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PaccmoTpeH oanH 13 ¢akTopoB, BNUSIOLNX Ha Ka4yecTBO PaguoNoKaLMOHHOIo m3obpaxeHus —
OnHammnyecknin amanasoH 3oHaupytowero YM-curHana. [lMpueeneH psg ycnosuin, TpeboBaHun u
pekoMmeHaauun onst pa3paboTku MEeTOOOB CUHTEe3a Takux curHanoB. [lpousBegeHbl paspaboTka u
MOZEenMpoBaHMe HOBOro MeToAa CriaXeHHbIX MNOSIMroHOB.

BBEOEHUE

Mony4yeHne n3obpaxeHUn MEeCTHOCTU M PaCMOSIOKEHHbIX HA HEN OOBLEKTOB C LENbI UX U3Yy4eHus
UNn onpeaeneHnst X Tuna M TOYHOro MECTOMOJSIOXKEHMS MPOU3BOAUTCA B ONTUYECKOM, MHAPAKpacHOM UIu
paguoguanasoHe. B HekoTopbix cucTemMax HabnwaeHus npou3BOOUTCA MX KOMMMEKCUpOBaHWe Ans
nony4yeHns B3avmogonosnHsiowern nHdopmauun. OOHAKO M OTAENbHO B3ATbIA Pexum HOpPMUPOBaAHUS
n3obpaxeHus B pagvoriokaumMoHHon dopme obnagaeT BbICOKOW YCTOMYMBOCTLIO K MOroAHbIM hakTopam,
Bnarogaps 0Co6eHHOCTSIM pacnpoCcTpaHeHWs 30HANPYIOLLEro nyya.

CoBpeMeHHbIi  YypOBEHb  PaMONOKALMOHHON TEXHWKM MNO3BOMSeT pa3Mellartb KOMMaKTHble
paguonokaTopbl Ha 60pTy NOABWXKHbBIX CPeACTB. A3nydeHre u npuem oTpaKeHHOro curHana nponsBoauTcs ¢
ncnonb3oBaHMeM (Pa3npoBaHHbIX aHTEHHbIX pelleTok. [lnarpamma HanpaBneHHOCTM TakOW aHTEHHbI MOXET
ObITb NEerko M3MeHeHa SMeKTPOHHbIM CrnocoboM nyTem nepecyeTa asoBOro cABUra Ans Kaxgoro
nsnyyarens.

NanyyeHne curHana Kaxgoro uanyyatens npovM3BOAMTCA B UMMYNbCHOM pEeXuMe C y4eToMm
KOHKpeTHOoro ¢pasosoro capura. C Lenbio yBeNnnYeHus Kak paspeLuatoLen cnocobHOCTU no AanbHOCTU, Tak 1
paclupeHus ee [UMHAMWYEeCcKoro JuanasoHa (nogaBrneHue mnapasuTHbIX OOKOBbIX FenecTkoB) Mpw
COXPaHEeHUN AONUTENBHOCTU 30HOUPYIOLWMX WMMYNbCOB MO BPEMEHU MPUMEHSIETCH BHYTPUUMMYMbCHAs
MOZYNALMS, B YaCTHOCTU, YacToTHas moaynsaums (UM).

[MonyyeHHbIN curHan noaBepraeTcs oxaTuio B unbTpax — MO JanbHOCTM U No asumyty. B
pesynbTaTte hopmMupyeTcs paguonokaumMoHHoe nsobpaxeHue. [lanee crnefyloT atanbl CHUXKEHUS LUYMOB Ha
n3obpaxeHuun, BblOeNeHne XapakTepHbIX MPU3HAKOB OOBLEKTOB, npouenypbl NoMcka W pacno3HaBaHuA
006BHEKTOB Ha Kaape U306paKeHNs UM nx nocneaoBaTenbHOCTU.

Takum obpasom, nonydeHve npuemnemMoro BMaa 4acTOTHOM MOAYNSALMU cUrHana siBnsieTcs BecbMa
Ba)XXHbIM 3TanomM OPMUPOBAHUST PagnNoNoKaLMOHHOrO n3obpaxeHus [1], B OONbLUON CTEMNEHN BNMAS Ha €ro
KayecTBO M 3(PEKTMBHOCTb NOCIEeayHLNX 3TanoB obpaboTku.

