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Annomayua — Ilpu peanusanuu HeKOTOPBIX AJITOPUTMOB
OMO3HAHUSA €O C:KATHeM, MO3BOJSIIOLIIMX CHHU3HTbL YacTOTy
JAUCKPeTU3AIMH U TeM CaMbIM HNOBBICHTb 3Q)()eKTHBHOCTH
peanu3anMH aJIropuTMoB 1HQPOBOIl 00padoTKH CHIHAJIOB,
Hanpumep, cucrembl ¢ JIYM-koaupoBanueM, Heo0XO0AMMO
Bbluucjaenue orcyeroB JIUM curnana. Ilpeanaraercs
AJITOPUTM, TPeOylommii MHHUMAIBHOE YMCJI0 ONepanui u
o0ecrneyuBalOIIMI  BO3MOKHOCTL OBICTPON IepecTPoiiKH
napaMeTpoB.

Knwouegvie cnoeéa — nuHeHHAsT 4YacTOTHAsi MOAYJISILMSA;
JIUYM; pekypcUBHBIIi aJropuT™; npsamMoii nugposoii cunres,
IM(PPOBOIi BLIYUCIUTEIbHbIN CHHTE3aTOP.

l. BBEJEHHUE

CurHanel C JIMHEHHOM 4YacTOTHOM MOXYyJsLUEH
IIUPOKO HCTIONB3YIOTCS B PaHOJIOKAIUY, THIPOJIOKAIIUH,
B TEICKOMMYHHUKAIIMOHHBIX CHCTEMaX, NP HAKIOHHOM

30HAMPOBAaHUM  WOHOC(eEpb, TpH  (HOPMHUPOBAHHUU
dpoBBIX N300paKeHUH (digital imaging),
rapMOHHYECKOM KOJUPOBAHUU PEUU U T.II.

Bo MHOrMX #3 OJTHX TPWIOKCHUH Tpedyercs

KorepeHTHOEe (QopmupoBanne JIUM-curHama. OgHEM U3
croco0oB KorepeHTHoro ¢opmupoBanus JIUYM-curnana
ABJIETCS BBIYMCIICHUE OTCYETOB T€HEPUPYEMOro CHTHaIa.
[ToMrMO YMOMSHYTBIX BBIIIE MPUIOKEHUH BBIYHCICHHE
OTCUETOB HEOOXOAMMO TMIpH pean3alid HEKOTOPBIX
ITOPUTMOB 1IM(PPOBOI 0O0PaOOTKHM CHUTHAJIOB, HANPUMED,
anroputma  brirocreitna  (Bluestein's  FFT  algorithm)
BBIUMCICHHS  ObicTporo  mpeoOpazoBanusi  Dypse,
aropuT™Ma Z-TpeoOpa3oBaHMsi ¢ HcHosib3oBaHueM JIUM-

¢unptpamun  [1], uwupmier-npeobpazosanmst  (Chirplet
Transform) [2].

Ogna W3  MepBBIX  peanm3anuii  OU(POBOTO
¢dopmupoBarenst orcyeroB JIUM-curnana [3] Obuia

OCHOBAHa Ha Hpe}IBapI/ITeHI)HOM BBIYHUCJICHUHU OTCUYECTOB
CHUI'HAJIa W 3allMCU UX B BBICOKOCKOPOCTHYIO IAMSATH (pI/IC.
1).

B pabore [4] mpemioxeH MOAXOM, OCHOBAaHHBIH Ha
(opmMHupoBaHUE OTCYETOB (ha3sl MO KBAAPATHIHOMY
3aKOHY, KOTOPBIMH a/IpECYIOTCSI TAOJIHIIBI TIPEIBAPUTEIHHO
BBIYUCIICHHBIX 3HAYECHUH KOCUHYCOMJIAIbHON "
CHHYyCOUANBHOH (yHKIMH (puc. 2).
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Puc. 1. Ilpocreiimas peaausanus popMupoBaTeJisi 0TCUETOB
JIYM-curnana

B [5] omucana npemioxennas Ilexepconom [6], [7]
cXemMa, OCHOBaHHAas HAa PEKYPCHBHOM BBIYHCICHUH
kBanpatnaHOH ¢asel JTUM-curaana.

Bce paccMoTpeHHBle  CIIOCOOBI  OCHOBAaHBI — Ha
WCTIONB30BAaHUN TAOIUYHOW ITaMATH. DTO CYIIECTBEHHO
CHKaeT  ruOkocTh  (opmupoBatens.  V3meHenue
apaMeTpoOB CUTHANA MOTPeOyeT 3HAYUTEIFHOTO BPEMEHH.
[Ipeanaraemsplii B 1aHHON paboTe HU(POBO peKypCUBHBII
(dopmupoBaTens  CBOOOJEH OT OSTOr0  HENOCTATKa.
[IpennaraemMoe TEXHHYECKOE peEIIEHHE OCHOBAaHO Ha
uzesx, onyonukosanusix B [8]-[10].

