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METOOUWKA U AITTOPUTMbI PACNMO3HABAHUA TUMNA HABJNTIOOAEMOIO PAOVUOJNTIOKATOPOM
OBBbEKTA
Kyrenos B.E., Ctpmxos E.A.

Bcepoccwuiicknit Hayano-uccnenoBarensckuit Macturyt Pannotexunku (BHUWPT)

B nacrosmee Bpemss BHUUPT paspabateiBaet psin paguoiokanoHHeix ctaniwil (PJIC) anms paznuaHbIx 00-
nacteit mpumeHeHus. Cpenn 00s13aTeNIbHBIX dJIEMEHTOB KaXKI0¥ 13 paspadatsiBaeMbix PJIC 06s3aTenbHO PUCYTCT-
ByeT (DyHKIIMOHAIBHBIN OJOK MISHTU(PUKAIINN THIIA HAOII0AaeMOTO PaIHOIOKATOPOM OOBEKTA.

B nanHOM HOKJazme OMHMCHIBACTCS METOIWKA M AITOPHTMBI PACIIO3HABAHUS THIIA PAJAHOIOKAIIMOHHON IENH 110
mapamMeTpaM X0-CUTHAIA U TPACKTOPHBIM MPU3HAKAM.

PanuonokarnoHHast CTaHIU, 111 KOTOPOH pa3paboTaH MPOrpaMMHEIN MOYJb, UMEET B CBOEM COCTaBE MHO-
TOIPOIIECCOPHBIN KOMILIEKC IUPpPOBOK 00paboTKm curHajioB Ha Oaze mpomeccopoB ADSP21062 SHARC. Tpu
MpoIeccopa 3TOro KOMIUIEKCa 3aHUMAIOTCS HICHTU(UKAIIMEH THITa 00BEKTa.

BxomHbIe TaHHBIC AT MOAYIIS PACTIO3HABAHMS THIIA TSI MPEICTABISAIOT COOOW BBIOOPKY CHTHAlA, OTYJICH-
HOTO M3 00JaCTH MPOCTPAHCTBA OKOJIO SKCTPATIOIMPOBAHHON TOYKH HAXOXICHUS IEIU. DKCTPAOIUPOBAHHEIC KO-
OpAMHATHI IIETH MTOCTYIA0T OT MOy 0O0paboTKH TpaccoBOd MH(MOPMAIH, KaK ¥ JaHHBIE O MYTEBOH CKOPOCTH,
JABHOCTH U BBICOTE IIEITH.

BrIxomHBIe TaHHBIC IPEICTABISIIOT COO0H KOJOTpaMMy, COAEPIKAIIYI0 TaHHBIC O KITacce IEH.

Pacno3HaBaHne MPOHMCXOAWT IO COBOKYITHOCTH TIPH3HAKOB, SBISIOMIMXCS YHCICHHBIMH XapaKTepUCTHKAMHU
9X0-CUTHAJA NN M TPACCHI e, JTO:

1. TIlyreBas ckOpOCTS;

2. BeicoTa;

3. DHepreTHYECKUil MPU3HAK (BBIUYUCISACTCS U3 aMILTUTYABI 9X0-CHI'HAJA);

4. ChoexTpalbHBIH MPU3HAK (pa3IHYCHHUE IUPOKO-/Y3KOTIOIOCHOTO 3X0-CUTHAIIA).

Tabnuna 1. Kitaccel pacrio3HaBaeMBbIX IeJICH W MPU3HAKH PACTIO3HABAHUS

Ha3paHnue kJjiacca nenan IIpu3Haku A1 pacno3HABAHMSA
Camouner OHepreTu4ecKuii, CIeKTpaIbHBbIii,
Beproner OHepreTU4ecKuii, CieKTpaabHbIi,
CKOPOCTB, BBICOTA
HuzkockopocTHOH Maiopa3MepHBI 00bEKT DHepreTHIecKuit, CKOpoCcTh, BEICOTA

(JIETKOMOTOPHBIN JIeTaTeNbHBIA ammapar), OecIu-
JIOTHBIH NeTaTensHbli anmapat (BITJIA))

BBICOKOCKOPOCTHOH Mallopa3MepHBIA 00BEKT DHepreTHIecKuit, CKOpocTh, BEICOTA
(BITJIA)
KpymHblii MaonoIBHyKHBIH Ha3eMHBIH 00BEKT DHepreTHIecKuit, CKOpocTh, BEICOTA

(Ha3eMHBIC KOHCTPYKIINH, KOpadJn)
OT U3BECTHBIX aBTOpaM paboT B 3TOH 00JIACTH ONMKChIBacMas padoTa OTINIAETCS aHAIU30M IO CIIEKTPATbHOMY
KPHUTEPHIO.

