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Abstract: This paper investigates the problem of passive delayed static output
feedback control for a class of fuzzy systems. The system is described by a state-
space Takagi-Sugeno (T-S) fuzzy model with additive delays and interval parameter
uncertainties. The aim is to design a fuzzy delayed static output feedback controller
which ensures the closed-loop system is passive for all admissible uncertainties. In
terms of linear matrix inequalities, a delay-dependent condition for the solvability of
the above passive control problem is presented. A simulation example is provided to
illustrate the effectiveness of the proposed design approach.
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1 Introduction

It is known that Takagi-Sugeno (T-S) fuzzy model, which is described by IF-THEN rules,
provides an effective way to represent complex nonlinear systems in terms of fuzzy sets
linear sub-systems [I],[13]. Time delays are commonly encountered in various engineering
systems. Considerable attention has been paid to the stability analysis and synthesis
for T-S fuzzy systems with time delays [12] [16], these results can be classified into two
categories, namely, delay independent and delay dependent results. In most of these
works, the state vector has a single delay. In this paper, we consider a class of T-S
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fuzzy systems with additive time-varying delays with totally different properties. Such a
system model is suitable in the analysis of networked control systems [11].

Recently, passive control has attracted lots of attention among control community
[9.T4]. For example, some results on passive control for T-S fuzzy systems were obtained
for discrete- and continuous-time systems in [I] and [7], respectively. However, many
papers deal with state feedback controllers. In practical applications, state variables
may not be measured for many nonlinear systems. So it is meaningful to control a
system via output feedback controllers; static output feedback control strategy is simple
in controller structures, compared with dynamic output feedback control strategy. The
problem of static output feedback controller design for discrete-time T-S fuzzy systems
was considered in [2] [3], while for continuous-time T-S fuzzy systems, the static output
feedback controller design problem was investigated in [4]. Tt is worth mentioning that,
the delayed feedback control approach has attracted much attention over the past several
years [§]. One can get rid of the need for explicitly determining any information about
the underlying dynamics other than the period of the desired orbit, by using time delay
in the feedback loop [0, [[0]. However, to the best of our knowledge, the problem of
passive delayed static output feedback control for continuous-time T-S fuzzy systems
with interval parameter uncertainties and additive delays has not been solved.

In this paper, we consider the passive delayed static output feedback control problem
for a class of fuzzy systems with uncertain parameters and delays. The purpose is to
design a full-order fuzzy delayed static output feedback controller such that the resulting
closed-loop system is passive irrespective of the parameter uncertainties. A sufficient
condition for the solvability of this problem is proposed and an explicit expression of a
desired static output feedback controller is also given.

Notation: Throughout this paper, for real symmetric matrices X and Y, the notation
X > Y (respectively, X > Y) means that the matrix X — Y is positive semidefinite
(respectively, positive definite). I and 0 denote the identity and the zero matrix with
appropriate dimensions. * is used as an ellipsis for terms induced by symmetry. Matrices,
if not explicitly stated, are assumed to have compatible dimensions. Sym(X) denotes
the expression X + X 7.

2 Main Results

The Takagi-Sugeno (T-S) fuzzy dynamic model is described by fuzzy IF-THEN rules,
which locally represent linear input-output relations of nonlinear systems. A continuous-
time T-S fuzzy model with additive delays and interval parameter uncertainties can be
described by

Plant Rule i: IF s1(¢) is p41 and ... and sp(¢) is pp, THEN

(t) i (t) + Agiz(t — 11(t) — 72(t)) + Biu(t) + Drw(t), (1)
y(t) = Ciz(), (2)
2(t) = Ejz(t) + Dojw(t) + Eyu(t), (3)
x(t) = qﬁ(t) Vi € [-T12,0], i=1,2,...,7, (4)

where p1;; is the fuzzy set and r is the number of IF-THEN rules; s1(t), ..., sp(t) are the
premise variables. Throughout this paper, it is assumed that the premise variables do
not depend on control variables; z(t) € R™ is the state; u(t) € R™ is the control input;
y(t) € R® is the measured output; z(t) € R? is the controlled output; w(t) € R? is the
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noise signal; 7(t) is the time delays in state either constant or time varying satisfying
0<7(t) <7, 0<7(t) <d;, i=1,2, where 7; and d; are constants. For simplicity, set

Tig = T1 + T2, dia = di + da.

