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Abstract: There have been a lot of investigations on optimal input design for dynamic system identification to
obtain maximal information on the control system from the time varying observed input / output data. The
restricted total least Squares (RTLS) problem is devised for solving over determined sets of linear equations
AX~= B perturbed by error of the forum E=DED. By strengthening the hypotheses on the disturbance and
parameter processes, a Marcovian state process may be constructed, and in this case it is shown that loss
function on the joint input-output parameter estimate process converge to their expectation with respect to an
invariant probability at a geometric rate. The identification procedure for fuzzy unknown parameters is
proposed by using the concept of the moment method, when system is described by one of fuzzy moving average
models.

Keywords: System identification, input design, adaptive control algorithm, optimization, and auto-covariance
sequence.

Intr tion . .\
oductio condition B (a, b, c), where a, b, c are positive

The main objective in adaptive control theory is constants, if for each 0<m<n

to design systems; the primary issue being to

mainstreaming closed-loop stability. It consider

2
the stochastic time varying system log M[ - expldz | Y] <bm-m+1)+c+00). (3)
yk+D)=ark)y(k)+axk)y(k-1)+... ¢ H Pl
+ay(k)y(k-p+1)+u(k)+v(k+1). (1) The term 0(1) 1s assumed to converge to zero as
Where y(k), u(k) and v(k) are the (scalar) output, m—> oo ,.uniformly in n; a b, care irrelevant the
input and disturbance processes respectively, stochastic process z will just be called B-

and the parameters a;k), I=1P, k> 0 are bounded'. '
partially observed through the input / output The estimates @ of the partially observed

process (u, y). Our goal is to choose a control pararpeters th? process Oare g?nergted by the

low which stabilizes this system in a mean gradient algorithm with & - modification:

square sense. That the system (1) may be written Ok +1)=(1-35){0(k)+ L)z(y(k +1) -

in the regression form d|o (k)| 4)

v(k+1) = 0" ()p(k) +u(k) + vk +1) , Where —u(k)— @7 (k)6 (k))}.

o (k+1D)=[y(l)y(k-1), ... y(k-p+1)], With arbitrary initial condition 6(0)e R” is
T ) — given.

0" (k) = [ai(k) az (8)...a ()] Given the parameter estimates (4), it applies the

Ok+)=a 0+ & (k+1). (2) certainty equivalent minimum variance adaptive

control law

A stochastic process z on {Q, F P} taken values u = —p" ()O(k). (5)

in Euclidian space will be said to satisty
144



Geometric Ergodicity of a Markovian state
process

That it describes how certain stationary
assumptions on the disturbance and parameter
process imply stronger results.

Al. The parameter and disturbance sequences

{ é(k), a (k), v (k)} are B — bounded stochastic
processes on the probability space {Q, £ P}. The
parameter difference process Adefined as
Alk+1)=0(k+1)-0(k),keZ,, satisfies
condition B(M,,&,,M ), where (M ,&,,M )

are positive constants.
A2. The joint process w .= (s, v) is an
independent and identically distributed process

onR"" and independent of(¢(0),6(0),y(0)).
The distribution x4, of w(k),k =0, processes a

lower semi continuous density which is positive
at the origin.
A3. The parameter process @(k),k >0 is the

output of the stable minimal linear system
vk+1)=Fy(k)+G&(k +1);

O(k)=Hy (k) + 60(0), where 8(0)eR" is
constant. Under this condition it is easy to show
that joint process ¢ defined for k € Z as

¢ = (o' (k),0" (k),y' (k)), ©6)

is a Marcovian chain. For the state process @

1 1’

and construct a certain Lyapunov function
suppose that conditions 47-43 hold that the
control law (5) is applied. Then the state process
@ defined in (6) possesses a unique invariant

probability 77 .
Models and criteria in frequency domain

It considers the optimal input design problem for
efficient discrimination of linear stochastic
models in frequency domain for long time
global optimization. It derive an optimal input
by solving a mathematical programming
problem which maximized the time — average of
the Kullback discrimination information (KDI)
under the input power constraint. Consider a
linear stochastic model with controllable input
signal {u(k)}. Consider a linear stochastic model
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with controllable input signal {u;}
A(Z Yy, =B(Z ", +¢,. (7)

Where Z is a delay operator, (Z ) ¥, means ;.

and A(Z7"), B(Z™") are given by

V4 q
AZNY=1-Ya,Z", BZ =D bZ", (8
k=1 k=1

g,-independently normally distributed with

mean zero and variance o’. It assume the

system (1) is stabile. That consider the problem
to find an input u;, which determine efficiently
the order of the model (7) under the input power
constraint Mlu’l<ec, 9)
where ¢ is a given constant. The order
determination problem can be restated as a
model  discrimination problem, that s,
discriminating one model among the following
two rival models :

