AITTOPUTM LII{ICDPOBOVI?I AOANTUBHON O®UNbTPALMU MOAYIIMPOBAHHbLIX CUIHANOB C
HEMPEPbIBHOU ®A30U NMPU HANMNYUN HEDNYKTYALUNOHHbIX MOMEX

Kynukos I'.B.
MOCKOBCKU MHCTUTYT PagMNOTEXHNKU, SNTEKTPOHMKN U aBTOMATUKN

Xopolume cnekTparnbHble U 3HepreTuyeckne CBOMCTBaA MOAYNMPOBAHHbBIX CUrHANoOB C HenpepbIBHOW
dason (MH®) [1] paBHO npuBnekarT pa3paboTyMkoB annapaTypbl nNepefadn AaHHbIX Ans CUCTEM
MOOMUITbHOM U CNYTHWKOBOW PadMOCBS3N CO CITOXXKHOW MOMEXOBOW OOCTAHOBKOW. Takowm curHam Ha K -om
TaKkTOBOM MHTEpBarne MOXeT ObITb 3anMcaH cneyoLmm obpasom:

s(t,C)=Re A (1) explj@yt + @)1}, te (k=DT,T], (1)
. k
roe A(t) = 4, expf-jO(t)] — xomnnekcHas ornbatowas; O(t):2ﬂ2(fihiq[t—(i—l)T] — MHOPMaLMOHHas

i=l
coctaBnsiowas asbl curHana; A, =+2E/T - amnnutyna; E — aHeprvisi; A, — MHOEKC MOZYNSLMM Ha [-OM
TaKTOBOM WMHTepBarne; (), — Hecyllas YacToTa; () — HavanbHas dasa; C, = [CI;CZ;"';Ck] — BEKTOp m-

NYHBIX UHPOPMALIMOHHBIX CUMBOJIOB, NMPUHUMAIOLLMX OfHO 3HayYeHue u3 pspa C =31;13;..; i(m—l); q(t)

— pasosbIn nmnynsc (PU) annHonm L TakTOBLIX UHTEPBAIIoB.

Ha Bxoge npuemHuka Hapsgy C LWYMOBOWM MOMEXOM 4acTo MNPUCYTCTBYOT M pasHOro poaa
HedNyKTyaUNOHHbIE MOMEXN, Hambonee TUNNYHbIE U3 KOTOPbIX CriedytoLlmne: rapMOHUYECKUI CUrHarn, curHan
¢ ©OuHapHOW asoBOM  MaHunynsauuMen  ncesgocnydyanMHow  nocnepgosatensbHocTbio  (MCM-OM),
peTpaHCNMPOBaHHbLIN CUrHar.

OpHum m3 cnocobos 6opbbbl ¢ Takoro poda nomexamy SBNSETCH MCNOMb3oBaHWE afanTUBHbLIX
dunetpoB (AD), 0b6bIMHO peanusyembix Kak HepekypcuBHble UUGpoBble (UALTPbl C perynupyembiMu
BecoBbIMM ko dpuumeHTammn (BK). OnemeHT BbIXOOHOW nocneaoBaTernibHOCTM Takoro unetpa B
NMPOCTPAHCTBE KOMMIEKCHBIX OrMbatoLLIMX MOXHO 3anMcaTb CreayroLwmmM obpasom:

—_— mT
Vm = C Xm '
rae X, =[x,,X, ;,--X, v, ] — BEKTOp nocriegoBatensHocTH BXxoaHbix otcueto; C” =[c,',¢/",..cy | -

BekTOop BK B M- MOMEHT BpemeHN.

B ycnoBusx, korga napameTpbl MOMEX arnpuopHO HEU3BECTHbl U MEHSIOTCS BO BpEMEHWU,
HeobxoOuUMO MNPUMEHATb anropuTmbl paboTbl A®, MakKCUMU3MPYIOLLME CUrHarnbHYIO COCTaBNAKOLLYIO B
npuHMMaemMon cmecu "curHan+nomexa". [Ona 3TOro Ha NPUEMHON CTOPOHE [OMKHbl ObiTb W3BECTHbI
HEKOTOpble XapaKkTepHble CBOWCTBA NOMNE3HOro curHana, oTnv4yaroLme ero ot nomMexu.

MpeacrtaBnseTca adhPeKTUBHLIM MCMONb30BaHME BeCbMa XapakTepHon uHdopmauum o asoBor
CTpykTYype curHana MH®, B uvacTHocTM, Toro dpakta, 4rto, cornacHo (1) moAdynb NPOU3BOAHON
WMHpOpPMaLIMOHHOW cocTaBnsoLen asbl Ha ANUTENbHOCTU K-ro TaKTOBOro MHTepBana paBeH

G = @) |=2mh g(1) = A'(1) |/ 4,
roe g(¢)=¢q'(t) —4acToTHbIN UMNYIbC.

