AOANTUBHAA OBPABOTKA CUIHAINIOB HA OCHOBE HEUPOHHbIX RBF-CETEMN

Mwurnos B.P.
Hwxeropoackuii rocygapCTBEHHbIN TEXHUYECKMI YHUBEPCUTET

Cdopmynmnpyem 3agadvy agantMBHOW 006paboTkM (bunbTpaumm) OUCKPETHBLIX MO BPEMEHU
curHanoB. O603Ha4YMM NOCNefoBaTENBbHOCTL CMMBOJIOB, MOCTYMAMLWYH Ha BXO4 CUCTEMbI 0OpPabOoTKM

curhanos (cdunbtpa) — x(k); nocnepmosaTenbHocTb Ha Bbixoge dunbtpa — y(k); TpeByemyio
(«kenaTenbHylO») nocrnegosaTenbHocTs Ha Bbixoge dumnbtpa — d(k), k=1,2,.... Heobxogumo B

COOTBETCTBUM C MCTOMNb3yeMbIM kputeprem obecneunts 6nmsocts curHanos (k) u d(k). PaccmotpenHas

3afjaya BO3HMKAET nNpu uMAaeHTUdMKauum CcuUcTemM, KpaTKOCPOYHOM MPOrHO3MPOBAHWMM, WHBEPCHON
dunbTpaummn, NoAaBeHNN MOMEX, YPaBeHUM 1 T.0.

PeleHune 3agaun agantuBHon o6paboTkn CUrHaAMNoOB CBA3aHO C BbIOOPOM OMNpeaeneHHOn CTPYKTYpbI
cnctembl 06paboOTKM CUIrHaNMOB M CUMHTE30M anroputMa pPeKyppeHTHOW mMoamdukaumm napameTpoB npwu
MOCTYNSIEHMM HOBbIX AaHHbIX. [poueaypbl NMMHEHON hunbTpaumm B o6LLEM Criydae He NO3BONAKT AOCTUYb
Heobxooumon addekTUBHOCTU. HennHelnHaa obpaboTka CUrHamoB MOXET OCYLEeCTBAATLCA C MOMOLLbIO
WCKYCCTBEHHbIX HENPOHHbIX ceTen. B HacTodllee Bpemss npu peweHuM 3agad o6paboTkM curHanos
Hanbonee 4acTo NPMMEHSIOTCA CETU NPAMOro pacrnpoCTpaHeHUs: MHOrocnonHble nepcenTpoHbl n RBF-cetn,
KOTOpble codep)XaT €OWHCTBEHHbIN CKPbITbIA CrOM HEeMpOHOB, obnagarwux paguvanbHO CUMMETPUYHOWN
aKkTMBauuoHHon dyHkumen. o cpaBHeHMIO C MHOrocrnoviHbiMu nepcentpoHamu RBF-cetu obGnapatot
cnocobHocTbio BGornee GbiCTporo obyyeHus, YTO B pse criydyaeB NO3BOMSET oTAaTh NPearnoyYyTeHNEe UMEHHO
3TOMY TUMY HEMPOHHbIX CETEN.

XapakTepUCTUKY «BXOA-BbIXOA» CUCTEMbI HENMHEeNHOW 06paboTKM CUrHamoB, MOCTPOEHHOW Ha
ocHoBe RBF-ceTu, 3anuwem B Buge

W)= (X(k)w- (1)
3nece X(k)=[x(k),x(k =1),...,x(k—L+1)]", w=[wp, w,..., Wp]T — BEKTOP BECOB NMHENHOrO

BbIXOAHOrO CJ'IOH;(p(X)z[(pO(X),(pl(X),...,(pp(X)]T — BEKTOp pafuarnbHO CUMMETPUYHBLIX aKTUBALIMOHHBIX

YHKUMIA HEWPOHOB CKPLITOFO Cnosd. B kKayecTBe akTUBAUMOHHBLIX YacTO MCMOMNb3YTCA rayCCOBCKME
dyHKUMUK