M1:A(Z Yy, =B(Z Y, +&, (10)
M2:4,(Z ")y, =B,(Z ", +&?. (11)
Where (p,,q,) #(p,,q,) and {51'(])}, are
independently normally distributed random

sequences with mean zero and variance
o} (j=12), The KDI

discrimination in favor of the model M; over the
model M, may be defined by

respectively. for

LI:2;y u ™ =1 [1: 2, 1+ 1,[1: 2" u ™ 10 +
L2 ™ L2y Y. (12)
Where
t 2_ 2 2
Ly w0 =2 A2 g% a3
2\ o o,
B(Z
e GRS R A
2 2 k=l A(Z )
B(Z
B2y (14
A,(Z7)



A,(Z7Y) 2dz

_ to}
LI1:2; ' u ™) = —‘ -—§(

Assume that the input sequence {u;} is a
stationary ergodic Gaussian process with mean
zero. Then, the output sequence {y;} becomes a
stationary ergodic process with mean zero. We

can evaluate / [1:2'y,u](2) for
B(Z
}ggt;(A z" )( 12
B, (Z)
A,(Z7)

L[1:2;p,u]® =

)’ 5)

Let
H(z")=A,(z)B(z") - A(z")B,(z ) =

=>hz7, (16)
j=1

where h =b" —b"? (17)

"E o e, o TG
hj = z (al- bj—l —a; bj—i )+b] _bj 9
i=1

=Ln (18)

~.

_ t=max(R,F,),
with
n=max(P, +Q,,P,

m =max(F,P,),
+0))

]

and this is completely determined by o and

It have I[1: 2; y,u

the following auto- covariance sequence of the

filtered input l7i; 13;{ =M[(l7i,l7t_k)],k =0,n-1

that 1S,

1 n 2 _ n .
I[I:Z;y,u]2:2 2{1‘ h, JPO +(2Zhjhj“jp1 +...

J=1

A2hh P ) (20)

The following conditions are also requested by
the nature of auto- covariance function { P, }

FO >~0,R, , isnonnegative definitely, where

A (z-l) z

B R Py
Rl BB B
Py Py - K

The optimal filtered input U_,.O, having this

auto covariance sequence, can be realized in an

autoregressive model with a form

=i =¢ 1)

where

— el

clz")=1-Yc,z+* (22)
k=1

With a suitable coefficients {C,} and ¢, is an
independently normally distributed with mean
zero and suitable constant variance o * . Another
realization approach is the Chebyshev systems

approach and it choose the optimal input as the
following form :

U_fZij cos(w,t+@;) (23)
Jj=1

where r=n/2 or (n+1)/2,

o, € [0,7[], o, #w;,m; =0, ¢@,s are non

formality distributed on (0,271),1' # j. Once the
optimal filtered input U_I.Ois easily obtained by

Ul =4,(z"U". 24)

Parameter identification for fuzzy moving
average models

Let the fuzzy stochastic systems (FSS) is
described formally by
Y(k) = fi(k=1),..., y(k = m); 5 (k),..., g (k —m); 0
Y, =y(=D) =...=y(-n+1) = 0(non — fuzzy)(25)
where 6 =(6,..6,)" . (26)
The level set of Y(k) will be given by the
following equation under certain conditions
associated with @ and fi:
LoY (k) = fi(Lay(k-1),....Lay(k-n);&(K),...
.&(k-m),L, 0 ) 27)
where a € [0,1]

fo (Lay(k-1),....Lay(k-n); &(k),..., &(k-m);



L,6)={y(k) € R|yie Lyk-i) fori=1Ln, 0 €

Lof with y(k) = fi(y(k-1),....y(k-n); &K)....,
&(k-m); 6 }. (28)
Hereafter, for simplicity of discussions, the FSS

1s restricted to the fuzzy moving average model
of order m (FMA(m) ) described by

Y(k) =&k + 6, &k-1)+ ...+ 6, &k-m) (29)
é. € F(R)and inf{xe Suppgi 1>0fori= 1,m

{ &(k)} 1s the sequence of bounded and positive
valued 1.1.d. random variables with mean mg(>0)

and the variance 0'52; F(R) 1is the set of all

fuzzy sets satisfying the following properties:
L,U is compact and convex subset of R for each
ae[0,1], L,U is non-empty, U is compact and
convex fuzzy set in the real line R.

