Uncertain Switched Fuzzy Systems:
A Robust Output Feedback Control
Design
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Abstract The problem of robust output feedback control for a class of uncertain
switched fuzzy time-delay systems via common Lyapunov function and multiple
Lyapunov function methods is solved. Based on employing Parallel Distributed
Compensation strategy, the fuzzy output feedback controllers are designed such that
the corresponding closed-loop system possesses stability and robustness for all
admissible uncertainties. An illustrative example and the respective simulation
results are given to demonstrate the effectiveness and feasible control performance
of the proposed design synthesis.

1 Introduction

In real world physical and other systems essential phenomena such as nonlinearity,
uncertainty, and time-delay often co-exist simultaneously [1]. It is therefore that the
issue on how to control a nonlinear time-delay system with uncertainties is a
challenging, and important issue. Moreover, it is equally important in theory, in
applications, and even more in practical implementations.
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Recently, switching systems, an important class of hybrid systems, which have
wide background and applications, have been also one of the main research focuses
in the control society. In turn, considerable number of fruitful results in analysis and
design of switching systems have been derived too (see for example [3, 9, 10, 14,
15, 22, 35-38], and references therein).

On the other hand, the research activities on fuzzy systems based control, as an
important intelligent control approach, combined with some of the math-analytical
control theories has attracted great attention. In particular, the class of
Takagi-Sugeno (T-S) fuzzy models has been found to be most effective for system
modelling in various fuzzy systems based methods. Based on the T-S fuzzy model
representations and the feedback control strategy, stability and robust analysis and
design as well as handling parameter uncertainties for fuzzy systems have acquired
considerable number of fruitful results (see for example [8, 13, 16, 17, 24-28], and
references therein).

As a result of the positive notions in using switching systems and fuzzy systems
strategies, alone, since the first paper [21], where these two types of strategies are
combined, investigations of the synergy of fuzzy and switched systems in the sense
of their control synthesis, appeared a logical and natural development.
Conceptually, a switched fuzzy system is a type of switching systems in which all
of the respective subsystems are fuzzy systems. Many nonlinear systems with
switching features can be modelled as switched fuzzy systems or nonlinear systems
with fuzzy switching control. However, the results for switched fuzzy systems and
switching fuzzy control in the literature seem to be rather limited [23, 32], largely
because the first relevant stability results for general nonlinear switched systems
have been putted forward fairly recently in [38].

Kazuo et al. [7] and Hiroshi et al. [5], to the best of our knowledge, were the first
reports on switching fuzzy control for nonlinear systems. Subsequently, based on
the idea of switching Lyapunov function, Hiroshi et al. have finalized their research
endeavours in [6]. Yang et al. [31] have contributed the stability solution of a class
of uncertain systems based on fuzzy control switching. More recently, in [11], and
[12] a new solution type to the robust output feedback control for a class of
uncertain switched fuzzy systems was presented. At the same time, authors in [32]
has thoroughly elaborated on representation modelling, stability analysis and con-
trol design for switched fuzzy systems for both continuous-time and discrete-time
cases. Yang et al. [33] contributed a solution to the Ho state feedback control for
switched fuzzy systems. Authors in [18, 19] have explored and highlighted the
influence of the state space partitioning when designing switched fuzzy controllers.

This paper is largely based on the work given in [20]. Inspired by works in [12]
and [35], the problem of robust output feedback control for a class of uncertain
switched fuzzy time-delay systems whose states are not measurable, hence not
available, is further explored and solution given. Sufficient conditions and switching
law are derived and formulated in the form of linear matrix inequalities (LMI) based
on T-S fuzzy model. These are derived via both common Lyapunov function and
multiple Lyapunov function approaches. The fuzzy output feedback controllers are
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designed by employing the Parallel Distributed Compensation-PDC—strategy. An
illustrative example and the respective simulation results are given to demonstrate
the effectiveness of the proposed control method and the closed-loop performance it
can guarantee.

The next Sect. 2 is dedicated to the presentation of the output fuzzy control
design. In Sect. 3, the stability analysis and switching law design are developed. In
Sect. 4 the derived results are applied to an illustrative example. Concluding
remarks and references follow thereafter.

