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OMNPEAENEHWE BPEMEHHOM 3ANEPXKU ®A3OMAHUNYNIUPOBAHHbIX CUTHANOB
METOAOM HENIMUHEMHOU LLIW®POBOU ®UNBbTPALIMU

JlormroB A.A., MopozoB O.A., ConnatoB E.A., ®unencman B.P.

HayuHo-uccnenoBarenbekuii GU3MKO-TEXHUUECKUH HHCTUTYT
Hwxeropoackoro I'ocynapcrsennoro yausepcurera uM. H.M. JlobaueBckoro

3anaua nuppoBo GUIBTPALIMK CUTHAIOB BO3HUKAET BO MHOTUX 00JIACTSAX MPUKIATHON (U3UKU U TEXHUKH. B
YaCcTHOCTH, Ipu 00paboTke (Ha30MaHUIYIMPOBAHHBIX CUTHAIOB, [H(poBas (WIBTPALUSI MOXET OBITh
UCTIONB30BaHa I BhIIENEeHUS (ha30BBIX pa3phlBOB (MHGOOPMAIIMOHHON COCTaBIIIONICH curHana). B pabote
MpeJUIaraeTcsl METO | HEIMHEWHON TU(PPOBON QHUIbTpaIiu HHOOPMAITMOHHBIX MAKETOB ¢ ()a30BON MaHUITYJISIIUCH.
Merto/ paccMaTpUBaeTCs Ha MPUMEPE 3a/[aui ONPEACICHHIS BPEMEHHOM 3a/Iep)KKKM CUTHAJIOB ITPU MHOTOKAHAILHOM
pacnipoctpanenun. JlaHHas 3ajava, BO3HUKAlOIas 0OpU 00pabOTKEe CHUTHAJIOB, PACIPOCTPAHSIIOMMXCS IO
HECKOJIbKUM KaHajlaM CBSI3M C Pa3IMYHBIMU I[IYMOBBIMH XapaKTEPUCTUKAMH, MOXKET ObITh C(HOpMYyIHUpOBaHA
CJIEIYIOLIM 00pa3oM: JUis IByX CUTHAJIOB

$,(O)=x(1) + &,(1), 5,()=x(t = 1,) + &, (¢) (1
HEOOXOMMO OIPENEIIUTh BPEMCHHYIO 3alIEPKKy to. Uccnenyemplii curnan x(t - to) MpEJCTaBIsIeT COOOU

3aJCPKAHHYO BO BPCMCHHU HCKAXKCHHYK KOIIHNIO OIIOPHOI'0 CUTHaIa x(t), él Z(t) — AQAAWUTUBHBIC MIYMbI B

MOJOCE YacTOT CUTHAIOB. TpPajMIOHHBIE IOAXOABI K PELICHHIO MOAOOHBIX 3a7a4 OCHOBaHbl JIMOO Ha
HCCIICIOBAaHUN KOPPEISIIUOHHON (PYHKIMU HA SKCTPEMyM JInO0 Ha aHaim3e ee crekrpa. Oba moaxoma MOTyT OBITH
UCIIOJIb30BaHbl IPU YCIOBHH MAJIOCTH IIYMOB M TJIQJIKOCTH CIIEKTpa CUTHaja M B3aMMHOTIO criektpa mrymos [1]. Ha
NPaKTHKE BIMSHUE IIYMOB BBHICOKOT'O YPOBHS, a TAK)K€ ITPOM3BOJILHOE U3MEHEHNE YaCTOThI 3aII0JIHEHUS JII000T0 U3
o0OpabaThIBaeMBIX CHTHAJOB, BbI3BaHHOE, Hanpumep, BiusHuem 3ddekra Jlomnepa, mposBisieTcss B CMEIICHHH,
WCKa)XCHUHM WM TIOJHOM IIOJIaBJICHUH TJIABHOTO KOppelsiuuoHHOro makcumyma BK®. Beenenue nepebopa 1o
M3BECTHOMY YaCTOTHOMY CABHTY JIeJIa€T BO3MOXKHBIM NPHMEHEHHE TPaJUIIMOHHBIX METOJIOB, HO BIJICUET 3a COOOM
OouibIIe BHIYMCIUTENBHBIE 3aTpaThl. i1t pemenuns nogo0HbIX 3a1ay IpeyuIaraeTcsi MeTo | ONpeAeIeHHs B3auMHOM
BPEMEHHOH 3aJIep>KKH CUTHAJIOB, OCHOBAHHBIN Ha HEJIMHEHHOH II(poBOil 00pabOTKE C ENbI0 BhIACICHUS (Ha30BBIX
Pa3phIBOB, MO3BOJIIOIIMKN M30ekaTh HEOOXOAMMOCTH KOMIICHCAlMM HEW3BECTHOTO YacCTOTHOTO CABUTA U
3HAYNUTEIBHO COKPATUTh BPEMsI BEIUMCIICHHUH.

