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METOZbI MHTENNEKTYAZIBHOTO AHA/IU3A PALLMOIOKALIMOHHbIX U30EPAKEHUNM,
NONYYAEMbIX C BOPTOBbIX ABUALIMOHHBIX CUCTEM

C. H. KoKytuH o C. A. CEPTUEB

B cTtatbe npeacTtaB/ieHO KOMMNJIEKCHOE uUccienoBaHUe nocaneaHuUx ,EI,OCTVI)KEHVIVI B obnactn WUHTENNIeKTYa/IbHbIX METO408B
pelweHna 3a4ay TEeXHUYECKOro 3peHuA MO LaHHbIM PaAMONOKALMOHHOM CbeMKW, MPUMEHUMbIX AN peannsauum
Ha 6ecnuNoTHbIX BO3AYWHbIX MaaTdopmax. AKTyanbHOCTb 0630pa 06ycnoBneHa ObICTPbIM pa3BUTUEM OECMUAOTHBIX
ABMALMOHHBIX CUCTEM M PACTYLUM UHTEPECOM K MPUMEHEHUIO ManorabapuUTHbIX 6OPTOBbIX PAANONOKALMOHHBIX CTaHL MM
[O/1A ONepaTUBHOIO MOHUTOPMHTIA, KapTorpaduMpoBaHUA M MOUCKA HA3EMHbIX OO BEKTOB B CIOXKHbIX YCNOBUAX, HEAOCTYMHbIX
ONA TPASUUMOHHBIX ONTUYECKUX CPeACTB CbeMKU. BbINONHEH AeTanbHbIM 0630p KAtoUYeBbIX NPO6AEM, BO3HUKAOLWMX NPU
06paboTKe [AaHHbIX PASMONOKALMOHHOIO 30HAMPOBAHMA C WUCMONb30BAaHMEM WCKYCCTBEHHbIX HEWPOHHbIX CeTew.
MpuBeaeHO CMCTEMATUM3NMPOBAHHOE OMUCAHWE M3BECTHbLIX 4ATACETOB, COAEPMKALLUX PAaapHbIe CHUMKM U CUHTETUYECKUE
OaHHble, NPUMEHsieMble AN MAWWHHOIO ObyYyeHWs npu pa3paboTKe HelpoceTeBblX Mogenei. BbinonHeH aHanus
0CObBEHHOCTEN M OrpaHUYEHUI 3TUX AaTAaceToB. PacCMOTPEH LMPOKUI CNEKTP COBPEMEHHbBIX METOAOB U a/JirOPUTMOB
aHaNM3a PaJMONIOKALMOHHBIX M306paXKeHWU Ha ocHoBe 1yBOKOro obydyeHWs, a TaKKe peasnn30BaHHbIX aAPXUTEKTYP
HEMpPOHHbIX ceTelt. MpeacTaBieHbl pPe3ynbTaTbl PelweHUA pPasMYHbIX 33fa4 TEeXHUYECKOro 3peHus, OOCTUrHyTble
C NPUMEHEHMEM pPacCMATPUBaAEMbIX MeTogoB. OOCY)KAEHbl MPEMMYLLECTBA W HEAOCTATKM Pas/IMYHbIX MNOAXOA0B,
nccnenoBaHbl GaKToOpbl, BAMAIOWME Ha MoKasaTenu TOYHOCTU. OnpegenieHbl OCHOBHblE NEPCMNEKTUBHbIE HanpaB/eHUs
B Pa3BUTUM MeTOA0B 06paboTKM PafMONOKALMOHHDBIX AAaHHbIX MPUMEHUTENBHO K PeanbHbIM YCI0BUAM paboTbl 60pTOBbLIX
PaAMONOKALMOHHBIX CUCTEM, B TOM YMC/IE MHOTOMNO3MLMOHHBIX. MpaKkTUyecKkas LLeHHOCTb HacTosA LW ero o63opa 3akntovaeTca
B NPenoCTaB/eHUM UCCAEAO0BATENSAM U pa3paboTiMKam B 061aCTU MALIMHHOTO 0BYyYEHNA CUCTEMATU3NPOBAHHOM OCHOBbI
ANnAa CO34aHMA HOBbIX METOA40B, HaNpaB/IeHHbIX Ha pelweHUe aKTyaZibHbIX 3aday pPagunooKauyMOHHONO MOHUTOPUHIa
3eMHOW MOBEPXHOCTM, IKONOMMYECKOTo KOHTpons M obecneyeHus 6e30nacHOCTU C WCMONb30BaHMEM GECnUAOTHbIX
ABMALMOHHDBIX CUCTEM.
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BBEJEHUE

PaanonokanyoHHOe 30HIMPOBAHKE MPEACTaBIsIeT COO0H OAMH U3 OCHOBHBIX METOJIOB TUCTaH-
LIMOHHOTO MOHMTOpPHHIA, 00€CIIEYNBAIOLINI BCEMOr0JHOE HAOJIOIEHUE 32 3€MHOM MOBEPXHOCTHIO
[Kon05, 3ax12, Bep14]. [Ipunuun AeiiCTBUS aKTUBHBIX PAUO0JIOKATOPOB C CUHTE3UPOBAHHOM arep-
Typoit (PCA) ocHOBaH Ha 00JyYe€HUH HA3€MHBIX O0OBEKTOB 30HAMPYIOIIMM CUTHAJIOM B MUKPOBOJI-
HoBOM nuanasose (ot 0,01 go 1 M) u peructpannu oTpax€HHOro CUrHayia. B oTanyne oT oNTHYecKuX
CUCTeM, pabOoTaroIUX B BUAMMOM WK HHPpaKkpacHOM Auana3zoHax, PCA mo3BossitoT moyy4arh AaH-
HbI€ HE3aBUCHMO OT OCBELIEHHOCTH, 00JaYHOCTH, 3a/IbIMJICHHOCTH U OCAJKOB, YTO JEJaeT UX He3a-
MEHUMBIMHU B Psiie KPUTUUYECKH BaXKHBIX 33]1a4 MOHUTOPHHTA.

XO0pomo U3BECTHO, YTO OCHOBHBIMM HOocHUTeNsAMU 11 PCA SBISAIOTCA KOCMHYECKHE anapaTsl
(KA) mucranumnonnoro 3ouaupoBanus 3emin (33) [BeplO, I'py19]. Taxxke mmpoko pa3BuBaercs
npumenerne PCA, 6azupyronmxcs Ha Bo3ayiHbIx cyaax (BC) [PoB21] 1 6ecnmiioTHBIX BO3TYITHBIX
cynax (bBC) [JIan22]. KA /133 obecrieunBatoT riao0aibHbI OXBAT TEPPUTOPUN U TIOCTOSIHHBIHN J10J1-
TrOBPEMEHHBI MOHUTOPHUHT OJHMX U TEX 7K€ Y4aCTKOB 36MHOM IIOBEPXHOCTH, HO OTPAaHUYEHBI B IIPEJI-
CTaBJICHUU pa3zHOpaKypcHoi uHpopmarmu. BC natoT BO3MOXXHOCTh THOKOTO TIJIAHUPOBAHUS CHEMKH
Ha OTHOCHUTEJHHO OOJIBIIMX IJIOLIA/IAX C MPUMEHEHUEM Pa3IMYHBIX PEKUMOB PAIHOIOKAITMOHHON
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CHEMKH (TEIECKOMUYCCKUN, CEKTOPHBIN, TTOJIOCOBOM M Jp.), HO UMEIOT OIrPaHUYCHHBIN palioH JCi-
CTBUS M BBICOKYIO CTOMMOCTb 3KcIutyaTanuu. bBC 00n1anaroT BEICOKOH SKOHOMUYHOCTBIO U a/1all-
THUBHOCTBIO K PA3JIMYHBIM YCIOBUSAM ChEMKH, 00eCTIeunBas IpU TOM JIOKATbHBI MOHUTOPHUHT C HU3-
KHUX BBICOT, OHAKO UMEIOT CEphEe3HBbIE OTPAHUYCHUS IO TOJE3HON Harpyske M BPeMEHH PadOTHI.
Hecmotpst Ha 370, B mocneaHee Bpems NMpUMEHEHHE OecnuiIoTHhIX aBualoHHbIX cucteM (BAC)
¢ 6optoBeiMu PJIC npuobperaer Bce OOJIBIIYIO aKTyaJIbHOCTb, TAK KaK BCJIEJICTBHE aBTOHOMHOCTH,
MaJiblX rabapuTOB U BHICOKOW MOOUIIBHOCTH Pa3BepTHIBAHUS OHU MO3BOJISIOT BHIMOIHITH ONEPATUB-
HBIA COOp MAHHBIX MPU HEOOXOAUMOCTU OBICTPOTrO PearupoBaHUS B SKCTPEHHBIX U YPE3BBIYAMHBIX
CUTYallUsX, a TAKKE IPU HEOOXOJMMOCTH B3JIETA-I10CAIKH C HEOOOPYIOBAaHHBIX IIOMIA0K HIIH IKC-
IUTyaTalluy C MCIIOJIb30BaHMEM Mallopa3MEepHBIX MOCal0uHBIX mIatdopM (cyna, Mopckue OypoBbie
aThOpPMBI).

MeToapl pasnoJIOKallMOHHOIO 30HAMPOBAHMSI HAXOAAT IIUPOKOE NPUMEHEHHE B CEJIBCKOM
XO03s1iCTBE (OIIEHKA COCTOSTHUS CENIbCKOXO03SIICTBEHHBIX IIOCEBOB, OMPE/ICIICHUE BIAYKHOCTH TIOYBBI),
Je10BOM pa3Bezke (0OHapyKeHHe JIeJOBBIX 00pa30BaHMi, OLIEHKA COCTOSHHS JIbJIa, TOUCK TPEIINH),
cdepe oxpanbl U 0e30MacCHOCTH (KOHTPOIb MEPUMETpPa, Paclio3HaBaHUE TEXHUKH, B TOM YHUCIE 3a-
MaCKHUPOBAHHOI ), 9KOJIOTUHU (MOHUTOPHUHT CTUXHIHBIX OSICTBUI U 3arps3HEHUIT ), a TAKXKE IIPU Upe3-
BBIYAaWHBIX CUTYalUAX (MOMCK OOBEKTOB HOYBIO, a TAK)KE B YCIOBHSIX 3aJbIMJICHUS U TyMaHa).

OcHOBHBIE 331a4M B paMKaX BCETo IMKJIa 00pa0OTKU PaaroIOKaIMOHHBIX n300paxenuit (PJIN)
BKIIIOUaIOT B ce0s1: hopmupoBanue PJIV Ha OCHOBE HCXOTHBIX TOJIOTPaMM, MIPEABAPUTENBbHYIO 00pa-
O00TKYy IaHHBIX, OOHApyKEHUE, CerMEHTAINIO, KJIaCCH(PUKALNI0 0OBEKTOB, OTCICKUBAHHUE TBUKY-
IIUXCS LIeJIeH, BhISIBIICHHE N3MEHEHUI, OLIEHKY XapaKkTepucTuk o0bekToB [[op21]. 3agaun obHapy-
KEHHSI, CETMEHTAIlUU U KJIacCU(PUKAIIUN 0ObEKTOB UMEIOT BaKHOE 3HAYCHUE U 3aHUMAIOT I[IEHTPaJIb-
HOE MECTO CpeAH BHIIICIEPEUUCICHHBIX dTanoB oOpabotku PJIM, Tak kak obecrneunBaroT
OCHOBY Ul JallbHEHIIEro aHallu3a JaHHBIX B XOJ€ Pa3paOOTKH MPOU3BOJHBIX MPOIYKTOB Ooiee
BBICOKOTO ypoBHsI 00paboTku. Kpome Toro, oOHapyxkeHue u kiaccudukanus (pacro3HaBaHHUE)
(bu3MYECKHUX Ha3eMHBIX OOBEKTOB, a TAK)KE CErMEHTAIIMS MOCTHIIAIONINX TOBEPXHOCTEH MPEICTaB-
JSAI0T COOOM CaMOCTOSITENbHBIE 3ajjaui, PEIICHUE KOTOPbIX TpeOyeTcs A MHOIMX HalpaBiIeHHUM
MPUKIIQHOTO PUMEHEHUS PAJUOIOKALMOHHOTO 30HAUPOBAHUS ¢ OOPTOBBIX HOCUTENEH, OT onepa-
TUBHOI'O MOHUTOPUHTIA U Pa3BEIKHU 0 BBICOKOTOYHOTO KapTOorpadupoBaHuUs.

Mertoab! 00padoTku 1 aHanu3a PJIN MokHO pa3zfenuTs Ha JjBa OCHOBHBIX HarpasiieHus. [Ipexe
BCET0 3TO TPAJAMIIMOHHBIE METO/Ibl, OCHOBAaHHbBIE HAa BbIIEJICHUH MPU3HAKOB M CTATUCTUYECKOM aHa-
nu3e. OHM 001a1a10T XOpOoIIel MHTEPIIPETUPYEMOCTBIO U IIPOCTOTOM peanau3anuu, Ho TpeOyIoT AJH-
TEJIBHOTO 3KCIEPTHOTO BbIIEICHHS PU3HAKOB, PYYHON HACTPOMKHU M MAJIONPUTOIHBI JJIs MaclITa-
OUpyeMBIX CLIEHapUeB ¢ OOJIBIINM KOJINYECTBOM Ki1accoB 00bekToB [[lop24]. [ToaTomy B nmocnennee
BpeMsl HauOoublliee PACIpPOCTPAHEHHE IMOIYUYHIM METOJIbl MAIIMHHOITO OO0y4YeHHUs, OCHOBaHHbBIE
Ha MPUMEHEHUH pa3IMYHbIX TUIIOB UCKYCcCTBEHHBIX HelipoHHbIX ceTelt (MHC), B 0CHOBHOM MeTOIbI
riryookoro ooyuenus (Deep Learning, DL) [Zhu21]. DTu uHTEeIeKTYyalbHbIE METOABI OOECIIeUH-
BAaIOT aBTOMAaTUYECKOE BblIeTIeHNE HH(POPMATUBHBIX IPU3HAKOB U BEICOKYIO TOUHOCTh, TOKA3bIBAIOT
XOPOIIYIO MPOU3BOIUTENBHOCTh IPU HAJTMUNHU TOCTATOYHBIX BHIUUCIUTENBbHBIX MOLITHOCTEH, OTHAKO
HY>KAaI0TCs B OOJIBIIMX pa3MeUYeHHBIX Ha0Opax JaHHBIX [ 00yueHUs] HEHPOCETEBbIX MOJAETIEH.

W3BecteH psan myOnukanuii 063opHOro xapakrepa 3a nepuoj 2020-2025 rr., B KOTOpBIX paccMar-
pUBAIOTCS pa3InYHbIE COBPEMEHHbIE MeTo 1l 00paboTku PJIN [Par20, Kec21, Don21, Jan22, Yan22,
Zha22, Ove22, Pas22, Li23, Sri23, Jia23, Pas23, Li23b, Yin24, Yan24, Lan25]. Ha puc. 1 npuBeneno
pacripenienieHue 0030pHBIX CTaTel Mo roj1aM MyOIuKaIuii.

OOpariaer BHUMaHue, 4TO HauOONBIINI BKIIaJ B pacmpeeneHne myOauKanuili BHOCIT paboThl
(10 crareit), cBs3aHHBIE cO crienM(UUecKoi 3a1a4eil TEXHUYECKOT0 3peHusl, KoTopas B 3apyOeKHO
muTepaType HocuT HazBaHue Automatic Target Recognition (ATR), To ecTh «aBTOMaTH4eckoe pac-
no3HaBaHue nenei». Meronsl ATR npeaHazHadeHs! U paclio3HABaHUS JIOKAIBHBIX 1IeJIel (Takue
Kak OpOHETeXHHKa, TPaHCIOPTHBIE CPECTBA, Cy/la M CaMOJIEThl) B paMKax TEXHOJOTUH TUCTaHIIH-
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OHHOM pa3Benku. [Ipu 3TOM, Kak MmpaBuio, 00y4eHHnEe HEHPOCETEBBIX MOEIeH MPOUCXOIUT Ha He-
oonpmux (parmentax PJIM, copeprkammxcsi B TaKWX HM3BECTHBIX 0a3zax gaHHBIX, kak MSTAR
[Bla20], OpenSARShip [Lil7] u aHanmoru4HbIX.
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Puc. 1 Pacnpenenenue crareii ¢ 0030poOM METOIOB MHTEIICKTyanbHOTro aHanu3a PJIN
o rojam myonukaiuii B maTepBatie ot 2020 r. mo 2025 1.