IIpennaraemoe yCTpONCTBO OTHOCUTCA K KJaccy
YCTPOWCTB  1OJ| HAa3BaHWEM TI'E€HEPATOpPbl  OTCYETOB
curHanoB ¢ uudposeiM  ympasiernem  (Numerically
controlled oscillators - NCO), koTopbie B COBOKYITHOCTH C
nu(pOaHATOTOBEIM  IIpeoOpa3oBaTeieM MOIyT  OBITh
COCTaBHOM  yacTbl0  HU(POBBIX  BBIUYUCIUTEIBHBIX
cunresaropos (Direct digital synthesizers — DDS) [11].

M3C-2016. Poccusa, MockBa, okTa6pb 2016. © UMMM PAH
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Puc. 2. Peanuzanusi popmupoBarens orcyeron JIUM-
CHTHAJIA ¢ NPAMBIM BbIUHCIeHHeM (a3bl
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Puc. 3. Peanuzanus popmupoBarens orcuero JIUM-
CHTHAJIA ¢ PEKYPCHBHBIM BbIUHCIeHHEM (a3bl

Il.  ®YHKIUOHAJIBLHOE OITMCAHUWE IIUOPOBOI'O
PEKYPCUBHOI'O ®OPMUPOBATEJIS OTCUETOB JIUM-
CUTHAJIA

Kommaexcusie orcuersl JIUM-curaana OmuCBIBAIOTCS
BBIpa)KEHUEM

y, =d exp( j (akT. +bKkT, +c)), (1)

e @, b, ¢, ud - napamerpsl curnana. T, - nepuon
JUCKPETU3ALINHN.

MFHOBGHHaH (ba?,a CHUT'HaJIa OIIMCBhIBACTCA

BBIPAYKCHUEM

6’:at2+bt+c. )

MruoBenHass yacrota JIUM-curnana mnpeacTaBisieT
€000 TPON3BOTHYIO MTHOBEHHOH (pa3bl:

1 do 2at+b
V=——= . (3)
27 dt 2r
IIpu t=0 nDoayduM  HavaJbHOE  3HAYEHHE
MI'HOBEHHOM 4acTOTHI:
b
Vo=—. (4)
2z
W3 oaroro  BhIpakeHHs ~ ONpeAenuM  3HAYECHUE
ko3 dumenTa b :
b=2nv,. (5)

[TycTh AIUTENBHOCTH (HOPMUPYEMOTO CHIHAJIA PABHA
T=KT,. (6)

Torma KoHeYHOE 3Hau€HHE MIHOBCHHOM YacTOTEHI
paBHO

2axT, +b
Vo +tAv=—F"—— (7
2
a JIeBUAIlUs paBHA
axT,
Av = >, (8)
T
N3  3TOr0  BBIPOKEHUS  MMOJNy9aeM  3HaYeHHE
ko3¢ puureHTa a !
AV
a=—-. 9
KT,

Koadduimment C ompexaensieTcss Hecylledl 4acTOTON

fy:
c=2xf,T,. (10)
Koaddumment d ompenenser aMInuTy Iy CUTHaIA.

I1l.  PEKYPCUBHBII AJITOPUTM ®OPMUPOBAHU S
OTCYETOB JIYM-CUTHAJIA

OueBUIHO, YTO
k? =(k-1)%+2k-1. (11)
Honctasmsst (11) B (1), momydanm
y =dexp(j(a(k-1’T2+b(k-1)T, +c))*
=000(ifalc11 T eb(OT. )
exp( j(a(2k-1)T? +bT,)).

W3 ypaBrenus (12) momaydaem peKypCUBHOE COOTHOIICHUE

Y = YieaWe s (13)



rie
W, =exp( j(a(2k-1)T7? +bT, )). (14)
[ocne smemeHTapHBIX IPe0OPa30BaAHIA MOTYIHM

W, = exp( j (a(2k —3)T72 +bT, ))exp( j2aT52) . (15)

Orcrona MO>KHO HOJIy4UTh PEKypCHBHOE
COOTHOIIEHHUE:

w, =w,_,exp{j2aT’}. (16)

Taxum obpazom, udpoBoi PEKyPCHBHBIN

¢opmupoBatens orcueroB JIYM-curhaiza omMChIBaeTCS
CUCTEMOM YpaBHEHUI

{Wk = ng—l’ (17)
Y = WY
rie
k=01...,| =1, 18
] &
g=exp(j2aT’), (19)

[ x| - HaumenbIee nernoe, Gombee, 4eM X .

