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B pammornokamuu B KauecTBE 30HAMPYIOMINX CHTHAJIOB IIHPOKO HCIIONB3YIOTCS PaJAHOUMITYIBCHI OOIBIION
JUTNTETIFHOCTH. DTO TIO3BOJIIET COCPENOTOYHTH B W3IYUYCHHH 3HAYUTEIBHYIO PHEPTHI0 M TeM CaMBIM YBEIUYHTH
nansHOCTh neiictBus PJIC. OpHako mpakTWdeckoe MPUMEHEHHE TAKMX CHTHAJIOB YCIIOKHSET MpoOIeMy pa3penieHus
OJIM3KO PacToOXKeHHBIX meneit. s uneansHoro paspemenns AK® 30HAMpYIOMEro CUTHANA JOJDKHA UMETh BHIL
JenbTa-(QyHKINH, a B CIydae TUCKPETHBIX CHTHaNOB — cuMBosia Kporekepa. Torma B pe3ynpraTe COTNIACOBaHHOMN
(GWIBbTpali SXOCUTHAJIOB OT OJNM3KHX IIeJeld MOTyYaloTCs KOPOTKHE, HE MEPEKPHIBAIOIIUECS IPYT C JIPYroM
AMIYIbCBL. ABTOpaMH TpEIIaracTcs METOJHMKAa TIPEACTABICHUS ¥  OOpaOOTKM JUCKPETHBIX CHTHAJIOB,
00eCIIeYNBAOIIUE TAKYIO BO3MOXKHOCTD.

IIpu peurenny JOKALMOHHBIX 3a/1a4 BPEMEHHOE TMOJIOKEHHUE 3alIYMJICHHOTO 3XO-CHUTHAalla HEeU3BECTHO. Eciu
B KaHaje MaJbHOCTU HCIOJB3YETCS COTJACOBAHHBIA (HIBTP, TO MOXXHO BBIACTHTH TpHU (a3bl B3aMMOICHCTBHUS
CKOITB3AIIIETO MO JATHHOCTH OKHA (PUIIBTPA C 9XO-CUTHAIOM.

[lepBas dasa xapakTepusyercss HapacTaHHEM KOJIMYECTBa 3JIEMEHTOB, OOIMKX I CUTHANA U OKHA. Bo Bpems
BTOpOH (Da3pl HAONIOMAETCsl TOJHOE COBIAJCHHE BPEMEHHBIX TOJIOKEHWH CUrHama W OokHa. JIia TpeThei ¢a3bl
KOJIMYECTBO OOIIMX 3JIEMEHTOB C TEUCHHEM BPEMEHH YMEHBIACTCS.

Bce, kpoMe ogHOTO, OTCUETHI B3aMHO-KoppersinorHoi Gyakimn (BK®) o6pasyroTcst GuibTpoM BO BpeMst
nepBoii u Tperbeit Pas. [Ipu 3ToM GUIBTP IPOCTPAHCTBEHHO HE COTIIACOBAH C CHUTHAJIOM: B MPENENax ero anepTypbl
HaxoJsITCsl YacTb CHUTHalda M 4YacTb 4MCTOro myma. O coOMNIacOBaHMM MOXKHO TOBOPUTH JIMIIbL B TEUYCHHE
KpaTKOBPEMEHHOU BTOpOW (Da3bl, Korma oOpa3yeTcsl MUKOBBIA OTCYET (DHIIBTPA, COMCPKAIUA B KaUeCTBE MOJIC3HOU
COCTaBIISIIOLIECH BEIMUHMHY, PABHYIO SHEPIHUH HE3aIIyMJICHHOTO BXOJHOT'O CUTHAJIA.