Forall 1 < p,¢g < n,1 <k < np with 4; = [a¥], A, = [@, Ay = [ahd], Ay =

K2

[ahl], B, = b ", B; = [Bfk], we define the following interval uncertain matrix sets:
Ai = Ala]nxn @i <af? <@ 1<p,q<n},
Ai = ([0 uen €30 < ¥ <1< prg <),
Bi = 0w 0 <WF<B 1 <p<n 1 <k <np),
and let A; € A;, Ag; € Agi, B; € B;, fori=1,2,...,r
Now, let
1 — 1 — 1 —
Ao = §(Ai +Ai), AA; = 5(141 —A,), Adgoi = §(Adi + Aai),
1 — 1 — 1
AAy = §(Adi —Ag), Boi = §(§1 + Bi), AB; = §(Bi - B,;)
Then A;, Ag4; and B; in () can be rewritten as
A = Avi+ Y epl|oh el Adi = Adoi + Z ep|ght | eq
P,q=1 P,q=1
n np .
B; = BOi+ZZ€p 9, | €k
p=1k=1

n rq| T ‘
where Zp,q:1 €p |9ai €q> Zp a=16p 903, ] € qa and Zp 1 2ok2y €p

terval parameter uncertainties; e, e, € R™ and e, € R™? are the column vectors with

gb ‘ ez denote the in-

pth, gth, kth element to be 1 and others to be 0; ga , ght., and gbpi]c are variant parameters
Fl< Ab? * respectively.

satisfying ‘gg;?’ < Aa?? ‘ggq ‘ < Adf,

Then the final output of the fuzzy system is inferred as follows:

a(t) = Zh 2(t) + Agix(t — 1 (t) = 72(t)) + Biu(t) + Duw(t)],  (5)
y(t) = Zhi(S(t))[Ciw(t)], (6)

2(t) = Zh z(t) + Dzw(t) + Eviu(t)], (7)

where

Ms(t) = s m(s(0) = [T (0,

=

s(t) = [s1(t) s2(t) - sp(®)];
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in which p;;(s;(t)) is the grade of membership of s;(¢) in p;;. Then, it can be seen that

hi(st)) > 0, i=1,---,r

Zhi(s(t)) = 1, Vvt (8)

Now, by the parallel distributed compensation, we consider the following full-order fuzzy
delayed static output feedback controller for the fuzzy system (B)—(T7):

u(t) = 3 h(s() Koyt = 7, ©)

where K is matrix to be determined later and 7 is a given scalar.
From (B)—(7) and (@), the closed-loop system can be obtained as

Bt) = DY hi(s(t)hy(s(t)hi(s(t)[Aix(t) + BiK;Cra(t — 7)

i=1j=11=1
—I—Adil'(t —T1 (t) — Tg(t)) + Dliw(t)], (10)
2(t) = D DD hi(s@®)hy(s(t)[Eix(t) + By K;Cra(t — 7) + Dgaw(t)]. (11)
i=1j=11=1

As a performance measure for T-S fuzzy system ([I0)—(I]), the definition of passivity is
as follows:

Definition 2.1 [5] The system (I0)—(II)) is called passive if there exists a scalar v > 0
such that

2/0 wt)Tz(t)dt > 'y/o w(s)Tw(s)ds (12)

for all ¢ > 0 and for all solutions of (I0)-(I]) with xy = 0, where v is some constant
which depends on the initial condition of the system.

2.1 Passivity analysis

We first give the following results which will be used in the proof of our main results.

