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MpeonoxeH HoBbIN MeTod UMcpoBOM 06pabOTKM CUrHanoB B YacTOTHOW 06nacTwy,
UCMONb3YIOLUA HEKOTOpPble CBOWCTBA  HEMWHEMHbIX OPTOroHarbHbIX Mpeobpas3oBaHUiA.
PaccmoTpeHbl TeopeTudeckMe OCHOBbI 3TOr0 MeToda W npuBedeHbl  pesynbTaTtbl
CTaTUCTMYECKOrO  MOAENMpPOBaHus, noaTeepxaawwmne ero  3QEKTUBHOCTb  Mpu
noJaaBeHMn COCPeAOTOYEHHbIX MOMEX B KaHanax CBA3W.

1. BBEAEHME

HocTmwkeHns nocnegHnx net B obnactu uUMdpPOBOW TEXHWMKM MPUBENW K MEPECMOTPY MHOIMMX
CMNOXMBLUMXCS paHee B3rNS40B Ha BO3MOXHOCTb M Lenecoobpas3HOCTb peannsauumn pasfnydHbIX CIIOXHbIX
anropMTmMoB 06paboTKM CUrHanoB, O0TKady OT TPaAMLUMWOHHBIX MOAXOA0B U OrpaHUYEHUN, SIBHO UMNN HESBHO
CBSI3aHHbLIX CO CBOWCTBaMW WCMOSb30BaBLUMXCSA PaHee aHaroroBbiX 3/1eMeHTOB. Hanpumep, obblvHas
NMHenHas uUNbTpaums, ecrniv OHa OCYLLECTBMSETCA B 4aCTOTHOM 06nactu, CBOOUTCH K YMHOXEHMIO
TEKyLLEero crnekTpa curHana Ha nepegaTtoyHyto dyHkumio cunbtpa. OgHako npu obpaboTke curHanos B
uncpposon hopMe MOXHO MCNOMb30BaTb U MHOrME Apyrue, B TOM 4YUCre HernuHerHble npeobpasoBaHus
CreKkTpa, KOTOpbIM HE COOTBETCTBYIOT HMKakuMe pearbHble aHanoropble UNbTpbl.  XapakTepHbIM
NPMMEPOM SABIIAOTCS roMoMopdHas hunbTpauus 1 KencTpanbHbIA aHanus, Npu KOTOpbIX OCYLLECTBISETCS
norapudmupoBaHue cnektpa. [axe ata npoctas anrebpavdeckad onepauvs gaeT  BaXHble
npevMyLLecTBa B psae 3agady obpaboTkm curHanoB. B gaHHOM goknage paccmaTtpuBaeTcst bonee obuui
Knacc HenvMHenHbIX npeobpasoBaHuiAi B YAaCcTOTHOW 0bnacTn u gokasaHa 3dEKTMBHOCTb MX MPUMEHEHUS
npv NogaBrneHun COCPeaoTOYEHHbIX MOMEX B KaHanax CBA3M.

2. HENMWHEWHBIE OPTOIOHAJIbHBIE NMPEOBPA3OBAHUA U UX NMPUMEHEHUWE MNPU
OBPABOTKE CUI'HAIIOB

B TexHuke 00paboTkM CUrHaANMoB LUMPOKO  MCMOSb3YKTCA  pasfuyHble  OpPTOroHanbHble
npeobpasoBaHusa - dypbe, Yonwa, Xaapa v ap. [1], koTopble 3agaloT oTobpaXkeHusi B MPOCTPaHCTBE

curvanos Buga Yy = UX, roe U- yHuTapHbii onepatop (npu AuckpeTHor o6pabotke - matpuua), no
onpegenexHno obnagatoLwmnin CBOMCTBOM: 0OpaTHbIA onepaTop COBNaAaeT C COMPSKEHHbIM,

Uu'l=U". 1)