2 Representation Modelling Preliminaries and Output
Feedback Controller Design

2.1 Plant Fuzzy Rule Model and Switching Sequence
Classes

In this study, the following class of switched fuzzy time-delay systems with
uncertainty is considered:

RL:IF 7y (t)is M',...and z,(t) is M, THEN
(1) = (Agi + AAgi)x(1) + (Angi + AAjgi )x(t — )
+ (Bgi + ABy;) us (1) (1)
(1) = Coix(t)
x(t) = ¥(1),t € [-h,0], i=1,2,...N,.

The symbols used in (1) denote: Mf,j represent fuzzy subsets defined by

appropriate membership functions; z(¢) = [z1(¢), z2(7), . . ., za(£)]" is a vector of the
premise variables representing only the measurable system variables and not the
entire state vector of the plant process; the sequence ¢ € M = {1,2,...1} is a
piecewise constant function representing the switching signal; x(#) € R" is the
plant state vector; u,(t) € R™ is the input control vector; y(t) € R’ is the plant
output vector. The plant systems matrices A, € R™", Apqs € R™", By € RV,
Cyi € R, AA,i, AAjoi, AB,; are time-varying matrices of appropriate dimen-
sions that model system uncertainties. Quantity 4 denotes the constant delay factor
present in the plant, and ¥(7) is initial value of the state vector x(7).

In the real-world plants often the system states are not all measurable. Hence, we
consider introducing the switching law of the form ¢ = o(x(¢)), where x(z) are
observer generated estimates of system states, to generated the switching signal.
That is, it is a sequence in time the piecewise constants of which comply with the
estimated states. This way employing an output feedback control is enabled.
Further, it is assumed a given partition of state space R" that is denoted as
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{Q1,Q,,...Q}, that is |J_, Qi = R"\{0} and Q; Q; = @,i # j. The switching
signal is represented as o0 = o(%(1)) = r if X(r)€ Q,. The switching signal is subject
to the rule:

v (i(1)) = { L );((ft))gg reM.

That is, v, (x(r)) =1 if and only if ¢=0(x(r)) =r. The partition
{f)l, Q. .. .Ql} and the switching law ¢ will be designed later.

2.2 Employed Output Feedback Controller

For a given v,(x(¢)) and based on fuzzy-rule inference [34], the considered system
(1) can be represented by means of:

OEDY > vr(X(0)pyi(2(0) [(Ari + Adyi)x(7)

+ (Ahri + AAhri)x(t - h) + (Bri + ABri)“r(t)] (2)

where

1a(2(1) = 57— ,
> T Mi(5(1))

i=1j=1

0<y(e)) < 1,3 ala(n) = 1,

and ij (zj()) represents the membership function of z;() belonging to fuzzy subset

M ;j The following assumption is needed in the sequel for deriving the new result.

Assumption 1 The parameter uncertainty matrices are norm bounded, that is
[AAri AAhri ABri] - DriFri(t)[Elri Eni Enyi ]7

where D,;, Ey,i, Ej,; and E,,; are constant matrices of appropriate dimensions, F;(?)
are unknown time-varying matrices, satisfying F%(1)F,(1) <1, i =1,2,...N,.



Uncertain Switched Fuzzy Systems ... 309
According to Parallel Distributed Compensation-PDC—design strategy [24, 27,

28], the fuzzy output feedback controllers and observers are designed via the fol-
lowing system architecture:

ZORED Y WACONMEONLED

r i—=1 ) ) (3)
. B Ny R Arix(t) +Ah,,-x(t — h)
=30y w(x(r))uﬁ(z(r)){ e s }

In here, x(7) € R" is state vector of the fuzzy observer, and L,; represents
observer gain matrix for the ith fuzzy rule of the rth switched plant subsystem. It is
known [24] employing such controller designs in the system synthesis can guar-
antee the global asymptotic stability of the closed-loop system.

3 Stability Analysis and Main Results

In this section, sufficient conditions for global asymptotic stability of the uncertain
switched fuzzy time-delay system (1) are given. For the observer equation, a
common Lyapunov function is employed such that the observer error e(z) =
x(t) — x(¢) tends to zero under arbitrary switching law. By means of multiple
Lyapunov function method, a switching rule is designed based on observed state
x(#) such that the output-feedback control system is asymptotically stable.

