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BBeneHue. [Npy oueHke napameTpoB ABWKEHUS MOABWXHbIX OOBEKTOB OCHOBHbLIM CPEeACTBOM
SABNATCA MeToAbl Teopuu onTumansHon dunbTpauum [1, 2]. B HacTodwee Bpems npu pelleHnn 3agad
ONTUMAansHON (UnbTpaumMm HaxXoOAT NPUMEHEHUE HEVPOHHbIE CETU, KaK CaMOCTOATENBHO, Tak U COBMECTHO
C MeTogamu ontumansHon ¢unbTpaumm [3]. B gaHHon paboTe Ha OCHOBE HEMPOHHLIX CeTelr pellaeTcs
3a/ilaya OLEeHKM napameTpoB ABUXKEHUS BO3AYLUHbIX U MOPCKUMX OBGBEKTOB MO AaHHbIM PagnvOnoKaLMOHHbIX
n3MepeHni.

Mogenn usmepeHunid. Ons HenvHenHoM MOoAEnn BEKTOP AMCKPETHbIX W3MEPEHWA Z; B MOMEHT
BpemeHu f; umeet Bug [1, 2]:

zp =hp(x)+8;,

roe Xy, & —n WM m -MepHble BEKTOPbl COCTOSIHUSA Y LLIYMOB M3MEpPEeHUs.
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Mogenb ansa TpexkoopaunHaTtHow PJIC, koTopas ocyllecTBnaeT uamMmepeHvue JanbHOCTU 7y, asuMmyTa
oy wyrna mecta f3;, umeet Bug [4, 5]
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rae Ar , Aoy, , ABj — cnyyaiiHble owmnBKM M3MepeHnii AarnbHOCTK, asumyTa 1 yrna MecTa.

Mogenu gBwxeHus obbektoB. B obwem cnydyae npv AOWCKPETHOM XapakTepe MNOCTyMneHns
N3MEPEHUI HENMMHENHAA MOAEb ABWKEHUS MOXET ObITb 3anncaHa B BEKTOPHO-Pa3HOCTHOM Buae [2]
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roe aj;_p, s-MepHble BEKTOpbl NapamMeTpoB U OPMUPYIOLLMX LIyMoB. [ns
NOJNTMHOMMHAIbHOIo npeacTtaBieHNA He3aBUCUMbIX OeKapTOBbIX KOOpAMHAT LUenn Mmoaesib MOXeT UMeTb BU
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roe BeKTOp COCTosHMSA X, ob6bekta obpasyloT Tekylime KoopauHaTtbl obbekta xp, Vi, zjp W
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Wyp_1 » Wyj_j — CTy4aiiHble COCTaBMSIOLLME BO3MYLLEHWS! TDAEKTOPUN; Aty =t —tf_ .

MoctaHoBKa 3agaun. Mogens asmxkeHus obbekTa 3ajaHa B AeKapTOBOW CUCTEME KOOpAMHAaT B BuAe
nonnHoMmanbHon mogenu (4). Vicnone3yoTca namepeHns (2) cpepudeckmnx koopamHaT o6bekTa 4anbHOCTH,
asumyTa 1 yrna mMecta Ang HenuHewnHon duneTpauun. [Ang nMHenHon unbTpaumm nepBuYHbIE N3MepeHUs
cepuyeckux  KoopauMHaT NpeobpasylTcsd B MPSAMOYrONbHYH  CUCTEMY  koopauHaTt. Tpebyetcs
CUHTE3NPOBaTb HEWPOHHbLIE CeTW, KOTopble (OPMUPYIOT OLIEHKM KOOPAMHAT, MNPOEKUUA CKOPOCTEN W
YCKOPEHWUN ANsi Pa3fNYHbIX Yy4aCTKOB ABWXXEHUS 1N OCYLLECTBASIOT MX SKCTPanonsuumio.

