OJ
lo o9 L1

—1 0.5 —1 0
e[y a0
0 —1 0.1 —1

FRORIASE IR 1) SR S e AR R 4] 1 ZRABUM5) 1, 3
ARZSZS A B4 B H ¢ =20, 3 HEARE] Am, WK
M /NMER Amy = Am, = — 2. 9834 X 103,
Amy = Am; =2. 9834 X107,

RHNZSAA 5 SCHRLT9, 20 T3 Y70k T
) 1 XS HE L 1 S TEANRY o (B IO
H 2% SCHRPRAIE T-S ASTH I A2 I iy 22 496 (3T) Wi A
S R R SOV IS Toag o 32F T D50 W AR SC 45 s 9 285 1
TESR A ORSTE J7 TRTAS A ROPE. e 3 Fzs 24 1 =20
I TEANE Y o T g 3 1 A5 3B RAIE T-S A%
I s 722 I i 2R 48 (37) W A A 1Y) i R AR v/ I s 4
KT EIRSCHRES A9 Z5 R X B IIA S Hh SRR
PRIBSUIRORS O s o PR M DU L SCHRL 19, 20 48 iR A
EA NGRS, Horp =" RN AN TE.

x 3 AEK p B R X RS v (2=20)
Tab. 3 Maximum allowable delay Ay for different (2 =20)

Tk #=0 ©=0.1 n=1 25 A
SCERC19] 2.5932 203268 - 20902 +8n
SCHR[20] 6. 93 6. 42 2.49 6102 +14n

SEFE1 13.5728  13.2639 - 11472 +18n

B3 HESCERL21 45 i AR MR i R 5
PR % (CSTR) &4 CSTR R4 LT BA
SANHINELE Y T-S BOBIAEY (3) ik »

Rule 1: if x,(z) is 0. 8862, then

0x (1) =A82(t) +Audx(t —h (1)) +B,oult)

Rule 2 if x,(2) is 2. 7520, then

0x (1) =A,02(t) +Apdx(t —h (1)) +B,ou(t)

Rule 3; if x,(2) is 4. 7052, then

0x (1) =As0x(t) +Audx(t —h (1)) +Byou(t)
Hb, (rgsud) B — DB EAE N 00 (1) =2 (1) —
g 0x(t—h())=x(t—h(@t)) —x4,0u(t) =ul(t) —
was BLAN s RGUHEMEE LU

A _[ L4274 0.0757 J
oL —1.4189  —0.9442)
- —2.0508 0.3958}
A2: D)

L —6.4066 1.6168

A [ 45219 0.3167}
* L 262228 0.9837J°
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0 0. 25
SFeJm pRBCE SR R SCRRL 21 .
my (xy) =
1, if x, <0. 8862
x; —0. 8862

0, if xy=2.752
1—my,s if 2,<<2. 752
mo (1’2) - { .
1 BRER) lf X 22 752
ms(xy) =

JO, if 2, <2.752

X2 _2. 7520
14. 7052 —2. 7520

1, if xy=4.7052
FETHIRANUC LA , Bt T HA P BOR
FRIU L H rRAS B i il 4.
Rule 1: if 2,(2) is ¢i+ then u(r) =K x(1)
Rule 2: if 2, (2) is ¢i, then u(r) =K,x(1)
BRI il 5 1) SR R B RN T
hy Coy) = ek HEPELE N
1 +exp< —é)
KT 1. B SR 0 =20 B A9,
i=1,2,3,j =1,2 B KR ER/IME , W3 4 FR.

F4 L =208, HERE

Tab. 4 The minimum and maximum of A9; with t=20

, if 2. 752 <z, <<4. 7052

A9 I HRe/IME A9y IR KAH
AYy =—7.2807 X107 AD 11 =3. 3904 X102

A1 = —2. 6882 X102 Ad12 =1. 9769 X102

Agz = —9.2973 X102 A®2 =1.5290 X107

A9z =—2.0264 X102 A9z =4.2013 X103

Ags = —T7.7856 X102 A3 =9. 4768 X102

Ags = —1.7372X10°* ADs =1,0884 X103

B B Ay =4, 10 =0. 2,6 = 0. 35, T oE 81
2,/ ] Matlab LMIs T B4 f## 15 S 15 4 4. K,
[13.6823 —3.0428]; K, =[6.5371 —1.9753].

WHHRIE R ©(0) =[0.8 —1.6]",h(r) =
242 sin(0. 1) , 45 EAT 3] P 2 22 G 1 PR 25 meg i iy
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SE R T AR SCE TR 2 B R e A Rk,
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Fig. 1 State responses of the closed-loop system
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