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PaccmorpeHo onvcanne HenmHEeWHON OaifecOBCKOW (QMIbTpanuy YUCIEHHBIM METOJOM MOHTe-
Kapno, mokazana cyrb Merozna (UIBTpALM HOCPEICTBOM BBIOOPKHM BECOBBIX KOI((HINECHTOB,
OIMMCaHbl OCOOCHHOCTH aJTrOpPUTMa IEPEeBBIOOPKH M MOCTPOCHHE 0000IIEHHOTO (PHIIbTpa YacTHIT
Ha OCHOBE aJITOPUTMOB BBIOOPKH BECOBBIX KO3(D(UIIMEHTOB 1 MEPEBBIOOPKH.

Kniouesvie crosa: nennueiinas ¢punbrpanus, merox Monre-Kapno, BeiOOpka BecoBbIX KOd(GHUu-
€HTOB.

BBenenue

JlaHHas cTaThd SABIAETCS BTOPOHM B LIMKJIE CTATEH, MOCBSIIEHHBIX OMUCAHUIO (PHIIBTPOB YaCTHIL
WCTIONB3YEeMBIX B 3aJjauyax HENWHEHHOW AMCKpeTHOH OaiiecoBckoil duibpTpanuu. B mepBoii cratee [1]
ObUT PacCMOTPEH METOA YHMCICHHOro MHTerpupoBanusi Monrte-Kapno [2—4] npumeHUTENbHO K am-
MPOKCHMAIUKM MPOU3BOJIBHBIX TUIOTHOCTEH BEPOATHOCTH HabopoM N CiydalHBIX TOUEK (WacTHII) H,
KaK 4acTHBIN CIydaii, anmpOKCUMAIUs alloCTEPUOPHBIX TUIOTHOCTEH BEPOSATHOCTU (PUIIBTPYEMBIX AUC-
KpPETHO U3MEHSIOIINXCS CITydailHbIX MapKOBCKMX BEKTOPHBIX MapaMeTpoB [5].

OTa CcTaThs MOCBANIICHA NCPCXOAY OT BBIPAKCHHUA PCKYPPCHTHOI'O BLIYMUCICHUA BCCOB W;{ nu

KOOPJHMHAT YacTHIl 0, JUIS alNpOKCHMAIMH arnoctepuopHoii [1B BekTopa cocTosiHUS O, pa3MEepHO-
CTBIO 7,, OMMUCAHHOrO B [1], k anropurMy paboTel 0000LIEHHOrO (hUIbTpa yacTHL. B cTaThe Taxke

paccMaTpUBalOTCs POOJIEMBI BHIPOXKICHHUS YACTUL M ITYTH UX YCTPaHEHHUS.
Lenb craTby: paccCMOTPETH AITOPUTM QUIBTPALMK 0000IEHHOTO (GHIIBTpa YacTHI.

ITocTanoBka 3agaun

A S
HcxonHBIME JaHHBIMU SIBIIIIOTCS COBOKYIMHOCTb U3 N 4acTuIl Ha k-1 mare {‘1;{71aW11{71} i C

KOOpAUHATaMHu ajH U BECaMH w,’;fl (mpu i=1:N,N >>1) [1], a Takke pe3yiabTaT HAOIIOJCHUS HA
TekymieM mare 0, .

3amaya: 3amucatb peKyppeHTHBIN adroput™ padboTsl 0000meHHoro GpuiabpTpa yactuu, Gopmu-
PYIOIIEro OILCHKY M3MEPSieMOro mapamerpa o, .

Jns pemieHns MOCTAaBICHHOW 3aJauy MOCIeN0BaTENLHO PACCMOTPHM AJITOPUTM BBIOOPKHU Be-
coBbx koaddunuento SIS (Sequential Importance Sampling), onuieM siBieHUe BBIPOXKICHHS (Kak
pe3ynbTaT McHonb3oBaHUs ainroputMa SIS) m anroputm mnepeBsiOopku (Resampling; kak cpeactBo
MPEAOTBPAIEHHs TAKOTO BEIpOXAeHHS). Jlanee nmepeiiieM K pacCMOTPEHHIO ajIropuT™Ma 0000IEHHOTO
¢unbrpa yactun (SIR Particle Filter).
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OuiabTpanus MOCpecTBOM BHIOOPKH BeCOBBIX KOI(PGUIIEHTOB
B ocHoBe anroputMa QUIBTpalMK YaCTUL MOCPEACTBOM BBHIOOPKH BECOBBIX KO3 (UIIMEHTOB
JIOKUT PEKYPPEHTHOE BBIYHMCICHUE BECOB CIIyYalHBIX OTCUETOB (YACTHL) M ANNPOKCUMAIHS arocTe-
PHOPHOM IUIOTHOCTH BEPOSTHOCTH p(u aLC) k) BEKTOPA COCTOSIHUSA 0, IPU HAOJIIOIEHHMH COBOKYITHOTO
BeKTOpa HabmozeHuit O, , rae O, = {Gk,G,H,...,GI} [1,6,7].

