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INokazaHbl ONTUMANBHBIA, KBa3MONTUMAJIBHBIH IaycCOB W MOAN(HUIIMPOBAHHBIA KBa3HONTHMAb-
HBII TayccOB CIIOCOOBI ampoKCHMAIMK 3HAYNMOH TUIOTHOCTH BEPOSTHOCTH, BEIOOP KOTOPOI sIB-
JISIeTCST KPUTWYHBIM B TeopuH QuiIbTpanuu 4acTull. lIpuBeneH mpumep paboThl 000OIIEHHOTO
¢uIBTpa YacTHI] M cpaBHEHHE ero ¢ GuibTpoM Kammana BToporo nopska.

Kniouesvie criosa: 3naunMas INOTHOCTH BeposiTHOCTH (importance density), metox MonTte-Kapio,
0006meHHbIi hrteTp vactun (particle filter), punbsTp Kanmana.

BBenenue

[Ipu u3yyeHnn anropuTMoB pabOTHl PUIBTPOB YacTHll [ 1-6] OAHUM U3 BasKHBIX BOIPOCOB SIB-
JisieTcs BBIOOP 3Ha4YMMOM TuioTHOCTH BepositHoctu (I1B) [2—4, 7, 8], xoTopas anmpoKCUMUPYET Tpe-
OyeMyIo anoCTepHOPHYIO MJIOTHOCTb BEPOSTHOCTU MPH MOMOIIM METO/Aa YUCIEHHOI'0 MHTErpUpOBa-
Hust Monre-Kapno [1, 9]. [IpaBuibHbI BEIOOp 3HAYMMOM MIIOTHOCTH BEAET K CHIDKEHHIO OIIMOOK Ha-
XOXJIEHUS MOMEHTOB alMpPOKCUMHUPYEMOM IUIOTHOCTH BEPOSITHOCTH M MOBBIMIAET TOYHOCTH HCIIOJNIb-
3oBanug Meroga MonTe-Kapio [1] B 3amauax auckpeTHol OaliecoBCKO QuibTpanuu.

Haunbonee TouHbIM sIBIIsIETCS Cay4aild, KOT/Aa JUCIIEPCUS 3HAYMMBIX BECOB OKa3bIBACTCS MUHHU-
MaJlbHOH (oNmTHMaNBHBIA moaxoxn) [1, 9]. OmHako Tako# MOAXOM SABISETCSA JOCTATOYHO CIOXKHBIM B
BBIYHMCIIUTEIBHOM II1aHe. boree MpocThIM B ONMMCAaHUU ABISAETCA MOAXO/, KOIr/la BCE MIOTHOCTH BEPO-
SATHOCTH allpPOKCUMHPYIOTCSI TayCCOBBIMH (KBa3HONTHMaJbHBIA rayccoB momaxox) [10]. CroxHOCTb
BO3HHMKAET NPU pacyeTe KOBAPHALMOHHBIX MAaTpULl OMMOOK. W CIOKHOCTH TeM BHIIIE, YeM Oomblue
MEpPHOCTb BEKTOpa (DUIBTPyEMbIX apaMeTpoB. TeM He MeHee, Haubolee 4acTo UCTIOIb3yEeMbIM SIBIIS-
ercd ciay4all, Korja B KaueCcTBE 3HaYMMOH IUIOTHOCTH UCIOIB3YETCS rayccoBa MepexoiHas MI0THOCTh
BEPOSTHOCTH (MOAM(PHULIMPOBAHHBIN KBa3UOINTUMAIBHBIA rayccoB moaxon) [4].

ITocTanoBka 3agaun

3amadeil OMCKpETHOW HENMHEHHON (UIBTpauuy SIBISETCS BBIYMCICHHE AaroCTepUOPHON
IJIOTHOCTH BEPOSITHOCTH Mg-MEPHOI'O BEKTOPA COCTOSHMS LIENH O MPH HATUYHUU Fo-MEPHOTO BEKTOpA
Ha0JI0aeMbIX TapaMeTpoB 0.

