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PaspabomaH mpeHaxHO-Modenupyowuli KOMnekc 08 mpeHUposku b6oeebix pacyémos, posepKu
mpakma obpabomku uHgopmayuu PJIIC, omnadku anzopummos U mexHU4eckux peweHul annapamypbl.
Knrouesnbie cnosa: modenupyrowuli komrnekc, PJIC.

The training-simulator complex was developed for training the combat units as well as checking the radar
data processing and debugging algorithms and technical solutions of the equipment.
Keywords: training-simulator complex, radar.

CoBpemenHas 3-koopaunatHas PJIC pemaer 3agauy oOHapyKeHHs U BBIUMCIICHHS KOOPAMHAT Ha
(done Memraronmx Bo3aelcTBHi. [103TOMy BCTPOEHHBIH TPEHAKHO-MOJCTHPYIONMMA KOMIUIEKC IO0JI-
J)KeH o0ecreunBaTh WMHTAIMIO BO3AYITHOW OOCTAHOBKHM, MAaKCHMAaIbHO MPHUOIMXKEHHOW K OOCBBIM
ycioBusM. Peann30BaH MONHBIN UKI: OT 3aJaHUs OTEpaTopoOM TpaccChl MojieTa UMHUTAIMOHHOTO JIA,
PacIOIOXKEeHHST MEUIAOIIUX BO3AEUCTBUI (aKTUBHBIX (IIIyMOBBIX, CHHXPOHHBIX, HECUHXPOHHBIX) TO-
MeX, pacrlpeieieHHbIX 0OBEKTOB) 10 MONTyYeHHs HH(POPMALUU O KOOpPAWHATAX Ha dKpaHe pabodero
Mmecta oneparopa (PMO). B pexxume peaqbHOro BpeMEHH OCYIIECTBIISIETCS] pacdeT TeKyIIUX KOOpAHU-
HaT C almnpoKCHUMaluel KpUBBIMHU TPETHETO MOPAAKA B MECTaX CMEHBI Kypca, BBIUNCIEHUE aMILIUTY-
Ibl, Bas3sl, 4acToThl Jlomnepa OTpaKEeHHBIX CHTHAJIOB U HAJIOKEHNE TOMEXOBOH OOCTaHOBKH € YUETOM
JuarpaMM HalpaBI€HHOCTH MO a3uMyTy M yray mecta. CpeactBamu PJIC ocymiecTBisgercs monmec
MMHTALMOHHBIX BO3JCHCTBUH B TPAKT peasbHO MPHUHATHIX M OLU(POBAHHBIX JAHHBIX B KOKIOM MpPHU-
eMHOM KaHaje o0paboTku. CTaHAApTHBIMU CPEACTBAMH OCYIIECTBISICTCS MEPBUYHAS M BTOPUYHAS



CEKUNA: PAQNOJIOKALINOHHBIE N PAANOHABUTALINOHHBIE CUCTEMb/

o0paboTka ¢ pacueroM koopauHat JIA. Takum o0pazoM, peaarn30BaHHBIN TPEHAKHO-MOACIUPYIOINI
KOMILUIEKC TIpUMEHSIeTCs Il TPeHUPOBKHU 0oeBbIX pacueroB PJIC, mpoBepku tpakTta oOpabdotku PJIC,
OTJIaJKHU aJITOPUTMOB U TEXHUUYECKUX PEILCHUH anmnapaTypsl 00paboTKH.
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DEVELOPMENT OF THE TRAINING-SIMULATOR
COMPLEX ON THE RADAR

R.V. Antufyev, M.S. Bobrov, G.G. Piskunov., M.A. Tsarkov

The modern 3D radar solves a problem of detecting and computing data under the disturbing influence.
Therefore the built-in training-simulator complex has to provide the air environment simulation under the simulat-
ed battlefield conditions. There has been carried out the total cycle: from the operator determination of a line of
flight of the simulated aircraft, locating the active synchronous interference, unsynchronized jamming and noise
interference up to acquiring the data on the operator workplace display (OWD). In the real-time mode there is per-
formed the present-position data calculation with the cubic curve fitting in the path shift points as well as calculat-
ing an amplitude, a phase, Doppler frequency of the returned signals and imposing the jamming environment,
taking into account the azimuth and tilt patterns. Dithering the simulation influence into the really received digit-
ized data channel is performed by the radar means. Primary and secondary processing is made by the standard
features according to the aircraft position calculation. Thus the introduced training-simulator complex is applied to
train the radar combat units, to check the radar data processing channel and to debug algorithms and technical
solutions of the equipment.
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Paccmampusaemcsi Memo0d ouyeHKu KoopduHam Huskonemsuwel uyenu 8 PIIC ¢ ModyrbHbIM MOCMpoeHUem
aHmeHHoU cucmeMbl U yughposbiM duazpammoobpasosaHueMm. UccriedosaHue npednazaeMo20 Mmemoda OUEeHKU
KoopOuHam Ha Mamemamu4eckol MOoOesiu MoKa3aso, 4Ymo fnpuMeHeHue Uugposozo OuaspamMmMoobpa3osaHusi
rnossornsiem KomrneHcupogsams eo3delicmaue Aughgpy3Hol cocmasnsouleli ompaxeHull om MOPCKOU 108epXHO-
CMu Ha MOYHOCMb COMPOBOXOEHUS Uesu.

Knroueenle cnoea: Huskonemswasi uenb, Memod MakcumarbHo20 npasdornodobus, uyugposoe Ouaz-
pammoobpasosaHue.

An assessment method of the coordinates of a low flying target is analyzed. The method is based on using
a radar. The radar is lent on an antenna system with a module layout and a digital beam forming (DBF). An inves-
tigation of the proposed assessment method of the coordinates using an mathematical model has shown an ap-
plication of DBF allows to make up a reaction of an diffusing component of echo from the sea surface on the
tracking target accuracy.

Keywords: low altitude target, likelihood method, digital beam forming ty.

B Hacrosiee BpeMst 3a1a4a MOBBILICHUS TOYHOCTH H3MEPEHUS TTOJIOKEHHS LIEJIN H yCTOWYHBOCTH
€€ COIMPOBOXKIICHUS pelIaeTcs 3a CUeT MPUMEHEHUS alTOPUTMOB, KOTOpPBIe (POPMHUPYIOT OIEHKY IT0JI0-
JKEHUSI 1ISJTU 33 CYET HaXOXKACHUS MakcuMyMa (YHKIIMH MPaBAono1o0us ot ee koopauHar. Kak Obuio
YCTaHOBJICHO paHee, TaKOW MOAXOA Mo3BoJisieT B KopadenbHbIX PJIC yHMOHUIMPOBATH alropuTMBI
OIIEHKH YTIIOMECTHOW KOOPAMHATHI LIEJH, KaK 10| OOJBIINMH YTIiIaMH MECTa, TaK U MPU MaIbIX, KOTAa
TIPOSIBIISIETCS IEHCTBHE CUTHAJA, 3€PKATBHO OTPaXEHHOTO OT MOPCKOW moBepxHOCTH. [Ipudem, B 00-
JIACTH MaJIBIX YIJIOB MECTa TOYHOCTH €ro OIEHKH IOJydaeTcs He XyXKe, 4eM JAJisl CBOOOJHOTO IMpo-
cTpancTBa. OJHAKO B paHee MPOBEIEHHBIX MUCCICIOBAHUSIX OBUIO YCTaHOBIICHO, YTO B IPOMEXKYTOU-
HOW 00JIacTH MeXIy OONBIIMMH M MaJIBIMA 3HAUYEHUSMH YTJIa MeCTa IIeJIH, PACIIOIOKEHHOW Hal MOp-
CKOW TIOBEPXHOCTBIO, OIIMOKA M3MEPEHHsI BO3pACTaeT. JTO CBs3aHO ¢ mpeobuamanueM auddysHoi
COCTAaBIISIIOIIEH OTPaXKEHUH OT MOPCKOHM MOBEPXHOCTH.

B crarbe mns komreHcanyy BiusHUS TUGGY3HON COCTABISIONMIEH OTpakeHHOTO OT MOPCKOH TO-
BEPXHOCTH CHTHAJa TPEAJaraeTcsi NCIOIb30BaTh PaHOJIOKAIIMOHHBIA H3MEPHUTENb B BHIE MPOCTPaH-
CTBEHHOT'0 (HMJIBTPa C MOIYJIBHBIM MOCTPOSHUEM AHTEHHOW CHUCTEMBI M U(POBBIM JHAarpaMMoo0paszo-
BaHMEM. Takoe IMocTpoeHHe Mo3BOJseT CPOPMUPOBATE HYIIb TpeOyeMol TryOuHBI B CyMMapHOW U pas-
HOCTHOH IuarpaMMax HalpaBJIEHHOCTH B HAIPaBIEHUH Ha COCPENOTOUEHHYIO 00sacTh auddysHoro ot-
PaXCHUA U TEM CaMbIM UCKIIIOUUTH €€ BIIMAHUC HA MPOLCAYPY OLUCHKH KOOPAUHAT LICIIN.
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A COMPLEX APPROACH TO A SOLUTION OF A TASK
ON THE IMPROVEMENT OF THE ACCURATE MEASUREMENT
OF AN TARGET DISPOSITION BY USING
A SYSTEM OF THE SPACED SIGNAL PROCESSING

V.V. Vinogradov, A.l. Danilenko

Currently a task devoted to the improvement of the accurate measurement of an target disposition and the
stability of tracking the target has being solved by using some algorithms. They (algorithms) form an assessment
of target disposition on account of finding out a likelihood function depending on the target coordinates. It has
been stated earlier on the given approach allows to unify assessment algorithms of an angle placed coordinate of
target disposed under big angles of a place as well as small angles. It occurs in both cases that an action of echo
from the sea surface has been displayed. It's a fact within small angles the assessment accuracy of the approach
is not worse than one within the unhampered space. However it's been stated the earlier investigations showed
an error increases in an intermediate area between big and small target place angles with the target disposing
above the sea surface. This effect is connected with a domination of diffusing component of echoes from the sea
surface.

To make up an echo effect of diffusing component of echoes from the sea surface is offered to use an radar
gauge gadget of a sort of spaced filter with an module construction of antenna system and digital beam forming.
Such a construction allows to form Null of the claimed depth in the total and differential beam diagram and in
a direction of an focused area of diffusive echo. This permits to exclude an construction influence on an target
coordinate assessment procedure.
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B cmambe nipednoxeH npuHyun, no3gonsowul cHUsums mpebyemoe epems 8bixoda 8 aghup 6opmoeoeo
paduorsiokamopa 8 pexume UHEHOPMayUOHHO20 COMPOBOXOeHUsI Masio8bICOMHO20 rnofiéma ¢ oeubaHuem perib-
egha mecmHocmu.

Knrodesnbie criosa: manogbicomHbil noném, cucmema criedo8aHusi pesibey MecmHocmu, paduoioKayus.

In the article the principle is offered for reduction of requiring board radar emission time in terrain following
information supply mode.
Keywords: low altitude flight, terrain following system, radiolocation.

OpHuM U3 cioco0OB MPEOJOJCHUSI CPECTB MPOTUBOBO3AYIITHON OOOPOHBI SBISETCS IMOJIET Ha
MabIX BbIcOTaxX. [l oOecnedeHus: 6€30MacHOro MoJjieTa B TAKOM PEKUME HEOOXOIUMO PaJHOJIOKa-
LHUOHHOE U3MEPEHUE OTHOCUTENBHBIX KOOPIWHAT 3€MHOM MOBEPXHOCTHU, MPUYEM JJIsl peaju3alud 3a-
JAHHBIX BEPOSTHOCTHBIX M TOYHOCTHBIX IapaMeTpPOB ATOTO Ipoliecca TpeOyeTcs: onpeaeeHHbINH ypo-
BEHb DHEPIeTUKU OOPTOBOTO pajapa, M3IyYeHUE KOTOPOTO JAEMAaCKUPYET JIeTaTeNbHBIA anmnapar, 1mo-
3TOMY JJIsl TIOBBIIICHUS! 3((EKTUBHOCTH BBITIOIHEHUS 3alaydl CTPEMSITCS CHU3HUTH MHUKOBYH) MOIII-
HOCTh pajuoiokaropa. [lnHaMuKa moJieTa mpeanoaraeT oOHOBIeHne HHpopMannuu o penbede ¢ BbI-
COKOM HaCTOTOfI, IMO3TOMY CHHMIKCHHEC IMTUKOBOM MOIIMHOCTH H3JIYUCHHA 3a CUCT HAKOIIJICHUSA CUTHAJIOB
MyTeM MOBTOPEHHUS 30HAMPOBAHUS OJHUX M TEX K€ HaIpaBlIieHUH npobiemMatnyHo. B HacTosmiei cra-
The MPEIJI0KEHO UCIOIB30BaTh AETEPMHUHUPOBAHHBIN XapakTep nH(MOpMAIK 0 OOJIbIIe 9acTH Mo/I-
CTHJIAIOMICH MOBEPXHOCTH (KOTOPHIN 00YCIIOBICH MOCTEIICHHON CMEHOM pagruoIOKAIMOHHON KapTUHEI
penbeda) s BRICBOOOXKICHHUS BPEMEHHOTO pecypca PauoiioKaTopa, KOTOPBIM CIEIyeT UCIIONb30-
BaTh B LEJSX JOMOJIHUTEIBHOTO HAKOIUICHUS 30HIUPYIOIIUX CUTHAJIOB. V3510KeHbl TPUHLIMIIBI TIEpe-
cUeTa ampuOpHO M3BECTHBIX KOOPAMHAT MOBEPXHOCTH, MPUBEACHBI aJTOPUTMBI BBIOOpa TpeOyeMbIX
30H 0030pa, pACCMOTPEHBI ACMIEKTHI y4eTa XapaKTePHBIX OCOOSHHON 3¢MHOW TOBEPXHOCTH.
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REDUCING THE TIME OF GROUND SURFACE SCANNING
BY THE BOARD RADAR IN THE LOW ALTITUDE FLIGHT MODE

A.V. Volodyagin

One of the methods of air defence breaking is low-level penetration. For safety providing in this mode radar
estimation of relative ground coordinates is required. For specified accuracy and probability characteristics of this
procedure supplying predetermined radar energetics level is needed. Radar radiation unmasks aircraft so for the
best purpose achievement peak power should be decreased. Flight dynamics supposes that relief information
changes very frequently so peak power decreasing by means of collecting the signals from the same direction is
not simple. In this article determined surface character using is offered (determination of this information is condi-
tioned by gradual surface portrait change). Free time received by this procedure should be used for additional ac-
cumulating echo signals. Principles of priory known ground coordinates re-count are given, requiring ground are-
as choice algorisms are shown.
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Hony'-/eHb/ mp96083HLIFI K 6opmoeomy paduomeXHuquKomy KOMII/IEeKCY, npeOHaaHa'-/eHHomy ons rnpose-
OeHus 3KcriepuMeHmarsbHbIX pa6om rno o6Hapy)KeHwo Kocmu4eckux obbekmos 8 cocmase Oeyxnoauuuom-/oeo
Ha3eMHO-Kocmu4ecKoe20o pa6u0n0Kamopa.

Knro4veenbie cnoea: 06yXﬂO3UL{UOHHaH paOuonoxauun, KOHMPOJ1b KOCMU4Y€eCKOeO npocmpaHcmeaa.

Space detection and tracking using bistatic space-to-ground radar is discussed. Technical requirements for
spaceborne radar transmitter are obtained.
Keywords: bistatic radar, space detection and tracking.

B HacTosmee BpeMs B CBSI3U C YTPO30ii 3aCOpEHHsI KOCMIYECKOTO IPOCTPAHCTBA aKTyaJIbHOM 3a/1a-
yell sBiseTca OOHapy)KeHHe MaJlopa3MepHbIX KocMmuueckux 00BekToB (KO). OCHOBHBIM cpeacTBOM
HaOJTFO/IEHNs TAKUX OOBEKTOB Ha BBICOKHMX OKOJO3EMHBIX OpPOMTAX SIBISIOTCS ONTHYECKUE TEIECKOIBI B
CHTy OTpaHWYEHHOW MaThbHOCTH ICHCTBHS Ha3eMHBIX pamuoyiokaruoHHbX cranimii (PJIC). Bmecte ¢
teM PJIC 06mamaroT psaoM NpeuMyIecTB Mepe ONTHISCKUMHU CPENICTBAME, K KOTOPBIM OTHOCSITCS BbI-
COKasi TOYHOCTh u3MepeHusi ckopoctd KO 1 BO3MOXKHOCTh KPYIJIOCYTOYHOW Pa0OTHI B JIFOOBIX MOTO/I-
HBIX yCIIOBUSX.

ITepcnextuBHBIM cpeacTBoM oOHapyxkerns KO Ha BBICOKHX OpOHWTaX M OMPEICICHUS UX TeOMET-
PUYECKUX Pa3MEpPOB U TPACKTOPHBIX MMapaMeTPOB SIBISIOTCS JBYXIO3UIIMOHHBIE Ha3€MHO-KOCMUYECKHE
panuonokaronHeie komruiekcsl (HK PJIK). Kak u B TpaauimonHo#t MoHocTaTiueckoi cxeme KO 00-
mydarotcs HazemHO# PJIC, ogHako paccesHHOE Ha HUX M3IyUeHHE PETUCTPUPYETCS aIaparypou mpH-
E€MHOU TIO3WINH, OOpaIaroIielicss Ha BHICOKON 3JUIMNITHYECKON WM T€OCHHXPOHHOHN opOute. B aTOi
cxeme paccrosaue oT KO no KA-nmpuemHuka MHOTO MeHbIe, ueM paccrosaue oT KO no 3emiu, no-
stromy HK PJIK mo sHepreTMdyeckoMy IMOTEHIIMATY CYIIECTBEHHO MPEBOCXOJAT OHOMO3UIIMOHHBIE
HazemHble PJIC. Do nenaer BO3MOKHBIM 0OHapyx)eHne ManopasMepHbix KO Ha BBICOKMX opOUTax mpu
CPaBHUTEIHHO HEOOJBIINX pa3Mepax Ha3eMHOW aHTEHHBI U HU3KOW MOIIIHOCTH MepeaTyrnKa.

