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i The estimation problem of a function 5(t), t € [0,T) and its derivatives on the bage
I of the observation process X (t) with

| dX(t) = S(t)dt + edw(t), X(0)=0, (1.1)

where w(t) is a standard Wiener process, ¢ is a small parameter, is very popular In
: mmumumm.lthmmmmﬁmmM[s].whuwtmﬂ
i problem assuming that S(t) is a stationary Gaussian process with Enuwnm-aﬂmm
function, and Kalman [4], who assumed that 5(t) is a solution of a lineas stochastje
differential equation (SDE), and created Kalman's filter for S(t). In [3] this Probilery
mmnnidemdfmmthannn—parmhicﬁtim:ﬂnupﬂintuf?kw, Itm;hﬂwn
thﬂuthutthambaufmnmgmufﬂﬁmaﬁmrhhhﬂ.us-—-ﬂ, depends oy
the a priori information concerning smoothness of 5.
Denote by Z(8,L), 8 = k +a, the class of functions S, hl'hlgkdﬂi\mﬁmnn
(0, T), and, moreover, §*)(¢) is a Holder continuous with the exponent o function,

80 that
ISM() - SO <Ll — 4o, 0<a<1.
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d5(t) = S+ () de

b s (AX(0) - SO ), j=0,1,.... k=1 (L3)

a8I(t) = mayary (4X°() - SO0 ), (L4)

subject to the initial conditions 5(0) = §,, §(0) = 84, j = 1,..., k, which reflect
a priori information on 5(0), SYN0), j=1,...,k

Denate by px(A) the polynomial
Pe(M) =21 L gdF L g g (1.5)
The following result was proven in T, KL(I?,?)

Theorem ¥d. For any choice qu,...,Qes1 such that all roofs of the polyno-
mial px(A) have negative real parts, and for arbitrory bounded initial conditions
Soye.., 9% the tracking filter (1.4) has the property: there erists an initial boundary
layer A, = Cye3/ 133+ 0 Iog(1 /e) such that for t = A, the inequality (1.2) is valid.

The goal of this paper is to widen the result of [1] to the case of diffusion
observation process X, (t) with a diffusion coefficient £20?(t, z) and a drift coefficient
F(t, z,5) depending on unknown but sufficiently smooth function S(t) {for the case
o = 1, F{t,z,5) = 5 we have again the observation process (1.1)). We propose a
nonlinear analogy of the filter (1.4) and study the properties of it. Note that the
linearity of the filter (1.4) is very essential for its analysis in [1]: the approach
in [1] uses explicit solution (in the matrix form) of the system of equations (1.4).
Therefore we use here another approach, based on the Lyapunov functions. In order
to clarify main idea, this approach is applied initially in Sec. 2 to an alternative
proof of Theorem 1.1. Then, in Sec. 3, nonlinear Kalman-type filter is proposed for
the nonlinear diffusion observation process, and the optimal rate of convergence of
risks to 0 is proven under some assumptions concerning coefficients F and o, for




‘w%

Gher (19,04) ©
Séi(% qq'},“ﬂ'ﬂj WL% P"-DM

::::

dste = SV MdA s

sﬁ:x J {h @
dX (4 = Smétmflb(ﬂ




On- &
e Ut Mofivw Lo
Hhe

i e
™ phioved poeess
(K 20

pfy{d L 4
q,lq

(At) .
. <
nth F) ¢ wgé ZT
6} ' “wos w. p t. Fﬂh.h
v Goaneed. rdige



that D
e n.uluﬂ{"”‘
v 2y

L

"LE-'W 5—8!3\";[@]&\ )

hotd ]fsrmcmwfu* €>;:



3 CKL(I?ﬂJ Mt"&mfm

Js"’@ S{aﬂ} ) 4{

%) y f‘g(wssm) )

=0 l 3 ohe K"ﬁﬂ,

ASM (%!-— im w

X Fa(X, ), S,m)
Wbm ool w‘\dm

ofd)
5 (ﬂ) gg‘ 3'011'1 = ;K,

Woge d =KL = £ '2;'41_i




Thaovem, it Ue conditions S'e20h
ol (Al AS}WWW“‘?P“M
E[[Sz -S ]
‘fﬁw{ SZ;"”’
SJ
AL Tl
4 valid for thu. aﬂ:édr()@




5mﬁmg?-
oA X, (€)= Sp) X, tr) i+ duy

xf (0".‘- 0.

)(!':f\l:-/f"
ALY

AdYe (M= S[ﬁ‘{c@-} AW )




On-bw esdy metem o

§manth W weldh pay hald
ots&w,:mm.
i A= S ) dt 4E #/F
q

Xe =0 ;0 cta .

(cx.o

CANE {;@”’Jﬁi’f"éd’@":#})'/” .
g f0)= 0 Y
otz




(B3) Theproe 3:“*“"\ ., independest Gt

LHon, Thah the Lol o noixe
the ofsu-vable Wm»} o



p

In
trod
#
Y

om ar Lolter
J Y
m=
‘n'f:‘:
g

v P Mh‘:a:+

r L]

>/ ol

d A
AT
=ﬁﬁﬂ
ol
+

p e
vl
_ d
Y,
e (V) -
?
c ¥
ot

311-:
F:
(%
}/ﬂ)

4%
&( rt 3\.:0,
y
' b/
: 71-:.
d
ﬂﬂi-%
gf
o







T-&towmy' ,AsSuu Uant Uy candity,
J

(2)-BY) fodd for (e partid oliorvediom
MMN’SG‘Z?J)W C

?fa“' J?kﬂ. U ohom Y dtrlnf“,,¢
w4 U (ﬁ‘l}) Tty Ue hom b'way
in‘ifw (! ) weth a*#-u‘r‘my
Goumdad cMbtl comeliTERs omdl
Sy 2 ()
S () /f’) - @aﬂ /f} ﬂ«&}
] r’(‘o‘\f"‘{‘iw \ &I‘ j:O‘,“’Rﬁ
2 C, EX Yy 4
on g ;‘“m _Z(S:‘ ?J €
E f,,.____..——@\ 2 C

X

25 -))
£ 2p+”




Cor
Lt SeZ(Bl) with fel,th com
(rsi B3) fole). P&m:du .Exhiemak:?jm

W-M () Lt 1@;(*' CPHH Wﬂu
(9)
io"? (=S e 3 44(H- F(®"H) &

1P¢1H < . ﬂlﬂ @&CP(OHI )

bl 4, H.K(ztd { (‘-‘E‘“‘(n)

mb‘d‘l'arj memtkw N
\ "
He ?n— 063 ‘}? C,o:rﬂ ruch H‘Jr
i 8151535 ow“ﬂ’“ bound
\@‘%?SBI 0 £