Beenem cienyromme obosHauenus. Ilog A, ={uk,a .0, } GyleM moHMMaTb 06OOLIEH-

P
HBII BEKTOp COCTOSIHUSL 0OBEKTA B MOMEHT BPEMEHH [, C YU€TOM I10CIEOBATEIbHOCTU BCEX MPEbl-
AyIUX COCTOSIHUN OOBbEKTa 0 ( Jj= l,k). COBOKYITHOCTh BEKTOPOB HAONIOJaEMBIX MapaMeTpoB 3a k

1aroB HaOmMoeHus OyeM 0003HauaTh Kak @, = { 0.0, ,..0}.
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Lenb cTaThy: paccMOTPETH MOIXOABI K BHIOOPY 3HAYMMOM IUIOTHOCTH BEPOSTHOCTH, JOCTOHH-
CTBa M HEAOCTATKU Ka)KAOTO U3 MOAXOOB, a TAKXKe CPAaBHUTH paboTy 0000LIEHHOr0 (PUIBTPa YaCTHLL
u ¢punpTpa Kanmana npu HeMMHEHHBIX 3aJa0IIUX BO3ICHCTBHSIX.

Jns penieHus: MOCTaBICHHON 3aayll PaCCMOTPUM CJEyIOIIMEe BapuaHThl BEIOOpa 3HAYNMOKN
I1B: ontumanbHbIi BeIOOp 3HaunMoit [1B, kBa3nonTHManbHbIH rayccoB U MOAM(UIUPOBAHHBINA KBa-
3MONTUMAIIBHBIN rayccoB MeToabl. COMOCTaBUTENBHBIA aHaU3 paboThl 0000IIeHHOrO (UiIbTpa Yac-
TUI ¢ mepeBbIOOpKoi BecoBbIX KodpduuuentoB (SIR PF) u ¢unprpa Kanmana [11] 6s1 npoBenex
IUTSL 33]1AI0IIEero BO3ACHCTBHSA ISl Cilydasi IPSMOIMHEHHO IBUKYILErocs JeTaTebHOTO anmnapaTa, Bbl-
MOJHSIOWIETO Pa3BOPOT MO OKPYKHOCTH U 3aTeM IPONOJDKAIOLIErO JBMKEHUE IO MPSIMOIMHEHHON
TPaeKTOPHH.

3Hauynmasi IJIOTHOCTh BEPOATHOCTH

OpnHoli U3 OCHOBHBIX MpOOJieM B pa3paboTKe (QHUIBTPOB YACTHUI SBISIETCS BBIOOP 3HAUMMOMN
i

+1»0,), I1e i — HoOMep YacTHIIbI (i = I,N). Kaxk nokasano B [4, 5],

IUIOTHOCTU BEPOSATHOCTH ¢(a, | @
ONTUMAaJIbHAs 3Ha4YMMasl IJIOTHOCTh BEPOSTHOCTH, MUHUMH3UPYIOIIAs IUCIEPCHIO 3HAUMMBIX BECOB,
JOTKHA OBITH MOIHOCTBHIO PaBHA aNNpoKcUMaluy anoctepuoproii 1B p(a, |a;_,0,) [1, 4, 9]. B ta-

KOM cnyqae OHa 6YI[CT OHpeZ[eJ'I}ITI:CH BI:Ipa)KCHI/IeMZ
p@, oo, )p(a, |a, )
r0,|a,_)

Kak YKe OBLIO paccMOTPCHO B [1], HOPMHUPOBAHHLIC BECa YaCTUI MOKHO ITOJYYHUTH IIPU I10-
MOIIX BBIPAXKCHUA:

q(a, | uj{*l’ek)opt = p(o, | (1;71,0,() = (1)

) ) 9 i i i
Woocwl p@9, | tfk)pi(ak la, ) '
q(ak ‘ ak—l’ek)

2)

Hoxncranoska (1) B (2) u ynpomenue p(0, |a,,a, )~ p(@, |a;) ([5], crp. 61) npuseyt k
CIIeyIOIEMY BBIPAKEHHIO JIsl PACUETA BECOB HA TEKYIIEM Ilare:

Wlic oc W/if1p(9k |a§671)' (3)

Takum 00pa3om, AJIs UCHONB30BaHMs ONTUMabHOM 3HaunMol 11B (1), HeoOX0aUMO BBITION-
HUTB CIEIYIOIINE AEUCTBUS:

1) mpoBecTH BBIGOPKY CIydaifHbIX OTCUETOB U3 anoctepuopHoii [IB p(a, |a; ,0,) [4, 5];

2) BBIYHMCIHTE YIS KOKIOHN i-i 4acTUIBI 3HAUCHUE YCIIOBHOW (DYHKIIMU TPaBIOMON00US BEK-
TOpa HAOIOICHUS

p(ek | a:;*l) = Ip(ek | ak)p(uk | a;—l)dak‘ 4)

B obmem ciyuae, mr060€ U3 3THX ABYX JEUCTBUI HE MOXKET OBITH MPOCThIM. OHAKO CYILECT-
BYET HECKOJIBKO CHEIMAJIBHBIX CIy4yaeB, B KOTOPBIX MCIOIb30BaHUE ONTUMAIBHON IUIOTHOCTH BEPO-
SITHOCTU pEIIAIONIEH CTATUCTUKY SIBIISETCS BO3MOXKHBIM. [lepBrIif ciryuali, Korga oy sBIsSeTcs cOCTaB-
JsIIoIe KoHeyHoro Habopa. B Takoil cuTyanum mHTErpan B (4) 3aMeHsieTcsi CyMMOH, a BBEIOOpKa 13

i

IUIOTHOCTH BEPOATHOCTH p(Q, | @, ,,

Ok) CTaHOBUTCS BO3MOIKHOM. HpI/IMepOM HCIIOJIB30BaAHUSA ABJIA-

CTCA cnyqaﬁ (bl/IJ'H)TpaLII/II/I BCKTOpPa COCTOAHUA JIMHEHHOM CHUCTEMBI CO CKa‘{K006pa3HLIM MEPCKIr0YC-
HUCM MOJCIN ABWKCHUA NPU CONPOBOXKIACHUU MAaHCBPHUPYIOIUX ueneﬁ. BTOpOfI cnyqafl: pa60Ta C

i

KJIaCCOM MOJIEINIEH, /Ul KOTOPBIX IIOTHOCTE p(0, | @, |,

0,) sBisieTcs rayccoBoii ([5], cTp. 62).

st cnydast KBa3MONITUMANIBHOM rayccoBoil annpokcumManuu [1B mpumem: Mozaens 3aatole-
T'0 BO3CUCTBUS C HEIMHEHHOHN peryisipHoii yacThio fi.;(0y.); MOJEIb BXOJHOTO BO3JIeHCTBUS (MOJIENh
HaOJIFOJICHHsI) — TMHEHHOM, a HEe3aBUCUMBIC a/UINTUBHBIC CIIYYaifHBIC DJIEMEHTHI 33JIAI0IIET0 H BO3MY-
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MaroIiero BOBI[CfICTBI/IfI — I'ayCCOBBIMHU. Taxas cucTeéMa, CoCTodAIas nu3 MOACIU ABHUXCHHUA U MOACIIN
Ha6J’IIO)_'[eHI/I$I, MMPEACTABIACTCA CIACAYIOIINM 06pa30M:

a, =1, (ak—l) Vi (5)
0, =h(a,)+w, =Ha +w, (1
TAC Vi1 U Wy - BBAUMHO HE€3aBUCUMBIC ITOCIICI0BATCIBHOCTHU 6eHLIX rayCCoBbIX IIIYMOB C HYJICBBIM Ma-

TEMaTHYECKUM OXKHUJTAHUEM M ¢ KOBapUAIIMOHHBIMU MaTpuiiamu My 1 Rek COOTBETCTBEHHO; hy (ay) —

(bYHK]_[I/ISI Iepecuycra BEKTOpa COCTOSIHUA Oy B BEKTOP Ha6J'I}O,Z[CHI/I$I Ok.

Hk — CTaTUYCCKad MaTpulla nepecuceTa BCKTOpa COCTOAHNA B BCKTOP Ha6J'HO,I[aCMI>IX napameTr-
POB. O1eMeHTEI MaTpuUIlbl OMPEACTIAIOTCA YCPEC3 YACTHLIC ITPOU3BOJIHBIC!:
_ i

= ; ((=1..,ny )= 1,...,1’1(1), )
00, [ /] ’

H, [i, j]
rae o, [ j] —j-i snemenT Bekropa coctostHus; h [i] —i-a crpoka BexTop Gynkuuu h (a,).