OAO «Kopmopamust «Komera» coBmecTHO ¢ koomepauueil coucnonauteneit (OAO «DHIIL]
«HHUUWPT» u ap.) Obiia mpoBeneHa ceprs HATYPHBIX SKCIIEPIMEHTOB 0 OOHAPYIKEHHUIO HHU3KOOPOH-
tanbHbIX KO ¢ ucnons3oanneM makera HK PJIK. B kauecTBe ncTouHmKa pagioIoKallMOHHOTO CUTHANA
WCTIONTE30BAJICS PAJUOTIepPeaTuiK CBsI3HOro KA Ha BBICOKOW AIIMIITUYECKOW OpOWTE, MPHEM CHTHaja
OCYIIIECTBIISUICS HA3eMHOM CTaHIMEH ClIe)KeHus. B mpoBeneHHbIX SKCTIepIMEHTax ObUIH BIIEpBEIE OOHA-
PYXKEHBI CUTHAIBI OT HU3KOOPOUTATEHEIX KO B IBYXITO3UITMOHHOW HA3eMHO-KOCMHUYECKON CXeMe, 4TO
MO3BOJIMJIO TIOJATBEPIUTH OCHOBHBIC HMPUHIUIB MOHUTOPUHTA OKOJIO3EMHOIO MPOCTPAHCTBA C UCIIOJb-
30BaHMEM TaKHX KOMILIEKCOB.
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CrenyromuM 3TaroM HCCIICAOBAHUN SBISETCS HAOOP CTAaTUCTHKH VISl TOATBEPXKICHUS BEPOST-
HOCTHBIX XapakTepucTuk obHapysxeHuss KO ¢ momomrpio apyxmnosunnonHsix HK PJIK. [lnst pemenus
9TOM 3amaun TpedyeTcsi Ooiee BHICOKOE OTHOIICHHE «CHTHAI-IIYM», YeM MONyYeHHOE B MPOBEACHHBIX
IKCIIEPUMEHTAX, YTO ONpenessieT HeOOXO0IUMOCTh MPUMEHEHHS CIEIHaIN3UPOBAHHOIO OOPTOBOTO pa-
nmroJiokaronHoro koMimiekca. K takomy PJIK mpenbsBisercs psa TpeOOBaHUH IO SHEPTETHUECKOMY
MOTEHIIMATY U CIIEKTPaJIbHOMY COCTaBY M3TYUIEHHS, OLIEHKE KOTOPBIX MOCBAIIEHA HACTOSIIAs CTAThsL.
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TECHNICAL REQUIREMENTS
FOR ADVANCED BISTATIC SPACE-TO-GROUND
SPACE DETECTION AND TRACKING RADAR

S.E.Grigas, D.Ts. Litovchenko, Ts.G. Litovchenko, A.A. Skorynin

Nowadays the problem of space debris detection is of great importance due to its permanently increasing
number both in low and high Earth orbits. Optical telescopes are common tool for tracking debris in high Earth,
while the use of ground-based radar stations suffers from their range limitations. However radars have several
advantages over telescopes such as high precision measurements of debris velocity and around the clock opera-
tion in any weather conditions.

Multistatic radars are perspective instrument for detection, tracking and shape profiling of debris in high or-
bits. Such systems consist of ground segment and passive or active spaceborne radars in geostationary or highly
elliptical orbits. Since the debris is considerably closer to the satellites than to the ground station, multistatic sys-
tems are much more energy efficient than conventional monostatic ground-based radars. This makes possible to
detect space debris in high Earth orbits using small-sized ground and space antennas and low-power transmitter.

OJSC «Corporation «Kometa» in cooperation with OJSC «FNPC «NNIIRT» and other companies have per-
formed several experiments aimed on debris detection with bistatic radar prototype. Highly elliptical orbit commu-
nication satellite was used as a source of the signal, ground tracking station served as a receiver. During the ex-
periments the scattered signals from space debris were detected by the bistatic space-ground radar for the first
time. These results have confirmed the basic principles of near-Earth space monitoring using of multistatic space-
ground radars (MSGR).

For further research of MSGR capabilities an advanced spaceborne radio transmitter with improved charac-
teristics is required. Power and spectrum requirements for such transmitter are the topic of the present paper.



CEKUNA: PAQNOJIOKALINOHHBIE N PAANOHABUTALINOHHBIE CUCTEMb/

YK 621.394

COBEPLLIEHCTBOBAHUE METOLOB, MATEMATAUHECKUX
MOLENEN PEATIU3ALIUN BBIYUCITUTE/IbHBIX TPOLJECCOB
B PAIUO/IOKALUMOHHBIX CACTEMAX

© ABTOpPbLI, 2014

B.1O. MNpuiumH,
3am. 2eH. Oupexkmopa rno HWOKP — 1-(1 3am. anasHozo koHcmpykmopa, OAO «HUW «CybmukpoH», 2. SeneHoepad
E-mail: grishin@se.zgrad.ru
WU.B. NMaHTenees,
UHXeHep KoHcmpykmop 2-U kamezopuu, OAO «M3 PUl», 2. Mypom
E-mail: ilya-panteleev@mail.ru
B.B. YekywWwKkuH, d0OKMop mexHU4eckux Hayk,
npogpeccop kaghedpsbl «PaduomexHuka» MU Bnl'Y, e. Mypom
E-mail: chekvv@gmail.com

YcoeepuieHcmeogaHbl MemoOdbl 80CrpPoU3eedeHUsT MUNosbix (hyHKUUOHa bHbIX 3agucumMocmel, Komopble
ucrnonb3yromcsi 8 8bIYUCIIUMESIbHbIX poyedypax OCHOBHbIX aneopummog pabomb! pPaduOsIoOKayUOHHbIX
ycmpoticme, ¢ nosuyuli onmuMu3auyuu Kpumepues 8bIHUCIUMEbLHO20 Mpouecca: MOYHOCMHBIX Xapakmepu-
cmuk, 6eicmpodelicmeusi U rpospamMMHo-annapamHdbix 3ampam.

Knioyeenle crioea: paduosiokayuoHHbIe cuCmeMbl, UaMepeHue U rpeobpasosaHue KoopOuHam, cmaH-
OapmHble hyHKUUU, MOUHOMbI HaUSTyYWeao NPUBIUXeHUSs, crleyuanu3uposaHHble 8bIYUCTUMEeNy.

There have been improved the generic functional relationship reproduction methods which are used in the
main algorithm computational procedures of the radar system operation from the optimization perspective of
computing process criteria: accuracy performance, rapid action capability and hardware-software expenses.

Keywords: radar system, measurement and conversion of coordinates, standard functions, polynomial of
best approximation, specific calculators.

COBepHIeHCTBOBaHI/Ie YHCJICHHBIX METOAOB pCain3alii BbIYUCIUTECIbHBIX MPOIICCCOB B BEICOKO-
MIPOU3BOAUTENBHBIX CUCTEMAaxX OOpa0OTKU, OTOOPaKEHUS PaJHOJIOKAIMOHHOW WH(GOPMAIUH, yIpaB-
nenus, (yHKIIUOHAIBHO JUATHOCTHYECKOTO KOHTPOJISI, IMUTAIIMH CIOXHON BO3AYIIHON 0OCTaHOBKH C
UCIIOJIb30BAHMEM TIEPCIIEKTUBHON 3JIEMEHTHOH 0a3bl, TE€TEPOTeHHBIX CTPYKTYP, KOMITBIOTEPHBIX TEX-
HOJIOTUIT WMeeT OoJiblioe  3HAYeHWe. VIMEeTCs MOTEeHIHATbHBIE BO3MOXKHOCTU CYIIECTBEHHOTO
YIPOIIEHUS pealn3aini CI0XKHBIX ()yHKIIMOHAIBHBIX 3aBUCHMOCTEH ITyTEM HX MPEACTABICHHS B BUIE
CYTIepIO3UINHN O0JIee MPOCTHIX (PYHKIHN, NCTIONH30BAHUS MTPEABAPUTEIHHO OATOTOBICHHBIX TAHHBIX
B HEKPUTHYHOM 3aMEIICHHOM MacIlTa0e BPEMEHH IS MOCIICAYIONIETO X UCIIOIb30BaHUS B MACIIITa-
0c peabHOrO BPEMEHH, pa3pabOoTKU ONTUMH3UPOBAHHBIX MOJUHOMHUAIBHEIX TIpeoOpa3oBanuii YeObl-
II€Ba U TUOPUIHBIX aJTOPUTMOB.

Lenbto craTey sBnsieTcsi 0000IIEHNE, COBEPIICHCTBOBAHNE METOJIOB U allTOPUTMOB peallu3allin
TPYIOEMKUX BBIUHUCIUTENBHBIX MpoiieccoB. OpUTHHATIBHBIE, BHICOKOCKOPOCTHBIC, HKCIIEPUMEHTAIBHO
MIPOBEPEHHBIE METO/BI BEIUNCIUTEIBHON MAaTeMAaTUKH MPUMEHHTEIHHO K PEIICHHUIO IIMPOKOTO Kilacca
MPUKIAIHBIX 337a9 CHOCOOHBI 00€CHednTh ONTHUMAIbHBIE COOTHOIICHUS OBICTPONEHCTBHS W TpO-
rpaMMHO-aNMNapaTHBIX 3aTPaT ¢ UCKIFOYCHUEM U30BITOYHOM TOYHOCTH ITOJTyYCHUS PEe3yIbTaTa BBIYKC-
JIeHW B IWamna3oHe NpeicTaBlieHus OT 1 1o 64 MBOMYHBIX pa3psmoB omepaHioB. s nuama3oHOB
MIPUBEIEHHBIX MOTPEIIHOCTEH BHIXOMHBIX AaHHBIX 20% ... 0,001% pa3paboTaHsl onTHMaIbHBIE YKC-
JICHHBIC METOJbI U aICKBATHO NIEPECTPANBACMbIC BbIUYUCINUTCIIBHLIC CTPYKTYPHEI.

CoBepIIIEHCTBOBAaHNE METOAOB AIMMPOKCUMAIUHU IUIAHUPYETCA MPOU3BOJAUTH C HMCIOIB30BAHUEM
UTEPAIMOHHBIX PEKYPCHUBHBIX METOOB, CIUTalH - almpoKCHMaIliy, KpuBbix besne. IIpeaBapurensHoe
MOJIECITMPOBAHIE BBHIYUCIUTEIBLHOTO MpoIecca 00ECIIeunBaeT COKPAIICHUE BBIYUCIUTEIBHBIX 3aTpar,
3HAQUUTEIHFHOE YMEHbIIICHHE MMOTPEUTHOCTH pe3yabTaTa 3a CUET B3aMMOIIOTJIONMICHUS U B3aUMOKOMIICH-
caru (paKTHYECKH JeTEPMEHUPOBAHHBIX COCTABIAIONINX IMOTpemrHocTell. Takoli mpoBepeHHBINH TOI-
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XOJ[ TO3BOJISIET 0OECIICYUTh TMOBBIIICHAE TOYHOCTHBIX XapaKTEPUCTUK BBIYMCIMTENBHBIX CHUCTEM Ha
10-300% 6e3 cHrKeHUST OBICTPONEHCTBHS H(HUITH) B TAKOE K€ YHUCIIO pa3 MPHU 3a]aHHOM KJIACCe TOUHO-
CTH U3MEPUTEIHLHO-UH(POPMA-IIMOHHON CHCTEMbI CHU3UTh 3aTPAThl HA €€ Peasu3allHio.
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THE IMPROVEMENT OF METHODS, MATHEMATICAL MODELS
OF COMPUTATION IN THE RADAR SYSTEMS

V.l. Grishin, L.V. Panteleev, V.V. Chekushkin

The numerical technique improvement of the computation processes in high-performance systems of
processing, radar data displaying, controlling, functional diagnostic analyzing, simulating the difficult air environ-
ment, using the advanced hardware components, heterogeneous structures, computer technologies are of great
importance. There are some essential facilitation capabilities of the difficult functional relationship performing by
their representation in the form of superposition of simpler functions, by using previously prepared data in the
noncritical replaced time scale for their later use on the real time scale, the development of the optimized Cheby-
shev polynomials as well as the hybrid algorithms.

The work aim is to generalize and improve the methods and algorithms performing the cumbersome compu-
ting processes. The ingenious, high-speed, experimentally checked methods of numerical mathematics are capa-
ble to provide optimum relationship of the rapid action capability and hardware-software expenses.

The optimum numerical methods and the proper configurable computing structures were worked up for the
conventional error rangers of outcoming data 20% ... 0,001%.

The approximation method improvement is planned to make by using the iterative recursive methods, a
spline-approximation and the Bezier curves. The preliminary modeling of computing process provides the compu-
ting expense reduction, the considerable reduction of an error of result due to mutual absorption and mutual com-
pensation of the actually determined error component. Such a checked approach allows to provide increasing the
accuracy performance of computing systems by10-300% without decreasing the rapid action capability, reducing
the implementation cost.
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E-mail: hramovkk.lan@mit.ru

lpednoxeHa cmpykmypHasi cxema A3H-B npuémHuka, npedHasHa4yeHHo2o Ons pabomsi 8 cocmage paduo-
J10KayuoHHo20 Komnnekca. [poussedéH pacyém OCHOBHbIX Napamempos NPUEMHUKA.
Knroyesnie cnosa: ADS-B, ASH-B, paduonpuémHuk, paduorniokayusi, paduoHaguaayusi.

There has been presented the structural circuit of the ADS-B receiver designed to work as a part of the radar
complex. There was performed the key parameter calculation.
Keywords: ADS-B, receiver, radar, radio navigation.

BoznymrHoe cynHo, o6opynoBanHoe cucteMoit ADS-B, kaxmyio cekyHay Mpu IOMOIIY PaIHOCHT -
HaJIOB NI€peJacT CBOM KOOPAUHATHI, CKOPOCTh, BBICOTY, HOMEp peiica U Kypc. DTO IO3BOJISET B Peallb-
HOM MacmTaGe BPEMCHHU OTCJIC)KUBATH €0 MCCTOIIOJIOKCHUE MMUJIOTaAM APYTHUX CaMOJICTOB, JUCIIETYC-
paM cucTeM yMpaBlieHHs BO3AYLIHBIM JABHKeHHEeM. B Hacrosimee Bpemsi pa3paboTaHbl HHTEPHET-
pecypcsl ISl ONpeesICHHST MECTONOIOKEHHUS BO3LYILIHOTO CYAHA C U3BECTHBIM HOMEPOM (CM. HampH-
mep, http://www.flightradar24.com win http://radarbox24.com). ADS-B moxert cnenats nojier 0e3-
OTIACHBIM U MOKET IO3BOJUTH Oosee 3(h(heKTUBHO HCIOIB30BaTh BO3AYIIIHOE TPOCTPAHCTBO.

Ha 6opry camosnera npu momomu curHanoB GPS ompenenstorcss TOUHOE €ro MECTOIOIOKEHHE.
Cucrema ADS-B B coueranuu ¢ apyroii mHpOpMarmeit mpeodpa3yeT pacCunTaHHBIC KOOPAUHATH B
UQPOBOI KO, KOTOPKIH, OOHOBIISIETCS HECKOJBKO Pa3 B CEKYHY U TpaHCIupyeTcs ¢ bopTa camonera
[0 KaHaJaM CBsI3U. J[pyrue camoneTsl ¥ Ha3eMHbIE CTAHLUH, IPUHABIINE 3TOT KOJ Ha PACCTOSHUH /10
200 KM, MOTYT MOJIy4YaTh 3aJI0’KCHHYIO B HEM HH(OPMAIIHIO.

NHTEHCHUBHOCTH JABHMXKCHHUS CaMOJICTOB B paﬁOHaX KPYIHBIX TOPOAOB B HACTOAMICC BpPEMs OYCHDL
BBICOKA, KaK CJIEJCTBUE KOJMYECTBO OJHOBPEMEHHO Pa0OTAarOIIMX NepenaTdnkoB cucteMbl ADS-B
OYEHb BEJIMKO. DTO NPUBOJUT K IIPUEMY CUTHaJIA Ha (oHE OOIBIIOrO KOJUYECTBA HECUHXPOHHBIX M-
mynbcHBIX TToMex (HUIT). Ha 6oxapmmx paccTostHUSX 0T camoieTa nHTeHcuBHOCTH (HUIT) MoxeT mo-
xoauTh 10 BeanuuH 40 000 makeToB/ceK.

s moBbleHs kKauecTBa npuema uHdopmanuu cucteMsl ADS-B B HacTosmiee BpeMsi IPpUMEHs-
0T pa3In4Hble AITOPUTMBI 00paboTku. Llenpro mpeacTaBlIeHHON CTaThU SIBJISIETCS UCCIIEOBAHUE pa-
60TOCTIOCOOHOCTH CYIIECTBYIOIIUX AJITOPUTMOB 00paboTKM curHaioB cuctembl ADS-B, naGmonae-
MbIX Ha pore HUII Gonbioit HHTEHCUBHOCTH.

JIUTEPATYPA

1. ADS-B TexHonorus (TIS-B, FIS-B) [3nekTpoHHbin pecypc]. Pexum poctyna: http://adsbradar.ru/ads-b_fis-b_tis-
b_technology.

2. OnbIT 1 nepcnekTmBbl BHeapeHus A3H-B B Poccuiickon ®epepaummn [OnektpoHHbivi pecypc] // ®IYIM NocHUWN AspoHasura-
uma, 2011. Cucrtem. TpeboBaHus: PowerPoint. Pexum poctyna: http://www.mak.ru/russian/info/seminars/aeronav-
2011/rd8.ppt.

3. TMpopykumsa komnanum Analog Devices [OnekTpoHHbIA pecypc]: odwuumanbHein caiT dpupmbl Analog Devices, Inc., 2013.
URL: http://www.analog.com/ru/index.html.



CEKUNA: PAQNOJIOKALINOHHBIE N PAANOHABUTALINOHHBIE CUCTEMb/

4. CocynuH HO.I'. TeopeTnyeckme OCHOBbI paguonokauum u Haesurauum: Yyeb. nocobue ansi By3oB. — M.: Paguno mn cBs3b,
1992. — 304 c.

5. KonocoBckui E.A. YctpoiictBa npuema u obpaboTku curHanos. YyebGHoe nocobue ans By3oB. — M.: [opsiyas nuHus-
Tenekom, 2007. — 456 c.