B nmanpmeiimem OymeM paccMaTpuBaTh B KAa4eCTBE CHTHAIOB JUCKPETHBIC IOCIEIOBATEIBHOCTU, KOTOPHIE
MOTYT OBITh MHTEPIPETHPOBAHBI KaK KOJUPYIOIINE MOCICIOBATEIIEHOCTH CIIOKHBIX CHTHAJIOB. 3allyMJICHHBIN CHUTHAI

u={u(0),u(l)....,ulk =1)}={u(; )}ka_l NpeJICTaBIeH B BHAE CyMMbl TonesHoro (atanommoro) s={s(j )}(),k—l ]

LIyMOBOI'O N = {n(j)}o,k—l CUTHAJIOB, T.e. U =S+ N = {s(])-l- n(j)}o,k—1 :
WneanpHoe mist paspeineHus (0e3 OOKOBBIX JICIECTKOB) CKATHE CUTHAJIOB (DUIBTPOM B OTCYTCTBHUE IIIyMOB U
MIOMEX YCIIOBHO HAa30BEM PaA3peUieHHbIM 00Pa3oM.
Anamu3 mnpomecca nuGpoBOH (QMIBTPAMM IMOKA3bIBaCT, YTO JUIsI IOJNYYCHHUS pa3pelIcHHOTO obOpasa
BBIXOJTHBIX CUTHAIIOB (PHIIBTPa HEOOXOIUMO:
1) coBmaneHue OkHa QUIBTPA C MOJOKCHUEM OOHAPYKUBACMOT'O CHTHAJIA;
2) ¢dopmuposanue nukauaeckoir BK® npuHITOrO M 3TaIOHHOTO CUTHAJIOB,
3) paBHOMEpPHBIH JIMOO B3aMMHO-00PATHBIN XapaKTep CIEKTPOB MPHUHATOTO U dTAIOHHOTO CUTHAJIOB.

Bcee st YyCJI0BUA COBMECTHO JICTKO YAOBJICTBOPSAIOTCA MPU MCIIOJB30BAHUUN aJITOPUTMA «UCPE3 k -1aroBoro

cymmuposanus» (UKIIC) [1,2].
CyTth 00paboTku curHana 0e3 OOKOBBIX JICTIECTKOB YAOOHO MPOWJLIIOCTPHUPOBATH C MO3HMIUH BEKTOPHOTO

n
npeaACTaBJICHUSA CUTHAJIOB. BBeL[eM CUCTEMY OTCYETa S =%( )kk—l , O6pa3OBaHHyIO HUKINYCCKU CABUHYTbBIMU

() ©)

KOIMUAMHU DTAJIOHHOI'O CUrHaja S, T.€. BEKTOP S PpaBCH BCKTOpY S=8"", Y KOTOPOT'O n-asd KOMIIOHCHTA SABJISICTCA

HavyajabHOM, a (n-1)-as — KOHEUHOM:
s(") =sn)sin+1)...,slk—1),5(0) s(l)...,sln—1);. D1y cucremy oTcueTa Ha30BEM COOCTBEHHOI,
Yy Yy
npuyeM

detS#0. (1)
Martpuna S 3aaeT KOCOYroyibHYI0 cucteMy otcueta. Conpsvkennblii k S 6asuc V = {V (")}0 r—] TOJIydaeTcs

(n)

npu obpamienuu Marpunsl S, T.e. V = s, Bekrtoper S© u V(") OyayT OPTOHOPMHUPOBAHHBIMH:

1, =m,
(S(n),V(m))= Inpu n=m
0, ipu n # m.

Torma BekTOp S, Pa3IOKEHHBIN B 0a3uce S, T.e. MPEICTABICHHBIA B BHJC JHHCHHON KOMOWHAIIMK BEKTOPOB

S("), n=0,1,...k —1, 6yner pasen

k-1
S= Zans(") ,
n=0

n m
a KOOPJMHATEI (I, BEKTOPA S B 9TOM 0a3Uce PaBHBI CKATIPHOMY IIPOU3BENEHUIO BEKTOPOB s® u vl ):
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m

a =(s(”),v(’"))= Els(”)v(m), m=01,.,k—1.
=0

)y 0 _g

JlanHOE BBIpaXCHHE C YYETOM OPTOHOPMHPOBAHHOCTH BEKTOPOB S u v

IIPUHUMACT BUI

u =(S V(m))= I, npu m=0,
" ' 0, nus ppyrux m.