Lemma 2.1 [15] Given matrices X = XT, D, Z and R = RT > 0 of appropriate
dimensions, we have

X+DFZ+2"FI'DT <0
for all F satisfying F*F < R if and only if there exists a scalar € > 0 such that

X+eDDT + 71 2TRZ < 0.

Theorem 2.1 Consider the closed-loop fuzzy system in (@)-(7) with interval pa-
rameter uncertainties and additive delays. Suppose that the controller gain matrices
in (@) are known. Given positive scalars v, di, dia, T1, T2 and Ti2, if there ex-
ist matrices P > 0, @ > 0, R; > 0, Z; > 0, M; > 0, S, and positive scalars
€lijpqs €2ijpqs E€3ijpqr €4ijpqs E5ijpks €6ijpk f07“ p,q = 1, e, and k = 1, ...,np, such
that the following linear matriz inequalities (LMIs) hold:
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\Ijiil < 0; i,lil,...,T, (13>
Ui+ Pu < 0,1<i<jyj<nrl=1,...,m (14)
My < Zp, k=1,2,3, (15)
where
Qiji Q. Q. ARQ. APQ. AQ,
* _Qalij — Qg2ij 0 0 0 0
W, g = * * 7Q€5ijB 0 0 0
K * B3 * 79631"]' 0 0 ’
* * * * —Qe4ij 0
* * * * * —Qc6ijB
- pq’ T pq T
Qij = Do+ [(EliquAai + €3ijpg) Wequ Weqt + (€2ijpg A%, + €4ijpg) WegaWeq2
p,q=1
n npg k2
+ Z (55ijpkA€i + Eﬁijpk) W Wek1,
p=1k=1
Weql - [ 6’5 01,(m+3)n } 5 Wekl = [ Ol,n eszCl 01,(m+2)n } 5
Weq2 = [ 01,3n eg Ol,mn ] 7Qs = [ Svel Sen } 3
Qe = [ élST énST } , épS = [ 017mn €ZST 01,377/ } ’
C g Eniji1 0 0
~ e
Se = P 5 Q nij — . 5
P L 0(m+3)n,1 e * ’ 0
* * Enijnn
€mijin 0 0 Yotiji  Bo02ij1 24
Qemijp = * 0 y @oiji = * Yoz X5 |,
L * * Emijnnp * * _26
[Qaoi SBowK;C,+ LT, + L, Loy — L+ LT, + LT,
201ijl = * _Q L22 - L12 )
| * * (dl — 1)R1 + Rs + Sym{L23 — ng}_
[ SAqoi+ Loy SDy—ET + LT+ L P—S+ATST + LT+ L% T
230241 _LQ% — L3o —ClTK;TEE CITKJTBS;ST ,
L Lo3 L35 — Li; L3 — Lig i
i (d12 - 1)(R2 + Rg)
» +Sym{—Las — Laa} _L2T5 - L3T5 Agm'ST - L2TG - L3TG
034 - * _D3i — Dg; - D,{ZST ’
| * * Zs
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TiLi1 ToLa1 Ti2Lls3: TiLl1s ToLos TioLszg
Yy = TiLia ToLas TiaLlzs |, Y5 = | Tilis ToLas TiaLlss |,
Tilis ToLos Tialas TiLlis ToLas Ti2Lss
Y6 = diag(Ti My, TaMs, T1aMs),
Qaoi = SApi+ ALST +Q+ Ry + Rs + Sym{Li1 + La1},
Loy = —Loy— Lai + Ly + L3, Log=—Log— Las+ L}, — L7,
Zy = T+ 7o+ T1oZs— S — ST