6. PykoBOACTBO MO aBuaLMOHHOMY HabmoAeHUo [OnekTpoHHbIN pecypc]: MesxayHapoaHasi opraHmnsaums rpaxkaaHckom asmaumm. — IKAO,
2012. Cucrem. Tpebosanust: Acrobat Reader. Pexxvim goctyna: http:/aviadocs.net/icaodocs/Docs/9924 _cons_ru.pdf.

7. bBbakynes N.A. PagnonokaunoHHble cuctembl. YuebHuk ansa By3oB. — M.: PaguoTtexHuka, 2004. — 320 c.

THE CONSTRUCTION AND PARAMETER ESTIMATION
OF THE AUTOMATIC DEPENDENT SURVEILLANCE-
BROADCAST (ADS-B) RECEIVER OF THE RADAR COMPLEX

M.Yu. Ivushkin, K.K. Khramov

The automatic dependent surveillance-broadcast, ADS-B, is a technology introduced in many countries
around the world including Russia which provides periodic transmission of the aircraft position and other aeronau-
tical information and then using it for surveillance purposes. This technology helps to prevent conflicts by the pi-
lots without controllers.

The paper proposes and describes the block diagram of the ADS-B direct amplification receiver designed for
operation in the radar system. The receiver contains the 4-channel high frequency amplifier unit, the shaper of pi-
lot signal for control, the unit of analog-to-digital conversion and the digital signal processing unit. In order to ob-
tain a wide dynamic range of receiver the logarithmic detector is used as an amplitude detector.

In this paper the basic parameters of the receiver have been determined. The influence of the sensitivity of
ADS-B receiver on the range of the entire system has been considered. The quantitative value of the receiver
sensitivity at changing the effective noise bandwidth and noise figure has been analyzed. The range of ADS-B
system for specific values of the parameters of the projected receiver has been calculated.
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B cmambe paccmampusaemcsi KoppesiyuoHHast 06pabomka npuMeHUMesIbHO K CUCMeMam U KOMIIIeKcam NnaccusHou
JIOKaUUU, OCHOBHbIM 37IEMEHITOM KOMOopoUi s18fsiemcsi epeMeHHOU Koppensimop, KomopoMy rpucyu, 0OCHo8Hol Hedocma-
ITIOK: HEBO3MOXHOCML 06PabOMKU Y3KOMOOCHBIX CU2HasIoe. Y 3moeo muna cuzHania 8 y3koli rornoce cocpedomodyeHa
6GorbLuasi MOUWHOCMb, KOPPEsSIUUOHHas (hyHKUUST — WUPOKasi, HOXe8UOHO20 Mura, Komopasi 3aHUMaem MHO20 31eMeH-
moe paspelweHusi. Takoli mun cuesHaria cmarHogumcsi Orsi Koppessimopa romexol, rnepeeodum e20 8 PeXUM «HachILLe-
Husi» u npedcmassisiem cepbe3Hyro yeposy. Paccmampusaromesi Mepb! 3auiUmb| Om mako2o mura rnomMexu.

Knroyeenle crioea: Koppernsimop, y3KornoiocHas momMexa, KoppessyuoHHasi obpabomka.

The article considers the system of correlation processing with application in to the passive radar, the main element of
which is the time correlator, which has the main disadvantage is the inability processing narrow-band noise. This type of signal
in a narrow band centered great power, the correlation function of a broad, knife-like type, which takes a much of elements of
the resolution. This type of a signal becomes a noise for the correlator, transfers it to a mode of «saturation» and poses serious
threat. Measures on protection against a noise of this kind are discusses.

Keywords: narrow-band noise, correlation processing, bandpass filter, limiti.

VY3KomosiocHas momexa SBISETCS CEepbe3HOM yrpo30H Uil BpeMEHHOro Koppemnsitopa. B craTbe
paccMaTpHUBArOTCS METOBI ITO/IaBIICHHs TIOMEX B aHAJOTOBOM M B IIU(POBOI YacTH. AHAJIOTOBBIE Me-
TONBI: TIOMEXa BBIPE3aeTCsl MepecTpPanBaeMbIM PEKEKTOPHBIM (PHIBTPOM, THOO OrpaHUYHMBAETCS €€
YpOBEHb, BO BXOJHOM Kackajie IMPUEMHOr0 YCTPOICTBa pa30HB MpeaBapUTENbHO Ha MOJAMAINIAa30HbI.
OCHOBHOI1 HE[TOCTATOK ATUX METOJIOB CIOHOCTh B pealIn3alliy.

Bonee mpocTeie B peann3aniid METOIBI OTHOCITCS K IHU(poBOil 00pabOTKe: OMeXa BBIPE3aeTCS
aJaNTUBHBIM, TepecTpanBaeMbIM HU(GPOBBIM (UIBTPOM, JTHOO OTPaHUYMBAETCA €€ YPOBEHb B CIIEK-
TpaJbHOM 00MaCTH PU KOppensauuu ¢ ABoitHbIM BI1D.

[Ipu orpaHMyYeHNH CUTHAJA B aHAJIOTOBOW W IM(POBON YaCTH MOTEPU B OTHOUICHHH CUTHAI/IIYM
COCTaBWIH OKOJO 7 1b.
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PROTECTION METHODS CORRELATOR
FROM NARROW-BAND NOISE

A.A. Karih

The narrow-band noise is serious threat for the time correlator. In article methods of suppression of noise in
analog and in digital part are considered. Analog methods: the noise is cut out by the changeable bandpass fil-
ter, or its level is limited, in the input stage of the receiver breaking sub-bands. The main drawback of these
methods complexity in realization.

Simpler in realization methods belong to digital processing: the noise is cut out by the adaptive, changeable
bandpass digital filter, or its level in spectral area is limited at correlation with double FFT.

When the limit signal in the analog and digital part of the loss in signal/noise ratio was about 7 dB.
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TNoryyeHb! ebipaxeHusi, KOmopble 0380/IF0M OUEHUMb MoMmepU UHGbOpMayUU Ha pasHbIX amariax paduorioKayuoH-
Hoe2o obecnieveHusi (PJ10) nompebumeried. 3mu bipaxeHus1 Mo360sIsoM CPasHUMb PasHbie Mymu CO8epUIEHCMBO8aHUSs
PJI0O o ux eknady & rpupocm Korudecmesa uHghopmauuu, do8o0uMoli 00 0peaHO8 U MyHKIMO8 YrpasreHUs.

Knrodeebie crnoea: paduoriokaluoHHoe obecriedeHue, nomepu UHghopmayuu, hyHKUUsI rocriedogameribHbIX o-
mepb, PJIC, paduorokayUoHHbIe U3MEPEHUSI, UHGbopMauUOHHasi MOOesTb.

There have been obtained the expressions which allow estimating the data losses at the different stages of Radar-
tracking maintenance (RTN) of consumers .These expressions allow to compare different ways of the RTN improvement ac-
cording to their contribution to the augmentation of the data amount delivered to operational posts and supervisory units.

Keywords: radar-tracking maintenance (RTN), data losses, functions of successive losses, radar measurements, infor-
mation model.

B cucreMax ynpaBieHHss BOGHHOTO M I'paXIaHCKOTO Ha3HA4YEHHs NOBOJBHO YacTO MPUMEHSETCS
uHpOpMAaIYs, MoJIydaeMas OT PaJuOIOKAIMOHHBIX CPEICTB PAa3JNYHBIX THIIOB W BHIOBOM HpUHAI-
nexxkHocTH. YeM Bbime 3QPeKTUBHOCTh (HYHKIMOHUPOBAHHS CHUCTEMBI PaJHOJIOKAIMOHHOTO obecre-
yennst (PJIO) morpebureneit, TeM nydme kadectBo yrpasineHus. [Ipu uccinenoBanuu PJIO, kak mpa-
BIJIO, pACCMATPUBAIOTCS MOCIEI0BATEIbHBIC 3TAIIBL:

— ianupoBanue (Bbi0op PJIC u pa3merieHne ux Ha MECTHOCTH);

— 00paboTka oTpakeHHBIX curHanoB Ha PJIC;

— cOop nHpOpMAIH OT HCTOYHUKOB U €€ COBMECTHast 00paboTKa;

— IpeJICTaBICHUE PAJANOIOKAIIMOHHON MH(OpMalMy Ha pabodYnX MeCTax JOJKHOCTHBIX JIHIl 6oe-
BBIX Pac4eTOB aBHALMOHHBIX I1V.

Ha xaxJoM U3 yKa3aHHBIX 3TAllOB UMEIOT MeCTO notepu nHpopmanuu. OHu 00yCIOBICHbI pa3HbI-
MU nppunHaMu. [ oneHku uH(GOPManMOHHBIX TOTeps B cucteMe PJIO moneros aBuanuu nomy4yeHo
BBIpAKEHUE It pacudera OTHOCHUTEJIbHBIX OTEpPh uH(pOpMAIIUH: As=A 1A+ As+HA4-
(A AGFA I AGTA A A A A AT A AT (A1 A AHA I ApAFAI A AT AN AL)-A 1 A A3 A,

rae Al, A2, A3, A4 — nomst cBeIeHW OTHOCHTEIHLHO MCXOJHOTO KOJIMYeCTBa WH(OpMAITUHU, KOTO-
pBI€ TepSIIOTCSI Ha COOTBETCTBYIOLIUX dTamax (yHKIHOHUpoBaHUs cucteMbl PJIO. [l ymeHbIIeHus
noteps HHQOpMAUK HEOOXOANMO MUHUMHU3UPOBATH 3Ty (DYHKIIHIO.

Ota QyHKIOUA NOCIeI0BATENbHBIX OTEPh MOXKET OBITh aKTyaJbHOH NMPH MPOBEIECHUH HCCIEI0Ba-
HHUH U B JPyTruX 00JIACTAX €CTECTBO3HAHUS.

[Tonmy4yeHsl MaTeMaTHYECKHE BBIPAKEHUS AJISI OLCHKH OTHOCHUTEIBHBIX MH()OPMAIIMOHHBIX TOTEPh
Ha BceX JTanax (yHKIuoHupoBaHus cuctemsl PJIO.

IIpumMeHeHNe MPEIIOKEHHOIOo MOAXO0Ja II03BOJSIET OOOCHOBAaTh IIyTH COBEPILIEHCTBOBAHUS WH-
(hopmanmoHHOTO ObecneueHus moTpeduTenei naHHbpMH, moydaeMbiMu oT PJIC. TIpu u3BecTHBIX 3a-
TpaTax Ha peaJu3aliio ONpeeeHHOr0 HaNpaBIeHUs coBeplIeHCTBOBaHUS cuctemMbl PJIO Bo3MOkHO
ONTHMU3HPOBATE CTPATETUIO PA3BUTHS HCXOS U3 BBIICIEHHBIX PECYPCOB.
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THE CALCULATION PRINCIPLES OF DATA LOSSES
IN THE SYSTEM OF RADAR-TRACKING MAINTENANCE
OF CONSUMER

V.Yu. Kuzmenkov

In military and commercial control systems the data received from the radar means of various types and appli-
cation-specific implements is quite often used. The more the functioning efficiency of the consumer RTN system,
the better control quality. When investigating the RTN system, the successive steps are considered:

— planning (selecting the radar and locating on the ground);

— processing the returned signals by the radar;

— data acquisition from sources and its joint processing;

— radar data presentation on the workplaces.

All above mentioned steps have the loss data opportunity caused by different reasons. To estimate the data
losses in the RTN flight system there have been obtained an expression to calculate the relative data losses:

AZZA1+A2+A3+A4—(A1A2+A1A3+A1A4+A2A3+A2A4+A3A4)+
(A AAGHA A AGFA A AN A3 AG)-A A A3 A,
where A;, A, A, A, is a part of information toward the original data amount which is lost at the appropri-

ate steps of the RTN system functioning.

To reduce the data losses it is necessary to minimize this function.

This function of relative losses can be of current interest when carrying out researches as well as in the other
areas of natural sciences.

There have been obtained the mathematical expressions for the relative loss assessment at all steps of the
RTN system functioning.

Using the approach suggested allows justifying the improvement ways of the radar data base organization and
management of consumers. Under the certain compensation costs of the particular direction of the RTN system
improvement it is possible to optimize the development strategy on the basis of the resources made available.
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B cmambe cghopmynuposaHbl NpUHYUNbLl U MameMamuyeckasi nocmaHoeka 3adayu onmumasbHO20 OMmOoX-
decmerieHusi usmepeHuli ¢ conpogoxoaembiMu mpaekmopusamu. NpednoxeH nodxod K peweHuro 3adadyu ¢ uc-
10/1b308aHUEM HECKOJTbKUX MEMPUK.

Knrouesble crnoea: paduornokayuoHHas UHgopmayus, mpaekmopHas obpabomka, cmpobuposaHue,
omoxdecmerieHue, ormumaribHbIlU 8apuaHm, Mempuka, 3KCmpemym, rnpuopumem.

The article deals with the principles and mathematical formulation of the problem of the optimum measure-
ment identification with the tracked paths. The method of attack, using several metrics was offered.
Keywords: radar data, path processing, gating, identification, optimum option, metrics, turning-point, priority.

[Ipu conpoBoXXIeHNN BO3AYHIHBIX OOBEKTOB B CIOKHOH IEJIEBOW M TIOMEXOBOH OOCTaHOBKE B
CTPOOBI OTOXKIECTBIICHUS TPACKTOPHIA TIOTAaeT IO HECKOJIBKO eIMHIYHEIX 3aMepoB (E3), Takxke B03-
MOXHEBI cllydau, korjga oquH E3 monamaer B HeCKOJIbKO CTpOOOB. B Takux ycIOBHSX akTyallbHa 3a/1a-
Ya OmpeesieHHs] BApHaHTa OTOXKICSCTBICHUS, B KoTopoM E3 Hammydmmm oOpa3oM COOTBETCTBOBAIU
OBl COMPOBOXIaEMBIM TPACKTOPHAM. [ pelnenns MaHHOW 3a/laud MCIONB3YIOTCS Pa3InIHbIE TOI-
XOJIBI, B OCHOBE KOTOPBIX, KaK TPABUIIO, JIEKUT OLIEHKA CBSA3M OTMETOK M TPAEeKTOPUH M0 HEKOTOPOMY
napametpy (merpuke). Hampumep, B kadecTBe METPHK MOTYT HCIIOJIB30BATHCS: MOAYJb PacCTOSHUS
MeXIy KoopAauHaTtamMu E3 u sKcTpanmonupoBaHHBIMH Ha MOMEHT €r0 IMOyYeHUs] KOOpIUHATAMHU Tpa-
eKTOpH; BEPOSATHOCTh MPUHAIE)KHOCTH OTMETKH COIPOBOKIAEMOMN TPAESKTOPUH; MOIYJh Pa3HOCTH
cpenneit OI1P 0TMETOK, OTOXKIECTBIEHHBIX C TPAGKTOPHEH 32 HECKOJIBKO MPEAbIIYIIUX epHUoI0B 00-
HOBJIeHUs nHopMmanuu, u DI1P nmociaenHero n3mepeHus, MOMaBIIEro B CTPOO.

CymiecTBYIOT MOAXOMbI, B KOTOPEIX C UCHOJIH30BAHHEM METPHKH OJHOTO THIA PACCUHUTHIBACTCS
CyMMa METPHK Hap «Tpaekropus - E3» 1 Bcex BO3MOXKHBIX BapHAHTOB OTOKECTBIIEHUS, TIOCIIE Ye-
IO OCYIIECTBIISIETCS] BBHIOOP BapHaHTa COOTBETCTBYIOIIETO 3KCTPEMyMYy CYMMEIL. B To ke Bpems JaH-
HBIE TTOAXO0/IbI HE MPEIOIaraloT UCIOIB30BAHUS HECKOJIBKUX METPHK, TIPHU STOM B Pe3yJIbTaTe OTOXK-
JIECTBIIEHUS C MCIIOJIb30BAHUEM OJTHOM METPUKU MOXKET CIIOKHUTHCS CUTYallusl, KOT/Ia pa3HUIa MEXITy
CyMMaMH{ METPHK HEKOTOPBIX BapHaHTOB HACTOJILKO HE3HAUMTeNbHA (He MpPEeBbIIIaeT HEKOTOPOro Io-
pora HEOIIPeeIeHHOCTH), YTO C MPAKTUIECKON TOYKW 3PEHUsS JaHHBIE BapHAHTHI SBJISIOTCS PaBHO-
3HaYHBIMHU. B Takoif cutyaruu Oyzer 1enecooOopa3HbIM HCTIOIh30BATh HECKOIBKO METPUK B COOTBET-
CTBHUH C UX paHToM. PemeHue 00 MCIOIB30BaHUM CIEAYIOUIEH METPUKHU JOHKHO IPUHUMATHCS B CITy-
yae, KOrJa Ha OYepelIHOM 3Tare BhIOOpa BapHaHTa OTOXKIECTBJICHHUS, CyMMbl METPHK BapHaHTOB OT-
JMUYAIOTCS Ha BEMYMHY, HE TPEBHIMAIONIYIO0 TIOPOTra HEONpeIeIeHHOCTH. PaHT MeTpuk onpenensercs
Ha OCHOBE WX CTaOMJIBHOCTH Ha MHOXKECTBE «TapaHTHPOBAHHBIX» OTOXAeCTBICHUH. [Ipu 3ToM yem
cTa0uiIbHEee METpUKa, TeM OOJIBIIMM paHroM OHa obnazaer. B kadecTBe mokasarelns cTaOMIBHOCTH
METPUKH TIpejiaraeTcsi B3ATh OlleHKy HopMupoBaHHOro CKO, momy4eHHOro Ha MHOECTBE «TrapaH-
THPOBAHHBIX» OTOXKIECTBICHUH.
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APPLICATION OF METRICS OF VARIOUS KINDS
TO IDENTIFY RADAR POSITION SYMBOLS AND PATHS

V.Yu. Kuzmenkov, A.V. Smetanin

When tracking air targets under the high interference signaling environment conditions, some single samples
(SS) get to the path identification gates, and also there are some chances of getting the single samples to several
gates. Under such conditions the identification option definition problem is of current concern.

To solve this task the different approaches are used which are based on the communication assessment of
symbols and paths in some parameter (metrics). For example, the distance modulus between the SS coordinates
and the path coordinates can be used as metrics.

