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B psne obnmacredt mpukimamHoW (U3WKM M TEXHWKHM, TaKMX KaK aKyCTHKa, pPaIHoJIOKalusi, Treo(pH3UKa,
IUAarHOCTHKA W HEpa3pyHmIalollni KOHTPOJb ONHOW W3 BaXKHBIX M PACHpPOCTPAHEHHBIX SBISETCA 3ajgada
oOHapyXeHHs W OIICHKM NapaMeTpOB CHTHaJla W3BECTHOW (OpMBI Ha (OHE OPYTUX CUTHAIOB W IIyMOB. B
YaCTHOCTH, B 3aJadaxX JWAarHOCTUKU 4epe3 OOBEKT HCCICHAOBAHMS IPOITYCKACTCS CHUTHAN CIEHUANBbHONH (hOpMET,
nocjie MpOXOXKICHUS d4epe3 HCCIeTyeMyI0 Cpely UM OTPaKEHUs €0 OH PETUCTPUpPYyeTCs AaTYMKOM. B mpunsaTOM
cUrHaysie TpeOyeTcs HAWTH W3IYyYCHHBIH CUTHAN CICHUANBHOW (OpMBL. AHAJIOTWYHAS 3a7adya BO3HUKACT B
panuoCBsI3Y, PaIuoJIOKAlMd M paauoHaBuranuu. s obecnieyeHns] HaIEKHOCTH OOHApPYXEHHUSI CHUTHAJIOB YacTO
UCTIOJIB3YIOTCS KOPOTKHUE MO JUTUTEIHLHOCTH MAKETHI CII0KHOM (DOPMBI ¢ 4acTOTHON WK (ha30BoH Momyssiuueit [1].

TpaanuoHHOE pelIeHne 33/1a41 OIIPEAETICHUsS TOJI0KEHHUSI CUTHAJIA M3BECTHOH (POPMBI C IIOMOIIBIO B3aMMHOM
KoppemsionHod  GyHkuun (BK®) obnamaer cienyrommM HETOCTaTKOM: IIOSIBICHHE YacTOTHOTO CJ/IBUTA,
00yCJIOBJICHHOTO JBIKCHHEM HCCIEAyeMOH Cpenbl, BO3MOXXHBIMH HEJTHMHEHHBIMH SABICHHSAMH B Cpee,
paccoriacoBaHneM TPHEMHOW W mepenaromeii cucteM wimn 3¢dexrom [ormepa, TposBISeTCS B CMEUICHUH,
WCKa)KCHUM WM 3HAYUTEIbHOM IIOaBJIEHUH IIaBHOro Makcumyma BK®.

B ycnoBusx BO3MOKHOTO W3MEHEHHS IMapaMeTPOB MCCIETyeMOTO CUTHAJA, B YACTHOCTH YaCTOTHI 3aITOTHEHHUS,
HAJEKHBIN aNTOPUTM 0OHAPYKEHUS MOXKET OBITh pealIM30BaH HAa OCHOBE MeTOa PYHKIIMH HeonpeaeieHHoCcTH [1].

B pabote mpennaraercst MoauduKanus METO/AA ONPENEeNICHNs] BPEMEHHOTO M YaCTOTHOTO CIBHIAa HAa OCHOBE
WCIOJb30BAaHUSl HEJIMHEHHOr0 CHEKTPaJbHOTO OIICHUBAHMS METOJOM MAaKCUMaJbHOW OJHTPONUU C SIBHBIM
noJiyueHueM MHoxuTenei Jlarpanxka.

3amada GopMymupyeTcs cieAyrommM odpa3oM. s ABYX CHIHAJIOB, MPUHUMAEMBIX CHHXPOHH3HPOBAHHBIMU
0 BpEMEHH JJaTYNKaMH, HEOOXOIMMO OTIPEIEIINTh BPEMEHHYIO 3aJIep)KKY Aty M 4aCTOTHBIH cABUT Afy.