Then the closed-loop system (I0)-({I1) is passive.
Proof For system ([I0)-(II)), we define the following Lyapunov functional candidate:
V(t) = a(t)" Pa(t) + Va(t) + Va(t) + Vs(t), (16)

where

i) = /ti z(s)T Qx(s)ds

t t—71(t)
Va(t) = / x(s)TRlx(s)ds+/ z(s)T Rox(s)ds
t—71(t) ¢

7T1(i)77‘2(i)

t
+/ SC(S)TRg.CC(S)dS,
t Tl(t) TZ(t)
t—T1
V3(t) = / d9/ Vi Zyi(s ds+/ d@/ VE Zyi(s
t—T1 t—T12
t—T12

The time derivative of V(¢) is given by
V(t) = 22(t)" Pi(t) + Vi(t) + Va(t) + Va(t),
where
Vi(t) = @()"Qu(t) —x(t — )" Qu(t - 7), (17)
Va(t) = a(®)T(Ri+ Rs)a(t) — (1 = 71(t))a(t — 71(8)) (Ry — Ra)a(t — 7a(1))
—(1—71(t) = 72(t)2(t — 7(t) = 72(t))" (B2 + Ry)a(t — 71(t) — m2(t))
o(t)"(Ry + Rs)a(t) — a(t — ()" [(1 - di) Ry — Ro]a(t — 7 (t))
—(1 = di2)a(t =i (t) = 72(t)" (R2 + Ra)z(t — 1 (t) — 72(1)), (18)

Va(t) = &(t)" (7121 + TaZs + T12Z3)i(1) 7/% i(s)? Zyi(s)ds

IN

T1

_ /tt—“ i(s)T Zoi(s)ds — /tim i(s)T Zsi(s)ds

—T12

t
< .Z"(t)T(lel + To o + 7‘1223)$(t> — / g'c(s)TZla'c(s)ds
t Tl(t)

t Tl(t) t
—/ :'c(s)Tng'E(s)ds—/ i(s)T Zzi(s)ds. (19)
t t—71(t)—72(t)

—T1 (t)*TQ (t)
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By the Newton—Leibniz formula, for any appropriately dimensioned matrices L;, i =
1,2, 3, we have the following equations

t

A = 26T Lufa(t) — 2(t — (1)) — / #(s)ds] =0, (20)
t*’l’l(t)
t*’l’l(t)
Ao = 26 Lofa(t — m (1)) — x(t — i (t) — ma(t)) — / i(s)ds] = 0, (21)
t*Tl(t)sz(t)

t

Ay = 26(t)T Lafa(t) — a(t — mi(t) — o(t)) — / i(s)ds] = 0, (22)

t—71(t)—12(t)
where
Et) =" at-m)" at-n@®)" at-m20)" wt) @),

On the other hand, for matrices Z; = ZjT, j=1,23 M, = MI i=1,23, which
satisfy

M1 < Zl, M2 < ZQ, M3 < Z3,

one can get the following inequalities:

t

T, = n(OE)T LM LTE() - / SO a0, 29
t—11(t
t

o = L e - [ O LT >0, (o)
t—11(t
t

Ty = n(Oe)T LM LTE) - / O LT > 0. (25)

It then follows from (I7)-(25) that

V() < DD hils@)hy(s)hu(s(XET (0)Oimu(t) + 1€ (8) LM LTE()

i=1j=1 I=1
+72ET () LaMy ' LY E() + T12€™ () LsMy " LEE(t)

- /t_ o (€7 ()L +(s)" 20 27 [LTE(E) + Zuio(s)]ds

t—71(t)
- / (€7 (6) Lo + (3)T Za) 25 [LTE(E) + Zoit(5))ds

7T12(t)

— /t (€T () L3 + (s)T Z3) Z5 LY E(t) + Z3i(s)]ds, (26)

7T12(t)
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where
i1 = Ei:jl %;Jl , S = [ST 0---0 ST]T,
Qai SBiK;Ci+ Liy + L Loy — Ly + LI+ LT
S1iji * -Q Los — Lis 7
| * * (di = 1)R1 + Ra + Sym{Los — L13}
SAgi+ Lot SDyi+Liz+Li; P—S+ATST + Lf;+ L,
Y041 fLQQA — L3o 0 ClTK]TBiTST 7
Las Li, — L1, LT, — LT,
(di2 — 1)(R2 + R3)
Y3 = +Sym{—Los— Laa} —L35 — L35 AQST — Lig — L
' * 0 DszST
L * * 7

