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NPOMU3BOJIbHbIM KOIMYECTBOM LLeSIEN.
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Beenenue B cBsi3u ¢ 3TUM B aHHON pabore paccMaTpu-
W3BecTHO, 4TO NpH COTNIAaCOBAaHHOM (PUIBTpaMM  BaeTCs MOAXOJ] K Pa3pelleHHI0 CUTHAJIOB, HE Tpe-
CUT'HAJIOB pa3pellaomias CrocoOOHOCTh 10 KaKoii- Oyromuii anpropHON MH(pOpMAIMK O TapaMmeTpax
mb0 KOoopaWHATE OrpaHHuYeHa NIMPHUHOW (YHK- CHUTHAJIOB, a TaKKEe HWHBAPUAHTHBIM IO OTHOIIE-
MU PACCOTIacOBaHHUSA U HE MOXET OBITh yITydille- HUIO K uX ¢opme. OH OCHOBAaH Ha M3BECTHOM Me-
Ha MMyTéM yBenu4yeHus sHepruu curhana [1]. Cy- Tone HauMmeHbluX kBaapaToB (MHK) [9,10]. Us-
IIECTBYET PSII METOAOB, MO3BOJISIOMIMX MOMYYUTh  JIOKMM CYIIHOCTh IIpEAJiaraeMoro Ioaxofa Ha
Oornee BbICOKOE paspemienue. K HuM, Hampumep, MpuMepe JABYXaJIbTEPHATUBHOM 3agaud, Korna
OTHOCSATCS METOABI CIEKTPAIbHOTO CBEpXpaspe- HaAOII0IaeMbIil BEKTOp Y COJEPKUT KpoMe aj|Tu-

menus [2-7]. OnHaKO OHM XOpOILIO pa3paboTaHbl  THUBHOrO OEIOro Imyma JIM0O OfuH, 00 JBa CUT-
JIMIIB JIJIS CUTHAJIOB CHHYCOMAaIbHOU (Gopmbl. B Hana S(a;) u S(ay).

KJIACCHUECKOM paboTe [8] mpeayiokeH MeToi pas- [Ipouemypa MHK mpenmonaraer B 3TOM Ciy-
pellieHrs], THBapHaHTHBIM MO OTHOIIEHHIO K (op- yae MUHUMU3ALMIO 3BKINI0BON HOPMBI Pa3HOCTH
Me curHaioB. OH COCTOHUT B pa3lelieHUU paspe- Y —C4, (D
[IaeMbIX CHUTHAJIOB Ha IOJIE3HBIH M MEMIAIONIHe, rae C = [S(ay), S(02)]] — MmaTpuna, cocTaBieHHas
YTO MPH TayCCOBOW CTAaTUCTHKE aMIUIUTY] IPUBO- U3 BEKTOpOB cTonb1oB S(a;), S(0,) pazperraeMbix
JIAT K allTOPUTMY, 3aKIIIOYAIOIIEMYCsl B TIpeBapH- a,
TEIBHOM PEXEKIMH MEMIAIOIINX CUTHAJIOB C II0- curHanos; A= u - BEKTOpP-CTOJIOEN KOM-
2

CJICAYIOIIMM HAKOIIJICHUEM IIO0JIC3HOTO. OI[HaKO

STOT METON Npemronaraer 3Hamme Kommuectpa — WISKCHBIX aMIUIMTYI CHTHAJIOB; ¢, — WH)OpMa-

MEMIAIONINX CUTHAJIOB U UX KoopauHatT (undop- ~ THBHBIC MapaMCTpel CUIHAIIOB.

MATHBHBIX TAPAMETPOB). OueBuaHO, uTO, Bapbupysa npoussenenue CA,

MOXXHO CKOMIICHCHUPOBATH TOJBKO Ty COCTaBJIAIO-
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IIyI0 BEeKTOpa Y, KOTOpas MPUHAJICKUT MMOAIPO-
CTPAHCTBY, HaTAHyTOMY Ha Oasuc S(a;), S(a,) mpu
HEKOTOpBIX a;,. OTCIofa cienyer, YT0 MUHUMH-
3anyg HOpMBI BeIpaskeHus (1) mo a;, U a;, cBO-
JTUTCA K MAaKCUMMU3ALMU TI0 0 ; MOJYJIS MTPOEKIIUU
BEeKTOpa Y Ha MOAMPOCTPAHCTBO CHTHAIOB. Mart-
PHIIY-TIPOEKTOP Ha 3TO MOIIPOCTPAHCTBO MOXKHO
npeacrasuth B Bune P=C(C"C)"'C", rae «H» -
3HaK apmuToBa conpsixenud [11]. Ilockonpky ata
MaTpulla DPMHUTOBA W HWJIEMIIOTCHTHA, KBaJapaT
MOIYJISl TPOSKIMKM BEKTOopa Y Ha MOAMPOCTpaH-
CTBO CUTHAJIOB paBEH
§(ay,a,)=Y"PY. )

