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VJIK 519.6
N. V. CHEREMSKAYA

DEPENDENCE OF PROGNOSIS AND FILTRATION FAILURE ON DIFFERENT VALUES OF
PARAMETERS FOR SOME CLASSES OF NON-STATIONARY RANDOM SEQUENCES

The article continues the study of estimates of random functions at a future moment of time, linear with respect to the values of pre-histories of pro-
cesses. The article considers the dependence of the mean square of the forecast error of a random sequence on the last value at different values of the
parameters. For non-stationary random sequences, even with correlation functions of the simplest form, such studies haven’t been conducted. To ob-
tain representations of correlation functions, a Hilbert approach is used to calculate correlation functions as scalar products in the corresponding Hil-
bert space. Investigations of the dependence of the mean square of the prediction error of a random sequence on the last value at various values of the
parameters discussed in the article can be used to simulate filtration and prognosis processes in real systems in the case of non-stationary random sig-
nals.

Key words: correlation function, mathematical expectation, prognosis and filtering of non-stationary random sequences and processes, mean
square error.

H. B. YEPEMCBKA )
3AJIEXHICTb HOMUWJIKY IIPOTHO3Y I ®LILTPALII BIJI PI3HUX 3HAYEHB [IAPAMETPIB JUIs1
JESIKMX KJIACIB HECTALIIOHAPHUX BHIIAIKOBHX IIOCJIIJOBHOCTEM

ITpoJOBXKYIOTBCS JOCII/KSHHSI OLIHOK BUIAJKOBUX (DYHKI[ii B MaiOyTHI MOMEHT uyacy, JIHIHHMX BIJHOCHO 3HA4YeHb IepemicTopiil mpouecis. Y
CTaTTi PO3IIIAAAETHCS 3aTIEKHICTD CEPEAHBOr0 KBAJAPATy MOMHJIKU IPOTHO3Y BHIIAAKOBOI MOCIIJOBHOCTI 32 OCTAHHIM 3HAUCHHSIM IIPH PI3HHUX 3HAYCH-
HSX IapameTpiB. [l HecTalioOHAPHUX BUIIAJKOBHUX IIOCIIJOBHOCTEH, HaBiTh 3 KOPEIANITHUMY (QYHKIIIMI HAUTIPOCTINIOr0 BUTIISAY, TaKi JOCHIIKEH-
HsI HE TIPOBOIMINCH. J{JIsl OTpHMAaHHS 300paykeHb KOpEIAiHHuX QYHKLi BUKOPUCTOBYEThCS TiNbOEPTIB MiXif, SIKUil 103BOMIsIE OOUHCITIOBATH KOpe-
JsnidHl QyHKUIT SK CKaIspHi JOOYTKM Y BIANOBIIHOMY riibOepTOBOMY HpOCTOpi. JJOCHiKEHHS 3a1€KHOCTI CepeTHbOT0 KBAaJApaTy NOMHJIKH ITPOTHO-
3y BHIAJKOBOI IOCIIIIOBHOCTI 32 OCTAHHIM 3HAYCHHSIM IPH Pi3HUX 3HAYCHHSIX IapaMeTpiB, sika Oysia pO3IIISIHyTa B CTaTTi, MOXKe OyTH BUKOPHCTAHO
IUIS MOJICITIOBaHHSI IPOLECiB (GibTparlii Ta MPOrHO3Y B PEAUIBHUX CHCTEMAaxX Yy BUIAJIKY HECTAIllOHAPHUX BUIAJKOBUX CUTHAIIB.

Kurouosi cinoBa: xopensiiiiHa (yHKIsI, MaTeMaTHYHE OYiKyBaHHS, IPOTHO3 Ta (DiNbTPAIlis HECTAlliOHAPHHUX BHUIAJKOBHX HOCTITOBHOCTEH i
HPOLECIB, Cepe/H KBaAPAaTHYHA TOMUIIKA.

H. B. YEPEMCKAA

3ABUCUMOCTbD OLLIMBKHU [TPOTHO3A U ®UJIBTPAILIMA OT PA3HBIX 3HAYEHUM
IMAPAMETPOB JIJISI HEKOTOPBIX KJIACCOB HECTALIMOHAPHBIX CJOYYAMHBIX
MOCJEJIOBATEJIBHOCTEN