U TOro, 4yro S

PaBenctBo HYyII0 BCCX KOOpDAMHAT BCKTOpa S, KPOME d :1, 06yCJ’IaBJ’II/IBaeT MAaKCHMaJIbHO BO3MOXXHOC

«CYKAaTUE» CUTHANIA U OTCYTCTBUE KOPPEIAIMOHHOM MOMEXH MPU COOIOACHUN SAMHCTBCHHOTO ycioBus (1).

Ecnm BexTop s ObuT OBI 321aH B OPTOHOPMHUPOBAHHOM 0a3uce, TO €ro MPOeKIrs Ha Kakoh 00 Oa3WCHBII
BEKTOp COBMajaajga Obl C COOTBETCTBYIOIIEH ero KoopauHaToil. Korma BekTop § MpEnCcTaBisSeTcs B KOCOYTOJILHOM
CHCTEME OTcueTa S, TO HEHYJIEeBOM MOXKET OBITh Jrobas M3 MpoeKIui. B 3ToM m 3akirodaeTcs WHTEpIpETaIus
BO3HHUKHOBEHHSI KOPPEIIIHOHHOTO IIyMa IIPH COTIIACOBAHHON (DMIIBTPAIINK CUTHANA. Eciu jke KOOpaMHATH BEKTOpa S
OTIPENIEIISIOTCS. B COOTBETCTBEHHOW OMOPTOTOHANBHON CHCTEME OTCUEeTa, TO M3-3a TOTO, YTO 3TOT BEKTOP SIBIACTCS
OITHUM M3 0A3HMCHBIX, OJTHA €T0 KOMIIOHEHTa Oy/eT CTPOro paBHa 1, a OcTagbHBIC — HYIIIO.

310 00yCiIaBIMBAaeT CICAYIONINEC BaXKHBIC CBOWCTBA MPOICIYPHl HAXOXKICHHUS KOOPIUHAT CHUTHAIBHOTO
BEKTOpa B COOCTBEHHON OMOPTOTOHAIBHON CHCTEME OTCUCTa MO CPAaBHCHHIO C OIMpPEICIICHHEM MPOCKIMH JaHHOTO
BEKTOpa MPH COTTACOBAHHOW (DMIIBTPAIMH CUTHAJIA:

1. ®opmupoBaHHe pa3pelICHHOTO 00pa3a BBHIXOJHOTO CHTHaja (QWIbTpa, T.c. 00pa30BaHHE TOJIBKO OJHOTO
JUCKpeTa Ha Ka)Iblil BXOJHOW He3allyMJICHHBIA CHUTHANl MpH HYJIEBOW KOPPENSUUOHHOM MOMexe, 4To
MO3BOJISICT HAMIYYIIHM 00pa3oM pa3pelIiuTh CUTHAIBI OT OJIM3KOPACIIONIOKEHHBIX 1Iejei ¢ pa3abiMu DI1P;

2. Bo03MOXHOCTH OIIEHKH MapaMeTpOB JIMHEHHBIX NpeoOpa3oBaHHH CHTHAJIBHOTO BEKTOpa W =US, rnae

W= |LL| exp{iA(p} , 10 OTHOILCHHUIO K 0a3MCHOMY BEKTOPY S.

B ToM ciydae, korma B COOCTBEHHOW OHOPTOTOHAIBHON CHCTEME OTCYETa PACKIAIbIBACTCS BEKTOD
3alIyMIIEHHOTO CHTHaja U =S + N, 1r00as U3 ero KoopaAnHAaT

a, = (u,v(m)): (s,v(m))+ (n,v(m))

MOXKCT OKa3aTbCsA HC paBHOﬁ HYJIIO. B ormmuwme ot ciy4ast 0OBIYHOI COITIACOBAHHOM (IJI/IJ'II)TpaIII/II/I 31€Ch

IMIIb HyjleBas KOOpAMHATa d, OyIeT COIep:KaTh IOJIE3HYIO CHTHAJIBHYIO COCTABIISIOILYI0, a BCE OCTallbHbIE

koopauHatel @, , M # (0, — TonbKo I1IyMOBblE COCTaBIsAIOIIME. B pesyibTate pasHUIA MEXIY ITHKOBBIM M JIOObIM

m?
JIPYTUM OTCYeTOM (priIbTpa OyAeT OOJbIIe, YTO B UTOTE YBEIMYHUBACT OTHOILICHHE CUTHAJ/TIOMEXa.