Hns storo cimydas B [3, 4] ObUIO MOKa3aHO, YTO W ONTHMAJIbHAS TUIOTHOCTH BEPOSTHOCTH
p(a, |a, ,0,), nanpuopHas GyHKIMs mpaBaonogoous p(0, |a,_,) sABIAIOTCA TayCCOBBIMM, H IPEN-

CTaBJIAIOTCA KaK

pa,|a,_.,0)=N(a;a, R), ®)
p(ek | akq) = N(Bk;bk,Lk ), (9)
rne a, =f_(a_ )+ R:H;R;: (0,-b,) — maremaTnueckoe oxunanue IIB  p(e, |a,_,0,);

R: =M, —M,HH;L;IH,{M,F1 — KoBapuanuonHas matpuua I1B p(a, |a, ,0,); b, =H,f_ (a, )
— matematuueckoe oxunanue 1B p(0, |a, ); L, =H M, H, + R, — KoBapualuoOHHas MaTpHua
IIB p(, |a, ).

B stom ciyuae nepexoanas [IB u Qynknus npasnomnogodus OyayT OmpenensiThes Clenyro-
LIMMU TTapaMeTpaMH (C y4eToM JOMyIIeHUH, oTHocsmuxcs K (5) u (6)):
plo o, )=N(a;f (0, )M, ),
p(ek | (lk) = N(ek;Hkak ’ROA )’

Ha npaxTuke Takoe aHaIMTHYECKOE ONMCaHuE IUIOTHOcTeH p(a, |a, ,0,) u p(@, |a, ), a

TAKXXC OICpallii HaA MaTpyullaMu, SABJIAIOTCA JOCTATOYHO CIIOXKHBIMU. 9TO, B CBOIO O4YCpCab, MPUBO-
JUT K HUCIIOJIB30BaHHUIO MOI[I/I(I)I/I]_[I/IPOBaHHOFO KBAa3HONTUMAJIBHOI'O TayCCOBa IMOoAX04a JJId allllPpOKCHU-
Manuy OINTHMAaJIbHBIX mioTHocTel. Hanbonee paCHpOCTpaHeHHOfI SABJIACTCA alllIpOKCUMAalUs 3HA4YU-
MOH IIJIOTHOCTH nepexoz[HofI IIJIOTHOCTBIO BEPOATHOCTU THUIIA!

q(a, |@,_.8,)=p(a,|a,) (10)
C y4eToM BBEJIeHHBIX 0603HAYEHHUI MepeXOHas MIIOTHOCTh 3aIHIIETCs B BUJIE:
plo, e, )=N(o;:f_(a M) (11)

B cBoio 0o4cpeib, BBIPAXKCHUC (3) JId pacueTa HCHOPMUPOBAHHBIX BECOB YaCTUILL Wll{ Ha TC-
KymieM BpEMCHHOM MIare 6y,£[€T OonpeaAciIATbLCA 3HAUCHHUEM (1)YHKLII/II/I npaleono;[o6H;1 B KOOpJAWHATax

YaCTHI], IKCTPAMOIUPOBAHHBIX C HPEABIAYIIEro Iara a’k = ,H(()L;l )+v,_,. Ilepecuer ocymecTBis-

€Tcs C Y4eTOM CIyd4allHOH COCTaBIAIOIIEH V, , M 3HAa4EHHEM BeCa YacCTUIBI Ha NMPEIbLAYILEM Ilare
i

Wit
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w, cw,_ p(0, |a’)). (12)

Ecmn nepexoaHas MmJiIOTHOCTH p((lk |(lk71) HCIIOJIB3YCTCA KaK 3HaYMMasl MIIOTHOCTb BEPOAT-

HOCTH ¢ Oojlee IHUPOKUM pacrpesieieHneM, yeM QyHKIus npasjaonogodus p(0, |a,), To B pe3ynbTa-

T€ TMEPEMHOKEHHS IUIOTHOCTEH JWIIb HECKOJBKUM dYacTullaM OyayT MpPHCBOCHBI OOJbIIHE Beca
(puc. 1). OTo MpUBOAUT K OBICTPOMY BBIPOXKICHUIO YaCTHI] M K HepaboTocmocoOHocTH punbTpa. AHa-
JIOrMYHasi mpobieMa BO3HUKAET BCIEACTBUE paOOTHl (GUIIBTPa € TeHepalrell BBIOOPKH BECOBBIX KOI(-
¢ummentos (SIS), paccmorpennas B [2—4, 7).

