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MpennoxeH MNOAXOL Ha OCHOBE OMUCaHWS TpaekTopun aABwxkeHus PJ1 uenM ogHOBPEMEHHO
HECKONBbKUMW MOLENSAMN W OLEHUBAHUM WX anoCTEPUOPHBLIX BEPOSATHOCTEW, C MNOCNEAyLWMM
hopMMpoBaHMEM €AMHOW OLIEHKM BEKTOPA COCTOSHUS CUCTEMBI, MPU 3TOM B SIBHOM BUAE OTCYTCTBYET
oBHapyxutenb MaHeBpa.

PaccmartpuBaeTcs 3agada ounbTpauum TpaekTopun pagmoriokauMoHHON Lienn Ha yvyacTke MaHeBpa
no AaHHbIM Ha Bbixoge PJIC kpyroBoro o63opa. Npegnonaraetcs, YTo GOMbLIY YacTb NnoneTa TpaekTopus
PJ1 uenu, B OekapToBOW CUCTEME KOOpPAWMHAT, adeKBaTHO OMNUChIBAeTCSA MOAEnNbl MPSAMOSIMHENHOTO W
pPaBHOMEPHOIO OBWXEHUSI C BO3MYLLEHMSIMU. YYaCTKM MaHEBPUPOBAHUS SBNSAOTCHA KPaTKOBPEMEHHBIMU, OT
HecKosbknx 0630poB (3-6), 4O HECKONBbKUX AECSATKOB 0630pOB.

PaccmatpuBaeTcss nogxoa Ha OCHOBE OnucaHusi Tpaektopuu aswkenusa PJ1 uenn ogHoBpemMeHHO
HECKOMbKMMW ~ MOOENAMU U OLEHUBAHMU WX  anoCTEPUOPHBbIX BEPOSATHOCTENW, C  MNOCneayrLwmm
POpMUPOBaAHMEM €OUHOWN OLIEHKU BEKTOpa COCTOSHWUS cUcTeMmbl. [1pu 3TOM B sIBHOM Buae OTCYTCTBYET
oBGHapyxutenb MaHeBpa, Ha OCHOBE KOTOPOro CTPOSATCA MHOMME W3BECTHble anropuTMbl uUnbTpauum
TPaeKkToOpUn MaHeBPUPYOLLUMX Uener. MaTemaTuyeckass nocTaHOBKa 3aJayu BbIMMSAWT  CReaylowmM
ob6pasom:

Oc(k+l)=F[9(k+1)]oc(k)+B[9(k+1)]Na (k+1) , (1)
z(k)=Ho(k) + N_(k) : (2)

3gech (1) — ypaBHEHME COCTOSHMSA, a (2) — ypaBHEHME HabnoaeHus.

roe o(k) — BeKTop, OnMChIBatoLLMIA COCTOAHME cucTeMbl. B yacTHoCcTH, Ans moaeny NpsiMONIMHENHOro

1 PAaBHOMEPHOrO ABWKEHUSI ANt KOOpAMHAThl X OH umeeT Bug (k) :[x(k),}c(k)]T. 0(k+1) - OMCKPETHbIN

napametp 8e€ {0,M —1}, onpegensiowmin Mogens uamMeHeHusi Bektopa o(k) BO BpeMeHW OT MOMEHTa

Bpemenu k fo (k+1), M— uncno ncnonbsyembix mogenen. N, (k) - BeKTOp HOpMarsbHbIX LLIYMOB C HyreBbIM

MaTeMaTUYECKUM OXUOAHWEM, €AMHWUYHOM KOPPEnsuMOoHHOW MaTtpuuen. Takum obpasom, (1) onucbiBaet
COBOKYMHOCTb M BO3MOXHbIX YpaBHEHUN n3MeHeHus BekTopa o(k) Bo BpemeHu oT MomeHTa k go (k+1). z(k)-

BekTOp HabniogeHnii B MomeHT Bpemenn (k), N_(k)- BekTop WyMOB HaGMiOAEHUS C  HyneBbiM

MaTeMaTU4ecKuM OXuOaHMeM W KOoppensiuuoHHoW Mmatpuueir R_, a (2) — ypaBHeHWe HabnopeHwi.

Cuutaetcs, uto 0O(k+1) - ogHOCBA3HbLIM MapKOBCKWIA CNyYyalHbIA MPOLECC C MaTpuuen nepexonHblX
BeposiTHocTen P[O(k+1)| 6(k)].