Thus, in turn, the following system representation in closed loop is obtained:

| N,
i) =33 > v a(e(t) g (2(1){[A + Advi — (B
1 j=1 4
—+ ABri)Krj])C(t) + (Ahri + AAh,-l')X(l - h) ( )

+ (Br,’ + ABri)Krje(t)]}

‘

l N,
50 = 303D vl Gty G (A = Bakii)

+Ahri56(t - h) + Lriere(t)]

() = D0 vl 2l0) (20 (A + A,

— L,iCpj)e(t) + (Anri + AApyi)e(t — h)
+ (AA,; — AB,;K);)x(t) + AApX(t — h)]
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In what follows the next assumption and lemma are needed, which are given
before proceeding to the proof of asymptotic stability for the proposed designs.

Lemma 1 [29]. Given constant matrices D and E, and a symmetric constant matrix
Y of appropriate dimension, the following inequality holds:

Y +DFE+ETFTDT <0,
where F satisfies FTF <R, if and only if for some ¢ > 0,

Y +eDDT + ¢ 'ETE <0.

Lemma 2 [30]. Given constant matrices X and Y, for exist appropriate dimension
positive definite matrix S and arbitrary ¢ > 0, the following inequality

XY+ vTX<eXTsx+¢'visly,

holds.
A proof of the closed-loop of system (1) which guarantees global asymptotic
stabilization is given as presented below.

Theorem 1 If there exist the positive definite matrices P,,S,,P.,Q, some
matrices K,; and L,;, switching law o = a(x(t)) € M = {1,2,...l}, some constants
Pa(r=12.. 1A=1,2,...,N,) that are either all positive or all negative, and
a group of positive constants %, &, erj( 1,j = 1,2,...N,), such that the following
LMI are satisfied

l
Hrij + Z Bri (P? - Pr) PrAhri
r=1 <0, (7)
AF#T
AZriP’ _Sr + E;n'Ehri

Trij P.Api

<0, 8
A;ripe -0 +Ei{riEh”' ( )

where

I,; = ALP, + P,Ay; — 0,iP.By;Bl,P, — ,jP,BB].P. + S,
+ 8;]-1 ffiPrPQICZerCrTerinlPr + E{riElri — O(rjPrBrngriElri
— 03 E{ . EyiBLP, + 0P, B E] .E>iBLP,

Tyij = AliPe + PeAri — &, CLCri — £:CliCii+ O
+El,;E1i +4P.DyD}P, + ¢,

1ri
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then under the output feedback controller (3), with

—1
figﬁ@&m:uwﬁﬁm%ww ®)
ri — Srit e ri

and switching law ¢ = a(X(r)) € M = {1,2,...1}, the closed-loop system of sys-
tem (1) is asymptotically stable for all admissible parameter uncertainty.
Proof 1t is known from (8) that

[ 0 )H Ty Py H () ]<o (10)

e(t—nh AT P, —Q-+E] Epi||e(t—h)

holds for any e(z) # 0. Then, under arbitrary switching law, the observer error
satisfies lim,_ e(f) = 0.

Without loss of generality, we assume that ., > 0. It is apparent that for any
%(t) # 0 there exists at least one » € M, such that 37 (¢)(P; — P,)x(t) >0, V. € M.
Applying inequality (7) yields

N T R
X(f) Hrij P, Ay, X(I) <0 (11)
Xt—h)| |Al P, —S,+El En:||x(t—h) '

For an arbitrary r € M, let
Q, = ((NER'[FT (1) (P — P)R(1) 20, Vi(r) # 0},

and thus J Q, = R"\{0}. Thereafter, we construct the sets Q; =Q,...,
Q =0, — Ulr:_l1 Q;. Obviously, we have

—-

Qi = Rn\{O}, and Qlﬂ.@] = (D,l 7é]
1

1

Next, we design a switching law as follows:
o(k(t)) =r when i(t)e Q. reM. (12)

Consequently, we consider the following Lyapunov functional

t

w@:f@mWH /fm&me

t—h

+el (t)Pe(t) + /eT(r)Qe(f)dr

t—h
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where P,, S,, P, and Q are positive definite matrices, and let

t

Vi (k1)) = 3T (£)P,&(t) + / i (1), i(1)dx,

t—h
t

Va(e(t)) = e (1)P.e(t) + / e’ (1)Qe(t)dr

t—h

Then it follows:

V,(1) = Vi ((1)) + Va(e(r)). (14)

Furthermore notice the following.