[IpomosmkaeTcs UCCAEA0BAaHUE OLEHOK CIyYalHbIX (YHKLHN B OyAyIINii MOMEHT BPEMEHH, JUHEIHBIX OTHOCUTENIBHO 3HAUCHHUH MPEIBICTOPHIA MPO-
neccoB. B crarbe paccMaTpuBaeTcsl 3aBUCHMOCTD CPEIHETO KBaJpaTa OMHUOKH IPOTHO3a CITydaifHOH IOCIeJ0BATENbHOCTH MO IIOCNISTHEMY 3HAUCHHIO
IPH Pa3iIMYHBIX 3HAYEHUSIX HapameTpoB. [l HECTAlIMOHAPHBIX CIIYYaifHBIX MOCIENOBATENBHOCTEH, Naxe ¢ KOPPEIMHOHHBIMA (YHKIMSAMH IIPO-
CTEHIIIero BU/a, TAKHE MCCICAOBAHHS HE MPOBOAMINCE. JIIs MOMydeHHs MPECTABICHNH KOPPEISIMOHHBIX (yHKIHI HCIONB3YeTCsl THILOEPTOB 110~
XOJI, HO3BOJISIFOIINH BBIYHUCIISTE KOPPEIALMOHHBIE (DYHKIUH KaK CKAJISIPHBIC NMPOU3BEACHUS B COOTBETCTBYIOLIEM I'MIILOEPTOBOM HpocTpaHCTBe. Mc-
CJIEZIOBAaHKE 3aBUCHMOCTH CPEJJHETO KBaJpaTa OMIMOKM MPOTHO3a CIIy4ailHOM MOCIe0BaTeIbHOCTH O MOC/IeJHEMY 3HAYCHHIO TP PA3IMYHbIX 3HaYe-
HHSIX [TapaMeTPOB, PACCMOTPEHHOE B CTAaThe, MOKET OBITh HCIIOIb30BAHO I MOAEIHPOBAHMS MPOIECCOB (DMIBTpAlM U IIPOTHO3a B PEANbHBIX CH-
cTeMax B CIyuae HECTAI[HOHAPHBIX CITydalHBIX CUTHAJIOB.

KuioueBble ¢J10Ba: KOPPETAIHOHHAS (yHKIMS, MATEMAaTHYECKOE OXHIAHUE, IIPOTHO3 U (UIBTPALNs HECTAIMOHAPHBIX CIIyYallHBIX MOCIEI0-
BaTENIBHOCTEH M NIPOLIECCOB, CPEAHSS KBaJpaTHIecKasl OMOKa.

Introduction. The tasks of predicting the values of random processes (sequences) for known values in the past or
the allocation of a signal on the background of random noise are partial but very important tasks of the general theory of
linear transformations of a random signal. Solving the extrapolation problem with partial views of the correlation func-
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tion, which is calculated for various cases of $hectrum of a non-self-directed bounded oper#&orcan be used for
modeling the filtration processes and prognosieal systems in the case of non-stationary randgnats.

Analysis of recent research. A large number of articles [1, 2, 3, 7 — 10] de@h the prognosis and filtering of
non-stationary random sequences. These articleslymadnsider the prognosis and filtering of statipnrandom se-
guences on the basis of the theory of functiona obmplex variable and some classes of functignatess, or by the
approach proposed B¢alman which leads to a rather complicated recurrencegature. Construction of the optimal
filter by a finite number of random sequence valelesounters significant difficulties associatedhwitie need to calcu-
late explicit determinants of the—th order of a special form. Therefore, the compierif such calculations and the
bulkiness of explicit formulas did not contributed significant advance in solving this problems&eches carried out
in [5, 6, 7] allow us to construct simple prognostigorithms for non-stationary random functions.

Formulation of the problem. The article continues the study of evaluationsamidom functions at a future time
point, linear in the values of the prehistory obgesses. In the article the dependence of the staare of the predic-
tion error of a random sequence on the last vauwmnsidered at various values of parameters. Goistationary ran-
dom sequences, even with the correlation functidribe simplest form, such researches haven't beaducted.

Mathematical model. In article [11] the mean square of the prognosisreof a random sequence by the last value
is obtained, which is zero order extrapolatiaf’r(:n+6) = E(n). The mean square of the erraf in this case has the
form:

o%(n, 8)=Me? = K(n+6, m8)-2K(m6, )+ K n 0, 1)
where K (n, m) is thecorrelation functiorof the random sequence.

Let us consider a non-stationary random sequeniteargpectrum that consists of one point of thegerplane

A, |A|<1. This is the case of non-stationary dissipative cangequence [12Then K (n, m) = > ®(n+1)d(m+1),
=0

where ®(n)=CA,(n), and

27

1 A"
As(n)= = 1= A - dA = 1AL AL
y 1
By skipping simple calculations fdK (n, m), we get the expression:
K (n, m) =] 0 (1+|A) APAT )
Another image forK(n, m) can be obtained by using the trigonometric formaoftcomplex numberA;:
A =1, (cosp, +i sing,) , r,< =
K (n, m) =|q2(1+ () 5””“((:05( n—m ¢, + isir{ n- n)¢1). )
If we take advantage of the fact thReK (n,m)= K, (n, n) is also a correlation function [14], then we obtai
from (3):
Ky (n, m) =] q2(1+ £) 5" cod n- mg,. 4)
Formula (4) is an image for the correlation funetaf a non-stationary dissipatiydim K (n+r, m+ r) :O) ran-

T >0

domsequence. In this case, the prognosis error (Esttdie form:
2
a?(n, 8)=|c" (1+ 1) ™" (rf‘g -9 codp,+ ) (5)

From (5) we have thao?(n,0)= 0 for #=0, and 0® (n, ) =|C* (1+ 5 )" for 6=c0. That is, as in the gen-
eral case, ford = the error of the prognosis depends on the last mbofetime and is not constant, as in the case of
stationary random sequences. However, with © ¢ (n, «) - 0.