B 1999-2003 rr. 61 pa3paboTaHbl METOIBI I KOPPEKLUUH KOOPAMHAT YACTHI] C YCTaHOB-
KOH MX B «IIPaBHJIbHBIE» MecTa (B 30HBI BBICOKOW BEPOSITHOCTH) MOCPEICTBOM O0bEANHEHHS TEKYIIE-
ro HaOJIONEHNSA W Pe3yNbTaTOB AKCTpanomauuu yactul. Hanbonee mmpokoe mpuMeHEHHE TOTyduIl
METO/I, pealn3yeMblii BO BcrioMoratensHoM GuiIbTpe yactull ¢ nepeBsioopkoit (AUX PF) [4, 12].

B psge ciydaeB Hambonee 3(hHEeKTUBHBIME AJsI KBA3HONTHMAJIBHBIX alMPOKCUMALUN OINTH-
MaJbHBIX TUIOTHOCTEH BEPOSTHOCTH MOTYT OBITH IpHEMBI JIOKaNbHOW JuHeapusauuu [7, 13]. Taxas
JMHEAPU3aLUsl MOXKET IPUMEHSTHCS Ui TayccoBoi 3HaunMoi [1B u peanmsyercss B anropurMax pa-
601bl pacmmpenHoro ¢uiastpa Kanmana (extended Kalman filter) [6] u HemenTpanbHOM (uibTpe
Kammana (unscented Kalman filter) [6, 13].

) pC) PO ko)

plotglo.1)

o o o o 0O 000 O O

Puc. 1. Ilpumep nonaganust OTHON YaCTHUIIBI P AITPOKCUMALNH (HYHKIIUU
mpapaomoooust it obmiero yrcina yactur N=10

W3 u3BecTHBIX MyOIMKAIMi BBISICHUIIOCH, YTO peanu3anus 3PGEKTUBHOTO (PHIBTPA YaCTHUI] B
OOJIBIIICH CTEMEHW MCKYCCTBO, YeM Hayka. B Hacrosimee BpeMsi He CYIIECTBYET YETKUX TEOpETHUYC-
CKUX TIPaBWJI JIJIsl CHHTE3a (PUIIBTPA YaCTHIl, B TO BpeMs KaK MX HCIOJIb30BaHUE TPEOYET BBHIITOIHCHUS
MPOIEAYPHI TTEPEBBIOOPKH HA KaXIOW UTEPAIIUU WK TIPH TIEPUOUICCKOM BBISBICHHH BBIPOXKICHHUS.
Kpome Toro, BOIpoC aHAIUTHYECKOTO OMPENSICHUsS MHHUMAIBHOTO YMCIIa YACTHI] CTIOCOOHBIX OCY-
IIECTBIATh CTATUCTHUYECKU 3PPEKTUBHYIO PeaTU3aliio NpOoIeayphl (QUIbTPALUU, OCTACTCS OTKPBI-
TeIM. OTBETUTHh Ha HETO MOXKHO TOKA JIUIIb OMBITHBIM MyTEM MPU MPOBEICHUU IKCIIEPUMEHTAIBHBIX
uccieoBannii. HeMHOroYMCIIEHHBIC MCCISMOBaHUS ISl CITydas HEMaHEBPUPYIOIIUX Lenell (paszien
6.5 B [6]) mOKa3bIBAIOT, YTO YBEIHMYEHHUE YnciIa YacTull Oomnee, yeM g0 N=5000, mpuBOAAT JHUIIb K HE-
3HAYUTEITLHOMY BO3pacTaHui0 A3(h(HEKTUBHOCTH arOPUTMOB (DHITHTPAIIHH.

[Ipu pazpaboTke ¢GuIbTpa YacTUI] IJIs MPAKTHYECKOTO MCIIONB30BaHUS HEOOXOAMMO MOIMPO-
0OBaTh HECKOJILKO BAPUAHTOB (PHIILTPOB YACTHII, ITOKA HE OYAET Hai/IeHO Hanbosee MOAXOIsIIee pe-
IeHne (KaK CO CTATUCTHYECKON CTOPOHBI, TaK U C BBIYMCIUTEIHHON ).