NEPCNEKTUBHBLIE METOObl YACTOTHOW MOAynaALUuun

CuHTEe3y wn wuccrnegoBaHuio curHanoB ¢ UM nocesiweH psg dyHOamMeHTanbHbIX — paboT
oTevecTBeHHbIX (Bakmana [.E., BapakuHa J1.E., I'oHopoBckoro W.C., Kouemacoea B.H., OkoHellHukoBa
B.C., ®anbkoBuya C.E., WnpmaHa A.[.) un 3apybexHbix ydeHbix (M. bepHdenbaa, b. Nonbaa, Y. Kyka, M.
CkonHuka) [2].

CyuwiecTtBytowme metoabl UM mMoxHO pasgenuTtb Ha MeToabl BecoBon obpaboTku ([aycca, Jonbda-
YUebblweBa, Kansepa-beccens, Tennopa, XamMmuHra), Metoabl n3ameHeHuss opmMbl ornbaroLien umnynsca
(TpaneuenpansHon orubatoLLen, CKpyrneHns (PpoHTOB MMMyMbCa, OKHO TblOKM), METOAbl NpeAblCKaXeHUs
hasbl, MeToAbl OOpaTHLIX Mynbcauuin. Takue MeToabl MO3BOSMSAT NMPOM3BOAUTH NOAABMEHME NapPasvTHBIX
OOKOBLIX JIEMEeCTKOB, OOHAKO MNPV 3TOM TepsieTCs paspeluarollasl CnocobHOCTb CXaToro no AanbHOCTU
curHana.

B kayecTBe OCHOBHbIX MapamMeTpOB 30HOUPYIOLLMX CUTHASMIOB BbICTYNAKT: AMMTENbHOCTb UMMNyrbca
T, Hecywlas YacToTa fp, AeBmaums vyactoTtbl F, 6asa curHana D = F-T .

MapannenbHO € 3TUMKU  HanpaBfEeHUSIMM pa3BMBAKOTCA W  METOoAbl HENMMHEWHOW 4YacTOTHOM
Moaynaumun. VX cMbICn 3aknyaeTcss B TOM, YTO K FIMHEMHOMY 3aKOHY M3MEHEHUsl 4acToTbl OT BpeMeHU
nobaBnsieTcs agaMTUBHANA HennHeHasa coctasnstowasa fH(t):

)= ?-t+fﬂ(t) npn|t|£%; 0 npu |t|>§ :

CxaTbli curHam OnMUCbIBAeTCs CreaylwuMmn xapaktepuctukamum: (1) ypoBeHb GOKOBBLIX FENECTKOB,
onpegenswowuin (2) OUHaAMUYECKUA OManas3oH 30HAMPYHOLWLEro YCTPOMCTBA — BO3MOXHOCTb paspelueHust
MarnopasmepHbIx 06beKTOB Ha (hoHe KpynHbIX; (3) ONUTENBHOCTb CXKAaToro curHana no onpegerieHHomy
ypoBHIO (06bI4HO -3 AB), onpefensiowas paspeLLaroLLyto CNOCOOHOCTbL CUCTEMBI MO AanbHOCTH; (4) cnekTp
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curHana u ero dopma; (5) BnUAHME CMELLEHWS HeCyleWn 4acTOTbl BXOOHOrO CurHana OTHOCUTENbHO
NCXOOHOW Ha NepeyncrieHHble XapakTepUCTUKN.

B cBsi3n ¢ Tem, 4To nMpu popmMUpOBaHUKM curHana HeobXxooumo yunTbiBaTb OOMbLUIOE KONMMYECTBO
XapakTePUCTUK CXaToro curHana, npu paspaboTke MeTogoB (POpPMMPOBAHMS HENMUHEWHbIX YM-curHanos
npeacTtaeBnsieTcs  LenecoobpasHbiM: (1) paccmoTpeTb cnocobbl 3agaHus  KpuBLIX, ObecneudnBatoLme
3PPEKTUBHLIN KOHTPOSb Hag OPMOM HENIMHEWHOCTW, W ajanTMpoBaTb WX K reHepaumm LUCKPEeTHOM
yacToThl; (2) paspabotaTb MateMaTU4eCcKyldo MOAEMb AN BbIYUCIEHUS OCHOBHbBIX XapakKTePUCTUK CXaToro
curHana u peanu3oBaTb €€ B KOMMbIOTEPHOW MporpaMMe CO cpeacTtsamMm Busyanu3auum npolecca
o6paboTku curHana; (3) nccnegoBaTb NONYYEHHbIV KNacc CUrHanoB.