(1) = A@)sin(M (f, 1) + @, (1) +m (7). M
V() = A sIn(M (f = Ay, = Aty) + @, (1) + 1, (1), 2)
e A(f), A(f) — onpenensior ¢opmy orubGaromeit curnana, ®(f)- ciydaiinele usMeHeHHs (asbl,

00yCJIOBJICHHBIC PA3IMYHBIMU HEAJJUTUBHBIMU IIYMOBBIMHU MpoIeccaMu, n,(f)— aJAuTHUBHBEI IIyM B TOJOCE,
COOTBETCTBYIOIIEH MOJ0Ce YacToT curHana, M(f, ) — pyHKIus, onpenensromas BU MOIYISIMK cUrHaoB. CUTHAI
vi(f) OyzeM cuuTaTh STAIIOHHBIM CHTHAJIOM, KOTOPBIHA JINOO M3BECTEH allPHOPHO, TUO0 PETUCTPUPYETCS C XOPOITUM
OTHOIICHHEM CUTHAI/IyM. CHTHAII Vv,(f), colepkamuii B ce0e CABHHYTYIO TI0 BPEMEHH HMCKOKECHHYIO CPeIoi
pactpocTpaHeHHUs KOTIHIO CUTHaNA v(Z), OyJeM Ha3bIBaTh NCCIIETyEMbIM CUTHAJIOM.

Jist  ydeta BO3MOXKHOTO YaCTOTHOT'O CIBHIa B HCCJIEAYEeMOM CHTHAJIE BBIMOJHIETCS MEPeXoa  OT
TPaAUIOHHOTO KOPPEIHPOBAHHsS CUTHAIOB K KOPPEIMPOBAHUIO CHEKTPOB [2]. DyHKUIUS B3aUMHOU KOPPEISIIUU
cniektpa Vy(f) omopHoro curHana vi(f) u V,(f) curHana v,(f), CABUHYTOTO 1O BPEMEHH HA BEWYUHY At: vo(t+Af),
OyZeT BBINIAICTh CICAYIONIUM 00pa3oM:

G(f,.AD) =R, ,, =V(f)®V,(f,Ar). 3)
YuaureiBas, uro Vi(f) seusrorcss @ypbe-npeoOpazoBaHusiMu QYHKIHHA V(£), TOTydaeM:
G(f, A1) = Fin (1)} ® F{v, (1)} = F{v (1) - v, (t + A)}., )

rae F' — omepaTtop mpeoOpazoBanus Oypre, ® - omepauusi cBepTkd. Takum oOpa3oM, AaHHas (GYHKLIHI
npescTaBisieT coboit Dypre-rrpeodpazoBaHe 0T NPOU3BEACHHS STAJOHHOTO CUTHAJIa Ha HCCIIETyEeMBbIH, CIBUHYTHIN
Ha BpeMs At.

Ceuenne (yHKIMH HEONPEAEICHHOCTH CTPOHUTCS IIyT€M KOPPENISIIMOHHOTO CPaBHEHHS CIEKTPOB CHI'HAJIOB C
BPEMEHHBIM ItepebopoM. IIpu kaxkoM 3Ha4eHNH BPEMEHHOTO CIIBUra Af IPOU3BOJUTCS IIEPEMHOKEHHE 3TAJIOHHOTO
CHTHaJIa Ha MCCJIEAYEMBIH. 3aTeM MPOU3BOJUTCS CIIEKTPabHOE MPEOOpa3oBaHUE, B PE3YNIBTATE IOMyIaeTCs OLIEHKA
B3aMIMHON KOPPENANMUOHHONW (YHKIIMH CIIEKTPOB OSTAJOHHOTO M HCCIEIyeMOro CHUTHAJIOB. B mosrydeHHO#
CIIEKTPAIbHON OLICHKE OMNpENENseTCs OTCUET C HAHOONBIIMM 3HAUYEHHEM MOMYJS W 3alOMHHAETCs Kak caMo
3Ha4eHHE, TaK U €ro KOOpAHWHATa (COOTBETCTBYIOLIAS ONTHMAIbHOMY YaCTOTHOMY CIBHTY HPH JaHHOM 3HAauYCHHUU
BPEMEHHOT'O CIBHTA).