Cnenys noxaxofy MuHuManbHo# aucnepcun (M) [2], paccMoTpuMm nuHelHHBIH GuasTp mopsaka P ¢

ko3dppunuentamu C = {C[O],. . .,C[ p]}T , ACHCTBHE KOTOPOTO HA FAPMOHUYECKUH CUTHAJ C 4aCTOTOM fo HE

MPUBOJMT K €r0 HCKaKeHHI0. M/I-GubTp 3a1aeTcss COOTHOICHHUSIMHU:

Sclklxln —k]=x[n]e= yln]. @
Lelklexpf k) =e" (f,)e=1. ®)

KO3(1)(1)I/IHI/I€HTI)I (I)I/IJ'[I)Tpa MUHHUMAaJIbHOI AUCIICPCUN  SABJIAKOTCA  PCHICHHUEM BapHaHHOHHOﬁ 3aJa4yu

MHHHUMH3AIUHA MOIIHOCTH Ha €0 BBIXOJIE TPH YCIOBHH COXPAHCHHUS aMILTUTY bl TAPMOHUKH ¢ (3) yacToToi fo :
2 N .
p:M< | y[n]| >: c”M<x [n]xT[n]>c =c¢”R ¢ »min 4)
rIe Rp — TEIUTMIeBa aBTOKOPPEINSAIMOHHas MaTpuna curaaia. Ha ocHoBe (3), (4) MokeT OBITH MONy4eHa

¢dopmyna s kodp¢uunenros ¢wistpa. JedictBue Takoro ¢uIbTpa Ha TapMOHHMKY C YaCTOTOM fo JlaeT

MOCTOSIHHBIA CHTHAJ Ha Bbixojae. JledicTBue Ha JIOOOW JAPYrod BXOJHOW CHUTHAN JaeT W3MEHSIOIUHCS (1o
aMIUIUTYZI€) BO BPEMEHHU BBIXOJHOW CHTHAJ, MOIIHOCTh KOTOPOTO MEHBIIE MOIIHOCTH BXOJHOTO CHTHAA.

BeJ’IPI‘IPIHa, XapaKTepusyromada OTKJINKa (I)I/IJ'H)Tpa Kl , OONpeACIACTCS COOTHOLICHUCM

K= S

Jnst  muHEHHBIX  PUIBTPOB BCHI/I‘II/IHaKl SABIISICTCS AHAJOTOM TIepenaToYHoil (yHKImMHM (J9acTOTHOI

K|<1- )

xapakrepuctuku punbrpa). Ha puc. 1 (uams 1) nmpuBeneHa 3aBHCHMOCTH ‘Kl ( f R fo)‘ s p =17, fo =02
(vacToTa 3agaHa B AOJSIX YacTOTHI AucKperw3anuu ). Takum oGpasoMm, MJI-GuUnbTp ocyLIecTBIsSeT HMOAABICHUE

MOIIHOCTH BCEX YaCTOT KpOME f;) , C MI/IHHMI/I33HH€I71 cpenHeﬁ MOIIHOCTH BBIXOJHOI'O CHI'HAJIa Ha BCEX YAaCTOTax.
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OTMCTI/IM, 4YTO B IIOAXO0O€ MHHUMAJIbHOM AUCTICTICUU ITPEATIOJIAracTcs, YTO aBTOKOPPEIIUOHHAA MaTpyulla CUrHajia
HC BBIPOXKACHA, 4 PCHICHUC IJI KO3(1)(1)I/IIII/ICHTOB (bnm,Tpa CANHCTBCHHO. 3HaueHue napameTpa p OIIPEALCIIACTCA