[locnenoBaTenbHOCTD ONepauuii s onpeneneHus anocrepuopHoi 11B Ha k-oM miare m3ame-
PEHUS TIPU MCHOIB30BAaHUH ANTOPUTMa BEIOOPKHM BECOBBIX KOI((HUIIMEHTOB MPEACTAaBICHA B TICEBIO-
Koze Ha puc. 1. 3a 3TOT anropuT™ oTBeuyaer (QPyHKIMS BBIOOPKH BeCOBBIX KodddummeHtoB SIS, Ha
BXOJ KOTOPOH C MPEBIAYIIEro mara i3MepeHusl MocTymnaeT Hadop u3 N 4acTUI] C COOTBETCTBYIOIIMMHU

: S
KOOPAMHATAMH M BecaMu (0, _;, W,_, }i=1 ,M pe3ynbTaT HabmroJeHus Ha TeKyleM mare 0, . Ha Beixone

A
¢GyHKUIUU GOPMUPYETCSI COBOKYITHOCTh YaCTHIL {aj{, w, } | B KauecTBE alllPOKCUMALUU allOCTEPUOP-
HOH TJIOTHOCTU BEPOSITHOCTH p(u O k) [1, 6, 8-10], a Takke OILICHKAa MAaTEMaTHYECKOT'0 OXKHUJIaHUS
anmpoxcumupyemoit anocrepuopHoii I[1B a, [11, 12].

Tak kak nporenypa (pUIBTpalUU SIBISETCS PEKYPPEHTHOM, TO BBIYUCIICHUE TEKYIIEH OIICHKH
aroCTePUOPHON IIIOTHOCTU BEPOSTHOCTH OCYILECTBISETCS C UCIIONb30BAHUEM BECOB, SKCTPAIIOIUPO-
BaHHBIX C NPEABIAYIIETO HA TEKYIIMM IIar mpu MOMOIIY MEPEXOAHON 3HAUUMOMN MJIIOTHOCTU BEPOSIT-
HOCTH (IyHKT 2 TICEBJIOKOJIa Ha puc. 1), onucanHo# B [1, 6, 12].

[t =i i f 0

| W 3
Bxoo: 10_1. Wiy f;_y — @NNPOKCMMaLMA anocTepropHoid MNB Ha (k-1) ware (cosokynHocTb
4acTmL, M Becos Ha (k-1) ware);
0, — BeKkTOp HabnlogaemMblX NapameTpoB Ha TEKYLLEM Ware;
Boixod: | i

w =
105> Wy f,_, — @NMPOKCMMALYMA anocTepropHoOi B Ha Tekywem k-om ware
(cOBOKYNHOCTb YacTHLL Ha k-om ware);
U, - OLUEHKa MaTemaTi4ecKoro OXKMAaHNA annpPoKCMMMpYemon
anocrepuopHoi MNB
1. TeHepaumsa KOOpAWHAT YacTHL M3 3HauMmoi NB g(a, |a,_;.0,) (fori=1,.,N):
£ i
0~ g0, | 05_1.0,).
2. OnpegeneHue 3Ha4YEHMIA HEHOPMMPOBaHHbIX Becos Yactmu (for i=1,...,N):
PO | )pe | ,)
k=1 i F -
qloy o 1.8;)
3. OnpegeneHune HOpMUpYIoLLEro KoabduumeHTa
N
£, ’Z,ﬂ”k .
4. BblurcneHue HopmupoBaHHbix ecos vactuy (for i=1,...,N):
W=, fe, .
5. HaxoeHue maTemaTMyecKoro OXXMaaHns annpoKCUMMPY EMOI NNOTHOCTY BEPOATHOCTU:
i, =S aw
b= L