Since Z; > 0, j =1,2,3, the last three terms in ([26)) are all less than 0. From this, one
can obtain

V(t) — 22(t)Tw(t) — yw(t)Tw(t)

< DD ha(s@)hi () hu(s()){ET () inié (1)}, (27)
i=1j=1 =1
where .
Yuij Baijg X4
Dy = * 0 Moy X5 |
ES k *26
. [ SAgi+ Ly SDy—EF + LT+ LY, P—S+ATST + LT, + LY
Soiji = —Lag — Ly -CI'KTE; CI'K] BfST :
L L3 L35 — Li; Ljs — Lis
(d12 — 1)(R2 + R3)
o _ | +Sym{-Los—Ly}  —LE—LEL  ALST - LI — L%
3i - * —Dgi — Dg; - D,{ZST
i * * + 7,

Replacing A;, A4, B;, in ®;; of the inequality in @) with A,
Ao + Zgﬁq:1€p|ggﬂeg, Au = Agoi + Zz,qd@p\g%\ega and B; = By +

k .
Zzzl SorEep ‘gi’_ ‘ el respectively, we have

V(t) — 22(t)Tw(t) — yw(t)Tw(t)

DD halsDhy(sO)ha(sONET (O Wink()}

i=1j=1 1=1

= DD B hu(s()ET () Yiné (D)

=1 [=1

+2 3 ha(s()hy(s(t)ha(s(1)&(t)

i=1,i<j =1

IN

Wi+ ¥ja
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From (I3) and (I4), we can obtain that ¥;; < 0, U5 + ¥, < 0. Then we can get ([I2]).
This completes the proof. O

2.2 Delayed static output-feedback controller design

Now, we are in a position to present a solution to the passive delayed static output
feedback controller design problem.

Theorem 2.2 Consider the closed-loop fuzzy system in (3)—(7) with interval param-
eter uncertainties and additive delays. Given positive scalars dy, di2, T1, To and T12, and
let v > 0 be a prescribed constant scalar. The passive control problem is solvable if there
exist matrices P > 0, Q >0, R >0, Z;, >0, M; >0, X, and positive scalars
E-fliqu, égiqu, é3iqu, é4iqu, F-f5ijpk, éﬁijpk—, for pP,q = 1, oo and k = 1, ...,np, such
that the following LMIs hold:

