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B ciygae uneHTHOUKAIMN THHAMHYSCKUX CHCTEM IPH HAIMYHHU IIyMOB TWHAMHKH U H3Me-
pUTENST IPUXOJUTCS ONMHUPATHCS Ha HEKOTOPHIC alTOPHTMBI OLCHHBAHUS COCTOSHHMS M Iapa-
metpoB. Teopust punbTpamuy, paspadoranHas Burepom n KoaMoroposeim, o3BonseT Bbizie-
JSATh TIOJIe3HBIA CHTHAJ IIPH HAJIMYUH HIYMOB, HO B 9TOM Cllydae TpeOyeTcsl HCKaTh pelieHue
UHTErpajbHOro ypaBHeHus: Bunepa—Xomnda. B peanpHbIX 3amayax HCIOIb30BAHUE YUCIICH-
HBIX METO/IOB TIPH pelIeHnH ypaBHeHHs Burepa—Xomnda npezcraBiser co0oil BecbMa CIIOXK-
HYIO U TPYJIOeMKyIo miporenypy. Kamvan n berocn npeutoxmy pemaTs 3a1a4u QUIbTpanim
pekyppeHTHbIMH MeTopamu. OunsTp KanMaHa 1Mo3BoJIsSeT HOMYYUTh HECMEIIEHHYIO OLEHKY
COCTOSIHUS IMHAMHYECKOW CHCTEMBI C MUHUMAaIIbHOW Jucnepcued. Padory ¢unbrpa Kanmana
MOJKHO IIPEJICTABUTh C MOMOMIBIO 3aMKHYTOH CHCTEMBI YIPABICHHUS, YTO IPUBOJUT K €ro MIU-
POKOMY HCHOJIb30BaHHIO PY PEIIEHNH TIPAaKTHIECKHX 3a1a4. OIeHNBaHNE COCTOSHUS 00BeK-
Ta ¢ Ucrons3oBanneM ¢uibTpanuyu o Kanmany tpebyer Tounol MH(OpManuy o IMHAMHYE-
CKHX ypaBHEHMSIX O0OBEKTa U CTATUCTHKAX CIy4aHHBIX mpoueccoB. OgHAKO B OONBIIMHCTBE
cirydaeB TouHass nHGOpMaIysa 00 00beKTe He JOCTYMHA, IPH STOM, KaK MPABUIIO, IPHXOJHTCS
UMETh JIeJI0 C OIEHKaMH MapaMeTpoB IMHAMHYECKOil cucTeMbl. Bo MHOrMX peammsanmsx
¢unpTpa Kanmana npu GornbInoii BEIOOpKE JJAHHBIX HanOOJbIIee 3HAYCHHE UMEFOT TIPOIIIBIE
U3MEpEHHs 110 CPaBHEHHMIO C TEKYyLIIMMH JaHHBIMH. Takas CHTyalusi MOXKET NPHBECTH K
omuOKkaM HpH OLECHHBAHUH COCTOSHUS JHHAMHYECKOH CHCTeMbl. B namuHolf paboTe ommcsI-
BalOTCA dTanbl peanu3anuu ¢punbTpa Kanmana npu momomm OJOK-auarpamMm B rpaduueckoit
cpejie UMHTALMOHHOT0 MojenpoBanus Simulink.

KaroueBble cioBa: HaeHTH(HKAUWS, OLCHUBAHWE COCTOSHUS, JMHAMHYECKAs CHCTEMa,
¢uneTp Kamvana, 0OHOBIIEHHAS [OC/IEI0BATENBHOCTD, YCTAHOBHUBIIHIICS PEXXUM, HEIPEPHIB-
Hast QUIbTPALYS, TUCKPETHAS (pUIIbTpanus
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BBEJEHUE