KOJINYECTBOM CHEKTPAIBHBIX COCTABIISIOMINX B UCXOIHOM CHTHAJIE.
Ha ocuoBe nuHeitHOro MJI-puiasTpa MOXET OBITH IMMOCTPOCH KBaApaTH4YHBIA  (QUIBTP. 3aMEeTHM, dYTO

BBIpOKCHUE JUIS BBIXOAA (DUIIBTpaA JUIsl YUCTO TAPMOHHYCSCKOTO CUTHANIA C YaCTOTOM fo , ¥ €IMHUYHOW aMILTUTYI0M
MOJKET OBITh 3aITMCaHO B BHJIE
T -1
(n]= x' [n]Rx[n]
yin)=—4 R
e” ()R e(f,)

Ecin BXOOHOM cHUrHam He SBISETCS MOHOXPOMATHYECKMM, U HMEET JOMOJIHUTEIbHBIE TapMOHHUYECKHUE
COCTAaBJISIOLIME, UX MOIIHOCTh Ha BBIXOJIE KBAJPATHYHOTO (HIbTPa MOHMU3UTCA. TakuMm o0pa3oM, KBaapaTHUHBIN
(UIBTp COXpaHsSEeT OCHOBHBIEC, HEOOXOAMMBIE [UIsl PEIICHUS ITOCTaBICHHON 3a/1aduM CBOWCTBA JIMHEHHOTO (ribTpa.
Bennunna, xapakrepusyromas Ko3QQUIeHT nepenadn Uit Takoro GHIbTpa UMEET CIEAYIOINA BU:

IR e()expl-2(/ /], o
B = R et

[IpoBeneHHbIE HMKE YHCICHHBIE pacdyeThl MOKA3bIBAIOT, YTO KBAIPaTHYHbIH (WIBTP HMEET TaKxke
CYIIECTBEHHbIE MPEUMYIIECTBa mepela JuHeiHbiM ¢GuibTpoM. Ha puc. 1 (imHus 2) npuBeneHa 3aBHCHMOCTH

exp(—27f,n)- (©)

‘K ) ( f , fo )‘ ms p o=, fo =0.2. AHanu3 puc. | Moka3pIBaeT, 4YTO BHIOOP KBAJIPaTHYHOrO (PUIIBTpa MO3BOJISIET

HE TOJBKO IIOBBICUTH CIICKTPAbHOE pa3pellieHHe, HO W CHHU3UTh YPOBEHb OOKOBBIX JIENIECTKOB YacTOTHOH
XapaKTepUCTHKH QruIbTpa 1o cpaBHeHUIo ¢ M/I-pumsTpom. B oTimmume ot M/I-dunpTpa, KBagpaTndaHeA QUIBTP
MOJKET paboTaTh U ¢ BRIPOXKICHHON aBTOKOPPEISIIMOHHON MaTpuIlei. B 3ToM ciydyae oHa MoipkHA OBITH 3aMEHEHa
NceBaooOpaTHOM  Marpuiei. Takum — oOpasom, 1

3HaYeHWe MapaMeTpa p JUls KBaJpaTHIHOrO (GHiIbTpa ?0 og|K|, nB

MOXXET OBITh MPOU3BOJBLHO BBIOPAHO MCXOAS W3
(hU3MYeCKON TOCTAaHOBKM 3ada4yd. B  yacTHOCTH,
yBEJIMYEHNE 3HAYEHUs MapameTpa P, NpuBOJdIlEe K

HMCKYCCTBEHHOMY BBIPOJKJIEHUIO aBTOKOPPEJSIIMOHHOU
MaTpHILBI, MOXKET MTO3BOJINTh HPUOIN3UTH YAaCTOTHYIO
XapaKTEePUCTHKY KBaJPAaTUYHOTO (QHIBTPaA K XKeTaeMoi
dopme. Hanpumep, oOycioBienHoe  3ddexTom
Homnnepa W3MEHEHUE Hecylen YacTOThI
00pabaThIBaeMbIX CUTHAJIOB TIPUBOISAT K
HEoOXoMUMOCTH  co3faHusi  (GuiabTpa, YacTOTHAs
XapaKTEePUCTUKA KOTOPOTO AOJDKHA 0e3 3HAUUTENIBHBIX
HCKQ)XCHUI IMpOIyCKaTh BCE YacTOTHl B HEKOTOPOM 0 JE v