[MocTpoeHne HEenpoHHbIX ceTer. [ns nonyvyeHuMs TeKylwmMX OLEHOK KoopauHaT M napaMeTpoB
obbekTa M Mx IKCTpanonsAuMM Ha crnegywlmn nepuog ob3opa npeanaraeTcs UCMONMb30BaTb HENPOHHbIE
cetn. 3agaun unbTpauum M IKCTPaNOMALMM KOOPAMHAT U NapamMeTpoB OOBLEKTOB [ABMXKEHUS MOXHO
peLlaTb C NOMOLLBIO CeTelr CneaytoLmMx TUMNOB: MHOrOCMOMHbIN NEPCEnTPOH, CeTb C paguanbHO-6a3ncHbIMK
anemeHTamu, obobLLIEHHO-perpeccnoHHas ceTb N nNuHenHasa ceTb [6]. Hanbonee yaobHbIM npu pelueHuu
3afjad unbTpauMmM U SKCTPanonsLMM C NOMOLLBIO annapata HEeMPOHHbLIX CeTer ABMSETCSA MHOMOCMONHbIN
nepcenTpoH.
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Bo3aMOXHbI OBa BapuaHTa MPUMEHEHUA HEeNWPOHHOW ceTu Ana dunbTpauuun. NepBbid OCHOBaH Ha
npegBaputenbHOM OBy4eHWM CeTU Ha npvMepax B Buae 0o0ydvalolMx peanusauun BeKTopa M3MEPEHWUn U
BEKTOpa OLEHOK AnvHOW N C nocrieylowum OnpocoM cetu Ans unbTpaumm npy NocTyniieHnn TeKyLlero
n3mepeHus. BTopol ocHoBaH Ha npuHUMne opMMpOBaHNS BXOAHbIX 06pa3oB ceTu B pearnbHOM Maclutabe
BPEMEHM B BUE CKONb3SLLErO OKHa, coaepallero nocnegHve M uamepeHuin n oueHok. Npu noctynneHnn
HOBOrO M3MepeHUs MPOM3BOANTCS KOPPEKTUPOBKA CETU U 3aTEM NPOM3BOANTCH €€ Onpoc.

KomnbloTepHoe mogenunpoBaHue. MogenupoBaHue NpoBOAUIIOCH AfiSt KNacCUYEeCKOW MHOrOCHONHOWN
HEMPOHHOW ceTn Tuna nepcenTpoH C obyyeHMem no meTody OOpaTHOro pacnpoCTpaHeHWs oWnbku wu
aganTtmeHoO [6]. Micnonb3oBaHa ceTb C €AMHCTBEHHbIM CKPbITbIM CIOEeM, KONMYECTBO HEVPOHOB B KOTOPOM
BapbupoBanocb oT 5 o 250 HelpoHoB. B kavecTBe byHKUMM aKkTMBaLUM UCMNOMb30BaHa TaHreHumanoHas
dyHKUMSA. KonnyectBo HEMPOHOB BXOLHOMO CIOSi PaBHO KONMYECTBY TOYek oby4vatoen Bbloopku. BoixogHowm
CINOWN COAEPXKUT eAUHCTBEHHbIA HENPOH.

WccnepoBaHa apxutekTtypa ceTu Onsd Tpex MoAenen OBWKeHWst B NnockocTn Oxy C U3MEPEHUSIMU

no AaHHbIM AByxkoopanHaTHon PJIC: 1) HenoaBWMXHOM B cpeaHeM Lenu co criydyamHbiM BEKTOPOM CKOPOCTY;
2) paBHOMEPHOro MPSAMOSNIMHENHOIO ABMXEHUA obbekTa CO CryyamHbiM BO3MYLLEHMEM MO YCKOPEHWIo; 3)
MaHeBpupylowen uenu. [Ona 3Tmx mogenen OBWXKEHUS LWyMbl U3MepeHus nonaranucb 6enbivu
raycCOBCKUMMU nocrenoBaTenbHOCTAMMU c HyneBbIMU MaTemMaTU4eCcKMMm OXMAaHUAMM n

cpeHeKsaapaTUYecKuMm (C.K.0.) OTKIMOHEHUsIMN o, =20m, 0, =5'. MNepnop o63opa PJIC paseH 2 c.
Pesynbmamebl Onisi nepeoli modenu. [OnvHa obydvatowen peanmsaumm N =5000. HavanbHble
koopauHaTbl xg = yo =20000 » . YunTbiBaeTCA BO3MYLLEHME MONIMHOMWUANBHOM TPaEKTOpUM MO Kaxzow

KkoopavHaTe B Buae BO3dencTBua no ckopoctu 6Genoro rayccosckoro wyma (Br) ¢ Hynesbim

MaTemMaTU4eCKUM OXuAaHueM U C Aucrnepcuen ovz. Mpn mopenuposaHun BblbpaHo o, =5m/c. C.k.0.