Ecnn x un y - anemeHTbl runbbepToBa NpOCTPaHCTBA, yka3aHHOe oTobpaxeHue npeacTaBnseTcs B
BMEe COOTBETCTBYIOLLEro MHTEerpanbHoro npeobpasoBaHnsa. CBOWNCTBOM YHUTapHOCTU MOryT obnagatb u
HenuHerHble onepaTopbl, MNpu 3TOoM ocTaetca B cune onpegeneHne (1). OHn BnepBble Gbinu
Mcnonb3oBaHbl B 3aJayvyax HEMVHENHOW KBAHTOBOW MeXaHWKM [2] n B OTNU4YME OT NIUHEWMHbIX YHUTAPHbIX
onepatopoB B 00OLleM cnyvyae He MMEeKT WMHTerpanbHbIX NpeacTaBneHnin, NoaobHbIX Npeobpa3oBaHuto
dypbe. OtobpaxeHue, 3agaBaemoe Taknum oneparopom, onncbiBaeTcs HENUHENHbIM
anddepeHumnanbHbIM ypaBHEHNEM LLIPEOMHIEPOBCKOrO TMNna
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o - HWY &
n

c rpanmanbivi yenosnamu W(No) =x, W(N, )=y, rae PY(N)=W(N,A) - dyHkuns n3
HekoToporo 6aHaxoBa MPOCTPAHCTBA, NMPUHAMAIOLLAS 3HAYEeHUs! B rMIb6EPTOBOM MPOCTPAHCTBE (PYHKLMIA
oT A, koTopomy npuHaanexat anementsl X ny , H(W)- HennHeliHbI HenpepbiBHbIM onepaTtop B 3TOM

npocTpaHcTse, [, [, -HayanbHOEe M KOHEeYHOe 3HAYeHWs nepemeHHoi | OToBpaXeHus, onuchiBaemble
ypaBHeHuaAMM TUNa (2), Nony4uny Ha3gaHMe onepaTopoB C YHUTAPHOW HENMMHENHOCTLIO [2].

Mcnonb3oBaHne  HemnuHEWHbIX OpTOroHanbHbIX npeobpasoBaHui (HOIMM), peanusylowmx Takue
oTobpaxeHusi, B 3agadax umdpoBon ob6paboTku curHanos, Ans YactHoro Buga oneparopa H([),

__, 0
H(Y) = aa)\ f(Q), (3)
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BrepsBble paccmoTpeHo B [3,4]. HenwuHeliHoe opToroHaneHoe npeobpasoBaHne y=U[[]x,
onucbiBaeMoe ypaBHeHueM (2) ¢ Takum onepatopom H([0), peanuayetca B Buae MNpoM3BEAEHUS
nuHenHbIX (Gi) 1 HennHenHbIX (Ny) onepaTtopos

Ul =[] G N [Wi ] @
k=1

3anuck Tvna U[[J] o3HayaeT, Yto npeobpasosaHne U 3aBMCUT He TOMbLKO OT BXOAHOMO curHana X,
HO M OT BCEN TpaeKkTopuum B TMnbOEpPTOBOM MPOCTPAHCTBE, OMMUCHIBAEMOWN ypaBHEHMEM (2) C Takum
BXOOHbIM Bo3genctemem. Kaxgpii M3 NUHENHbIX onepatopoB Gy npeacTtaBnsieT cobon MHTerpasnbHoe
npeobpasoBaHne Tuna ceepTkn ¢ aapoM dpeHens

g (A) =g exp {iak)\z} )

roe Ang = Ng+1- Nk - War AMCcKpeTnsaunmn no NnepemMeHHon N, N - YACMOo nap 3BEHLEB,

Jok=~/4TIAN, 00, a,=1/4An,a .

HenuHeltHble  onepatopbl  Ng [[J] COOTBETCTBYIOT YMHOXEHWUIO YHKLUMK [T (A) = [I(ng,A) Ha
3aBuUcCsLLME OT Hee Ko ULIMEeHTbI NpeobpasoBaHus

N (W, ]=explif ()} . (6)

lMocne COOTBETCTBYIOWEN AMCKPETU3AUMM MO MNEPEMEHHOW A yKa3aHHble OnepaTopbl Jerko
peanusyetcsa B uucposon c¢opme. [lMpeobpasoBaHue c agpom (5) peanusdyetcd C MNpUMEHEHWeMm
anroputma BIN® unm 6eicTporo npeobpasoBanHnst PpeHens.