njiil < 07 ’l:,lil,...,T, (28)
Tij+Tim < 0,1<i<j<r, I=1,...m (29)
Mk < Zkv k= 15 27 35 (30)
where
[ Hijl Qeql Qeq2 Wg{;l Wej;ﬂ Qekl ng;l
* _Qalij 0 0 0 0 0
* k 7952”' AO 0 0 0
Jijt * * * —Qezij 0 0 0
* * * * —Qeuij 0 0
* * * * * —QcsiiB 0
L * * * * * * —Qusijp |
Hiji Foii+ Y {(éu‘qu + Eijpg) @y + (€31jpg ALY + E4ijpg A, )éfép}
p,q=1
n npg
R k2 AT ~
+ Z Z (ESijpkepeg + E6ijpk Agl egep) s
p=1k=1
I/i/veql [ SZX 01,(m+3)n ] 5 Wekl = [ Ol,n GZNJ‘C[ 01,(m+2)n ] )
Wqu [ 011371 egX Ol,mn } ;Qeql = [ A}liwg;l AZ?W;;I } 5
Qe = [ ALLWE, AW 1 Qern = [ AW, AP WEa T
5 [ €p 5 T
e , p=1| O1mn e 01,30 |,
p | O(mt3)n,1 ] P [ b P b3 }
I énijll 0 0 émijll 0 0
anij * 0 ) QsmijB = * 0 )
L * * énijnn * * émijnnB
[ Go1iji  Go2iji  Ga
Foiji * Gosi G5 |,
| * * —Gg
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Qaoi  BoiN;Ci+ LT, + L, Loy — Ly + Ly + L,
Goliji = * -Q Ly —Lip } ;
* * (dl — 1)R1 + Ry + Sym{ng — L13}
Agi X + ﬁgl Dy —XTET + LT, + L% P— X+ XTAL + LT, + LT
Go2iji = —L2a— L3 —~CTN]T~E1TZ C:lTNJT~BOTz )
Lo3 L — LT Lis — Lis
(di2 — 1)(R2 + Rs) 5 5 N s
Gosi = +Sym{—Las — L34} *L2T5 - L3T5 XTAdToz' - L2Ts - L3T6
' * —Dsi — D, — v o !
Tili1r ToLor TiaLlas ﬂf?14 7_'21§24 f121§34
Gs = TiLlia ToLas TioLsze |, G5 = TiLis ToLos TiaLlss |,
| TiLis TaoLas Ti2Las Tilie Tol2s Ti2lse
Gs = diag(7i My, 7oMs, T1aMs3),
Qaoi = AuX+XTAL, +Q+ Ry + Rs + Sym{L11 + La1},
Loy = —Loy—Lai + Lt + LT,
Lys = —Log— Laz+ LY, — LT,
Zw = ?121+77222+7‘1223—X—XTa

and the following equality constraint satisfied
MC; = CiX. (31)

Furthermore, a desired passive delayed static output feedback controller is given in the
form (Q) with parameters as follows:

Ki=NM™1' 1<i<r (32)

)

Proof Suppose there exist matrices Q, P, R;, Z i M;, i,j7=1,2,3 and X satisfying
28)-(31). Applying the Schur complement formula to [28)) results in

n
~ ~ - — 2 2 ~ ~
Foii+ Y [(Euqu + 21jpq ey, + (€31jpg AT + aijpg ALY, )E) €,
p,q=1
+WE QL AP W, + W, APCW o + W Q2L

Weql + W QQ Weq2

511] 521] e31g edig

n ng

ATA T 1 pk? 1%
+ E E 551]171661)6 + 56m)kA €p€p T+ Welea5z]BAbi Wek1
p=1k=1

+WeTk1Q;51¢jBWek1) <0,
then, by Lemma 2], it is easy to have

Foiji +  sym{ Z ép | fh Aeql +ep | fRL | Weq2 + Wequ | f4! e

p,q=1

n

+ Why 1 T ey +ZZep|fB | Wers + Wy | 5517 &)} < 0.

p=1k=1
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Replacing 4; = Ag; + >0 1 €p lgba|el, Agi = Aaoi + D pg=1€p lgke | el, and B; =

Bo; + 22:1 Sorliep giﬂ ei, in the proceeding inequality with A;, Ag;, B;, respectively,
we can get
Giijt Gaijt  Ga
* Gy G5 | <0, (33)
* *  —Gg
where
[ Qai BiN;Ci+ éng + L%, Loy — 1:111 + éng + L
Gt = * —-Q Lo —Lin . ;
| * * (d1 — 1)R1 + Ry + Sym{ng — L13}
AuX + Ly Dy — XTET + LT, + LT, P—X+XTAT + [T, + L%
Goiji = —Las — L3o —~CZTNJT~E1Tl QFNf?oTZ )
Los L35 — Lis L3 — Lig
(di2 — 1)(R2 + R3) 5 5 . -
Gy = +Sym{—Las — L3a} —Lgs — Lis XTAL — Lis — Lig
o * —D3; — D3, — v 121T1
L * * Ly

Suppose there exits a nonsingular matrix S satisfying
S=x"T

Without loss of generality, we can define

Ly = XTLyX, Lyj=XTLy;X, Ly; = XTLs; X, j=1,2,3,4,6,
Q = XTQX, P=X"PX, Ri=X"R;X, Z; = X"Z;X, M; = X" M; X,
Lis = LisX, i,j=1,2,3.