Ucnonb3aya obwun nogxon k npobneme pacveta YUM-curHanoB, MOXHO BblAenuTb creayolive
YCNoBUS, NpeabsaBrisieMble K CUMHTE3NPYEMbIM CUrHanam ¢ HenuHerHon YM: (1) ounbTp cxaTusa OOIKeH
OblTb BbIMNOMHEH KaK COrnacoBaHHbIN C CUrHaNoOM Ha ero BXxoAe Ans MNonydeHus MakCUManbHOro
COOTHOLLEHUS curHan/wym Ha Bbixode; (2) AnNMTenbHOCTb MMMynbca T orpaHnyeHa n CTporo OUKCMpPOBaHa;
(3) ornbarowaas  umnynbca JoSbkHa ObiTb  NPSAMOYTOSIbHOW  (POPMbl AN UCKIIOYEHUS MOTEpb  Ha
paccornacoBaHue; (4)cnekTp umnynbca AOIPKeH ObITb MakcumarbHO MNMOTHO COCpPefoTOdeH B Morioce
aesvaumm; (5) ypoBeHb GOKOBbLIX NlenecTkoB cxaToro HYM-curHana gormkeH ObiTb HUXKE COOTBETCTBYHLLENO
YPOBHSI nuHenHoro YM-curHana; (6) 4yBCTBMTENBHOCTL K HEOOMbLUMM CMELLEHUSIM HECYLUEen 4acToThbl
OOMKHa 6bITb MYHUMAarbHON.

Mpu paspaboTke MeToa0B HEOOXOAMMO NocreoBaTenbHO BbINONHUTE 3Tanbl: (1) napameTpuyeckoe
bopMUpPOBaHNE HemnuHenHoro 3akoHa YM ¢ Bu3yanbHbIM KOHTPONEM CBOWCTB CXaToro curHana; (2)
BblUMCIIEHNE pacnpeaeneHus ypoBHA GOKOBbLIX NenecTkoB HennHenHon gykHumMmM YM BO BCeM AonycTMMOM
OunanasoHe; (3) BbIGOp CUrHaNoOB C MWHUMAarbHbIM YPOBHEM OOKOBbLIX fenecTkoB W3 MOMyYeHHOn
COBOKYMHOCTW; (4) puKcMpoBaHMe YNpaBnsoWmMxX napameTpoB GYHKLUMM 4YacToTHOM Mogynsuuu; (5)
BbINOMHEHVe aTanos 1...4 ans gpyroro Buga HenvHeWmHocTyw; (6) BbIGOp mny4yllero curHamna m3 nonyyYeHHbIX
Ha aTane 5; (7) BbluMCNeHWe QYHKUMM HeonpedeneHHocTn Bypeopaa u ee ananus; (8) ananus
YCTOMUMMBOCTM CUrHama K agautMBHOMy LwWyMmy; (9) umdpoBas obpaboTtka: wuccrnegoBaHne 3sddekta
anckpetnsauum curdana; (10) umdpoBas obpaboTka: nccrnegoBaHne 3ddeKkTa KBAHTOBAHWUS BXOAHOIO U
CXXaToro CMrHarosB.

Takum o6pasom, HoBble MeTodbl CcuHTe3a YM-curHamoB OCHOBaHbl Ha MOWCKE HESNMMHENHbIX
hyHKLMOHANOB, C MOMOLLI KOTOPbLIX B KOHEYHOM CYETE JocTUraeTcs TpebyeMbli UHAMUYECKUA JuanasoH
cuctembl. Mpu aTOM cnegyeT y4nTbiBaTb, YTO OOCTUTHYTHIN 3dheKkT coxpaHsieTcs B y3KoM guanasoHe (no
OTHOLLEHU0 K curHanam c nuHenHon YM). N3meHeHme Hecyllen 4acToTbl npuBedeT K HeobGXoanmocTu
BblBOpa apyroro yHKLMOHana.

