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Let us consider the problem of estimating of states of systems with discrete time which
describes by the equation of state of some system

Tra1 = Tk + ApTr + 5{; U = CrZr +7k; E=0,1,2, ... (12.1)

where ¥ are the n-dimensional vectors of state; 3 p-dimensional vectors of observed of
exit variables; Ay are square n x n matrix; C} are matrices of dimension p X n; 56 and
M are some vectors of obstacles which have dimensions n and p respectively and which
satisfying the condition
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GeG, G={&: ) _|&GIP <1}
=0

Eij; =0, Efi =R

In this article we consider the following problem of estimating of state Tjy: to find
matrices K; of dimension n x p and vector [ of dimension n which minimized the expression

k

k
maxE (Trorr — > K = 1)V (Frsr — > KiGi — 1), (12.2)
i€ i=0 i=0

where V' is a nonnegative definite matrix of sizes n x n.
Let L is the set of matrices of dimension n X p; Lo is the set of vectors [ of dimension n.

THEOREM 12.1. Under above formulated assumptions
k . k
max E (fk+1 — ZKZE — i) V(fk:—l—l — Z Klg; - [)

&eG — —
=0 =0 (123)
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_ )\1{2 Z,-HVZZ-TH} +Y TRKVET,
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where the matrices Z; satisfy the recursion equation

—

Zpi(I+2y) =2, — K,Cp; p=0,....k; Zy1 =1I; I" = Zywo;

the matrices K satisty the equations



—ZpiCijgBigBZT—{-RjK;V:O; j=1,...,k; (12.4)
1=0

where p; > 0; Zf:o p; = 1 are arbitrary variables, Jr, k =1,...,s are orthonormal
eigenvectors which correspond to the maximal s-multiple eigenvalue \i of the matrix
Zle Ziv1 VZiT+1 , the matrices S, satisfy the system of equations

Spr1=Sp+ApS, —VZ s p=1,....k S =0. (12.5)

Proof. 1t is obvious that

k k
(Zp41 — ZKHJ@ - BTV(ka — Z Kiy; — [)
i=0 i=0

k k k k
= (Zpy1 — Z K;Ciz; — ZKﬂ?z‘ — 1)V (Zhes1 — Z K;Ciz; — Z K — 1)
i=0 i=0 i=0 i=0
Let us consider the system of recursion equations

Zpi1 = Zp — Zpi1Ap + KpCpy p=0,k

with initial condition Zi;1 = I. Then using (12.1) after obvious transformations we have

k k k
Fro1 — Y KiCifli = Frn — Y (Zign — Z0)T — Y Zip1 A
i=0 i=0 i=0
k
+ Thq1 — Z Ziy1(Zip1 — Aidy — §)
i=0
k k
- Z Zit1 Aiy + Z ZiT;
i=0 i=0
k
= ZoZo + Z Zis1&i-
i=0

Therefore
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(Frrr = ) Ky = DTV (@ = Y K = )T
1=0 i=0

k k k i
= (ZoFo+ Y Zim&+ Y Kiii; = 1)V (ZoZo + Y Ziya&i+ Y Kiifi — )7
1=0 1=0 1=0 1=0
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Using the subdifferential calculus [1] and (12.2) we get

k k
T
i E (7 — K4 —1) V(2 — K.i. —1

K;eL;
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— min {)\1 (Z Zi+1VZZ.T+1> + ZTrRiK;"VK;‘T} * = Zoxo
=1 =1

and unknown matrices K satisfy equation

s k k
T {3 GuBlpe Y. Zin V2L + Y ORKV | =0 (12.6)
q=1 i=1 i=1

1=

where ©,; are arbitrary matrices which have the same dimension as matrices K; and ma-
trices Z;,1 satisfy to the equations

Zivi=2Zi — Zis1Ai +6,Ci; Zpp1 =0; i=1,... k.

Obviously
k ~ k ~ ~ ~
> ZinVZE =Y ZinZZ] + (ZigaSigr — ZiS))
i+1 =1
k ~ ~ ~
=3 (Zin\VZE, + Ziga(Si + AiSi = VZL,) - Z:S))
=1
k ~ _ k
> N(Zi = Zig1 Ai + 0,C)S; + Zi +1A4:S; — Z1 )] = ) 6,048,
i=1 =1

Using this equality and the auxiliary systems of equations (12.5) we obtain that (12.6)
equals

s k k
Tr {Z Ga?T00 Y (ZiAVZEy + Ziir1Sivr — ZyiSi) + > @iR,L-K;‘V}
g=1 i=1 i=1

s k k
=Tr {— Z @qﬁgpq Z 0,C;S; + Z @ZRZKZ*V}
g=1 i=1 i=1

From this equation we obtain the all assertions of the theorem.
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