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da3oBasi MaHWNyNsUMA — OOWH U3 BUOOB MOOYMAUUKM, NPUMEHSEMbIX B COBPEMEHHbIX CUCTemax
undpoBon cBa3M, obrnagaeT BbICOKOW MHPOPMALMOHHOM E€MKOCTbIO M HaxOoAWUT MPUMEHEHUE BO MHOrmX
NPOTOKOMax BbICOKOCKOPOCTHOM cBA3N [1].

Y3en oOHapyxeHusa O®M-curHanoB SBRAsSieTCA BaKHEWWEW 4acTbio annapaTypbl  MHOIMX
COBpeMeHHbIX cuctem cBA3n. OH npegHasHadeH Ansa  obHapykeHus Ha ¢oHe agauTMBHBIX W
MYNbTUNMMKATMBHBIX LUYMOB CUIHanoB C (pa3oBOM MaHWNynsuven, a Takke ANS UX NEPBUYHOrO aHanmsa,
KOTOpbI COCTOWT B onpedeneHun Tuna MoZynsdumu, CKOPOCTU nepefayn AdaHHbIX WM MOeHTMdrKaumm
NPUHaANEXHOCTU K onpedeneHHON CMcTemMe CBA3MW.

CoBpeMeHHble  TpeboBaHuA, npeabsBnAeMble K  MNOCTPOEHMIO  BbIMUCNUTENBHOMO  y3na
obGHapyxutens curHanos cnegywouwue: Bo-nepsBbix, ¢ NPUEMHOro TpakTa NOCTynaeT HenpepbiBHbIA MOTOK
OaHHbIX, TO ecTb obpaboTka curHana JormkHa HOCUTb MOTOKOBLIN XapakTep. Bo-BTOpbIX, AnCKpeTusaums
BXOOHOrO curHana npomsBoauTCcs C AOCTaTovHO Gonbluon yactoTon. [Ans cokpalleHuss MHpopMaLMOHHOWM
Harpyskum Ha KaHanbl nepefaydn UM@POBbLIX AaHHbIX Heobxoauma npeaBapuTenbHas obpaboTka ¢
JeuvMMauven gaHHbiX. ECTeCTBeHHbIM pelleHnem B 3TOM Crlyyae SBRsieTCcsl npeaBapuTenbHas obpaboTtka
curHarna BbluMCIIUTENBbHBIM MoAyneM Ha 6ase undposoro npoueccopa obpaboTkm curHanos (LIMOC) [2, 3].

3agada obHapyxeHus hasoMaHUNyNMPOBaHHbBIX CUMHANoOB MOXeT ObiTb pelleHa ABYMS MeTodamu
[4]. MepBbI MeTOL COCTOUT OOHaPY>XEHUN MO OCOBEHHOCTAM pacrnpenerieHust 3HepruM B CNekTpe curHana.
Ons peanu3aumm  COOTBETCTBYIOLLEW  BbIMMCIAMTENBbHOW  Mpouedypbl  HeobxoAumMO  MpOM3BECTU
npeobpasoBaHme dOypbe. BTopon meton — napamMeTpuyeckuii, OCHOBaH Ha aHanu3e HEeBsI3KW, MOJTy4YEeHHOW
CpaBHEHMEM KaXaoro OTcyeTa CurHamna C ero aBTOPErpecCUMOHHbIM npeackazaHueM Mo KoaduumeHTam,
paccynTaHHbIM A5 rapMOHUYECKOro curHana.

Ons peLleHusi 3aga4n
OeKoaMpoBaHMsa curHana W BblaerneHus
MoaynupytoLLen nocriegoBaTenbHOCTU

Lnoc
MOXHO Ucnonb3oBaTb da3so-ungposoe
npeobpasoBaHue. Pesynbtatom aso-
uncpoBoro npeobpasoBaHus sBMAsEeTCH
Tak HasbiBaemMas (as3oBas  NMHWKS,
KoTopas npeacTaBnsieT cobon
nocrnegoBaTenbHOCTb  3HayYeHun  basbl
aHanM3npyemMmoro curHana,
3apermcTpUpPoBaHHbIX c 4acTOTOW,
anpuvopHO paBHOW Hecyllel 4vacToTe. o3y /—\
3HayeHne 4acToTbl AnckpeTusaumm dasbl nporpamm n - N~V
Ha3blBaeTCA OMOPHOW 4acToTon. AHanus
dasoBowm NUHUN aBnsaeTcd ans
BbIYMCIMTENbBHBIX ~ CUCTEM  pearibHOro
BpemMeHn Gonee npeanoyTUTENbHbIM, Tak
Kak MO3BOMSET CHU3UTb CKOPOCTb MOCTYMNeHus uHdopmauuu, nognexawien obpaboTke, B HECKOSbKO
OecsTKOB pas.