Heo0xomnMo OTMETHTH, YTO TMPOLEAypa HAXOXKICHUS KOOPIUHAT 3aIIyMJICHHOTO BEKTOPa U B COOCTBEHHOMN
OMOPTOTOHAIEHOW CHCTEME OTCYETa SIBIISIETCS COTJIACOBAHHOM (MIIBTpAaIlield, HO HE CHUTHANA S, a COMPSIKEHHOTO C
HUM curHaiza v. [loaToMy pmaHHYIO TpOLEAYypy €CTECTBEHHO OIPENSIUTh KaK COTJACOBAaHHYIO (DHIBTpamnio
COIIPSDKEHHOTO cHTHaNa. PaboTa Takoro GpuibTpa OMHUCHIBAETCS BEIPaKEHUEM

k=1
N = Su(w(j-1+k-1), 1=0,1,.,k-1. )
j=0
[IpuBeneHHbIE BbIIIE PEUMYIIECTBA COINIACOBAHHOMN (QUIBTPALUK COMPSDKEHHOIO CHIHANA V 10 CPABHEHUIO
C COIJIaCOBAaHHO# (HUIbTpAlel HCXOIHOTO CUTHANA § JOCTUTAIOTCS, B KOHEYHOM CUeTe, 3a CHeT YXY/UICHHUS
OTHOIICHHUSI CUTHAJI/IIyM Ha BbIxone ¢puibTpa (2).

2|lq-1? /p2
Tak, xkoaddument mryma ¢GUIBTpa, COTITACOBAHHOTO C CONIPSIKEHHBIM CHUTHAJIOM B ||S|| ”S “ k” pas

. 2|=1l? /;.2
XyXKE, YEM y COMIACOBAHHOrO (GuibTpa. ECIM e CHrHajl MMEET PaBHOMEPHBIA CIEKTP, TO ||S|| “S H k“=1mn

3¢ pexTrBHOCTH 000UX PUIBTPOB OTMHAKOBBI.

Pe3ome

IIpu cpaBHHTENBHO CTa0OBIX, HAKIAIBIBAEMBIX HA CIIEKTP CHUTHAJa OTPAHWYCHHSX IMOKa3aHa BO3MOXKHOCTH
(hopMHpOBaHHUS CTATUCTHKH IS TPHHATHS B YCIOBUSAX HYJEBBIX KOPPESAIMOHHBIX TIOMEX pEIICHHS O €ro
OOHAPYKCHUU W pa3pCHICHHS B CIIydac HECKOJBKHX ICPEKPBIBAIONIMXCS CHTHAJIOB. 3ajadya pelIieHa 3a CueT
MIPEJICTABJICHUS CUTHANIA B OMOPTOTOHAIBHOM 0a3uce, 3a7aBaeéMOM IHPKYJISTHTOM 3TOTO CHTHANA, IPUYEM CaM CHTHAJ
SIBIISICTCS OMHUM W3 BEKTOPOB 0a3mca. AJNTOPUTMHUYECKH O0pabOTKa CHUTHAJNIA OCYIICCTBISCTCS LUKIHYCCKUM
(GUIETPOM, CBOOOHBIM OT KPaeBhIX A(PPEKTOB U COTIACOBAHHBIM C COIPSDKCHHOM opmoii curHana. B ciydae, korma
BPEMCHHOE TOJIOKCHHE CUTHAIA HEU3BECTHO, MMUKOBBINA OTCYET (PHIBTPA OMPECIACTCS MO ABYM OTCYETaM (HIBTpa C
KOMIUIEMCHTAPHBIMU TIOJIO)KEHUSIMA OKOH, PACIIOJIOKEHHHBIMU TIPOM3BONBHBIM 00pa3oM B TIpeJeiax amepTyphl
curHana. JIns CHWKEHHUS BBICOKOW TPYMOEMKOCTH OOpaOOTKW, BBI3BAHHOW CKOJKKEHHEM IUKINYECKOTO (PHIbTpa,
TIPEIIOKEH CIIOCO0 TOMYYeHHS HEOOXOJUMBIX NAHHBIX 10 Pe3ybTaTaM HETPYJOEMKOH aIlMKIHYECKOHN MPOIEaypPHI C
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KpaeBBIMH 3 (HEKTaMH U JATbHEHITNM MMIIONB30BaHHEM IIPOLEAYPHl CYMMHPOBAHHUS OTCYETOB, Pa3HECEHHBIX Ha k
1aroB, T1e k — pa3MEepHOCTh BEKTOpa CHTHAJIA.

