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Pedbepar. lNpegnaraetca HenmpoceTeBOM MeTOL BOCCTAHOBMEHWA aMniuMTyAdbl AUCKPETHOro
curHana no ero ¢asoBomy cnektpy. OnmcaH cnoco® NoCTpoeHusi, obyyeHus, TecTMpoBaHUA U
paboTbl HENPOHHOM CeTUM NPUMEHUTENbHO K AaHHOW 3ajade. [lonyyeHHble pesynbTaTbl MO
OOMbLUMHCTBY KpUTEPUEB MPEBOCXOAAT aHanorMyHble pesynbTaTbl, AOCTUraemble TpagULUOHHbLIM
afanTUBHbLIM METOAOM.

1. BBegeHue

N3BecTHO, 4YTO B 06LWEeM crydae Ans OWCKPETHbIX CUrHanoB amnnuntyga un ¢asa OUCKPETHOro
npeobpasoBaHusa Pypbe (OMNP) curHana sBNATCA HE3ABUCUMBIMU DYHKLMAMKU, MOSTOMY CUrHaI He MOXeT
OblTb BOCCTAHOBNEH 6e3 3HaHMA XOTs Obl ogHOM u3 Hux. OgHako, NPy ONpPeAenEHHbIX YCINOBUSX MexXay
3TUMW KOMMOHEHTaMW CyllecTByeT CBA3b. Hanpumep, koraa curHan kaysanbHbli U BCE Hynu ero z-
npeobpasoBaHMa HaxXOAATCA BHYTPU €OUHWYHOrO Kpyra, TO ero norapudpmmyeckas amnnutyga u dasa
cBs3aHbl npeobpasoBaHmeM [unsbepTa [1].

OpgHomMepHasa 3afjava BOCCTAHOBMNEHWS aMMnuUTyAdbl 3akniovaeTcs B TOM, 4YTobbl BOCCTaHOBUTb
ONCKPETHbIN CUrHan, uMmetowmn anudy m, no dase ero [ArNd. MoxHo MmaTemaTn4ecku CTpPOro nokasaTb, UTO
OrpaHMYEeHHbIN HENEPUOANYECKUIA CUTHAS, UMEKLWNI Z-Npeobpa3oBaHne 6e3 00paTHO COMPSPKEHHBIX HYIEN,
O[HO3HA4yHO onpefensieTca (C TOYHOCTLIO A0 MOCTOSHHOrO kKoadduumeHTta) cason csoero AMNP. [Ona
peLleHns 3TON 3adadv ANs CUrHamnoB, yAOBNETBOPSIOWMX OOMONTHUTENbHBIM YCIIOBUAM, Obiny NpeanoXeHbl
pasnuyHble aHanMTUYeCKNe MeToabI.

Hanpumep, npegnoxeHHbln B paboTte [2] meToa npenctaBnseT cobor aganTUBHBLIA anroputMm U
ABMNSIeTCA OOCTAaTOMHO MPOCTbIM B peanu3auun, odHako umeeT [ABa HepocTaTka. Bo-nepsbix, umcno
utepaumi, HeobxoouMbIX OIS CXOOAMMOCTM anropuMtMa, BenvKo, M Kaxdas M3 HuX TpebyeT BbluMCIeHWSs
npsamoro n obpatHoro AM®, 4yTOo Mpu yBenMYEHUW ONUTENBHOCTU CUrHama pesKko yBenuuuBaeT OObEM
BbluMCrieHNA. BO-BTOPbIX, €CNu CyLWeCTBYeT MHOMO pelleHUMn 3a4adyn BOCCTAHOBIEHWS aMnnuTyabl C
pasHbIMW HayarnbHbIMW YCIOBUSMU, anrOpUTM CXOAUTCS K pasHbiM peLleHUsIM, U He cyllecTByeT crnocoba
AN NOoMnyYeHWs YacTHOrO pelleHuss ¢ 3aJaHHbIMU XapakTepucTukamu. JTO O3Ha4vaeT, YTo ecnv M3 BCero
MHOXEeCTBa peLUeHUn 3afaun Hac MHTepecyeT, Hanpumep, HeoTpuuaTenbHOe YacTHOe pelleHue, TO, Aaxe
ecnn BbIbpaTb HeoTpuUaTenbHbIE HavamnbHbIE YCNOBMUS, HET rapaHTUW, YTO anroputTMm BydeT CXOAUTLCH K
HeoTpuUaTENbHOMY PELLEHMUIO.

