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Abstract - This paper presents observer-based controller design for
interval  type-2 fuzzy system with  staircase = membership
approximation. In type-2 fuzzy case, membership function is itself
fuzzy set itself. Thus, type-2 fuzzy system can deal with parametric
uncertainties of nonlinear system by capturing the uncertainties in
membership function. Likewise, stabilization condition of type-2 fuzzy
system is derived from quadratic Lyapunov function, and it goes to
linear matrix inequality. Furthermore, in this paper, to relax the
conservativeness of stabilization condition, staircase membership
function approximating method is applied. Observer-based control
method is adopted to control system which has some unmeasurable
states. To prove suitability of our proposed method, numerical
example is presented.

1. INTRODUCTION

Recently, various researches have been processed on type-1
Takagi-Sugeno (T-S) fuzzy system[2]. T-S fuzzy system can
represents nonlinear system in fuzzy blending of local linear systems
and type-1 fuzzy sets. Thus by using T-S fuzzy systems, nonlinear
system can be stabilized by various linear control methods. One of
the control method is observer-based control. If some states of the
nonlinear system cannot be measured, then state feedback control
method cannot be applied to the T-S fuzzy system. In this cases,
observer—-based control method can be applied to the system.

As the membership functions for the type-1 fuzzy sets contain no
uncertainty information, existing control method[2] cannot stabilize
nonlinear systems with parametric uncertainties. To stabilize
parametric uncertain nonlinear system, robust control method for
type-1 fuzzy system was researched. This method manipulates
parametric uncertainties. Recently, type-2 fuzzy logic systems was
proposed to deal with parametric uncertain system. However, type-2
fuzzy logic systems are more complex and computationally intensive
than type-1 T-S fuzzy systems. Thus type-2 fuzzy logic systems is
still emerging area. To catch the simplicity of T-S fuzzy system and
stabilizing problem for parametric uncertain nonlinear system, [1]
proposed stabilization method for type-2 T-S fuzzy system. However,
in previous results, it is assumed that all states of nonlinear system
is measurable. Furthermore, in [2], to relax the conservativeness of
the stabilization condition, new stability analysis method which is
approximating membership function as staircase was proposed.

To overcome restriction of [1] which is all states must be
measurable and relax the stabilization condition, this paper propose
observer-based control method for type-2 T-S fuzzy system using
staircase membership function approximation. Nevertheless, we still
have assumption that all states in premise part of IF-THEN rules
must be measurable. Likewise type-1 fuzzy system, stabilization
condition of type-2 fuzzy system is derived from quadratic Lyapunov
function, and this condition can be converted into linear matrix
inequalities (LMIs). Thus, stabilization condition of our proposed
method is similar to the type-1 T-S fuzzy system case, and proposed
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method can stabilize parameter uncertain nonlinear system when
some states cannot be measured. To the best of our knowledge, this
paper represents the first attempt to apply staircase membership
function approximation in interval type-2 observer-based controlled
fuzzy system.

2. PRELIMINARIES

2.1 INTERVAL TYPE-2 FUZZY MODEL

In this section, a nonlinear plant subject to parametric uncertainties
is represented by an interval type-2 fuzzy mode. Interval type-2
fuzzy model has following fuzzy IF-THEN rules [1].

Rule i:

IF 2 (t) is ]rlzl and --- and zp(t) is j/zp

THEN z(t) = A,;z(t) + Bu(t) 1
where 117; is an interval type-2 fuzzy set of rule ¢ corresponding to
the premise variable zu(t), (a=1,2,---,p, i=1,2,---,1). AlER”X”
and BER""™ are known constant system and input matrices,
respectively. z(t)ER™ ! and u(t)ER™™! are state and input
vectors, respectively.

The inferred output of type-2 fuzzy model is as follows:

#t) = Y0, (0) Az (t) + Bul®))

i=1

(2)
where

hy (2(8)) = hf (), (z(£)) + 1 (2(1))v, (1)) €0, 1]

he(z(t) = p_ (2(t)) X'"X/jﬁ,(z(t)) >0,

My

Yh =1, ,

B ((0) = i () e By (=(0)) = 0

in which p- (2(t)) and s (2(t)) are lower and upper
o T

membership function of interval type-2 fuzzy set, respectively.
Further informations about interval type-2 fuzzy set for the
fuzzy-model-based control system is available in [1]. Since

membership function is itself fuzzy set, interval type-2 fuzzy model
can capture the parametric uncertainties of nonlinear system.

2.2 INTERVAL TYPE-2 FUZZY OBSERVER-BASED
CONTROLLER

Interval type-2 fuzzy model (2) can be stabilized by using
following interval type-2 fuzzy observer-based controller, even if
some states cannot be measured.