There are methods with using the metrics of particular type to calculate the metric couple sum of «path —SS»
for all possible identification versions. At the same time the above mentioned approaches don not presume using
several metrics, but if only in accordance with the metric rank. The rank of metrics is defined on the basis of their
stability on a great number of the «guaranteed» identifications. In this case the more stable it is, the greater rank it
has.
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lpusedeHo onucaHue MukpoHaguzayuoHHol cucmembl BPJIC camonéma Cy-35, esedéHHOLU 8 yernsix ro-
8bllWeHUsI Kadyecmea paduosiokayUOHHO20 KkapmozpaghuposaHusi. [MpedcmaeneH aHanu3 ynpyaux degpopmayuli
prozensika, npou3sedéHHbIU Ha OCHO8e OaHHbIX MUKPOHagU2alyUOHHOU U OCHOBHOU Hasuz2ayUOHHOU cucmem
camonéma. lNoka3aHo, Ymo npu 8bIMOIHEHUU MaHEBPO8 yMepeHHOU UHMeHcusHocmu amriumyda KonebaHul
rnonom-a aHmeHH»b! fpesbiwaem 0ornycCmuMyto Mo2pewHOCMb CYUCIIeHUS] Mpaekmopuu e2o yeHmpa.

Knroyeenle cnoea: paduonokayuoHHoe kKapmozpaguposaHue, PJIC ¢ cuHmesuposaHHoOU arepmypol,
UHepyuarnbHas Haguaayusi, MUKpoHasu2ayus.

The specification of the Su-35 radar micronavigation system designed to improve the radar mapping quality
has been described. There was presented the fuselage elastic deformation analysis made on the basis of the air-
craft micronavigation and the main navigation system data. It was shown that when performing the moderate-
intensity maneuvers, the aerial curtain response amplitude exceeds an allowable calculation error of the antenna
phase center (APC) track.

Keywords: radar mapping, synthetic-aperture radar, inertial navigation, micronavigation.

J1st momydeHrs KaueCTBEHHOTO paauoioKainoHHoro n3oopaxenus (PJI) 3eMHo0il moBepXHOCTH
C BBICOKHM pasperieHneM mnocpeactBoM BPJIC ¢ cuHTe3npoBaHHEM amepTypbl TpeOyeTcs TOYHOE
CUHCIIeHHE TpaeKTopuH (a3zoBoro nenrpa anteHHsl (PLIA) Ha wHTEpBane cCHHTE3a. DTO CUHCICHUE
BBINOJTHSIETCS 110 TaHHBIM OOPTOBBIX HABUTALIMOHHBIX CPEICTB, CPEAN KOTOPHIX OCHOBHBIM 3JIEMEHTOM
CIIY)KUT WHepIuanbHas HaBuranuonHas cucrema (MHC), pazmerniaemas BOIU3H IIEHTpa Macc caMoJie-
Ta. [lockoNbKy yKa3aHHas TOYKa yAajeHa OT aHTEHHBI Ha PaccTOSHHE B HECKOJIBKO METPOB, UCIIOJb-
3oBanne uHMopmanuu ¢ MHC compspkeHo ¢ onpeneleHHBIMH TPYAHOCTSAMH, OOYCIOBJICHHBIMH He-
JKECTKOCTBI0 KOHCTPYKIIMM CaMOJIETA U, KaK CJIECICTBHE, HEBO3MOXHOCTBIO TOYHO PACCUUTATh TPACK-
toputo @IIA mo mapamerpam aBmkeHHs Touku pacronoxkeHuss MHC. TouyHbll pacdeT TpaeKTOpUHU
OI[A BO3MOKEH MPH YCTAHOBKE BONM3M aHTCHHBI JONOJIHUTENBHBIX MHEPUUANBHBIX JaTYUKOB, Gop-
MUpYIOIIIX coBMecTHO ¢ ocHOBHOM MHC camonera MmukponaBuranuonHyo cucremy (MHC), paccun-
THIBAIOIYIO TTapaMeTphl ABMkeHus aHTeHHbl PJIC ¢ Heob6x01uMoii TOUHOCTBIO.

st camonera Cy-35 3aaHbl BecbMa BBICOKHE TpeOoBaHUs K kauecTBy PJIM Beicokoro paspereHus,
yto notpedosano BeeneHnss MHC B coctaB ero obopynosanus. B Hactosimee Bpemst MHC peami3oBana
TIOCPEICTBOM pa3MeIleHHs BOJM3M aHTCHHBI JONOTHUTENRHOH Oectmardopmennoit UHC (BMHC).

B crarbe mpuBeneHs! pe3ynbTaThl CpaBHEHHUS HAaBUTAIIMOHHBIX JaHHBIX, C(POPMHUPOBAHHBIX N0-
nojautensHod BMHC u ocnoBroit BUHC, pacnonoxeHHOH BOJIM3M LIEHTpa Macc caMojieTa, MOJy-
YEHHBIX B peaJibHbIX Hoserax. [IpencraBieHsl rpaguky yriioB OpMEHTAMU HOCHUTEIS, BEIYMCICHHBIX
ykazanabiMu 1BymMst BUHC. TMony4enHble rpadyiKi CBUACTENBCTBYIOT O TOM, YTO, B 3aBHCUMOCTH OT
JUHAMMKH TI0JIE€Ta, YIIIBI OPUEHTALMH HOCOBOM M LIEHTPAJIbHON YacTel MOTYT OTJINYaThCsA HA BEIHYU-
Hy nopsaka 0,1°-0,2°. Takoe paznuuue B yIriax COOTBETCTBYET JIMHEMHOMY CMEUICHUIO TOUYKH pacmlo-
noxkeHus pononauTensHO BMMTHC B cncteMe koopanHat, cBs3aHHOM ¢ ocHOBHOM BMHC, Ha Benmdaun-
Hy Hopsiaka 1-2 cM, 4To mpeBbIIAeT AOMYCTUMYIO OIIMOKY onpexaeneHus: koopauHat OIIA, cocras-
JISIFOLLYI0 TTOPAJIKA YETBEPTH IIUHBI BOIHBI PJIC.

Taxum 00pa3om, pe3yabTaThl HATYPHBIX pa0OT MOATBEPKIAIOT HEOOXOAUMOCTh yeTaHoBkH MHC
Ha camoneT Cy-35 B mensix kapTorpadupoBaHusl C BBICOKUM Pa3pEIICHUEM.
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THE FULL-SCALE TESTING OF THE «IRBIS»
MICRONAVIGATION AIRBORNE RADAR SYSTEM
FOR THE SU-35 AIRCRAFt

P.A. Makarov, N.F. Chezgano, D.Yu.Suslyakov, M.V. Yurkov, E.A. Nikitin

To obtain the qualitative high resolution radar picture (RP) of the terrain by means of the airborne synthetic-
aperture radar it is required the exact notation of APC track over the synthesis interval. This notation is carried out
according to data of the airborne navigation means, the main part of which is the inertial navigation system (INS)
located near the aircraft mass center.

The INS data using is attended with definite difficulties because of the aircraft structural flexibility. Therefore
it's impossible to calculate the APC track according to motion variables of the INS location point.

The exact calculation of the APC track is possible when mounting the additional inertial sensors forming the
micronavigation system (MNS) jointly with the main aircraft INS. This MNS enables calculating the radar aerial
motion parameters with due accuracy.

The very high requirements were defined to the high resolution RP quality for the Su-35 aircraft. This fact
demanded the MNS introduction to its structure equipment. At the present time the MNS was implemented by
means of locating near the additional strap-down inertial system (SDIS) antenna.

The article has presented the comparison results of the obtained in real flights navigation data generated by
the additional SDNS as well as the main one located near the aircraft mass center.

There were introduced some schedules of the carrier pointing angles calculated by two above mentioned
SDNSs. The obtained schedules show that the pointing angles of nose and central parts can differ from one an-
other by a quantity of the order of 0,1° — 0,2° depending on the flight dynamics.

Such an angle distinction corresponds to a linear shift of the additional SDNS location point in the system of
reference.

Thus, the results of the full-scale works confirm the need of the MNS installation for the Su-35 aircraft to per-
form high resolution mapping.
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PaccmompeHbl meopemuyeckue U Mpakmu4yeckue 80rpoch! MpoeedeHUsT MeXaHUYECKUX UCTbImaHul paduoariex-
MPOHHOU arnapamypbl. Aemomamu3uposaHHoe paboyee Mecmo Orisi IPO8EOEHUST MeXaHUYECKUX UCTbimaHudl.

Knroyesnble cnoea: mexaHudeckue ucrnbimaHusi POA, APM mexaHu4ecKux ucnbimaHul, WupOKOnonocHast
cryyalHas eubpauyus, subpayus.

Theoretical & practical items of radio electronic equipment research mechanical tests realization are exam-
ined in the article. The developed atomized workstation for research mechanical tests is presented.

Keywords: key words: radio electronic equipment (REE) mechanical tests, computer workstation (WKS) of
mechanical tests, broad-band random vibration, vibration.

OCHOBHBIMH BHJIAaMH MEXAHWYECKOTO BO3JICHCTBHS BHEIIHUX BO3JEHCTBYIOMMX (aktopos (BBD)
JUI paguo3JIeKTpoHHON amnmapaTypsl (POA) netHoli anmapaTypsl (JIA) 1 Ha3eMHON TEXHUKHU SBIISETCA
BUOpanus B pa3HOOOPa3HBIX ee MposBiIeHUsX. [IpounocTs, GyHKuMOHaNbHAs pabdoTocnocoOHoCTs POA
OLICHUBAIOTCS 110 OTBETHOM PEAKIMH amnapaTypsl ¥ OTACIBHBIX €€ Y3JI0B HA MEXaHHMUYECKOE BO3JICHCTBHE,
KOTOpPOMY TOJBepraeTcst u3znenue. Bes anmaparypa, ycTaHaBiuBaeMasi Ha 60opt JIA, moaBepraercs mMexa-
HUYECKUM HCIBITaHUAM. K TOUHOCTH BOCIIPOM3BEAEHUS PEKMMOB MEXaHMUYECKUX HCIBITAHUM, B y37Iax
kperieans POA npenbsBisttorces: Beicokue Tpedoanmss. B HUNIT mm. TuxomupoBa HHCTPYMEHTOM TS
KOHTPOJISI PEKIMOB MEXaHUIECKUX BO3/IEHCTBUI HA POA M MOHUTOpPHHTra OTBETHOM pPEeaKIUU U3ICTUS U
€ro COCTaBHBIX YacTeil Ha MEXaHWYECKOe BO3EHCTBUE CTAJI0 aBTOMATU3HMPOBAHHOE pabodee MECTO MeXa-
Huuecknx ucnbitannii (APM). APM, paspaborannsiii 8 HUUII, mo3Bossier MOKyMEHTHPOBATh PEKUMBI
MEXaHUYECKUX UCIBITAHUI U OTBETHOW peakuy U3Aeaus. MOHUTOPUHT OTBETHOM peaKLUK U3JENUs 1103-
BOJISIET M30€XKaTh JOPOTOCTOSAIINX, HEBBIHYKICHHBIX Pa3pyLICHUH Ha CTaIX UCTILITAHUH.
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AIRCRAFT AVIONICS MECHANICAL TESTING
AND PROSPECTS FOR THEIR FURTHER DEVELOPMENT

G.Ch. Nasyrov

The main types of mechanical effects of external environmental factors (EEF) for aircraft radio electronic
equipment (REE) and ground-based equipment are vibration in various performances.

Strength, aircraft REE functional performance are valued by equipment and its independent unit response
on mechanical effect which is the equipment subjected. All equipment installed on board the aircraft is subjected
to mechanical tests. High demands are made to measurement precision of mechanical tests modes in radio elec-
tronic equipment (REE) fastener assembly. To control mechanical effect modes on radio electronic equipment
and to monitor equipment and its independent units response on mechanical effects computer workstation (WKS)
is used in V.V. Tikhomirov Scientific Research Institute of Instrument Design (NIIP). Monitoring of equipment
response allows avoiding costly unconstrained damage on testing stage

Computer workstation developed in NIIP allows to record the modes of mechanical tests and equipment
response.
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PaspabomaHa PJIC ¢ Henpepbi8HbIM 30HOUpPOBaHUEM, pearu3yemasi Co8MeLeHUEM HECKOMBbKUX rpuémoriepedar-
4UKO8, pabomaroujux 8 K8asuHerpepbIBHOM pexume 8 pasHbix nodduarasoHog Yacmom. Huskas MoWHOCMb U3ryqeHuUst
(meHee 10 Bm), wiupokuli duara3oH cMeHbl Hecyulel (0o 2 ITu), 6onbuuoli 6aHK crioxHbIX cueHaros (basa He meHee 1 05)
Mariol ckeaxxHocmu (2-4) rpu 6orbLuot AnumernsHocmu koeepeHmHozo (0o 0,1 ¢) u HekoeepeHMHO20 (00 HECKOMBKUX MU-
Hym) HakorieHuUU ripu npuéme obecrieyusarom ebICOKYH0 rnomMexosauuuieHHocms PJIC.

Krrouesble crioga: crioxHbIl K8a3UHerNpepbIsHbIL cUeHarl, HernpepbisHoe 30HAUposaHue, ckpbimHocms PIIC.

There has been developed the continuous sounding radar embodied by combining several transceivers working in a
quasicontinuous mode in different subbands of frequencies. The low transmission power (less than 10 W), a wide range of
carrier frequency changing (to 2 GHz), a big bank of complex signals (a spreading ratio not less than106) of low duty ratio (2+4)
with the long duration of coherent (fo 0,1s) and incoherent (about several minutes) integrations at receiving — provide high
noise immunity of the radar.

Keywords: complex quasicontinuous signal, continuous sounding, emission security.

[pencrasnens! pesynbrarsl pazpabotku PJIC ¢ HenpepbIBHBIM 30HANPOBaHUEM, PEATU3YEMOH MTyTeM
COBMEIIIEHUS HECKOJIBKUX IIPUEMOIIEPEIAaTIYMKOB, PA0OTAIOIINX B KBa3UHEIIPEPHIBHOM PEXUME B Pa3HbIX
MoJyTarna3oHax 4yacTot. [lepexos K HelpepbIBHOMY 30HIMPOBAaHHIO O0ECTICUUBAET YMEHBIIIEHHE TTMKOBOI
MOIIIHOCTH U3y4eHHUs! PONOPLMOHATILHO YHCITy O0BEUHIEMBIX IIpUeMoIiepeaaTiyiKoB. Vcronap3oBaHne
HHU3KOW MOLIHOCTH M3imydyeHus (MeHee 10 Bt Ha Oonpliyx IIKajmax AAIBHOCTH), IIMPOKOTO IHAIa30HA
cMenbl Hecyten (mo 2 ['T1r), Gompimoro GaHka CIIOKHBIX (06a3a He MeHee 106) KBa3WMHENIPEPHIBHBIX (MH-
HUMaJbHas CKBaYKHOCTB OJIM3Ka K 2) 30HIUPYIOIINX CUTHAIOB MPHU OONBIION ATUTENTFHOCTH KOTEPEHTHOTO
(mo 100 Mc) 1 HEKOTrepeHTHOTO (10 HECKOJIBKUX MHMHYT) HaKOIUICHHS NPH NpHEME, 00ECIIeUUBaET BBICO-
KyI0 riomexo3antumeHHocTh PJIC.

OcunosHnoii pynxuueit PJIC sBngercs KOHTpOSIb HaABOAHOW 0OCTaHOBKU — OOHApyKEHHE MOPCKUX U
HHU3KOJIETSIIMX BO3AYIIHBIX eIl 1 00ecrneueHne aBTOHOMHOW HaBUTAllHH.

I'maBHoIi ipoGniemoit co3manust PJIC paccMaTprBaeMOro THIIA SBIISIETCS pa3Bsi3Ka OJHOBPEMEHHO pa-
OoTaroMX MPUEMHHKOB U nepenaTuuka. [Ipobiema permaercss onTUMU3aIel YaCTOTHOTO pa3Hoca Mol
JIMATIa30HOB COBMEIIAEMBIX MPUEMONEPEAATYNKOB U CIIEIHUATBLHON BBHICOKOI(M(PEKTHBHON (UIbTpanmen
M3IIy9aeMbIX ¥ IPHHIMAEMBIX CUTHAJIOB.

JlocTtonHCcTBa Pa3pabOTKU: BBICOKAs IOMEXOYCTOMYMBOCTh K €CTECTBEHHBIM M MCKYCCTBEHHBIM IIac-
CHBHBIM TTOMeXaM; OOJIBLION SHEProMOTEHIMAN; BBICOKAs Pa3pellaronias CriocOOHOCTh 10 JaTbHOCTH (10
€IMHUII U J10JIeil MeTpa) Ha BCeX LIKajlaX; BHICOKAs pa3pelaromas CiocoOHOCTh MO CKOPOCTH (10 €IMHHMI
U JI0JIed MeTpa B CEKYH/y); IIOBBIILICHHAs] HAJISKHOCTh; MaJlasi 3KOJIOTMUECKasi OIIAaCHOCTh MAJIOMOIIHOIO
W3ITy4YeHNs], MaJIorabapyUTHBIN MOYTIPOBOHUKOBBIN ITPHEMONepeaaTIuK.
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THE MULTIPURPOSE COUNTERMEASURES-SAFE SHIP
RADAR SYSTEM WITH PSEUDO-CONTINUOUS
BROADBAND SOUNDING

, V.P. Ivanov, S.A. Lvovskiy, Yu.F. Podoplekin

The development results of the continuous sounding radar embodied by combining several transceivers
working in a quasicontinuous mode in different subbands of frequencies have been presented. The changeover to
continuous sounding provides reducing the emission high-peak power proportionally to the number of the united
transceivers.

Using the low transmission power (less than 10 W at the expanded range interval), a wide range of carrier
frequency changing (to 2 GHz) a large bank of complex (a spreading ratio not less than 106) quasicontinuous
sounding signals with the long duration of coherent (to 100 ms) and incoherent (up to several minutes) integra-
tions at receiving — provide high noise immunity of the radar.

The main radar function is to control the surface picture — detecting the sea and low-flying air targets and
ensuring the autonomous navigation.

The main development problem of the radar under consideration is decoupling the concurrent receivers and
a transmitter. This problem is solved by the frequency diversion optimization of the subbands of the integrated
transreceivers and by special high-performance filtering the received and transmitted signals.