JIMHEHHOCTP TpOUEAYphl TapaHTHUPYEeT BO3MOXKHOCTh pa3peIIeHHs] IPOWU3BOIBHO TEPEKPHIBAIOIINXCS
CUTHAJIOB C COXpaHEHHEM HHPOPMAILIUH O UX IMapaMeTpax — aMIUINTYAax, (azax, 3aep)KKax u ap.

[To cpaBHEHHIO CO CydaeM COTJIaCOBAaHHOHM (HIBTpAIMK BXOJHOTO CHTHAJA S COTJIACOBaHHAs (pribTpanus
COIIPSDKEHHOTO ¢ HUM CHTHaja V MPHUBOAUT K yXYAUICHHUIO OTHOIICHHUS CHUTHAJ/(IyKTYallMOHHBIN IIIyM TI0 SHEPTHH B

2-t]* /.2
||S|| ”S “ k* pas. B ciyuae paBHOMEPHOTO SHEPreTUYECKOrO CIEKTpa cHrHana 3QQEKTHBHOCTh CONPSAKEHHOIO

COTJIaCOBAaHHOTO (PHMIIBTPA COOTBETCTBYET I(P(PEKTUBHOCTH KIACCHYECKOTO COIIAaCOBAaHHOTO. B ToM ciydae, xorga
XOTs OBl OZIHA KOMIIOHEHTa CIEKTpa CHUTHaJa S paBHA HYJIO, DHEPIHs CUTHaja V, a CJIEJOBATENIbHO, M DHEPrus
BBIXOJHOTO IlyMa, CTAHOBATCS OECKOHEYHBIMH. OTO SIBISCTCS ECTECTBEHHBIM OTpPAHMYCHHWEM NPH peaTu3aliin
(GuUIBTPA, COTITACOBAHHOTO C COIPSKEHHBIM BXOIHBIM CHTHAIOM.
PaboTa BeIMONTHEHA TIpU PuHAHCOBOW Tomuepxkke PODU, npoekt 99-01-00186 m MunobpazoBanus PD,
mpoekt 03.01.06
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TECHNIQUE OF SIDE LOBES ELIMINATION AT THE DISCRETE SIGNALS RESOLUTION

Furman Y.A., Krevetsky A.V.
Mari state technical university
424000, Yoshkar-Ola, Lenin sk., 3, faculty of radio engineering systems

In radiolocation the radio pulses of the large duration are widely used as sounding signals. It allows to
concentrate a significant energy in the radiation and hence to increase radar range. The operational use of such signals,
however, complicates the problem of resolution of the closely located objects. For an ideal resolution an
autocorrelation function of a sounding signal should look like a delta-function and in case of discrete signals — like a
Kroneker Symbol. Then short impulses, not overlapped with each other are the result of the coordinated filtration of
echosignal from the closely located objects. The authors offer a technique of representation and processing of discrete
signals ensuring such capability.