B pesynbrare nepebopa 3HauCHHI BPEMEHHOT'O C/IBUra HaKaIUIMBaeTCst MH(GOPMAaIHs, IPEICTaBIAIoNmas co0oi
OIKCaHME KPUBOH, COMOCTABISIOIIEH KaXKJOMY 3HAaYEHHIO BPEMEHHOIO CABUTra ONTUMAJIBHOE 3HAaYEHUE YaCTOTHOTO,
U cedyeHHe (YHKIMM HEONPEIEIEHHOCTH JTOW KpHBOH. [7I00anbHBII MakCMMyM CeYeHHsS JaeT 3HadeHHe
BPEMEHHOT'0 C/IBUTa, a 3HAYEHHE CEKYyIllel KpUBOI B TOUKE HAHJEHHOTO MaKCUMyMa — YaCTOTHBIN CIBUT.

Ha puc. 1-a n300paxkeH THIMYHBIA BU IPOSKIMHU TTOJy4YeHHOTO cedenus 1t PM-curnana.

Jliist onpeienieHyst CTETIEHN HaIe)KHOCTH OOHAPY>KEHHSI CUTHAJIA BBOANUTCS KPUTEPHIA:
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Co max{G(w,Ar)} - G(w,Ar)
var{G(o,AD)}

(6))

rae Var{-} — aucnepcust QyHKITNHA HEONPeaeICHHOCTH, PACCUNTAHHAS 110 TIOTyI€HHOMY CEUEHHIO.

B ocHOBe anropuTma ompesesicHUs BpEMEHHOTO U YaCTOTHOTO CIIBUTA JIC)KHT CICKTPaTbHOE TPeoOpa3oBaHue.
Hawnbonee m3BecTHBIC MOAXOABI K MOJYYEHHIO OICHOK CIEKTpanbHON TuIoTHOCTH MomHocTH (CIIM) cBsi3aHbI C
npuMeHeHrneM npeoOpazoBanns Pypre. CyIIecTBEHHBIM HX HEIOCTATKOM SIBIISICTCS BBITEKAIOIAs W3 IMIPHHIIUIA
HEOTpeAeIEHHOCTH HECOBMECTHOCTh TpeOoBaHMl cocTosATenpbHON oneHkn CIIM, KoTopast JOCTHraeTcsl BBEIACHHEM
BPEMEHHBIX OKOH, M BBICOKOW pa3periaromieldl CrocoOOHOCTH, OOpaTHO IPONOPIHOHAILHON MPOCTPAHCTBEHHOMN
MPOTSDKEHHOCTH CUTHaja. Mconb30BaHNe TPAaAUIHOHHBIX JTMHEHHBIX alTOPHTMOB CHEKTPaTbHOTO OICHUBAHHUSA Ha
ocHoBe BII® sBnsercss Hamboyiee TPOCTHIM I TEXHUYECKOW pealn3aliy, HO HaKJIaJbIBaeT OTpPAHMYCHHUS Ha
3¢ (GeKTUBHOCTh OOHApPYKCHHS B Cilydac pabOTBI ¢ KOPOTKUMH BBIOOPKAMH CHTHAJIOB, KOTOPBIC YacTo
HCIIONIB3YIOTCS] B COBPEMEHHBIX CHCTEMax MU(POBOH PaTuOCBsI3H U PAAUOIOKAIINH.
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Puc. 1. TUnu4HBIN BUA CEUEHHUS TENNA HEONPEAEIEHHOCTH, IIOJy4aeMOro
JIUHEHHBIM () U HeTMHEHHBIM (0) METOIOM.

JlaHHBIE OTPAHHYECHUSI MOTYT OBITh OCJIA0JICHBI IYTEM HCIOJIb30BaHUS HEJIMHEHHBIX METOIOB CIEKTPaIbHOTO
OLICHMBAHMsI, MMO3BOJISAIONINX TOJNy4aTh Oo0Jiee BBHICOKOE YacTOTHOe paspemienre. OMHUM M3 HHUX SIBJISETCS METO[
MaKCHUMaJIbHOW MHPOPMAIIMOHHOHW SHTpONHH [3], B KOTOPOM It BBIOOpa BO3MOXKHOTO PEIISHUS 3aa4ud alpuopHas
nH(pOpMaIUs UCTIONB3YETCS B COYETAHUH C BAPHAIIMOHHBIM TIPHHIHIIOM.

