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Non-fragileH .. Control for Fuzzy Neutral D elay Systan s

Feng Chunmei

(School of Electrical and Autan ation Engineering Nanjing NomalUnwersity Nanjng 210042, Chia)

Abstract In this paper the problen of non-fragile state-feedback H ,, contwller design for a chss of T— S fuzzy neutral
dehy systams is sudied Conditions for the exstence of desired contwllers are obtaned i tems of lnearmatrk nequal
ities (IM Is). On the basis of these cond iions a designm ethod is developed The given IM Is can be solved by using
M atlab IM I control toolbox The des igned nor-fragile contwller gnarantees that the chbsed-bop systan is asym ptotically
stable and satisfies a prescrbedH, perbmance for all admissible uncertainties The effectiveness of the proposed de-
sgnm ethod is demonstrated by num eral exan ples and smulaton results provided finally
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1 ) A

T- S .
i Ifw, (t) isT} and...and x, (t) is '}, Then
X¥1) = Ax (1) + Aux(t—- T) + Aux¥i— T) + Bu(1) + D,o(1), (1)
z(t) = Cx (1), (2)
x(t)= @), t€ [-TO0Li=12.r, (3)
T cx(1) ER' su(y) ER” A
w(1)€ LyfQ ) z(t)E R ;Ai Awy As By D, C;
;T ;T>0 ; ®(1) [- T 0]
(1) (2) :
X¥i) = Z;hi(x(t))[A,;x(t) + Apix(t—T)+ Aux¥i— 1)+ Bu(t) + D;»(t)], (4)
(1) = yhi(x(1))Cx (1), (s)
wgx(o) = I o) == rin ) x0 I/
g ;ui(xm)
M) W (x(t)) 20 Z:Ll,-(x(z)) > 0 hi(x(t)) 20 Zhi(x(t)) =1
s Ifx, (1) isT'% and.. and x, (t) isT"), Then
u(t) = (Ki+ AK)x(t), i= 12 (6)
, K ; AK; = EF;(t)H,; , E. H,
;Fi(t) Fi(t)Fi(t) <1 (6)
u(t) = ;hi(x(t))(Ki+ K )x (). (7)
(7) (4) (5) :
X¥1) = A (h)x (1) + An(h)x (1= T) + Au(h)x¥t-T) + D(h) o (1), (8)
z(t) = C(h)x(t). (9)
A.(h)= A(h) + B(h)K,(h),A(h) = Z;hi(x(t))Ai,B(h) = ;hi(x(t))B;,
Av(h) = Dohi(x(t) )Aus Au(h) = 2uhi(x(1))Au C(h) = Dhi(x(1))C:
D(h) = Dhi(x(1))Ds K (h) = Dihi(x(1)) (K + oK)
: (7). (a)
w(t)=0 , ; (b) y> 0 w(t) € L[Q o)
Hzeoll, < vl o)l (a) (b),
H Y,
2 FELEHR
1 (8) (9). Y> Q P>00>0 R>Q



( ) 9 1 (2009 )

[PA.(h)+A.(h)')P+Q PA,(h) PA,(h) PD(h) A.(h)'R C(h)]
* -0 0 0 Ai(h))R 0
% * - R 0 A,l(h)TR 0 <0, (10)
* * * -¥YI D(h)'R 0
k * k k — R 0
L * * * * * - I
(8) (9) H. Y
Lyapunov
Vix(1)) = x(1) Px(1) + J‘Tx(s)TQx(s)ds+ Lx?s)'kaass)d;
Vix(t)) (8)
Vx(t)) = 2¢(t) P[A (h)x(t) + Ay (h)x(t= T)+ Ay (h)x¥t— T)+ D (h)o(1)] +
x(t) Ox(t)- x(t— T) Ox(t— T) + x¥t) Rx¥t) — x¥t— T) Rxpt— T), (11)
z2(1) z(t) = Vo(y) o)+ V¥x(1)) = §(1) E(1), (12)

&0 =Lxn)'" x(1-71" xp- 7" oyl

PA.(h)+A.(h)"P+Q+C(h)'C(h) PA.(h) PAs(h) PD(h) [Ac(h)] [Ac(h)
oo « ) 0 0 | | Ay gl Avcr)]
* . -R 0 As(h)'| | Au(h)'
' ' © =vE Lo Lo
(10) Schur U< 0 (12)
2(1) " z(1) - Yo (1) o)+ Vx(1)) <O, (13)
O(t)= 0 , (13) Vix(1)) <-z(t)z(1) < 0 (8)
(8) (9) He ¥ :
J= ][z(tfzm— Yo () ()], (14)
,m> 0 , :
1< Jrz st - Pory o+ vaxn)
(13)  J<O0 lz(t) P <Y 1) 2 ()
2 Y> Q X>0Q0Y>0Z>0Q M), g >
Ql<i<r,l<j<r, >
[ Q) (A + A, )X (Au+Ay)Z D, + D, Q) X(C.+C) XH £ XH,
* -2 0 0 X(Aw+Ay) 0 0 0
g * -z 0 Z(As+Ay) 0 0 0
* * * -2’ D +D; 0 0 01 9
* * * * Q%’ 0 0 0
%k 3k % k k _ 21 0 0
k * k k k *k _ 8”1 O
_>l< k £ ES * ES ES _ 8”1
(1<i<;j<r) (15)
(7) ) (8) (9) He Y. (15)