OLWMOKM hunbTpauum Ansi ykasaHHbIX MapamMeTpoB MOAENMPOBaHWUS MPU YMCIEe HEWPOHOB CKPbLITOrO Cos
250 v npu annHe nposepoyHon peanuaaumm 1000 coctaenseT okono 29.7 m.

Ecnu ncnone3syetca BapuMaHT CETU CO CKOMb3ALLMM OKHOM, KONMYECTBO HEMPOHOB B CKPbITOM Crioe
BapbupyeTcsl OT 5 40 ABOMHOWN ANVHbI OKHa. bonbliee KOnM4YecTBO HEMPOHOB He AaeT Ny4llnxX pe3ynbTaTos.
[OnuHa okHa BbiGpaHa paBHoW 7. C.K.0. OWMOKKN bunbTpaumm Ans yKasaHHbIX napaMmeTpoB MOAENUpPOBaHNS
npy gnvHe nposepoyvHon peanu3auun 1000 coctaenser okono 20 M, YTO B CpaBHEHWW C NEPBbIM
BapuaHTOM peLUeHUs aeT 3HAYNTENbHbIA BbIUIPbILL.

Pesynbmamel  Onsg emopod  modenu. [OnvHa  obyvawowen  peanusaumm N =3000,

X0 = yo =20000 m . O6beKT coBeplUaeT paBHOMEPHOE MPSAMOSNIMHENHOE [B/XEHME N0 KypCy Ha NOCTOSIHHOW
BbICOTE C MOCTOSIHHOWM cKOpocTbio v =300m/c. YUnTbiBAaeTCA BO3MYLLEHME MOSIMHOMUASIBHOM TpPaeKkTopum
Nno Kakgon KoopauHaTe B BUAE BO3OeNCTBUS No yckopeHuto Bl ¢ HyneBbiM MatemMaTnyeckum oxugaHmem
n ¢ gucnepcuen 0'3. Pasmep CKpbITOro crnosi HEMPOHHOW ceTu BblbpaH paBHbIM 250 HerpoHam. C.k.O.
owmnbkn hunbTpaumm nNpu grvHe nposepoyvHon peanusdauumn 3000 coctaensieT okono 43.4 M. Npu MeHbLUEM
yncre HeMpoHoB owunbka dunbTpaumm Bbiwe. MNpu HebonbWoOM 4YMcne HerWpoHOB owwmbka dunbTpauum
fonbLlas u ceTb paboTaeT HeYyCTONYMBO.
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WccnepoBaHue nokasano, Y4TO Afst OUEHKM CKOPOCTU MPSIMOSNIMHEWHOrO PaBHOMEPHOrO ABWKEHUS
Heo6X04MMO NCMONb30BaHNE NOCIEAOBATENbBHOCTU KOHEYHBLIX PA3HOCTEN KOOPAMHAT NEPBOro Nopsiaka.
Pesynbmamei 0nisi mpemeel modenu. OnuHa obyyatowen peanudauum N = 2600 : 100 peanusaumn

TPaEeKTOPUN ABMKEHUS NO 26 OTCHETOB B KaXAON, X = 22246 m ; yo =19983 m . O6bekT coBepluaeT MaHeBp
Mo Kypcy Ha NOCTOSIHHOWM BbICOTE C MOCTOSAHHOW ckopocTbio v =300 m/c un ¢ neperpyskon 4g . YunTbiBaeTCs
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BO3MYLLEHNE MOSNIMHOMMATIbHOW TPAEeKToOpUM MO KaXkdow KOOpAuMHaTe B BUAE BO3AEWNCTBUS MO YCKOPEHWIO
BNl c HyneBblM MaTemMaTU4ECKUM OXWOAHWEM M C Aucrnepcuen 02. Mpn mopenupoBaHuMM BbIGpaHO

o, =5m/c?. Pasmep CKpbITOrO Crnosi HEWMPOHHOM ceTu BblIbpaH paBHbiM 250 HewpoHam. Ha pucyHke
npvBeaeHbl (bparMeHTbl TpaekTopun ABWXKeHUss obbekTta B nnockoctu Oxy WU 3aBUCMMOCTU abCoONOTHBIX

OVNHaMMYecKnx owmnbok unbTpaunm no koopanHate x ansa 26 orcyetoB. C.K.0. OWNOKN dunbTpauumn ons
yKa3aHHbIX MapaMeTpoB MOOENUPOBaHUSA Npu AnvHe npoBepoyvHon peanusauum 2600 cocTaBnsieT OKOMo
20.2 m.