6. BepHyTb pe3y/ibTaT B BUAE MATEMATMUECKOrO OXKMAAHUA NJIOTHOCTM BEPOATHOCTM M Habopa

s
Wy, oW

W
KOOPAMHAT 1 BECOB [{u}c.w}c}x:l,uk}

Puc. 1. IIceBokon anropurMa (puiIbTparyy mocpeacTBOM BEIOOPKH BECOBBIX K0d(¢uuneHToB (SIS)

IIpoGaema BbIpOXRICHHUS

Hanuuue npeanojaracMoro cnyqaﬁﬂoro MaHeBpa eI G, B MOACIH ABMXXCHUS, 3aJIOKCH-

HOU B puibTp, OyAeT NPUBOAUTH K TOMY, YTO KOOPJHHATHI YACTHI] C TEUCHHEM BPEMEHH OyIyT MOIY-
4yaTh Bce OomnbIImMii pa3bpoc (HabuogaeTcst pocT Aucnepcur omuOku anmpokcumanuu 11B). Yncno
qacTull, (HOPMHUPYIOMIUX PE3YNbTUPYIOILYIO OIICHKY MaTeMaTH4YeCKOro OXKHAAHUS arnocTEepUOPHON
IUIOTHOCTH BEPOATHOCTH, OYAET YMEHBLIATHCS, M B KOHEYHOM MTOrEe OLEHKY Oynmer (opMupoBaTth
JUIIB OJHA 3HAYMMas YacTHLA, C BECOM, 3HAUYUTEIHHO MPEBBIIIAIONINM BECa OCTAJIbHBIX YacTUI. DTO
Hen30eKHO OyJleT MPUBOAUTH K YBEIMYEHUIO OIHMOOK (IIIBTPAMK U CPHIBY C COMPOBOXKACHUS. B [6]
BO3HMKHOBEHHE TAKUX CUTYallMi Ha3BaHO «SIBJICHHE BHIPOXKICHUS». | paduuecku BHIPOXKICHUE MOXK-
HO TOSICHUTH pHC. 2. CrieBa Ha PUCYHKE MPeACTaBIeHa rayccoBa IJIOTHOCTh BEPOSTHOCTH alIPOKCH-
MUpOBaHHas HabopoM u3 N uactuil Ha 1-M mare HaOmoenus. Ha k-om mare (cipaBa Ha puc. 2) mo-
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Ka3aH Ha0op Tex ke /N YacTHIl, HO 3HAYUTEIIEHO pa30pOCaHHBIX 10 MPOCTPAHCTBY 3a CUET CIy4aHHOTO
MaHEeBpa IIeJTH B MOJICIIN JIBUKCHHUSI, BO3JISHCTBYIOIIETO Ha BRIOOPKY A pa3 HaOmoaeHui. Jlerko 3ame-
TUTh, YTO Ha k-OM IIIare IJIOTHOCTh BEPOSTHOCTH alNPOKCHMHPYET BCEro OJlHA YacTHIa C Mpeodia-
JTATOIIUM BECOM.

k- war

" Uactwuiac

npeobnagarwmm Becom

- ~

- — cwia"a

Ko oo®
CPdiarg x

Puc. 2. [Ipumep BBIpOKIE€HNS BBIOOPKH 3a k maroB Moaenuposanus npu N=1000

SIBneHusT BHIPOKIIEHUS HEBO3MOXHO HM30€KaTh MPH PEKYPPEHTHOM HCIIONB30BAHUU METOAA
uHTerpupoBanus MonTe-Kapio npu pemennu 3aad nocieoBaTeNbHBIX PEIAIOIINX CTATUCTUK, YTO
SIBUJIOCH TJIaBHOHM MPoOIeMoi B pa3BUTUH YHMCICHHBIX MeT00B QuibTpaunu [6]. B 1994 rogy Asry-
cruanoM Konrom [13] B kauecTBe Mepbl BHIPOKIEHHUS OBLJIO MPEATIOKEHO HCIOIB30BATH OLEHKY (-

A

(exruBHOrO pasMepa BBIOOPKH N, , MOKA3bIBAIOIIYIO YHCIIO YACTHIL], BECA KOTOPHIX 3HAYUTENb-
HEI [6, 13]:

~ 1
N, =———
eff N i

E i=1(Wk)2

rae w, — HOPMHUPOBAaHHBIH BeC.