P
— a— JIuHeIHHBIIT
—eo—HemHelHbIii
r = _cmmmvm .uiE
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Puc. 2. 3aBucumMocTh BEPOATHOCTU OIIHOOYHOTO 06Hapy)l(€HI/I$I CHUTHaJIa OT
OTHOLICHUA CI/IFHaJ'I/HIyM.

C MareMaTn4ecKod TOYKHM 3peHus MeTon MD CBOAWTCA K ONTHMH3AaIWH (YHKIMOHAJIa MH()OPMAIMOHHON
suTponuu B (opme Bepra wnu llleHHOHa C OrpaHHYEHHSMH B BHJIE YYTEHHBIX IOCPEACTBOM JIarPaHKEBBIX
MHOXHWTEJICH ampUOPHBIX JAaHHBIX. [IpW pelleHWM 3aJadd CIEKTPANbHOTO OIICHUBAHWS B KAayeCTBE JIMHCHHBIX
OTPAaHUYCHUH HCIIONB3YIOTCS OTCUCTHI aBTOKOPPEISIIUOHHON MOCTICIOBATEIBHOCTH. BhipaxkeHue sl (GyHKIIMOHATA
C HCIONb30BaHueM SHTponny [IIeHHOHA BEIMISTUT CIESIYIONIM 00pa3oM:
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() =[PP+ Y 4R - [ (PO ) opt. 0

rae P(f) — cekTpanbHasi TUIOTHOCTh MOIIHOCTH, A — BEKTOpP HEONPEIESICHHBIX MHOXHTeNel Jlarpamka, M —
JUTMHA aBTOKOPPEISIIMOHHON TMOCIeN0BaTeIbHOCTH, e,(f)=exp(2xinf). Pemenne BapuaninoHHOW 3aJa4d UMEET BHT

[4]:
P(f)=exp|— D Ae(f)]. (7

BrimykinocTs  yHKIMOHANA OOeCIeYrBaeT €IMHCTBEHHOCTh pEIIeHHs 3afadd onTuMu3anuu. Jlamee ms
oTIpeJIeNIeHUsT BEKTOpa MHOKuTeNel Jlarpamka mpou3BOAUTCS MOACTaHOBKA (7) B KOPPEIAIMOHHBIC OTPaHUICHHS 1
YHUCJICHHOE pPEIleHUE MOJy4YeHHOU cucTeMbl ypaBHeHUH. [IpakTudeckas peanuzalus TaHHOTO METOJA CBOAUTCS K
MEIUIEHHO CXOJsLIeics mpolelype MHOTOMEPHON ONTUMH3ALUH.

B pabote mpemraraercss HCIONB30BaTh HEMUHEWHBIA MeTox oleHKH CIIM Ha OCHOBe MpUHIMIIA MAaKCUMyMa
SHTPOIUU C ompeaesieHueM MHOxuTteneil Jlarpamka B ssBHOM Buje. JJaHHBIA METO O3BOJISIET CBECTH KOJIUYECTBO
omepanuii K (PUKCHPOBAHHOMY 3HAYEHUIO M TOJYYHTH pEIICHUE, OONAmaroliee TOCTOMHCTBAMH HEIHMHEHHBIX
CIEKTPAJIbHBIX OLICHOK.

BrIpakenue mns CreKTpalbHOW orleHKH (7) TpH JTUHEWHBIX aBTOKOPPEIAIUOHHBIX OTPAHUICHHSIX MOXKHO
MepenrcaTh B MAaTPUIHOM BHJIE CIISAYIOMAM 00pa3oMm:

p =exp(-EX), ®),
racp — BeKTOp-CTOH6€H 3HAYCHUI CHCKTpaHLHOﬁ OILICHKH, A— BeKTOp-CTOH6eL{ HCONPECACTICHHBIX MHOXKHUTEICH
HarpaH)Ka, E- MaTpula KOMIUICKCHBIX 9KCTIOHCHT C 3JIECMCHTaAMU

e, =exp(2mkf,). )

Meron mpsiMoro mosy4deHuss MHoXxwuTenei Jlarpamka cocrout B oOpamennu BoipaxkeHus (8). Takol momxon
XOPOIIO 3aPEKOMEH/IOBAII Ce0sl B 331a4aX PEKOHCTPYKINH U (QUIBTPAIIMK CUTHAIOB [2] 1 oOpameHus cBepTKH [3].