WccnenoBaHne nokasano, 4TO ANnsl OUEHOK CKOPOCTU U YCKOPEHUS MaHeBpupylolen uenu
Heo6X0aMMO UCMNONb30BaHME KOHEYHbIX Pa3HOCTEN KOOpAMHAT NEPBOro M BTOPOro NopsiakoB.

AHanormyHo cpunbTpaumnm oby4eHHblE HENPOHHbIE CETU MOXHO MCMONb30BaTb U ANs 3KCTpanonsauum
KOOpAMHaT 1 NapameTpoB ABUKEHNSI.

3aknioyeHue. 3agadva OUEHKM MOXeT ObiTb aHanorm4yHo pelleHa Aanst Mopenen OBUXKEHUS W
N3MEpPEHNIA B MONSAPHOM CUCTEME KoopauHaTt. B mMopenu ABWXKEHUS U U3MEepeHuin MOryT ObiTb YYTEHbI
pasnuyHble HENMMHENHOCTH. LLIyMbl n3amepeHns MOryT MMEeTh NPOM3BOSIbHbIN 3aKOH pacnpeaeneHus.
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NEUROCOMPUTER PROCESSING IN THE DECISION OF TASKS OF NONLINEAR FILTERING OF
PARAMETERS OF MOVEMENT OF OBJECTS
Amosov O.
is@knastu.ru, osa18@yandex.ru

The methods of the theory of optimum filtering are the fundamental means for the estimation of
parameters of movement of mobile objects. Now the neural networks find the application at the decision of
tasks of optimal filtering, as is independent, and together with methods of optimum filtering. The task of the
estimate of parameters of movement of aerial and sea objects on a basis of neural networks on the data of
Radar measurements is decided.

The nonlinear model for three-coordinate Radar is given. It carries out measurement of range,
azimuth and angle of fire with stochastic errors. The model of polynomial performance of three independent
Cartesian coordinates of the object is given. The vector of state of the object is formed by three current
Cartesian coordinates of the object, projections of the speed and projections of the acceleration. The
stochastic component perturbations of the trajectory on each coordinate are taken.

The formulation of a task: it is necessary to synthesize neural networks, which form estimates of the
coordinates, of the projections of the speed and acceleration for various sections of movement and carry out
them extrapolation. The neural networks for reception of current estimating of coordinates and parameters of
the object and them extrapolation for the following period of the review are offered.

The tasks of filtering and extrapolation of coordinates and parameters of objects of movement can be
decided with the help of networks of the following types: multilayer perceptron, radial basis function network,
generalized-regressive network and linear network. Most convenient at the decision of tasks of filtering and
extrapolation on the apparatus of neural networks is multilayer perceptron. The examples of filtering are
given for this class of neural networks.

Two variants of construction of neural network for filtering are possible. First variant is based on
training on examples as training realizations. Second variant is based on a principle of a slipping window
containing last M of measurements and estimates. It is convenient for using in the real time. Their joint
application is possible. The computer modeling was carried out for classical multilayer neural network such
as perceptron with training on a method of the error back propagation or on a adaptive method. The network
with the unique latent layer is used, the quantity neurons in which varied from 5 up to 250 neurons. As
function of activation tangent function is used. The quantity of neurons an input layer is equal to quantity of
points of training sample. The target layer contains unique neuron.

The architecture of a network for three models of movement in a plane is researched: 1) no movable
on the average object with a stochastic vector of speed; 2) uniform rectilinear movement of object with
stochastic perturbation on acceleration; 3) maneuvering object. For all pointed models of movement the
noises of measurement are modeling by white Gaussian sequences.

The errors of filtering of coordinates for these models of movement are received. Trained neural
networks can be used and for extrapolation of coordinates and parameters of movement. For extrapolation it
is possible to use and specially synthesized for this purpose neural networks. The modeling has shown, that
for the estimating of the speed and acceleration of the maneuvering object a final differences of the first and
second orders are necessary.

The task of the estimating can be similarly decided for models of movement in a spherical system of
coordinates. In model of movement and measurements can be taken into account of various non-linearity.
The noises of measurement can have the any law of distribution.