MpakTnyeckas BaXKHOCTb AaHHOW 3adayn MAET OT TaKuMX MPUIIOXKEHMI, B KOTOPbLIX HEoOXoaMmo
BOCCT@HOBUTb MOJIE3HbIA CUrHaN M3 ero CBEPTKM C HEM3BECTHbIM curHanom. [lockonbky 06 3Tux curHanax
M3BECTHO Maso, TO MX pasferneHve B MpUHUMMIE OYeHb CrnoxHas npobnema. OgHako, B YaCTHOM crnydae,
Koraa M3BEeCTHO, YTO curHan nomexu nmeet AP ¢ HyneBon da3on, a3oBbI CNEKTP MNOME3HOro CUrHana He
nckaxéH. Takme cuTyauum MMEKT MeCTO B Crydyae, Hanpumep, Korga umdpoBble n306paxeHnss pasMbIThl
n3BeCTHbIM 06pa3om pacokycMpoBaHHbIMU NUH3aMu [3].

2. MocTpoeHue, oby4eHUe N TeCTUpOBaHME HEUPOHHOMN CEeTH

3apgava BOCCTaAHOBMEHUS aMMnMTydbl OTHOCUTCA K Knaccy 3agadv rnobanbHoin annpokcumauuu, u
nyyller HeMpoCceTEeBOW CTPYKTYPON ANg peLleHnsa nofobHbIX 3agay siBNAeTCs, Kak M3BECTHO, MHOMOCINOWMHbIN
nepcentpoH (MCIT). Ons curHanoB anutenbHocTblo m U N-ToyeyHbim [P HelipoHHas ceTb umeetr m
BbIXOAHbIX HEMPOHOB M, MOCKONbLKY (hasa [AINd BelwlecTBeHHOro curHana acummeTtpuydHa, N/2 Bxogos. Hucno
HENPOHOB B CKPbITOM cCrnoe Takke paBHO N/2, T.e. coBNagaeT C YMCIIOM BbIXOAOB. [N Kaxgoro HempoHa B
KayecTBe HenMHENnHOM (PyHKUMN akTMBaL MM UCNONb3yeTca curmongHasa pyHkumna [4].

Mpn obyyeHnn ctaBunach 3agada Tak obyyunTb CeTb, YTOObI OHA MMena Haunydwune obobliatoume
ceonctea. [lpy 3TomM OOnblIOe 3HAYEHWE UMEEeT TO, HACKOMbKO MpPOSIBUTCA SIBNEHWE nepeobyyeHus.
Hanbonblias yCcTon4nMBOCTbL CETU K NepeodbyyeHnto Habnganacb npy UCNosib30BaHNM KBa3NHBIOTOHOBCKOMO
anroputma JleBeHGepra-MapkBapaTa, [AOMOMHEHHOrO METOAOM  perynspus3aumm ¢ aBTOMaTUYECKUM
BbIOOpPOM NnapameTpa Ha ocHoBe npasuna baneca [5].

3KcnepuMeHTanbHO ObINo YCTaHOBMEHO, YTO YBEMNWYEHWe 4ucria HEWpPOHOB B CKPbITOM Croe
paccmaTtpuBaemMon ceTtu NMPUMBOAMT K  CHWXKEHMIO  OWMOKM  oOyyeHuss  (KOHTponMpoBarnachb
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cpeaHekBagpaTuyHasa owmbka) u k Gonbliemy nposiBreHuto nepeobyyenns cetn (3pdeKTMBHOCTL paboTbl
CETU KOHTPONUpOBanacb MO CpegHEeMY M MakCMMalbHOMY 3Ha4YeHWsM CpefHEKBaApaTUYHOIO OTKIIOHEHWS
curHarna, CreHepMpoBaHHOMO ceThio Mo ¢hase MNP TecToBOro curHamna oT camoro 3Toro curHana). lNpu aTom
ObINM NPOTECTMPOBAaHbI CriefyrLmne anropuTtmsl [6]:

— anropuTMbl Ha OCHOBE anroputmMa obpaTHoro pacnpoctpaHenna (AOP), wnn anroputma
rPaQMEHTHOrO Crycka: «KNacCU4Yeckui» anroputMm oOpaTHOro pacnpoCTpaHeHUs, anropuTM
rpagMeHTHOro Ccrnycka C BO3MYyLLEHWEM, anroputM C BblIOOPOM napameTpa CKOPOCTU HaCTPOWMKW,
«ynpyrun» AOP;

— anropuTmbl MeTOAA CONPSPKEHHBLIX TPAANEHTOB;

— OfHOWAaroBbI anroputM MeToda Ccekywumx, anroputm JleBeHbepra-MapkBapara, anropuTm Ha
OCHOBE MeTOoAa MaclTabupyemblx CONPsKEHHbIX rPagneHToB.

