AIITOPUTMbl  OMTUMAIIBHOA  ®UNBLTPALUUMM  COCTOSAHMA  LEEMEA MAPKOBA C
SAWLYMNEHHbIMW HABNIOAEHNAMU

TepeHTbeB B.M., UntoxmnH A.A.
Akagemunst PATICIU, r.Open

M3BecTHble paboTbl [1,2] MO NPUMEHEHUIO METOOOB JIMHEWHOW unbTpaunm LS OUEHKK
COCTOSIHUI 3allyMMEHHbIX CryYamHbIX NPOLECCOB He 3aTparMBatoT KNnacC AUCKPETHO3HaYHbIX CRyvanHbIX
nocneposarenbHocTen (Lenen Mapkosa (LIM)). HepelueHHOCTb 3TOM 3agayun caepXmBaeTcs OTCYyTCTBUEM
oblero MaremMaTU4eckoro annapara CuHTe3a ypaBHeHuh coctosHua LM, 4to, B cCBOW O4vepenb,
3aTpygHAeT npuMeHeHue ONs HUX XOPOoLLO pa3paboTaHHbIX METOAOB ONTMManbHOW unbTpauum B psage
MPaKTUYECKN BaXKHbIX NPUKNadHbIX 3a4ad, TakMx Kak: NiaHMpoBaHWe AMCKPETHOrO MO COCTOSIHMIO pecypca
peTpaHCcnsaATopa B CETAX CMYTHMKOBOW CBSA3M, yrpaBreHne NoTOKOM 3adBOK Ha 06CnyxmMBaHue u ap.

OCHOBHbIMM 3Tanamu pelleHus 3adayn CcuHTesa anroputMa dunbTpaumm cocTtosHus LM,
Habniogaemon B LWyMe, SBMASKTCS paspaboTka maTtematmyeckon mogenm LM Ha 4sbike Teopumn
nepemMeHHbIX COCTOSHUS M Nocrneayowas  yHupukaums Ha 9TOT Ccfiydan  anropuTtMoB  FIMHENHOWN
dvnbTpauun. B goknage npeanoXxeHol pesynbTaThl peLIeHWss BTOPOro atana 3agayu, G6asvpyowmecs Ha
BBeAeHHOM B paboTtax [3,4,5] ypaBHeHuM cocTosiHus LIM.

Cnegys pabote [3], 3anuwemM cToxacTuyeckoe pasHocTHoe ypasHenue coctosHus uenn X(K)
yepes BEKTOP UHAMKATOPOB COCTOSIHMI é( k) B Buge:
_ T - -
O(k+) =R (k+1/k)@(k) +AB(k +1) (1)
rae 6. (K) - vHaukatop i-ro coctosHus LIM, mpuHMMaowmii 3HauYeHue eauHuua Ans crydvast
X(K) =1 v Hynb B ocTanbHbIX crydasx;

P’ (k +1/K) - maTpuLia nepexoaHbix BepoSITHOCTEI!;

AB(k) - Bektop nocneposatenbHOCTEN, MPEACTABMSAIOWMX —CTyneHYaTble  MapTUHranbl,

KOMMeHcupyloLmne apobHble 3HAaYEHNs1 NEPBOro Criaraemoro B BbipaxxeHun (1).
Hapsgy ¢ ypaBHeHueM cocTosiHua (1) monmHas matemMaTtudeckasi MoAenb CryyYamHOro npouecca
06bIYHO COAEPXKUT ypaBHEHUE HabnoAEHMS 3a ero COCTOSTHUEM crneaytoLwero sMaa:

2(K) = H (K)X(K) + W(k) = H'(K)6 (k) + W(K) ; (2)

H'(k) = H(K)CT,

rae Z(K) - Habniopenus 3a npoueccom X(K);

H(k) - matpuua HabniogeHus, anemeHTbl KOTOpOi onpeaensoT cnocob npeobpazoBaHus
namepenuit B 3Hadenms npouecca X(K);

C'- MaTpuua COCTOSIHUIA HabnogaeMon BeKTopHou LIM;

W(K) - BekTop HenpepbIBHO3HAYHbLIX rayCCOBCKMX MOCMEA0BaTeNlbHOCTEN (LyMOB HaGmoaeHNs)
CO CpeAHVM, paBHbIM HYMHO U KOBapnaLMOHHON MaTpuLei M{W( k w( S} =R(k)o(k-s);

Ha ocHoBe nonyyeHHou ans YLUM mopenn v npeacraBneHust yCrioBUWA OLEHMBaHUSA B Buge

ypaBHEHUI COCTOSIHUS 1 HabnioaeHns cuHTe3upoBaH hunbTp KanmaHa, obecneunBatowmii oueHky 8(K),
ONTUMAarnbHYH MO KPUTEPUIO MMHMMYMa CpeaHekBagpaTmyeckon owmnbkm oueHnBanusa (MCKO):

. U B
minM %(k) X(K) g / z(k)a (3)