Tak kak (UIBTPHI YACTHUI] OUYEHHh TPEOOBATENLHBI K BBEIUMCIHTEIBHBIM pecypcaM, TO OOIIUM
MPaBUJIOM HA MPAKTUKE SBISICTCA UX UCIOIB30BAaHUE NJISl PELICHUSI JOCTATOUHO CIOXHBIX 33a/1ay He-
JIMHEHHON (pUIbTpanuu, Korjga oObIYHBIC METOMBI, OCHOBAaHHBIC HAa KaJMaHOBCKOW (DMIbTpaIyu, He
MIPUHOCAT YAOBIETBOPUTEIBHBIX PE3YIBTATOB.

IIpumep padoTsl PUILTPOB YACTHIT

Jlnis mpoBepku paboTOCIIOCOOHOCTH (DPUIBTPOB YACTHI[ OBUIO MPOBEJCHO COMOCTABUTEIHHOE
MoJenupoBanue pabotsl ¢puibTpa Kammana BToporo nopsika U 0000IIeHHOTO (UIIBTPa YaCTHIL C OIT-
TUMaNbHON 3HaunMoil [1B. BXonHBIM BO3/IEHCTBHUEM SIBISUIMCH PA30BBIC OLICHKH MapaMeTpoB TPACK-
TOPUU JICTATEIBHOTO armapara, COCTOSAIIeH U3 Tpex y4acTkoB (puc. 2). [lepBwlii u TpeTHii y4acTKH
MPEICTABIISIIOT COOOM MPSMOMUHEHHBIC TPASKTOPHUM JBHXKEHHS C IMOCTOSHHOW CKOPOCTBIO. BTOpoit
Y4acTOK JIBHKEHMSI — pa3BOPOT O OKPYKHOCTH paauycoM 5000 M 1 HopMaIbHOM nieperpy3kon ~1,4g.
CkopocTh ToJieta Ha BceM ydacTke cocrasisuia 200 M/c, HavanbHas Todka (TiepBasi pa3oBas OlCHKA)
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nMmeer naiabHocTh 120 kM u azumyt 330 rpagycoB, HadadpHBIA yroa kypca 90 rpangycos. MHTepBan
o0HOBIIEHUS JaHHBIX (Tepuox o03opa) 7=5 c. Uucno pazoBeix oueHok M=120. Ouenkam ¢ 40-ii mo
68-10 COOTBETCTBYET Y4aCTOK JIBMKEHHS IO OKPYKHOCTU. BekTop HabmogaeMbIX mapaMeTpoB BKIIIO-

T
Jall pa3oBbIC OLCHKH NalnbHOCTH r U asumyra fB: O =||rk B, || . 3aTeM OCYILECTBILUICS IepecyeT
Pa30BbIX OLEHOK B MPSIMOYTONBHYIO CUCTEMY KOOPIMHAT M BEKTOP HAONIOAaEMBIX MapaMeTpoB MpH-
T
oOperan Bux 0, =||xk zk” (oce Ox nampaneHa Ha ceBep, Oz — Ha BOCTOK). BekTop cocrosiHus

(bHHBTpa Kanmana Bkmrouan B ce0st OpsAMOYTOJIBHBIC KOOPAUHATHI X, Z, CKOPOCTHU UX U3MCHCHUS Vx ,

T
V. wu yckopenus a_, a.: @, =ka zo V., V., a  a, H . Bektop cocrosiHus ¢unpTpa yacTHLl

z

SIR BrJItOYaa MPSAMOYTOJbHBIE KOOPAWUHATHI X M z, TIONHBIA BEKTOP CKOPOCTH V' M Yroi Kypca ¢:

T
ak=||xk z, V, d)k”