PacnosHaBaemble KJIACCHI IIeICH W TMPU3HAKH, M0 KOTOPHIM MPOU3BOAUTCS MPUHATHC PEIICHUA O MPUHAIICHK-
HOCTH IIEJTH K JAHHOMY KJIAcCy, IIPUBEICHBI B Ta0HIE 1.

AJITOPATMBI BEIYHNCJIEHUS] TPH3HAKOB

3HaYCHHUS BBICOTHI 1 CKOPOCTH IIEJIM TIPUXOJAT B IBHOM BHJIC U B JAallbHEHICH 00paboTke He HyXnaroTcs. Mo-
JTy7b UICHTH()HUKANY TUITA HAOI0JAEMOTO PATHOIOKATOPOM OOBEKTa 3aHMMACTCS BBIYUCICHUEM MOCICIHUX IBYX
MPU3HAKOB B COOTBETCTBUU C MPUBEAEHHBIMU JITOPUTMAMH.

OrnrcaHHbIe HUKE alITOPUTMBI JAIOT KOPPEKTHBIN pe3yJabTaT B Cllydae OTHOIICHHS CUTHAI/IIyM He MeHee 20
nb. OTHOIIIEHUE CUTHAI/ITYM OIIEHUBAETCs porpaMMHbIM MoyiieM PTI] B mepByto ouepens. B cimydae oTHOmeHUs
MmeHee 20 1b Bo3BpamaeTcs pe3ynbTaT «0TKa3 OT PaCIO3HABAHU.

1. ANropuT™M BBIYMCJIEHHS JHEPTreTHYeCKOro Mpu3HaKa.

ANTOPUTM BBIYMCIICHUS YHEPTETHYECKOTO MPH3HAKA OCHOBAH Ha oneHke BexnmdrHbl JI1P menn B 3aBucHMOCTH
OT aMIUTUTYABI 9X0-CHT'HAJIA.

B cooTBeTCTBHM ¢ OCHOBHOW (POPMYIIOH paHoIOKaINH, aMIUTATYJa 9XO-CUTHANA [ein 3aBUcHT oT JIIP nemun
Y PACCTOSIHHS JI0 IISTTU CICTYIOIUM 00pa3oM:

a,*onp '’

a = = : [1]

rJe: 4y — KOHCTAHTa — AMILIATY/A 9X0-CHrHana o0bekta ¢ DIIP = 1M’ HaXOXJImerocs Ha PAacCTOSHUK 1M oT
®DAP. Drta xoHCTaHTa XapakTepusyeT dHepreTHKy PJIC U BBIYUCIIAETCS IyTEM aHaIHM3a PETUCTPALNNA 9XO-CUTHAIIOB
JTAJOHHBIX 00BbEKTOB, YbHM DIIP 1 ynaneHus u3BecTHbI. d — pacCTOSHUE JI0 I B METpax.
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Jlst ynydmieHus: JOCTOBEPHOCTH OLICHUBAETCS CPEIHSST aMILTH
3HAYCHUH aMIUTUTYIBI U JalbHOCTH, orlcHnBaeTcst DIIP oObekTa.

TyJda CUI'HaJla 1O IMa4YKe UMITYJIbCOB. I/ICXOZ[?I nu3

B tabmune 2 npuBenensl 3HaueHus DI1P, COOTBETCTBYIONINE THIIAM PACIIO3HABAEMBIX IIEITCH.

