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Abstract

In this paper, a control technique of Takagi-Sugeno (TS)
fuzzy systems with parametric uncertainties is developed.
The uncertain TS fuzzy system is represented as an un-
certain multiple linear system. The control problem of TS
fuzzy system is converted into the stabilization problem of
a uncertain multiple linear system. A sufficient condition
for robust stabilization is obtained in terms of linear matrix
inequalities (LMI). A Design example is illustrated to show
the effectiveness of the proposed method.

1 Introduction

Many frameworks in real world have hard nonlinearity and
uncertainty, so a lot of control techniques have been devel-
oped and the fuzzy control is one of the major nonlinear
control theories. However, the main drawback of fuzzy con-
trol is that it is difficult to analyze the stability of a fuzzy
system. The Takagi-Sugeno (TS) fuzzy model is widely
used, since it is possible to apply the systematic linear con-
trol theory to design a controller.

Cao et. al. develop the switching type controller design
technique by applying the multiple linear system theory
[4]. However, the uncertain matrices in their paper does
not represent real uncertainties in the plant model. Thus,
it needs to consider real uncertainties in multiple linear
system approaches for fuzzy controller design.

In this paper, We first develop the uncertain multiple
linear system which represents the discrete-time TS fuzzy
system with parametric uncertainties. The sufficient condi-
tion of robust stabilization with guaranteed-cost is derived
and formulated in linear matrix inequalities (LMI) frame-
work. The advantage of the studied results in this paper are
verified from the computer simulation of the truck trailer
system with parametric uncertainties.

2 Preliminaries

Consider a discrete-time uncertain nonlinear system of the
form:

g(t+1) = f(=(t) + Af(z(t) + (9(=(t) + Ag(x(t)))u(t()l,)

where z(t) € R is the state vector, u(t) € R™ is the con-
trol input vector, f(z(t)) and g(z(t)) are nonlinear vector
functions, A f(z(t)) and Ag(z(t)) are uncertain nonlinear
vector functions. The uncertain nonlinear system (1) can
be modeled as the following TS fuzzy system:

Plant Rule ¢
Ifzy(t) is T} and --- and z,(t) is T,
THEN :c(t +1)=(A: + AA,):C(t) + (Bi + AB.’)u(t)
(2

where I’; G=1,...,n, i=1,...,q) is the fuzzy set,
Rule i denotes the ith fuzzy inference rule. AA;, AB; are
time varying matrices with appropriate dimension, which
represent uncertainties in the TS fuzzy system. The de-
fuzzified output of this TS fuzzy system (2) is represented
as follows:

z(t+1) = Zq:/‘i(“’(t))((Ai + AA)a(t) + (Bi + ABi)u(t)) -
i=1
©)

where

wi(z(t)) = [] Cilz;0)),

=1

wilz(®)).

= wi(a®))

in which I‘f (z;(t)) is the grade of membership of z;(t) in I’f .
Hereforth we assume, as usual, that the uncertain matri-
ces AA; and AB; are admissibly norm-bounded and struc-
tured.

pi(z(t)) =

Assumption 1 The parameter uncertainties considered
here are norm-bounded, in the form

[AA; ABi} = DiFi(t) (B Eni],
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where D;, Ey;, and E3; are known real constant matrices
of appropriate dimensions, and Fi(t) is an unknown ma-
triz function with Lebesgue-measurable elements and satis-
fies Fy())TFi(t) < I, in which I is the identity matriz of
appropriate dimension.

In ith subspace divided by the fuzzy membership func-
tions, the TS fuzzy system has much highly nonlinear inter-
action among the fuzzy rules, which complicates the analy-
sis and control of the TS fuzzy system [4]. In order to get
rid of these theoretical difficulties, we represent the uncer-
tain TS fuzzy system as an uncertain multiple linear system
with the following subspace [2].

0; = {z(O)|pi(z(t)) 2 p;(=(t)), i=1,2,...,q, i#]}
i=1,2,...,7. 4)
The characteristic function of ©; is defined by
1 z(t)eo; o
”“{ 0 sge ' 2=l ©

Then, on every subspace the fuzzy system (2) can be repre-
sented with an uncertain multiple linear system as follows:

z(t+1) = im(z(t)) ((Ai + AA; + AA(t)

i=1

+(B,‘ + AB; + AB;)) u(t) . (6)
where
AAi= Y pi(z(t)AAy,
J=1,j#i
ABi= Y p;(z(t)ABy,
J=1,5#i

DAy = Aj+ AA; — A ~ A4,
AB,'J‘ =Bj+ABj--Bi—ABj.
1=12,...,q.