(1) The time derivative of Vy,(x(z)) satisfies

Vir(&(2)) = xT (0)Pyx(r) + i7 (1) P (1)
+37(6)S,x(t) — X" (¢t — h)S,x(t — h)
)W) WACONFEOIHER)
r=1 i=1 j=1 (15)

x {37 (1)[(Ayi — BriK,)" P + Po(An — BiK,7))i(1)
+ 37 (t — B)AL P.x(t) + X" ()P, Apix(t — h)

+ e (1)(LiCy)" Pa(t) + & () P,LiCje(t)
+37(0)S,x(t) — 2" (t — h)S,x(t — h)}.

According to (9) and Lemma 2, it follows

Vir®(0) < 0D 0 v (&) wil2() iy (2(1))

=1 j=1
x {7 (t)[ALP, + P,A; — a,P;B;BLP, — 0,;P,B.BLP,

2 ’ (16)
+ 8, + & PP, CLCCLCiP, P (1)

+x ( - h)AhriPrx( )+5CT( 1)PApix(t — h)
+eqe’ (te(t) — X (t — h)S,x(t — h)}.

‘
I|
R
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(2) The time derivative of V,(e(f)) can be found as follows
(

" (O[(A + A, — LiC,)" P,
(A +AA,; — L Cpj)le(t)
( )" Pee(1)
e (t)Po(Anri + AApri)e(t — h)
+ 37 (1)(AA,; — ABK,j)" Pe(t)
T(t)P.(AA,; — AB,K,;)(1)
(t — h)AA] P.e(t) + €' (t)P,AAyx(t — h)
+el (1)Qe(t) — e’ (1 — h)Qe(r — h)}.

According to Lemma 1 and 2, and with regards to (9) and Assumption 1, one can

derive

I N, N,
S ZZ Vr :url :urj( ())
r=1 i=1 j=1
x {e" ([ALP. + PoAyi — &:CEC,i — ECHCy+ Q
{zFZ( DZ;Pe"f’PeDriFri( )Elri] ( )

)
h)AL P.e(t) + e (t)P Apie(t — h)
Tt — )ET FT( )DLPe(t)

hri® ri

+ el t)P D,an( )(EI,, — oc,jEZ,iBrTjPr)fc(t) (18)
+&" (1 = ) Ey, Fri(1)DyPee(r)
+ e (t)PoD,iFi(t) Eppix(t — h) — e’ (t — h)Qe(t — h)}
| N N,
S Z Z Z Vr()AC(I))MH-(Z(I))‘UU-(Z(Z‘))
r=1 i=1 j=1
x {e" (D)[AfiPe + PoA; — & CLCri — EiClLC+ 0
+E| Ey;i +4P,D;D"P,Je(t) + e (t — h)AL P.e(t)
+el (t)PeApie(t — h) — &' (t — h)(Q — Ej,Epni)e(t — h)

+x"(t)(E] ; — 0P, B,Es ) (E1i — %;EB), TP)x(1)
+ 37 (1 = h)Ef Eni(t — )}
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Substituting (16) and (18) into (14) yields

N, N,

< 330 S v GO (=) iy (2(0))

r=1 i=1 j=1
x {x"(1)[Af;P; + P.A,; — 0P, B;B].P, — o,;P.B.;BLP,
+ 8, + & E4PP, CLCiCLCiP, ' Py + Ef s

— 0,P,ByiE;, E\i — 0E |, E2yiBLP;

+ 03P ByE]) ErriBLPR(1) + X7 (1 — h)A},; P (1)
+5cT(t)P Ah,,-x(t —h) — " (t — h)(S, — E] .Ep:)x(t — h)}

+ ZZZ" )i (2(1)) 1y (2(2))

r=1 i=1 j=1
X {6 ( )[ATP +P Arl érlCT rl érlCTCr] +Q
+E! Ey;i+4P.DDLP, + eille(t) + €' (t — h)A] Pee(t)
+ e (£)P,Aprie(t —h) — €' (t — h)(Q — E] .Epyi)e(t — h)}

N, N,

l
=y v (%(2)) iy (2(0) iy (2(2))

r=1 i=1 j=1

l (1) ]Tl 1, P.Ay H () ]
X
x(t—nh)| LA}Pr —S:+ELEnw:] |x(t—h)

1ri

(19)

I N, N,
+ 22 > Ve (R(1)) i (2(1) )y (2(2))

o« e(t T Trij PeAhri e(t)
le(t - h)] lAZriPe _Q+E}{”‘Ehri1 le(t - h)]