Moenu COCTOSHHS B BHJE CHUCTEM PA3HOCTHBIX WK JuddepeHInanbHbIX
YpaBHCHHI MEPBOTO MOPSIIKA UCTIONB3YIOTCS PU MOJICIIUPOBAHUU PA3JIMYHBIX TCX-
HUYECKUX, IKOHOMHYECKUX WM OHoornueckux cucreM. B padorax [1-10] mpen-
CTaBJICHBI METOIBI OIICHUBAHUS COCTOSHHS, HCIOJb3yeMbIC B 3ajadaX HICHTU(HU-
Kallii TUHAMHYCCKUX CHCTEM. B MpenmnoiaokeHuu, 4TO CUTHAIBI HMCIOT TayCCOB-
CKUH XapakTep, MNpOIEAypPY OICHHBAHUS COCTOSIHUS IUHAMHYCCKOTO OOBEKTa
MOXHO OIUCATh CIICAYIOIM 00pa3oM:

— Ha OCHOBE aNnpHOPHOI HH(MOPMAIMH YCTAHABIMBACTCS HAYAIBHOE COCTOSHIE
CHCTEMBI;

— (OPMUPYIOTCST ypaBHEHHs TUHAMHKH JUIsl OMHCAHHMS W3MEHEHHH MepeMeH-
HBIX COCTOSIHUSI,

— (OpPMUPYIOTCST YpaBHEHUSI, CBSA3BIBAIOIINE DPE3yJIbTAaThl HAOMIOJACHUS (MK
HU3MEPEHUS) C IEPEMEHHBIMU COCTOSHHS,

— MPUMEHSIOTCS aJrOPUTMBI (PUIbTPALIHH.

1. HEITPEPBIBHASI ®NJIbTPALIA

IycTh nuHEWHAs CTAlMOHAPHAS JMHAMUYECKAs CUCTEMA OMMCHIBAETCS B BHIE
ypaBHeHnwuii [9-15]

X(t) = Fx(t) + Gw(t), z(t) = Hx(t)+v(t),

rae X(t) — BEKTOp COCTOSIHUS C HYJIEBBIM MAaTEMAaTHYECKUM OXHJAHUEM U HEOTPH-
LATEIbHO OIpPEACICHHOW KOBAapHUallMOHHOW MaTpuieil P B HayalabHBII MOMEHT
Bpemenu; W(t) — Oelblii rayCCOBCKUIl IIyM C HYJIEBBIM CPEHAM U HEOTPHIATENb-

HO OMpeJieJieHHON KoBapualonnoi marpuieit Q ; F, G — MaTpHIbl COCTOSHUS U
BO3MYIIEHUS COOTBETCTBEHHO; H — MaTpuna Habmronenus; Z(t) — BexTop HabJIIO-
nenus; V() — Gesblil rayCCOBCKMN MIyM C HYJEBBLIM CPEIHHM M TIOJOKHUTEIBHO

omnpesieNIeHHON KoBapuanmoHHOM Matpuuei R . Jlanee B aprymenTax t yka3blBaTh
He Oyznem.

Owietp KanmaHa mnpu TOYHO W3BECTHBIX mMapamerpax oOwekta F, G, H
(puc. 1) umeer Bux

% =FR+K(z-HR), (1)
rae MaTtpuia K OIPCALIIACTCA U3 YPABHCHUA

K=PHTR™, @)
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aMaTtpuna P ectb penreHue nuddepeHraibHOr0 ypaBHeHUS

P=FP+PFT —PHTRHP+GQGT. @

X T X

5

Integrator

2

Puc. 1. CtpykrypHas cxema MOJIen HaGIH01aeMOro
nporecca

B pa6orax [9-15] paccmaTrpuBaeTcsi yCTaHOBHUBILEHCS PEKUM, KOTOPBIA HMEET
BOXHOE 3HAYCHHE U MHXKCHEpHO# mpakTuku. Hecranmonapuocts ¢unstpa Kain-
MaHa MTPAeT POJIb TOIBKO TPH MYCKe CHCTEMBI, U [T PeajbHbIX 3a/ad 3THM 4acTo
MO>KHO NpeHeOpeyb.

st Toro 4ToObl OLICHKA BEKTOPA COCTOSHUA X ObUla «KaK MOXKHO OJIFKE» B
CpEe/IHeKBaIpaTHYHOM K BeKTOpy X, Heobxomumo moctpouth (uietp (1)—(3)

(puc. 2).