KCTTaCMOM  THAIIa3OHe 0 * Af H, HaCKOIBKO Puc. 1 Bux uacToTHOM XapakTepUCTHKU HUIBTPa

BO3MOJKHO, MOJABIATH KOMIIOHEHTHI CIIEKTpa BHE

9TOro WHTEepBaja. B nmamHOW curyannn HeoOXoAwMas IIUpHWHA YaCTOTHOW XapaKTEPHCTHKH, OIpelernseMast
MaKCHMaJIbHBIM CMEIEHUEM HEeCYIIEeil YacTOThl CHUTHAJIAa, MOXET OBITh IOJIydeHa BHIOOPOM COOTBETCTBYIOIIETO
3HaYeHHs Tapamerpa P . Peanusauus KBaJpaTUYHOro (uIIbTpa OCHOBaHA HAa TIPOLENYpE WHBEPCHU

ABTOKOPPEJISILIMOHHOW MaTpUlbl, 1 He TpeOyeT alpuOpHOro 3HAHWS YacTOThl cUTHalla. Bmecre ¢ Tem, B ciyudae

U3BECTHOM YacCTOTHI fo MOJYYEHHBIH (QUIBTP MOXKET OBITh TOCTPOEH O€3 MCIOJIB30BAHMSI IMITUPUIECKHX JTAaHHBIX.
Paccmorpum paboTy mnpemiaraemoro ¢GuibTpa B Cllydae CHHYCOMJQIBHBIX CHUTHAJOB C (Da30BBIMHU

MaHUIYJSAOUsIMA.  J[J1s1 cityyast KOMIUIEKCHOM CHHYCOHMJIIBI Y4aCTOTHI fo B OenmoM mIryme BBIXOJ (QUIBTpa

NPE/ICTAaBIsIET COOOM KOHCTAaHTY, HE 3aBHCAIIYI0 OT MOLIHOCTH CHHYCOWJbI. BenuunHa OTKIMKa (QUIBTpa Ha
(ha30ByI0 MaHUITYJSILMIO B Cllyyae KOMIUIEKCHOW CHHYCOMJIBI IIOCTOSIHHA M HE 3aBHCHUT OT (ha3bl CUHYCOH[bI, Ha
KOTOpOM IPOM30ILEIN pa3pbiB. B ciydae pealbHOro rapMOHMYECKOTrO KoJieOaHMsl BEIMYMHA OTKIMKa (QuibTpa Ha

(a30ByI0 MaHHITYJISINIO
naunnaer sasucers or | S . yet)
MecTa  paspblBa  Ha 1
nepHojie  CHHYCOMIBI,

Kpome TOTO,
pasMbIBaeTCs  PeaKLHs
¢uIbpTpa Ha UHCTYIO» a) &)

CUHYyCOMAY  3aJaHHOH
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4acTOTHI (puc. 2). PesynpraTom siBisieTcs pa3MbITHE U cMelieHne Mmakcumyma BK® 00paboTaHHBIX CHTHAJIOB.

C wenpro yMEHBIICHUS BIMSHUS STOTO SIBJICHHS NPEIJIaraeTcsl NepedTH OT (QMIbTPALMU HENOCPEICTBEHHO
CUTHAJIOB K (HIBTPAalUM OLEHOK HMX KOPPEIIHOHHBIX MOCIEIOBATEIbHOCTEH, BBIYHUCICHHBIX II0 KOPOTKOM
BBIOOPKE C HCIIOJIB30BAaHUEM CKOJB3SIIEro okHa. JlaHHOE pemieHne 00JamaeT psaoM IOJIOKUTENbHBIX CBOHCTB. B
YaCTHOCTH, YCTPAHSETCS YYBCTBHTEIBHOCTh (PUIBTpPa K MOJOKEHHIO (Aa30BBIX Pa3pblBOB; OTKIMKH (QHIBTpA,
COOTBETCTBYIOILIE MaHUITYJIAOUAM Ha PasJINYHBIX (l)a3ax CHUHYCOU/bI, BbIPpAaBHUBAIOTCA. KpOMe TOrO,
OTKJIMK CTAHOBUTCA HC Ileﬂ])TaO6p3,3HblM, a MPOJOJDKHUTCIIbHBIM BO BPEMCHU, UYTO MOJIOKUTECIIBHO CKAa3bIBaCTCA Ha
MOCJIEAYIONIEeH KOppeNsHoHHOW 00padoTke. Hakoner, mcronb3oBaHHE KOPPEISIMOHHOW IIOCIENOBATEILHOCTH
BMECTO OTCUETOB CUTHAaJIA ITPUBOIUT K OJHOBPEMEHHON (DMIBTPALIMH IO IIyMaM.
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TIME DELAY DEFINITION OF PSK SIGNALS BY THE METHOD OF A NONLINEAR DIGITAL
FILTRATION