B pesynbtate cuHTE3a MoxeT ObiTb nonydeHa crnegywowas npouenypa (OpPMUPOBAHUSA OLEHKM
BekTopa o(k+1). B k-1 MOMEHT BPEMEHM COCTOSAHME CUCTEMBI OMMUCLIBAETCHA: BEPOATHOCTAMU TOro, yuto PJ1

Lenb ABuraeTcsi B cootseTcTBuM ¢ Mogerbio m1 P[O(k)=ml Y(1,k)], ml=0,M —1, a Tak xe

COOTBETCTBYIOLWMMM OLeHKamMn 1 maTtpuuamm koppensumn o(0(k)=ml, k), R(O(k)=ml, k). B Teuenun

uHTepsana mexay k-m n (k+1)-m momeHTamn BpemeHu PJ1 Luenb MoxeT ABUraTbCsl B COOTBETCTBUM C OOHOW
n3 M BO3MOXHbIX Mogenen ABwxeHus. [loatomy dopmmpyetcs M*M akcTpanonupoBaHHbLIX OLIEHOK WU
COOTBETCTBYIOLLUX UM KOPPENSLMOHHbIX MaTpuLL

a(m|ml, k +1|k) = F[O(k +1) = m]a(ml, k) 3)

R(m|ml,k +1|k)= BO(k +1)=m]BT[0(k +1)] + F[0(k + D] R(mL, )FT[0(k +1)],  (4)

m=0,M —1.
Mpu nonyvyeHun HabnogeHw B (k+1)-n1 MOMEHT BpeMeHu, kaxxaas us M*M oueHok yTouHaeTcs

&(m|mLk+1)=d&(m|mLk+1|k)+

5
+ R(m|mLk+1)H" R;'[z(k +1) — HE&(m | ml, k +1| k)] ©)
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roe
E'(m|mlLk+1)=B" (m|mLk+1|k)+H"R;'H . (6)

Kpome Toro, dopmupyotca M anocTepropHbIX BepoOSATHOCTENW, COOTBETCTBYHOLUX MOAENAM
aswmwxkenust PJ1 uenn.

POk +D)=m|z(,k+1)]=c ZP[G(k +1)=m|0(k) =ml]P[O(k)=ml| z(], k)]x -

Xw[z(k+1|0(k+1)=m,0(k) :ml,z(l,k)]
w[z(k+l|9(k+l)=m,9(k)=m1,z(1,_k)]:G[(€(m|m1,k+l|k),RZ + HR(m|mLk+1|k)H"],

30ecb C — Hopmupylowmin MHoxutenb, G[a,R] — HopmanbHasi MMAOTHOCTb pacnpenenennst
BEPOATHOCTEN C BEKTOPOM CPEeAHUX 3HaYEHUIN a U KOppensunoHHon maTtpuuen R.

lMocne aTtoro dopmupytotca M OLEHOK BeKTopa COCTOSHUSE W COOTBETCTBYHOLME UM
KoppensiunoHHble MaTpuubl Ans (k+1)-ro MOMeHTa BpeEMEHMW.

&(m, k +1) = pr[e(k) =ml|0(k+1) = m,z(Lk +1)]d(m | ml, k +1), (8)
ﬁ(m,k+1):Mip[e(k):m|9(k+1):m,z(1,k+1)]>< o
X {R(m|ml, k +1) +[&(m, k +1) — &(m | ml, k + 1)|[&€(m, k +1) — &m | ml, k +1)]"}.

roe

P[O(k) = m1|9(k +D)=m,z(Lk+1)] =

wz(k+ 0|0k +1) = m,0(k) = ml,z(L, )Pk +1) = mlf (k) = mI]P[O(k) = m1[z(1, )]
Af wz(k + 1)|0(k +1) = m,0(k) = m2,z(1, k)P[0 (k +1) = m[B (k) = m2]P[O (k) = m2|z(1,_k)]

m2=0

CoBMmecTHas oueHKa u ee KoppensiuMoHHas maTtpuua B (k+1)-i1 MOMEHT BpemeHn hopMupyrtoTcs
cnegyoLwmm obpasom

(ﬁ(k+1):Afp[e(kﬂ):m|z(1,k+1)](£(m,k+1) , (10)

Rk+1)= 2P[9(k+1) m|z(Lk +1)]x ”

x{ﬁ(mk+1)+[¢€(mk+1) &k +1)][d(m, k+1)— di(k+1)]}

MonyyeHHbIn anroputMm 6bIN NpomoaenupoBaH Ana cnydas M=2. OgHa 3 mopgenen ABWXEHUSA
COOTBETCTBOBaNa NpsiIMONIMHENHOMY U PaBHOMEPHOMY OBWXEHMUIO Npu cnabom BO3MyLLEHWMU, a apyras npwm
cuneHoM. MopenupoBaHue nposogunock anga PJIC kpyrosoro o63opa ¢ nepuogom o63opa paBHOM 6 Cek.,
CO cpefHUMU KBagpaTmyeckumn owwmbkamu no aaneHoctn 100 m, a no asumyty 0,5 rpag. PJ1 uenb okono
100 o630poB gBuranacb No NPSIMOK, Nocne 4Yero BbinonHsana passopoT Ha 90 rpag v gsuranacbh ganblie no
npsiMor. AHanua pes3ynbTaToB MOLENMPOBaHUSA MoKasar, Y4To WUCMOoSfb30BaHWE MPEOSIOKEHHOro anroputMma
unbTpauun TPAEKTOPUM MO3BOMSET YMEHbLUMTb CPEOHIo KBaApaTUYECKYld OLMOKy OueHMBaHus
nonoxexus PJ1 uenn, ¢ yueToMm AnHaAMUYecKon N oroKTYaUMOHHOM COCTaBMAOWMUX, HE MeHee 4YeMm B 5-6
pa3 Ha yyacTKe MaHeBpa MO CPaBHEHUIO C 0OblYHbIM bunbTpom Kanmana. lMpu 3TOM MX TOYHOCTb Ha
y4yacTKe ABMKeHUsa 6e3 MaHeBpa NpakTU4YeCcKn ogMHaKoBasl.
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Abstract: The tracking of maneuvering target with Markovian switching states is researched. The
novel approach is considered on the basic description trajectory of movement target simultaneously by
several models with the estimation its posterior probabilities, and formation a mixing estimation of the
state vector.