(1)

DbdexTuBHbIA pasmep BHIOOPKU NEKUT B auanazone: 1< N, < N . Jlna o60cHOBaHUs 5TOrO
YTBEPKIICHUS JOCTaTOUYHO PacCMOTPETh JBa ciydas. B ToMm ciydae, korja Beca 4acTHI] OJUHAKOBBIE

(r.e. w, =1/N nns i=1,..., N), s3ppexTuBHblil pazmep BbIOOpKHU Gy/ie paBeH yucity yacTui: N g =N

B nporuBomnonoxuoM cirydae, korna wp =1 u wj =0 11 Beex i # j, 3pQeKTUBHBINA pa3Mep paBeH

enuaune N of = 1.

IlepeBbIGOpKa

B kauectBe cpeacTBa s OOpPHOBI C SIBJICHUEM BBIPOXKICHUS YaCTHUI[ UCTIOIB3YETCsl TIEPEBhI-
Oopka [6, 8, 11, 12, 14—17] — moBTOpHAs TeHEpaIUs YaCcTUI] HA k-OM IIIare 10 ONpPENCICHHOMY MpaBu-
JIy, OMUCaHHOMY HuXke. [lepeBhIOOpPKY MPOBOIAT KaXKIBIH pa3, KOrJaa HaOMIOAaeTCsl BEIPOXK/ICHHUE Yac-

Tal (T.e. Korga N, CTaHOBHMTCS HWXKE HEKoToporo mopora N, ). IlepeBblGopKa MO3BOISET MEPEHE-

CTH OTCYETHI U3 00JIACTEH ¢ MaJlol BEPOSTHOCTHIO B 00JIACTH C OOJNBILIEH BEPOSTHOCTHIO, YTO MO3BO-
JIeT yBEMWYMBATh YHMCIIO 3HAYUMBIX OTCUETOB, CYIIECTBEHHO BIUSIOIIMX HA PE3YJbTAT allpOKCHMa-
UM (IPUBOAUT K YMEHBUIEHHUIO AUCIEPCHM OMIMOKU anmpokcumanuu). Pasmep mopora N, B 3aja-
Yax QUIbTpaly MOAOUPAETCS SMIUPHIECKUM CIIOCOOOM.

B ocHOBE anropuTMOB MEPEBHIOOPKHU JIEKHUT OTOOPaKEHHE BBHIPOKIEHHOTO (CTaporo) ciaydaii-
J

. Ny B N
HOT'O MHOKECTBA YaCTHI] {u’old Wi },-:1 B HOBOE CIIy4ailHOE MHO>KECTBO {unew o l/N =1 € OfMHAKO-

BeIMH Becamu 1/N. OcHoBHast orepanus HepeBI:I60pKI/I — I'pYIIMPOBAHUC YaCTUL] HOBOI'O MHOXCCTBA
BOKPYT 3HAYMMBIX 4aCTHUIL CTApOro. Yucio HOBBIX YJacTul, CrpynrnupoBaHHBIX BOKPYT Ka)KI[OfI n3 3Ha-

YUMBIX CTapbIX YaCTUL, OPAMO MPOMNOPIHHUOHAJIBHO UX BECaM W/l( .
HJ’IH pcain3anuu Oornepanu rpyrnnmupoBaHrud CTPOATCA ABC OUCKPCTHBIC (I)YHKLII/II/I pacipeac-

i . .
JIEHHsl BECOB: CTapbIX YacTHILl ¢; = E lw,’{” Y HOBBIX YacTull u; =u; +i/N,i=2,N , rie u; — paBHO-
m=
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MEpHO pacipeneneHHoe B uHTepBaie oT 0 go 1/N ciyuaiiHoe uucio (puc. 3,a). @yHKIUS ¢; UCIOIb-
3yercsl B KauecTBe Moporopoid. OHa MMeEET BUJ COBOKYITHOCTH CTYIEHEK pa3IMYHOIN BBICOTHI, KOTOpas
paBHA BeCy i-ii 3HAUMMO# YACTHIHI W) , TIEPEMEKAIOMMXCS MOYTH POBHBIMU TLIOMAAKAMH, POTS-
KEHHOCTb KOTOPBIX ONMPEENAETCS YACIOM BBIPOXKIEHHBIX YacTUI] Ha JaHHOM ydacTke. Ha puc. 3 mo-
Ka3aH npumep GyHKUMH ¢; ¥ u; it N=15.