z 1] X

Inte grator
]
\\r

Puc. 2. CTpyKTypHas cxema ycTpoiicTsa
OILICHUBAHUS COCTOSIHUS

2. JIMCKPETHASA ®UJIBTPALIUA

B nmannoit paboTe paccMaTprBaeTCs JTUHEHHBIH TUHAMUYECKHH OOBEKT, KOTO-
PBIi B 00IIEM BHJIE MOYKHO 3aITUCATh CIIEAYIOIMM 00pa3zom [9-15]:

X1 = DX +PU FTW, Vi = HXi + Vi, (4)

TA€ Xg,1 — BEKTOP COCTOSHUSA, Uy — BEKTOP YNPAaBIAIOIIMUX BO3AEHCTBHH; W, —

Oexast rayccoBCKas IOCIE0BATEIBHOCTh C HYJEBBIM CPEJHUM M HEOTPULATEIHLHO
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ompejeieHHoil Matpuieil koapuaimu Q; @, W, I’ — MaTpuibl COCTOSHUS,
yIpaBIeHUs] U BO3MYIIEHUS] COOTBETCTBEHHO; H — MaTpuia HaOMOAeHUs; Yy 4 —
BEKTOP HAOIIOAEHUs; V|1 — Oenas rayccoBcKas IOCIEN0BATEIbHOCTh C HYJIEBBIM

CpPEe/IHUM U TOJI0KUTEIBHO OIpeieJIeHHOM MaTpuLeil koBapranuu R .
[Tapametpsr cuctemsl (1) B TUCKPETHOM CITydae UMEIOT BHI:

o2 %) vl oo 9w

0
0 01

raercs, YTO CUCTeMa yCTOWYMBA, MOJHOCTBIO YIIpaBisieMa U HaOJo1aeMa.
s cuctemsr (4) ¢unsTp Kanmana ¢ OOHOBIICHHOH MOCIIEIOBATEIbHOCTHIO
umeer Buz [9-15]:

XapakTepuCTHKH CIyYaiHBIX BO3MeHCTBHIA: Q 2( ) ; R=0. IIpexamomna-

Kk = PRk +Puc, X9 =%Xo, Yia1 = HRup ks (5)
12
2k+1:(HHH—LkHT"'R) ) (6)
Tet1
Kk+1 = F)k+1,kH 2k+1’ (7)
Rk = PR @' +TQrT, ®)
-1 N
Vit = 2k (Yke1 = Yk k) s 9)
K+t k1 = K1,k + K Viet s (10)
1
Iq<+1,k+1 =|1- Kk+lz H : (11)
k+l  Jk+1,k

Ocobennoctn nocrpoeHust ¢punbTpa Kamvana noapoOHO onmcaHbl B paboTax
[10-18]. OtmernM, uTo 3HaUeHUs Matpuibl B | 1 MaTpursl K 1OBONBHO OBICT-

PO YCTaHABIHMBAIOTCS C POCTOM YHCIIA M3MEPEHHH.
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3. PEAJIM3AIIUSA ®UJIBTPA KAJIMAHA B CPEJIE SIMULINK

Simulink sBrIsleTcst OZIHUM W3 CaMBIX BaKHBIX MAKETOB PACIIHPEHUS CHCTEMBI
MATLAB, koTOpBIi MMO3BOJISIET OCYLIECTBIATh UMUTALIMOHHOE OJIOYHOE MOJEIUPO-
BAaHHE CHCTEM M YCTPOMCTB Pa3INYHOrO HazHaueHHs. Kak mpaBuIio, 1eib MOJICTH-
POBaHHS COCTOHMT B U3YYCHHHU PEaKIMH YCTPONCTBA Ha BO3ACHCTBUS HEKOTOPOH (u-
3UYeCKOi mpupobl. s MoaenupoBanus Takux cuTyarmii maket Simulink o6magaer
MIUPOKUM HaOOPOM CHTHAJIOB U CPEZICTB IS PEAAKTHPOBAHUS UX MAPAMETPOB.

Ha puc. 3 nokazan ¢unstp Kanmana B o6mem Buzne. Ha puc. 4-6 npencrasie-
HBI OT/IeNbHBIC ATaMbl opmupoBanus GpunbTpa Kanmana B cpeae Simulink.

