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Continuously initial observability for the fuzzy system
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ABSTRACT

This paper is concerned with fuzzy number whose values are normal, convex, upper

semicontinuous and compactly supported interval in FEy. We study continuously

initial observability for the following fuzzy system:

2(D=a(Dx (D + At,x(D),
x(0)=xq, )=, Hx(D),

where a: [0, T|—Ey is fuzzy coefficient, initial value x;=Ey and nonlinear funtion

£10, T] X Ey—Ey satisfies a Lipschitz condition. Given fuzzy mapping
IT: C([0, T]: Ex)—Y and Y is an another Ey.

L A2

Many authors have studied several
concepts of fuzzy systems. Kloeden
([4]) investigated the fuzzy dynamic
system and Kaleva ([3]) discussed the
Cauchy problem for the fuzzy
differential equations. Seikkala
([7]) proved the existence and
uniqueness of fuzzy solution for the

following egquation:

x(H = f(¢t, (1),
x(0) = xq,

where f is a continuous mapping from
RTXRinto R and xyis a fuzzy number.
Observability of linear and nonlinear
systems represented by ordinary
differential equations has been
extensively studied ([1]). In

particular Quinn and Carmichael ([9])
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studied the continuously initial
observability problems using fixed
point methods, degress theory and
pseudo-inverses. But the case of
general fuzzy system has not been
treated yet. The purpose of this note
is to investigate the continucusly
initial observability of the fuzzy
system in Ky space by utilizing the
method of ([8]).

Let FEy be the set of all upper
semicontinuous convex normal fuzzy
numbers with bounded g-level

intervals.

I 22
1. Continuously initial observa-
bility
We consider the continucusly initial

observable problem for the following

nonlinear fuzzy system:

x(8) = a(Dx (8) + At,2(9),
%(0) = xo,

WD =, I (x(9),

where g:[0, TI=Exnis fuzzy coefficient,

(F.N.5.)

initial value xype Eyand the nonlinear
funtion f:[(, TI1XEy—Ey satisfies
the Lipschitz condition.

Let IT:C([0, T Em)—Y be a given
fuzzy mapping where Y is in K.

The (F.N.S.) is related to the

following fuzzy integral system:
(F.I.5.)

2 =SB+ [ S(t= (s, (e,
Ix(O) =xSEy,

wWH=, I(x(D),

where S(§) is a fuzzy number,

[S(D1*=[S87(D, S4D]
=[exp{f0ta?(3)ds}, exp{fota‘i(S)ds}]

and S{(H (i=1#) is continuous, that
is, there exists a constant ¢>( such
that | S{(H | ¢ for all ¢=[0, T].

Now we give definitions relevant to

the linear fuzzy system:

x(1)=a(Dx(9),

x(0) = xo,

W)=, Ix(D),

We define the fuzzy mapping H from

P(R) to EN by
[ Z(S(Hu(D)]®, AHC T,

(F.L.3.)

[ H(u()]"=

0, otherwise.
where P(F) is set of subsets in R

and [I', is support of fuzzy initial

value x;. Then there exist ﬁ? (i=17»
such that

H (v,(9)= I (S5(Dv (D), vlD a[xY,, x4,
0 (0, (9)= 1,7 (S5(D, (D), v D =[xy, x%,1.

Definition 1.1.

The (F.L.S.) is continuously initial

observable if, for any initial state

Xy There exists a fuzzy mapping H
such that the fuzzy out put ()
satisfies H(xg)= .¥(D.

Since (F.L.S.) is continuously
initially observable, Ea, ﬁ;a are
bijective mappings.

xy=C H") "'(0,(), x5,=C H") "(v,09).

Let

xo=o H YD~ I j:S(t—s)f(s,x(s))ds))

then substituting this expression
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into the (F.I.S.1) yields - level We assume the following hypotheses:
of x(t) as (H1) The linear equation (F.L.S.) is

[x(D1°=[S() B " ((d—
n(f 'S(= A5, Had) + [S(t— Ifts, (N,

continuously initial observable.

(H2) There exists a positive constant

>0 such that dy([As, £,())]1% [As, &()]1D
<[ ()] [&()]NForall £(s), &(s)sEy

(H3) There exists a positive constant

Thus

(O] =[ I, (x7(), 11,7 (x3(H)]

=[ 7SI B TN - k20 such that
[/ SH= 95 H ) du(l BT CI(f SC = 9Ks,61()ao]",
4 [ ST s, a0, [ BT SO = 95, 6(9)aN])
A (SKD CH) TN h — <k [ du([Rs, &(NI[As, Ex(NI.

15[ $5t= 9725 2()do))

Theorem 1.1.

i
« ar .,
+ 1 (_I;S’(t $)f(s, 2(5))ds)] Suppose that hypotheses are hold.

[ HACCHES N0 — Then the state of the (F.I.S.) is

, continuously initial observabe.
1 ( J S5(t= 9715, 2(9)as))) Proof. Omitted.

+ ([ S 9 f1C5,2(5)el),
B i~

t Example 2.1.
1,7 [ $5(t=9) 75, 2(9)ds) ,
0 Consider the following fuzzy

2. Examples

+ Hra(J:Sﬁ(t—s)ﬂ(s,x(s))d?)] differential equation:
S EACR GO P OIS A= 20,
Define x(0) =xg,
-1
Ox(f)=,5(8) H (oD — () =3,
]I(ffS(t—s)f(s,x(s))ds)) The @-level sets of fuzzy numbers 2
0

and 3 are

+ [(S(t= 9K s, xs))ds
fo (t— )R s5,2()) [21°=[a+1,3—al.[3)°=[a+2,4—d]

where the furzy mapping gt for all a=[0,1].

satisfies the above conditions. From the definition of fuzzy

The supremum metric d. on E” is solution,

defined by [x(H]=Te* V%%, B 9%%,]

d (u,v) = sup {dp{[ 2], [v]7): a=(0,1]} for 211 «=[0,1].

for all wu,vEE”"” and dy is the Since y(#) =, I(x(8).

Hausdorff distance. le+2,4—al=1] Hla(e(ﬁl)txc(()z). Hra(e(aﬁa)tx’f)r)]-
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Hence

H (x9) = O (e“ af) = a+2,

B (x4)=1,"(e® x4, =4—a.
Hence

o= #H") "a+2), x5=( H") '4-a.

Example 2.2.

Consider the following fuzzy

differential equation:
x(8) = Dx() + 2ee(D?,
lx(O) =X,

WD =3.
Let £t x(8) =2 (D,
Then g-level set of Afx(H) is

[At (D)1 =[24x(H*=¢[2]°- [x(D*]°

= tla+1,3—a) - [ (x5 (D)2, (25(8)*]

= [ (a+ 1(x§ ()%, 3= a)(x7 ()%
where [x()]°=[x7(9),x5(H] and

[21°=[a+1,3—al

Hence

x4=( ) ((a+2)

for all a=l[0,11.

— I ([ 10 a+ DO (D) d),
x5=( B, (40

- e 1o G~ M3 — ) (22 (D)2 ds)).
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