The article has noted the following advantages: high-noise immunity to natural and artificial passive jam-
ming; large link budget; high-range resolution; high-speed resolution; increased reliability; low environmental
threat of low-power emission, small-sized semiconductor transceiver.
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E-mail: drozhdestvenskiy@rti-mints.ru
A.10. MNepnos,
uHxeHep, OAO «PaduomexHudeckul uHcmumym umM. akademuka A.J1. MuHya»
E-mail: aperlov@rti-mints.ru

B daHHol cmambe paccmampueaemcsi 80MPOC 803MOXHOCMU COBMECMHO20 UCMO0/b308aHUs Memoda
onpedenieHuUs MoHo20 3neKmMpPoHHo20 codepxaHus (M3C) uoHocghepsbl ¢ MOMOWbIO CHYMHUKO8bIX paduoHasgu-
eayuoHHbIx cucmem GPS/[TIOHACC u memolOa eepmukaribHo20 30HOUpO8aHUsI UOHOCephbl 8 pexume pearb-
HO20 8peMeHU, C UCronb308aHuUeM Memodo8 MameMamuyecKkoeo Modennupo8aHUsi XxapakmepucmuK UOHOCge-
Ppbl, MPUMEHUMENbHO K KOMIMeHcayuu cucmemamu4yeckol rnoepewHocmu ornpedesieHusi KoopouHam obbekmos
COnpo8oXx0eHusi, 8bi3gaHHOU rnpenomneHuem cugHana PJIC 8 uoHocgepe.

Knroyeesnble crioga: paduoriokayuoHHble usmepeHusi, mo4yHocms PJIC, uoHocgepa, nonHoe anekmpoHHoe
codepxarue, CPHC, sepmukanbHoe 30HOUpo8aHue.

This article deals with the compatibility question of the method for determinating the ionosphere total elec-
tron content (ITEC) by means of the GPS/GLONASS satellite radio navigational systems and the vertical-
incidence ionosphere sounding method in real time, when using the mathematical model methods of the iono-
sphere performance as applied to the systematic error compensation of the position determination of the tracked
objects caused by the radar signal refraction in the ionosphere.

Keywords: radar measurements, radar accuracy, ionosphere, total electron content, SRNS, vertical sounding.

Corpemennsie PJIC mo cBomM mapamMeTpaM JOCTUTIIH TaKOTO YPOBHS, KOTJa JabHEUITIEe TIOBBIIIIC-
HUE dTHX XapaKTePUCTUK HEBO3MOXKHO 03 yueTa BIUSHUS HOHOCHEPHI 3eMITH.

C nosBieHneM co3Be3quii paaroHaBuranuoHHeIX ciyTHHKoB GPS/TJIOHACC/Galileo Bo3mMoxHOCTH
MOHUTOPHHTa HOHOC(EPHI CYIIECTBEHHO TMOBHIMAIOTCSA. PabOTHI 10 WCTIONB30BaHUIO PaIOHABUTAIIOH-
HBIX CUCTEM TSI MOHUTOPHHTa HOHOC(EpB! aKTHBHO BEIyTCs Kak 3a pyOexom, Tak U B Poccuu. B naTepe-
cax TOBBIICHHS XapaKTEPUCTHUK JIOKATOPOB AAIBHEr0 EWCTBUSI MOHHUTOPHHI MOHOC(hEpHl HEOOXOIUMO
MIPOU3BOJIUTH C TOYHOCTHIO MaKCUMAaIbHO MUHUMI3HPYIOIIEH HOHOC(HEPHYIO OIIMOKY B ONPENENICHUH KO-
OpAMHAT JIALUPYEMBIX OOBEKTOB.

B crarbe paccMaTpuBaroTCS BOMPOCHI BO3IEWCTBUSI HOHOC(EPHOH AKTUBHOCTH HAa TPOXOXKICHUE
curHanoB PJIC u xapaktepuctuku nokaropa. Takixe paccMaTpUBAIOTCS METOMBI PacdeTa TOJHOTO JJIeK-
TPOHHOTO CO/IEPaHUsI HOHOC(HEPHI IO KOJOBHIM M (Pa30BBIM H3MEPEHHSIM F METOIBI MUHUMI3AIINH OIITH-
00K M3MepeHH, B TOM YHCIIe:

— yCTpaHEHHE OIIMOOK CBSI3aHHBIX C BPEMEHHOH 3aJePKKOM CUTHAIOB MPUILEAIINX OT HABUTAl[HOH-
HBIX CITyTHHUKOB, B TIPHEMHOM TPaKTe araparypbl IOTPeOUTe;

— yCTpaHEHHE OIMMOOK, CBA3aHHBIX C 3aJICPKKOW MEX Ty M3ITydeHrssMA curHaIoB L1 n L2 B ammapa-
Type HaBUTAlIMOHHBIX CITyTHHKOB.

[IpencraBneHs! SKCIIEpUMEHTAIBHBIE JaHHbIe n3Mepenuit [19C nonocdeps! pHu pa3TUIHBIX YCIOBH-
X HaOMIOZIEHMIA: HU3KYE YTl MECTa TPOJIeTa HABUTAIMOHHBIX CITyTHUKOB, BO3/ICHCTBHE TIOMEX U T.1I.
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THE IONOSPHERE EFFECT COMPENSATION CAPABILITY
ASSESSMENT FOR RADAR PERFORMANCE BY MEANS
OF SATELLITE RADIO NAVIGATION SYSTEM (SRNS)

D.A. Rozhdestvensky, A.Yu. Perlov

To increase the high modern radar performance it is necessary to take into account the earth ionosphere in-
fluence.

The ionosphere monitoring capability is significantly enhanced with the advent of the
GPS/GLONASS/Gallileo radio navigational satellite constellations. For the ionosphere monitoring the radio naviga-
tional system application workings are actively performed abroad and in Russia. For benefit of the long-range
radar performance increase it is necessary to carry out the ionosphere monitoring with accuracy minimizing an
ionosphere error supremely in the located object position determination.

The paper considers the questions of the ionosphere activity influence on the radar signal propagation as
well as the radar performance; the calculation methods of the ionosphere total electron content according to the
code and phase measurements; error minimization methods including:

— error elimination due to time delay of navigation satellite signals in the equipment receive path;

— error elimination due to delay between signal emissions L1 u L2 in the navigation satellite equipment.

There has been presented the ITEC measurement experimental data made under the various observing
conditions: low angle of altitude of navigation satellite flight; noise influence, etc.
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PA3PAGOTKA FTPA®UYECKOIO UHTEPOENCA
OlNEPATOPA PJIC
N [IPAKTUHECKAA PEAJTTU3ALINA OTOBPAXEHUS PITIU

© ABTop, 2014

C.B. TepcuH, sedywjuli uHxeHep,
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B cmambe npugodssmcsi npuHYunbsI MoCMpoeHUs onmumMarbHo20 uHmepgelica onepamopa cospemeHHoU
paduoniokayuoHHOU cmaHyuu ¢ pasdenieHueM Ha pabodue 30Hbl, OMUCLIBAOMCS Mpo2paMMHbIe U arnapamHbie
cocmasnsiowue pabodeeo Mecma oriepamopa, u3nazaemcs aneopumm 8bieo0a Ha omobpaxkeHue paduorioka-
UUOHHOU UHGhopMayuu rnymem crioxxeHuUsi bumosbix croes.

Knroyeenie cnoea: PJIC, paboyee mecmo onepamopa, uHmepgelc, uHgpopmayuoHHass modesnb, Linux,
epaghuyeckoe s10po, bumoesie criou.

The article deals with the principles of the optimum radar operator interface development divided into work-
ing areas, software and hardware components of an operator workplace, the algorithm of the output to display the
radar data by adding the bit planes.

Keywords: radar, operator workplace, interface, entity-relationship model, Linux, graphic kernel, bit planes.

B PJIC Gosplioe 3HaueHHe mpeaeTcs BU3yalbHOMY TPENICTABICHHI0 HH(OpMAIIUH, 00eCIICUrBar0-
IIeMy €MKOCTb, OIIEPaTHBHOCTH U yI00CTBO BoctpusTus. [1o Mepe coBepiieHCTBOBaHMS TEXHHYECKOW Oa-
3bl, 1IEJICCO00PA3HO MPOM3BOANTH ONTUMH3AIMIO rpadrueckux uHTep(eicoB s odecreueHus Hanbonee
patmonansHOoro otobopaxkenus PJIN, snementoB ynpaenenus PJIC, nHIUKaMu COCTOSHHS OTACIBHBIX
TIOJICHCTEM, COOTBETCTBHUS SPTOHOMHYECKUM TPEOOBaHSM.

Paccmotpena cxema opranu3anyy rpadudecKoro nHTepderica ¢ pacnonokeHneM HanboJee BayKHBIX
(hyHKIIMOHATBHBIX ¥ MH()OPMAITOHHBIX 3JICMEHTOB B ONTHMAIILHOM 30HE 3KpaHa padodvero Mecra omnepa-
topa (PMO), KOMIOHOBKa peam30BaHHOTO Tpaduyeckoro uHTepdeiica sl SKpaHOB ¢ COOTHOIIEHHEM
cTOpoH 4:3, a TakKe — T MOAYJISI oToOpaxkeHus ¢ akpanoM FullHD u otHOMmEHNEM cTopoH 16:9.

[IpuBoauTCs onMcaHue MBYX BO3MOXHBIX peau3ariuii 0ToOpakeHus Ha 3kpaHe ornepatopa PJIC pa-
JIMOJIOKAITUOHHOM U TaOJIMYHO-3HAKOBON MH()OPMAITUH, OTMEUYCHBI IOCTOMHCTBA U HEJIOCTATKH, MPOBEICH
aHaJIM3 C TOYKH 3PEHHS TOCTIKSHUS MAKCUMAITFHO BO3MOYKHOM ITPOM3BOAUTEIHHOCTH.

Paccmotrpena peanuszanus rpaduueckoro sjapa (KOMIIOHEHTA), €r0 OCHOBHBIC XapaKTCPHUCTHKHU,
TIPUHIIMT TIOCIIOWHON OTPHUCOBKYM, Ha3HAYECHUE W KOJIMYECTBO CIIOEB, AITOPUTMBI CJIOXKEHUS CJIOEB U CIIO-
COOBI X ONITHUMU3AIINH C UCTIOb30BaHHEM HU3KOYPOBHEBBIX CHCTEMHBIX BEI30BOB.

IIpuBoauTcs ommcanve BUIOB oToOpaxkaemoit PJIN — mepsranast PJIM (3x0) u BTOpHYHAS (KOOPIH-
HATHBIC TOYKH, OTMETKH BO3IYIIHBIX OOBEKTOB U UX (hOPMYJISIPBI, UCTOPHSI TPAcc), MPECTaBIICHUE Tep-
BuuHOi PJIM B OMHApHOM M MHOTOpa3psIHOM (aMIUTATYAHOM) BHUJIE, OOIIUE IPUHIUITEI (DOPMHUPOBAHUS
MAacCHBOB OTMETOK DXO-CHTHAJIOB M TIEpeNadr IMOTOKa JaHHBIX oT DBM o0pabotkun Ha O9BM PMO s
OTOOpaKEHHMS, a TAKXKE M3JI0KEHBI CIIOCOOBI ONTHMH3ALUK TIPHeMa U 00paboTKKU O0TOOpaXkaeMoi HH(Op-
Maruu.

PaccMoTpeHs! npenMyIiiecTBa MPHUMEHEHUs] YHU(PUITMPOBAHHOTO TpaUIecKoro siapa B Pa3IHIHBIX
W3ICIHSX.
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GRAPHIC INTERFACE DEVELOPMENT
FOR A RADAR OPERATOR AND IMPLEMENTATION
OF RADAR DATA (RD) REPRESENTATION

S.V. Tersin

The image display providing operational flexibility and improved readability is the main part of the radar. Ac-
cording to the technical base improvement it is reasonable to optimize the graphic interfaces for many purposes.

There has been considered the graphic interface layout depicting the position of critical functional and data
items in the optimal screen zone of the operator workplace as well as the performed graphic interface arrange-
ment.

There has been presented the description of two possible display implementations of the radar and table- sign
data on the radar operator screen as well as the analysis in the context of the maximum probable operational effi-
ciency.

There has been considered the graphic kernel implementation, its main performance, the layer-by-layer ren-
dering, the plane addition algorithms and the optimization technique ways, using low-level system calls.

The article provides the description of the displayed RD types-primary radar data and secondary, the primary
RD representation is provided in the binary and amplitude forms.

The optimization techniques of receiving and processing the displayed data were described.

The application advantages of the unified graphic kernel in various products were considered.
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B cmambe ebinonHeH cuHmMe3 HesuHeluHoz20 cunbmpa KanmaHa, obecrniequgaroujeeo COrnposoXoeHuUe
Ha3eMHbIX OPUEHMUPO8 asualUOHHbIMU PaduOIoKayUOHHbIMU CMaHUUsMU C CUHMe3uposaHHoU arnepmypol
aHMEeHHbI MPU 8bIMOJIHEHUU 10CadKU 8 CIIOXKHbIX Memeoycri08usix Ha MaroobopydosaHHbie aspoo0pombl. Punbmp
gopmupyem oueHKU KoopAuHam, CKOpoCmuU U YCKOPEeHUS fiemamenibHO20 arrapama OmHOCUMmeribHO pacyém-
HoU moyku KacaHusl. [TpusedeHbl mMoYHOCMU GhopMUpPyeMbIX OUEHOK.

Knroyeesnle cnosa: pacwupeHHbil ¢punbmp KanmaHa, asmocornpogoxdeHue, nocadka, PCA.

The nonlinear Kalman filter was synthetized in the article. The filter provides landmarks tracking by aircraft
synthetic aperture radar for the case of bad weather landing at unequipped airfields. The filter forms the estima-
tions of coordinates, velocities and accelerations of the aircraft relative to the expected contact point. Accuracy of
the estimations is also presented.

Keywords: extended Kalman filter, target tracking, landing, synthetic aperture radar.

[Nocanka nerarensHOro anmapara (JIA) sBIsieTcss OMHUM U3 HaUOOIIEe CIOXKHBIX U aBAPHUITHOOTIACHBIX
JTAIoB IOJIETa, OCOOCHHO B CIOXKHBIX MeTeoycioBusax (CMY). [lnsa obecrieueHus: 6e30MacHOCTH BBITION-
HEHHS JJAHHOTO JdTarla TI0JieTa COBPEMEHHEIE adpOIPOMBI 0OCCIICUMBAIOTCS CIIOKHBIM M IOPOTOCTOSIIIAM
PaTUOTEXHUYCCKUM 000pYyIOBaHHEM, Pa3BEPTHIBAHUE U DKCILTyaTallss KOTOPOTrO TPpeOyeT 3HAUMTEIbHBIX
BPEMEHHBIX PECYPCOB U OOJIBIIIOT0 KOIMYECTBA KBATU(HUIIMPOBAHHOTO 0OCITYKUBAIOIIET0 Tiepcorana. s
BOCHHOI aBHMAIMU aKTYaJIbHBIM OCTaeTCsl OOeCIieueHHe MOCaJKi Ha HeOOOPYIOBaHHBIC WK Cl1ab0000py-
JIOBaHHBIE A3POAPOMBIL.

s obecrieuenus nocaaku JIA B yCIIOBUSIX HEJOCTATOYHOW BHMMOCTH HEOOXOMMMO 3HAHHE CIIeIy-
IOIIMX MapaMeTpoB MOJIETa: BHICOTHI Ha/l TOBEPXHOCTHIO 3eMiid, yaaneHust JIA ot topua BIIII, oTkione-
Hust JIA ot ocu BIIII, otknonenus xypca JIA ot xypca BIIII u T.1. BricokoTouHOE M3MepeHHe 3THX T1a-
paMeTpoB BO3MOXKHO C TIOMOIIBIO PAIHOJIOKAIIMOHHBIX CTAHIIUM ¢ CHHTE3UPOBAHHOMN anepTypoil aHTCHHBI
(PCA) u pannoyioKarimoHHBIX OPHEHTHPOB (KaK €CTECTBEHHOTO, TaK M HCKYCCTBECHHOTO TIPOUCXOXKICHIS ).

s onpenenenus koopauHat JIA BBITOTHEH CUHTE3 ONTUMAIBHOTO HelmHeHHoTo (hrmpTpa Kammana.
B kauectBe MaTemaTuueckoi mojenu nonera JIA B pexxume cieIoBaHUS MO TIIKCCAe MPEIOKEHO UC-
TIOJIB30BATh PACIIUPEHHYIO MOJIENh 3WHTepa, BKIFOUAIOIITYI0 TIOMUMO KOOPIMHAT, CKOPOCTH U YCKOPEHUS
elIe 1 yroi cHoca.

B mpomecce nocagku PCA oGecrieunBaeT u3MepeHne NATLHOCTH, a3UMyTa, YIia MecTa U JOIUICPOB-
CKOW YacTOTHI OT K&KIOTO PaIUONIOKAMOHHOTO oprueHTHpa. OcoOeHHOCTh pa3paboTaHHOro (pribTpa 3a-
KITFOUAeTCs B TOM, YTO €r0 KOPPEKIIHS BIMOIHIETCS HE OJJHOBPEMEHHO TS BCeX HAOOAaeMbIX B JAHHBIN
MOMEHT OPUEHTHPOB, a MOCIIEIOBATEILHO — VISl KAYKIOTO OPUEHTHPA B OTAEIBHOCTH. JDTO HE TOIBKO CHH-
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’KaeT BBIYMCIIUTENBHYIO Harpy3Ky, HO M TIO3BOJISET MCIIONB30BATh OHY CTPYKTYpPY (GUIIbTpa s JIF0O0MH
KOH(HTYpalui OPUEHTHUPOB.