Consider the dependence of the prognosis errawitB)different values of the parameters assunj(ﬁé =1.

The graphs for the dependence ofgihegnosis error (5) om are shown in figl, fig. 2, fig. 3.
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The dependence on n of expression (5) at different values of other parameters has virtually the same character.

The graph of this dependence is shown in fig. 4
The dependence on the stage of the prognosis @ significantly changes with different parameters. The graph of this

dependence is shown in fig. 5 — 8.
We now discuss an example of a prognosis by the last value of a non-stationary random process. Let §(t) be dis-
sipative random process of the first rank non-stationarity with a discrete complex spectrum [12].
B
2

Consider the case when the spectrum consists of one point {4, } = {al +|—} .

Then K(t,s)= I<D(t+T)CD(s+r)dr, ®(t)=C,e"™" . It's easy to get an expression for K (t,s):
0
Icf? e (tos)-L t4s)
K(t, S)Z;ze ' 2 f (6)
By
and that means,
2 B
|C1| L (t+s)
Ky (t,s)=ReK(t, 3):7e 27 cosey(t-s).
l
The mean square of error (1) takes the form
2 K
C 2 2 g
o’ (t, 0) = Me? :@e‘ﬂlt e % _2e 2 coseyf+1]. 7)
l
2.2e-104
1.6e-204
Ze-104 1.4e-204
1.58e-104 1.2e-204
1.6e-101 Te-207]
1.4e-104 B2
Be-214
1.2e-104
0 2 4 B g 10 fe2t -Zl 2 4 B g 10
9 9
Fig. 7 — Dependence of prognosis error (5) on & at Fig. 8 — Dependence of prognosis error (5) on € at
r=01 n=10, ¢ =7x/3. r=01 n=5 ¢=x/2.

C 2
From here o*(t,0)=0, and o? (t,+oo):%
1

2
e At that is at @ =00 the prognosis error depends on the last

2.
moment of time. At t > o2 (t, +oo)—>0, because the multiplier e ' is nonnegative and does not depend on t
o’ (t,0)=0.
Consider the dependence of the mean squared error (7) on various parameters, assuming that |Cl|2 =1. We carry

out an asymptotic analysis of this formula for r »1-0 and r—0 (|r|<1). Let 6=1, ,812 =1l-¢,6—>0, t=1.

e-1
Then expression (7) takes the form: o (t, 0) = %eg’l [e“ -2e 2 cosy +1J . After simple transformations we get
—-&

3 3
o?(t,0)=e?—2e 2cosey +e " + g[Sez —5e 2cosay + 2e1} : (8)
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Fig. 9 — Dependence of average square error (&) @t Fig. 10 — Dependence of average square error (8)
a,=1l6. on g, at £=0.01.

The dependence of the mean square of error (&) @anlinear (fig.9).
The graphs of dependence mean squared error (&) aiffer from each other only by amplitude. The ditope

grows with £ (fig. 10).
Similarly, we consider the asymptotic behaviorgorall ﬁf .

2(1- cosx.
After simple transformations we get® (t, 6?) =%+(Scosal— 3 Considering the dependence of this
expression or)Bl2 at different values of the anglg we have actually the same graphs (fity).
250000 1
2000004
150000
100000
S0000
0 0.02 0.04 0.06 0.08 01
b
2(1- cosn,)

Fig. 11 — Dependence of (t, 8) = 7 +(3cosr,— 3 on B ata,=7n/6/

The graphs of the dependence of this expressiog, differ from each other only by amplitude. The arnple de-

creases agﬁ’f grows. For example, the graph fﬁf =0.001 is shown in fig12.

As in the case of the sequence considered abowm @k 0 the error is zero, wheh - o the error monotoni-
cally goes to zero, and & - 0O it goes to zero as well, but oscillates. More gehextrapolation formulas for non-
stationary random sequences are obtained in [13].
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Fig. 12 — Dependence af*(t, ) :2(1_7020371)

+(3cosr, - 3 on a; at A7 =0.001.

Conclusions. Thus, unlike in the case of stationary signals, itean square prediction error depends not only on
the prediction step, but also on the last momeninaé. In addition, for asymptotically fading sidsiathe error goes to
zero, and for the increasing ones — to the infinitye dependence of the mean square of the predietror of a random
sequence on the last value at different valuestdpeters, which is considered in the article,lmmansed for the analy-
sis of statistically non-stationary signals. Thigpromising in solving many applications, for whitle unsteadiness of
the data is significant.
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