In the following, premise part of IF-THEN rule and membership
function of observer and controller is same with interval type-2 fuzzy
model. With the above knowledges, inferred output of observer is as
follows:

0 = Y GO{A0+Bu®) + L0 —-51)) @)

i=1

y(6) = Nn,Crlt), 56)= N h,Cilt)

i=1 i=1

4)

where #(t) is estimated states, y(t) and y(¢) are output and
estimated output vector, respectively, and Z; are the observer gains.
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Likewise, inferred output of observer-based controller is as follows:

u(t) = 33 (0, () +F () Kt ®
where ’
L (x(t)
b )= (@»+h«(>)2a
_ hU (2(t) .
h,(z(t) = >0, KA, are controller gains,

I () @) +h7(2(2))
and C are output matrices.

In [1], (5) is called as normalized central (NC) fuzzy controller,
because type reduction for interval type-2 fuzzy controller is
characterized by the average normalized membership grades of the
lower and upper membership functions. From now on, for lighten the

notation, we will omit the time ¢ and 2(t), ie h,(2(t)) =h,.

Let e:.z'*.i', than augmented system can be represented as
follows:

7= Ehi(hﬂrhi)@j%n (©)
i=lj=1 =
N A —BK. BK.
_ v _ i iy ()
where %,[gg el’, G;',j 0 Az.—LiC; :

3. MAIN RESULT

In this chapter, observer-based controller design method for interval
type-2 fuzzy system is proposed. To relax the conservativeness of
the stabilization condition, we will introduce the following scalar and
matrix.

7;; is the scalar such that

By ()= Iy (B +R) =, =0,
M is the arbitrary matrix such that
l;j;(h, (hy+h)) = h,(hy+ b)) M=0.

Stabilization condition of interval type-2 fuzzy observer-based
control system is presented in the following theorem.

Theorem 1: The augmented system (6) is globally asymptotically
stabilizable when there exit a symmetric positive definite matrix X,

X,, and w; and pre-described scalar v, ; satisfying following LMIs.

x="0150 @)
0 X
Z]Z]{ (hy(hAh)+%,)(Q,+ I/K].)+fyi]ﬂ[}<0 ®)
Q;+ W, +M<0 )
where
_ XA+ AX, - M B - B — B
v - M'B" ATX + X4, - 0T X, - X,

X, =P' X,=P, and l;, means staircase approximation version
of h;. If (7-9) hold, controller and observer gains are defined as
M =KX, N,=XL, (4, =1,2,--+,7)

proof: The proof is omitted due to the lack of the page. | |

The LMI (8) must be determined for the whole value of staircase
membership  functions.  Furthermore, approximated membership
function is used in only stabilization conditions, so quantization error
is not exists.

4. NUMERICAL EXAMPLE

To prove suitability of proposed method, numerical example is
presented. Interval type-2 fuzzy system is given as follows:

—10 10 0 —10 10 0
A =128 =1 —my| A, =28 —1 —my| |
0 m —8/3 0 my —8/3

1
B=B=10|, C=G=[100], m=—21, my,=29
0
R (z,) =0.95—(0.925/(1+¢ (o 39)/8)))

<Fig. 1> System and error state responses. (a) =, (solid line)
and ¢, (bold solid line). (b) x, (solid line) and ¢, (bold solid
line). (c) x, (solid line) and e, (bold solid line)

hE(x,) = 0.025—(0.925/ (1 ¢~ (= 732)/8)))
AU (z,) = 0.95— (0.925/ (1+¢ (= +15)/8)))
R (2,) = 0.025— (0.925/ (1+ ¢~ ("= 45)/8))

= -

From theorem 1, controller and observer gains are given as follows:
K, =[—7.7030 117.3319 0.6887], K, =[—7.7475 117.3285 —0.4752],

L, =[—6.0761 70.2792 —4.5954]", L, =[—5.7093 72.5267 6.3517]".
Fig.1 shows system and error state responses. It can be seen from

Fig.l that the proposed method can stabilize system state and
properly estimates the system states.

5. CONCLUSION

An interval type-2 fuzzy system and its observer-based controller
design with approximated staircase membership function have been
proposed to control uncertain and partly unmeasurable nonlinear
system. Interval type-2 fuzzy system has upper and lower
membership function, parametric uncertainties of nonlinear system can
be effectively captured. To relax the conservative of the stabilization
conditions, staircase membership function approximating method has
been applied in proposed method. Similar to type-1 fuzzy system,
stabilization condition of proposed model were derived from Lyapunov
function and it was transformed into the LMIs.
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