Mo aHanorun ¢ [2] npeanoXxeH rpagAueHTHbIA anropuTtM Ansa NoacTporkn moaynsa BK
c'=C"-d-(|y,1-G)y,X, . (2)
KOHTPONUPYIOLWNIA  ha3oBYyl0 TPaeKTopuio MNPUHMMaeMoro npouecca U MUHUMUBUPYIOLWNA  LieNeBomn
dyHkumoHan M([(| y',, | —G)Z], rae d — KoadpPULMEHT, onpeaensioLLImMiAi CTeNneHb MHEPLIMOHHOCTU npoLiecca

aganTaumu; (-)* — a3HaK KOMMNEKCHOro conpsbkeHns; M [-]— aHak ctaTUcTUYECKoro ycpeaHeHu s,

©anekTpoHHas Bepcua nogrotosneHa 3A0 ABTIKC CaHkr-lNMetepbypr, http://www.autex.spb.ru
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BeposTHocTb owmnbku Ig(Pe)

MeTogoM MalLMHHOrO MOAENMpPOBaHMSA NpoBedeH aHanm3 adypekTMBHOCTM anroputma (2) u ero
BINUSIHUST HA MOMEXOYCTOMUYMBOCTb AEeMOAYNSATOpoB curHanoe MH® npu Hanuuum B KaHane CBA3WU LLYMOBOW
NMOMEXU CO CneKkTpanbHOW MNNOTHOCTEIO Ny M NepeyncrieHHbIX Bbllle HemnyKTyauuoHHbIX MNoMexX ¢
OTHOCUTENBHOW WMHTEHCUBHOCTbIO . PaccmotpeHbl curHanel MH® ¢ uHgekcom h =0,5 n Tpems Bugamm
YacTOTHbIX MMNynbcoB g(?): npsamoyronbHeiM (MPMH®), B Buae nonynepvoga cuHycouas! (NMCMH®) u B

BMAe npunogHaToro kocuHyca (MKMH®).

[Noka3aHo, YTO NpeanoXeHHbI anropuTM obnagaeT BbICOKOW CKOPOCTbIO CXOOUMOCTU M OCOBEHHO
3(PbhEKTUBEH MPU HanMuMM B KaHane CBSA3M Y3KOMOMOCHbIX nomex (puc. 1), npudem Takon AP crnocobeH
noaaensaTb 40 3 — 4 rapMOHMYECKMX MOMEX, OAHOBPEMEHHO AEMCTBYIOLLNX HA BXOAE NpueMHuka (puc. 2).

B cnyyae, korga rapMoHM4yeckas nomexa umeeT pacCTpoViKy B npeaernax rnaBHoOro nenecrka
cnekTpa curHana MH®, Hauny4llne nokasaTenu — CHUXeHNe BepPOATHOCTY OLINGBKM Ha NopsaoK —
pocturatotes ans curHanos NCMH®.
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Ecnn nomexa wmnpokononocHasi, Hanpumep Buga MNCI-®M ¢ 60nbLLoi OTHOCUMTENBHOW CKOPOCTHHO
nepegayu, Unm peTpaHcnMpoBaHHas (asoBasi CTpyKTypa nogobHa CTPyKType MONe3Horo curHana), To
3hPEKTUBHOCTL anropuTMa CHUXaeTCA.

INutepartypa

1. EmenbsHos I.B., NMapamoHoB A.A. [JuCKpeTHbIe CUrHanbl C HenpepbiBHON hason. — 3apybexHas
pagnoanekTpoHunka, 1990, Ne12.

2. Treichler J.R., Agee B.G. A new approach to multipath correction of constant modulus signals// IEEE
Trans.: V. ASSP-31.— 1983.— Ne2.— P. 459-472.

L 4




5-a9 MexpgyHapogHasi koHdepeHums «Lindppoeasa obpaboTka curHanos un ee npumeHeHne» DSPA-2003

ALGORITHM OF A DIGITAL ADAPTIVE FILTRATION OF THE MODULATED SIGNALS WITH A
CONTINUOUS PHASE AT NON-FLUCTUATION INTERFERENCE PRESENCE

Kulikov G.
MIREA

The modulated signals with a continuous phase can be written down as follows:
5(t,C,)=Re{d () explj(@y + @)1}, re (k=DT,kT], (1)

. k
where A(t) = A, exp[-jP(¢)] — complex envelope; qD(t)zZﬂZthq[t—(i—l)T] —information component of

i=l
a phase of a signal; Ay =+/2E/T - amplitude; E - energy; /;— index of modulation; @ - carrier
frequency; ¢ —initial phase; C, = [C1§Cz§---;Ck] — vector of information symbols; q(t) — phase pulse by a
length L digit time slots.
This signal, noise and also non-fluctuation interference (harmonic signal, signal with binary phase
manipulation or repeater signal) present at a receiver input. One of the ways of suppress such interference is

the use of adaptive filters (AF) — non-recursive digital filters with adjustable weighting coefficients (WC). The
element of an output sequence of such filter is:

—_— mT
Vi = C Xm ’
where X =[x, ,x, ,..X, v, ]' — vector of a sequence of input samples; C" =[c;",¢",...cy]" — vector
WC.

The use of the rather characteristic information about phase structure of a signal (1) for tuning this
AF is effective. By analogy with [2] gradient algorithm for tuning the module WC is offered:

C"'=C"~d-(y,|-G)y,X, 2)

The efficiency of algorithm (2) is analysed by the method of computer modeling at noise and non-
fluctuation interference in the communication channel presence. It is shown, that the algorithm (2) has high
speed of convergence, he is especially effective at harmonic interference in the communication channel
presence, and such AF is capable to suppress up to 3 — 4 of harmonic interference. If the interference is
broadband or relayed (structure of the phase is similar to structure of a useful signal), then the efficiency of
algorithm is reduced.