Takum 00pa3oM, aHamM3 AOCTYMHBIX 0030pHBIX padoT 3a 2020-2025 rr., Kacaroumxcs TEMbI
HaIllel CTaThH, IOKA3bIBAET, UYTO B HUX IIPUCYTCTBYET CYIIECTBEHHBIH A1cOaIaHC B CTOPOHY METOJI0B
ATR. CooTBETCTBEHHO, HA0JIIOJAa€TCs ONPEAEICHHBIN HEJOCTATOK paboT, UCCIEAYIOUIUX APYTUe Me-
TOJIbI HHTEJUIEKTYa bHOTO aHanmu3a PJIN, Takue kak cerMeHTanus, 0COOCHHO MPUMEHHUTEIHHO K IIPO-
TSKEHHBIM M CPAaBHUTEIBHO OJHOPOIHBIM Ha36MHBIM 00bEKTaM, TAKMM KaK I10ICTUIIAIOLINE IOBEPX-
Hoctu. Kpome Toro, B 2024-2025 rT. KOIWYECTBO JOCTYITHBIX 0030POB 3aMETHO CHUIKAETCS, U B HUX
IPUCYTCTBYET OTPAaHUYEHHOE CCHUIOK Ha paboThl, ONyOJIIMKOBaHHbIE B nocneanue 2—3 roga. Cneno-
BaTeJIbHO, MOXXHO OTMETUTH, UTO B UMEIOLIUXCs paboTax 0030pHOI0 XapakTepa yAemseTcsl HeJocTa-
TOYHOE BHHUMAHUE MOCIEIHUM JIOCTHKEHUSM B YaCTH NMPUMEHEHUS] METOJIOB IITyOOKOro o0y4eHus
npu o6padbotke PJIN, B ToM uncie HOBEHIINM apXUTEKTypaM IiryOokoro ooyuyenus. Ilomumo aroro,
YIOMSIHYThIE pa0bOThl HE paccMaTpuBarOT MeTo/ibl aHanu3a PJIM B koHTeKkcTe MX MPUMEHEHUs JUIs
JTAHHBIX, oy4yaeMbIx nocpeactBoM BAC. U HakoHer, cpeau crateil Ha pyCCKOM SI3bIKE M0 JTAHHOM
TeMaTHKe, OITyOJIMKOBAaHHBIX 32 NOCJIEHEEe BpeMsl, aBTOPAMHU HE HaiJIEHO HU OHOT0 KOMIUIEKCHOTO
0030pa COBPEMEHHBIX METOJ0B MHTEJUIeKTyajabHOro aHainu3a PJIM u ucnonb3yembix gaTtaceros.
Hacrosimas paboTa ycTpaHsieT 3TOT U JpyTUe BbIIENEPEUUCICHHbBIE HETOCTATKH.

enbto HacTosmed 0030pHOM CTAaThU SIBISIETCA NMPOBEACHUE KOMIUIEKCHOIO U3YyUEHUsl U CUCTe-
MaTH3allui COBPEMEHHBIX METOJI0B MHTEJUIeKTyalbHOoro aHanu3za PJIM, npuMeHuMBbIX K 00paboTke
nanHbIX ¢ BAC, ¢ poxycrpoBKoOil Ha alropuTMax, OCHOBAHHBIX Ha IPUMEHEHUH METOI0B ITyOO0KOT0o
0o0y4YeHMs U HOBEWIIMX HEWpOCeTEeBBIX apXUTEKTyp. OCHOBHAS HANpaBJIEHHOCTh CTAaThU 3aKJrOYa-
€TCsl B UCCJIeI0BAaHUU aKTyalIbHBIX MOJX010B K 00HAPYKEHHIO, CETMEHTAIlUH U KJlacCU(UKALIUU 00b-
exToB Ha PJIU, a Taxke B onpeaeneHuy My Tel MOBBILEHUS TOUHOCTH U HaJIE)KHOCTH CYILECTBYIOIINUX
MeToJ10B. PaccmaTprBaeMble MOAXO/bI OXBAThIBAIOT KAaK Pa3IMYHbIE apXUTEKTYpbl HEHPOCETEBBIX
MOJIETIEN, TPEIHA3HAUEHHBIE U1 aHAIN3a PaAHOIOKAIIMOHHBIX JaHHBIX, TaK U 1aTaCEThI, HCIIONb3Y-
emble 1711 00y4eHHUs U TECTUPOBAHMS 3TUX MOJEIEH.

KitoueBbIMH pe3ysibTaTaMH HAaCTOSIIEH PaOOThI SBISIOTCS:

e 0030p OCHOBHBIX MpoOieM Ipu pa3padboTke Y3PPEeKTUBHBIX U MPOU3BOJUTEIHHBIX METOOB
HMHTEJUIEKTyanbHOro ananm3a PJIN;

® MOJPOOHBIA aHAINU3 JAaTAaCeTOB, HCIOJIb3YEMbIX JUIsi OOyueHHUsI HEHPOCETEBBIX MojIEjeH,
BKJIIOYAs BBISIBJICHUE OCHOBHBIX HEJOCTATKOB 3THX J1aTaCETOB;
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® lCCIEI0BaHUE JOCTOMHCTB U OIPAaHUYEHUIN CYIIECTBYIOUIMX METOAOB MHTEJUIEKTYaJIbHOIO
ananu3a PJIU;

e  BbISIBJICHUE IEPCIEKTUBHBIX HAIIPABJICHUH B pa3BUTHH METOI0B MHTEJJICKTYaJIbHOTO aHAJIM3a
PJIN B ycnoBusX UX MPUMEHEHUS pH 00paboTke naHHbIX cbeMku ¢ BAC.

1. MATEPHAJIBI U METOJIHUKA OB30PA

Metoanka HacTosIEero 003opa ObljIa HampaByieHa HAa CUCTEMaTHYECKOE M KOMILJICKCHOE MCClie-
JIOBaHUE CYLIECTBYIOIIUX METOJOB MHTeIUIeKTyanbHoro aHanusa PJIM, npuMenumbIx k o6paboTke
naHHbIX ¢ BAC. OCHOBHBIMU 3a/layaMH IPUMEHSEMOI0 METOJO0JOTMYECKOr0 MOAX0AA SIBIISUIUCH
BBISIBIICHHE, OLIEHKA M CTPYKTYPHUPOBAHHWE HAYYHBIX IyOJUKAIMH, MOCBAIIEHHBIX OOHAPYKEHUIO,
CerMEHTAIlMN M KJIACCH(PHUKAIIMKA HA3eMHBIX OOBEKTOB IO PAAMOJIOKAIIMOHHBIM JaHHBIM, TOTyYae-
MBIM IIPEUMYLIECTBEHHO C ABUALIMOHHBIX IIATPOPM.

[Touck Hay4HBIX paboOT OXBaThIBal BpeMeHHo niepruoa ¢ 2020 mo 2025 rr. B kauecTBe OCHOBHBIX
MCTOYHHKOB HCIOJIb30BATMCH BELyIIUE 3JIEKTPOHHbIC Hay4yHble 0a3bl JaHHBIX, BKItoYas Poccuiickuit
unaekc Hayuynoro nuruposanus (PUHLL), IEEE Xplore, ScienceDirect, MDPI, a Tak:xe apXuBbI Ipo-
¢bunbHBIX KoH(pepenuuii, Takux kak IGARSS, CIE International Conference on Radar u ap. s pac-
IIUPEHHS 0XBaTa MPUMEHUIMCH METO/IbI aHaJIH3a 00OPAaTHOTO U MPSIMOTO [IUTHPOBAHMUS, U3BJICUCHUE
uH(OpMAaLUU U3 CIIUCKOB JINTEPATYphl paHee Oy OJIMKOBAHHBIX 0030PHBIX M OPUTMHANIBHBIX CTaTeH,
a TaKKe MPOCMOTP BBITYCKOB KIIIOUEBBIX NPOPMIBHBIX KypHanoB, Takux kak IEEE Transactions
on Geoscience and Remote Sensing, IEEE Journal of Selected Topics in Applied Earth Observations
and Remote Sensing, Sensors, Remote Sensing u np.

OT10op myOnukanuii mpooauics B ABa 3Tana. Ha nepBom stane (pedepaTUBHBIN CKPUHHHT) OLie-
HUBaJach PEJIIEBAHTHOCTb CTaThU HAa OCHOBE Ha3BaHMs, aHHOTALIMU U KJIHOYEBBIX cjaoB. Ha Bropom
3Tare OCyIIECTBIISIICS NOJTHOTEKCTOBBIM aHAIN3 I UCKIIIOYEHUS paboT, He COOTBETCTBYIOIUX KPH-
tepusim otOopa. K myOnukanusm, 0oTOOpaHHBIM B 0030p, MPEABSABISIINCH CIEAYIOINE TPEOOBaHU:
npumenenue PJIN, nonydennsix ¢ aBuarmonnsix Hocuteneit (BC, BBC) unu co cmyTHUKOB cBepX-
BbICOKOTO paspeunienust (siyume 1 m/mukc), Takux kak KA TerraSAR-X, ucnonb3oBaHue AaHHBIX
c PJIC, paGotaronux B AMana3oHax 4acToT, 00ECHEUMBAIOIIMX MAaKCUMAJIbHO JE€TAJbHBIA aHAIN3
HazeMHBIX 00beKTOB (Ka-, Ku-, X-, C-nuamna3onsl), opueHTaIMs Ha 3a]ja4i OOHAPY>KEHHSI, CErMEH-
TaIUK ¥ KIacCU(UKAMH PAa3IHYHBIX 00BEKTOB Ha 36MHOM MOBEPXHOCTH, IPUMEHEHUE METO/I0B IITy-
0okoro oOy4deHus, a Tak)Ke HayuyHasi HOBU3HA U JIOCTaTOYHAs TEXHUUYecKas aetanuzanus. M3 063opa
HCKJIFOYAIUCh PabOThI, B KOTOPHIX OCHOBHOE BHUMaHME yAEsIIOCh UHTEP(HEPOMETPUUECKUM WITH T10-
JISpUMETPUYECKUM MeToaaM obpabotku PJIM, myGnukamuu, B KOTOPbIX pacCMaTpUBAINUCh TOJIBKO
CITyTHHKOBBIE JJaHHBIE C HEBBICOKUM MpocTpaHCTBEeHHBIM paspemeHneM (KA Sentinel-1, Radarsat-2
U JIp.), a TaK’K€ KOMOMHUPOBaHUE (CIMSIHUE) ONTUYECKUX M PAJMOJIOKALIMOHHBIX JaHHBIX. YKa3aH-
HbIe KpUTEpUU 0TOOpa obecreunBaroT (OKYCUPOBKY Ha MOAXO0JaX, MPUMEHUMBIX K MOOMIIBHBIM U
orepaTUBHBIM OecIMIOTHRIM Iu1aTgopmam. [loMuMo 3TOrO, NPU KCCIEI0BAHUH CYIIECTBYIOIINX Me-
TOJIOB U3 PaCCMOTPEHMSI HCKIIIOYAIKNCh TUCCEPTALNN, TEXHUYECKUE OTYETHI, IATEHTHI, IPE3ECHTALINH
U CTaTbU 0€3 SKCIEPTHOTO PELIEH3UPOBAHUS.

ITocne orGopa peneBaHTHBIX MyOIMKAIMKA OHU OBUIM KIacCU(UIIMPOBAHBI U CTPYKTYPHPOBAHbI
0 Py MPU3HAKOB: pelaeMas 3a/1adya TEXHUYECKOro 3pEHHUs, UCTOYHUKHU JaHHBIX JIJIs1 MAIIMHHOTO
o0yuyeHus (UCHONb3yeMble aTaceThl), CTpaTerus OOyuYeHHs M apXUTEKTypa pealn30BaHHON
HelpoceTeBoi Mosienu. Takke ObUTH cOOpaHbl U MPOAHATU3UPOBAHbBI CBEICHUS 00 OIIEHKE KauecTBa
pa3paboTaHHBIX MOJIENIEH B COOTBETCTBUHU C MPUMEHSEMBIMU METPUKAMHU.

Oco0eHHOCThIO MPEATIOKEHHON METOIMKH MO0 CPaBHEHHUIO C aHAJIOTMYHBIMH 0030pHBIMU pado-
TaMH, B KOTOPBIX HE MPOBOAMIACH JU(QEepeHIHaus MKy CHYTHUKOBBIMH M aBHALlMOHHBIMU
MCTOYHUKAMU JIAaHHBIX, siBsieTcs akueHT Ha PJIU ¢ mpoctpancTBenHbIM pa3pemenuem 0,1-1 mM/mukc.
310 1no3BoJIsAET O0JIee TOYHO OTPaA3UTh CrielU(UIEeCKre 0COOEHHOCTH T€OMETPHH ChEMKH, YCIOBUI
(dbopMHpOBaHUSI PaMOIOKALIMOHHBIX CUTHAJIOB U MPOOJIeM JTOCTHKEHUS BBICOKMX MTOKa3aTenel Tou-
HocTH 00paboTkH, xapakrepHble 11 BAC. Taxke OpUrHHATIBHOCTBIO METOJUKHU SIBIISICTCS JETallb-
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HBIN aHAJIM3 JaTaceTOB, HA OCHOBE KOTOPBIX 00y4YaJINCh HEHPOCETEBbIE MOACIH, YTO MO3BOJISIET KOM-
IUIEKCHO U ¢ 00JIbIlei PeleBaHTHOCTBIO OLIEHUTh IPEUMYIIECTBA U HEJOCTATKH, a TAKKe MepCIeK-
THUBBI PACCMATPUBAEMbIX METOJ0B UHTEIUIEKTyaabHOr0 ananu3sa PJIM.

2. OCHOBHBIE ITPOBJEMbBI B OBJIACTU TEXHUYECKOI'O 3PEHUA
C HCITIOJIb3OBAHUEM PAIMOJTOKAIIMOHHBIX TAHHBIX

B oOnacTu TeXHHYECKOro 3peHHs], HCIOJIb3YIOLIEH parojOKaIllMOHHbIE IaHHbIE, BKIIOYAs
nosrygaeMbie ¢ BAC, cymecTByeT mensiii psj GyHIaMEHTAIBHBIX U MPUKIIAJIHBIX MPOOJIeM, 3aTpy/I-
HSIOLIUX MMOCTPOCHHE HAJEKHBIX U BBICOKOTOYHBIX CHCTEM aHalu3a m3oopaxenuii. [Ipu pemenun
3a7a4 OOHApYKEHHsI, CCTMEHTAUH U Kiaccupukauy o0bexkToB Ha PJIM 00bIYHO BBLACISIOT CEIy-
1o1ue ocHOBHBIE ipoOemsl [Fra2l, lop20]: BRICOKHMIT ypOBEHB CIIEKJI-ITYMOB, CJIIOKHOCTh aHAJIN3a
JTaHHBIX W3-3a crenuduieckoro xapakrepa PJIV, mHoroo6pasue hopm u pazmMepoB 0ObEKTOB HHTE-
peca, 3aTpyAHSIIONINX pa3pad0TKy YHUBEPCAIBHBIX alTOPUTMOB 00paOOTKH, BIUSHUE yTia HaOIo0-
JICHUS] Ha TOYHOCTHBIC ITOKA3aTeNid, MOTPEOHOCTh B MOIIHBIX BBIYHCIUTEIBHBIX pecypcax, 4To
TpyaHo obecrieunth Ha 60pTy BBC, a Takke orpaHHYEHHYIO TOCTYIHOCTb Pa3MEUYeHHbIX HaOOpOB
JaHHBIX (JaTaceToB), oco0eHHO coOpaHHbIX ¢ 6opTa BBC. /lanee octanoBHMCs Ha 3TUX NpoliemMax
noapoOHee.

Opnnolt u3 Haubosee xapakTepHbIXx ocooeHHocTeit PJIN sBnsercs Hammyue criekii-1yMa — MyJib-
TUIUJTMKATUBHOTO IIyMa, 0OYCJIOBIEHHOIO KOT€PEHTHON MPHUPOAOH paAHOIOKAIIMOHHOTO CUTHAjA.
OTOT IIyM 3HAYUTEIBHO CHMXKACT BU3YAJIbHYIO YETKOCTH CIICHBI, 3aTPYIHSET BbIICICHUE TPAHUIL
O00BEKTOB U HETATHBHO CKa3bIBaeTca Ha YPPEKTUBHOCTH AIITOPUTMOB CETMEHTAIMHU U Kiaccupuka-
. OcoOeHHO OCTpO 3Ta MpobdIeMa MPOSBIILETCS MPU paboTe ¢ 00bEeKTaMU HEOOJIBIIOTO pa3Mepa
Y TIOBEPXHOCTSIMU, UMEIOIIUMU HU3KOE 3HaYeHHE YAeNbHOM 3(h(eKTUBHOI MOBEPXHOCTH paccesHuUs
(Y3OIIP), koTopble MOTYT OBITh MMOJTHOCTHIO MCKAKEHBI IITYMOM WJIU TI0/1aBJIeHbI puibTpamueit. Jpy-
MM UCTOYHUKOM BO3HUKHOBeHUs ItyMa Ha PJIU sBistoTCsl HEOIaronpusTHbIE METEOPOIOTUYECKUE
SIBJICHUS (10X b, TYMaH, CHET | T. I1.), B TIpe/ieJiax KOTOPHIX HAa YACTUIIaX BOABI IPOUCXOIUT MOTIIO-
IICHHE U PACCEUBAHMUE PATUOIOKAIMOHHBIX BOJIH, YTO MPUBOAUT K CHIKEHUIO CHIIBI OTPAXKEHHOTO
CUTHaJa, IOTepe KOHTPACTHOCTU M CMa3bIBAHUIO IPAHULl OOBEKTOB.