Mcnonb3yem npuBegeHHbIE pekoMerdaumm Ans nony4yeHms HoBoro knacca YM-curHanos.

PA3PABOTKA METOOA CIrMAXEHHbIX NMOJNTIMTOHOB

C TOYKM 3peHMs1 NoTepb Ha paccornacoBaHve M nofasBneHnst 6OKOBbIX NIENeCTKOB Npu cxaTum YM-
curHana Haubornee addekTBHa KonokonoobpasHasi ¢opma ormbarwen cnekrtpa, MNO3TOMY 3aKOH
M3MEHEHNs1 4acToTbl MO BO3MOXHOCTW [OOMMKEH MMETb HEMNPEPbLIBHYO MNEPBYI MPou3BOAHYH. Brnimke k
rpaHMuaM nonockl AeBuauMm HeobXOAMMO MOBbLICUTb CKOPOCTb HapacTaHWsi 4acToTbl, B TO BPeMS Kak B
LeHTpe YacToTa AomkHa ObiTb O1M3Ka K IMHENHOMN.

[insi peanu3aLm Takoro 3akoHa UCMomnb3yeM KOHTPOIbHbINA nonuroH {F,...P, }, yanbl kotoporo P, u

f)3 ABNAKTCA CUMMETPUYHO CBA3aHHbIMW OTHOCUTENBHO Yy3Na PZVI MOryT nepemMeuwlatbCA B BbleJIeHHbIX
obnacTax, 4To NO3BONSET U3MEHATb 4acToTy BO BCEM O0NYyCTUMOM OMana3oHe (pI/IC. 1).

f+FI2 P,

-T12 +T/2 p, P
2
7
4

f-FI2
Puc. 1. KOHTpOnbHbIM NOAUIOH A5 hOpMUPOBAHUSA YaCTOTHO-BPEMEHHOIO 3aKoHa

Py

Ons nonyyeHus Tpebyemoro 4acTOTHO-BPEMEHHOro 3akoHa HeobXoouMO CrnaavTb KOHTPOMbHbIN
nonuroH {P,...P,}. MpUMeHUM B KayecTBe NapameTpPUYECKNX HENMHENHOCTEN KpuBYto YaiikuHa, B-cnnaii v
KpuByto besbe [3].
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B pesynbtate nepemelienus ysnos P wn P,

R KOHTPOMbHOMO  MOMMIOHa BO  BCEeM  AuanasoHe
e (amckpetHo, B npegenax 0...199 no ob6eum
m‘x;@llll” ”rmmf L KoopavMHatam) W ero [farnbHeillero CcriaxusaHus

\ll ” COOTBETCTBYIOLLEN MapaMeTpUYecKon HEeSTIMHENHOCThIO,
oy AVCKpeTM3auren n KBaHTOBaHWEM MONYyYEHHOro 3aKoHa
YacToThl, CXaTus B  KBagpaTypHOM  chunbTpe
paccmaTpuBaeTcs OTKINUK MOZYNMPOBaHHOIO
umnynbca. WMamepsieTca  WMpuMHa  LIEHTpanbHOro
nenectka no YpOBHIO, CTerneHb NoaaBreHns B6O0KOBbIX
nenectkoB. Ha puc. 2 npuBegeH pesynbTart
MOZENMpPOBaHMA NpW UCNONb30BaHWM KpuBon besbe,
6ase cwrHana D=40 (nyywwn pesynbtat: —44 ab).
M0 o AHanorunyHble 3HaveHua onsa kpuson YamnkuHa: —28 ab,
ana B-cnnanHa BToporo nopsgka: —-32 gb. [Mocne

CbMKCMpOBaHMFl nonoxeHnda ysna P1 npon3BoaAnNTCA

<
&1

YEI [4B]

Puc. 2. NMopaBneHne GoKOBbLIX 1ENEeCTKOB Npu o
nepemMeLlleHnn y3noB KOHTPOJIbHOIoO NoJIMroHa AanbHenwnn aHanma.
WccnepoBaHne BnusiHMA 4actoTtbl [Jonnepa Ha
ckKaTbll  cuUrHam  nokasano, 4YTO  3Ha4uUTenbHoEe
BO3pacTaHue ypoBHSA GOKOBbIX NENecTKOB MPOMCXOAUT MPUM OTKNOHEHMU 4YacToTbl OT UeHTpanbHow Bonee
yeM Ha 5-7%. Kak n cBoMCTBEHHO HenMHeNHbIM YM-curHanam, BbICOKME MOKasaTenu COXPaHSIlOTCA NULb B
Marblx npegenax.