From (10) and (11), we can infer that under the switching law (12), V(r) <0
holds for arbitrary x(¢) # 0 and e(¢) # 0, i.e. x(z) # 0. Therefore, the closed-loop
system of system (1) is asymptotically stable, and the observer error e(¢) asymp-
totically converges to zero. This concludes the proof. O

The stability conditions of Theorem 1 can be transformed into linear matrix
inequalities (LMlIs). In fact, in view of (8), and using Schur’s complement [2], we
obtain the following LMIs

®rij PeDri PeAhri
DIP, —025I 0 <0, (20)
AL.P. 0  —Q+E] Ey,
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where

G')rij = A,Tipe +P6Ari - ériCZ}Cri - ériCZ;er + Q+ET Elri + grijl

1ri

Upon substitution of the solutions P, of the LMI (20) into inequality (7) and
multiplying both sides of inequality (7) by the matrix diag[X, X, ] with X, = P!,
W, = X,S,X,, we obtain the following inequality result

lPrij Ahrin

XAL, —W,+ XEL EpiX, | <O 21)

where

\Prij = XrAZz +AnX, — O(ererZ; — O‘erriB,Tj + W,
+e, EP CLC,CLCP, + X, ] E1iX,
- OCVjB’ngriElriXV - OerXrET E2riBrTj + Ocz-Brngn-EzriBZ}

rij >rit e ri 1ri
1ri 7j

l
+ > Bu(XPiXr — X,)
=1
AEr

Now with regard to (21), we have

W, ApriX,
[XVA,Z,,. ~W, + X, EL EyiX, ]
Ny ApiX, X,E[ E1,iX, 0
Lo, SN ]
Ny AwiX, XET. 0 EyiX, 0
- lX,A,{”. —W,] l 0 XrE,{,,-H 0 Ehrin]
<0,

where

Nrij — XVAZ; +Arin — OcererZ; — OerBriBz; + Wr
+ 8;'1'1 sz_lCT.erCrTeriP o — 0;B,E; EiX,

reoe rt
T T 2 T T
— 0y X, E ), EoriB,; + 0B Ey, EariB,;

[
+ Z ﬁri(XrPin - Xr)'
A=1

A#r
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Next, via applying Schur’s complement again, the LMI is obtained as follows

Eij X, e Xy AwiXe XE[, 0]

X,  —pi'X - 0 0 0 XEI

X, 0 —B'X, 0 0 o [<0 (22
XAl 0 0 —W, 0 0
E1iX, 0 0 0 ~1 0

0 EniX, 0 0 0 ~1 |

where

Erij = XrAZ; +A;X, — O(VJ'BV]'BZ;' - O(ererz;- +We
b GiPe ' CRCGCRCP, ' — 0By EsiX,

riv e ri

1ri

!
— 0y X, Ef Bl + 0 ByES i EriBl, — 7 B X,
i=1
AEr
and X; = P;',A=1,2,...,1, 2 # r. Thus, the stability conditions of the uncertain

switched fuzzy time-delay system are transformed into the LMI (20), and (22).
These LMI are tractable by means of the LMI Toolbox of the MATLAB [4].

4 Illustrative Example and Simulation Results

The given uncertain switched fuzzy time-delay system is:

Ry @ if x;(t) is M|, then
x(t) = (A11 -+ AAM).X(I) -+ (Ahll +AAh11)x(t — h)

(23a)
+ (Bll + ABH)M(Z‘)
y(1) = Cuix(1)
R} @ if x(t) is M7,, then
x(t) = (A12 + AAlz)x(l) + (Ah12 + AAhlz)X(l — h) (23b)

+ (B12 + AB12)u(t)
y(t) = Crax(t)
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R} :if x;(t) is M3, then
x(t) = (A21 + AAz )x(t) 4+ (A1 + AApoy )x(t — h)
+ (Ba1 + ABoy )u(r)
y(t) = Caux(?)
R; @ if x1(t) is M3,, then
x(t) = (Axa + AAp)x(t) + (Apaz + AApz )x(t — h)
+ (Baz + ABay)u(t)
y(t) = Cox(t)

along with the system model matrices

an= {53 Salan= 33 50)
R B ) e
an=[o1 5] =17 03]
ae= (V3 o6)ie= o4 03]
B = :04.15 Oéz:;B”: :oé.tz Oil:’
B = :04.‘1 Oéz:;B”: :0?4 Oél:’