Hannuue myma va PJIU sBisieTcss oHOM U3 OCHOBHOM MPHUYWH MOSBICHHS OOJBIIOr0 KOJIUYe-
CTBa JIOXKHOTIOJIOKUTENbHBIX pe3ynbTaTtoB (False Positives) npu ananuse qaHHBIX C UCIIOIH30BAaHUEM
Mozeneit rmybokoro obydenus. llymbl 1ocTaTOUHO YacTO CO3AAIOT JOXKHBIE MHUKOBBIC 3HAYCHUS,
KOTOPBI€ TPUHUMAIOTCSI HEUPOCETEBBIMU MOJIEIISIMH 32 PEATTbHBIN O0BEKT, YTO MIPUBOIAUT K JIOKHBIM
cpabatpiBaHusAM. Ellle oqHOW MPUYMHON yBEIHUYEHHUS YMCIA JIOKHOIOJOKHUTEIBHBIX PE3yIbTaTOB
aBigeTcs 3QQPeKT nepeoTpakeHusl, Korja paguoJoKallMOHHbBIN CUTHAl MHOTOKPAaTHO OTpa)kaercs
0T 00BEKTOB U MOBEPXHOCTEH, PACIIONOKEHHBIX HA IyTH €r0 PACIIPOCTPAHEHUSI, UCKaXKasl IPU ITOM
WCTUHHYIO KapTUHY paclpeaeNeHus: JHEPTUU U pa3MbIBasi TPaHUIbI 00BEKTOB, YTO MIPUBOJIUT K CHH-
»eHuto koutpactHoctu PJIN. B cinyuae ncnons3oBanust Heckonbkux nepeaarunkos PJIC B mHOTO-
MO3UIIMOHHBIX CHCTEMaxX MOKET BOSHUKHYTh HETaTUBHOE SIBJICHHE HHTEPHEPEHIINU PaCIPOCTPaHs-
IOLUXCSL OT HUX CUTHAJIOB, KOTOPOE 3aKIH0YAETCS B MX NEPUOAMYECKOM B3aUMHOM YCHJIEHUU WIIU
ocnabneHuu (B 3aBUCUMOCTH OT (pa3bl), 4TO TaKXkKe BEJET K paAMOMETpUYeCKUM nckakeHusm PJIN,
MOSIBJICHUIO apTe(daKTOB U JIOKHBIX OOBEKTOB.

Jiis 60pbOBI ¢ ITyMaMy HCTIONB3YIOTCS CIEAYIOIINE MPOTPaMMHO-aITOPUTMUYECKUE METOIbI:
YIIYUILIEHUE ApXUTEKTYPbl HEUPOCETEH, TPEAKIE BCETO MCIOIb30BAHHE MHOTOCIOMHBIX HEWpOCceTen
C IOTIOJTHUTENLHBIMH YPOBHIMH 00paOOTKH TSI TOAABIICHUS IITyMa, a TAK)Ke MOJA00p OMTUMATIBHBIX
Ha0OpOB JTaHHBIX JJII OOyYEHHs, B TOM YHCJI€ CHHTETHYECKUX (C M3BECTHOW CTEMEHBIO ITyma),
CO37]aBa€MbIX C MCIOJb30BaHUEM METOJIOB AYyIrMEHTAllMU JAaHHBIX, (TOBOPOT, PACTSXKEHUE, CIBUTH
U Jp.), UTO J€TIaeT MOJIeNIH O0Jiee YCTOMYMBBIMU K pAa3IUYHBIM IyMaM U noMexam. OJIHaKo MpH TOM
HE0OXOIUMO YUYHUTHIBATh, UTO arPECCUBHOE TMOJABJICHHE [ITyMa YacTO MPUBOIUT K MOTEPE 3HAYNMOMN
nHpopMainunu, 0coOEHHO B 00JAaCTSIX C BBICOKOM JeTalu3arieil, Hapymias CTPYKTYypy KOHTEKCTa
CIICHBI ¥ 3aTPYAHsS TOYHOE PACIIO3HABAHUE OOHEKTOB.
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C mpo06emMoii HaX0XKIECHUS KOMITPOMHECCAa MEXAY AeTaIU3aIlMel B IITyMOM TECHO CBsI3aHa 3a/1a4a
onpeeleHUs ONTUMAIBLHOTO MPOCTPAaHCTBEHHOTO paspeuieHus PJIM mpu MX MHTEUIEKTyaJIbHOM
aHaJIM3€ C TOMOILBIO HEUPOCETEBBIX AITOPUTMOB. OYEHB BBICOKOE Pa3peLIEHUE MOKET CIIPOBOLIUPO-
BaTh POCT JIOXKHOIOJIOKHUTEIBHBIX PE3yJIHLTATOB, MIOCKOIBKY MOJIEh TIIyOOKOTO 00yYeHHS CKIIOHHA
CUMTATh 3HAYUMBIMU MPU3HAKaMU MeJkue netanu u apredaxtsl PJIN, Takue kak HeOoblue n3Me-
HEHUSI B CTPYKTYpPE TIOYBBI, OTJCIIbHBIC JIEPEBbsi, KPYIMHBIC BETBU M TEHU OT HUX, PsiOb M ONHMKU
Ha BOJIHBIX MOBEPXHOCTSIX, KOTOpble MpU OoJiee HU3KOM Pa3peUICHUH BBITJISAECTH Obl OJHOPOIHO.
[Tpu HenOCTAaTOYHOM paspemeHrn HeOobIre 00BEKTH HHTEpEca MOTYT UMETh TaKOH MalbIii pas-
Mep Ha PJIW, 4T0o UX TKEIO OTJIIMYUTH OT CIIyYalHBIX ITYMOB WJIM ITOMEX.

Emé omHOl CymecTBEHHOW TPYIHOCTBIO SBISICTCS pacro3HaBaHUE OOBEKTOB, HAOIFOIAEMBIX
C pPa3NIUYHbIX YTJIOB U BBICOT, YTO XapPaKTEPHO ISl aBUALIMOHHBIX IJIATPOPM, I/I€ TEOMETPUS CHEMKHU
JTUHAMHYECKH U3MEHseTCs. V3-3a aHM30TPOIMHON OTpaKaTeIbHON CIIOCOOHOCTH 0OBEKTOB M 3aBUCH-
MOCTH PaJUOJIOKAI[MOHHOM CUTHATYPBI OT yIiia 0030pa, OJHH U T€ K€ 1IeJTM MOTYT BBITJISACTh Ha pa3-
HOPaKyPCHBIX CHUMKaX MMO-Pa3HOMY, 4TO TPEOYEeT OT aJiTOPUTMOB BBICOKOTO YPOBHSI MHBAPHAHTHO-
CTH K T€OMETPUYECKUM TpaHCHOpMAIUIM.

OtnenbHyr0 mpoOsieMy B 3aJadyax aBTOMATHYECKOTO aHaJIM3a CIEH COCTABIISICT Pa3IMuCHUE
nepenHero miana u gona va PJIN. E€ cnoxuHocTs 00ycnoBneHa tem, uto PJIN orpakaer He mpuBbHIY-
HYIO CTPYKTYPY CLEHBI, XapaKTEPHYIO ISl BUAMMOTO JUANa30Ha 3JIEKTPOMArHUTHOIO U3Iy4YEHUs,
a MPOCTPAHCTBEHHOE pacHpe/IesieHre PaAHOIOKAIIMOHHON OTPaXKaTEIbHON CIOCOOHOCTH Pa3IMYHBIX
MMOBEPXHOCTEH U OOBEKTOB, UTO MPUAAET N300PAKEHUAM HHOM XapaKTep TEKCTYPbl, KOHTPACTHOCTH
u popmbl 0TOOpakeHus. DTa npobdiaemMa HOCUT KOMIUJICKCHBINM XapakTep U CYHIECTBEHHBIM 00pa3oM
BapbUpPYETCs B 3aBUCUMOCTH OT Tuma JanamadTa. Hanpumep, B ycaoBUsIX ypOaHU3UPOBAHHBIX JIAH/-
madToB ATa 3a7a4a YCIOKHACTCS HATMYUEM OOJIBIIOTO KOJIMYECTBA U IJIOTHOCTHIO aHTPOMOTEHHBIX
00BEKTOB, 00IAIAIONTNX PE3KO OTIIMYAIOIIMMHUCS CBOMCTBAMU OTPAXKEHHS M PACCESHUS PAJUOBOJIH.
3nanus, 1oporu, HHGPACTPYKTYpa U MPOMBIIIUICHHbIE 00BEKTHI TEHEPUPYIOT HACHIIICHHBIC CUTHA-
TYpbl, CO3/IAIOIINE CIOKHYIO CTPYKTYPY PaJAUOJIOKAIMOHHOTO CUTHAJIa. DJIEMEHThI CLIEHBI CIIMBa-
IOTCSI B TJIOTHBIE KJIACTEPBI OTPAKEHUM, TJI€ TPAHULIBI MEXKITY 00bEKTaMU Pa3MbIThI MJIK BOOOIIIE OT-
CYTCTBYIOT U3-3a 3¢ deKTa HAIOKEHHUs CUTHANOB. [[oMoTHUTENbHO, METAIUTMYECKHE KOHCTPYKIIUH,
KpBIK 1 acaapl 3[aHUA MOTYT TTOPOXKAATh CHIIBHBIC 3€pKAJIbHBIE OTPAXKEHUS, TIEPEKPhIBas APYT
Jpyra U Mackupys ciabble 1enu, Haxosamuecs psaoM. Kpome Toro, ropojckas 3acTpoiika Beie-
CTBUE JKpaHUPYIOMMX 3(P(EKTOB, CO3/MaBAEMBIX 3/IaHUSIMH U COOPYKCHHSIMHU, XapaKTepU3yeTcs
HaTMYUEM MHOXKECTBEHHBIX PaHOIOKAIIMOHHBIX TEHEH, KOTOPhIe HCKaKal0T BOCIPUITHE 00BEKTOB
Y BeJyT K BOBHUKHOBEHHUIO JIOKHBIX KOHTYPOB. B cilyuae ecTrecTBeHHBIX JTaHAMA(TOB pPa3IMICHHE
NepeIHero MmiaHa u (poHa cTalKkuBaeTcs ¢ JPYTUMH TUIIaMU TpyJaHocTel. [lnoTHas necHas, TyroBas
U CEIIbCKOXO35MCTBEHHAS PACTUTEIBLHOCTD XapaKTEPU3YIOTCS HU3KOM KOHTPACTHOCTBIO U CIJIaKUBa-
HUEM JleTasiel, BBI3BaHHBIM d(h(PEeKTOM paccessHusl paArOBOJIH Ha HEOTHOPOJHBIX MOKpHITHsIX. Pac-
TUTENIbHBIE OOBEKTHI CO3/IAIOT CJIIOKHBIN, XAaOTUYHBIN U ¢71a00 CTPYKTYPHUPOBAHHBIM HU3KOIHEPTE€TH-
yeckuil HoH, Ha KOTOPOM Jpyrue 0OOBEKTHI CO CTAaOOBBIPAKEHHBIMU KOHTYPAMH, a TAKkKe HEeOOIbIINe
00BEKTHI (HampUMep, TEXHUKA, HEKOTOPHIE JPYTUe €CTECTBEHHbIE OOBEKTHI, OCOOEHHO BOJIOEMBI,
MOYTH HE OTpakaroU[Ue PaJuOBOJIHbBI), YACTO TEPSIOTCA WM CTAHOBATCS HEOTIMYUMBIMU OT €CTe-
CTBEHHBIX aHOMaJIMi moBepxHOCTH. OTHON W3 TaKWX YACTHBIX, HO KPUTHUYECKH BaXKHBIX MPOOJIEeM
SIBJISIETCS] PA3JIMUYECHHE TPAHULIBI «BOJIa—3€MIIsD», TaK KaK B MECTaX KOHTaKTa BOJHON MOBEPXHOCTH
Y CyIIIH, KaK TIPABUIIO, HAOIIOJAETCS TOCTENEHHBIN TTePeX0] MEXIAY IBYMsI pPa3HbIMHU THUIIAMH OTpa-
KEHHM, 4TO JeNaeT IpaHuIly HeUETKON U TpyIHOpaznuIuMoi. TakuM oOpazoMm, pUpoaa pagroo-
KAI[MOHHOTO CHUTHaja, KOTOPBIA paJMKaIbHO MEHSIETCS B 3aBHCHMOCTH OT OKpYXeHHUs (TycToHace-
NEHHBIEC TOPOJCKUE PaliOHBI, TPUPOIHAS MECTHOCTH U T. 11.), CO3AaET 0CcOObIe TPYIHOCTHU IS pealu-
3allMY HAJEKHBIX aITOPUTMOB 00padOTKH U aHAINM3a U300paKEeHUH.

CepbE3Hble BBI30BBI CBSI3aHBI C OOHAPYKEHHEM H paclio3HaBaHHEM 0OBEKTOB Pa3HOTO pa3Mmepa,
0COOEHHO B CIICHAX, IJie OJJHOBPEMEHHO MPHUCYTCTBYIOT KaK KPYIHBIE, TaK U MEJIKHE OOBEKTHI.
[Tocneanue 3a4acTyro OMIMOOYHO UHTEPIIPETUPYIOTCS KaK IIyM, OCOOCHHO eciii uX opma Hepery-
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JsipHas WK cnabokoHTpacTHas. Kpome Toro, Moaemns riry0oKoro o0y4eHus MOKeT OIMMO0YHO 00b-
€IMHUTb O0BEKTHI CMEIIAHHOTO pa3Mepa B €AMHbIN 00BEKT, JINO0 HA00OPOT — NOCUUTATH OTECIIbHBIE
HeOoubIIe 00BEKTHI YacTMU OAHOTO OONBIIOro 00bekTa. Takne 00bEeKThl TPeOYIOT MPUMEHEHUS
apXUTEKTYyp HEMPOHHBIX ceTel, MoAAepKUBAOLUX 00pabOTKy M300paKeHUH Ha pa3HbIX MacIITa-
6ax, 100 WCMOJB30BAHUS CIIECHUAIN3UPOBAHHBIX APXUTEKTYpP, KOTOphIE 0OJiee UyBCTBHTEIHHBI
K MeJIKMM oObekTam Ha PJIN.

[TomuMmo ipo0IeM, CBSI3aHHBIX HEMTOCPEICTBEHHO ¢ (PU3MUYECKON MPUPOJION CUTHAJIA U BAPHATUB-
HOCTBIO CILIEH, 3HAUUTEIbHOE OTPAHUYEHUE HA TOUHOCTh pa3paldaThIBa€MbIX aJITOPUTMOB HAKJIA Ibl-
BalOT XapaKTEPUCTUKU IPUMEHSAEMbIX HA0OPOB JaHHbBIX. JOCTYIIHbIE AaTaceThl, 0COOEHHO HA OCHOBE
JAHHBIX, MOJYYEHHbIX C aBUALMOHHBIX IJIAT(OPM, KaK IPaBUIIO, OTIMYAIOTCS CPAaBHUTEIBHO HE-
OobIM 00BEMOM U BBIPAKEHHBIM TUCOATaHCOM KJIACCOB: OJHU KaTeTOPHH OOBEKTOB MpPEICTaB-
JIEHbI MHO>KECTBOM IIPUMEPOB, TOTJa KaK APYrue — €IMHUYHBIMU H300paXeHUAMU. DTO 3aTPyIHAET
o0y4yeHHe HEMPOCETEeBBIX MOJIENIEH U BENET K MepeoOydYeHUI0 Ha JOMUHUPYIOIIUX KIIaccax.

JIONOJTHUTENbHBIE CIIO)KHOCTU CBSA3aHbI C BHICOKMMH BBIYHMCIUTENBHBIMU 3aTpaTaMy Ha oOpa-
6otky PJIN, ocobeHHO ITpH NCIIOJIE30BAHUH IITyOOKUX HEHPOCETEBBIX aPXUTEKTYP, TPEOYIOMINX 3HA-
YUTENbHBIX PECYpPCOB Uil 00pabOTKM OOIBIIOrO 0O0beMa JAHHBIX CBEPXBBICOKOI'O pa3pelleHHUs.
[TpoGiiema ycyry0iseTcss HEOOXOAMMOCTBIO UTCPATUBHOW (DUIBTPALIMU, PA3METKH U JT000YUYCHUS
MoJieJiell Ha HOBBIX BBIOOpPKaX, OCOOCHHO B PEAJbHBIX YCIOBUAX, XAPaKTEPU3YIOIIMXCA CHIBHOU
BHYTPHKJIACCOBOM BapHaTHBHOCTHIO OOBEKTOB MHTEPECA, YAaCTO OJHOBPEMEHHO C BBICOKOW CTere-
HBIO CXOJICTBA MEKIY Pa3IMYHBIMU KJIaCCaMHU.

Hapsiny ¢ aTum, nipu nociae1oBaTeNIbHON TOHACTPONKE MOJIENIEH HAa HOBBIX IaHHBIX HaOJ0JaeTcs
ad ekt 3a0biBanus panee ycBoeHHoW mH(popmanuu (Catastrophic Forgetting), xapakTepHblil s
HEHPOCETEBBIX CUCTEM. DTO JENaeT KpailHe akTyalbHOU 3a/1auy pa3paOOTKU yCTONYMBBIX MEXaHU3-
MOB HaKOIUICHUs 3HAHUH U aJanTaluy Mojeelt 0e3 norepu paHee NpuoOPeTEHHBIX CIIOCOOHOCTEH.

W, HakoHe, TpaAUIMOHHON MPOOIEMOH, MPHUCYIEH BCEM MOJEISM TITyOOKOTr0 O0yUYeHHUs, SIBIIS-
eTcd MX HEUHTENpeTupyemas JIOTMKa. JTa OCOOCHHOCTb, M3BECTHAas Kak IpobjemMa «4epHOro
SIUKa», BbI3BaHHAsI HAJIMYMEM Y HEMPOCETEBBIX MOEIIEH O0IBIIOr0 KOJIMYECTBA CJIOEB U ITapaMeT-
POB, IeJaeT UX BHYTPEHHE KpPaliHE CIIOKHBIMU, CYLIECTBEHHO BIIUSAET HA TOYHOCTD U YCIIOKHSIET IPO-
1[ECC MAIIMHHOTO 00Y4YeHUs], TaK KaK MPU BOSHUKHOBEHUU OLIMOOK JIOCTATOYHO TPYJIHO MOHATH MX
INPUYMHY U BHECTH HEOOXO0AUMBIE onpaBku. OTCyTCTBUE TOHUMAHUS BHYTPEHHEN JIOTUKU MoJienen
TaK)Xe€ MPENATCTBYET UX MPOCTOMY IEPEHOCY Ha CMEXXHbIE 3a7a4u U IPYTUE TUTIBI TaHHBIX.