Ha puc. 1 npuBegeHa gyHKUMOHanNbHas cxeMa obHapyxuTens curHanoB. BxogHasa uenb cocTout u3s
CornacymLlero yCTpoMcTBa U BKIOYEHHbIX napannensHo aHanoro-uudposoro (ALM) u daso-umdposoro
(®oUM) npeobpasosatenen. Bobixog AU mMoxeT wucnonb3oBatbcs And obHapyxeHuss OM-curHanos c
cnekTparnbHbIM 1 NapameTpuyeckuMm metogamu, a Beixog PLIM — gna gekogupoBaHus curHanos. [ns
XpaHeHus1 oundpoBaHHOIO curHana u nporpaMmbl npoueccopa TpebyeTcs BHeELWHee oOnepaTUBHOE
3anomMmuHarowee yctponctso (O3Y) npegHasHayeHo.

LindbpoBas obpaboTtka curHana B 6noke gekognposaHus ®M-curHanoB pasgeneHa Ha ABe CTYNeHMW.
MepBas cTyneHb BktovaeT B cebsi 00paboTky curHana npegsaputenbHbiMU ounsTpamu. [nst obecneveHns
paboTbl anroputMoB OOHapyXeHus npedBapuTenbHas o6paboTka BKMYaeT B ceba  yMHOXeHue
ouMdpPOBaHHbIX BbIGOPOK CUMrHana Ha BpEMEHHOE OKHO [5]. 3To yny4laeT Ka4yecTBO CNeKTpasribHbIX OLEHOK.
[na aHanu3a ¢a3oBoro Koga HeoOXoauMbl ABa — MeAMaHHbIN U pacrno3HaoLwwmi. PacnosHawowmin ounbTp
HacTpoeH Ha obHapyxeHue paspbiBOB pa3bl M JaeT Ha Bbixoge koA paspbiBa. [lepBasi cTyneHb
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Puc. 1. ®dyHKUMOHanNbHaa cxema aHanusatopa
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dvnbTpauun, Kak Hambonee BbIYMCIMTENBHO eMKas M gonyckawwasa addeKkTuBHOe pacnapannenuBaHue,
MOXeT ObiTb peanu3oBaHa Ha 0ase nporpammMuMpyemMon formdeckor wuHterpanbHon cxembl (MJIAC).
BHegpeHve napannensHon o6paboTkn BXOAHBIX AaHHbIX HA peanu3oBaHHOM anmnapaTHO BbIYUCIIUTENBHOM
YCTPOWCTBE MO3BOSIIET MHOFOKPaTHO COKPaTUTb BPEMS BbIYMCIIEHWUIA.

XapakTepHblM npusHakom nepegayun PM-curHana dBnsieTca nosiBieHMe Ha asoBOW  JIMHUK
NEPUOAMYECKNX pPas3pbiBOB Ha BenuuuHy, O6nmskyto Kk 1 wnu T1/2 [1]. PaspaboTaHHbIi  anroputm
JeKoaMpoBaHMS OCHOBaH Ha aHanu3e TakuMx pa3pbiBOB U COAEPXKUT OOk aHanu3a CUHXPOHMU3aLMK.

Ha kauyecTBO (pa3oBov NUHUWM BNUAIOT LIyMOBble dakTopbl. OTKNOHEHME Hecyllend 4acToTbl OT
OMOPHOM M3BECTHOM NPUBOAMT K TOMYy, 4TO dasoBasd nuHUS npuobpetaeT «nNMNoobpasHbii BUAY,
unnicTpauua npuvBefeHa Ha puc. 2. lNpyn 3ToM nepuoamyeckMe paspbiBbl Ha BENUUUMHY 2TT OOSDKHbI
UrHopmpoBaTtbcs anroputMoM. [JoGaBneHve MynbTUMAMKATUBHOIO LUyMa MPUBOAUT K NOsIBNEHUIO dha3oBoOW
LLYMOBOW COCTaBNSAOLLEN.