Cxema, peanusyromas cucteMy ypaBHenuit (17),
Ipe/CTaBIeHa Ha puc. 4.

Jdnst  peanusaumu  ¢GopmupoBarens B apudmeTnke

[Tocite oueBMIHBIX TIPe0OPa30BAHUN TTOTYIUM

Rew, =RegRew,_, —ImgImw,_,,
Imw, =RegImw,_, +ImgRew,_,,
Rey, =Rew Rey, , —Imw, Imy,_,,
Imy, =Rew, Imy,_, +Imw, Rey, ,.

(21)

Ha puc. 5 mnokazana peanuzanus NIpeiaraéMoro
(dopmupoBatens B apupMETHKE BEIECTBEHHBIX YHCEN B
COOTBETCTBHH C CHCTEMOH ypaBHeHHi (21).

IV. PEAIM3ALMS LIU®POBOI'O PEKYPCUBHOI'O
®OPMUPOBATEJISI OTCUETOB JTUM-CUTHAJIA

PexypcuBHblii mudpoBoli (opMUpOBaTEIb OTCYETOB
JIUM-curHama COCTOUT U3 ABYX OJIOKOB.

[TepBolit Giok mpexacTaBisgeT coboit GopmupoBaTenb
OTCYETOB KOMILJIGKCHOT'O TAPMOHHYECKOT0 CUTHAJIA:

w, =exp( j(a(2k-1)T? +bT, )). (22)

[TapameTpsl 3TOr0 CUTHaNIA ONPEACISIOTCS KOHCTaHTON
g (19) m HavambHBIMH YCIOBHAMH, IOJTYYaeMbIMH

MOJCTAaHOBKOM B (22) 3Hauenus K =—1;
W, = exp( j (—3aTs2 +bT, )) : (23)

Btopoii 6510k reHepupyeT OTCUETHl Y, KOMIUIEKCHOIO
JIUM-curnana B coorBercTBuH ¢ (1). HauanbHele ycmoBus
BO BTOpOM OJIOKE TMONMYYalOTCs MONICTaHOBKOH B (1)
3HaueHHs1 K = —1 U OmpenemnsfoTCs BBIpaKEHUEM

BEIECTBEHHBIX qucen IPOBEIEM CIE My OIIHE _ e
npeoOpazoBaHus: y.=d eXp( ] (aTS bT, +c)) ' (24)
Rew, + jImw, =(Reg+ jImg)(Rew,_, + jImw, ,), 20)
Rey, +jImy, =(Rew, + jImw,)(Rey,, +jImy,,).
w9
\
Y W Y
r - 1
hw
w, ¥ LJ

1 | Y
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Puc. 4. Peanuzanus npeajaraemoro ¢popmuponatess orcuetoB JIUM-curuana B KOMIUIEKCHOI apudgMeTnKe



Rew,, = cos(-3aT;” +bT,)

A

Rey,, =d*cos(aT -bT, +c)
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Puc. 5. Peanmuzanus mudpoBoro pekypcuBHOTo hopmuposatens orcuetoB JIUM-curnana
B apu()METHKE BEIIECTBEHHBIX YHCEI
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Puc. 6. DxBuBajleHTHAsA cxeMa npeasaraeMoro ¢gpopmuposareisi orcueToB JIUYM-curnajia B KOMIUIEKCHOI apudmernke

V. DKBUBAJIEHTHAS CXEMA [IU®POBOI'O
PEKYPCHUBHOI'O ®OPMUPOBATEJII JIUM-CUTHAJIA

Ha puc. 6 npeacraBieHa cxema, Ha KOTOpPOH yCTaHOBKA
HayalbHBIX YCJIOBMH B OJOKM 3aJepXkn Ha puc. 4
3aMCHCHaA nouaqeﬁ OKBUBAJICHTHBIX BXOJIHbIX CUT'HAJIOB.