B coBokynHoOCTH Bee nepeuuciieHHble (hakTopbl GOPMHUPYIOT CIIOKHYIO 1 MHOTOYPOBHEBYIO IPO-
051IeMaTHKYy, TPEOYIOILYIO HE TOJIBKO IPOJBUHYTHIX APXUTEKTYP, HO U (PyHAaMEHTaIbHBIX N3MEHEHUN
B [10JIX0/1aX K (POPMUPOBAHUIO AATACETOB, O0YUEHUIO U TECTUPOBAHUIO CUCTEM TEXHUYECKOTO 3pEHHUs
Ha PJIN. CBonka Hanbosiee 3HaUMMBIX Mpo0IieM, BO3HUKaromuX npu aHanuse PJIM ¢ mpumenennem
METOJIOB TEXHUYECKOTO 3pEHUs U ITyOOKOro o0y4yeHwus:, peJcTaBieHa B Ta0a. 1, B KOTOpo Takxke
MIPUBEJICHBI IPUYMHBI ATUX MPOOJIEM U UX BIMSIHHE Ha 00pabOTKY paHoIOKAIIMOHHBIX JTaHHbIX.

3. JIATACETHI PAJJMOJIOKAIIMOHHBIX U30BPAKEHMI, TIPUMEHSEMBIE
JIJIsI OBYUYEHMS U OIEHKHA KAYECTBA HEHPOCETEBBIX MOJIEJIEN

CrtpemuTenpHOE pa3BUTHE METO/I0B HHTEIUIEKTyallbHOTO aHanu3a PJIM TpebyeT Hanuuus oomup-
HBIX U PENpe3eHTATUBHBIX JaTaceTOB, KOTOPBIE MCIOJIB3YIOTCS IJisi OOyYeHHUS U TEeCTHPOBAHUS
Mozenel TIryookoro oOydeHus. DPGHEKTUBHOCTh 3TUX MOJIETIEH HAMpPSIMYIO 3aBUCHUT OT KauecTBa
Y KOJTMYECTBA JJAaHHBIX, HA KOTOPBIX OHU 00y4atoTcsi. OCOOEHHO OCTPO 3Ta HEOOXOAMMOCTD OIILYIIa-
eTcs B CeTMEHTE JTaHHBIX, oTy4aeMbix ¢ BAC, rie chéMKka Ben€Tcs Ha HU3KUX BBICOTaX M XapakKTe-
pu3yercs nepeMeHHoM reomerpueil. HecMoTpst Ha pocT uncina uccieaoBaHuil B 061acTu 00paboTKH
TaHHBIX, TIOTYYaeMBIX C aBHAIIMOHHBIX IIaT(HOPM, OOJBITMHCTBO TOCTYITHBIX OTKPBITHIX JaTaCeTOB
OCHOBAHBI Ha CITyTHUKOBBIX CHUMKaX.
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Tabnuna 1

Onucanue OCHOBHBIX MP00JIeM TEXHUYECKOT0 3PeHUs], BOSHHUKAKIIUX
NMPH HHTEJJIEKTYyaJIbHOM aHasusze PJIN

Kareropus mpo6iembI

XapakTepucTruka nmpooIeMbl

[TpuurHa BOSHUKHOBEHHS TIPOOIEMBI

1. lllym Ha PJIN

2. UckaxxeHus paano-
JIOKaIIMOHHBIX 00pa30B

3. HexBaTKa JaHHBIX
Uil 00yUeHHs

4. OmmOoYHEIH BEIOOP
KJacca

5. 3a0pIBaHME PaHHUX
KJIacCoOB

6. Heuntepnperupo-
BaHHas JIOTHKa MOJIe-
JIeH TiryOoKoro o0yde-
HUS

7. JnTenbHoe BpeMsl
o6pabotku PJIN

[Nosrenne 3epaucroct pona Ha PJIN
(criekn-11yM), UCKaXKEHUS U HapyIleHue
kauectBa PJI, 3aTpynHsroniue ero aHaaus.

Jlo>xHBIE O0BEKTBI, BKIIFOYAs SIPKUE apTe-
(hakTBI BOM3M KPYIHBIX 00BEKTOB, HEKOP-
PEKTHOE pa3/ieNieHHe 0OBEKTOB CMETIIAHHOTO
pa3mepa, uckaxeHnue GopMel 00BEKTOB

Ha PJIN, 4To BeAeT K 3HAUUTENBHOMY YBEJIH-
YEHUIO JIO)KHOIIOJIO)KUTEIBHBIX CpabaThIBa-
HUU HEeWpoceTel.

HeynoBneTBopuTebHbIE PE3YIILTAThI

Ha HEMPOCETEBBIX MOAECIAX, 00YUEHHBIX

Ha HEMOJHBIX JaTaceTax, UMEIOIUX OIPaHH-
YEHHBIH COCTaB KJIACCOB U Pa3METKH.

HexoppekTHas knaccudukanus JOKaTbHBIX
Y IUIOIIATHBIX OOBEKTOB, TPY/THOCTH pa3iiu-
YeHHs nepeaHero miana u gouna Ha PJIN,
CHIDKAIOIINE HaJJeXHOCTh MOJISTIH.

[NoTeps nHGOPMALIUHK O CTaphIX KIaccax
NPH TOSIBJICHHM HOBBIX JaHHBIX B IIPOLIECCE
00y4eHust, 0COOEHHO MPH HETIPEPHIBHOM
00y4eHHH C UCIIOJIb30BAHHEM JIAaHHBIX 9XO-
curnasoB PJIC co cioxHoii u criennpuyaHoit

CTPYKTYpOH.

TpyaHOCTh MHTEPIIPETAIINU BHY TPEHHUX
MEXaHU3MOB IPUHSTHS PEIICHUN Helpoce-
TSMH U JHaTHOCTHKH OIIHOOK (TIpobiemMa
«UYEPHOTO SIIUKAY).

YBenuueHHas IPOAOIKUTEIBHOCTD OIepa-
HHﬁ, BBITNIOJIHACMBIX MOACIIAMHA FHy6OKOF0
o0yuenus (ocoberno Ha 6opty BBC), 3naun-
TeJIbHBIE 33/ICP)KKU B IPHHITUH PEILCHHI,
YTO KPUTHUYHO JUIS 337124, TPEOYIOIIUX Olle-
PaTHBHOTO PearupoBaHMUsI.

[pupona koreperTHorO M3IydeHus PJIC ,
BIIMSTHHE aTMOC(EpHI Ha paclipoCTpaHEeHUE
paTuoBOIH.

[MepeoTpaskeHUs1 CUTHAIIOB, TIEPEHATIONKE-
HHE CHUTHATYD KPYIHBIX U MAJIbIX 00BEK-
TOB, HHTEP(EPEHIIHS CUTHATIOB BCIICCTBUE
OJTHOBPEMEHHOH pabOThl HECKOJIBKHX
6optoBsix PJIC B MHOTOIIO3UITOHHBIX
CHCTEMAX.

HenocTtaTok moauroHoB, BEICOKasi CTOU-
MOCTh cOOpa TaHHBIX (OCOOCHHO pa3HOpa-
KYPCHBIX, TTOTY9YaeMbIX C aBUAIIHOHHBIX
wiaThopM), TpyIo3aTpaTHas pazMeTKa.

Huskoe kauecTBO (3aLIyMICHHOCTB)
HCXOJHBIX JaHHBIX, BBICOKAasA BHYTPUKIIAC-
COBasi BAPHATHBHOCTH OOBEKTOB, IEPEKPHI-
Barolyecs: HHPOPMAaTHBHBIE IPU3HAKU
OJIM3KMX KJIacCOB, AucOalaHC KJIacCOB

B oOyuaroIeii BHIOOpKe, HeONTUMalbHas
APXUTEKTypa HEUPOCETH.

OrpaHuyeHus TpaIuIHOHHBIX T0JX0I0B

K J00OyUYeHHIO MOIeNeH, TPeOyFOIIIX
XpaHeHHs1 OOJIBIIOT0 KOJINYECTBA IPEIbIIY-
KX JaHHBIX M BBICOKUX BBIYHCIUTEIBHBIX
3aTpar.

Bricokast Co)KHOCTh M HETUHEHHOCTh
APXUTEKTYpHI TITyOOKHX HEHPOHHBIX CETEH,
OTCYTCTBUE HHTYUTHBHO ITOHSITHBIX
WHPOPMATUBHBIX ITpH3HAaKOB y PJIN

(B OTNIMYHE OT ONTHYECKUX U300paKCHUH).

Bonbiine 00beMbI JAHHBIX, BBICOKAA
BBIYHCIIUTEINIbHAS TPYAOEMKOCTh OllepaLyii
o obpabotke PJIM, cnoxHOCTH Helpoce-
TEBBIX MOJICNICH, OrpaHUYCHHBIC BBIYUCIIH-
TeNbHBIE PECYPChl OOPTOBBIX CHCTEM.

OcHoBHBIE TPOOIEMBI, COMPOBOXKAAMIINE HCIOIH30BAHUE CYIIECTBYIONIUX IaTaceTOB TMpHU
BBITIOJTHCHUH aBTOMaTH4ecKoi oopadboTku PJIN:
e HexBaTKa JaHHBIX, BBI3BaHHAs 3HAYUTEILHO MEHBIITUM KoJudecTBOM JaedcTByromux PJIC
aKTUBHOTO THUIIA KaK B HaIlleH CTpaHe, TaK U B MUPE, TI0 CPABHEHHUIO C OOPTOBBIMHU OMITUKO-IJIEKTPOH-

HBIMH CUCTEMAaMU,

® 3AaKPBITOCTh KOMMECPUCCKUX JAHHBIX, YTO OTpaHUYHUBACT HUX AOCTYIMHOCTH IJId HIMPOKOIo

Kpyra ucciezoBateneii 1 pa3padOTUUKOB;

® OrpaHUYEHHOCTb KJACCOB OOBEKTOB, MOCKOJBbKY COBPEMEHHBIE aTaceThl, KaKk MpaBUIIO,
COCPEOTOYEHBI HA Y3KOM IIEPEYHE KJIACCOB, TAKMX KaK Ha3eMHasl TEXHUKA, TPAHCIIOPTHBIE CPEJICTBA,
caMoJIeThl, CyJa, peHedperas IpyruMu KiaccaMu (CelnbCKOXO3SHCTBEHHbBIE YrO/bs, JIECHbIE Mac-
CHUBBI, BOJIHbIE OOBEKTHI U MPOYHE TUIIBI OJICTHIIAONIEH TOBEPXHOCTH);
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® OTCYTCTBHE Pa3METKH B PsJI€ IOCTYIHBIX JaTACETOB, a TAK)KE OTCYTCTBUE €IMHOTO CTaHAapTa
pa3MeTKH;

e cnabasi IpeCTaBICHHOCTh 3a/1a4, XapakTepHbiX st BAC ¢ 60pTOBBIME paapHBEIMH CUCTE-
MaMU, TAKUX KaK MOHUTOPUHT CTUXUIHBIX O€JCTBUI1, IPOBEIeHNE TOUCKOBO-CIIacaTeIbHBIX Olepa-
LM

¢ HE3HAYUTEIHHOE KOJIUYECTBO JATACETOB, COACPIKAMINX JAaHHBIC 10 OJHUM U TEM K& 00BEK-
TaM, MOJIyYeHHBIE B Pa3HOOOPA3HBIX YCIOBUSAX CHEMKH (pa3IMuHbIe CE30HHBIE U MTOTOAHbIE YCIOBUS,
VIIbl ChEMKH, 3HAYCHHsI MPOCTPAHCTBEHHOT'O DPAa3pelIeHUs), YTO OTPAHMYMBACT BO3MOKHOCTH
1o pa3zpaboTke MoJiesel, yCTONYUBBIX K U3MEHEHUIO CUTYallii Ha MECTHOCTH.

Ha ceromusurauii 1eHs U1sl MalmMHHOTO 00ydeHus Ha ocHOBe PJIV MCmonb3yroTes pa3inyHbIe
JIOCTYITHBIE JTATACEThI, HATPUMED TaKUe U3BECTHBIC HAOOPHI TaHHBIX, Kak MSTAR, Sandia MiniSAR,
Sandia FARAD SAR, UAVSAR, SSDD. UccnenoBatenu u pa3pabOTYUKNA aKTHBHO HCIIONB3YIOT
yKa3aHHbIE U APYTHE JaTaceThl AJs Pa3IMUHBIX 33a[a4, TAKHUX KaKk OOHapyX eHHe 00bEKTOB, CErMEH-
Talus U300paeHMH, KiraccuuKamus 1meieil 1 moBepxHocTe. [laiee mpuBeaeM KpaTkoe OIMMCaHue
JIaTaceToB, MPUTOJHBIX JUISI MAIIMHHOTO OOy4YeHHs paJAMOJIOKAIMOHHBIX JAHHBIX, IMOJY4aeMbIX
c BAC.

MSTAR (Moving and Stationary Target Acquisition and Recognition)

MSTAR — Hau6onee pacipocTpaHEHHBIN 1aTaceT Ul 3aJa4i aBTOMaTUYECKOTI'0 pacliO3HaBaHUS
o0BekToB Ha ocHoBe HaHHBIX PCA (Synthetic Aperture Radar — Automatic Target Recognition, SAR-
ATR), paspaborannsiii arenrctBoM DARPA (Defense Advanced Research Projects Agency) Munu-
crepctBa 06oponsl CIIA [Bla20]. M3HauanbHO OH WCIONB30BAICS IS BOCHHOTO NMPHUMCHCHUS,
HO BITOCJIE/ICTBUM OBl OMYyOJIMKOBaH W CTajJ JOCTYIHBIM JJIsl McCieqoBaTeneld U pa3pabOTUMKOB
1o BceMy mupy. B ero cocraB Bxoasr cHUMKU 10 KjlacCOB BOEHHOW TEXHUKH, IOJIy4YEHHbBIE
B X-AMaIa30He MPHU Pa3IMYHbIX YCIOBUAX CheMKH. [IpocTpaHcTBEeHHOE pa3pelieHre n300pakeHun
okoJ10 0,3 m/muke. OcoberrocThi0 MSTAR sBISIFOTCS pa3sHOpaKypCHBIE CEPHU TaHHBIX — HECKOJIBKO
CHMMKOB OJIHOM LieJM MOA OJU3KMMHU a3MMyTaMH, a TAaKKe pa3IMyHble KOH(QUIYpaluu TEXHUKH.
Crannaptusiii ciienapuit (Standard Operating Conditions, SOC) BkirogaeT 00y4aronyie CHUMKH TO/T
yIJIOM HakjIoHa e 17° u tectoBble moJ yrioM 15°; pazmep nzobpaxenuit o0bryHO 128%128 mm
64x64 nukceneir. O6bEM SOC-nnoaBEIOOpKH — TOpsiAKa 3,6 Thic. o0yyaronux U 3,2 ThIC. TECTOBBIX
n3o0paxxenuit. CrieHapHii ¢ pacMpeHHbIME ycaoBusiMu skciutyaTauuu (Extended Operating Condi-
tions, EOC) ycnoxHser 3aiauy, BKJIIOYas, HarpuMep, 4 Kiiacca 1eei npu ropasio 0oJbiieM pac-
XO0KJIEHUH YTJIOB HaKJIoHa 1enu, yeM B SOC: 17° (oOyuarommas Bei6opka) 1 30° (TecToBasi BBIOOPKA).

MSTAR ¢urypupyer B nonasistouiemM OonbnHCTBE Hccneaoanuii mo SAR-ATR. Hanpumep,
B pabote [Gaol8] onucaHo ero npuMeHeHue st 00y4eHHsI HOTYKOHTPOJIUPYEMO TeHepaTUBHO-CO-
cTs13aTenbHOM ceTH, B [Hua20] — s u3yyeHust MeTo10B TpaHc(epHoro o0yueHus: BMECTe C APyTUMU
JaHHBIMHU, a MHOTHE paboThl, B ToM uyncie [Com18], ucnonszytor MSTAR kak ocHOBHO# Habop npu
CpPaBHEHUU AITOPUTMOB KJacCU(pUKAIIUU O0BEKTOB.

MSTAR cran ne-akro ctangaprom ais oneHkd Meto1oB SAR-ATR, X0Ts oH y3kocnenuamu-
3UpOBaH, MOCKOJIBbKY COJEP’KUT TOJBKO HEKOTOpBIE Ha3eMHbIE OOBEKTHI OrpaHMYEHHOro Habopa
kiaccoB. Kpome toro, mpobiemoii mpu ucnosnb3oBannn MSTAR i MammmHHOr0 00yueHus sBis-
eTcst To, uto Bxozsmue B Hero PJIM momyuyeHsl B uieanbHBIX YCIOBUAX (CoAepkar spKHe U KOH-
TpacTHbIE 0OBEKTHI Ha JJOCTATOYHO MPOCTOM U HU3KOUHTEHCUBHOM (POHE), TOITOMY TOYHOCTH MO/Ie-
neil, pa3paboTaHHBIX Ha €r0 OCHOBE, 3aMETHO CHIDKAETCS B PeaIbHOM 0OCTaHOBKE.