The tracking problem in Track-While-Scan Radar is considered for trajectory of a maneuvering
target. Trajectory targets is supposed in the Cartesian system of coordinates, that the most part of flight is
adequately described by the model of regularly straight movement. Maneuvers are short-termed, from
several (3-6) up to several tens scanning periods. The approach is considered on the base of that the
trajectory of the moving target is described simultaneously by several models with estimation of its posterior
probabilities and formation of a mixing estimation of state vector. Mathematical formalism of the problem is
following:

ok +1)=F[O(k +D)]a(k)+ B[O(k+ 1N, (k +1), )
z(k)=Ho(k)+ N_ (k). 2)
where 06(k+1) is a finite state Markov chain taking values {0,...,M-1} according to a transition probability
matrix P[6(k+1)|6(k)]; M is the number of used models.

As result of synthesis, we will receive the procedure for formation of the mixing estimation of the
state vector o(k+1) as follows. At the moment k the state vector of target is described by the probability

P[O(k)=ml, Y(l,-k)], ml=0,M —1 of that target moves according to model m1, by the estimation vector

OAC(O(k) =ml, k) and by the correlation matrix IAQ(Q(k) =ml, k). During the interval between k and (k+1)

moments the target can move according to one of the M possible models. Therefore it is formed M? predicted
estimations and correlation matrixes

a(m| ml,k+1|k)= F[O(k +1) = m]oe(ml, k) 3)

R(m|ml,k +1]k)=BO(k +1) =m]B"[0(k + )]+ FIO(k + D] R(mL,)FT[0(k +1)], (&)
m=0,M —1.
At the (k+1) moment a receipted measurement, each of M? estimations is specified

&(m|mlLk+1)=d(m|mlLk+1|k)+
+ R(m|mlk+1)H" R;'[z(k +1) — H&(m|ml, k +1|k)]
where
K (m|mLk+)=K"(m|mlk+1|k)+H R;'H , (6)
besides are formed M posterior probabilities, which is appropriate to models of movement target.

M-1 o
PO(k+1)=m|z(l,k+1)]=c ZP[Q(k +1)=m|0(k)=ml]P[O(k)=ml|z(1,k)]x

ml=0 ’ (7)
xwlz(k +1|0(k +1)=m,0(k)=ml, z(1, k)]
where
Wz(k+110(k +1)=m,0(k)=ml, z(1,k)] = G[d&(m | ml,k +1|k),R, +Hﬁ(m |ml, k +1|k)HT].
¢ is a normalizing constant, G[a, R] is normal probability density distribution with the mean vector a and the
correlation matrix R.

After that the M estimations of the state vector and the correlation matrixes are formed at the (k+1)
moment.

®)

Em, k +1) = MZIP[G(k) =ml |0k +1) = m,z(Lk + 1)]€(m | mL,k +1), (8)

ml=0
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B(m,k+1)= Afp[e(k):ml|9(k+1)=m,z(1,k+1)]>< o

x{ﬁ(m|ml,k+l)+[(f(m,k+1)—(£(m|m1,k+l)][(€(m,k+l)—(f(m|m1,k+1)]r},

where

P[O(k) = m1|9(k +1)=m,z(Lk +1)] =

wz(k + 1)|9(k +1) = m,8(k) = ml, (L, k)]P[O (k +1) = m|@(k) = m]P[O(k) = m1|z(1,_k)]

M-1 - -
z wz(k + 1)|9(k +1)=m,0(k)=m2,z(1,Lk)]P[O(k +1) = m|9(k) =m2]P[O(k) = m2|z(1,k)]
m2=0
At last the mixing estimation and correlation matrix are formed at the (k+1) moment as follows
M-l
&k +1)="Y POk +1)=m|z(1,k +1)]de(m, k +1), (10)

m=0

ﬁ(k+1)=MiP[e(k+1)=m|z(1,k+1)]>< "

X {R(m, k +1) +[&(m, k + 1) — &(k + 1)][&(m, k +1) — &k + D]}

The received algorithm was simulated for the case M=2. One of the models corresponded to
regularly straight movement with weak noise and the other - with strong. The simulation was carried out
according to radar with the 6s scanning period, the 100m range and 0,5° azimuth standard deviations.
During 100 scanning periods the target moved on a straight line, turned 90°, and then moved further
straightly. The analysis of the simulation results has shown that the use of this filtering algorithm allows

reduce RMS error of position and velocity estimations of target.
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