Theorem 1. Let 6 € F (R), then at any time step
k, the output process {y(k)} of FMA(m) are
also elements of F(R). In the case of FMA(m), it
can fortunately be shown that the two a — level
sets of y(k) given by [1,2].

LaY(k) = {y(k) | y(k) = fic (y(k-1),....y(k-n),
&K,..., &(k-m), 6, § (30)

0, € L@ ,i= 1,/ coincide with each under the

condition of & € F(R). The fuzzy stochastic
process (FSP) is defined by the sequence of
fuzzy random variables (FRV), which are the
outputs of the FSS. Then the set — valued
function F is defined by F: Q — P(R), P(R)
denotes the collection of all subsets of R,

S(F): = {f e L' (Q,P) | flw)e F, w.p.1} denote
the set of all L'(Q,P) selection of F. The mean of
the FSP is given by [1].

(M[Y(0])x)=sup {ae[0.1]}xe [ F =
{[ P/ f eS(F)}[L,Y(k)tand  the product

moments of the FSP are given by
(MY ()Y (k + D)INx) = sup{e € [0,1] | x € [ F :=
U

([ fdP| f e S(F)[ LY (k)Y (k=7)},

fork=1,2,3,...,1=0,m .
Not that is can be shown that the mean
M[Y (k)] and the  product  moment
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M[Y (k)Y (k-r)], =0,m of the output process of
FMA(m) are elements of F(R) and hence, their
existence and uniqueness for each k=1,2,3,...
guaranteed [4,5]

Fuzzy estimators for M[Y (k) Y(k-r)] are given

1 N
by: M, = ﬁZy(k)
k=1

31)

Wy =S vtk - rr =0m (32)

(M ,,)(x) =sup{a €[0]],xe LM} (33)

W) =supla [0l xcaypy ()} (34)

R O RACH WAL) (39)
L7y () = [%Zya (k)y, (k= 7).

=l (36)

Z)’b(k)J’b (k—r)].

Note that since {y(k),k = I,_N},MN,‘PN (r)are

elements of F(R) hence their sets (35) (36), the
bracket [ a , b] denotes the closed interval from
ator L, and

Y (k) =inf{x € L, y(k)}; y, (k) =
=sup{xe L, y(k)} k =1,_N,r=0,m. (37)
Theorem 2. Assume that conditions 51 e F(R)
and inf{x e suppg} >0 for i=1m;

{C}1s the sequence of bounded and positive
valued 1.1.d. random variables with the mean

my(>0) and the variance ng, where F(R) is the
set of all furry sets, hold. Then

d(M ,,M[y()])) >0 wp.las N>  (38)
where d (M v>M[y(1)])is the fuzzy metric given

1
by d(U,v) = | p(LU,L,V)da (39)
0
sup ing u = vl,
and p(L,U,L,V) = max uekall TR (40)

sup inf |« - v|

vel,V uel,U
Result of simulation

Consider the system described by FMA(2),



(k) = £(k) +0,£(k-2) (1)
Where the membership function of unknown
fuzzy parameters 51 and 52 assumed to be:
~ cos(a,(x—b,))+1 .
(0,)(x) = L=
2
7 7
for b, —(—)<x<b, +(—),and zero for other
a.

i i

1,2

(42)

values of x. That a;=8rn, a,=10m, b;=0.8;
b,=0.5,m=1s;6=1,6

The unobservable random disturbance {{(k)}is
the sequence o i.i.d Gaussian random variables
of N(l’l’lg,(ng) generated by a digital computer,
and they truncated so as to satisfy the condition

0<¢, <k, for k=1,2,... where k is a large
constant k=my+3c;. The unknown parameters 51
and 672 are estimated by using the procedure:
0(i)=0,,(i)=inf{xe L0} (43)
or 67(1') = ga,z (i) =sup{x e Lagi} (44)
i=1,2 forall & €[0,1].

Conclusions

In this paper it have established stability of a
gradient based adaptive control algorithm render
far mare general conditions then have previously
been used. The principal hypothesis, B-bounded
ness of the disturbance and parameter processes,
allows infrequent large jumps in the values of
the parameters of the system and parameter drift.
It have consider the optimal input design
problem frequency domain for efficient
discrimination of linear stochastic models under
input power constraint and have abstained auto-
covariance sequence of an optimal input by
soloing a mathematical programming problem,
which maximize that time-average of the KDI.

It is shown that the input can be realized by
autoregressive process or the Chebyshev
systems approach.
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With the help of the moment method for
ordinary moving average models, the
identification method of unknown fuzzy
parameters has been derived when the fuzzy
stochastic systems is described by the FMA
model. It has also been shown form numerical
viewpoints, using fuzzy metric, that proposed
estimators have salient convergence features.
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