H

©

z

Qi = AX+AX + XA,-T+ XA]-T +BM,; + BM,;+M,-TBI-T+ML-TB}.T+
2Y + §BEE; B: + §BEE; B
Q) = XA + XA/ +M; B/ +M | B + BEE, B, + §BEE, B,
o) =~ 2+ EBEE B + GBEE! B

IMI( 15) , :
Ki=MX ', i=12 ..
(ol AX A4Z D @ XC]]
£ Y 0 0 XAn O
I A ZAy; 0
£k * - ¥YI D 0
® * * * Q! 0
L 3k * * % k — L
0= AX+XA, + BM,+M, B, + Y+ ¢BEE B, + € XH, HX
O] = XA, +M, B, + &BEE; B., ) =- Z+ &B.EE, B,.
(15) Schur Aj+ A< Q1SS <o

(16)

20 2 (1) )y (x(1))As = 2uhl (x(0))Na 24 hi(x (1))l (x(1)) (Mg + As) < 0. (17)

[A.(h)X +XA.(h)' + Y A,(h)X A, (h)Z D(h) XA.(h) XC(h)"
* -Y 0 0 XA,(h)' 0
T
TI(h) = * * -Z 0 ZA,(h) 0 _
* * * - ¥I D(h) 0
%k k ES 5k _ Z 0
L k % * K * — I p
Zz_ dhi(x (1) )b (x (1)) 115 (18)
= J=
AX+XA, +BM,+M, B, +Y A, X A.Z D, XA, +M; B, XC|
* -Y 0 0 XA, 0
* £ —Z 0 ZA 0
Hﬁ - 2 Tl *
* * IS | D, 0
k %k %k 5k _ Z O
L £ k k £ £ — }
[ B.E] xH] " [xH]] [B.E]
0 0 0 0
OVE ol O «| OlFe] ©°
0 0 0 0
BiEj 0 0 BiEj
L 04 L 0 L 0 L 0
I, SA, 1Si<; 1<<r II(h) < Q diag(X ', X,
LLZ '), (10). 1 (8) (9) He (o)
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3 HUEZ S

I Ifx, (t) isT!(e g small, Then
x¥t) = Awx(t) + Aux(t—- T)+ Aux¥i— T) +Bu(i)+ D,o(¢),
z(t) = Cix(t)
2 Ifx,(t) isT2(e g big), Then
x¥t) = Aox(t) + Apx(t— T)+ Apx¥i— T) + Bou(i) + Do (¢),
z(t) = Cox(t).
[5] )

AI:[O'S _Oi,Az=[ 0.8 Ol,Ah1=[ 0.3 O.j’A“:[Oﬁ 0.2;
0.1 0.2 -0.2 0. - 05 O 0o -0.
- 0.2 0 0.5 -0 1 0 0.6 -0
O O e P PO L |
0.6 0 -0.3 0.2 0.3 0. 0.2 0.5

0. - 0.
D1=|: ﬁ,Dz:[ ﬂ,C1=[—0.2 d.cc=[-0.1 0.3, T= 3.6
0 0.2

[5].
—;, for 1 <- 1 —?, for x; <-1
= h =
ha(x(t)) —2+—1x1, for 1x IS 1 2(x(1)) _1—_19617 for 1 IS1
3 3 3 3
1 for x; > 1 0] for x> 1
(6)
0 - 0.
E, = , Er = JH =003 01,H,=L00.2 4.
0. 0.1
y=073 M atlab LM 1 IM I( 15) 2
- 36774 - 0.067 - 32057 - 3.124
K, = , K> = .
0.8234 - 2.680 1.5434 - 2.179
. , . w(t)=0Q
x(0)=L[-08 13", Fi(t) = cost F,(t)= sint
, I~ 3 ,
( ) s H°° s B
w(1) = 1/(2+ 1) Jw(z)Tw(t)dt: 1/2< oo
1.2 1T
1{ — xy(t)
......... xt)
S —u(?)
L u(t)
% 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
B 8]/t i [8] /¢
E1 AR RGN R i L& B2 £ 5O\ B e R %
Fig.1 State responses of the closed—loop system Fig.2 Responses of the control input
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[9]

lz(o)ll

9w(t)€L2[O oo) a(t) = ||C0(t) I K a(t) 4
lz(o) Il
t)=—7—"— < 0. H o
o(t) =gy, < 03 ’
HOO
0.141
_— 0.12
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_008f|
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Fig.3 Responses of the controlled output Fig4 H. performance
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