KoppensiroHHble orpaHuueHHsT MOXKHO 3aIHCcaTh B CIEAYIOIIEM BUJIE:

r=E"p=E"exp(-E}X), (10)

IJIe ¥ — BEKTOP-CTOJOEI OTCYETOB aBTOKOPPEIIIMOHHON TOCIEIOBATEILHOCTH. YMHOXas paBeHCTBO (10)
crieBa Ha o6paTHyio Matpuiy E ', momyunm:

(E")'r =exp(-EL). (11)

3ateM, TorapudMupyst 1 yMHOXast paserctBo (11) cieBa Ha —E ', momyumm:

A=-E"'In(E")'r). (12)

Ecmu Matpuna E HeBBIpOKIeHHas, To [T Hee CyliecTByeT obpartnas Matpuna E ', takas, uto E'E=EE "'=I,
rne I — enunnunas wmarpuna. OpHako B ciydae HEOOXOAMMOCTH pabOTHI IO KOPOTKOH BBIOOpKE

ABTOKOPPEIIIHOHHOMN MOCIIEIOBATEIPHOCTH MaTPHIIa KOMIUICKCHBIX 3KCIIOHEHT OYJeT MPSMOYTOJILHON U B 00IIeM
ciydac oOpaTHOM wuMeTh He Oymer. B 3ToM cioyd4ae MOXKHO BMECTO BBIYHCICHUS OOpPAaTHOH MAaTpPHIIBI
BOCIIONIB30BAThCS NPUOMIKEHHEM IceBAooOpaTHol Matpuubl  Mypa-Ileapoysa E'. Onmako B 3amaue
CIICKTPAIILHOTO OIICHUBAHMS OIEpamus TCEBIO00pAICHHs U MATPHUIBI KOMIUICKCHBIX 3KCIIOHEHT MOXKET OBITh
3aMeHeHa Ha IPMHUTOBO COIpsDKeHHe. TakuM 00pa3oM MOTydaeTcsl MCEBAOpEIICHHE Ui BEKTOpa MHOKHUTEIEH
Jlarpanxa:

A=-E" In(E")'r). (13)

Ha puc. 1-60 m3oOpakeH THUNUYHBIN BHI (QyHKIUHA HeompeneneHHOCTH mis dM-curHana, pacCUUTaHHON
METOZOM MaKCHMyMa HTPOIHH C SIBHBIM BBIpaXCHHEM MHOXuUTenei Jlarpamxa.

HccnenoBanne >pPeKTUBHOCTH NPEATIOKEHHOTO MOAX0a K ONPEIeICHUI0 BPEMEHHOM 3aIep’KKN CUT'HAJIOB C
pPa3NIMYHBIME ~ YaCTOTAMH 3allOJIHEHWS W IIYMOBBIMH  XapaKTEPUCTHKAMH OCYIIECTBIEHO C IIOMOIIBIO
KOMITBIOTEPHOTO MOZETHpoBaHus. [Iporecc MOICTUPOBAHHS 3aKJIIOYANCS B IMOCTPOSCHHH MOJCIH HCXOJIHOTO
STAJIOHHOTO CHTHajJa M WCCICAyeMOr0 CHTHajda, B KOTOPOM IIPUCYTCTBOBAlla peajH3alus STaJOHHOTO CO
CMCIIICHHOHM Hecyled 4yacToToll Ha (oHe amauTuBHOTO Oenoro mryma. OOHapyKEHHE ATajloHAa MPOM3BOIUIOCH
JIByMsI METOJITAMH — B OCHOBE JITHCHHOTO METO/Ia HCIIOJIh30BAJIOCH CIIEKTPaIbHOE OlIEHUBaHKE ¢ moMoIipio bI1D, B
OCHOBE HCIIMHCHHOTO METOJa — CICKTpallbHas OIICHKa MAaKCHMyMa DHTPOIUH HAa OCHOBE IMPSIMOTO ITONyYCHHUS
MHOXwuTened Jlarpamxa. J[1s Kakmoro wuccieqyeMoro 3HAYSHHWS OTHOIICHHS CHUTHAN/ITYM IIPOW3BOAMIIACH
obpabotka 1000 peanmzanmii CUTHAJIOB, B pe3yibTaTe YCPEAHECHUS TIO peau3alusM IOoJydanach 3aBHCUMOCTD
BEPOSATHOCTH IPABWIBHOTO OOHApPYXEHHS OT OTHOIICHHS CHTHAJ/IIYM, 3TH 3aBUCHMOCTH IPUBEACHBI Ha pHC. 2.
O6a MeTola TIOKa3bIBAIOT BBICOKYIO 3((HEKTHBHOCTH OOHAPYKEHHS TPH IIyMaxX, XapaKTepH3yeMbIX 3HAaYCHHEM
OTHOIICHHS CUTHAN/IyM 1o -6 nb. Ilpw yMeHbImieHWH OTHOmEHUs curHa/myMm 1m0 -10..-12 nb Ha KOpOTKHX
BBIOOPKaX MPEAIOKEHHBIM HEJTMHEWHBIN METO TaeT HECKOIBKO O0IBITYI0 3P PEeKTUBHOCTh OOHAPYKEHUSI.
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Hardware Applying of algorithm special Signals location against a background of noise using
indeterminancy body

