10. G19-ESTIMATOR OF THE SOLUTION OF A REGULARIZED
DISCRETE KOLMOGOROV-WIENER FILTER WITH KNOWN FREE VECTOR

The discrete analog of a regularized Kolmogorov-Wiener filter has the form

b(t),

(el + Rn) (1)

where £ > 0 is a parameter of regularization,
R, = {m_lR (sm_17km_1)}ZLS=1 ; b (t) = {Q (t,sm_l) , s=1,.. .,m} ,

gT () = {gp (t,km_l) , k=1, ,m} ,
R(z,y) =E [a(z) -Ea(z)][a(y) —Ea(y)],

Q(z,y)=E [a(z) -Ea(@)][B(y) —EB(y)].

. N
Here o (z), [ (y) are random processes. The estimator g(t) = (5[ + Rm) b(t) con-

verges in probability to J(t) when ny, ny — oo. Here

R= {m_IR (sm_l, km_l)}m , gL (t) = {cp (t, km_l) , k=1, ...,m} ;

Qay) = (na =17 faw (@) = & ()] [ B 1) — B)]

k=1

and oy (x), Bk (y) are independent observations of «(x), G (y). Applying the G-
analysis technique, which is described in [Gird4, Gir54, Gir69, Gir84], we can obtain an
estimator of F(t), which approaches in probability @(t), provided that

lim mny' <1;  lim mny,' < oo

ni— 00 ni—00

This estimator will be referred to as the G1g-estimator:
J A A -1
Gro=e ! (I + 0Rm) b(t), (10.1)

where 0 is a nonnegative solution of the equation

-1
01— Y, + Yn,m ' Tr (0[+Rm) } = e>0; g, =mn;t <1 (10.2)



THEOREM 10.1. [Gird4, Girb4, Gir69, Gir84] Assume that

Fei={on (sm™); s=1,,m} = RY% + 4,

{ﬁ,{ ={ni; i=1, ...,m}}; k=1,...,n
R},{Q is a symmetric matrix, t is fixed, n1 = mno = n, random variables 7;;; i =
1,....,m; k=1,....,n are independent for every n, and
Eny =0, Eni=1;i=1,....m; k=1,...,n

lim mn~t <1, A (R) < ¢ < oo, the vector b is known,

n—oo

sup[gT5+E’Té’} < o0, € >0,

m

where ¢ € R™, \; (R) are the eigenvalues of the matrix R,,. Then

plim [¢¥G1o — & @] =0.

n—oo

10.1. Gjp-estimator for the solution of a Kolmogorov-Wiener filter with
unknown vector

Consider the discrete analog of a regularized Kolmogorov-Wiener filter

b(t) = (eI + R @(2), (10.3)

where £ > 0 is a parameter of regularization,
R, = {mflR (snfl,l€7n*1)}:_’sz1 b7 (t) = {Q (t, smfl) , s=1, ...,m},

gT (t) = {<p (t,kmil) , k=1, ...,m} ,
R(z,y) =E [a(z) —Ea(z)][a(y) - Ea(y)],

Q(z,y) =E [a(z) -Ea(2)][8(y) —EL(y)]-

For this case, when free vector b(t) is unknown, the estimator vector

FT(t) ={p(t.km™"), k =1,...,m} will be referred to as the Gho -estimator. It has
the form

—1 ~

G = ! {1 4 ed [% e {1+ éﬁm}‘l} } (1+68,) "5 (10.4)

where 0 is a nonnegative solution of the equation



-1
0 {1 — Yn + ’ynm’lTr (0[+ Rm) } =1 >0 Y = mn~! <1, (10.5)

n

~ ~ ~ T .

Ry =n"'S " RY iR — (f—a’) (f—a*) L F=n 'Y @
k=1

N n
b=n""> (yr—19) (fk—f);zi:nfl Yk
k=1 k=1
= _ T _ N
Tpo={ar (sm™); s=1,...m} =R’ +a yp =B (t) =& +p,
R},{Q is a symmetric matrix, ¢ is fixed, ny = ny = n, the vectors

{ﬁ’,{ ={nik; i=1,....,m}; fk}; k=1,..n

are independent for every n, random variables 7;5; ¢ = 1, ..., m are independent; &; k =
1,...,n are also independent, and

Enn=0 En3 =1 E& =0; B¢, (\/Rmﬁk)‘k —byi=1,..m; k=1,..n

THEOREM 10.3. [Gir84, p.298] If

limsupmn=! < 1,
n—oo

S AT
5171Lp max  max A {E [gk Rk — b] [§k Rk — b] } < 00,

k=1,...,n s=1,....m

then for every € > 0

plim [67’610 - 5%3] = plim [aTélo & (Ie+ Ry) " 6] —0.
n—oo n—oo
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