Wcnonb3oBaHne onucaHHbix HOIMM nosBonsieT pewartb psg BaxHbIX 3agavy obpaboTkuM cUrHanos:
KOMMpeccun WMNynbCOB BO BPEMEHHOW 06nactu, CenekummM CWUrHamoB W UMMYMbCHbIX MOMEX,
NPOCTPAHCTBEHHOIO CXaTusi 3nemMeHToB n3obpaxeHui [3,4]. OgHako, 0cobbii MHTEPEC NpeacTaBnseT Ux
NpMMEeHeHWe B YacTOTHOM obnacTu, 4O CUX Nop He paccMaTpuBaBlleecs. B aToM cnydyae nepeMeHHas A B
npuBeAEHHbIX Bbile chopMynax AOSKHA MHTEPNPETUMPOBaTLCA Kak 4acToTa, a ONMCaHHOMY anroputmy
06paboTkM npealecTByeT Nepexod B YacTOTHYH obnacTb ¢ nomouibto anroputMma bIM®. PaccmoTtpum
NpakTU4Yeckoe NPUMEHEHNE Takoro nNpeobpasoBaHust ANs NoAaBiEeHUst HErayCCOBCKUX COCPESOTOYEHHBLIX
NMOMeX B KaHarnax CBs3u.

3. MOOABINEHUE COCPEAOOTOYEHHbBLIX MOMEX

Bopbba ¢ cocpenoTodeHHbIMM nomexamu (CI1) B kaHanax CBsI3W 4acTo 3aTPyAHSETCS TEM, UTO UX
CMEKTP OKa3biBaeTCsd COM3MEPUMMbIM MO LLUMPUHE CO CMEKTPOM curHana. B atom criydae o6bluHbIE MeToabl
PEXEKTOPHOW hurnbTpaumnm nomMex Hens3bexxHO NPUBOAST K 3HAYNTENbHBIM MCKaXXEHUAM CuUrHana u notepm
OOnbLIOA 4YacTn ero 3Heprun. APGPEKTUBHOCTb PEXKEKTOPHON (UNbTpaUMM MOXHO MOBbICUTb, €CIU
obecneuntb npegBapuTenbHOE CXaTue crnekTpa nomexu 6e3 CyleCTBEHHOr0 M3MEHEHWUs] MONe3HOoro
curHana. Takylo BO3MOXHOCTb 0OOecrneumBaloT pacCMOTpeHHble Bbilwe HOI: Gnarogapsi CBOWCTBY
HENMHENHOCTU OHM u3bmpaTenbHO AENCTBYIOT Ha 3M1EMEHTbI CMEKTpa BXOAHOM CMECU C pasfivyHON
amnnuMTygon n - wupuHon. [lpu onpegeneHHoM Bbibope napameTtpa o  u dyHkumm f(O) B (3)
obecneunBaeTcsi apdekT U3bMpaTENbHOrO CXKaTUsi  COCPEOOTOYMEHHbIX MOMEX W MOBbILEHUE
3(PHEKTUBHOCTM UX MOCHEOYOLWENn pexXekuun. VICKaxkeHusi, BHECEHHble Mpu 3TOM B CuUrHam, npu
HeobGXO4MMOCTU  YCTPaHSAKTCA C MOMOLLbI 06paTHoro npeobpasoBaHusi. OHO, B CUMY YHUTApHOCTW,
peanu3dyetca no dopmyne, aHanormyHon (4), ¢ obpaTHoOW nNOCNeaoBaTenbHOCTLIO  ONepaTopoB.
O eKkTNBHOCTL 3TOr0 MeToAa NMPUMEHUTENBHO K NpUMeMy AUCKPETHbIX cooblueHui Bbina uccnegoBaHa
nyTeMm CTaTUCTUYECKOTO KOMMbIOTEPHOro MogenupoBaHuda. pu atom B (3) Obina BbiOpaHa yHKUMSA

f (W) =K ||’ vnogoBpaHsl onTUMAanbHbIE 3HAYEHUS NAPaMETPOB O W K.