Sorokhtin M., Sorokhtin E., Morozov O.
Physical-Technical Research Institute of Nizhni Novgorod State University

Location of special signals against a background of noise is one of the most important problems in such fields
as digital communications, radiolocation acoustics and many others. Determining of the placement in such tasks is
performed with emission special radio pulse and location of reflected pulse in received signal. Radio pulses used are
usually PSK, FSK or linear frequency modulated packets. Besides determining of a distance there is often an
additional issue — to detect velocity of the object by analyzing Doppler frequency shift.

Modern technologies make DSP and built-in computational systems the most reliable and efficient way to solve
this problem.

Traditional way to detect pulse in signal by means of cross-correlation function has a definite defect: the result
of correlation loses its one-valuedness and intensity in case of a frequency shift.

In this paper is considered hardware realization of algorithm special signals detection by means of analyzing of
indeterminancy body — a function of similarity between two signals, depending of frequency and time shift.

We consider v,;(7) to be initial pulse waveform and v,(¢) — to be an waveform from input channel of receiver, in
which the special signal must be located..

vi () = 4, sin(f (@, 0)) +n,(2)
v, (#) = 4, sin( f(@,,1 = 1,)) + n, (t)

where 4; n A, — magnitudes of harmonic signals, flw, f) — modulating function, that determines the law of
signals modulation; n;(f) u n,(¢) — additive uncorrelated noise.

To take into account possible Doppler frequency shift we perform conversion from traditional correlation of
signals to correlation of spectrums. Cross-correlation function between spectrum V;(w) of signal v,(f) m and
spectrum V(@) of signal v,(#+Af), shifted in time domain by Az, will be the following:

G(@,At) =Ry, =V(@) @V, (@) = F{v, (1)} ® F{v, ()} = F{v, (1) -v, (£ + A1)}

Function G(w, Af) presents a surface in the space (w, Af). If analysed signal contains desired segment, this
surface will have extremum in the point (Aw, f)), whose coordinates are respectively frequency shift (Aw=|w;-w,|)
and time shift.

To evaluate reliability of detection results there is used criterion C:

_ max {IB(w,At)} — IB(w, At)

vvar{IB(w,At)}

Numerical simulation of described algorithm has shown that it works properly and safely when signal-to-noise
ratio (SNR) is better than -12 dB.

Algorithm of signals detection is applied in hardware as an stand-alone device with a built-in computational
system containing some PLD’s and two DSP’s. On the PLD’s there is realized a multiplier, that receives serie of
input samples and multiplies them by samples of initial sequence with definite shift. On the basis of the first DSP it
is performed the fast Fourier transform (FFT). The second DSP is responsible for analysing indeterminance body
and control all other parts of the device.

Developed device was tested with analog signals emulated work of communication system.
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