Now pre- and post- multiplying the LMIs in @B3)) by diag(S,S,S,S,I,S,---,S) and
diag(ST, ST, ST, ST I, ST ... ST), respectively, then we have ®;; < 0, which, by
Schur complement can be converted to ¥;;; < 0. Following the similar procedure, we can
get U5 + ¥j; < 0 from the inequality in (29). Pre- and post- multiplying the LMI in
B0) with S and ST, we can get ([[5). Thus, we obtain (I3)-(I5]) in Theorem 211 Finally,
by Theorem 2] the closed-loop system in (I0)-(IT) is passive. The proof is completed.
O

Remark 2.1 It is observed from Theorem that the static output feedback con-
troller design is the feasibility problem of LMIs ([28)-([30) with equality constraint (B1).
However, this kind of problem has been solved in [19] via genetic algorithms and in [18]
via the LMI-based algorithms, which can be easily implemented with polynomial running
time. Hence, in this paper, we will convert the equality constraint problem to the LMI
problem [4].

3 An Illustrative Example

In this section, we provide an example to illustrate the passive delayed static output
feedback controller design approach developed in this paper.
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The uncertain Takagi-Sugeno (T-S) fuzzy system considered in this example is with

two rules with the

- |
o |
By = |
- |
B = |

following parameters:

—5 0.2 01 0 13

0 0.01}’Ad01_{ 0.1 0.1]’301_[2 1}’

02 0.1 0.3

0.1 1 :|7D11|:0.3:|,D310.2, Eli[—0.4 01},
6 0 02 0.1

0.1 0.2 ], Ag [01 0.05],Ad02[ 01 _0_2},

] , C2=C1, Dia=D11, D32=03, E;=[ 01 04 ],

2 0.1], Aab =0.0011, Adh! = 0.0021, AbY* = 0.0011.

The membership functions are chosen as:

hi(x1(t))

for x1 < —1,
for x| <1,
for x1 > 1.

7+ %xl, hg(xl(t))::l*hl(zl(t))

= olnawo =

In this example, given 7 = 0.1, 7, = 0.4, we have the maximum of 7o = 3; while given

T = 01, To = 01,
In order to desi
we first choose

we have the maximum of 7, = 3.
gn a fuzzy passive static output feedback controller for the T-S model,

7=0.1, 71 =01, % =0.1, dg =04, di2 =08, v=0.5

and the initial condition is z(0) = [ 0.1 —0.8 ]T, the disturbance input w(t) is assumed

to be

1

)= ———, t>0
wt) =57 12

Then, solving the LMIs in 28)-B0) and ([3I), we obtain the solution as follows:

Ny

and the fuzzy delayed static output feedb

Ky

—0.2166 ]
0.1025

—0.0538 |
0.0746

0.1060
| —0.0488

0.4842

Nz | —0.1829

)

ack controller gains are given by

[ 10.8439 —2.4939 ]
| —3.9293  0.9533 |-

—0.3342 ]
0.2232

2.2558
| —0.6589

5K2

With the static output feedback fuzzy controller, the simulation result of the state re-
sponse of the nonlinear system are given in Figure 1. From the simulation result, it can
be seen the designed fuzzy output feedback controller is effective.

4 Conclusion

The problem of p

assive delayed static output feedback control for uncertain Takagi—

Sugeno fuzzy systems with interval parameters and additive delays has been studied. In

terms of linear mat

rix inequalities, a sufficient delay-dependent condition for the existence

of a full-order fuzzy delayed static output feedback controller, which guarantees the

closed-loop system

is passive, has been obtained. An example has been provided to show

the effectiveness of the proposed method.
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Figure 1: State response z1(t) (—) and z2(t) (---).
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