(pi(X):(p(XaMiaci):exp(_(X_Mi)TCi(X_Mi))’ [

lap’ (P()(X)zl! (2)

roe M; — L-sextopbl, C; — (L X L)-matpuupl, i =1, p .
B wnsBecTHbIXx anroputmax obydeHue RBF-ceTn Ha ocHoBe BbIOOPKM (PUKCUMPOBaAHHOIO o6BbeMa

NPOMCXOAMT B Heckonbko aTanos. CHauvanma onpegensioTtca ueHtpsl M, i =1 p, satem matpuupbl

C;, i=1,p W Ha nocriegHeM aTane napameTpbl JIMHEWHOTO BbIXOAHOrO Crosi Wl-,i=0,p. Mpwn
MOCTYMMEHUMN HOBbIX AaHHbIX B U3BECTHbIX anroputMax ObblMHO KOPPEKTUPYKOTCH NULb 3HAYEHUS BECOB
NNHENHOrO BLIXOOHOMO Cr10Si.

B paboTe npegnoxeH npuHUMnManbHO HOBbIM MeTon obydeHus RBF-ceTen, a Takke npouenypsl
PEKYPPEHTHOM MoandmKaumm napaMmeTpoB HEMPOHHOW CEeTM B pexume nocregoBaTenibHom 06paboTku

paHHbIx. Mpy nocTynneHnn Ha Bxod dunbTpa odepeaHoro cumeona x(k), dopmupyetca sektop X (k) un

onpeaenseTcs J -il pagvanbHbIi 3fIeMEHT C HanBOorbLUMM YPOBHEM akTUBauuu. [nsi 9TOro anemeHTa c
MOMOLLIbIO  MOMNYYEHHbIX BbIPAXEHUA BbINOMHAETCA KOPPEKUMs MnapaMeTpoB aKTUBALMOHHOW  (PYHKUMM
M (k)= fu (X k), C;(k = 1M ;(k = 1), C;(k)= fe(X k), C;(k —1).M ;(k ~1)).

OnpegeneHve napameTpoB JIMHENHOrO BbLIXOAHOIMO CrOSi OCYLECTBASETCS C  MNPYMEHEHVEM
npouenypbl peryndpusaumm no A.H. TuxoHoBy. Perynspusaums npensaTcTByeT BO3HWKHOBEHUIO Tak
HasblBaeMoro adpdekta nepeobyveHns U NO3BONSAET YMEHbLUTbL CPpeHUn KBaapaTt ownbkn 3a cyet
3aMeTHOro yMEHbLUEHUS AUCNepCun OWNBKM LEHON HE3Ha4YUTEeNbHOro yBenuyeHus cmelleHud. Ons
MoauduKaLMmM napameTpoB fMHENHOro BbixogHoro cnosi RBF-cetu (1) paspaboTtaH pekyppeHTHbIN
anropuTM HaumeHbLLMX KBagpaTtoB ¢ perynsapusauunen (PAHKP)

k)= wlk = 1)+ RE)+ ) o)) - 0" (X @ik - D)+ ph -k 1), @)
R(k)=AR(k=1)+ @ (X (k)" (X (k). @)
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roe L — napameTp perynsipusaumm; A — napameTp AMCKOHTUPOBaHUS 06paboTaHHbLIX HAaBMOAEHUI,
npuatom, >0, 0 <A<,

B oTnuune oT «Knaccu4eckoro» pPeKyppeHTHOro anroputma HauMeHbLUUX KBagpaToB B anroputme
(3) — (4) He ypmaeTcs HenocpeaCTBEHHO MPUMEHUTb fieMmy 006 obpaweHun maTtpuy Ans opMUpoBaHUS
3(PEKTUBHON  BbIYUCIIUTENBHON CXEMbl  PEKYPPEHTHOM  Moaudmkauumn  KoaduumneHtTa yCUneHus.