B 3akmoueHre npUBENEHBI Pe3yJIbTaThl MaTEMaTHUECKOTO MOJIEIHPOBaHHs PabOThl pa3paboTaHHOTO
(GmIbTpa UL TUIOBBIX YCIOBHI Mmocaikd. TOYHOCTH OLIGHKM MapameTpoB IBrokeHus JIA 3aBucsaTr ot
JAIBHOCTU 10 OPHEHTHPOB, X KOJIMYECTBA W MPOCTPAHCTBEHHOTO IMOJOXKeHMs. [ToBbIIIeHHe TOYHOCTH
BO3MOKHO C TIOMOIIBIO BEIOOpA TEOMETPHH B3aMMHOTO Pa3MEIICHHsI UCKYCCTBEHHBIX OPHEHTHUPOB, a TaK-
K€ KOMIUICKCHPOBAHUEM ITOJTYUYEHHBIX JAHHBIX C JAaHHBIMU PaloJIOKAIMOHHOTO BEICOTOMEPA MAaJIbIX BbI-
COT 1 OOPTOBBIX HABUTALIMOHHBIX CHCTEM.
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THE NONLINEAR KALMAN FILTER
FOR LANDMARKS TRACKING BY AIRCRAFT SYNTHETIC
APERTURE RADAR TO PROVIDE SAFETY LANDING
ON UNEQUIPPED AIRFIELDS

A.Y. Frolov, E.E. Koltyshev, V.T. Jankovski, D.L. Filippov

Landing (especially bad weather landing) is one of the most difficult and dangerous part of a flight. Modern
airfields are equipped by complex and costly radio equipment to provide safety landing. lts installation and
maintenance requires a lot of time and big amount of processing people. Providing landing to unequipped airfields
is an actual problem for the military aviation.

To provide safety landing it is necessary to know the height above an airfield, the distance to the runway
threshold, the aircraft bearing relative to the runway centerline, etc. High precision measurements of these
parameters can be obtained by using synthetic aperture radar (SAR) and natural or artificial landmarks.

The nonlinear Kalman filter was synthesized to determine aircraft coordinates. The extended Zinger motion
model was chosen as an aircraft motion model. This dynamic model contains three linear coordinates, velocities,
accelerations and a bearing angle.

SAR measures distance to every landmark, horizontal and vertical angles of landmarks line of sight and
Doppler frequency shift of received radio signal. The key feature of proposed filter is in sequential processing of
measurement algorithm. This means that the state correction makes for every landmark separately, which greatly
reduces computational costs and makes the filter able to handle any landmarks spatial configuration.

Experimental results for ordinary landing conditions are presented in the last part of the article. Precision of
an aircraft motion parameters estimate depends on the distance to landmarks, its quantity and spatial configura-
tion. Estimation precision can be improved by choosing the landmarks geometry and by combining SAR data and
onboard navigation system data.
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lpednacaemcsi cxema cucmembl MPOCMPaAHCMBEHHOU MnoMexo3awumsl UMybCcHo-Oonneposckol PJIC.
Paccmampusaemcsi meopemudeckasi oueHKa nodassneHusi cueHanonodobHol nomexu U 803MOXHOCMb UCHOSb-
308aHUsi OaHHOU cxeMbl 0rsi pasHbix 8UO08 cueHaos. Takxe onuckigatomcsi 3ghghbekmbl, 803HUKaroWUe 8 npeod-
JIOKEeHHOU cxeme.

Knroveeble cnoea: rnpocmpaHcmeeHHasi roMexo3awjuma, KOppensyuoHHasi Mampuya, UMY IbCHO-
donneposckas PJIC.

The report proposes the system of spatial interference immunity pulse-Doppler radar. Considering the theoret-
ical evaluation of the suppression imitation interference and the possibility of using this scheme for different types
of signals. Also described the effects arising proposed radar scheme.

Keywords: interference immunity, correlation matrix, pulse-Doppler radar.

AHanUTM4eCcKMn M Ha MMUTaALMOHHBIX MaTEMaTUYECKMX MOAENSIX WCCMEOYlTCH XapaKTepUCTUKM CUCTEMBI
NPOCTPaAHCTBEHHOW 06paboTKkn cUrHanoB MMMynbCcHo-gonneposckon PJIC.

B cucteme peanusyeTtca cnegywoolwas nocrnegoBaTenbHOCTb onepauui. CurHanbl € BbIXOOOB NPUEMHbIX
TPAKTOB YaCTHbIX @HTEHHbIX MOAPELUETOK OLMpPOBLIBAOTCA HA MPOMEXYTOYHOM YacToTe U noaseprairTcs
npeaBapuTensHon obpaboTtke. ObpaboTka 3aknovaeTcs B unudgpoBor punstpauum, LndpoBom npeodpasoBaHnn
4YacToThl, POPMUPOBaAHNM KBagpPaTypbl U AeLuumaumun. 3aTeM NoCneaoBaTeNbHOCTU 3TUX CUTHANOB pasfaensoTes
Ha ABa notoka. OguH NOTOK COXPaHSIETCS OO HEKOTOPOro BpemeHwu. [ns BTOPOro noToka HaxoOsTcsl CrekTpbl,
NPOu3BOAMTCHA pexekumst obnacTelt CnekTpoB, COOTBETCTBYHLUMX MNACCUBHbIM MoMexam, U dopmupyeTcs
NPOCTPaHCTBEHHAs! KOppensauMoHHas matpuua. Kaxabli aneMeHT maTtpuubl NpeacTaBnsieT coboi ckansipHoe
npousBefeHne BEKTOPOB C KoOpAWHAaTaMu, paBHbIMU 3MEMEHTaM MacCUBOB PEXEKTUPOBAHHBLIX CMEKTPOB.
C koppensauMoHHOW MaTpuuen U pasnnyHbiMU OMOPHBIMU BEKTOPaMM peLlaeTCcsl HECKONBbKO CUCTEM YypaBHEHWN,
HaxoAATCs aganTUBHbIE BECOBblE MHOXWUTENW ANA CyMMapHOro M pasHOCTHbIX kaHanos PJIC. CoxpaHeHHble
MOTOKN CUIHaNoB CYMMUPYIOTCS C BECOBbIMU MHOXUTENSMU, 0Opa3ytoTcs NMOTOKU CUIHaNoB COOTBETCTBYHOLLME
CYMMapHOMY 1 pa3HOCHbIM KaHanam, B KOTOPbIX HE COOAEPXKUTCS MELLAOLLMX CUrHamoB.

PaccmoTpeHbl BO3MOXHOCTM cUCTEMbl MO paboTe C pasnuyHbIMUM BUAAMU MeELLaoLWmMX curHanos, paboTe B
YCINOBUSIX MNEPEMELLEHUS WCTOYHMKA MELLalLWero curHana 3a BpeMs M3Ny4yaemoro curHana, a Takke
BO3MOXHOCTM CUCTEMbI MO paboTe C APYrMMU CUrHamamu, OTNNYalLWMMUCA OT NMPUMEHSIEMbIX B UMMYbCHO-
ponneposckux PJIC.
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SPATIAL SIGNAL PROCESSING SYSTEM
IN PULSE DOPPLER RADAR

A.l. Danilenko, S.A. Uryupin

In recent years, the possibility of electronic warfare (EW) increased significantly. Usual spatial anti-jamming
techniques are ineffective due the form zeroes antenna pattern in the allotted for this period of time, and modern
electronic warfare does not emit when silence radar that does not allow for adaptation.

In this article is proposed the scheme of spatial anti-jamming for pulse-Doppler radar. In this system the
composition of digitized target signal and interferences is divided into two computational threads. In the first
stream of the received signals are stored, and the second is calculated on the basis of their adaptive spatial vec-
tor. The resulting spatial vector processing goes saved in the first stream of digital signals. Thus, a noise reduc-
tion of operating only during radiation radar.

Scheme, without changing the structure calculations can be used to treat various types of signals: SOS,
chirp, FCM.

The proposed scheme has its own specifics. For example, due to the formats used to represent the numbers
of zero depth formed DR restricted, but more than 60 dB, which can suppress a strong interference. Also, due to
imperfection formation quadrature suppression effect occurs in Nam symmetrical relative to the normal to the
antenna array areas, which may lead to suppression of the useful signal. But this is very rare event.

It speaks about the prospects of this radar scheme for protection pulse-Doppler stations from jamming.
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PaccmompeHa 3adaya obHapyXeHUsI HEKO2epPeHMHOU nayqyku UMIY/bCo8 Mpu 803MOXHOM 8030elicmeuu Ha
PJIC o63opa pa3Hoeo arnpuopu HeusgecmHozo suda rnomex. [nsi kax0o2o suda riomex npedroxeH Haubornee
aghgpekmusHbIli aneopumm ObHapyXeHUs cua2Haros u Kpumepul e2o 8blbopa 6 3agucumMocmu om foMexoeol
cumyauuu. lposedeHa nposepka pabombl COBOKYNHOCMU MPeOSIOXEHHbIX ar2opummos, Mpu4éM, MOCKOLKY
rnomexu, 8bl38aHHble ceepxpepakyuel, paHee 8 OaHHOU 3adaye He uccriedosasniucb, 8 3MOM Crlyvae Mosly4eHbl
bonee nodpobHbie xapakmepucmuKku U 060CHO8aH 8bI60P Napamempos anzopumma ObHapPyKeHUs.

Knroyeenle cnoea: PJ/IC 0630pa, navyka ummnyrbcos, WymMoeasi nromMexa, HeCUHXPOHHasi UMy IbCHas rnomexa,
moyeyHbIl 1o danbHOCMU, ceepxpechpakyus, «aHeer».

The problem of detection of an incoherent pulse packet when a number of a priori unknown type of noise im-
pact on surveillance radar, is considered in this paper. The most effective detection algorithm and its selection cri-
terion which is depended on noise situation are offered for every kind of noise. The check of working possibility of
the aggregate of algorithms was done. Moreover the more detailed characteristics are obtained and the choice of
the detection parameters is substantiated in case of noise induced by superrefraction which was not researched
before as a part of such problem.

Keywords: surveillance radar, pulse packet, noise interference, asynchronous impulse noise, pointed on
range, superrefraction, «angel».

[IpobnemMa MONIENUPOBAaHHS aNTOPUTMOB OOHAPYKCHUSI CUTHAJIOB B YCIOBHAX BO3JACHCTBHSA
pa3HOro Yuciia apuopu Heu3BeCTHHIX BUA0B oMex Ha PJIC 0630pa paccMoTpeHa B TaHHOI cTaTbe.

B YCIIOBHUAX IIyMa HEW3BECTHOMU MOIITHOCTHU IMMPUMCHSACTCA aJITOPUTM HCKOI'CPEHTHOT'O HAKOIIJICHHA.
HpI/I BO3IIGI‘/‘ICTBI/II/I KOHCYHO-TIPOTSX)KECHHBIX MO0 JAJIBHOCTHU M CUHXPOHHBIX OT IICpUOJa K IEpuoay
IIOMEX, HCIIOIB3YeTCsl TMPOBEpKa OJHOPOAHOCTH MOMEX IO NaJbHOCTH. JIi yMEHBIICHHS BIMSHHS
HECHHXPOHHBIX HMITYJIBCHBIX ITIOMEX, HCIIONB3YeTCs HOPMHPOBKA CHTHAIOB B KaXIOM IEPHOIE.
Taxxe npuMeHsieTcss OOHapy)KEeHHWE W IIEH3yPHPOBAaHUE TOYEYHBIX HECHHXPOHHBIX HMITYIbCHBIX
noMex. Jns OOppOBl C OTpaKEHHSIMU OT «aHIENIOB» MPEUIOKEH alTrOpUTM HEKOTepPEHTHOTO
HAKOIUIEHUs] ¢ TOporoM 1o 4vacrore Jlomnepa. 3amuTa OT MOMEX, BBI3BAHHBIX CBepXpedpaxiuet,
obecrieunBaeTcs MPOBEPKOM HATMYUS CUTHANA B 1-M mieproJe.

ITo pe3ynpTaTaM MOJECTHPOBAHUS ANTOPUTMOB, OOECIICUNBAIOTCS BHICOKHE 3HAYECHHS BEPOSTHOCTH
NpaBHJIBHON KiIacCH(UKAIUK BCEX BUAOB mMoMeX. s anropuTMa HEKOTEpEeHTHOTO HAKOIUICHHS C
3aIIUTOM OT CHTHAJIOB CBEpXpedpakiuy, mopor 1-ro mepuopa BHIOMpaeTcs MCXOIS U3 BEIUYUHEI
noteps ooHapyxenus 0.1 wmu 0.51b. B anroputme obecrieunBaeTcst MoJHOE OIaHKUPOBAHKE MOIIHBIX
curHanoB ceepxpedpakuuu. BepositHocts JIT or cnabeix curHanoB cepxpedpaximn Pp<0.1 npu
n<s.
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DETECTION OF AN INCOHERENT PULSE PACKET AGAINST
THE BACKGROUND OF DIFFERENT TYPES OF NOISE

K.A.Elagina, I.F.Lozovskyi

The problem of modeling of signals detection algorithms when a number of a priori unknown type of noise (in-
cludes noise induced by superrefraction) impact on surveillance radar, is considered in this paper.

In conditions of the noise with unknown power, the algorithm incoherent accumulation is offered. In conditions
of finite-extensive range and synchronous from-period-to-period noise, the check of homogeneity range of noise
is used. To reduce the impact of asynchronous impulse noise, normalization of a signal in every period is used.
Also the detection and censoration of pointed asynchronous impulse noise are being carried out. To struggle
against reflection from «angels», detection algorithm of incoherent accumulation with the Doppler frequency
threshold is offered. To struggle against noise with superrefraction, the lack of signal in 1 period is being
checked.

As result of simulation modeling, quite high value of probability of right classification for all kinds of noise is be-
ing provided. For incoherent accumulation algorithm with protection against superrefraction signals, the threshold
of 1% period is chosen in terms of additional losses value of 0,1 and 0,5 dB. There is a total blanking of powerful
superrefraction signals is provided in the algorithm. The false alarm probability from weak superrefraction signals

is P#<0.1, where the quantity of impulses N<8§.
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lMpedcmasneH cuHmes anezopumma cxxamusi 8 yughposoli chopme ompaxkeHHoeo JIYM cueHana, cocmasHbie
ModuMMybCbl KOMOPO20 MPUHSIMAbI, YCUIEHbI 8 MHO20KaHabHOU cxeMme U 8 aHann02080l ¢hopme ceedeHbl K 00-
HOU MpoMeXxXymoy4yHoU Yacmome co CriydaliHbIMU HavyarbHbIMU ¢ha3amu 8 KaxxOoOM U3 N KaHaros.

Knroyeenle crioea: cocmasHoU ceepxwiupoKononocHsit JIYM cueHan; cxxamue cocmasHozo JIYM cueHana.

The article deals with the synthesis of the compression algorithm of the digital echo linear frequency modula-
tion (LFM) signal, the component subpulses of which were received and amplified in the multichannel configura-
tion and in an analog form they were restricted to one intermediate frequency with the random initial phases in
each n channels.

Keywords: composed ultrabroadband linear frequency modulation (LFM) signal; compression of composed
ultrabroadband linear frequency modulation (LFM) signal.

[Ipu MonepHM3aLUMK BBICOKOMOTEHUMANbHOM wu3MepurenbHoil PJIC, wucnone3yemMoil npu
UCTIBITAHUM OO0EBOTO OCHAIEHUS PAKETHBIX KOMIIJIEKCOB, BO3HHUKJIA HEOOXOIMMOCTH BBITIOJHHUTH
CKaTHe COCTaBHOTO CBepXIMpokomnonocHoro JIUM curnana. B cratee npenctaBieH CHHTE3 alTOPUT-
Ma cxaTus B udpoBoit popmMe oTpaxkeHHOTo coctaBHOro JIYM cHrHama, COCTaBHBIC MOIUMITYIHCHI
KOTOPOT'0 NPHUHATHI, YCUICHB B MHOTOKAaHAJBLHOH CXeMe M B aHAJOrOBOM (opMe CBEAEHBI K OTHON
MIPOMEXKYTOYHON YacTOTE CO CIy4alHBIMU HadyalbHBIMH (pa3aMy B KXKIOM U3 N KaHAJIOB.

ITo pa3zpaboraHHOMY anropuTMy mnpou3BoauTcs ouuppoBka u cxatue JIYM mogummynscoB B
KaxaoMm kaHanme. Cxartele JIUM moguMIysnbechl TEPEHOCSTCS KaXKABIH HAa CBOIO COOCTBEHHYIO
OPOMEXYTOYHYI0  YacTOTy, COBMELIAIOTCSI BO BPEMEHH M  OOBCAMHSIOTCA B  OJHOM
CBEPXILHPOKOINOIOCHOM KaHase. IIpu 3TOM Hcnonb3yeTcs aBTOMaTHYecKas MOJACTPOHMKAa B KaXKJIOM
KaHalle HadanbHOW (as3el cxaroro JIUYM momummyibca, 9To oOecmedMBaeT AONOJIHUTEIBHOE
ykopoueHnue cxkarbix JIYM noaumMiynbcos B N pas.

BecoBas 00paboTka, HeoOXoanMast IsI YMEHBLICHUS! YPOBHSI OOKOBBIX JIETIECTKOB, BBIMOJIHSETCS
10 CBEPXUIMPOKOTIONIOCHOMY cxaromy JIUM curnany B 00beIHHEHHOM KaHaJe.
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SYNTHESIS OF COMPRESSION ALGORITHM
OF ULTRA WIDEBAND MULTICHANNEL LFM SIGNAL

A.V. lvanov, V.S. Okoneshnikov, V.V. Ivanov

During modernization of someone radar, which used for test of fighting equipment of missile systems there
was a need to execute compression of compound ultra wideband LFM signal. In article present synthesis of com-
pression algorithm in digital form of returned LFM signal. The compounds LFM impulses of signal are received
and amplified in multichannel scheme and in analog form are reduced to the one frequency with random initial
phase in each n channels.

On the developed algorithm numbering and compression LFM subimpulses in each channel is made. Each
compressed LFM subimpulses are transferred on own the intermediate frequency, and then subimpulses are
combined in time and unite in one ultra wideband channel. Automatic fine tuning in each channel of an initial
phase of compressed LFM subimpulse is thus used that provides additional shortening of compressed LFM sub-
impulses in n of times. The weight processing necessary for reduction of level of side lobes, is carried out on ultra
wideband compressed LFM to a signal in the united channel.
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B cmambe paccmampugaemcsi 3a0ada onmumasibHO20 OOHapyXeHusi Heu3eecmHo20 obbekma
paduosioKamopoM C OJHbIM M0MSPU3aUUOHHBLIM aHanu3om. [lpednonazaemcs, 4mo OmpaxeHHbIU
CueHarn He uMeem Heu38eCmHbIX napamempos, 3a UCK/IYeHUEeM Mosispu3ayuUoHHOU Mampuubl pac-
cesHusa (INTMP) obbekma. AnpuopHoe pacrnipederieHue anemeHmos NMP npednonazaemcs 2ayccos-
ckum. [lonyyeHo onmumarnibHOe Mpasusio obHapyXeHUs U rpueedeHbl e20 xapakmepucmuKu npu
¢huKcuposaHHOU 8epPOSIMHOCMU JTIOXHOU mpeesoau.