Ha puc. 2, a nmpuBeneH rpaguk M3MEHEHHMsS TOUYHOCTH pacrio3HaBaHus Juid 3aaaun SAR-ATR
¢ npumeHenueM naracera MSTAR (cuienapuit SOC) mo pesynastatam 0630pa 38 padoT, omyOamKo-
BaHHBIX ¢ 2018 mo 2025 rr. Ha puc. 2, 6 npuBeneH rpaduk U3MEHEHHs] TOYHOCTH PAaCIO3HABAHUS IS
3 cuenapueB EOC paraceta MSTAR, nmomyuenHslii mo Marepuanam 19 myOnukamuii, BIIIEIITNX
¢ 2020 o 2025 rr. B »TuxX pabdorax npumeHsimch cienyomue cuenapun EOC: EOC-D (nposepka
YCTOMYMBOCTH HEHPOCETEBOW MOJIETTM K M3MEHEHHWIO yria HakJIoHa 1enu mo Beptukanu), EOC-C
(mpoBepka K BapHualusaM KOH(PUTypalnuu 0o0beKTa, HalpuMep UCIIONb3YIOTCS pa3Hble MOIU(UKALIUT
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oponerexuukn), EOC-V (mmpoBepka yCTOMYMBOCTH K U3MEHEHHSIM BEPCUHM BHYTPH OJHOW KOHKPET-
HOW MoJienn 00bEKTa, HalpUMep, pa3Hble cepHiiHble BapuaHThl Tanka T-72). Ha oboux rpadukax
JUIS KaXIO0ro JOCTUTHYTOrO pe3yJibTaTa IpelcTaBieHa Aojis pa3MedeHHbIX JaHHbIX MSTAR,
HCIOJIb30BaHHBIX B HcciieoBaHusX. [1o pe3ynpTaTam aHamu3 pucyHkoB 3 ¥ 4 MOXKHO clieaTh ciie-
JYIOIHM BBIBO/I: B HACTOSIIIIEE BpeMsl M3-3a HU3KOM ciioxkHOCcTH MSTAR 1 3HaunTEIRHOTO TpOrpecca
B pa3paboTKe apXWUTEKTyp Heipocerel pe3ynbraThl pacnio3HaBaHus maist SAR-ATR daktudecku
JOCTUTIIM MaKCHUMAaJbHO BO3MOKHBIX 3HAUEHHMH Kak Ha cTaHmapTtHeix crieHapusax (SOC), Ttak
u Ha pacmmpeHHbix (EOC), mosToMy i TanbHEHIIEro pa3BuTus U odbecrnedeHust paboThl MOeei
B PeaJIbHBIX YCIOBHIX HEOOXOIUMBI 00Jiee COBEPILICHHBIE JaTACEThI.
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Puc. 2. I'padux pacnpenenenus mo roxam (2018—2025 rr.) TOYHOCTH pacIio3HABaHUS HA3EMHBIX
00bexTOB B 3a71aue SAR-ATR na natacere MSTAR:
a — cuenapuit SOC; 6 — 3 cuenapus EOC

Ha ocnoBe MSTAR 6511 co3nan naracer SAMPLE (Synthetic and Measured Paired Labeled Ex-
periment) [Lew19]. KitoueBoit ocobernoctbio SAMPLE siBisiercst ero napHasi CTpyKTypa, e Kax-
noe peanbHoe n3oOpakeHue u3 MSTAR cooTBeTCTByeT CHHTETHYECKOMY aHAJIOTy, CO3/1aHHOMY
C UCIIOJIb30BaHUEM KOMITBIOTEPHOTO MOJEINPOBAHMSL. JTa OCOOCHHOCTH JIeNIaeT JaTaceT OCOOCHHO
LIEHHBIM 117151 uccienoBanuii B oomactu SAR-ATR u qy1s pa3paboTky alropuTMoB, CIOCOOHBIX pado-
TaTh KaK C peaJbHbIMHU, TaK U C CUHTETHYECKMMHM JaHHBbIMU. [lyOnuuHas Bepcus 3TOro jnaracera
BKJIIOUAET JJaHHBIE C a3uMyTalbHbIMU yriamu oT 10 go 80 rpamycos, 4To obecrednBaeT MHPOKU
CIIEKTp YCJIOBUI1 HaOIOJeHUS AJIsl KCCIEeI0BATENbCKUX 1IeTIeH.

MiniSAR

Haracer MiniSAR — He0O0/bIIONH OTKPBHITHII HAOOp NaHHBIX, OMYyOJMKOBAaHHBIM KOMIAHHUEH
Sandia National Labs (CHIA) B 2006 roxy [San]. 910 9 peanbHbIX clieH, onyueHHBIX ¢ bBC
B Ku-nnamnasone, kaxaas pazmepom npubnusutensHo 1638%2510 nukcenelt mpu cBEpXBBICOKOM pas3-
pemennu okoio 0,1 m/muke. CrieHbl coiepkaT pa3iinyHble 0OBEKTHl (JI0pOTH, CTPOCHHUSI, AEPEBbs,
00J1acTy C TPaBSIHUCTON PacTUTEIBHOCTBIO), CPEIU KOTOPHIX pa3MeueHsl 1iefin — aBToMoounu. Pas-
METKa MpeJCTaBlieHa B BUJE orpaHnuuBaromux pamok (bounding boxes) meneit 1 MeTok Hamu4us
uenu Ha cueHe. Habop pa3out Ha 7 uzoOpaskeHuit 11s1 00ydeHust u 2 — s rectupoBanus. Hecmotps
Ha HeOombIIoN 00beM MiniSAR neHen Onarogaps pealMCTUYHBIM CIOKHBIM (POHAM U CTajl OTHUM
U3 MEPBBIX O0IIEAOCTYIHBIX CyOMETpOBBIX HaO0OPOB ¢ AJaHHbBIMU PCA.

MiniSAR yacto npumensieTcs U1 3a1a4 0OHapyXeHUsI 0OBEKTOB B YCIOBHSIX CIIOKHBIX CIEH.
B uwactHOCTH, B padore [Wei2l] natacetst MiniSAR u FARAD SAR wucnonb3oBaiuck ajst 00ydeHus
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MOJIyKOHTPOJIMPYEMOTO JIETeKTOpa C ajaanTaiuei aomeHa. J[pyrue wucciemnoBaHus B 001acTd
oOHapy>XeHHS U amanTtainuu, Hanpumep [Lv23] taxke mpoBoasaT s3kcnepuMeHTsl Ha MiniSAR, moj-
YEPKUBAsI €TO CII0KHOCTh U PEATUCTUYHOCTD CIICH.

FARAD SAR

FARAD SAR — kommuiemenTapHubiii K MiniSAR Habop, Takke coopannbiii Sandia National Labs
B 2015 rony [San]. On coxepxxut 106 PJIM cnoxHBIX FOPOJACKUX CLEH (HalpuUMep, TEPPUTOpUs
YHHUBEPCUTETCKOTO KamIlyca) ¢ TakuM jke€ BbICOKMM paszpemeHueM 0,1x0,1 m, uyto m MiniSAR,
HO mnody4yeHHbIX B nuanazoHax Ka u X. Pasmepsl cueH Bapbupyrotcs npumepHo ot 1300x580
10 1700x1850 mukceneit. B kaxmoil crieHe MPUCYTCTBYIOT MHOTOUYMCICHHBIE OOBEKTHI (MAIIHEI,
CTPOCHHMSI, PACTUTEIHHOCTh U IIp.), O0IIee YHuciIo TUNOB Ienei nmopsaka 10. [lanHble pa3enceHbl
Ha oOyuaromryto (78 nzo0pakeHuii) u TecToByro (28 n3obpaxenuii) Beioopku. MiniSAR u FARAD
SAR cuuTaroTCs OTHUMHU U3 CAMBIX CIIOKHBIX JOCTYMHBIX SAR-HA00pOB ¢ 60IBIIINM pa3HOOOpa3uEM
JAHHBIX, YTO JIeJaeT UX MOIXOISAIIMMHU Ui pa3padOTKH METOJIOB, YCTOMYHUBBIX K (POHOBBIM ITOME-
XaM.
MiniSAR u FARAD SAR wmoryTt ucnons3oBarscsi coBmecTHo. Hampumep, B padote [Shi2l]
FARAD SAR 3azeiicTBOBaH /i OLICHKH QJITOpPUTMA afanTaluu «0e3 yUuTeNs» MPUMEHUTEITHHO
K 3a/1a4ye JeTeKIIMN 00BEKTOB. ABTOPHI MCCIIEIOBAaHUS 00yJalu IETEKTOp Ha OJJHOM M3 3TUX HaOOpOB
JAHHBIX M BAJUAMPOBAIA HA JPYTroM, AEMOHCTPHPYS 3(DPEKTUBHOCTH MPEIIOKEHHOTO METO0jIa
Ha CIIOKHBIX CLIEHAX aJalTHPOBAHHOTO JOMEHA.

TerraSAR-X (I'yanayn)

Bboprosoit PCA KA TerraSAR-X (pabortaeT B X-11arna3oHe) TakkKe CIyKUT MOMYJISIPHbIM HCTOY-
HUKOM JAaHHBIX BBICOKOTO pa3pelIeHus JUIsl MallMHHOTo 00y4eHus. B oxHol 13 pabot no kinaccudu-
KallM¥ MTOYBEHHO-PACTUTEIbHBIX MOKPOBOB [Li1u20] HCmoap30BaH KOCMUYECKUI CHUMOK MPOBUHIINH
I'yanayn (Kuraii) B pesxume Stripmap, nonspuzanus VV. M3o0paskenue 6ombioro pasmepa (mpu-
MepHO 4656x7518 nukceneid, paspemienue 1,25 m/muke) natupoano 2008 romom. Jliist 3agadu Kinac-
cu(uKalMy 3eMellb ClieHa Obula pa3MedeHa Ha 5 KJIACCOB MECTHOCTH (BKJIHOYAsl KJIACC «HEUIEHTH-
¢unupyemslit»). Pazouenne: 60% nukceneit — odyuenue, 15% — Banunganus, 25% — TecTupoBaHue.
DTOT aTaceT npeacTaBiseT co00i eAMHNYHBIHN, HO 1eTalbHO Pa3MEUEHHBIM CHUMOK, TTOJIE3HBIN 715
OLIEHKH METO/IOB CerMEHTaluu/Ki1accu(uKaluy noBepxHocrel Ha cimyTHUKOBBIX PJIV. B ynomsny-
TOM ucciefoBanuu [Liu20] HOBBIN METO/ HA OCHOBE CTAaTUCTUYECKON CBEPTOYHON HEMPOHHOMU ceTH
(SCNN) st kimaccuuKaluy TUIIOB MOJCTHIIAIONIEH TOBEPXHOCTH MPOAEMOHCTPUPOBAI BHICOKYIO
TOYHOCTH (0K0JI0 86%) MO 3TOMY HAbOPY, IPEBOCXO/IS KIIACCHUECKUE CBEPTOUHBIE HEHPOHHBIE CETH.
B a10i1 ke padore cHumok KA TerraSAR-X cityxui1 cTaHIapTU3UPOBaHHBIM TECTOM (OEHUMapKOM)
U1l CPAaBHEHUS MOJIENIel CErMEHTAIMM 3€MHBIX ITOKPOBOB, Pa3pabOTaHHBIX HA OCHOBE KaK CTaH/AapT-
HeIx (AlexNet, VGG-19), Tak u cneunanusupoBanHbix (A-ConvNet, C-HRNN, SPPNet, PSNet)
aApXUTEKTYP.

UAVSAR (HaBogHeHne nmocie yparana XapBu)

UAVSAR — aBuanuonnsiit PCA (L-auamna3on), B HacTosiiee BpeMs Ucnoib3yemblit Harmonans-
HbIM a3pokocMmuyeckuM areHTcTBoM CIIIA (NASA) ans cvemok ¢ camonera Gulfstream III. s
BBISIBIICHUS] TEPPUTOpUI 1TaTa Texac, MOJBEPrHYTHIX KaTacTPOPHUECKUM HABOJIHEHHSIM, BbI3BaH-
HbIX yparanoMm Xapsu B 2017 roay, Obu1 coOpan Ha®op nonspumerpuyeckux cHUMkoB UAVSAR
[Den20]. /laHHBIC BKIIOYAIOT PE3YyIbTaThl ChEMKH YYaCTKOB 3aTOIIEHUH B aBrycre-ceHTsiope 2017 r.
W3 31X cCHUMKOB Bpy4HYI0 ObU10 pazmeueHo 6osee 10 000 obnacteil (CerMEHTOB), YTO COCTABIISET
OK0JIO 3,5 MJIH MHKCcelel, ¢ KiaccupHUKalMend «3aToIuieHo / He 3aToruieHo». [l He3aBHCHMOMN
BaJIMIallMY Pa3METKH UCIOJIb30BAINCh BHEITHUE UICTOYHHUKH, TaKKE KaK a3po(OTOCHUMKH € caMoJie-
ToB HarmoHnansHOTO ympaBieHHs OKeaHHMYecKuX M atMocdepHbix uccinepoBanuii CIIIA (NOAA)
1 kapta HaBogHeHUH ['eonorudeckoit cimyx0b1 CILIA (USGS). Habop yHHuKaneH HalIW4ueM J0CTO-
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BEPHOU Pa3METKH Y4YacTKOB, OXBAYEHHBIX HAaBOJHEHHEM, U MPUMEHEHHUEM MYJIbTHCEHCOPHOU IMpo-
BEPKH, YTO IO3BOJIAET JAOCTATOYHO TOYHO OOy4yaTh M OLEHUBATH AJTOPUTMBI CETMEHTALUU 30H
3aTOIUICHUS.

B pabote [Den20] nanHbIif HAOOp BIIEpBbIC OBLIT MPUMEHEH IS CETMEHTAIIUN YYaCTKOB 3aTOTLIe-
HUW W jajiee ObLIO MPOBEICHO CPAaBHEHHE TOYHOCTH MOJHOCBepTOUHBIX Mojenen (U-Net, SegNet)
Ha MOJIAPUMETPUUYECKUX JaHHBIX, oydyeHHbIX 60pToBBIM PCA UAVSAR. Meton ¢ U-Net nmoka3zain
TOYHOCTh 110 89% wu mokazarens Fl-score, paBHbiii 0,87, mpeB3oiiis KIaCCUUECKUH aITOPUTM
Yanmena npumepno Ha 13%. UAVSAR-Ha0o0p ctan 3TaoHOM JUisi HOCAEAYIOMINX UCCIeI0BaHUN
10 0OHAPYKEHUIO MOCIEeICTBUN CTUXUITHBIX O€/ICTBUI HA paJOIOKAIIMIOHHBIX JAaHHBIX, JEMOHCTPHU-
pysI IPEUMYIIECTBO TIIyOOKHUX CeTel HaJ TPAAUIIMOHHBIMHU TIOIXOaMH.

Fangchenggang

Fangchenggang — HebGonbiioil Habop a’pOCHUMKOB, MCIONb3YyEeMbIH Ml 3aJa4 CerMEeHTalluu
[Mal9]. On copepxwut 36 PJIM MecTHOCTH ¢ MPOCTPAHCTBEHHBIM Pa3pelIeHUEM MOpPsaKa 2 M/IHKC.
Kaxxnoe nzobpaxkenue pasmedeHo Ha 4 Ki1acca 3eMHOTO MOKpoBa: GOH, peKa, CEIbCKOXO03sHCTBEHHBIE
yroJibs, ropojckast 3actpoiika. Chémka BeImojHeHa aBualmoHHo PCA B paiione ®aHudHTaH
(Kwurait). PazmeTtka npoBezieHa BpyuHy1o skcriepTamu. Habop xapakrepusyercs orpaHMueHHBIM YHC-
JIOM HM300paXCHUH TPH JOBOJIBHO BBICOKOM pa3pelIeHHWH, YTO OTPAKAET TUIHYHYIO CHTYaIHIO
neduIuTa JaHHBIX 1715 00y4YeHUs MOJIeNIel CerMeHTaIUH.

B pa6ote [Yue20] natacer Fangchenggang ricrions3oBaH asist 00ydeHuss MHOroMacITaOHOM 1moJt-
HOCBEPTOUHOI ceTn ¢ monyisimu BHuMaHus. [Ipeanokennsiii meron (AFCN-MANet) nokaszan
cyliecTBeHHbIN BBIMTphI 10 MeTpukam mloU (Mean Intersection over Union) u PA (Pixel Accu-
racy) Ha 1aHHOM Habope (Hanpumep, mloU cocrasui 73,8%, uto Ha 5,7% Bbllie Onurkaiiiero aHa-
nora). Kpome Toro, B Toi ke pabote Fangchenggang coBmectno ¢ apyrum Habopom (Pucheng) mpu-
MEHSUICS JUIsl OIICHKH YCTOHYHMBOCTH aJIrOPUTMOB CETMEHTALIMU NP OTPAHUYCHHOM 00beMe pa3me-
YEHHBIX JTAHHBIX.