MNpennoxeHbl NOAXOAblI K CHUKEHUIO BbluMcnMTenbHon cnoxHoctn PAHKP 3a cueT HekoToporo npourphbiwa
B 9(deKkTMBHOCTM anroputmoB. [na manbix 3Ha4YeHUn napameTpa perynapmsaumm  nonyyYyeHo

NpUBKEHHOE BbipaxeHue Ans Matpuubl (R(k)+ul)™" . Mpu 3TOM MOAUMDULMPOBAHHLIA anNropuT™, He

Tpebywnin NnpuMeHeHns npouenypbl obpalleHus matpuy, obnagaeT XxapakTepuctTukamu Onmskummn K
«TOYHOMY» anropuTtmy (3) — (4).

OdpektnBHoCTL  pabotel PAHKP  cywectBeHHO  3aBMCUT OT  3HayeHUMM nNapameTpoB
AVMCKOHTMPOBaHUSE 06paboTaHHbIX HabriogeHnin A 1 perynspusaumn L. Tpouedypsl  aganTUBHOIO

oueHuBaHUA napamMmeTpoB 7\, mu paspa60TaHbl M3 ycnosma MUMHUMNU3aUUKn Lueneson (byHKLI,MM

J0uw)=MY6) - ¢ MOk -1 |

roe M — cuMBOn mMaTtemMaTU4ecKoro oXxXuaaHus.

B paboTte npeanoxeH noaxon K CUHTE3Y CUCTEM HENMHENHOW ajanTuBHOW obpaboTkM CMrHamnoB Ha
OCHOBe HeWpoHHbIX RBF-ceten. lNpegnoxeH HoBbiM MeTon obyyeHuss RBF-ceTel, a Takke npouenypsl
MoauMdUKaLMM NapaMeTpoB aKTUBALUUOHHBLIX OYHKLUMIA (2) Npu MOCTYNMEeHMUM HOBbIX AaHHbIX. [1o metoay
HaMMeHbLUNX KBaApaToB C MNPUMEHEHMEM npouenypbl perynspusavnm CUHTE3NPOBaH PEKYPPEHTHbIN
anroputM MoaudumKkauum napameTpoB MMHENHOro BbIXOAHOro cnod. CoBMelleHue peryndpusauum ¢
afanTMBHOW HACTPOMKOM MapaMeTpoB anroputma obecneumBaeT paboTocnocobHOCTb cuctem obpaboTku
CUrHamoB B YCMOBUSIX HernapamMeTpu4Yeckon anpuopHON HeornpeaeneHHocTu. [lonyyeHbl NpubnmXkeHHble
anroputmbl, obnagamlimMe YMEHbLIEHHON BbIMUCIUTENBHOM CIIOXHOCTbI. Pe3ynbTaThl MogenvMpoBaHus
noaTBepXxaarT 3(EEKTMBHOCTL pa3paboTaHHbIX Mpoueayp M anropuTMOB, a TakkKe BO3MOXHOCTb MX
NPaKkTUYECKON peanu3aumm B COCTaBe CUCTEM KPaTKOCPOYHOTO MPOrHO3MPOBaHUS, UWAEHTUdMKauun,
a[anTMBHOTO yrpaBfeHus u ap.
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ADAPTIVE SIGNAL PROCESSING ON A BASIS OF NEURAL RBF-NETWORKS

Milov V.
Nizhni Novgorod state technical university

We shall formulate a task of adaptive processing (filtering) of signals discrete on time. Designate a
sequence of symbols acting on an entrance of signal processing system (filter) - x(k); a sequence on an

exit of the filter - y(k); required ("desirable") sequence on an exit of the filter -d(k), k=1,2,.... It is

necessary to ensure closeness of signals y(k) and d(k) according to used criterion. The considered task

arises at identification of systems, short-term forecasting, inverse filtering, suppression of interferences,
direction etc.

The decision of a task of adaptive signal processing is connected to a choice of the certain structure
of signal processing system and synthesis of algorithm of recursive modification of parameters at receipt of
the new data. The procedures of a linear filtering generally do not allow to achieve necessary efficiency. The
nonlinear processing of signals can be realized with the help of artificial neural networks. Now at the decision
of tasks of signal processing networks of direct distribution frequently are applied: multilayer perceptrons and
RBF-network, which contain the sole latent layer of neuron, having radialiy symmetric activation function. In
comparison with multilayer perceptrons RBF-networks have ability of faster training, that allows to prefer this
type of neuron networks in a number of cases.