Kniodeenle croea: MOMHbIU MOMASPU3aUUOHHbIU aHau3, rnosisspusayuUoHHas Mampuya paccesiHus,
onmumarsibHoe obHapyxeHue, arnpuopHoe pacrnpedeneHue, batiecogckuli nodxoo.

The article considers the problem of the optimum unknown object detection by the radar with the
perfect polarization analysis. It is supposed that the returned signal doesn’t have any unknown pa-
rameters, except for the object polarization scattering matrix (PSM). A priori distribution of the PSM el-
ements is supposed to be Gaussian. The optimal detection rule was obtained and its performance was
provided under the fixed probability of a false alarm.

Keywords: perfect polarization analysis, polarization scattering matrix, optimal detection, a priori
distribution, Bayesian approach.

B craTtphe paccMmaTpuBaercs 3agada oOHapy>KeHHS 0OBEKTa PaAHOJIOKATOPOM C IIOJIHBIM IOJISIpU3a-
IIMOHHBIM aHanu3oM. [IpmeM W nepenada CHTHala OCYIIECTBISETCd Ha JBYX OpPTOTOHAJIbHBIX
noJiipu3anusx. B aToMm ciydae, HEM3BECTHBIMU IapaMeTpaMu IPUHUMAEMOIO CUTHAJIA OKa3bIBAKOTCS
3JIEMEHTHl TOoJNApHU3alMOHHONW MaTpuisl paccesHus (IIMP) mommpyemoro o0bekTa B TEKyIeM
pakypce. A caM IpUHUMAaeMbIil CUTHAJT SIBJISIETCA BEKTOPHBIM.

ITomydeHsl onTuMainbHbIE IIpaBUiIa OOHAPYXKEHUS CUTHAja B ONMCAaHHOM cuTyanmu. lIpuBeneHo
MIPABUIIO AJISl MOJIHOCTBIO M3BECTHOTO CHUTHANA, T.€. B ClIy4ae, KOIZla M3BECTHA MOJSPHU3ALMOHHAS
MaTpuua oOHapykuBaeMoro oorexra. Kpome T0oro, mosydeHo onTHManbHOE MIPAaBUIIO OOHAPYKEHUS B
ciyuae, korga [IMP oObekta Heu3BecTHa. B 000ux ciryyasx MOJTy4eHBl aHATUTUYECCKUE BBIPAKECHUS
JUIS XapakTepUCTHK oOHapyxeHud. [IpoBelneH YHCIEHHBIH aHaNMU3 MOJYYEHHBIX NPOIENyp U HX
CpaBHEHHE C OOBIYHO MCIIOB3YEMBIMU SMIIMPHUECKUMHU TPOLIETypaMHi OOHAPYKEHHUSL.

O06cy>Kaat0Tcsi BOIPOCHI IPAKTUYECKOTO UCIIO0JIb30BAHUS NIPEIUIOKEHHBIX IPOLEAYD.
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SOLVING PROBLEM OF DETECTION
WITH FULL POLARIZATION ANALYSIS

V.B. Kalashnikov, N.V. Verdenskaya, I.A. lvanov

The report considers the problem of the optimum unknown object detection by the radar with the perfect po-
larization analysis. Receiving and signaling is carried out in two orthogonal polarizations. In this case the unknown
parameters of a receiving signal are the PSM elements of a located object. And the receiving signal is vectorial.

The optimal signal detection rules were obtained for a described situation. The rule for a completely known
signal (when the polarization matrix of the located object is known) was provided. Besides, the optimal detection
rule for the unknown PSM of the object was also obtained. The analytical expressions for the detection perfor-
mance were obtained in both cases. The numerical analysis of the obtained procedures and their comparison with
the usually used empirical detection procedures were carried out.

The practical use questions of the offered procedures were discussed.
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B cmambe 8bInonHeH cuHme3 onmumMarsbHO20 aneopumma npocmpaHcmeeHHo-epemMeHHol obpa-
6OMKU MpaeKmopHoO20 cueHasa, obecrniequsarouie2o nomnydeHue PJIV ¢ ebICOKUM paspewieHueM 8 re-
pedHem cekmope o0b63opa. Cmpykmypa onmumarsibHOU MpoCcmpaHCMBeHHO-8peMeHHOU 0bpabomKu cue-
Hana PCA nepedHezo ob3opa cocmoum U3 coariacosaHHOU Oorieposckol ¢hurnbmpayuu rnosie3Hoeo
CueHana u rnpocmpaHCMBEHHOU pexeKyuu Mewarowe2o cueHana. lpusodsmes pesyrnbmamsb! Yugppo-
UMUMayUOHHO20 ModenuposaHus pabombi orMUMasibHO20 aneopumma.

Knroyeenle cnoea: paduosiokayuoHHass cucmema, paduosudeHue, cuHmesuposaHue anepmypsbi,
nepedHuli 0630p, npocmpaHcmMeeHHo-8peMeHHasi obpabomka, onmumarsibHasi obpabomka, yHKUUs
HeorpedenéHHocmu, paduorioKayUuoHHoe u3obpakeHue.

This article gives an optimal algorithm for the synthesis of space-time processing of the trajectory
of the signal so as to obtain a high-resolution radar data in the forward field of view. Structure optimal
spatio-temporal signal processing comprises forward-looking SAR coherent Doppler filtration of the
desired signal and rejection of the interfering signal space. Results of digital-simulation modeling of
work of optimum algorithm are given.

Keywords: radar system, radio imaging, synthetic aperture, forward view, the space-time pro-
cessing, the optimal treatment, the function of uncertainty, the radar image.

CoBpeMeHHBIE paJMONOKAllMOHHBIE CHCTEMBI C CHHTE3WpOBaHHOW amepTypoit aHTeHHbI (PCA)
MO3BOJISIIOT  TIOJMYYHTh JETANbHOE pamuoyiokanuonHoe w3obpakenne (PJIM) B OokoBOoM U
nepeqHeO0KOBOM cekTope o0030opa. B cextope +100 cymectytomme PCA He obecrieunBaroT
noiyuenue PJIU. B To xe Bpems pelieHHe TaKMX BaXKHBIX 331ad, KAK MOHUTOPHHI IOACTHJIAIOIIEH
MOBEPXHOCTH; TOHCKOBO-CIIacaTeNbHbIE paboThl; OOJIET M 00XOX MpEeMsATCTBUH, AECaHTUPOBAHUE,
cOpoc rpy30B, MOCaaKa Ha a3POAPOMBI (B TOM UKCIIe OSCIIIOTHBIX JIETATEIbHEBIX alapaToB), OIICHKA
MeTe000CTaHOBKH U Ap., TpeOyeT nonydyeHus aetansHoro PJIU B mepennem cextope o630pa.

st pemenust 3agaun GOpMHUPOBAHUS ETAIBHOTO PAJHOIOKAIIMOHHOTO N300paXXEHUsI MECTHOCTH
B IIEpEeIHEM CeKTope 0030pa He0o0XOAWMO TMOJABUTh INHKH HEOTHO3HAYHOCTH (YHKUUHU
HEONpPEeAETICHHOCTH TpaekTopHoro curHanma PCA wu Tem cambiM o0eclieunTh OZHO3HAYHOE
oTpefeNieHHe YIJIOBOr0 MoJokeHus: orpaxkarens Ha PJIM. Pemenue sToli mpobieM BO3MOXHO
HECKOJIbKUMHU METOJIaMU:

— C TMIOMOIIBIO ONITUMAJIBHOM MPOCTPaHCTBEHHO-BPEMEHHONW 00pabOTKHM TPAaeKTOPHOTO CUTHAIIA;

— C IOMOIIBIO CIIEIMAIBHOTO TPAeKTOPHOTO ynpasiieHus Hocuteaem PCA.
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B craTtee paccmaTtpuBaeTcs popmupoBanue aeransHoro PJIM MecTHOCTH B mepegHeM ceKTope 00-
30pa C IOMOIIBI0 ONTUMAJIEHON IIPOCTPAHCTBEHHO-BPEMEHHON 00paObOTKH TPaeKTOPHOTO CUTHAIIA.

CTpyKTypa ONTHMANBHOH TNPOCTPAaHCTBEHHO-BPEMEHHOH 00paboTku curHana PCA mepemHero
0o030pa COCTOMT M3 COIJIACOBAHHOW JOIJIEPOBCKOM  (UiIbTpalMy MOJE3HOrO CHUTHalIa |
IIPOCTPAHCTBEHHON  pEeXEKIMH  MEMIAlolero  curHaga.  [IpocTpaHCcTBeHHass  KOMIIEHCAlMA
OCYILIECTBIISIETCS] TyTeM (POPMHUPOBaHUS TIPOCTPAHCTBEHHBIX QIbTpoB (Iyueid JIHA) B HampaBieHUn
IOJIE3HOTO CUTHAla ¥ MEUIAIOUIET0 CHUTHAJOB COOTBETCTBEHHO C IIOCIEAYIOIIUM BECOBBIM
cyMmmupoBaHueM. Takum o0pa3oM, (opmupyercss HOIb OUarpaMMbl HAIPaBICHHOCTH IPHUEMHOI
AQHTEHHBl Ha TOYKY IOACTHJAIOIIEH IOBEPXHOCTH, HMMEIOUICH IOIUIEPOBCKYIO YacTOTy, PaBHYIO
94acTOTE MOJIE3HOTO CUTHAJIA.

B 3akmrouenue crateu npusoaaTcs PJIM MecTHOCTH ¢ BBICOKHM pa3pelIeHHeM, NOJIy4eHHOE B pe-
3yJbTaTe JIETHOTO IKCIIEPUMEHTA.
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OPTIMIZING SPACE-TIME PROCESSING IN RADAR SYSTEMS
WITH FORWARD-LOOKING SYNTHETIC APERTURE

G.S. Kondratenkov, E.E. Koltyshev, V.A. Tagantsev, A.Yu. Frolov, V.T. Jankovski

Currently developed SAR systems, which allows for a detailed radar image in the side and anterolateral
sector review. However, in the sector of + 10 degrees of an image is not formed due to the presence of ambiguity
between the angular position of the target and its Doppler frequency.

Ambiguity function of the radar signal in the straight flight has peaks ambiguity and symmetric with respect
to the ground speed vector. This means that in the rectilinear uniform flight based on analysis of only the phase
structure can not determine the position of the observed object relative to the ground speed vector (left or right).

To fix this uncertainty in the SAR has traditionally used a real antenna, which suppresses the peak ambi-
guity (interference signal). In the front view when the angular position of the reflector relative to the ground speed
vector is less than the actual width of the antenna pattern suppression becomes not effective.

To solve the problem of forming a detailed radar images of terrain in the forward field of view is necessary
to suppress the ambiguity peaks of the function uncertainty of the trajectory signal of SAR and thereby provide
an unambiguous determination of the angular position of the reflector in the radar picture. The solution to this
problem is possible in several ways:

-using the optimal space-time processing of the SAR signal;

-using a special trajectory control SAR.

The paper presents a synthesis of optimal space-time signal processing for radar imaging area in the front
field of view.

The structure of optimal signal processing consists coherent Doppler filtering and spatial rejection of the in-
terfering signal. The spatial compensation is performed by generating a spatial filter in the direction of the desired
signal and interfering signals, respectively, followed by the summation of their weighted output signals.

Since each Doppler filter processing system are received signals from two directions, to determine the pa-
rameters of a signal, system spatio are rejected other signal, and vice versa. Each filter is corresponds to a pair of
angular positions of the left and right relative to the velocity vector. For radar imaging of each of the two points,
echoes of which accumulate in the Doppler filter processing system, it is necessary to estimate the amplitude of
these signals.

Simulation results of the algorithm in the forward-looking mode when the call PCA aircraft carrier landing.
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Paccmampusaromcesi npedrnoxXeHHbIe asmopamMu an2opummbl MHO20MEPHOU HesnuHelUHOU ¢hurib-
mpauyuu 8 ModynsipHoU apuchmemuke, Mo3e0sIsroWUe 8bIMOMHIAMBb HEKOMOpPbIe apughMemuyecKkue ore-
payuu mo4Ho, ecnu onepaHObl Cymb Uesble Yucsia. 3mo rno3eosnsem usbexams owuboK OKpyaneHus: u
docmuaHymb MakcuMasibHo20 bbicmpodelicmeusi 3a CHEM NMPUMEHEHUSI napasiniesibHbIX 8bI4UCIEHUL.

Knroyeenle croea: MOOyrb, adarmueHble aneopummesl, HernuHelHas thunbmpayus, crydalHbie
npouyecchkl, cmamucmu4yecKkue xapakmepucmuku.

There have been considered the algorithms of a multidimensional nonlinear filtration in modular
arithmetics allowing to carry out some arithmetic operations precisely if operand essence is the whole
number, avoiding round errors and taking out the maximum fast operation due to o parallel calculation
application.

Keywords: Module, adaptive algorithms, nonlinear filtration, random process, statistical character-
istics.

Peamuzanmss ~ alropuTMOB  ONTHMaIbHONH  00paboTKM  WMHGOPMAaMM B COBPEMEHHBIX
PaIUOIOKAIMOHHBIX CHCTEMax OCYILECTBISETCS MeToJaMH LU(poBOi (uibTpaluy Ha OCHOBE
crermpoieccopoB nudposoit 06padotku curaanos (L{OC). ITpu 3rom HE0OXOUMO TOMHHUTE, YTO MIPH
T1000M TIPENCTABICHUM HEMPEPBIBHBIX MEPEMEHHBIX YHCEN BHOCUTCS OMIMOKA, SIBISIOMIASCS
CJIC/ICTBUEM aIMPOKCUMALINU IEPEMEHHBIX KOHEYHBIM YHCIOM IH]p. ITa ommbKa 3aBUCUT OT YHcia
UCIIOJIb3YEMBIX TIPH TaKOM TIPEJICTAaBICHUN JBOMYHBIX pa3psmoB b, crocoba mpenctaBieHUs (c
(UKCHMpPOBAaHHONW WM IUIABAIOLICH 3amAToi), cmoco0a MPeNCTaBICHUS OTPULATEIbHBIX YHCENI U
METO/1a, UCIOIb3YEMOT0 IS UCKITIOYEHHUS Pa3psiioB, NPEBBIIAIOLIINX [UIMHY PETHCTPOB.

Bnusiaue s¢dexra KOHeUHOH pa3psSAHOCTH NPEACTaBICHHUS BECOBBIX KOI((GHUINEHTOB (GUIBTPOB U
pe3yAbTaTOB BBINONHEHHUS apU(PMETHUSCKUX OINEpaldil MPOSBISIETCS B yXYIIIEHHH OTHOLICHHUS
CHUTHAl — WIyM, W, KakK CIEJCTBUE, MNPUBOIUT K YMEHBUICHUIO BEPOSITHOCTH IPaBHILHOTO
oOHapyXeHHd W yBeJIWYeHHI0 cpenHekBajaparndeckod omuOku (CKO) wu3mepeHus AaabHOCTH,
ckopoctr W yrioBeIX koopamHaT PJIC. OcoOCHHO OHO CKa3bIBAETCSA MPH paclapaiIcTHBaHIH
BBIYHMCIICHUH U pean3alliy aJalTHBHBIX alrOPUTMOB 00paOOTKM MHQpOpMAIMH. YBEeIUUYEHHE YHcia
paspsOoB  JMIIb YAaCTUYHO YJIydlIaeT CHTYalHio, CYLIECTBEHHO YCJIOXHSS —apXHTEKTYpy
CHEUIPOoIIeccopa U YBEINYHBasi SHEpreTHUecKue 3aTparhl U cpoku nposenenns HMOKP.

Xopouio H3BECTHO, YTO CHENUANN3UPOBAHHBIC BBIYHCIMTENN MOTYT BBIOJIHATH HEKOTOpHIC
apuMeTHIecKre oNepaiy TOYHO, €CITU ONEpaH/Ibl CYTh LENbIe Yucia. DTO MO0YKIaeT PacCMOTPETh
LEJIOYNCIICHHYI0 apU(METUKy KakK CpEICTBO M30€XaThb OIIMOOK OKPYIJICHHS B HAAEXKHAE, 4YTO
HEKOTOpBIE IJI0XO OOYyCIOBJICHHBIC 3aJayd CTaHYT pelaTbcs To4HO. Ha ykasaHHOM mnpuHIOMIIE
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MOCTPOEHBI TaK HAa3bIBaEMble TEOPETHKO-YHCIOBBIE M TIOIMHOMHaNbHBIE TpeoOpasoBanus (TUIIl u
I1IT), mupoko mpuMeHsieMble B OBICTpBIX anroputMax [[OC.

Jng peanuzanuyu MHOTOMEPHBIX aJJallTHBHBIX aJTOPUTMOB 00pa0OTKH IMpeIaraeTcs UCIOIb30BaTh
METOJbl MOJYJSPHON apu(METUKM H BBINOJHATh MapajUICIbHBIC BBIYHCICHUS 0€3 OIINOOK
okpyrneHus. Jls 3Toro moTpeOyeTcs BBINOIHEHHE IICNIOTO Psija OTPaHWYCHUM, JTOKA3aTEIIbCTBO
CXOOUMOCTHU QaAalTUBHBIX aAJI'OPUTMOB W OLCHKAa CKOPOCTU CXOOAMMOCTHU pa3pa6aTI)IBaeMI>1x
aNTOPUTMOB.

Ecnmm mist MHOTOMEpHBIX aJITOPUTMOB JIMHEWHOHN amanTUBHONW O0OpabOTKH OTBETHI Ha YKa3aHHBIC
BOTIPOCHI aBTOpaMu OBLTH MOJYYEHHI B MPEABIAYIINX paboTax, TO s HEMUHEHHOH 00paboTKU 4acTh
OTBETOB NMPUBOAUTCS B TaHHOM CTaThe.
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ADAPTIVE ALGORITHMS OF THE MULTIDIMENSIONAL DIGITAL
NONLINEAR FILTRATION IN MODULAR ARITHMETICS

V.V. Labets, D.V. Mikheyev, V.A. Shatalova, A.A. Shatalov

The algorithm implementation of optimum data processing in modern radar systems is enabled by the digital
filtration methods on the basis of special processors of the digital signal processing (DSP). In such case it is nec-
essary to remember that at any representation of continuous variable numbers the error is introduced which is a
consequence of approximation of variables by a finite number of figures.