OTanoHHbIN HEMPEPbLIBHLIA CXaTbld curHan nonyvyeH B cpege MathCAD nytem noacTaHOBKM
HENMMHEMHOro 4acTOTHOrO 3akKoHa, MpeAcTaBneHHoro psigoM dypbe, B KITACCUYECKOE BhbIpaXKeHue ans
dyHKUMKM HeonpedeneHHocTu Byasopaa. [anee npousBoguTCa OMCKpeTM3auus MMMYNbCHOW peakumm u
OTKMMKa 30HAMPYIOLWLEro CurHana. YCTaHOBMEHO, YTO MMHMMANbHOE 4YUCHO OTCYETOB ANA KOPPEKTHOM
OUCKpeTM3aumMm Haxoamtca B npegenax 2...2,5 6asbl D curHana. NccnepgoBaHne npouecca KBaHTOBaHMSA
CUrHana n MMMNynbCHON peakumn ounbTpa NoKasano, YTo ANd NonyYyeHus curHanos ¢ nogasneHnem —60 ob
JoctaTtouHo 12-paspsigHoro AL

3AKIIOYEHUE

CoxpaHeHune paspeluatoLLierr cnocobHOCTM Npu LieneHanpasneHHOM NogaBneHnn YpoBHS GOKOBbIX
NenecTkoB CUrHamna no3BOMSieT YNyYllUTb COOTHOLUEHWME CUrHamn/LuyM OTPaXeHHOro paamorioKaLMOHHOro
curHana. [na atoro B paboTe npeanoOXeHbl pekoMeHOauuu Ansi NepCcnekTUBHbIX METOA4OB HerMHENHOW
mogynsaumu. [lpousBegeHa paspaboTka W MOOENUPOBAHME OOHOMO U3 HUX — MEeTOAA CrIaKeHHbIX
MOSTMIOHOB.

Takum obpas3om, npakTMyeckoe MpUMEHEHUE MOMyYEeHHbIX METOAOB MO3BONSAET MOArOTOBUTH
KayeCTBEHHYI0 WMHdOpMauul Ans nocnegywowenn obpaboTkM: okxaTuio Mo asuMmyTy W OanbHOCTH,
YCTPaAHEHUIO LIYMOB Ha pagvonoKauMOHHOM M300paXkeHWW, BblOENEHVIO XapaKTepHbIX MPU3HAKOB AN
npoueyp novcka n pacnosHaBaHns 06 LEKTOB.

PaboTta BbinonHeHa 6narogaps YactudHon puHaHcoBon nogaepxke paHTa-2002 Ha npoBedeHue
MOMOAbIMM  Y4EeHbIMU Hay4HbIX WCCregoBaHMM B BeAyllMX HayyHO-NeJarormyeckmx — KOommekTmBax
(«PaspaboTka NpUMHUMNOB MOCTPOEHUA cucTeM nAns obHapyXkeHuss U pacnosHaBaHusi o6pa3oB B
pagnoananasoHe Ang BO3AYLUHbIX NeTaTenbHbIX annapaToBy).

JINTEPATYPA

1. PagnonokaumoHHble CTaHUMKM C LM@POBLIM CMHTE3UPOBAHWEM anepTypbl aHTeHHbI/B.H. AHTMNOB,
B.T. lNopsawnHoB, A.H. Kynun u gp./ Mog pen. B.T. NopsanHoBa. — M.: Pagmo un cBsasb, 1988. — 304 c.

2. PagnoanekTpoHHble CUCTEMbI: CpeacTBa MOCTpoeHust u Teopust. CnpaBouHuk / nog pea. A.L.
Wnpmana. — M.: BAO «MAKBUWC», 1998. — 828 c.

3. TenbmmHoB O.A. MeToa cCuHTE3a HENUHENHO-4aCTOTHO-MOAYNUPOBAHHBIX CUrHaNOB C BbICOKUM
OnHammnyeckum auanasoHom /[ NHdopmaumnoHHO-ynpaBngaowme n TeneKOMMYHUKAUUOHHbIE CUCTEMBI.
Mexsysosckuit cbopHuk. — M.:MU3IT, 2002. c. 94 — 101.