Mpu ucnonb3oBaHun anroputma JleBeHbepra-MapkBapaTra cpeaHekBaapaTuyHas owmbka obyveHus
yMeHbLUanacb MeAneHHo, ocTaBasiCb 4OBOSIbHO GONbLUOW, HO CBOMCTBA CETU K BOCMPOU3BEAEHMIO CUrHana,
He Bxoasuero B obyvatoLee MHOXECTBO Nocrne obydeHus1, OKasbIBanvCb Haunny4LLInmu.

TecTupoBaHue OCyLLECTBRANOCL criegylowmm obpa3oM: BHavane reHepupoBancs HOBbIV
CNy4YalHbIA cUrHar, OH NPOBEPSINICA Ha Hannune y yHKUMM ero z-npeobpa3oBaHus 00paTHO COMPSPKEHHBIX
Hynew, nocne BbluUcrnsNacb pa3oBas XxapakTepuUCTUKa 3TOro curHana, kKotopas 3aTeM nofasanacb Ha BXOA
ceTu. Bbixoa ceTn cpaBHMBArNCS C UCXOAHbLIM CUrHaIoOM, BblYMCAAIOCh CpegHEKBaAPaTUYHOE OTKITOHEHME 1
BbIMOHANOCH MOCTPOEHME CUTHAMNOB 415 BU3yarbHOMO CPaBHEHMUS.

3. Pe3synbTaTthl MOgeNUpPoOBaHUsA HeMpoceTeBOro Metoaa
Ha puc. 1 nsobpakeHa 3aBUCUMOCTb 3HEPr1M OLIMBKM OT HOMepa TecToBoro curHana (ansa m =16).

CpegHee 3HayveHue 3Heprum owmbkm paBHo 0,0392; mMuHumanbHoe — 0,0088; makcumanbHoe — 0,281,
OHeprns ownbKM BbIMMCIANACh Kak CymMmMa KBaapaToB OTKIIOHEHWI OBYX CUTHAIOB:

m—1 m—1

E=Ye"= (X () = X e, (D).
i=0 i=0

[Ona npoBepkn YCTOMYMBOCTM METOOOB K MPUCYTCTBUIO Ha BXode Lyma MpoOBOAUNOCH
BOCCTaHOBMEHWE CUrHana no otcyeTam pa3oBON XapakTEPUCTUKM, K KOTOpbIM JobaBnsanca 6enbin rayccos
WyM C 3ajaHHbIM OTHOLWleHWeM curHan/wym. Ha puc. 2 nokasaHo cpefHee BbIXOOHOE OTHOLLEHWe
curHan/wym B 3aBUMCMMOCTU OT BxogaHoro Anst 500 curHanoB. AHanm3 3TUX pe3ynbTaToB NOKa3blBaeT, YTo
HeWpoHHasa ceTb ropasgo 6onee yctondmMBa K NPUCYTCTBUIO LLYMa BO BXOOHbIX AaHHbIX, YeM TPaaULMOHHbIN
anroputm. [Ina Hero ycuneHue wyma vHorga HacTonbko npeobnagaeTt Hag yCuUreHnem NonesHoro curHana,
YTO NOCMNEeAHVUN CTAaHOBUTCS HEPA3NMMYMMbIM Ha (poHe LyMOB (OTpMUATENbHOE OTHOLUEHME CUrHamn/lym Ha
BbIXoae).

B 1a6. 1 cpaBHMBaeTCA BpeMs MOSTyYEHWUs] peLleHUst HEMPOCEeTEBbIM U TPaAULMUOHHBIM METOAaMM.
BugHo, 4TO, BO-MEpPBbIX, HEAPOCETEBOW MeToh paboTaeT 3HaAYMTENbHO ObICTpee, a BO-BTOPbIX, Npwu
yBENVYEHUN [ONMTENbHOCTM CuUrHana 3aTpayMBaemMoe Ha MofydeHue pelleHuss Bpemsi B Cryyae
HelrpoceTeBOro MeToAa pacTeT ropasfo MeasieHHee, YeM B criydae TpaguLUOHHOIO MeToaa.