Pucheng

Pucheng — BTopoii He6oBIION JaTaceT ¢ JTaHHBIMH a3POChEMKH, TAK)KE IPUMEHSAEMBIN [ 3a/1a4
cermentanun PJIN [Mal9]. Bxirouaet B ce0s 40 PJIM ¢ pa3pemenuem okoso 1 M/MUKC, CHATBIX
c 6opta camonéra Han parionom [lyusn (Kurtait). B pamkax sTtoro maracera pasmeueHo 2 Kiacca:
rOpoJCKasl TEPPUTOPHUS U CEITBCKOXO35IICTBEHHBIE yronabs. JlaHHbI Habop mpole Mo CeMaHTUKE
(TONBKO 2 THUIA MOJCTUIIAIOLIEH TOBEPXHOCTH ), HO 00€CTIEYNBAET IPOBEPKY HEHPOCETEBBIX AITOPUT-
MOB Ha 0000111aeMOCTh — OH 4acTO UCHOJb3yeTcs B nape ¢ Fangchenggang nns neMoHcTpanuy, yTo
METO/]I CETMEHTAIIMH YCIIEIIHO paboTaeT Ha pa3HbIX JaTaceTax.

B ynomsnyToii Beiie padore [Yue20] ceTb ¢ BHUMaHHEM, 00yUYeHHas: Ha Habope JaHHbIX Fang-
chenggang, 6s11a npoTtecTupoBana u Ha Pucheng — nocturays mloU 85,8% u PA 95,8%, urto mipe-
BOCXOJUT pe3yibTarsl Mozeneit DeepLab, PSPNet u ap. Takum o6pa3zom, Pucheng noxreepau cro-
COOHOCTb MOJIENIN MEPEHOCUTHCS Ha MHOM HabOp ¢ MUHUMAaJIbHBIM CHHKEHHEM KadecTBa. B mocie-
JYIOLIMX UCCIEIOBaHMAX 3THU JBa JaTaceTa HepelKo (UTypUPYIOT COBMECTHO JJISl OLIEHKU METO/I0B
CEerMEHTAIMH B YCIOBUSX OTPAHUYEHHOU Pa3METKHU.

OpenSARShip

OpenSARShip — oTKpBITHII AaTaceT 1uis OOHApYXKEeHUS U KiIacCU(PUKAIUU CyJIOB Ha CITyTHUKO-
BBIX PaaUOJIOKAIMOHHBIX AaHHbIX [Lil7]. OH coOpaH ¢ HCNONb30BAaHHMEM CHUMKOB, MOJYYEHHBIX
¢ KA Sentinel-1, u conepxut 11 346 n3obpaxenuii cy10B, NprUHAIekKaIMX K 17 Ki1accaM (TaHKEpHI,
KOHTEIHEepOBO3bl, BOEHHBIE Kopabnu u ap.). Kaxnoe nzobpaxenue npeacrasiser co0oil pparMeHT
(uum), BeIpe3aHHbII BOKPYT Cy/HA. AHHOTALlMH BKJIIOYAIOT B ce0sl TUII CyJHA. J[aHHBIE OXBATHIBAIOT
pa3iauyHbIe yCIIoBUs (pUOpex)HbIe pallOHBI U OTKPHITOE MOPE, Pa3HbIN YPOBEHb LITyMa, IEPEKPBITUS
U JIp.), UTO JiefiaeT Habop BechbMa pa3HOOOpa3HbIM. B uccienoBaHMUIX 4acTO UCIONB3YIOT YIIPOUIEH-
Hble Bepcun OpenSARShip: Hanpumep, 0epyT Toabko 3-4 KpynmHEHIINX Kjlacca CyA0B Ui SKCIIEepH-
MEHTOB, YTOOBI CHM3UTH nucOananc. CymecTByoT U oOHOBieHus Habopa — OpenSARShip 2.0,
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1€ JUIs HECKOJIbKUX KITIOUEBBIX KIIACCOB (IPy30BOE CyJIHO, TAHKEP U T. J1.) 0ToOpaHo 1o 510 nzobpa-
xenuit VH/VV-nionspuzanum ¢ npuBeieHueM K €IMHOMY OaJlaHCy KJIaCCOB.

OpenSARShip npumeHsiiics BO MHOTHUX paboTax Mo Kiaccu(UKaul MOPCKUX Leneid. ABTOPBI
pabotel [Hua20] ucnosp3oBanu ero (¢ TpeMss OCHOBHBIMH KJIaCCaMHM) JUIsl OIEHKH MOJIEJIECH TpaHC-
(bepHOro 00y4YeHus — TOCTUTHYTa TOYHOCTH 91,0% mipu mooOydenun Ha SAR-cienupuaHO Mo IeH.
B sToM ncciaenoBanuu 1o caMooOy4YeHHUIO0 Ha YaCTUYHO pa3MedeHHBIX JaHHBIX OpenSARShip 6bu1
3ajelcTBoBaH B nape ¢ MSTAR.

Kpome toro, OpenSARShip npumeHsieTcss s TECTUPOBAHUS HOBBIX apXUTEKTYp, HaIpUMeEp,
CBEPTOYHBIX HEMPOHHBIX CETEH C ITOJIHOLIEHHON MHTErpanueil KoMIuiekcHbIX urcen [Hou25], nemon-
CTPUPYS UX MPEUMYIIECTBO MEPel CETSIMH, UCIIOJIBb3YIOIIUMHU TOJIBKO JA€HCTBUTENIbHbBIC YHCA.

SSDD (SAR Ship Detection Dataset)

SSDD — nomynsipHbIif OTKPBITBHIN JaTaceT it oOHapyxenus cyaoB Ha PJIM [Zha21]. Oun cocTas-
JIeH U3 JaHHBIX pa3sHOpoaHbIX HCTOYHUKOB (KA TerraSAR-X, RadarSat-2, Sentinel-1) u Bxiatouaer
B ce0st 1160 cammkoB co crieHamu B X- u C-quana3onax. [IpocTpaHCTBEHHOE pa3peiieHue COCTaB-
nseT ot 1 10 5 M/IHKC, YCIOBUS ChEMKHU — pa3iHyHbIe (CIIOKOHHOE/ I TOPMOBOE MOPE, MOPTHI U OT-
KpBITHIH OKkeaH). B cymme pazmeueHno 2456 cy10B, pa3MeTKa PeCTaB/ICHA B BU/IE OIPaHUYMBAIOIINX
MPSIMOYTOJILHUKOB (B TOM YHMCJIE BpALIAIOLINXCA) BOKPYTr O0O0BEKTOB MHTepeca. HabGop paznenén
Ha O0yyarollyl0 U TECTOBYIO BBIOOPKHM (MHOIZA@ C BBIJCJIEHWEM 4YacTH 0] BaJIUJALMOHHYIO
BbIOOPKY), 00bI4HO B npomopiuu 7:3. Jlatacer SSDD 1ieHeH TeM, YTO COAEPIKUT CLIEHBI C pa3HOU
TUTOTHOCTBIO IEJIEH U YPOBHEM IITYMOB, MO3BOJISISI HCIIBITHIBATD AJIITOPUTMBI JICTEKIIUN B yCIOBUSX,
MPUOTIMKEHHBIX K PEaTbHBIM.

SSDD BbICTYIaeT OCHOBHBIM CTaHAAPTU3MPOBAHHBIM TECTOM (OE€HUMApKOM) IJIsl MOJENeH,
pa3pabaTrbeiBaeMbIX Ui oOHapyx eHHs cynoB. B MHoxecTBe uccnenoBanuii ([Jia2l, Yu24]| u ap.)
c ucnonb3zoBaHueM SSDD o00y4aloT U TECTUPYIOT CBEPTOUYHBIE JETEKTOPHI OOBEKTOB, TAaKUE Kak
YOLO (You Only Look Once). Takxke SSDD uacTo ucnomnp3yeTcs B 3a/la4ax aJlanTalii JOMEHa.
Hanpuwmep, B pabote [Zha22b] u3yuancsi mepeHoc aeTekTopoB mexay nanHbiMu KA Gaofen-3
u SSDD, nokasbiBasi, 4yTo Aaxe 0e3 pa3MeTKu B LI€JIEBOM JIOMEHE MOXHO aocThdb mAP (Mean
Average Precision) okono 74—81%. Taxum oGpasom, SSDD sBisiercs kiiroueBbIM HaOOpoM st
OLIEHKU HOBBIX METOJI0OB OOHapYKEeHUsI 0OBEKTOB Ha MOpE.

FUSAR-Ship

FUSAR-Ship — naracer uzobpaxenuii cy1oB, noiayueHHbIx kutaiickum KA Gaofen-3 (C-nuana-
30H) [Mall7]. IlepBoHauanbHO OH BKIIOYAJ JOCTATOYHO MHOTO KJIACCOB CYAOB — A0 15 TUMOB,
C KpaiiHe HepaBHOMEPHBIM YHciioM IpumMepos (0T 2 1o 1500 Ha kitacc), 4yTo Jenasno 3a4a4dy Kilaccu-
(buKanuy o4YeHb CIOKHOU. B psise nccnenoBanuii HCOIB3YIOT OTPAHUYSHHYIO BEPCHIO 3TOTO JaTa-
ceTa: 4 OCHOBHBIX KJlacca (Hampumep, Oankep, KOHTEHHEPOBO3, TAHKEP, BOCHHBINH KOpabib) U BCEro
2110 uzobpaxenutii ¢ pazpemenuem 10x10 m/muke. Jlaracer FUSAR-Ship Obut ipeacTaBieH kuTai-
CKUM COOOIIECTBOM B 00JaCTH KOMITBIOTEPHOTO 3pEHUsS B paMKaX KOHKYpPCOB IO paclo3HaBaHHIO
CYJIOB M BIIOCJIEJICTBUU CTall OTKPBITHIM. OH oTiIMyaeTcst OOJBLUIMM pa3HooOpa3ueM CIIEHApUEB
ChEMKH B MPUOPEKHON 30HE U CIYKUT JUIS OTJIAZKU alTOPUTMOB OOHApyKEeHHsI/KIaccuPUKAIIUN
CyJI0B, 0COOEHHO B COUYETaHUM C METOAaMH OOPBHOBI C AUCOATIAHCOM KITACCOB.

FUSAR-Ship mpumeHssics B HCCIEIOBaHHUSAX IO KIACCH(PUKAIUU CYJOB M YCTOMYHUBOCTH
HelipoceTeBrIX Mojenei. B [Liu23] ucnonp3oBanu ero BapuaHT ¢ 4 KiaccaMu OOBEKTOB JIJIsl TECTH-
poBaHMsI MOAX0/a 1Mo 00yueHuto Ha AMuHHOXBOCTHIX (Long-Tailed) pacnpenenenusx — npeanoxeH-
Hasg MeToauKa aana okono 89% tounoctu mpotuB 84% y 6azoBoro mertona. Takke FUSAR-Ship
3a/IeCTBOBaH B paboTax MO 3alluTe OT aJBepcapualbHBIX aTak (3JTOHAMEPEHHBIX BTOPKEHUI
IO MOKMCKY YSI3BUMOCTEH B MoJiessix): Harpumep, [Lu23] ucnons3oBanu ero (Hapsgy ¢ MSTAR) npu
orienke ancam6is ResNet+ViT, ycroitunBoro k atakam FGSM (Mmetom ataku «0Oeioro simuKay
Ha HeilpoHHble cetn), BIM (Mmeton 6a3oBoil ureparuBHoi ataku) u np. Takum obpazom, FUSAR-
Ship mo3BomsieT mpoBepsATs, MOJENU Ha JonoiMHUTeNbHOM HcTouHnke MaHHBIX PCA (KA Gaofen-3)
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1 o0oramniaet SKCIePUMEHTHI IT0 CPABHEHHIO C UCTIOIh30BaHUEM HAO0OPOB JJAHHBIX TOJBKO C OJTHOTO
KA Sentinel-1.

SARDet-180K

SARDet-180K — xpynHe#muil myOomuHbIii HA00p JaHHBIX 1T 00y4YeHUs: Mojieieli oOHapyke-
Hus nened Ha PJIN [Li25]. On o6veaunset 186 600 ¢pparmentos PJIN ¢ pa3merkoii u3 14 oTKpHITHIX
JIaTaceToB C PaIMOJIOKALIMOHHBIMU JAHHBIMU JUIS 33124 OOHAPYKEHUS U KJIaCCU(UKALUU Pa3THUHbIX
HA3eMHBIX 1 MOPCKUX 00BEKTOB (aBTOMOOMIIH, Cy/la, CAMOJIETHI, pe3epPBYaphl Uil XpaHeHUs He(Te-
MPOJIYKTOB, MOCTHI U JIp.). CTOUT OTMETUTH pa3HOOOpaszue coOpaHHBIX CIEH (ropoaa, MOPThI, a3po-
MOPTHI, OKEaHbI) M CEHCOPOB (CIYTHHUKOBBIE, aBUAIIMOHHbIC, CHHTE3UPOBAHHBIC JAHHBIC) C pa3iIny-
HbIM pazpemenueM (0,1-25 m/mukc) n yacrotHbiMu auana3zoHamu (C-, X-, Ku- u Ka-nuamna3onsr).
JlarHbIe COATAaHCHPOBAHBI IO KATETOPHUSAM: OKOJIO 46 ThIC. aBTOMOOWMIIEH, 74 ThIC. CylOB, 36 ThIC.
camMoJIéToB U 47 ThIC. TPOUnX 00BEKTOB. Pazmepsl n3o0pakeHuit Bappupyrorcs ot 128 mo 2048 nuk-
ceneit. Takum oO6pazom, SARDet-180K obecrieunBaeT mupoTy oxBara 3a7a4 00HAPYKEHHUS, YTO T03-
BoJIsIeT 3(pPeKTUBHO 00yUaTh U OLEHUBATH (HyHIaMEHTAIbHBIE MOJIEIH C YUYETOM pealbHBIX BapHa-
IIUH yCIIOBHIA ChbEMKHU M ITYMOB PAIMOIOKAMOHHOTO CUTHAJIA, BKJIIOYAs pa3HOPAKYPCHOE MPEICTaB-
JICHUE 1LIeTIei U pa3HoOoOpas3ne caMuX paKypcoB.

B pa6ore [Li25] npusenens! cBenenus o ToMm, 9uto SARDet-180K ucmnonb3yeTcst kKak OCHOBHOM
MacIITaOHbIA TpenoOydaromui aataceT s (GopMUpoBaHUS 0a30BOM KOH(PUTypallud MOJIEIH
SARATR-X, pa3zpaborannoii /uisi oOHapy>KeHUS W KiIacCH(UKAIUU HA3eMHBIX 00BEKTOB. Takoi
MOX0JT 00ECIeUunBaeT yIy4IlIeHHYI0 00001aeMOCTh U YCTOMUMBOCTh MoAeNell k Bapuarusm PJIN
B 3aJ1a4ax OOHAPYKCHHSI U KIIACCU(PUKALINH.

ATRNet-STAR (panee NUDT4MSTAR)

ATRNet-STAR — kpymnHblii 1ataceT, CO3/1aHHbIM cnenuanuctamMu HanuoHanbHOro yHUBEpCH-
TeTa 000poHHbIX TexHonoruit Kuras (National University of Defense Technology, NUDT) B 2025 r.
[Liu25] miis mpeonosieHus mpoOieM, CBOMCTBEHHBIX PaHEe CO3JaHHBIM JlaTaceTaM, NpeIHa3HAYCH-
HbIx s 3a1a4 SAR-ATR, npexne Bcero MSTAR. OcHoBHbiME HenocTaTkamu MSTAR, B wactHO-
CTH, SIBJISUTACH CJIEYIONIKE: 2) Malioe pa3HooOpa3ue 00beKToB (Bcero 10 kiraccoB 1ieneit); 2) uaeaib-
HBIE YCJIOBUS ChEMKH, XapaKTepH3yeMble pa3MelieHneM 00BbEKTOB B LIEHTPE CHUMKA U MHUHHUMAJlb-
HBIM BO3JIEHICTBHEM OKPY>KaIOLIEH cpesibl;) 3) OTCYTCTBUE CTAaHAAPTHOTO MPOTOKOJIA OLIEHKH 3 Pek-
TUBHOCTH aJTOPUTMOB, Ucnoib3yeMblx Ha MSTAR, uTto mpuBOANIIO K HEBO3MOKHOCTH OOBEKTHB-
HOT'O CpPaBHEHUS Pa3JINYHBIX METO/IOB.

Ocnosuble npeumytiectBa ATRNet-STAR: 1) HoBblit gatacer conepxkut 6onee 190 000 pazme-
YeHHbIX U300pakeHui, uro B 10 pa3 npessimaet pazmep MSTAR; 2) ATRNet-STAR Bxirouaer 40
Pa3IUYHBIX KJIACCOB TPAHCIOPTHBIX CPEICTB, COOpaHHbIE B paMKaX IATH PEATUCTUYHBIX CLIEH;
3) oOBEKTHI HAXOAATCS B TOPOACKUX, 3aBOJACKUX, KAMEHHUCTBIX, JIECHBIX U IYCTHIHHBIX YCIIOBHSX,
BOCCO3/1aBas peajibHble ycinoBus ucnosb3oBanus PJIC; 4) nartacer BkiitoyaeT n300paskeHusl, CHAThIE
C pa3JIMuYHBIX YIJIOB a3UMYTa M HAKJIOHA II€JIM, a TAK)KE IPU HELIEHTPUPOBAHHOM IOJIOKEHUH 11€TTN
Ha U300paKeHUH, YTO CTHUMYJIHpPYET pa3BUTHE 0ojee YCTOHYMBBIX METOJIOB; 5) HaJlu4ue JaHHBIX
B HECKOJIBKUX MoJspu3anusx u nuanaszonax (X u Ku), uro genaer garacer 0osiee yHUBEpCAIbHBIM;
6) ATRNet-STAR opranu3oBaH 10 MPUHIUIY TaKCOHOMHHM, pa3ielsiomUi 0ObEKThl Ha KIIACCHI,
MOJIKJIACCHI ¥ TUIIBL, YTO YIIPOLIAET €0 paCUIMPEeHNEe U HHTETPALIMIO C APYTUMHU JlaTaceTaMu; 7) Mpe-
Jaraet 7 pa3IUYHBIX KCIIEPUMEHTAIBHBIX HACTPOEK U 15 6a30BBIX METOIOB, YTO MO3BOJISAET UCCIIe-
JIOBATEJSIM MPOBEPSITh TUIIOTE3BI U MPOBOJIUTH MPSIMOE CPAaBHEHUE PE3YIIbTaTOB.