Ci=1[2 0];Cn=[2 0];Cy=[2 0;Cn=[2 O]

[0 0.2] 0 02
Dy =Dy = 02 0 ;D21:D22=l01 0];

[0 0.2] [0 0.1]
Ejnn = Ejp = 02 0 sE121 = E1p = 02 0 |

[0 0.1] [0 0.2]
Eryy = Eyp = 02 0 s By = Eyp = 01 0 |

317

(23c¢)

(23d)

(24a)

(24b)
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0 0.1 0 06
Eny = Epn = lO'l 0 ];EhZI =Epp = [0.1 0 ]; (30)
FU(Z‘) = Flz(l) = le(l) = Fzz(l) = sin ¢ 0 (31)
0 cost|

The membership functions of fuzzy subsets are chosen as follows:
i (x1 (D) = o ((0)) =1-1/(1 _|_e—4x1(t));

(1 (D) = o (11 () = 1/ (1 +e7*10).

Next, let it be chosen &;; = &1, = 1, &1 = &5, = 0.8. Solving LMI (20) yields
the positive definite matrix

P — 0.4397 —0.3416
| —0.3416  0.9283

The fuzzy state observer is designed as
2 2
= 3> ) (et () ARED) + Az — )
r=1 i=l1

+ Britty (1) + Lyi[y () — Crix(1)]}.

With regard to (9), the obtained observer gain matrices are:

6.3692 6.3692
Ly = s Lo = ;

2.3440 2.3440 |’

5.0954 5.0954
Ly = s Loy = .

1.8752 1.8752

By substituting P, into LMI (7), upon choosing o) = ojp = 6, 0p; = 0ipp = 8,

&1 = &j = 2(i,j = 1,2), f1o = Py = 10, the following positive definite matrices
are obtained:

p _ [06191 0.1043] , _ [0.6103 0.0753
1= 10.1043 1.2678 |72~ [ 0.0753 2.9155|

Following Sect. 3, the partition is adopted as:

,X(1) # 0},

Q= {)AC(Z‘) € R? )ACT(Z)(PQ — Pl))AC( ) >0
) >0,%(1) # 0},

Q, = {i(t) € R*|i" (1) (P, — P2)i(t
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hence Q; | JQ = R?\{0}.
Thus, we design a switching law as follows:

) 1,x(t) € Q;
a(x(r)) = {z,x(r) € W\Q,.

Also, the output feedback is designed as follows:

(1) = = 3 v () 1 (1) K1),

r=1 i=1

With regard to (9), the following output feedback controller gains are obtained:

Y

1.9950  15.6993 1.6236  15.6367
 [19.5804 474167  [19.7701 11.7389
00811 46769272 T | 1.6928  46.7090 |

l15.1709 6.3978 ] l14.9831 4.0616 ]
1= K2 =

Computer simulation investigation was carried out using the initial condition

state vector x(0) = [5, —1]" and the value h = 0.6.

The obtained computer simulation results are depicted on Figs. 1, 2, 3, 4, and 5.
Figures 1 and 2 show the evolution of system state and the observer state trajec-
tories with regard to time, respectively. Figure 3 depicts the time evolution of the
control signals, whereas Fig. 4 gives an insight on how and when the switching
signals changes its values between 1 and 2, selecting respectively between regions
Q) and €2,. According the result given on Fig. 5, it is evident that the time evo-
lutions of the state observer errors, converge asymptotically to zero.
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These simulation results demonstrate that the uncertain switching fuzzy
time-delay system (23a—d) is asymptotically stabilized under the proposed design of
output feedback controller and the appropriate switching law. In this way we
showed the effectiveness of the proposed concept.
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Fig. 5 Time evolutions of the
observer errors e;(t), e (?)

Observer Error

0 0.5 1 1.5 2

5 Concluding Remarks

On the grounds of fuzzy T-S model the problem of robust output feedback control
for a class of uncertain switched fuzzy time-delay systems whose states are not
measurable, hence not available, has been further explored and solved. Sufficient
stability conditions and switching law are derived and reformulated as linear matrix
inequalities. These are derived by using common Lyapunov function and multiple
Lyapunov function approaches. The fuzzy output feedback controllers are designed
by employing the strategy of Parallel Distributed Compensation. An illustrative
example along with the respective simulation results demonstrates the effectiveness
of the proposed control synthesis and the system performance in closed-loop
achieved.
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