Maxkcumuzanus (2) mpoBoAUTCA MYTEM HeEMo-
CPEICTBCHHOr0 BBIYHMCICHHUS 3TOH (DyHKIIUH Me-
TOIOM Mepedopa MPHU BCeX BO3MOXKHBIX 3HAUCHH-
SIX 01 . TIOCJIE 3TOTO OMPEAENAETCS OLlEHKa BEKTO-
pa aMILTUTY/] COrJIacHO (hopMyJie

A= C#(&I:&Z)Y: 3)

rae C#(@y,@,) - ncesnoobpatHas MaTpuua; @ 5 -
OLICHKK IapaMeTpoB, OO0ECIEUYMBAIOIINE MAaKCH-
MyM (2).

st ompeneneHusl KOJTUYECTBA CHUTHAJIOB MO-
Ty HAaUMEHBINEH U3 OIEHOK aMILTUTY]l CPaBHU-
BaeTcs C 3aJaHHBIM TOPOroM. B cimydae mpeBbI-
IIEHUS TTOpOTa MPUHUMACTCS PEIICHNUE O HATNIIH
JIBYX CHUTHAJIOB, & B IIPOTUBHOM CIIy4ae — TOJIbKO
onuoro. Kpome Toro, B mporecce peannu3aiuy ai-
roputMa (popMHUPYIOTCS OIIEHKH TTApaMETPOB 1 5.

B xauecTtBe mpuMepa Mo NMPUMEHEHHUIO MPUBE-
MEHHOTO METOAA JUIsl pa3pericHus pagrnoIoKall-
OHHBIX IIeJeH 10 AaJIbHOCTH OBLIO MPOBEICHO Ma-
TEMaTUYECKOe MOJCIUPOBAHUE PA3PEIICHUS TI0
BPEMEHHOMY TIOJOKEHUIO A7 IBYX TPSIMOYTONb-
HBIX UMITYJIbCOB C JMHEWHON YaCTOTHOM MOJYJIS-
nueit [13]. MMmynbcel OBLIM TUCKPETH3UPOBAHBI
o BpeMenu ¢ 1aroM 1/Af, rne Af — neBuanus 4a-
CTOTBI.

Ucxons u3

2),

a,,a,, ..., ay n qucranuuii Dy, D, ..., Dy; TOIKHBI

OILICHKH aMILIUTY D

00€eCIIeunTh MUHUMU3AIAIO OLINOKHU

jz 2
——*(n—Dy
2 (n=Dy)

M
Z&ke )
k=1

rae B — 6asza JIUM-cursaaia.

E=Ylvn)- 4)

n=1
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Jnst Ooilee KOMITAKTHOTO HW3JIOKEHHUS ITOTO
METo/ia TepenuiieM HalIoJaeMble JaHHBIE B
BEKTOPHOM BHJIC

y==S8a+w, %)
IJIe Y — BEKTOp OTCUYCTOB HAOJIOAaEMbIX HaHHBIX,
=(D)H2),y V)5 @=(aX1),0(2),...,AN))" ~
BekTop orcueroB myma; a=(a(1),a(2),...,a(N))'—
BEKTOP HEM3BECTHBIX aMILIUTY/I.
Martpuna S onpezaensercs Kak

S:(S],Sz,..., SM), (6)
e
6’%*(1_Dk)
st = , k=12,..M. (7)
e%r*(n—Dk)

COOTBETCTBYIOIINE, [TOKA HE W3BECTHHIC OIIE€H-
KH 3aIuIIeM B BEKTOPHOM dopme
ar = a,, a,, .., ay.