105310

Koopaunara X, m
e & 3

©
o

8

T T T T T T T 1
7 ) 5 4 3 2 A 0 1 2 3
KoopaunaraZ, m x10*

Puc. 2. [TocinenoBaTenbHOCTH Pa30BBIX OICHOK, 00pa3yIoINX 3a4af0IIee BO3ACHCTBHE

MOI[CHI) JABUXKXCHUA LICIIU 651.]13. JII/IHeapI/I3OBaHa:
o, = k—l(ak—l) +v,, =B, +v,, (13)

rae B, — nquHamuueckas MaTpHla Iepecdyera BeKTopa cocTosHus ¢ (k-1) Ha k mar usmepenus [14];

v — cnyqaﬁHaﬂ COoCTaBJIAOIIasd MOACINW 3aJaroIcro BO3,I[CI>’ICTBI/I$I C KOBapHaL{HOHHOﬁ ManPILICfI

k-1
ciydaiinoro manespa M, | =S,S,G_, pacIpeeIeHHOro M0 HOPMATLHOMY 3aKOHY ¢ HyseBbiM MO u
CKO o, =0,01 m/c ([14], cTp. 346).

B mMonenu HabmroeHUs KOBapHAIIMOHHAS MaTPHIlAa OMMO0OK HaOMoaeHus onpenensuiace CKO
OIIMOOK Pa30BOro OLIEHHMBas JANbHOCTH G, =70 M, a3uMyTa G, =0,2 rpaaycoB, 3HAYCHUSIMU TEKYIICH

JATBHOCTH ¥ JI0 O0OBbEKTa U a3UuMyTa [3 Ha OOBEKT:

2
o, O
01, 2

0 o,

[lepecuer ommOOK M3MepeHUsI B MPSMOYTOJIBHYIO CUCTEMY KOOPAMHAT OCYLIECTBIISUICS MPHU
MOMOIIM MaTpULl nepexona, moapodHo onucanHbix B ([14], crp. 354). KoBapuanmonnas matpuina
omrOOK HAaOMIOACHUS U MPSMOYTONBHBIX KOOPAWHAT C YYETOM TEeKYIIMX 3HAYCHWH IalbHOCTH U
asMMyTa BeKTOpa HabJIofaeMbIX Mapamerpos O, nmeer Bux:

R - (c,cosB, )’ + (o, sinf, ) o’ sinf,cosp, —o’r sin B, cosp,

02, 2

o’ sinf,cosp, —o.r sinf,cosp, (o7, cosB,)’ + (o7, sinf,)’

JI71s COOCTaBUTENILHOTO CPAaBHEHUSI aHATU3UPOBAIUCH CIISAYIOIINE 3aBUCHMOCTH:

- omOKK (pUIBTPALIMU TIO MOJOKEHUIO (puc. 3), onpeaensemMble KaKk KOPEHb U3 CyMMBI KBaJ-
PaTOB HEBS30K PE3yIbTaTOB (GMIBTPALIUH MO KaXKI0H KOOpAUHATE;

- omOKku uibTpanun ckopoctu (puc. 4) B ¢punprpe Kanmana ompenensuiuch Kak KOpEHb
CYMMBI KBaJpaTOB Pa3HOCTH 3a/AIOILET0 3HAUEHUSI CKOPOCTH M OT()UIBTPOBAHHOI'O MO KaxJI0H KOOp-
nuHate. HeBsizka ckopoctu mist ¢punbTpa dactul SIR ompenensmack Kak MOIYJb Pa3sHOCTH MEXKIY

IMMOJIHBIM BCKTOPOM CKOPOCTH 3aJatOIICTO BO3,I[€I>1CTBH$I n OT(l)I/IJ'H)TI)OBaHHOFO 3HA4YCHU CKOPOCTH;
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- omOKkK (puabTpanuu yria Kypca (puc. 5) onpenensiach Kak pa3HOCTb MEKAY UCTUHHBIM U
OTGWIBTPOBAHHBIM 3HAYEHHWEM YTia Kypca. 3HaueHue yria Kypca B ¢uibTpe Kanmana paccuuTsiBa-
JIOCh Ha OCHOBaHMU OT(MIBTPOBAHHBIX OLEHOK COCTABJISIOLINX BEeKTOpa ckopoctu V_u V.