4. 3aknroyeHue

O6BbEéM BbluUCTIEHUA, HEOBXOAMMBIX AN POPMUPOBAHUS CUrHana no (pasoBon XxapakTepUCTUKE ero
OM® npu nomowm HC cywecTtBEHHO MeHblUe, YeM Ang TpaguuuoHHoro metoda. Ecnu wym B AaHHbIX
OTCYTCTBYET, TO TPaAMLMOHHbIA afanTyBHbIA METOA, NpeanodTUTENbHeE, T.K. MO3BONSAET NoMny4ynuTb TOYHOE
peLleHne, He copepxallee owmnbok. B aToM criyyae MOXHO YMEHbLUNTL BPEMSI BbIYUCIIEHUA U YBENTUYNTD
TOYHOCTb, 00beauHMB oba mMeTtoga. Hanpumep, MOXHO ucnonb3oBaThb Bbixod HC kak HavarnbHble YCNoBuS
Ons TpaguumoHHoro metoga. lNMockonbKy curHarn, nonydaembi Ha Bbixoge HC, sBnsieTcs ovyeHb G6nM3kMM K
TOYHOMY PELLEHUN0, TO AOCTAaTOYHO HEOOSbLIOrO KONMYecTBa uTepaumi Ons nolyyeHust TOYHOro peLleHus.
Mcnonb3ys KOMOWMHMPOBAHHBLIA METOZ AN AAHHbIX, B KOTOPbIX OTCYTCTBYET LUYM, MOXHO OBHapyXuTb, 4YTO
4YnCIo uTepauun, HeobxoaMMbIX A5 CXOAMMOCTM anroputMa, byget B cpegHem B 40 pas MeHbLue, YeM npwm
WHULManmn3aLmm metoaa criydaHbiM CUrHanoMm.
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Puc. 1. Pe3ynbTaTt TeCTUPOBaAHNS CETU CUrHanamm Puc. 2. Pe3ynbTaTt cpaBHEHUS HEMPOCETEBOIO U
0e3 06paTHO COMpPSKEHHbIX HyNen TPagMLMOHHOrO METOA0B MPU 3allyMIIEHHbIX
BXOAHbIX OaHHbIX
Tabnuua 1
Bpems nonyyeHus pelueHus Ang HEMpPoceTeBOro 1 TpaguLMOHHOMO anropuTMoB
CpenHee 3Ha4veHne
JnuTenbHOCTb curHana Yucno koadpuumeHToB pea
MeTopn BPEMEHM BbIMOJTHEHNS,
m anoe N
MC
HC 6 32 15
HC 16 64 22
TpaanLUNOHHBIN 6 32 100
TpaanLUNOHHBIN 16 64 380
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Abstract. This work presents a neural network method for reconstruction of amplitude
of discrete signal from its phase spectrum. The way of construction, training, testing and working of a
neural network with reference to the given problem is described. The received results on the majority
of criteria surpass similar achievable by a traditional adaptive method.

The one-dimensional amplitude reconstruction problem is to repair a discrete-time signal having
duration m from the phase of its discrete Fourier transform (DFT). Different analytical methods have been
proposed to solve this problem under certain constraints on the signal [1].

The practical importance of amplitude reconstruction problem stems from applications such as blind
deconvolution that a desired signal is to be recovered from an observation, which is the convolution of the
desired signal with an unknown signal. Since little is known about either the desired signal or the distorting
signal, deconvolution of the two signals is generally a very difficult problem. However, in a special case in
which the distorting signal is known to have a zero-phase Fourier transform, the spectral phase of the
desired signal is undistorted. Such situation occur, at least approximately, when digital images are blurred by
severely defocused lenses.

The amplitude reconstruction problem lies in the class of global approximation problems and the best
neural network (NN) structure for global approximation is known to be multi-layer perceptron (MLP). For
signals with duration m and N-point DFT coefficient, the proposed NN has m output neurons, and because of
odd-symmetry of the DFT-phase for real signals, it has N/2 inputs. The number of neurons in the hidden
layer is also N/2, i.e., the same as number of inputs. For everyone neurons as nonlinear function of
activation is used sigmoid function [2].

At training the main task was to train the network that it had the best generalizing properties. Thus
the great value has as far as the phenomenon of conversion training will be shown. The greatest stability of a
network to conversion training was observed at use Levenberg-Marquardt algorithm with Bayesian
Regulation backpropagation [3].

The number of calculations for construction of signal from their DFT-phases by NN is significantly
lower than of the traditional adaptive method. When the data is noise-free, the adaptive algorithm can
generate the exact solution without any error. In this case, traditional adaptive method is superior to the NN
approach. In this case we may combine these two methods. To this end, we may use the NN output to
initialize the traditional adaptive algorithm. Using this method for noise-free data, we found that the number
of iterations, needed for the traditional adaptive algorithm, was on average 1/40 of the method with random
initialization.
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