Loginov A., Morozov O., Soldatov E., Fidelman V.
Physical-Technical Research Institute of Nizhni Novgorod State University

The problem of a digital filtration of signals arises in many physics and engineering problem areas. In
particular, the digital filtration can be used for allocation of phase gaps (information component of a signal) at
processing of phase-shift keyed signals. In activity the method of a nonlinear digital filtration of information packets
with phase-shift keying is offered. The method is esteemed on an example of a time delay definition problem at
multi-channel distribution. The knowledge of time delay between received signals allows receiving, in particular,
the necessary information on condition of propagation medium and defining the location of sources of signals. The
traditional approaches to decision of similar problems are based or on research of a correlation function on an
extreme or on the analysis of its spectrum. Both approaches can be used under condition of a smallness of noise both
smoothness of a signal spectrum. In practice, however, any change of bearing frequency of any of processing
signals, caused, for instance, influence of Doppler’s effect, leads to significant decrease in efficiency of correlation
methods. Introduction of search on frequency with the purpose of indemnification of unknown frequency shift
permits using the traditional methods, but entails the greater computing expenses. For the solution of similar
problems the method of definition of signals time delay based on non-linear digital processing which allows to avoid
indemnification of unknown frequency shift and considerably to reduce time of calculations.

We can determine the problem of definition of a time delay of signals as follows. It is necessary to define a
time delay for two signals which received by independent but synchronized on time receivers.

The approach of minimal dispersion Capon, encompassing by minimizations of output signal dispersion of
some linear filter with limits on its frequency characteristic, underlies the offered algorithm. It lies in minimization
of a dispersion of a signal on an output of some linear filter at restriction on his frequency characteristic. Such
approach allows saving the energy of output signal of filter on given frequency. It is supposed, that spectral
components on other frequencies will be sufficiently suppressed. In the Capon approach of a minimum dispersion it
is supposed, that the autocorrelation signal matrix is not vacuous, and the solution for factors of the filter is unique.

On the basis of the linear Capon filter the quadratic filter can be built. As against the Capon filter, the quadratic
filter can work and with the vacuous autocorrelation matrix. In this case it should be exchanged by a pseudoinverse
matrix. In particular, the increase of dimension of signal autocorrelation matrix resulting in to its synthetic
degeneration, can allow approach frequency characteristic of the quadratic filter to the desirable form. For example,
the change of a processed signals carrier frequency, caused by Doppler effect, result in necessity of creation of the
filter, the frequency characteristic should skip all frequencies in some desirable range and, as far as it is possible, to
suppress components of a spectrum outside of this interval. In the given situation indispensable width of frequency
characteristic instituted by maximum displacement of a signal carrier, can be obtained by selection of the applicable
value of dimension of an autocorrelation matrix. The implementation of the quadratic filter is grounded on a
procedure of inverse of an autocorrelation matrix, and does not require prior knowledge of a signal frequency. At the
same time, in case of known frequency the obtained filter can be built without usage of empirical data. Cross
correlation function of such sequences will have a global maximum in a point of a delay.

With the purpose of decreasing diffusion and displacement of a cross correlation function maximum of the
treated signals it is offered to pass from a filtration directly of signals to a filtration of estimations of their correlation
sequences computed on short sampling with usage of a slipping window.
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The offered algorithm can be simply enough realized on the basis of the digital programmed logic integrated
scheme and digital signal processor and has high computing efficiency. As the algorithm is insensitive to smooth
changes of frequency of filling of a signal, his practical application should be limited to a class of PSK functions.
Now the offered algorithm is realized on program model and successfully tested on real signals.
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