Hannble ommbok yepeansiuch no 2000 skcreprMenTaM 1o KaskJ0i pa3oBOi OlEHKE.
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Puc. 5. Ycepennennas ommOka n3MepeHns yria Kypca oobekra ¢puibTpa Kanmana u 0600meHHoro puistpa
YaCTHIL
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Ananuzupys omrOKHd (QUIBTpALMK MO TOJIOKEHUIO, MOXKHO CHENaTh BBIBOL, YTO (HIBTP
Kanmana nmeer ompezeneHHble npenMymiecTBa nepen guiubTpoMm uyactul SIR Ha mpsaMoauHEHHBIX
yuacTKax ABmwxkeHus. OIHAKO Ha yd4acTKaX MaHEBPHPOBAHHS 3HAYMTENFHO MEHbBIIME JUHAMUYECKHE
ommOku HaOmoganucs y ¢puibtpa yactur SIR. AHanornyHble BBIBOABI MOKHO CHIENATh U TPU aHAaJIH-
3€ Pe3yNbTaToB (QMIbTpAlH cKopocTH. OMMOKHN GUIBTpalMy yriia Kypca Ui IBYX (HUIBTPOB OKa3a-
JIUCH MPAKTUYECKH OIMHAKOBBIMH.
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Taxk kak punpTpel KanMana oxBaThIBaIOT TUHEHHYIO YaCTh BO3MOXKHBIX 3a/IAI0IINX BO3ACHCT-
BUH, TO MpU QUIBTPALIMHM BEKTOPA COCTOSHUS C HEITMHEHHBIM IEePecueToM MapaMeTpOB JIBMXKEHUS U
NpHU HEJMHEHHOH B3aMMOCBS3M BEKTOpA COCTOSIHUS M BEKTOpa HAaOMIOJaeMBIX MapaMeTpoB, (pUIBTPHI
YacTull, KaKk BUIHO, UMEIOT HECOMHEHHBIE TPEUMYILECTBA. DTO MOATBEPKAACTCS OMyOIMKOBAHHBIMU
B 3apyOEKHBIX HCTOYHUKAX PE3yJbTaTaMU COMIOCTABUTENbHOrO aHanu3a [7, 10, 13].

3akjIoueHmne

[Ipu paccmoTpennu Bompoca O BBIOOpe 3HAYMMOHN IUIOTHOCTH BEPOSITHOCTH MOXKHO CKa3atb,
9YTO HanOoJee MOMYIAPHBIM SBJISETCS MTOIXO/, IPU KOTOPOM B Ka4eCTBE alIPOKCHUMHUPYIOLIEH 3HAYH-
MOW TUIOTHOCTH HCHOJIB3YETCS rayccoBa NMEpeXoHasl MIOTHOCTh BEPOATHOCTHU. Vcronp30BaHUE OM-
TUMaJIbHON 3HaYnMoM [IB siBrsieTcs CloXXHBIM B BEIUMCINUTENLHOM IIJIaHE.

[o pesynbraTam cpaBHeHHsI paboThl puiabTpoB KanmaHa v pUIBTPOB YaCcTHIl MOXKHO CHENATh
BBIBOJI, YTO NMPH HEJIMHEHHBIX QYHKIMAX IepecueTa U HETMHEHHBIX MOJENAX IBMKEHUS, a TAKKe MPH
aATUTHBHOM TaycCOBOM Iyme HaOmoaeHus, puinsTp yactul SIR nmeer MeHpune omubdku Guiabtpa-
LMY Ha y4acTKax MaHeBpUpoBaHus, 4eM ¢puibTp Kanmana. [ToaToMy MOXHO NPEANONOKUT, YTO UC-
noJib3oBaHue punbTpa yactul SIR B kayecTBe momonHuTENbHOrO KaHaia IMM ¢unstpa [0,0], moBbI-
cut 3¢ dextruBHOCTS padoTel IMM npu GuIbTpayu BXOAHBIX BO3AEHCTBHMN, CYIIECTBEHHO OTJINYAIO-
LIUXCS OT TayCCOBBIX.

APPROACES TO THE IMPORTANCE DENSITY CHOICE IN PARTICLE FILTERS
A.V. PARAKHNEVICH, A.S. SOLONAR, S.A. GORSHKOV

Abstract

There are spent three methods of importance density choice (Gaussian, kvasi-Gaussian and
modified kvasi-Gaussian) for posterior density approximation using Monte Carlo numerical integra-
tion method and considered comparing Kalman filter and Particle Filter implementation in the report.
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