Brauase onpeenstorcst 3Ha4eHHUs apryMEHTOB (DYHKLUU C;, COOTBETCTBYIOLIME CTYIIEHbKAM.
Onu onpenenstoTcss HOMepaMu HauOoiee 3HAaUMMBIX YacTHUIl cTapoil BEIOOpKH. B paccMaTtpuBaemom
npumepe 310 4, 8 u 13. 3aTeM onpenensoTcs apryMeHThl 3HauUeHUH QyHKIUM u; , TONAJAOIUX MEX-
Iy CTylieHbKaMu c; . Hanpumep, Mexay CTylIeHbKOM HyJIEBOH BBICOTHL U ¢, HaXOIATCSA 3HAUEHUS U —
ug. Mexy CTylleHbKaMU C4 M Cg HAXOHATCSH BEIUYUHBI U;—U, @ MEXKIY Cg U Cj3—u;;—Uj5. Ha
OCHOBAaHHUM CEPUM ONMMCAHHBIX BBILIE CPAaBHEHHUI HOBBIM YacTHLIaM C 1-i 1O 6-10 MpUCBaWBaIOTCA KO-

. i 4 . T o
OP/IMHATBI CTApOH 4acTUIBI ¢ HoMepoM 4: af =0y »>J=16 ,c 7-ii mo 10-10 — KOOpIUHATEI

J

new.k = uﬁ,d,k ,j=7,10 ,c 11-i1 mo 15-10 — KOOpAMHATHI CTAPOH Yac-

CTapOH YaCTHIIBI C HOMEPOM §:

TUIBI HOMep 13: u{;ew’k =u10§d,k ,j=1L15 (puc. 3,6).

'1::4,& Gﬂgpid,k m.ljd,k

6 1 | 1
6 g, & ! !
5 %5..»,5: ! 0:3..,;:
4 Cl:m,i: qulqsw k Chu, &
3 O‘iw,k Q’:.w,k ‘1:3— &
2 agm,k g, k “‘Lﬁw,k
1 Cémw,k Q mZgw,k : u:ulxn-,k @

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 |
a o

Puc. 3. IloscHenne anropuT™a nepeBbIOOPKH MPH yucie yacTul N=15: a — npumepsl GyHKIMH ¢; U U; ;
6 — pe3yabTaT BBIIOIHEHUSI OTIEPALIMH TPYIITUPOBAHMS

[Mpumep mporpaMMHON peanH3aliy aJrOPUTMa MEPEBHIOOPKU C UCIOIB30BAHUEM ITOPSTIKO-
BbIX cratrcTUK (order statistics) [3, 4, 15] mpuBenen Ha puc. 3 B BUJE MICEBIOKO/A.

[{aimkﬁrk’}il} = RESAMPLE [{a;,d_k_w,; }JNJ

Bxod: | ; W 3
Vhig - Wy J,_, — @NNPOKCMMaLA anocTepnopHoi MB Ha k-om ware (COBOKYNHOCTD

4acTuL, Ha k-om ware) do nepesbIbo pKK;

Beixod: {aiwk.w;}lj_lf annpoKcMmauna anocTepuopHoit MB Ha Tekywem k-om ware

(COBOKRYNHOCTb YacTuL Ha k-om ware) nocae nepesblboprM.
1. PacuyeT cOBOKYNHOMN cymmbl secos (CCB)
= UHnunanmnsauma CCB Ha nepsom ware: ¢, = wk';
- Onpegenexue snadenuit CCB (for i=2,...,N):
6 =c¢y W
YCT@HOBKa Ha4aNbHbIX 3HAUEHUI:

N

- 3apath CAyYaiHyH HAaYanbHY TOYKY NOPOra U3 PaBHOMEPHOrO 3aKOHa [,’[(),‘?\rl]:
u ~U0,N7'];
- 3a4aTb HaYaNbHOE 3HAYEHUE NEPEMEHHON MHKPEMEHTA:
i=l;
[Ns nepemeHHON j, LMKAMYECKM BoinoaHuTe onepaunn (for j=2,..,N):
- Onpegenutb 3Ha4eHue nopora:

1, = +N'(j-D

w

- MHKpemeHTMPOBaTb  3HaYeHUA [, NOKa  BbINONHAETCA  YyCAOBUE i, > C,
(while i, = )
i=i+1

- OnpegennTb HOMEP YacTULbI MCXOAHON NOCAEADBATENLHOCTN: 11, =1

- 3a4aTtb HOBYIO KOOPAMHATY YacTULbl: Dy i = a:;’k

- 3a4aTb HOBbIM BEC YaCTULpI: wl =1/N

-

{ W
BepHyTb pesy/ibTaT nepessiBopKM B BUAE: (0.7, ;. W) St

Puc. 4. IIceBnokon anropurma nepessioopku (SIR)
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CymiecTBYIOT ¥ WHBIE BaPHAHTHl peau3alii pacCMOTPEHHOH MPOLeayphl, HAapUMep, CTpa-
TU(UIMPOBAaHHAA U pa3HOCTHAas mepeBbioopku [11, 18, 19].

O000meHH bl PUIBTP YACTHI
PaccmorpumM mpumep, HIUTIOCTPUPYIOLINHA padOTy peKyppEeHTHOrO ajlropuTMa 000OIIEeHHOT0
($uIbTpa YacTUL AJIS IBYX BPEMEHHBIX LI1aroB mpu oobeme BbIOOopku N=15 (puc. 5). Ilycts Ha k-M 1m1a-

re GuiIbTpanuu uMeercss Habop YacTUIl {a’o,k,w(j,k}fil , KOTOPBIM aIllPOKCHMHUPOBaHa alloCTePHOPHAs

I1B p(a, |®,) Ha k -M mare usmepenus. [Ipu 3Tom o, , — anpHOPHOE 3HAYEHUE BEKTOPA COCTOSTHUS

YaCTHLBL, W, , =W, ; — allPHOPHOE 3HAaYeHHUE ee Beca Ha k-M 1mare. ITycTh Takke mOpor 3aycka mpo-

Henyps! nepeBboopku N, =3 . [Ipu Hanu4uM OLEHKH BEKTOpa HAOIIOACHUS ﬁk Y M3BECTHOU (DyHK-

uHH npaBaonogo0us p(0, @) BBIYMCISIOTCS HOPMHPOBAHHEIC BeCa W, AMOCTEPHOPHOI IIIOTHOCTH
i |V

p(uk | @ k) C KOOpJMHATAMHU (0 {,_,

[TnotHocts p(0 |@,) sABIAETCS HEraycCOBOM, Kak BHIHO U3 puc. 5. B ee mpenenax Haxo-
JUTCS BCEro TpH 3HauMMble yacTHLBL. OcTanpHble 12 yacTull HaxoAsTCA MPaKTHYECKU BHE €€ Tpefe-
JIOB M UMEIOT Beca, cTpeMsIecs K Hyio. [locie mepeBbIOOpKH YacTUIBI TPYIIUPYIOTCA B TpEX 00-
JIACTSIX BBICOKON BEPOSITHOCTH, IIPUYEM BeC Ka)KJOM dacTulbl paBeH 1/ N . [Ipu skcTpamonsanuu yac-
TUI C k-ro Ha (k+1)-i mar yuyuTeiBaeTcs HAJIMYUE CIIyYalHOTO MPHUPAIICHHUS C HYJIEBBIM MaTeMaTHye-
ckuM oxuzanneM u 3aganabiM CKO o, . B pesyinprate 4acTHIBI ¢ OAMHAKOBBIMU KOOPAMHATAMH Ha

(k+1)-M 1 mocnenyOUMX Marax HaYWHAIOT «PACCHINATHCS» MO 00JACTH ONpeAeneHus. DTo MpH pe-
KYppPEHTHOM MOBTOPEHHH IIAroB (YMIBTPALMK BHOBb NPUBOJHUT K BHIPOXKICHHUIO U K MHUIMATH3ALNN
HOBOW MPOLIEAYPHI EPEBBIOOPKH.