Tornaa oreHka curaana ¥ OyaeT paBHa

y = Sa. (®)

Ommbky E Ternepb MOKHO 3alicaTh KOMIIAKT-
HO B BUJIE
E=lly -7yl ©)
Jasiee HaliieM BEKTOp aMIUIMTYH &, MUHHUMH-
3UPYIOMUI OMKMOKY £ 11 TMIOTETHYECKHI 3HA-
wenmit aucranuuii Dy, Dy, ...,Dy (1, ciemosa-
TeNnpHO, §). DTO CTaHIapTHas JIMHeHHas 3ajada
HaMEHBIUX KBAJAPATOB, PEIICHHE KOTOPOH I
BEKTOpa @ ONpeAessieTcs BeIpakeHUEM [4]
a=(5+8)"5y. (10)
Jist 5TOTO BEKTOpa MUHUMAJIBHOE 3HaUCHHUE F
paBHO E}, BEIUKCIIEMOE M0 popmMyrie
Ei=y*xy—y*y. (11
Teneps cneayer MUHMMHU3UPOBATH £ MO BceM
BO3MOXHBIM 3HAUEHUSM |, CJICOBATEIBHO, IIO
BCEM BO3MOXHBIM 3HaueHusM S. Tak kak y*y He
3aBucut ot Dy, Dy, ..., Dy, MuHEMI3aLHs E| 5KBH-
BaJIeHTHA MaKCUMHU3AallUW BEJIMYMHBI E;, paBHOU
E,=y+9=y+8(8+$)"Sy. (12)
[Tockonbky (5‘ * 5‘) MIOJIOKUTEIHLHO Ompernee-
ua (Dy, D, ..., D)y mpeamonaraiorcst He PaBHBIMH
MEXKIy co0ol), MOXXKHO, IPHMEHHUB MPOLECAYPY
I'pamma-IlImuara k cronadmam 5‘, MPEJCTABUTH €€
KaK mpou3BeneHue nByx matpui Buga C*C, ruae
C — HuwxHsA TpeyronbHag Matpuna [11, 12].
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IlonoxurensHO  OHpPENENEHHYI0  IPMUTOBY

Matpuily @ CBOAAT K MPOU3BEACHHUIO TPEYTOJNb-

HBIX [8]
®=1T7, (13)
rae
I, 0 0 0
F:FZI a0 0
nl n2 FrrB nn

IIpupaBHuBas snemeHt [j; = /P11, OCTaib-

HBIC JJICMCHTBI HAXOOATCA PCKYPEHTHO!

J-1

Fl_./.=(1/F_H. ;=200 | (14)
I, = (15)
Torna E> MOKHO 3anIicaTh B BUJIE
A 2
E, =|y*SCH" (16)

3aMeTuM, 4TO Y * S — BEKTOp 3HAYCHMIA JuC-
KpeTHoro mnpeodpasopanus ®Oypee (AIID) nszme-
PEHHBIX AOAHHBIX, B3ATBIX MPU THUIIOTCTUYCCKUX
, Dy E
MpeACTaBIsgeT co00i JMHEHHYI0 KOMOHMHAIIUIO

spauenusxD,, Dy, ... CrnenoBatensHoO,
a0COJIIOTHBIX BEIMYMH ATUX 3HaueHud JI1D. Ta-
KUM 00pa3oM, B paccMaTprBaeMOM METO/Ie OlleH-
KaMH JAJIBHOCTH ABJIAIOTCA 3HAYCHUA, ONPCACIIA-
IOLIKE BEIOOD Y , MAaKCUMU3HPYIOIIEH E;.

Ha puc. 1 npuBeneHsl pe3ynbTaThl MOJETHUPO-
BaHHs, KOTOPBLIC JAar0T 3aBUCHMMOCTHL HOPMHUPOBAH-
HOM K BenmuuuHe 1/Af (paneeBCKUi mpezen) paspe-
IIAOIICH CITOCOOHOCTH AT OT OTHOIICHHUS CHTHAJI-
IIyM Ha BXojae cucreMmbl oOpabotku [13]. T.e.
pENEEeBCKUl TIpeAeN COOTBETCTBYET BEJIMYMHE
At Af =1. TlpuBeneHHass 3aBUCHMOCTH COOTBET-
CTBYCT BCPOATHOCTU IIPABHUJIBHOI'O pPa3pCIICHUA
nByx curHanoB 0,9. MoaenupoBanue IpoBOIUIOCH
st JIUM-curaanos ¢ 6a3oit B = 10, 30, 50, 100.