4. PE3YNbTATbI MOAENUPOBAHUA U BbIBObl

C uenbto npoBepkn adpekTMBHOCTM npeanaraemoro mMetoga 6opbbbl ¢ CIT ObIo npoBegeHo
cTaTucTMyeckoe MoaenupoBaHuWe npuema [BOWYHbIX CUrHaroB B KaHane ¢ GernbiM rayCCOBCKUM LUYMOM
(Brwl) n cnyyanHown Cl1, kBagpat amnnuTyabl KOTOPOW pacnpenerneH No 3akoHy Hakaramu, AnuTensHOCTb
— MO0 yCeYeHHOMY HOpMarbHOMY 3akOHy, ¢a3a — Mno paBHOMepHOMYy 3akoHy. [locne nogasneHus CIl
ocTaTovyHas CMeCb MnojaBanacb Ha BXO[ KOPPensauMOHHOro npuemMHuka. [Mpov3Boamnock cpaBHEHUue
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pe3ynbTaToB npegnaraemMoro Metoga U 2-Xx METOAOB JIMHENHOW (bunbTpaumm — NPOCTOr0 PEXEKTOPHOro
dunbtpa (PP) ¢ npamoyronbHon AYX n ontumaneHoro dunbtpa Konmoroposa-BuHepa (PKB). Ha puc. 1
nokasaHbl 3aBUCUMOCTW BEPOSITHOCTM OLIMOKM OT OTHOLUEHUS curHan/wym ans npegnaraemoro cwnbTpa
(nyHkTMpHAA nuHus), PP (cnnowHas nuHns), KB (TouevHas nuHus) onsa 40%-ro nepekpbiTUS CNeKTPOB,
Ha puc. 2 — pgna 60%-ro. BugHo, 4Yto npegnaraembin metog nogaenexHus CI1 npu npueme OUCKPETHbLIX
COODOLLEHUI JaeT CyLLECTBEHHbIN BbIUMPbILW MO CPABHEHMIO C C OPYIMMU MEeTo4aMu: JaXe MO CPaBHEHMIO C
®KB Ha Bxoge gemopynsitopa — Ha 8 ab npu 40%-m nepekpbitun 1 Ha 2 Ab npu 60%-M nepekpbITUK.
AHanornyHble 3aBUCUMOCTU, MONyYEHHblEe ANsl pasHbiX 3HAYeHUM gucnepcun amnnutygbl cnektpa CIl
nokasblBalOT, YTO OHA Marno BNUSIET Ha BEpPOATHOCTb ownbku. B TO Xe Bpems OT OUCNEPCUMM LUMPUHBI
CreKkTpa BeposiTHOCTb OLWNGKM 3aBUCUT Bonee CylleCcTBEHHO. JTO yKa3bliBaeT Ha TO, YTO 3h(PEKTUBHOCTb
npeanaraeMoro MeToa MOXHO MOBbICUTb 3@ CYeT afjanTauum K M3MEHEHUAM XapakKTepUCTUK curHana wu
NMOMexX.
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New method of digital signal processing in frequency domain is proposed, it is based on
some properties of nonlinear orthogonal transforms. Theoretical basics of this method are
considered, and results of statistical simulation are applied. These results confirm the
efficiency of proposed method.

1. INTRODUCTION

Usual linear filtering in frequency domain mean multiplication of current spectrum with filter transfer
charastristic. However, it's possible to use other spectrum transforms which could be nonlinear, and it's
impossible to find analog equivalents for these transforms. The examples of such transforms are
homomorph filtering and cepstrum analysis which take the logarithm of spectrum. Even this simple action
offers big advantages in signal processing problems. Common type of nonlinear spectrum transforms are
considered in this paper.

2. NONLINEAR ORTHOGONAL TRANSFORMS AND ITS APPLICATIONS IN SIGNAL
PROCESSING PROBLEMS

Nonlinear operators can also be unitary; they are widely used in quantum mechanics problems [2].
Representation of this operator is defined by nonlinear Schroedinger equation:
oy

o - HWY &
n

Using nonlinear orthogonal transfroms (NOTSs) described by (1) can solve a number of signal
processing problems: impulse compressing in time domain, signal and interference selection, images
compression [3,4]. Application of these NOTs in frequency domain is of interest and it is still not developed.

3. NARROWBAND INTERFERENCE SUPPRESSION

Suppression if narrowband interference (NI) is difficult because its spectrum is commensurable
with signal spectrum. Reject filtering distorts the signal. NOTs described above can compress the NI
spectrum due to nonlinearly and selectivity. The effect of selective compression of NI can be achieved by
certain value of [J and type of f((7) function. Then compressed NI is rejected. Reverse transform is realized
by analog of (4) because of unitarity.

4. RESULTS OF STATISTICAL SIMULATION AND CONCLUSIONS

The statistical simulation of proposed method was held. Binary signals receiving in channel with
White Gaussian Noise and non-Gaussian NI was simulated. Square of amplitudes is distributed by
Nakagami law, duariton — by truncated Gaussian distribution, phase — by uniform distribution. The
proposed method has win of 8 dB for 40% overlap of signal and NI spectra and 2 dB for 60% overlap.
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