Tabmauia 2. luanazonsl DI1P Tunos neneit

Tun o0bekTa SMP (v%)
Camornet > =]
Beproner >=1
KpynHbiit MaJIOnoIBHKHBIA HA3EMHBIN 0OBEKT >= 100
HuzkockopocTHOH Maltopa3MepHBI 00BEKT <1
BBICOKOCKOPOCTHOI MaslopasMepHBIA 00BEKT <1

2. AJ'll"Opl/lTM BBIYHUCJICHUSA CIIEKTPAJbHOI'O IIPpU3HaKa.

3amadeii anropuTMa BBIYUCICHHS CHEKTPAIBHOTO MPHU3HAKA SBIACTCS pelIeHHe O KIacCH(HUKAINH CUTHAJIA!
ITUPOKOTIONOCHBIM CUTHAN / Y3KOMOJIOCHBIH curHail. [IIMPOKOIOIOCHBIN CHTHAI CBOMCTBEHEH BEPTOJIETY M CXOKUM

C HUM JICTATCIIBHBIM amraparaM BCIICICTBUEC OTpa)KeHI/Iﬁ OT HECYIIT

TOJIETOB COCTaBIAET 5-9 kI 1.
B pamkax pernraemoii 3a1aui OCHOBHOH CJIOHOCTBIO OBLIO TO

nseT 6 + 12. KpoMe Toro, At MeXIy oT4eTaMH B 00IIeM clydae He
IIBIO TUCKpEeTHOTO npeobpazoBanus Pypbe MatonH(OPMAaTHBEH.
HawuGonee a3 pexruBen okazaucs ciaeIyomunii alropuT™:

N -1
1.) Boiuncnenue: y , = Z b, * x, 7
n=0

rae i =-150+150, |x| — curnaun, |b| — undpooit GpuiIbTp.

AT AL

ero BuHTa. [lluprHa crieKTpa 3X0-CUTHAJIOB BEP-

, YHTO KOJIUMYECCTBO OTCUYCTOB JJId aHaJIn3a COCTaB-
OJJHHAKOBO. HpI/I OTHUX YCJIOBUAX aHAJINU3 C IIOMO-

* (2],

i

AYX, TMIIMYHas A7 NCTIONIB3YEeMBIX (DHIIBTPOB, MpEJcTaBlieHa Ha puc. 1.

Magnitude Response (dE)
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Puc. 1. AUX Tunu4HO

4% * At , .
B dopmyne [2] anemenT: ————

ro QuIbTpa

* 1 - ABJIACTCS CABUIOM CHMI'HaJla HA 4aCTOTY, COOTBECTCTBYIOIIYIO AOILIC-

POBCKOMY CMELIEHUIO ITPU CKOpocTH 00bekTa 1 M/c. Takum oOpaszom, |y| - Habop pe3yabTaToB GHIBTPAMK CUTHANA

MIPU CMEMICHUSIX YaCTOTHI, COOTBETCTBYIOIMINUM CKOpOCTsAM: -150 + 150 m/c.
Bup |y| moka3an Ha pucyHke 2. CIUIONTHOHN JIMHHEH MOKa3aH Pe3yjbTaT 00paOdOTKU Y3KOIMOJIOCHOTO CUTHAJIA,

IIYHKTUPOM — HIMPOKOIIOJIOCHOTO. OTHoieHue CI/IFHaJ'I/HIyM B 00

oux ciayydasx: 40 nb.

Puc. 2. PeSyJ'ILTaTLI 06pa60TKH IIHUPOKO- U Y3KOIIOJIOCHOI'O CUTI'HaJIa
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2) CopTtupoBka |y| mo Bo3pactanuio. Buj coptrpoBanHoro curnana |y| moxasas Ha puc. 3.
Puc. 3
10 N
3) Briuncrerue cymm: S1 = Zyi ,$2 = zyi [3]
1 N-9
s2 .
4.) CpaBHeHHE —— C YHCJIOM Y. Y - IMIMpHUIEcKas KoHcTaHTa. Jlnanazon 3nauenui y: 10+20.
N