W3 puc. 1 BuaHO, YTO NMPUBENEHHBINA aTOPUTM
HA OCHOBE METO0JIa HAMMEHBIINX KBaJIPaTOB I103-
BOJIIET 3HAYUTENBHO YIYYIIATh pPa3pelieHue,
obecrieunBaeMoOe COTIACOBaHHOW (UIIbTpaIliCH.
Tak, naxke Py OTHOCHUTENHFHO HEOONBIIMX Mapa-
Metpax 6a3bl JIUM curnana (B=10), pa3perieHue
TPYIOBOH TENH, MO CPAaBHEHUIO C PEIEEBCKUM
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paspelieHueM, yBenuuuBaercs B ~1,5 pasa
(47 Af=0,7), a mist curHaiioB ¢ 6a3oit B=50-100—
B 2-2,5 pasa (47 ‘Af = 0,5 u At Af = 0,4 cooTBeT-
CTBEHHO).

ATAf 1

0.8

12

14
cfur, B

Puc. 1 Pe3ynbpTaThl MOJAETUPOBAHUS 3aBUCUMOCTH
HOPMHPOBAHHOU K BenuuuHe 1/A4f paspernaromieit
CIIOCOOHOCTH AT OT OTHOIICHHS CUTHAI-IITYM Ha
BXOJIC CUCTEMBI 00Pa0OTKU PaTHOIOKAIMOHHBIX
CUTHAJIOB

BakHbIM NPEUMYILECTBOM IPEIIOKCSHHOTO
aJropuTMa Ppas3pelleHusl sBISCTCS BO3MOXHOCTh
€ro pacrpocTpaHeHHs Ha MOJENb CHTHaJa C MPo-
W3BOJIBHBIM KoOJMM4YeCTBOM meneit N. s aToro
HEOO0XOAMMO COOTBETCTBYIOIIIMM 00pa3oM JOIOJI-
Huth Matpuitel C u 4 (1), 1.e. C=[S(ay), S(a2)....
S(an)], A=[ai, a,... ay]. [Ipu >TOM, Takxke Oymer
obecrieunBaThCs OIIEHKa MapaMeTpoB PaIroIoKa-
IIMOHHOT'O CUTHAJIA OT TPYIIOBOH IIEJTH.

Takum 00pa3oMm, B paboTe MPEIOKEH METO[
MOBBIIICHUST 3(PGEKTUBHOCTH  pa3pelicHus |
OIIGHKH ITapaMeTpOB CHUTHAJIOB OT PaJHOJOKAIH-
OHHBIX LIeJIeH, KOTOpbI MHBApUAHTEH IO OTHO-
meHuto Kk Qopme curnanos. [Ipemnaraemerii me-
TOJ TaET BO3MOXKHOCTh «CBEPXPAIIEEBCKOT0» pas-
pemenus. [IpeuMyIecTBOM MPEUIOKEHHOTO all-
TOpUTMa SIBJISIETCSl OIICHKA TapaMeTpoB CHTHAA
TPYIIOBOH 1ENTU, & TAK)KE BO3MOXKHOCTh €r0 pac-
MPOCTPaHEHHsI Ha MOJICNIb CUTHaja C MPOU3BOIIb-

HBIM KOJIMYECTBOM IIEJIEH.
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Abstract: 1t is known that resolution capacity in any coordinate is limited by discrepancy function width and
cannot be improved via increasing signal energy during signal matched filtering. Thus, there is a number of
methods enabling to get higher resolution. These includes methods of spectral super resolution. However, they
are well developed only for sinusoidal signal waveform. The known resolution method invariant in relation to a
signal form consists in dividing resolved signals into wanted and unwanted ones and that according to ampli-
tude Gaussian statistics leads to the algorithm which rejects preliminary unwanted signals with the subsequent
accumulation of the wanted ones.

But this method assumes knowing the quantity of unwanted signals and their coordinates (informative parame-
ters). That is why this work examines the approach to signal resolving which does not require apriori infor-
mation about signal parameters and it is also invariant in regard to their form. It is based on the known least
square method (LSM). The mathematical modeling results for resolution according to temporary position of two
linear frequency modulation square pulses are given as an example of applying the described method for resolv-
ing radar targets in range. It is shown that the algorithm in question based on the least square method enables
to enhance the resolution considerably via the matching filtering. Target group resolution in comparison with
Rayleigh resolution increases by 1.5 times even with rather small parameters of the LFM signal base (B=10).
The benefits of the offered algorithm are the signal parameters assessment of the target group as well as possi-
bility to apply the algorithm for a signal model with any targets number.

Key words: signal resolution, super Rayleigh resolution, super resolution, resolution capacity in range, radar
targets, the least squares method.
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