<&




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

THE ADVANCED METHODS OF FREQUENCY MODULATION OF OUTGOING PULSES FOR RADAR
IMAGE SYNTHESIS

Telminov O.
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Abstract. Dinamyc range of outgoing FM-pulse is one of the factors influencing on radar image
qulaity. The set of conditions, requirements and recomendations for these signals development are
suggested. The new Smoothed Polygons Method implementation is proposed and its computer
simulation is maded.

Introduction. Radar beam is more robust to weather impact in comparision with optical and infrared
rays. Every outgoing pulse is frequncy modulated to reach short duration of treated pulse with amplified
amplitude. The convolution of quadrature FM-signals processes in a compression filter (distance
compression). Achievement of good results at this stage radar image forming is necessary condition for final
image quality.

The advanced methods of frequence modulation. The propagated metods for synthesis linear
FM-signals are methods of weighting (Gauss, Dolph-Chebyshev, Kaiser-Bessel, Taylor, Hamming), changing
the shape of pulse methods (trapezium-shape, shape fillet), phase emphasis, rear pulsing methods methods.
It allows to reach good enough side lobe level but the resolution of resulting signal decreases at 1.5 and
more times.

Concurent methods dedicated for nonlinear FM. Let's formulate following conditions for nonlinear
FM-signals synthesis: (1) the compression filter must meet to requirements of match with input signal to
reach maximum of signal-to-noise ratio on filter output; (2) the pulse duration is limited and strongly fixed; (3)
the shape of pulse envelope must be squared to minimize mismatch losses; (4) the pulse spectrum must be
concentrated in frequency band; (5) the side lobe level nonlinear FM-pulse must be smaller than linear one.

It is necessary to make following procedures to reach desired side lob suppression: (1) forming of
parametric nonlinearity for the law of FM; (2) allocation computing of the side lobe level in allowable range;
(3) signal selection which is satisfying condition of minimal side lob level from obtained ones; (4) control
parameters of nonlinearity fixing; (5) procedures 1...4 are executing for another kind of nonlinearity; (6)
signal selection with best obtained side lob suppression but without losses of resulting signal’s resolution ;
(7) solving the Woodward ambiguity function and its analysis; (8) analysis of signal stability with additive
noise; (9) digital signal processing: signal quantization effect modelling; (10) digital signal processing: input
signal and pulse response sampling effect modelling.

Thus new FM-signals synthesis methods are founded on the nonlinear functionals search which
helps to reach dynamic range of outgoing FM-pulse. It is important to note that attained effect is observed in
narrow bounds of frequency changes. Let's use proposed recommendations for making a new class of
nonlinear FM-signals.

The new Smoothed Polygons Method implementation. For the nonlinearity law achievement we
shall use control polygon PO...P4, nodes PO, P2 and P4 are immobile, pairs P1-P3 and P0-P4 are symmetric
relative to the center P2. By moving P1 node P3 is moving too. Near to frequency deviation bounds it is
necessary to increase frequency rate of rise but near to the center (node P2) frequency should work for
linear one. Due to moving control nodes P1 and P3 the frequency law may change in whole range.

Then we shall make the control polygon form more “smothed”. Let's use for it the following
nonlinearity: Chaikin’s curve, B-spline, Bezier curve. As a result of control nodes moving and obtaining of
smothed polygon the nonlineary frequency law forms, quantization and sampling applys to signal, pulse
response and input signal is treatmented in the filter. For obtained compressed signal the main lobe widh
and the side lob suppression are measuring. For instance, for the signal base, estimated at 40, the following
results are fixed. The best suppression is for Bezier curve — less than —44dB. For the Chaikin’s curve this
coefficient is —28dB, for the second-order B-spline is —32dB. Coefficients stability is observed under such
conditions: Doppler shift — up to 5...7%, sampling — 2...2.5x(signal base), input signal and pulse response
quantisation — 2212 levels.

Conclusion. Practical application of this methods can considerably improve the source information
for following stadies: distance and azimuth compression, noise suppressions on the radar image,
characteristic feature allocation for image recognition etc.