BxopHol curHan nepBoro 6510ka paBeH

X, = (25)

W10 ¢

rac
1 if k=i,
“z{QWkii 29
nenbta KpoHnekepa.
BxomHO# curHaNm BTOpOro 0Ji0Ka paBeH
U =Y 160 (27)

[TepBbIit 010K mpeacTaBiIseT CcOOOH PEKypCHBHBIN
nuppoBoil GUIBTP ¢ HEU3MEHSIONINMHUCS BO BpPEMEHHU



KOMIUTEKCHBIMH K03 ummentamu. Pabora saToro ¢puiptpa
OIKCHIBACTCS YPABHCHHUEM:

W(z)=g(X(z)+W(z)z"). (28)

U3 ypaBrenus (26) momydum:

(29)

_  X(2) X(2)
w(z)= 9 gzt exp(—j2at?)-z"

Iepenarounas GyHKIUS IEPBOTO OJIOKA paBHA

Hl(z):W(Z)— 1 . exp( j2aT?)z 30)

Wrtak, mepBeli OJOK — 3TO  HEYCTOHYUBBIN
pexypcuBHblii 11D nepBoro mnopsaka ¢ IOJIOCOM Ha
€IMHUYHON OKPY>KHOCTH Z-TUIOCKOCTH

Z, = exp( jeat? ) . (31)

bnox 2 mnpencraBisier co0Oil Takke PEKYPCHBHBIN
poBoil GUIBTP ¢ KOMIUIEKCHBIMU U3MEHSFOLIMMUCS BO
BpeMeHu koddduipentamu. Ecid  BBECTH  NOHATHE
«MTHOBEHHBIH 1OJI0C» [12], TO 3TOT MONIOC B KaxIblit
MOMeHT BpemeHH t=KT, MeHseT cBOe MONOXCHHE Ha

€JUHUYHOU OKPYKHOCTHU B Z-IIJIOCKOCTH.

VI. 3AKIIOYEHUE

B mamHOIt  pabore  mpemnokeH — OUPPOBOI
PEeKypCHBHBIN (HOPMUPOBATENh OTCYETOB KOMILIEKCHOTO

CUTHaja C  JIMHEMHONM  4YacTOTHOM  MoOAyJsLUE.
®dopmupoBaTenb XapaKTepU3yeTcs MHHHAMAJILHO
BO3MOXXHBIM  O0OBEMOM  @IaMATH M  MaKCHMAaJbHO

BO3MOJKHOH CKOPOCTBIO M3MEHEHUs JIOOBIX MapamMeTpoB
JIYM-curnaima. Curnan pu JTAHHOU JacToTe
JUCKpeTH3allMi  TOJHOCTBIO  ONPENAeIsIeTcsl  BCEro
YeTHIPHMSI BeIIeCTBEHHBIMU K03 durmenTamu. Ha nannoe
ycTpoiicTBo monydeH mnareHT Poccuiickoit ®denepauuu

[13].

TTIOJIAEPXKKA
Pabota BeIIOTHEHA B paMKax IPOEKTHOH YacTH
TrOoCyIapCTBEHHOI'O 3aJJaHuA MuHOOpHaYKH
NeB8.586.2014/K.
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ABSTRACT

It is proposed the recursive generator of complex
samples with the linear chirp. The generator is

characterized by minimum possible memory size and the
minimum time of tuning.

Linear chirp signals are widely used in radar, sonar,
communication  applications,  oblique  ionospheric
sounding, digital imaging, test equipment, harmonic
coding of speech, etc. The coherent forming of signal is



needed in many of these applications. One way of forming
the coherent chip signal is to compute the samples of the
generated signal.

The numerically controlled oscillator (NCO) carries
out calculation of the signal samples.

One of the first realization of the numerically
controlled linear chirp oscillator (NCLCO) has been based
on preliminary calculation of the signal samples and store
them in high-speed memory [3]. In [4] the approach to
coherent sweep generation based on the calculation of the
binary words, corresponding to the analytical expression
for the quadratic phase of a sampled linear sweep is
offered. In [6], [7] the approach based on recursive
computation of a quadratic phase of the chirp is offered

[5].

All considered methods assume use of a table memory.
It significantly reduces flexibility of the former. Change of
parameters requires considerable time. Proposed in this
paper a recursive technique of forming of the complex
samples of the chirp eliminates these disadvantages.
Applied recursive technique is based on the ideas described
in [8]-[10].

The NCLCO consists of two units. The first unit
generates a harmonic complex signal. The parameters of
the signal are determined by a complex constant and initial
conditions. The second unit generates samples of a
complex chirp.

The first unit may be represented as the first order
complex IIR digital filter with zero initial conditions. The
pole of the transfer function of this filer is on the unit
circumference in the z-plane. Thus, the first block is the
unstable filter with constant coefficients. The second unit
is also the first order unstable complex IIR digital filter.
But coefficients of this filter is changed in each step. If to
define concept of an instantaneous pole, then it moves on a
unit circumference in each step.

This paper proposes the recursive digital coherent
generator of complex samples with linear chirp. The
generator is characterized by the minimum amount of
memory and the possibility of quick adjustment of any
parameters. The authors obtained a patent of the Russian
Federation [13].

This work is carried out as the subproject within a state
contract with the Ministry of Education and Science of the
Russian Federation (the demand 8.586.2014/K).
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