Taxum o6pazom, ATRNet-STAR npenocrasisieT 6oratelii pecypc 1 UccienoBareseil, pa3Bu-
Bas HOBbIE METO/bI B 00JacTH ri1y0okoro oOydeHus ajs pacrio3HaBaHus oO0bekToB Ha PJIN. Tak,
B nipenpunTe [Xio25] onuceiBaercs npumenenrne ATRNet-STAR npu pa3zpaboTke HOBOTrO Moaxoza
K petternto 3a1a4 SAR-ATR B ClI0KHBIX YCTOBHSIX Ha OCHOBE I'pa)OBBIX HEHPOHHBIX CETEH U TpaHC-
(dbopmepoB, a TAKKE JOMOTHUTEIBHOTO MOYJIS U1l MHTErpaliy (pu3nYecKrX 3HaHUH O paccenBalo-
IIMX HEHTPax U TOMOJIOTHH Ha3eMHBIX 0OBEKTOB.
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Hpoqne AaTaceTbl 1 HCTOYHUKH JaHHBIX

Brime nepeuncieHsl crienuaqIu3upOBaHHbBIE /1AaTAaCeThl, KOTOPhIE SIBISIOTCS KIIIOUEBBIMHU IS
HacToIero 063opa. O1Hako TOMUMO HHUX B MyOJIMKAIMSIX IO METOaM Ii1y0okoro o0yuenus Gury-
pupyIoT U Apyrue Habopsl, HanpuMep aanHbie KA Gaofen-3 (C-nuana3on), mpuMeHsieMble s pas-
JUYHBIX 33]1a4, B TOM YHCIIE JIJIs1 CETMEHTAIMU TOJICTHIIAIONIUX ToBepxHocTell. Hampumep, nsBecten
JaTaceT, cojepKaiuii n3o00paxkeHus ¢ 6 kiaaccamu (TOpPbI, BOJHBIE O0BEKTHI, 3/IaHUs, TOPOTH, JIeC,
OTKpBITas To4Ba) npu paspenieHnn 1 m/mukc [Liu22]. B pamkax copeBHoBanuii Gaofen Challenge
6bu1 orryOnmkoBan natacet FG-SAD, conepxariuii KOCMHUECKHE CHUMKHU a3pOIOPTOB: 52 GOIbIINX
n3oopakenust KA Gaofen-3 (paspemenue 1 M/mukc), U3 KOTOpbiX Beipe3aHo 3850 ¢parmeHTOB pas-
Mepom 1024x1024 nukceneii ¢ pazmeTkoit 6 TunoB camoiiéroB (6550 o6bexToB) [Wan22].

BceTpeuaercst oTnenbHbIe yITOMUHAHKS O TTponpuetapHoM nartacere BSSAR, co3gannom Science
and Technology Laboratory of U. K. Defense (BenukoOpuTaHusi) Ha OCHOBE IaHHBIX ChEMKH aBHa-
nuonHoit PJIC [-Master. Ilo ganaeiM pabotsl [Zhu21b] 3TOT maracer BKJIIOYAET OJIHY KPYITHYIO
cueny pazmepom 6656x5056 mukceneil, B mpeaenax KOTOPO NPUCYTCTBYIOT Pa3IUYHbIe OOBEKTHI
UHGPACTPYKTYPHI (MOCTBI, TOPOTH, (PepMBI), a TAKKE PEKH, CETbCKOXO3SIIICTBEHHBIE YTOAbs U MPO-
yhe NpoTshKeHHble 00BbeKThl. IIpocTpancTBeHHOE paspemienue PJIM sBisiercs cyOMETpOBBIM.
ABTOPBI YIOMSIHYTOU paOoThI 3asBIAIOT Hcnonb3oBanrne BSSAR coBmecTHo ¢ MiniSAR st 3anaun
oOHapyXeHHS 00BEKTOB.

Cpenu HabOPOB, CONIEPKAIINX CHHTETUYEeCKUE NaHHbIe, n3BecTeH SARSim [Mall7]: 21168 cmo-
JeTUPOBAaHHBIX N300pakeHN X-Arana3oHa ¢ MpOCTPaHCTBEHHBIM paspenieHueM 0,3 M/IUKC U pa3-
Mepom 128x128 nukceneit. Ha kaxxaom n3o00pakxeHUH 3TOro Habopa ecTb 00BEKT OJTHOTO U3 7 Kjlac-
COB TPAaHCHOPTHBIX CPEJCTB (IPy30BOIl aBTOMOOWIIb, JIETKOBON aBTOMOOWJIb, MOTOLIMKI, aBTOOYC,
Oyiba03€ep, MUKaI, TaHK) AJIs KaKI0r0 MOBOPOTa 00BEKTA MO a3UMYTy Ha 2° IPHU CEeMH Pa3IuYHbIX
yriax HakjoHa menu (15°, 17°, 25°, 30°, 35°, 40° u 45°), moay4eHHBIA TyTEM MOJEIUPOBAHMS
B CHCTeMe aBTOMaTH3upoBaHHOro npoektupoBanus (CAIIP).

Kpome Toro, B HEKOTOPBIX paboTax UMUTHPYIOTCS «PaAHOIOKAIIMOHHBIE BEPCUI» ONTHYECKUX
naHHblX. Hampumep, 3a ocHoBy mnpumensiercss nonnabop NWPU-RESISC45 [Pas21, Fu24]
U K ero n300pakeHUsIM J100aBIISETCS CHEKI-IIyM, YTOOBI IPOTECTUPOBATh METObI KilacCU(UKALIUU
Ha TICeB/I0-PaJapHbIX JaHHBIX.

OpaHako KJIFOUEBBIMH JJIsl HACTOAIIEr0 0030pa OCTAIOTCs IEPEUNCIICHHbBIE PaHee CIIeUaTU3Uupo-
BAHHBIEC JATACEThl, KOTOPHIE OXBATHIBAIOT IIMPOKHUI CHEKTp MpuiokeHuid: oT 3agady SAR-ATR
JI0 MOHUTOPHUHTA CYZ0XO0/ICTBA M CTUXUUHBIX O€/ICTBUM.

Kpatkue cBenenust 06 OCHOBHBIX HabOpax pagrOJIOKAIMOHHBIX JAaHHBIX, HCIOIb3yEeMbIX MPH
00y4eHUHU U TECTUPOBAHNU HEHPOCETEBBIX CEeTEH, IPUBEIEHBI B TAa0I. 2.

[IpoBenénHbpIii aHaNM3 MoKa3ai, YTO JaTaceThl UTPAIOT KPUTHUECKYIO POJIb B Pa3BUTHH METOOB
uHTeIeKkTyansHoro ananu3a PJIM. Onnako umeromnuecs HaOOpHl TaHHBIX 00MaNal0T PAIOM HEI0-
CTaTKOB, MPEMATCTBYIOMUX PHEKTUBHOMY BHEIPEHUIO 3TUX METOJIOB B PA3TUYHBIX MPHIIOKECHUSX.
JlanpHel1e ycunusi oM KHBI ObITh HAMlpaBJICHbI HA CO37aHKe 0oJiee MOTHOIIEHHBIX U PealuCTHY-
HBIX JIaTaceTOB, a TAK)KE Ha pa3pabdOTKy METOO0B, O3BOJIAIOIINX MTPEOI0JIEBATh IPOOIEMBI, CBA3AH-
HBIE C KAYeCTBOM JaHHBIX.

4. UCCIEJOBAHUE COBPEMEHHBIX METO/IOB
UHTEJUJIEKTYAJBHOI'O AHAJIU3A PATMOJIOKAIIMOHHBIX NU30BPAKEHUI

CoBpemennbie MeTobl aHanmmu3a PJIM Ha ocHOBe TiTyOOKOT0 00ydeHHUs Ype3BBIYaitHO Pa3HOO00-
pa3Hbl. X MOXHO KJIaCCU(PUITUPOBATH PSIOM CIIOCOOOB:

® [0 TUITY UCIIOJIB3YEMBIX HEMPOCETEBBIX aPXUTEKTYD;

e 1o crnenuduKe pemacMod 3aJaud TEXHHYECKOTO 3peHHs (0OHApyKEHHE, CerMEHTAIUs
U KIaccu@uKaus 00bEKTOB U JIp.);

® 10 0COOBIM TEXHHUYECKHM MpHUEMaM, TAKUM KakK CHelu(rKa JaHHBIX U CTpaTerus 00ydeHus,
METO/TbI MTOBBIMICHUS YCTOMYNBOCTH, CIICIUATH3UPOBAHHBIC (VYHKITUH TIOTEPb.
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Tabnuna 2
Onucanue KJI0YEBbIX 1aTACETOB, MCNOJIb3yeMbIX IPH MAIIUHHOM 00y4yeHuu u ananause PJIN
(3amaum TexHuuyeckoro 3penus: O — ooHapyx)enue, C — cermentanus, K — kinaccudukarus)

1 ] jasi
< o BL~ o o
Ne Jaracer To 5 | Komso | Pasvep 3 § §)§ E i" § OnucaHue TaHHBIX
n/n "l E| pm | P |SEEE| §E | E 8
®E ~ S
MSTAR 1995 | K | 14577 | 128-193 [ 8 (10) 0,3 X | TpancnoptHble cpeacTsa
2 |Sandia 2006 | O [ 3927 224 >1 0,1 Ku |[TexHuka u 3manust B ypOaHHU3H-
MiniSAR POBAaHHBIX 30HAX M ITyCTHIHIX
3 |SARSim 2017 | K | 21 168 139 14 0,3 X | TpancmnopTHble cpeacTBa (CUHTE-
THYECKHUH JaTaceT)
4 |OpenSARShip | 2017 | K | 26 679 445 16 2,722 C |Cyma
5 |SAMPLE 2019 | K 5380 128 7 0.3 X | TpancmopTHbIe cpeacTBa (cMme-
IIAHHBIN 1aTaceT C CHHTEeTHUYe-
CKHUMHU U peanbHeIMU PJIN)
6 | SAR-Ship 2019 O | 39729 256 >1 3-25 C |Cyma
7 |AIR-SARShip | 2019 | O 801 512-1000 >1 1-3 C (Cyna
8 [HRSID 2020 O | 5604 800 >1 0.5-3 | C/X [Cyna
9 |FUSAR-Ship [2020( O | 16 144 512 15098) | L,LI-1,7 | C |Cyna
10 [SSDD 2021 O 1160 | 214-668 >1 1-15 C/X |Cyna
11 | WHU-OPT- 2021 | C 100 5556x370 7 5 C | OOBEKTHI 3eMJICTIONE30BAHIS
SAR 4 (cmerniaHHBIN J1aTaceT ¢ ONTHYe-
CKHUMH U PAHOIOKAI[TOHHBIMU
JTAaHHBIMH)
12 |SADD 2022 O 883 224 >1 0,5-3 X | JlerarenpHble annapaTsl
13 |MSAR 2022 O | 28499 | 2562048 >4 1 C |HazeMHas u MOpCKasi TEXHUKA
14 |SAR-AlRcraft | 2023 | O | 18818 512 >17 1 C |JleraTenbHble anmnapaTsl
15 |SIVED 2023 | O 1 044 512 >1 0,1-0,3 | X/Ku | TpaHCTIOpPTHBIE CpeacTBa
/Ka |(cuHTeTndeckuii naTacer)
16 |OGSOD 2023 | O | 18331 256 >3 3 C | Mocrsl, pe3epByapbl HeQTENPO-
JIyKTOB H TTIOPTOBBIE COOPYKEHUS
17 [SARDet-180K | 2024 | O | 186 600 | 128-2048 | 6 ocHoB- [ 0,1-25 | C/X/ | TpancmopTHBIE cpencTBa, Cy/a,
(cOopHBII HBIX Ku/ |nerarenbHble anmaparsl, Ap. 00b-
JaTacer) Ka [exts! (PJIN n3 14 OTKPBITHIX
JIaTaceToB)
18 [ ATRNet- 2024 | K | 194 324 128 21 (40) 10,12-0,15| X/Ku | TpaHCTIOPTHBIE CpeACTBa
STAR

Hwxe npesicraBieH MHOTOACIIEKTHBIA 0030p METO/I0B, MPUMEHSEMBIX Ul MHTEUIEKTYaIbHOIO
ananuza PJIM. MeToasl cTpyKTypupOBaHbl HA OCHOBE OPUTHMHAJILHOM KJIacCU(UKAIUU, MTpesarae-
MO aBTOpaMM HACTOSIEH CTaThU M pa3pabOTaHHOI ¢ yueToM Toro, yto ananu3 PJIM — cinoxHas
3ajJla4a, BKJIFOYArolas MHO’KECTBO acleKToB. Takoii moaxon oOecreunT Oojiee IMOJIHOE, TMOKOe
U yI00HOe MpeacTaBieHre MeTo10B aHanu3a PJIW, ucnonb3yronmx aaropuTMsl riryO0oKoro ooyde-
HUSL

4.1 MeToasbl 10 THIIY APXUTEKTYPbI HeHPOCETH

Memoowl ¢ npumenenuem ceepmouUHbIX HEUPOHHBIX cemeil

[IpeoGnanatomiee OONBIIMHCTBO PabOT, OMUCHIBAIOIINX HHTEJUIEKTyaldbHYyI0 00paboTky PJIN,
omupaeTcsi Ha cBepTouHble HeipoHHble ceTu (Convolutional Neural Network, CNN) paznugyaoro
BHuja. Mcmonp3yloTcs Kak KIACCHYECKHe apXUTeKTyphl obOmiero HasHadeHus (AlexNet, ResNet,
VGG) [Hua20, Zha22b, Che21], Tak U apXUTEKTypbl, crieruanuzupoBanusie noj PJIM. Hampumep,
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st 3ana4 SAR-ATR npennaranuce cetu Ha ocHoBe A-ConvNet, ONTUMU3UPOBAHHBIE 10| OTPaHU-
YEHHBIM 00BbEM paJMOJOKAIMOHHBIX JaHHBIX [Hua24], u pexyppentHbie rubpuabl Tuma MBCRN
[Fen21]. IIpu cermenrtanuu npumensitorcs noaHocseprounsie cetu (Fully Convolutional Network,
FCN) ¢ momudukanmsmu: B [Yue20] Baenpuaun B FCN Momaynb MynbTHYPOBHEBOI'O BHHUMAHHMS
(Multi-Attention Network, MANet), ycuIMBarOImuii U3BJICYCHUE MPU3HAKOB HA Pa3HBIX MacmTabax
U B pa3HbIx KaHaiax. COBpeMEHHbIE HCCIEIOBAaHUS HCIIONB3YIOT obOyieryeHHble U 3(h(EeKTUBHbBIC
Bapuantel CNN: Hanpumep, EfficientNet-B0 (okoyso 5 MiIH mapameTpoB) MoKa3an cONOCTaBUMYIO
WU JIYYIIYI0 TOYHOCTh, 4yeM Oojee Tsokenblid ResNet-50 (26 mun mapamerpoB) Ha ATR-3amaue
o gaHHeiIM MSTAR [Zha20].

Takke B 3Ty KaTeropurd MOXKHO OTHECTH MHoromaciitabHple cBepTouHble cetu (Multi-Scale
Neural Network, MSNN): B ny6nukanusix Bctpedaercs npumenenue SPP (Spatial Pyramid Pooling)
JUTsl arperarui KoHTekcToB [Jia21] u U-Net mis ydera nossipuMmerpudeckor nHpopmanuu [ Den20].
B nenmom, CNN ocTarotcs 6a30BbIM CTPOUTEIBHBIM OJIOKOM MOJIeIel TITyOoKoro ooydeHus, odecre-
YBas HepapXU4ecKoe BbIAeNICHUE JIOKAIbHBIX pu3HakoB u3 PJIN.

Memoowvl ¢ npumenenuem peKyppeHmHbIX HellPOHHbBIX cemell

B 3anavax, rie naHHbIe IPEICTaBIECHbI 10CIEI0BATENILHOCTIIMU (CEPUSIMH ) CHUMKOB C ITEPEKPbI-
TUSIMU, CBEPTOUHBIE HEHPOHHBIE CETU COYETAIOT C peKyppeHTHBIMU apxuTekTypamu (Recurrent Neu-
ral Networks, RNN). B 3agauax SAR-ATR sT0 6b1BaeT He0OX01UMO 7151 00pabOTKU pa3HOpaKypcC-
HBIX JIaHHBIX 13 Ha0opoB MSTAR.

Tak, B oHOM 13 padot [Zha20] cBeprounslii s3kcTpakTop EfficientNet 6bu1 00beTUHEH ¢ TBYHA-
MpaBJIeHHOH yripaBisemoit pekyppentHoii (Gated Recurrent Unit, GRU) ceTbio, 4T0OBI yuecTs Bpe-
MEHHbIE (PaKypCHBIE) 3aBUCUMOCTH B TIOCJICIOBATEILHOCTH KaJpoB. PeKyppeHTHas cocTaBistomas,
takast kak GRU unu nonras kpatkocpounas namate (Long Short-Term Memory, LSTM) no3Bomnsiet
HEeHpoceTeBOW MOJIETH 3aIOMUHATh U HHTETPUPOBATH HHPOPMALIUIO OT pa3HbIX PaKypCOB, MOBBIIIAS
TOYHOCTbH KJIaccu(uKaIu 00beKTa B LIEJIOM.