Puc. 2. TunuyHbin BUA, ha3oBon NUHUK curHana ¢ MmaHunynsaunen OM2.

Bbixog daso-uudpoBoro npeobpasoBaTend npu oumdpoBke LWymMa UMeeT LWYMOBOM BuAa.
CrapTtoBbii oTpe3ok ®PM-curHana, kak npaBuio, 3aHUMMaeT Tak HasbiBaemas npeambyna — HacTpoeyHas
nocrnegoBaTenbHOCTb, NpegHasHaveHHas Ans obHapyxeHus curHana. Kputepnem nosiBneHus curHana
ABMNSIETCA HanmudMe Ha PasoBOM NMHWM MOCIeAoBaTEeNbHOCTU Pa3pbiBOB, PacnofioXKEHHbIX Ha MHTepBanax,
KpaTHbIX ONIMTENbHOCTM BMTa Ha Kakon-Nnbo M3 BO3MOXHBLIX CKopocTen nepegayn. MoMeHTbl MaHMUNyALWUiA
3aMoOMMHaKTCA U UCMOMb3YKTCA ANA BbIYUCIIEHMS YTOYHEHHOW CKOpPOCTU nepejayn wuHdopMauum u
onpegeneHnst yTOHHEHHOTO MOMeHTa cMeHbl 6uT. OnpegeneHve aTMx ABYX MapameTpoB M npeacTaBrnser
cobo npouenypy CUHXPOHM3aLMK.

B pexume pgekoampoBaHusi npouenypa npou3soauTt npeobpasoBaHue ¢as3oBOW NMHUU B BUTOBYHO

nocrnefoBaTenbHOCTb. Kaxablii 6UT nepeaeTca B TeYeHMe NpoMexyTka BpeMeHu, pasHoro B 1, roe B -
ckopocTb nepefayn. lNMepexon K nepegaye HOBOro 6uta B criyyae, €Cnv OH OTNINMYAETCS OT NPeabiayLero,
COMpPOBOXOAETCHA CKaykooOpasHbIM pas3pbiBOM Ha das3oBon nuHuMK. [lpouedypa OCyLecTBrsieT MOUCK
pa3spbiBa hasbl B OKPECTHOCTM TOYKM Kaxdon Manunynauun. OgHako u3-3a nomex nonagatoTcsl paspbiBbl,
Haxodswmecs Janeko OT MOMEHTOB MaHunynauuin. Takme paspbiBbl CUMTAKOTCA JNOXHbIMU. BospacTtaHue
OOMNM NOXHbIX PaspbIBOB MOXET roBOpuTb NMMOO O MpekpalieHun nepegadvm, nMbo 0 TOM, YTO Hapylumrachb
CUMHXpOHM3auus. B nmepBom cnydae HeobGXooum KpUTEpuUn MpekpalleHWs OeKOAupoBaHMS U nepexoda B
pexuM noucka. Takonh KpUTepuin cBs3aH C OTHOLUEHUEM 4YMCMa JOXHBIX PaspbiBOB K YUCMY UCTUHHBbIX. Bo
BTOPOM criydae HeobxoanMm MexXaHW3M YTOYHEHWUS CUHXPOHW3auuW, a UMEHHO — YTOYHEHWS MOMEHTOB
MaHUNyNaumMn. Koppekuusi CUMHXPOHM3auMu NpoM3BOAUTCHA MOCHE HaKoNfneHus onpegeneHHoro obvema
MHMOPMaLMN — OTKINOHEHUS MOMEHTOB psda MNoCnedHuX 3aperucTpypoBaHHbIX MaHUNYNSaUUMn OT KX
pacyeTHbIX MOMEHTOB. 10 3TUM BEMMYMHAM BbIYUCNAETCA CPeAHEE CMELLEHMEe, KOTOPOe UCMNOoNb3yeTcsa Ans
Koppekuun gekogepa.