MoxHo nokasaTb [3,5], 4TO ANs crydas MNPUHATOW MOAENU COCTOsSHWSA u HabnwgeHusa (1,2)
TekyLias oueHka cocTosHus npouecca X(K) moxeT 6bITb HangeHa Ha OCHOBE PEKYPPEHTHOrO anroputma
KanmaHa, obecneymsatoLlero HENOCPEACTBEHHYIO OLIEHKY €ro CTOXacTUYECKUX MHONKATOPOB:

g(k +1) = P(k +1/ k)g(k) +K(K+D[2(k+1D) - H'(K+D(P(k +1/ k)@g(k))] , )
6(0)=6(0),

OTKy[a HenocpeAcTBEHHO crieyeT U OLieHKa COCTOSAHUS 0bbeKkTa
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O g
X(k+1)=CTO(k+1),
rae K(k+1) - matpuua koaddmumeHTos yeunenus dunstpa Kanmawa;

OTMeTMM, 4YTO ANsi NIMHEWHOM MOCTAHOBKM 3agavvM maTtpuua KoddUUMEHTOB HE 3aBUCUT OT
N3MepsAEMbIX CUTHaroB, a MO3TOMY MOXET ObiTb BblUMCIIEHA 3apaHee B COOTBETCTBUMN C BbIpaXXEHUEM:

K(k+1) =P, (k+D)H" (K+)R™*(k+1), (5)
rae R(K +1) - koBaprauvoHHas matpuua WwymoB HabmioaeHus;
P, (k +1) - koBapnaumoHHas Matpuua (aMcnepeuin) owmMBoK OLEHUBaHUS.

HecmelleHHOCTb, COCTOATENBHOCTL UM 3P(EKTUBHOCTL npouecca unbTpaumm Ha OCHOBe
MOMNy4yeHHOro anroputmMa noATBepXAalT pes3ynbTaThl MOAENMPOBaHWS, C UCMOMb30BaHUEM MPUKIIALHOMO
naketa MatLab. B goknage npuBeaeHbl rpadukuy, nokasbiBalollimMe 3aBUCMMOCTb CKOPOCTM CXOAMMOCTM
TEKyLUMX OLLEHOK COCTOSHMIM OWCKPETHOW MOCregoBaTenbHOCTM K MCTUHHBIM 3HAYEHUSIM ANS PasfnyHbIX
COOTHOLLEHUI cuUrHan/lymMm B kaHane HabnwogeHus. [JaHbl pekomeHgaumm no apekTMBHOMY NPUMEHEHUIO
AaHHOro anroputMma unbTpauumn Npy peleHun paga npuknagHbix 3agad (obHapyKeHus curHana, OLEHKM
yycna 3asiBOK MONb3oBaTenen Ha pecypc peTpaHcnsaTopa, OLEHKN TEXHUYECKOTO COCTOSIHUS CpeacTB CBA3M
nT.a.).

PaccMoOTpeHHbIM  anroputM  (hunbTpaumm  COCTOSHUA  AUCKPETHbIX  MocreaoBaTerlbHOCTEN,
Habnogaembix B LIymax, No3BonseT yHUpMUMpOBaATb AaHHbIE anropuTMbl unbTpaumm ¢ anroputMamm
OLEHKM COMYTCTBYHOLUMX HEMNpepbiBHO3HAYHbLIX CNy4arHbIX NPOLECCOB, a, crnefdoBaTerlbHO, 3aMeHUTb
TPaAMLMOHHO MUCMNONb3yeMble CXEMbl PasfnMyeHnss rmnoTe3 B 3aJadax OLEHKM COCTOSIHUIM 3allyMieHHbIX
ONCKPETHO3HAYHbIX CryYanHbIX NocrneaoBaTensHOCTEN.
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OPTIMAL FILTRATION ALGORITHMS OF DISCRETE PROCESS STATES OF MARKOV WITH NOISY
OBSERVATIONS

Terentyev V., llyukhin A.

Known researches on application of a linear filtration methods for an estimation of stochastic
processes states do not affect the class of random Markov discrete sequences. Difficulties of this problem
are added by absence of the general mathematical methods of states equations synthesis for Markov
discrete process (MDP). The main steps of algorithm synthesis for a states filtration of a MDP observated in
a noise are design of a mathematical model of a MDP with application of the theory of a variable states and
subsequent unification of algorithms of a linear filtration.

In the report the mathematical model of MDP including the states equation and observation
equation is shown.

On the basis of obtained for MDP model and representation of conditions of estimation as
equations of a states and observation the Kalman filter ensuring an optimal estimation states indicators by
criterion of a least mean square of estimation error is synthesized.

The given algorithm of a states filtration of Markov discrete process observed in noise allows to
unify the filtration algorithms of discrete and continuous stochastic processes, therefore, to replace the
traditionally used algorithms of distinguishing of hypotheses in problems of a states estimation of Markov
discrete sequences.