This error depends on the number of the binary digit bits used at such a representation, a way of representa-
tion (with a fixed or floating comma), the way of representation of minus numbers and the method used to exclude
the places exceeding the register length.

Influencing the final digit capacity effect of the representation of the filter weight coefficients and results of
arithmetic operation performance occurs in the signal-to-noise ratio deterioration, and as a result, leads to reduc-
ing the correct detection probability and increasing the mean-square error (MSE) of the range/speed /radar angu-
lar coordinate measurement.

Especially it has an impact on paralleling the calculations and data processing adaptive algorithm implemen-
tation. Increasing the number of bits improves a situation partially, significantly complicating the special processor
architecture and increasing the power consumption and the R&D schedule.

It is well known that the special-purpose calculators can carry out some arithmetic operations precisely, if the
operand essence is the whole number. This fact compels to consider integer arithmetics as means to avoid the
rounding errors to solve poor conditioned problems precisely. On the referenced principle the so-called number-
theoretic and polynomial transformations (NTP and PT) were constructed.

To implement the multidimensional adaptive processing algorithms it is offered to use the modular arithmet-
ics methods and to carry out parallel calculations without rounding errors.

The answers to the specified nonlinear processing questions are given in this work.
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PaccmompeHa Mamemamuyeckasi ocmaHo8Kka U 803MOXHbIE ymu peweHusi 3ada4qu onpederse-
HUS qucra cueHarsos, rnpuHUMaemMsbix om Huskonemsuwux obbekmos. lNpednonazaemcs, Ymo crny4vad-
Hble cuaHarsbl ModYUHStoMcs ModughuyuposaHHoOMy 8elbynnno8cKoMy 3aKOHy pacripedesieHUsi 8epo-
samHocmel. [NpednoxeH dsyxamanHbilti anzopumm obpabomku, npednonazarowul: 1. @opmuposa-
HUE OUEHKU COBOKYNMHOCMU CueHaso8 rno Kpumepuro muHumyma CKO. 2. OueHusaHue paHea crydal-
Hbix ripoueccoes (Cl1), coomeemcmeayrouieao nosy4eHHOU OUEHKE.

Kmodeenle cnioea: onpedesieHue Yucna uernel, cueHarbl, paspeuweHue, pacnpedeneHue Belbynna,
2ayccoecKul Wwym.

There was considered mathematical statement and possible ways to solve the problem of defining
the number of the signals received from low-flying objects. It is supposed that random signals are
subordinate to the modified Weibull probability distribution law. There was presented the two-stage
processing algorithm assuming the estimation formation of a set of signals by criterion of a minimum of
the average squared error as well as estimating the RP rank corresponding to the received assess-
ment.

Keywords: definition of target number, signals, resolution, Weibull distribution, Gaussian noise.

PaccmoTrpena maremaTndeckasi IIOCTAaHOBKA M BO3MOJKHBIC ITyTH PEUICHHS 3a7add pa3perieHus —
oOHapyxeHUs1 (ONpeAesICHUS YHCIa CUTHAJIOB), NPUHUMAEMBIX OT HHU3KOJNCTAIUX OOBEKTOB.
[IpenmonaraeTcs, 4TO CUTHAJIBI MPEACTABIAIOT COOOH MHOTOMEpPHBIC Y3KOIOJOCHBIE CIy4YalHbIe
nporecchl (CII) co cmydaliHON aMIUIMTYION, paclpeleICHHON Mo 3akoHy BeiOymma m cimydaiiHOM
pPaBHOMEPHO pacmpezesieHHON (a30i, MONyYHBIINE HAa3BaHWE MOAM(DHUIIMPOBAHHBIX BEHOYIIIOBCKAX
CII. B xadecTBe aiTMTUBHOTO UCIIONB3YyeTCs OenbIit rayccoBckuii mryM (BILL).

[lokazaHo, 9TO CyIIECTBYeT HECKOJIBKO MOJXOAOB K PEIISHHUIO MMOCTABICHHON 3a/[a4d, OTIINYAr0-
MIUXCSA TPUMEHSAEMBIMU KPUTEPHSIMUA ONTHMHU3ALNHA, O0bEMOM anpHOPHOH MHPOPMAIMH O CTaTUCTHU-
YEeCKUX XapaKTepUCTUKax MpuHUMaeMoro BekropHoro CII, momydaeMbIMH B pe3yibTaTe XapaKTepu-
CTUKaMH KauyeCTBa paspericHus — OOHApY>XKCHHsI, CIOKHOCTHIO BBITIOJHEHUS O0pabOTKH, UyBCTBU-
TEBHOCTHIO K METOJIaM peaH3aiu, BIusHIeM d(h(eKxra KOHETHOH pa3psaIHOCTH MpeACTaBIeHHS Y-
ceJ Ha KagecTBO 00pabOTKH.

JlokazaHo, YTO Ha TMEPBOM JTale ONTHUMAIBHBIA alTOpPUTM TpeArnonaraer (HopMUPOBaHUE
HEJTMHEHHON OIICHKH COBOKYMHOCTH CHTHAJOB [0 KPUTEPUIO MUHUMYMa CPEAHEro KBaapaTa OLIMOKU
(CKO) c¢ momouipio aiaropuTMa MHOTOMEPHOH HenuHeiHo# ¢unbTpanun. Ha BTOpom sTame c
IMOMOIIBIO MHOTOMEPHOT'O HEJIMHEHHOT 0 (1)I/IJ'H>Tpa BBIIIOJIHACTCS OLICHUBAHUEC HOpHI[KOBOﬁ KpaTHOCTHU
CII, cOOTBETCTBYIOMIETO MOTYUYCHHOW HEIMHEIHON oreHKe. [lopsmkoBas KpaTHOCTh OINPEAEIIsIeT THIT
CII u omeHKy 4YnCiIa CHTHAJIOB C TIOMOIIBIO PEMIAONIET0 YCTPOHCTBA, YCTAHOBICHHOTO Ha BBIXOJAX
BTOPOTO HEIWHEHHOTO (UIBTpa IOCIENOBAaTeIbHO BKIFOUYEHHOTO 32 TMEPBBIM MHOTOMEPHBIM
HEMTUHEHHBIM (GUIBTpoM. Pemaromee yCTpOWCTBO OCYIIECTBISIET MHOTOMNOPOTOBYIO IPOBEPKY
THIIOTE3 O MOPSIKOBOW KPaTHOCTH CIIy4aifHOTO Mpoliecca.
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Ymporerns 06paboTKu MOKHO TOOMTHCS B Pe3yJIbTaTe 0TKa3a OT MEPBOTO U3 IBYX MHOTOMEPHBIX
HenrHeHHBIX (mIbTpoB. [lokazaHo, 4TO 3TO MPUBENET K CYIIECTBEHHOMY YXY/IICHHIO KaueCTBEHHBIX
XapaKTEePUCTUK pa3pelieHus — OOHAPYKEHHSL.

Crnenyronuii 3tan yrnpoueHuss 00pabOTKU COCTOUT B JMHEApPHU3aIMi 00padOTKH 3a CUET 3aMEHBI
HEJIMHEHHBIX QIILTPOB JIMHEHHBIMU. DTa 00paboTKa Oy/IeT ONTUMAILHON B CiIy4ae IMPHUeMa CUTHAJIOB
C aMILUTUTYOM, pacrpee/icHHON Mo 3aKoHy Pajes u paBHOMepHO pachpenesicHHO# (aszoi. 3amaya
paspemieHusi — OOHApY>KeHHs] B YKa3aHHOM CIydae CBOJWTCS K OLIEHKE paHra KOBapHaIMOHHOMN
MAaTPUIIBI JIMHEHHON OIEHKH COBOKYITHOCTH CHTHAJIOB, IOCTAHOBKA ¥ PElIeHNe KOTOPOW IOIYYEHEI B

[2].
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ALGORITHM OF RESOLUTION-DETECTION
OF NONGAUSSIAN SIGNALS AGAINST
A BACKGROUND GAUSSIAN NOISE

V.V. Labets, V.A. Shatalova

There was considered mathematical statement and possible ways to solve the problem of defining the num-
ber of the signals received from low-flying objects.

It is supposed that signals represent the multivariable narrowband random processes (RP) with the random
amplitude distributed according to the Weibull law and a uniformly distributed random phase received the name of
modified Weibull RP. As additive the white Gaussian noise (WGN) is used.

It was shown that there are some approaches to solving the set problem differing by the applied optimization
criteria, the apriori information volume on the statistical characteristics of the received vectorial RP.

It was proved that at the first stage the optimum algorithm assumes forming the nonlinear assessment of a
set of signals by the integral square error criterion by means of a multivariable nonlinear filtering algorithm.

At the second stage the RP ordinal ratio is estimated by means of a multivariable nonlinear filter. The ordinal
ratio determines the RP type and the signal number estimation by the computing system carrying out the multi-
threshold checking of RP ordinal ratio hypotheses.

The following stage of the processing simplification is in the processing linearizing due to nonlinear filter re-
placement with the linear one. This processing will be optimum in case of the signal receiving with an amplitude
distributed according to the Rayleigh law and by a uniformly distributed phase. The resolution — detection problem
reduces to the rank estimation of the linear assessment covariance matrix of a set of signals. This problem state-
ment and decision were shown in «Radiolokation of the difficult purposes (resolution and recognition)», — SPb.:
Yanis, 1993, p.280, performed by Davydov V. S., Lukoshkin A.P., Shatalova A.A., Yastrebkova A.B.
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XAPAKTEPAUCTHUKN OBHAPYXXEHUSA CBEPXMAJIbIX MOPCKUX
LENEN B YCI10BUSIX KOTEPEHTHO-UMITYJIbCHOU PJIC
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Uccnedyromes xapakmepucmuku Ob6HapyXeHUs KO2ePeHMHO-UMIMYMbCHOU paduosiokayUoOHHOU
CMaHUUU C 8bICOKUM pa3peweHUeM rnpuMeHUmMensHO K MOPCKUM UesisiM ¢ Masnol aghghekmueHol ro-
8EPXHOCMbIO paccesiHus. B pe3dynibmame MoOesniuposaHusi ¢ y4EmoM mexHUYeCKUX napamempos pa-
AuostokayuUoHHOU cmaHyuu u ycrosuli paduoriokayuoHHO20 HabrirodeHUs NoKasaHo, Ymo xapakme-
pucmuku obHapyXXeHusl rnpu pacrnpocmpaHeHHoU [ayccosckol Modesiu noMex 3Ha4dumesibHO onmu-
MUCMUYHee, YeM xapakmepucmuku obHapyXeHusi npu Haubosiee adekeamHOU Hea2ayCcCOB8CKOU MO-
Oenu rnnomex, ocHogaHHoU Ha K-pacripedeneHuu oaubaroweli paduoriokayuoHHbIX ompaxeHud.

Kmo4deeble cnioea: Mopckue riomexu, K-pacrnipedeneHue, pacrnipedeneHue Panes, ayccoeckue ro-
MeXxu, Heaaycco8cKue MoMexu, XxapakmepucmuKku 0bHapy>XeHusi, KoeepeHmHo-ummnynscHas PJIC.

We research the characteristics of detection of the coherent pulse radar with high resolution in rela-
tion to maritime targets with low radar cross section. As a result of the simulation based on the tech-
nical parameters of radar and radar observation conditions shows that the detection performance un-
der a common Gaussian noise model is much more optimistic than the detection performance at the
most appropriate non-Gaussian noise model based on K-distribution of the envelope of the radar re-
flections.

Keywords: sea clutter, K-distributiuon, Rayleigh distribution, Gaussian clutter, non-Gaussian clutter,
characteristics of detection, coherent pulse radar.

W3BectHO, uTO 11 paanonokanuoHHbix ctaHimui (PJIC) ¢ HM3KKMM pa3pelieHneM Mo BIUSHHEM
adpeKxTa HOpMAIM3AMH OTPAKEHHOTO PATHONOKAIIMOHHOTO CHTHAla OT B3BOJIHOBAaHHON MOpPCKOH
MOBEPXHOCTH MMOMEXHU MMEIOT ['ayccoBo pacmpezeneHne aMIuuTyabl. OqHaKo, A pagroIoKaTopa C
BBICOKMM paspemieHneM 3G GeKT HOpMaIu3alud OTCYTCTBYET, M IIOMEXHM HMEIOT HErayCCOBCCKYIO
cTpykTypy. CrienoBaTenbHO, HEOOXOAUMO HCIIONB30BaTh HETAyCCOBCKUE MOJENU IIOMEX AJ ydeTa
BJIMSHUS UX CTPYKTYPbI Ha XapakTepuctuku ooHapyxeHus: PJIC ¢ BEICOKUM pa3peleHueM.

Llenpro naHHOI pabOTHI SIBIISIETCS OLIEHKA BIMSAHUS | 'ayCCOBCKMX M HETrayCCOBCKUX PaIHOJIOKalH-
OHHBIX IIOMEX OT B3BOJIHOBAaHHON MOPCKOH MOBEPXHOCTH Ha XapaKTEepUCTUKU OOHApYKEeHHUs Lenei co
cBepxMainoit 3¢ ekTuBHOM oBepXHOCTHIO0 paccessHus (JI1P) korepenTHO—mMMITybCHOM PJIC ¢ BEICO-
KHM Pa3pelIIeHUEM.

Pa3paboranHas MaTeMaTHYecKas MOJENb KOI€pPEHTHO—HMMITYJIBCHOTO JIOKATopa BKIIOYAET B ceOs
JOTUIEPOBCKUI (HIBTP, IOPOTOBOE YCTPOIMCTBO, a TAKXKE YUUTHIBAET yCIOBHUS OKpYIKarolleil cpeapl u
napaMeTphl JIOKaTopa. YUMThIBaeMbIE YCIOBUS OKpy:karomeil cpeasl: yaenbHas OIIP Mopckoil mo-
BEpXHOCTH, ycpenHeHHass DIIP menu u U paauooKaroHHONW MOMEXH. Y YHThIBaeMble apaMeTpsl
PJIC: nnauTenbHOCTh HMIIyJIbCA, YacTOTa HECYIIEeH, pa3Mepbl aHTEHHBI, H3JIy4aeMas HMITyJIbCHAs
MOIITHOCTh, KOJMYECTBO HAKAIJIMBAEMBIX HUMITYJIHCOB, MEPHOA TMOBTOPEHUS HUMITYJIBCOB, IOIIEPOB-
CKHUH CIBHT MPHHUMAEMOT0 paJlOCHUTHANa, BEPOATHOCTH JIOKHOM TPEBOTH, BBICOTA AHTEHHBI Haj
YPOBHEM MOPS M HAaKJIOHHAs AAIBHOCTh 10 Lend. B kadecTBe ["ayccoBCKON MOAEIH TIOMEX HCIIOJIB30-
Bajlach ImomMexa ¢ PajieeBCKO# MIIOTHOCTBIO pacIipeIefieHusT OrubaroIieii, a B KaueCTBEe HerayCCOBCKOM
— nomexa ¢ K — pacnpenenenneM II0THOCTH BEPOSITHOCTH Orubaroleii, KoTopast, Kak IIoKa3aHo B CO-
BpPEMEHHOH 3apyOexHOHN JnTeparype, Haubosee MMOJHO ONHUCHIBAET CTPYKTYPY MOPCKHUX IOMEX M HU
KakiM 00pa3oM He paccMaTpHUBaeTCs B OTEUECTBEHHON JIUTeparype.

B xone uccienoBaHus MOKa3aHO, YTO BEPOATHOCTh OOHapyx eHus: oobekTa ¢ mManoit JIIP misa mo-
Mexu ¢ PajeeBckoil MIOTHOCTBIO pacipeesieHus BEpOsSTHOCTH OTHOAloIIei BhILIe, YeM IJIs1 IOMEXH C
K — pacnpenenenrem mioTHOCTH BEPOSTHOCTH OTMOAIOIEH IPH MIPOYHX PABHBIX YCIOBHSX.

Takum o0Opaszom, mpu npoekrupoBanuu PJIC, paGoTarommx mo MOPCKUM LEINSM, CIEAYET YUHUTHI-
BaTh MOJIeNIb OCHOBaHHYI0 Ha K — pacnipenenenun orudaromieii OTpa)keHHOTO CUTHAA.
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CHARACTERISTICS OF DETECTION OF THE MIDGET MARITIME
TARGETS WITH RESPECT TO THE COHERENT PULS RADAR
WITH HIGHT RESOLUTION

E.A. Milashchenko

It is known that for the radar with low resolution under the influence of the effect of normalization of the reflect-
ed radar signal from the rough sea surface clutter have a Gaussian amplitude distribution. However, for a high
resolution radar effect of normalization is absent and clutter have non-Gaussian structure. Therefore, it is neces-
sary to use non-Gaussian noise model to account for the impact of their structure on the characteristics of radar
detection with high resolution.

The aim of this research is to assess the effect of Gaussian and non-Gaussian radar clutter from rough sea
surface on the characteristics of detection of target with very small radar cross section for coherent pulse radar
with high resolution.

The mathematical model of coherent-pulse radar includes a Doppler filter threshold device, as well as take in-
to account the environmental conditions and the parameters of the radar. Taken into account the environmental
conditions: specific radar cross section of sea surface, averaged radar cross section of target and the type of ra-
dar clutter. Recorded radar parameters: pulse duration, carrier frequency, antenna size, radiated pulse power, the
number of accumulated pulses, pulse repetition period, the Doppler shift of the received RF signal, the probability
of false alarm, antenna height above sea level and the slant range to the target. As a Gaussian clutter model was
used clutter with the Rayleigh density distribution of the envelope, and as a non-Gaussian — clutter with K-
probability density of the envelope, which is shown in modern foreign literature that best describes the structure of
sea clutter, and in no way considered in the national literature.

The study shows that the probability of detecting an object with low radar cross section for clutter with Ray-
leigh probability density of the envelope is higher than for the clutter with K-probability density envelope, ceteris
paribus.

Thus, the design of the radar operating at sea targets, and should be considered a model based on K - the
distribution of the envelope of the reflected signal.