15 1

°
(a9,

s
{@ow), Wopah,

5
°
DopumpoBanme
anocrepuopHon
nnorHoCTH
BepOATHOCTH Ha
-]
o

2
o o

o
oo
o~
ow
oo
03
[

o=

k-m ware

-« 4———— 0o

ovle—S4———— o

o
o
]

o=

[

Wiy e

Mepeswibopka
Ha k-m ware

0000 «—|
@~

00000 +——

T

(@l NS

0 —> OkcTpanonsuus Ha
k+1 war

0000 00000000000 PN e
642 5 311312148 71115810 {0y, Nogee g

Puc. 5. I'padmueckoe npencrapieHre padoTsl GHILTPA YaCTHIL 32 2 BPEMEHHBIX IIara I Yuciia yactun N=15

000000 +—

Sonn o

Anroputm 0000IIEHHOTO (DUIIBTPa YaCTHUI], YIUTHIBAIOIIHNA MPOLICAYPY NMEePEBHIOOPKH, TpUBE-
JICH B IceBIokoIe puc. 6. Kak BUIIHO U3 TaHHOTO PUCYHKA, JIJIS 3aITyCKa aJropuTMa IepeBhIOOPKH He-

06xomumo, uTo0bI orierka (1) (1) addexruBHOrO pasmep BHIOOPKU N, OKaszaaach MEHBLIE 3apaHee
i il N
3aganHoro nopora N, . Ha Bbeixoge ¢unbtpa dopmupyercss HaGop yacTuil {a 0> Wi } i » QIIIPOKCHU-

MUPYIOIIMHA aloCTEPHOPHYIO MIOTHOCTH BEPOATHOCTH p(u alC) k), a TakKe OllEHKa €€ MaTeMaThye-
CKOT'O OJKUJaHUS 0, .

HecMotps Ha cHI>KEeHHE HETAaTUBHOTO BIHMSHUSA Y QeKTa BRIPOKICHUS HA TOYHOCT (PHIBTpa-
LY, TIEPEBBIOOPKA MOPOXKAAET APYrHe MPaKTHUECKUE MPOOIEMbl, HAIIPUMEp, OTPaHNYNBAET BO3MOXK-
HOCTH TI0 paclapajuIeINBaHUIO alroputMa [4].

Kak npaBuio, onenka I1B mocne nepeBpIOOpKH TPUBOAUT K POCTY AMCHEPCHH OLIMOKK TOH
omeHkH. [1o3ToOMy pacyeT MaTeMaTH4ECKOro OXKHMJAHUS BEKTOPA COCTOSHUS @, IIPOU3BOAUTCS 0
peanm3anuu npouenypsl nepessioopku [6, 11, 12].
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3akjoueHune

Takum 00pa3zoM, anropuT™M (QUIBTPALMU MOCPEACTBOM BBIOOPKH BECOBBIX KO3()(HUIIMEHTOB,
BKJIIOYAeT B ceOsl reHepanuio yactul u3 3Haunmor [1B, pexyppeHTHOe BBIUMCIIEHHE BECOB C UX II0-
CIIEYIOUIEH HOPMUPOBKOH, a TAK)KE pacyeT MaTeEMaTHIECKOr0 OKMJIaHus annpokcuMupyemoit I1B.

OcHoBHas mpobiemMa paccMaTpUBaeMOro Hoaxoja — BeIposkaeHue. OHO 3aKII0YaeTCsl B TOM,
YTO CO BPEMEHEM YaCTHIBI «PACION3al0TCs» 10 00IacTH OMpPEAETICHUs] BEKTOpa COCTOSIHUS U B TIpe-
nenax anmnpokcumupyemoit [1B ocraercs numpb manoe ux 4ucio, obianaromee «3HauuMbIMI» BECAMHU.
[IprunHa Takoro BBIPOXKAEHUS B TOM, YTO B MOZENHh M3MEHEHHS BEKTOpA COCTOSIHMS, KaK MpaBUIIo,
BBOJISAITCA CIy4allHbIe HE3aBHCHUMBIE OT IIara K 1ary npupauieHus (mepsbie, BTopble 1 T.4.) [20]. Huc-
MepCHsl 3TUX MPUPALICHUIN CBA3BIBACTCS peaJbHBIMU (U3MUECKUMHU CBOMCTBaMHU (HIIBTPYEMBIX MPO-
neccoB. Hanmpumep, npu QuibTpanuy napaMerpoB TPAaeKTOPUH BO3LYIIHBIX OOBEKTOB YCTaHABJIMBA-
eTcsl B3aMMOCBA3b C MAHEBPEHHBIMU CBOHCTBAMU OOBEKTA M YACTOTOW MOCTYIJICHUS OLIEHOK KOOPIH-
HaT (TeMInoM 0030pa paxuonokaropa) [20].