AHanu3 CUTHaJA 10 CIEKTPATEHOMY KPUTEPHIO TIPOU3BOIMUTCS, €CIH ITyTeBask CKOpocTh nenu < 100 m/c (Mupo-
BOH PEKOPJI CKOPOCTH ISt BepToyieTa: 356 kM/4). B cirydae y3KOITOJIOCHOTO CHUTHajla HEMHUHYEMO TOTaJaHue ero B
30HY PEKEKIUH (QUIbTPA HA ONPEACICHHOM YYacTKe. B ciryyae mIMpOKOIOIOCHOTO CUTHAIA TAKOBOTO HE CIYYHTCS,

s2

T.K. Afournana™>>Afioms pexermm, KaK 3TO BUTHO Ha pucyHke 2. O4eBHAHO, YTO COOTHOIIEHHE _l B Clly4ae y3KOIO-
S

JIOCHOTO CHTHaJIa Oy/eT BEJHMKO, B CIydae NIMPOKOTIONOCHOTO curHaya — mano (puc. 3). ['panb Bemuko/mMaio ompe-
JieNseTCs MOPOroM - .

Pa3paboTka u 0oTiazKa MpOrpaMMHOTO MOIYJISI MPOU3BOIMIIACH C UCIIOJIB30BAHMEM MMHUTATOPA PaJNOIOKalN-
OHHBIX CUTHaJIOB. Taxke OblJa MPOU3BENCHA MPEABAPUTEIIbHAS OLIEHKA BEPOATHOCTH MPABUIBHON HACHTH(UKAINU
C HCIOJIb30BAHUEM 3aPETUCTPHPOBAHHBIX 9XO-CHTHAJIOB PEAlbHBIX 00BEKTOB. BEpOSATHOCTH MPaBUIBHOTO OIpEe-
JICHUS THITa HAOJII0TaeMOTO0 paaroiokaTtopoM odbekTa coctaBmia 0.8-0.9 pu cooTHomeHnu curHan/mym 20 nb.
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METHODS AND ALGORITHMS OF RECOGNITION OF RADAR OBJECT

Kutepov V., Strizhov E.
All-Russia Science-Research Institute of Radio Engineering (ARRIRE)

This time ARRIRE is developing a set of radars for different fields of application. Necessary element of each
of radars is functional block of recognition of radar-seen object type.

In this report methods and algorithms of recognition of radar-seen object type is described, and also described
its program realization.

Radar, for what the program block of radar-seen object type recognition is developed, includes multiprocessor
digital signal processing complex based on ADSP21062 SHARC processor. Task of radar-seen object type recogni-
tion occupies three of these processors.

Input data for the program block of radar-seen object type recognition is extract from receiving from antenna
system data flow, includes signal from region of space near extrapolated position of object. Extrapolated position of
object comes from module of target lane processing as so as target speed, altitude and distance.

Output data is a pattern that includes object type information and subservient information.

Type recognition executes with set of signal characteristics, which are numerical results of processing of signal
and lane information. They are:

1. Speed;
2. Altitude;
3. Energy characteristic (characteristic of signal amplitude);
4. Spectral characteristic (characteristic of signal frequency width).
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Speed and altitude is given by module of target lane processing and needs no more processing.

Energy characteristic is computed by the way of analyzing amplitude of signal and object distance. If we know
power of radar pulse, phase-array gain factor, amplitude of signal and object distance we can estimate effective
square of dispersion of the object.

Spectral characteristic is computed by the way of analyzing results of filtering the signal by set of digital filters.
Gain-frequency characteristics of these filters have thin and deep stop band (about 60-80 dB). Gain-frequency char-
acteristics of different filters of the set crossing each other in stop band so as any narrowband signal would be in
stop band of at least one of the filters. If signal band is more then stop band of filters from the set, there will not be
considerable attenuation in any filter. By analyzing the results of filtration in different filters we can estimate signal
band.

Set of recognizable types of objects of air situation (airplane, helicopter, ground object and so on), each of
which has corresponding set of characteristics values. By comparing estimating characteristics values with prede-
fined values set decision of type of object.

Algorithms work correctly when signal/noise ratio is not less then 20 dB. In other case recognition will not be
done.

Programs was developed and debugged using radio-locating signal simulator. Preliminary estimation of prob-
ability of true recognition using recorded signals of material objects was also done. Estimated probability of true
recognition is 0.8-0.9 with signal/noise ratio 20 dB.
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