MATLAB
Funetion

[o 3] Fitr

2 Matrix

FiPHeFitr

P Fi Pl _k
R
=l H
Ki_ksl |—
»lc MATLAB |
_ sigma_ket Function
i Gtr
e Ph_k |— Matrix
Ly Pilualtiphy
Puc. 3. Monemuposanue ¢punptpa Kanmmana Puc. 4. Dran popmupoBanust Gpuib-
B 00IIIeM BUJIC tpa Kanmana (ypaBHenue (8))
M atrix
Pl 1_k Multiply B Matrix
- Multiply [~
MATLAB Plt1_KH_tr
: K1
Function ——————— ] paatix
R .
H_tr Multiphy
HPk+1kHtr
MATLAB
Function
MATLAB
sigma_k+1 — —

Puc. 5. Matpuna ycunenus ¢unbtpa Kanvana Puc. 6. Otan popmupoBanus GuIbTpa
(ypaBuenue (7)) Kanmana (ypaBuenue (6))



12 A.A. Boesooa, I'.B. Tpowuna

Tak kak TOYHbIE 3HAYCHHUS MAPAMETPOB OOBEKTa HEU3BECTHBI, TO B (UIBTpE
KanmMana Mconp3yloTest OLEHKH 3THUX MapaMeTpoB. JTO, B CBOIO OYepesb, IPHUBO-
JIUT K IIOIPEITHOCTSM B OLIEHKaX BekTopa cocrosHus. Ecimu paccmarpuBaTh ycra-
HOBUBILHUHCS PEXKHUM JJIsl CTAIIHOHAPHBIX YCTOMYHMBBIX CHCTEM, TO HEKOTOPbIE TH (-
(epeHIaTbHBIE YpaBHEHUS (Pa3HOCTHBIC) YIPOIIAIOTCS W IMPEBPAINAIOTCS B all-
reOpamgeckue. s 3TOro HE0OXOAUMO OTOPOCHUTH HadalbHBIE YUACTKH IIEPEXO-
HBIX ITPOLIECCOB.

3AK/IIOYEHHUE

B nanHO# paboTe mpencTaBICHBI ATallbl MOocTpoeHust GpuiapTpa Kanmana B rpa-
¢uueckoit cpene mMuTanmonHoro moxaenuposanus Simulink. Ocoboe BHUMaHHE
00pallleHO Ha HMCIOJb30BAHKUE YCTAHOBHBIICIOCS PEXUMA MPH MOCTPOCHUH ypaB-
HeHuit pubTparmu no Kanmany. B paborax [19-20] nokazano npumMeHeHHe QHib-
Tpa KajMaHa npu pelieHud 3a1a4u aKTUBHON UICHTU(HUKALUE CUCTEMbI yIIpaBie-
HUSI IEPEBEPHYTHIM MasSTHUKOM.
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The modelling of the Kalman filter with the updated sequence
in Simulink environment”
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The some algorithms of the state estimation and the parameters estimation are the cornerstone
of the dynamic systems identification in the presence of the dynamics noises and the meas-
urement noises. The filtration theory developed by Winer and Kolmogorov allows to allocate
a useful signal in the presence of noise, but in this case it is required to solve the integrated
equation of Winer-Hopfa. The numerical methods using for the solution of the Winer-Hopfa
equation represents very difficult and labor-consuming procedure in real tasks. Kallman and
Byyusi suggested to solve the filtration problems by recurrent methods. The Kalman filter al-
lows to receive the unbiased estimation with the minimum dispersion for the dynamic system
state. The Kalman filter operation can be presented by means of the closed control system that

“Received 22 January 2015.
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leads to his wide use at the solution of practical tasks. The object state estimation with use of
the Kalman filtration demands the exact information about the object dynamic equations and
the statistics of stochastic processes. However in most cases exact information about object
isn't available, thus, as a rule, to have to deal with the estimates of dynamic system parame-
ters. In many realization of the Kalman filter at big selection of data the last measurements in
comparison with the current data have the greatest value. The such situation can lead to mis-
takes at estimation of a dynamic system state. In this work the stages of the Kalman filter re-
alization by means of block charts in the graphic environment of the Simulink simulation
modeling are described.

Keywords: identification, state estimation, dynamic system, Kalman filter, innovation se-
quence, steady state, continuous filtration, discrete filtration
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