Heobxogumo  yuutbiBaTb, 4YTO  nofydyeHHas  OuToBas  MmocregoBaTenbHOCTb — SABMSETCS
HEOOHO3HA4YHOW, TaK KaK xapakTep ¢pasoBOW NUHWM OTpaXkaeT NUb MOMEHTbl M3MeHeHus 6uT. MosTomy
nocre ycTaHOBKM CUHXPOHM3auum TpebyeTcs npoBepka MONAPHOCTVU AekoampoBaHus. [NpeamOynbl MHOMMX
®M-curHanoB  BKMOYaAKT  CcheuunanbHble  MOCNedoBaTeNbHOCTW, KOTOPble  MO3BOMST  YCTaHOBUTH
NpaBWIbHYHO NOMSAPHOCTb AEKOAMPOBAHNS eLle 40 NOSIBNEHMS CMbICIIOBOW MHOpMaLuN.

Ons TecTupoBaHWs anropuTMOB OBHApPYKEHWS W aHanuMsa WCMonb3oBanocb Kak MOAErbHOoe
nporpaMMmHoe obecneyeHne, Tak W peanbHble curHanel. B pesynbTate ycCTaHOBMEHO YCTONYMBOE
obHapyxeHne 1 AeKkoaupoBaHWE MPOU3BOAUTCA NPU OTKMOHEHWM HEecyllerW 4acToTbl OT onopHon Ao 3%,
OTHOLLUEHUN cUrHan/aMmnnuTyaHbIA Wym oT 6 Ab 1 ypoBHe da3oBbIX WyMoB A0 1%.
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IMPLEMENTATION PHASE-SHIFT KEYED SIGNALS DETECTION ALGORITHMS ON THE DIGITAL
SIGNAL PROCESSOR
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The phase-shift keying - one of kinds of modulation used in modern systems of a digicom, has high
information capacity and finds a use in many protocols of a high-speed communications.

PSK signals detector is a major part of many modern communications systems. He is intended for
detection of phase-shift keyed signals on a background of additive and multiplicative noise, and also for their
primary analysis, which includes recognition of modulation type, transfer rate and identification if the signal
affiliates to protocol of some communications system.

Specific character of data flow from receiver makes terms to construction of detector's computation
unit. The natural solution for this case is the preprocessing of a signal by a computation module on the basis
of digital signal processor (DSP).

The problem of detection of PSK signals can be resolved by two methods. The first method consists
of analysing of an energy distribution in a spectrum of a signal. It is necessary for implementation of this
procedure to make a Fourier transform. The second method - parametric, is based on the analysis of are
inviscid, obtained by matching of each readout of a signal with his(its) auto regression prediction for factors
counted for a harmonic signal.

For the solution of a problem of decoding of a signal and allocation of modulating sequence it is
possible to use phase-to-digital conversion (PDC). Outcome of this conversion is the phase line, which one
represents sequence of values of sampled phase.

Functional diagram of the detector is shown in a figure 1. The input circuit includes ADC and PDC.
To store the digitized signal and programs of the processor it is necessary to use an external operating
storage (RAM).

The digital processing of a signal devides into two stages. The first stage includes processing by
preliminary filters. To improve activity of detection algorithms the pretreatment includes multiplying the
digitized sampling to a time window. For analyse of phase code are used two filters - median and
recognizing. The recognizing filter is customized on detection of phase jumps. The first stage of a filtration,
as the most computing capacious and accepting effective multisequencing, can be realized on the basis of
field programmable gate arrays (FPGAs).

The output of PDC at digitization of a noise has a noise kind. When PSK signal begins, series of
phase gaps appears on the phase line. Decoding algorithm recognizes this gaps and introduces on the
output bit sequence. Phase gaps are arranged on intervals, multiple duration of bit on some of possible
transfer rates. The moments of manipulations are stored and will be used for calculus of updated baudrate
and definition of the updated moments of manipulations. The definition of these two parameters also
represents a procedure of synchronization.

It is necessary to note that the obtained bit sequence is ambiguous, as the nature of a phase line
mirrors only moments of bit changes. Therefore after the installation of synchronization the check of
decoding polarity is required. The preambles of many PSK signals include special sequences, which make it
possible to establish exact polarity of decoding even before appearance of the semantic information.

The testing of detection and analysis algorithms was carried out both with model software, and
actual signals. The outcomes demonstrate that decoding is steady at deviation of a carrier frequency from
reference up to 3%, amplitude SNR from 6 gb and phase noises up to 1%.
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