3 Problem Statement

This section deals with the controller design problem for
the discrete-time TS fuzzy system with parametric uncer-
tainties. The state-space representation of the fuzzy system
can be described as follows:

Z(t+1) = i s (2(0))(Ai + AA)z(t) + (Bi + ABu(t)),
[£=31
@

This TS fuzzy system can be represented by the uncertain
multiple linear system of the form:

z(t+1) = i:m(x(t))(/li + A4 +AA;

i=1

+ (B; + AB; + AB;)u(t)) (8)
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The objective in this section is to design a state feedback
controller of the following form:

u(t) =Y mlz(t) Kix(t) 9)
i=1

The main result on the robust control of the discrete-time
TS fuzzy system in the presence of the parametric uncer-
tainties is summarized in the following theorem.

Theorem 1 If there ezist & symmelric positive definite
matrices, P;, a symmetric positive definite matriz, Q, and
matrices, K; such that the following LMls are satisfied,
then the TS fuzzy system (7} is asymptotically stabilizable
via TS fuzzy-model-based controller (9) in the presence of
admissible parametric uncertainties with guaranteed-cost.

-W; * *
AW+ B:M; -W; *
ExWi+ ByiM; 0 -l
EyW; + Eyy M; AO 0
0 bro o
0 DiT 0
Wi 0 0
* * * *
* * x *
* * * *
-l * * * <0,
0 —ei‘lI * *
0 0 -
0 0 0 -1
(10)
i=1,2,...,1m
where
ﬁz’ = [ﬂlma:Dl P21na:D2 .qua::Dq] )
-Ell EZI
. EI'Z o E22
Ey= s Eu= 0y,
By, Es,
Dx = [l‘lmcutl lls—lnmzl /‘iw‘—lmurl /‘qma:cI] y
—EH E21
Eu= g, =g,
L E1q Eaq

and W; = Pf1, M; = Kng‘, and * denotes the transposed
elements in the symmetric positions.

proof : The proof is omitted due to lack of space.

4 An Example

We now apply the above design technique to the control of
a computer simulated truck trailer. We use the following
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truck trailer model formulated in [5]
z1((+ 1) =(—v-t/L)xi(t) +v-t/l-u(t)
Zo(t + 1) = ao(t) +v-t/L-z:(t)
z3(t+1) =v-t-sin{za(t) + v -tz (t)/2L) + z3(t)
The following fuzzy model is used to design a fuzzy con-
troller: ‘
R :If 2o(t) + v-t/L - z,(t) is about 0
Then, z(t + 1) = A1z(t) + Biu(t)
R?:If 2(t) + v - t/L - z1(t) is about
Then, z(t + 1) = A2z(t) + Bau(t)

l1-v-t/L 0 0
A1= 'U't/L 0 0 y
[('u “t)?/2L vt 1j|
1-v-t/L 0 0
A = I: v-t/L 0 0:| ,
g

c(w-t)?j2L g-vt 1

v-tfl
Bi=By=] 0
0

and g = 1/1007,! = 0.2, L = 0.32,v = -0.1,¢t = 0.5, and
g = 10{ = 2)/pi;. The membership functions are

where

sin(zg +v-t/2L-z1(t)) —g-za +v-t/2L - 21 ()

m(z(t)) = (z2 +v-t)2L - z:(1))(1 - g)
p2(z(t)) =1 — 1 (2(2))

"Based on Theorem 1, we obtain
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Figure 1: The controlled system response in the presence
of parametric uncertainties

The stabilization problem of uncertain TS fuzzy system
was converted into the stabilization problem of the uncer-
tain multiple linear system. The sufficient condition was
formulated in LMI framework. The simulation example en-
sured us the feasibility of the developed design technique.
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5 Conclusion

In this paper, the robust controller design technique for TS
fuzzy system with parametric uncertainties is presented.
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