At the radiolocation problem solution the time-position of a noisy echosignal is not known. If in the
coordinated filter is used in the channel of range, all but one readings of a cross-correlation function (CCF) are formed
by the filter at the unmatched position of a filter window with a signal. Coordination is taking place only during a
short-term second phase, when the peak reading of a filter is formed containing as a useful component value, equal to
the unhummed input signal.

Jet us call an ideal signal compression resolution by a filter (without side lobes) and in the absence of noise
disturbance a resolved image.

The analysis of a digital filter process shows that to receive a resolved image of output signals of a filter it is

necessary:
1) coincide the position of a filter window with a found signal;

2) to form a cyclical CCF of adopted and reference signals;

3) to receive a uniform or mutual-reversed character of the spectra of adopted and reference signals.

All these requirements are easily met when "through k - step-by-step summation" algorithm is used [1,2].
The essence of a of a signal processing without side lobes can be illustrated in terms of vectorial

0

representation of signals. Let's assume a reference system S =

(n) (0)

-1 formed by cyclical shifted copies of a

reference signals, i.e. the vector S
1)-th is final: S(n) = {s(n),s(n + 1),...,s(k — 1),s(0),s(1),...,s(n — 1)} This reference system we shall call own, and

detS #0. ey

The matrix S sets an oblique-angled reference system. Conjugated to S The basis V = {V(")}O‘k_1 is at the

(n)

is equal to a vector S =S, at which the n-th a component is initial, and the (n-

reference of a matrix S, i.e. V= S_1 . The vectors S(n) and V"’ will be orthonormal:

-3-
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o) 1
0, mpu n# m.
(n)

Then the vector s, spread out in basis S, i.e. submitted as a linear combination of vectors S'/,
n=0,1,..,k—-1, will be

k=1
S= Zans(”) ,
n=0
(m),

and the coordinates a,, of vector s in this basis are equal to a scalar product of vectors s™ and v

k-1
a,, :(s(”),v(m)): Zs(")v(’"), m=0]1,.,k-1.
=0
The given expression with the account of orthorating vectors S(n) and V(m) and that S(O) =8, takes the form
of

a :(s v(m)): L mpn m=0,
meov 0, nus gpyrux m.

The equality to zero of all coordinates of a vector s, except ay =1, causes the greatest possible
"compression" of a signal and the absence of a correlation noise disturbance at the observance of a unique condition

(D).

It causes the following important properties of a procedure of a presence of a signal vector coordinates in its
own biorthogonal reference system in comparison with the definition of projections of the given vector at the
coordinated filtration of a signal:

1.  Resolved image formation of an output signal of the filter, i.e. formation of only one discrete on
every input non noise disturbed signal at a zero correlation interference, that allows to resolve signals from the closely
located objects with different efficient square; in the best way

2. Capability of an estimation of parameters of linear transformations(conversions) of a signal vector

u=ys, where [L= |u|exp{iA(p}, in relation to a basic vector s.

It is necessary to note, that the procedure of a presence of noise disturbed vector u coor in its own
biorthogonal reference system is the coordinated filtration, but not of a signal s, but conjugated with it signal v.
Therefore given procedure can be naturally defined as the coordinated filtration of an integrated signal. The activity of
such filter is described by the expression

k-1
N)=Su(Ww(-1+k-1), 1=0]1,..k-1. )
Jj=0
The above mentioned advantages of the coordinated filtration of a conjugated signal v in comparison with the
coordinated filtration of an initial signal s are reached, at the end, at the expense of deterioration of a signal/noise
relation on the filter output (2).

. . . . . . . 2|l -1|? o
So, noise factor of the filter coordinated with the conjugated signal in ||S|| “S 1“ / k% times is worse, than

2
at the coordinated filter. If the signal has a uniform spectrum, ||S||2HS_1 “ / k?=1 and efficiency of both filters are

identical.

In that case, when even one of spectrum signal s component of a of is equal to zero, energy of a signal v, and
consequently, energy of the output noise, become infinite. It is natural limitation at realization of the filter coordinated
with conjugated input signal.
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