[{a}(.w; }il X ] = PF[{(L;,I.W,;,I }Zlﬁk}

N
i i G
{“km”’k,l }‘:] — annpoKcumalmsa anoctepuopHolii MB Ha k-1 ware (COBOKyNHOCTb

Bx00:

4acTuy, U ux Becoe Ha k-1 ware);

0, —oleHKa BeKTopa Hab/loAeHUA Ha k-m Lware

Bbixo0o: [t "
Wy, W, (;_; — annNpOKCMMaLMA anocTepropHoi MB Ha Tekyllem k-om ware

(COBOKYMHOCTL YacTUL, Ha k-oM wWware) nocae nepesbIBOPKK;

@, - OLEHKa MaTeMaTMYECKOrO OKMAAHNA annpPOKCUMMNPYEMOH
anocrepuopHoi MB ao nepesbIbOpKM
1. dunbTpauusa nocpencTeom BbIBOpPKK BecoBbix Ko3bdULMeHTos (ncesaokog, 1):

[{u; R }il ‘dk} = SJ,S'[{u;(,l.u'k‘,l}irﬁk}

2. BbluMCAUTL 3QDEKTUBHDIN pasmep BbIBOPKK

- 1
Ny=———
N
25T
=1k
- MpOBEpPUTL BbINOJIHEHME YCI0BMA OCYLLECTBNIEHUA NepeBbIBOPKU:
Ny <Ny,
- Ecav ycnoBue BbINOAHEHO — NePerTU K MYHKTY 3, eC/IM HE BbINO/NHEHO — K MyHKTY 4
3. Ecnm ;‘\'eﬂ < Ny, , To NPOU3BECTM NepeBblbopKy (Ncesaokos, 2):

H
i=1

{0 W g {0
[I(Lk,wk%ZI}ZRE‘SA_UPLE[W,{,H}} }

N
4. BblaaTb pesynbTaT GUABTPALMK Ha TERYLLEM LIare B BUAE BEKTOPa: [{“%~‘”’é}1=1~“k}

Puc. 6. [IceBnokon 06001eHHOr0 GMIIbTpa YacTHIl

Jns yMeHbIIeHUsT BIUAHUS (P (PeKTa BBIPOKICHUS HCTIONB3YIOT BapHAHTHI MPOLEAYp Iepe-
BbIOOpKH. Miest mepeBhIOOPKH 3aKII04aercss B TOM, YTOOBI CTPYIIHUPOBATh BCE YACTHIIBI YCTapeBIIeH
BBIpOXAIoIIeiics BEIOOPKH TOMBKO B OKPECTHOCTH HamOoJiee 3HAYMMBIX YacTHUL, C IOCIEIYIOLUIM
NPHUIAHWEM UM OAMHAKOBBHIX BecoB. [Ipy mocimemyrommx marax SKCTParoisiy CTSHYThIE B JIOKAJIb-
HBbIC 00JIACTH YaCTHUIIBI TIEpEpacpeneIsIIOTCs B peaenax Bee ¢pmibtpyemoit [1B 3a cuer cmydaitHbIxX
MPHUPALICHUH K 3HAYSHUSIM UX KOOPIUHAT.

O60011eHHbIH QUIBTP YaCTHUIl BKIIOYAET B cebsl MpoIenypy IepeBbIOOPKH, KOTOpas 3aIycKa-
eTcsl BCSKHUH pa3, KOT/Ia YHCII0 3HAYMMBIX YaCTHUI] TAAAeT HIXKE OMpPEAeIeHHOr0 TIopora.

SEQUENTIAL IMPORTANCE SAMPLING FILTERING.
GENERIC PARTICLE FILTER

A.V. PARAKHNEVICH, A.S. SOLONAR, S.A. GORSHKOV
Abstract
Mathematical description of non-linear bayesian filtering using Monte-Carlo method is spent,

the basis of Sequential Importance Sampling (SIS) filtering method is shown, features of resampling
algorithm and constructing Generic particle filter by using resampling in the report are descrited.
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