Characteristic "input - output" of system of nonlinear signal processing constructed on the basis of a
RBF-network, we shall write as

y(k)=(PT(X(k))W_ (1)

Here X(k)=[x(k)x(k —1),...,x(k—L+1)]", w=[wo,wl,...,wp]T -weight vector of a linear output
layer; (p(X):[(pO(X),(pl(X),._.’(pp(X)]T - vector of radially symmetric activation functions neuron of the hidden
layer. In quality of activation functions frequently are used gaussian functions

0, (X)=0(x. M, C)=expl- (X -M)TCX -Mp). i=Lp. g 0)-1 @

where M - L-vectors, C;- (L X L) matrixes, i=1p.
In known algorithms of the RBF-network training on the basis of sample of fixed volume occurs in
some stages. The centres at first M, i=1, p are defined. Then matrix C;, i=1, p is defined. And at

last stage parameters of a linear output layer Wl-,i=0,p are defined. At receipt new data in known

algorithms the values of weight of a linear output layer are usually corrected only.
In work the essentially new method of training of RBF-networks and procedures of recursive
updating of parameters of neural network in a mode of consecutive data processing are offered. Then the

next symbol x(k) is receipt on an input of the filter, the vector X (k) is formed and is defined j-th radial
element with the greatest level of activation. For this element with the help of the received expressions the
correction of parameters of activation function is fulfilled Mj(k)sz(X(k), Cj(k—l),Mj(k—l)),

Cj(k): fC(X(k), Cj(k - l)an(k - 1))

The definition of parameters of a linear output layer is carried out with application of procedure
regularization by A.N. Tihonov. Regularization interferes with originating of so-called effect of conversion
training and allows to reduce an average square of a error at the expense of appreciable reduction of
dispersion of a error by insignificant increase of displacement. The recursive least squares algorithm with
regularization (RLSAR) is developed for updating parameters of a linear output layer of a RBF-network (1)

wlk)= ik ~1)+ RGO+ )™ (p (XG0 () — 0 Dol )+~ Dyt 1), ©)
R(k)=AR(k—=1)+ 0 (X (k))9" (X (k) (4)
where |l - parameter of regularization; A - parameter of auckoHTMposaHus of the processed

observations, thus, 1 >20,0<A<1.

As against of "classical" recursive least squares algorithm in (3) - (4) it fails directly to apply a lemma
about the call of matrixes to formation of the effective computing circuit of recursive updating of an
amplification factor. The approaches to decrease of computing complexity RLSAR are offered at the
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expense of some loss in efficiency of algorithms. For small values of parameter regularization the

approached expression for a matrix (R(k)+ )" is obtained. Thus the modified algorithm, which is not
requiring application of procedure of the call of matrixes, has the characteristics close to "exact" algorithm (3)

- (4).
The overall performance RLSAR essentially depends on values of parameters anckoHTupoBaHus of
the processed observations A and regularization lL. The procedures of adaptive parameters estimation A

and U are developed from a condition of minimization of goal function

J0u= M) - " KOOk -1 |

where M - symbol of mathematical expectation.

In work the approach to synthesis of systems of nonlinear adaptive signal processing on a basis of
HenpoHHbIX RBF-networks is offered. The new method of training of RBF-networks, and also procedure of
updating of parameters of activation functions (2) at receipt of the new data are offered. The recursive
algorithm of updating of parameters of a linear output layer is synthesized on a method of the least squares
with application of regularization procedure. The overlapping regularization with adaptive adjustment of
algorithm's parameters provides capability of signal processing systems in conditions nonparametric a priory
uncertainty. The approached algorithms having reduced computing complexity are received. The results of
modeling confirm efficiency of the developed procedures and algorithms, and also opportunity of their
practical realization in structure of systems of short-term forecasting, identification, adaptive direction etc.