Kpome Ttoro, nsynampaBieHHas pekyppeHTHo-cBépTouHas cetb (MBCRN) npumensinach
B pabote [Fen21] 115t O3TamHOTO CIMSHUS IPU3HAKOB OT HECKOJIBKUX YTIIOB HAOIIOIEHUS 32 LIETIBIO.
Takue rubpunsl (CNN+RNN) nokaszanu 3peKTUBHOCTb B CIy4asiX, KOTJa JOCTYIIHbI [TOCIIE0Ba-
TeJbHBIC JaHHBIE UK TpeOyeTcsi 00eCreunTh MHBAPHAHTHOCTH MOJIENIN K BPAIICHUIO 00bEeKTa NHTE-
peca.

Memoovl ¢ npumenenuem 2eHepamueHo-cOCMA3AMENbHHLIX cemeil

OTnenpHBIM HalpaBIEHUEM SIBIISIETCS IPUMEHEHHNE TEHEPATUBHBIX Mojenen A aHanusa PJIN.
Haubonee spkuii npumep — reHepaTuBHO-cocTs3aTenbHble cetu (Generative Adversarial Network,
GAN). B [Gaol8] ans 3agaun SAR-ATR 0bU1 npeiioxkeH MOJyKOHTPOJIUPYEMbIii MeTo Ha Oa3e
DCGAN (moguduxanus anroputma GAN, B ocHOBe koTophIx jexar CNN), npu KOTOpOM OAMH
reHepaTop U JIBa KOOINEPaTUBHBIX AUCKPUMHMHATOpa OOy4aroTCsi OJHOBPEMEHHO. Takoil Mmoaxon
(nazBan MO-DCGAN) no3BoJisieT 3a1eCTBOBAaTh HEPA3MEUCHHbIE JaHHBIE: T€HEPAaTOp MOPOKAAET
uckyccrBeHHsle PJIN, a nBa nuckpumMuHaTtopa (c softmax-BbIxogamu 1j1si MHOTOKJIACCOBOM KJlacCcH-
¢bukanum) onpeaensoT ayTeHTHYHOCTh PJIM 1 onHOBpeMeHHO Kiaccu(UIUPYIOT peajbHble 00b-
eKThI, 700aBisisi Hauboiee YBEpeHHbIE MPEJCKa3aHus Apyr Jpyra B CBOM OOydyaroline BBIOOPKH.
CoBmecTHOE 00y4YeHHE TUCKPUMUHATOPOB U CHeUalbHas TEOpUsi O0OYUEeHHUs Ha 3alIlyMJICHHBIX JaH-
HBIX MMOMOTJIM (UIBTPOBATh OLIMOKM aBTOPAa3METKU W NMPUBEIH K BBICOKOMY KauecTBY: mpu 80%
HEpa3MEYEHHBIX JaHHbIX TOUHOCTh SAR-ATR npessicuna 95%.

GAN Taxke TMPUMEHSIOTCS NI 3a/laud ajanTalliyd JoMeHa (MepeHOC 3HAHWK M3 HMCXOJHOTO
JoMeHa B 1ienieBoit tomeH). [Ipumep: ucnonszoBanue CycleGAN-mogo6Horo mpeodpazoBaHus n300-
paxenuit MiniSAR <+ FARAD SAR s Toro, 4T006I reHEpUPOBaTh TICEBI0-U300pAXKEHHUS B IIEIIC-
BOM JIOMEHE U CHU3UTh PACX0XKJICHUS B pacupezeneHny BeIOopkH B qatacete [Shi21]. ['enepatuBHbie
CETH OKa3aJIMCh MOJIE3HBI U JUIS 3a]]a4l YBEIHUEHUS JaHHBIX: B HEKOTOPHIX paboTax n300pakeHus,
CHHTe3UpoBaHHbIE MpH oMo GAN, BKIIOUAIOTCS B 00y4YarolIyto BEIOOPKY, YTO yIy4IlaeT 0600-
IeHue Ha MabIX Habopax maHHbeiX [Fu24, Zhe23].
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Memoowl, ucnonvzyroujue apxumeKmypol ¢ MEXAHUIMOM GHUMAHUSA

[Tocneanue Toapl B 00pabOTKe M300paeHU HAOMPAIOT MOIMYJIIPHOCTh MEXaHU3MBI BHUMAHHUS
(Attention Mechanism). /s 3agau ananuza PJIM ata TeHneHnus Takxke umeeT Mecto. Tak, BO MHO-
rue CNN-Moaen HHTETPUPYIOTCS Moyl BHUMaHust [Don21b, Zha22c¢].

[Tomumo ynomsinytoro Beiie MANet 1u1st 3a/1a4 CerMEHTAlUU €CTh IPUMEPHI BIIOKEHUS OJIOKOB
o0paboTku HenokanbHOM nHGopMaruu (Non-Local Efficient Channel Attention) B ResNet st yimyd-
meHus: TiodanbHOro KoHTekcta [Zha2lb, Wei22]. IlomHOCThIO TpaHChOpMEPHBIE apXUTEKTYPhI
MoJIeNiel, UMEIONMX Ha3BaHue «BHU3yaibHble TpaHchopmeps» (Vision Transformer, ViT), noka
penku i 3agad o0pabotku PJIV, onHako mosiBiSIFOTCS pa3iuuHble THOpUaHbIe Moaenu. B pabote
[Lu23] BuepBbie ObuT mpuMeHeH aHcamOiab ResNetl8 + ViT-Large ans 3amutel kinaccudukaropa
ot adversarial-atak. BeIsCHIIIOCH, YTO Tako¥ THOPUIHBIA aHCAMOJIb CIIOCOOCH CYIIECTBEHHO CHH-
KaTh YCHEIIHOCTh aTak (C MPUMEHEHHEM ATOr0 aHCaMOJIsl 0l OMIMOOYHBIX KIACCH(PUKALUN TpU
FGSM-atake na nabope MSTAR ymnana ¢ 81% 1o 10%).

TpanchopMepsl UMEIOT EHHOCTHh Oyiarojapsi HaAIHMYUI0O MEXaHHW3Ma TJI00aTbHOTO BHUMAHUS
Y YCTOMYMBOCTH K MOBOPOTaM, HO UX MmpuMeHeHHe mpu oOpabotke PJIN cnepkuBaercs MOBBIIICH-
HBIMU TPEOOBAHHUSAMH K YMCITy 00y4YaroNMX NaHHBIX. [[03TOMY MX 4alie UCTIONb3YIOT JIN00 B KOMOH-
Haiuu ¢ CNN, nubo B pamkax pemieHui crneunuyeckux 3ajad, TaKuX Kak OOHapy>KeHUe aTak,
MHKpPEMEHTHOE O0yUYeHUEe U T. 1I.

Memoowl, ucnonv3yroujue cpagogule HeliponHble cemu

K MeHnee pacnpocTpaHeHHBIM apXUTEKTypaM, HallleJIIMM MeCTO B MeToiax ananu3a PJIN, otHo-
carcs rpadoseie HeliponHble cetr (Graph Neural Network, GNN) u rpadoBbie cBepTOYHBIC CETH
(Graph Convolutional Networks, GCN). Metosl, pa3pabaTsiBacMble Ha HX OCHOBE OCHOBAHBI, KaK
MPaBWJIO, HA IPUMEHEHUU alpuOpHOU MH(OpMaUU 00 AIEKTPOMArHUTHOM paccesiHUM OOBEKTOB
MHTEpeca, TAKUX KaK caMOJIETHI, CyAa.

[Ipumep pa3paboTku Takoro peuieHus npuBefeH B pabote [Zhu20], B KOTOpOH MpeiokeHo
npeactasisTh PJIN kak rpad Ha ocHOBe yrnopsiAoueHust MUKCeNeH 1Mo SpKocTu. B 3ToM nmoaxose nuk-
cenr pa30MBAIOTCS Ha TPYMIBI MO YPOBHSAM Ipajalyii ceporo, Kaxkaas Tpymma — BeplinHa rpada,
a BEPIIUHBI COCAMHSIIOTCS pEOpaMu B TOpSAIKE YOBIBAHWS WHTCHCHBHOCTH. 3aT€M MPUMEHSETCS
Heboubast GCN, Bitoyaroias B cedst mapy rpadoBbIxX CBEpTOK U ciioi cyoauckperusanuu (Pooling
Layer) nns knmaccudukanum oOBEKTa HMHTEpeca MO TMOJydeHHOMY rpady. ITa MOAENIb CMOrjia
noctuub npaktuyecku 100% TOUHOCTH B 3KCIIEpUMEHTE C Ucnoiab3oBanueM gataceta MSTAR, xots
1 Ha OIpaHUYEHHOMN BBIOOPKE.

I'pachoBsIii MOAX0T MHTEPECEH TEM, UTO YUUTHIBACT (PU3UUECKYIO CTPYKTYPY paccesiHus 00beKTa
W HETPHUBHAIILHBIC CBSI3M MEXAy rmukcessiMu Ha PJIM. OmHako moka JaHHas TEXHUKA HCIIOJIBb3YyeTCs
PEAKO, OTPAHUYUBASCH HKCIIEPUMEHTAIbLHBIMU PA0OTAMHU.

T'ubpuonvie memoowl, 0CHO6AHHbIE HA KOMOUHUPOBAHUU C KIACCUYECKUMU MEMOOamMU

HekoTopsie uccienoBanus cTpeMsTcsl 00beIMHUTD IPEUMYIIECTBA aAITOPUTMOB IITy00KOro 00y-
YEeHUs U TPaJULMOHHBIX anroputMmoB. Hampumep, B [Wei22] npemnoxunu apxurekrypy DDPL
(Deep Dictionary Pair Learning), B kotopoit o0t CNN-s3kcTpaktop (ResNet50 ¢ Non-Local 6110-
KaMH) cOYeTaeTcs C ABYMs 00y4aeMbIMU CIIOBAapsIMM JJIS aHAJIM3a M CHHTe3a mpu3Hakos. [lo cyTw,
CeTh OJIHOBPEMEHHO YUMTCS M3BJIEKaTh MPU3HAKHU U alMPOKCUMHUPOBATH U3BJICUEHHBIH HAOOp MpHU-
3HAKOB JIMHEHHBIMU KOMOMHAIMSIMU 0231 COB paHee N3yUEHHBIX KJ1accoB. Takoi THOpuAHbIN OIX0
o0ecrneurnBaeT UHTEPIPETUPYEMOCTD U, KaK MOKa3aJli SKCIIEPUMEHTBI, yHUBEPCAIbHOCTh, TOCKOJIBKY
OJTHa MOJIETIb YCIIEIIHO paboTaeT Ha Pa3HbIX MO MPUPOJE 3a1adax (Kiaccudukamnus cyaoB, CETMEH-
Talus MOACTUIIAIONINX TOBEPXHOCTEH, OKEAaHUYECKUX SABJICHUH). [IpyruM MpuMepoMm SBIsIeTCSl 00b-
e/IMHEeHNEe MOMEHTHBIX HHBapuaHToB ¢ mpu3HakaMu CNN. Tak, B [He20] u3Bnekanu u3 n3o0paxeHus
riiobanpHble MOMeHTHBIE pu3Haky (Llepauke, Xy 1 1p.) 1 00bEIUHSIN UX C BBIXOJAMH CBEPTOYHON
ceTu, 100uBascy Oosiee ycTounBoi kinaccudukanuu B 3agaue SAR-ATR B ycrnoBusix moBopoToOB
u mryma. Takum o6pa3oM, KOMOMHUPOBAHHBIE APXUTEKTYPhI JJOCTATOYHO NEPCIEKTUBHBI, IOCKOJIBbKY
CTpEMSTCS TMOJIYYUTh Jydllee U3 JIByX oOjacTel: NMPOU3BOAMUTENBHOCTb TIIyOOKHX HETMHEWHBIX
MIPe/ICTaBICHUI U yCTONUYNBOCTH/UHTEPIIPETUPYEMOCTh MATEMAaTUYECKUX MTPU3HAKOB.
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4.2 MeToasbl 10 cTpaTeruy 00y4eHUs1 M MCIOJIb3YeMbIM JAHHBIM

Ilonnocmuio konmponupyemoe ooyuenue

W3HauanbHO MPaKTUYECKU BCE alITOPUTMbI 00YYalIMCh Ha pa3MEUEHHBIX JAHHBIX «C YUUTEIEM»
(Supervised Learning). [{nst pemmenus 3anad SAR-ATR muorue knaccuaeckue cetu (LeNet, AlexNet
U Ipyrue) aopadaThlBAIMCh B 00ydanuck ¢ Hyss Ha gatacere MSTAR wnm moxoxux, U 10 CHX IOP
B psge pabor cobmromaeTcs 3TOT moaxon. Hampumep, cpaBHUTENbHBIE dKcrepuMeHTh [Coml8]
MoKazanu mnpeumyuiectBo riayookoit CNN Haj MoAenbl0 MalIMHHOTO OOy4eHHs, OCHOBAaHHOMU
Ha METOJIe OMOPHEIX BeKTOpoB (Support Vector Machines, SVM), npu o0yueHUH TOIHKO HA aMILIH-
tyaaeix PJIM u3 nabopa MSTAR. OgHako cymiecTBEeHHON MpoOIeMOol 1Moxoa 00yUeHUs «C y9H-
TeJIeM» SIBJISICTCS TpeOOBaHME OOJBIIOTO YHCIa Pa3MEUYCHHBIX JaHHBIX, KOTOPOE MPUMEHHTEIHHO
K JJaHHBIM PaJUOJIOKAIMOHHOTO 30HIUPOBAaHUS YacTO ObIBaeT TPYJIHOBBITONHKUMO. [loaTomy
B HACTOSIIEE BpeMsi OOYUYEHHE «C yUUTEIeM» OOBIYHO JOTOTHSETCS JTHO0 NPYTHMMH CTPATETHSIMH
oOyueHus1, THO0 TOHKO HACTPOSHHBIMU IPOLEAYPAMH PETYIIIpU3aLuH, YTOOBI H30eKaTh nepeolyue-
HUS Ha MajbIX BEIOOpKax. Tem He MeHee, MeToIbl Ha ocHOBe Supervised Learning 10 mocnemaHero
BPEMEHH OCTAIOTCSl 0a30BBIMHU, U MPAKTHUYECKHU KaXKJash HOBasl apXUTEKTypa CHauyaja MpoBepseTcs
B ITOJIHOCTHIO KOHTPOJIMPYEMOM pexkuMme Ha 3tanoHHoM Habope (MSTAR, OpenSARShip u 1. 11.)
JUISL CPAaBHEHHUS C MIPEABLAYIIIUMHE PE3YJIbTaTaMu.

Ilonykonmponupyemoe ooyuenue

KomnpomuccoM MeEXIy MOIHOCTHIO KOHTPOJIMPYEMBIMA W HEKOHTPOJHUPYEMBIMH TOAXOJIAMH
SBJISICTCS HMCIOJb30BAHUWE YACTMYHO pa3MEUYeHHbIX AaHHBIX. B 3amauax SAR-ATR mpobGiema
HEXBAaTKU Pa3MEUYCHHBIX JIAHHBIX CTUMYJIMPOBAJIa MOSBICHUE METOJIOB ITOIyKOHTPOIUPYEMOTO 00Y-
yenus (Semi-Supervised Learning). Paccmotpennsriit Boie metoq MO-DCGAN [Gaol8] — aTo kak
pa3 mpuMep MOIYKOHTPOJIHMPYEMOTO TMOAXoAa, mpu KoTopoMm 80% MaHHBIX HE UMEIU Pa3METKH,
HO I'eHepaTUBHAs MOJEIb 103BOJINIA H3PPEKTUBHO UX 3a1€HCTBOBATH.

Jpyroii BapuaHT — camooOydeHue Monenu Ha TmceaopasMerke (Pseudo-Labeling), korma
MoJiesIb, 00y4YeHHasi Ha HEeOOJbIIOM pPa3MEUYEeHHOM MHOXKECTBE, IIOMEYaeT 4acTh HEpa3MEUYEHHBIX
JAHHBIX, J00aBIAET UX B 00OydJarolee MHOKECTBO U nepeolOydaercs. OnHako 0e3 creruaibHbIX Mep
3TO MOJKET MPUBOJUTH K HAKOIUIEHHIO omMOOK. [IoaTOMYy coBpeMeHHbIE peanu3aluy KOHIENIUU
Pseudo-Labeling koMOuHHpYIOT camMo0Oy4eHre ¢ MPOIBUHYThIMU TeXHUKaMHU. [Ipumepom sBnsercs
METOJ C ABYMS IUCKpUMHHATOpaMu B padbote [Gaol8], mpu KOTOpOM BBOAMIIOCH «CTPOTO€ MPABUIIO
YBEPEHHOCTH» JIJIs1 0TOOpa TOJIBKO HAJEKHBIX IceB10-MeTOK. Emé oqun npumep — padora [Wan22b],
B KOTOPOW MCCIIE0BATINCH KOHTpacTUBHBIE camooOyudatomue cxemsl (SIimCLR, MoCo) ans u3Bie-
YeHUs PU3HAKOB Ha Hepa3MeueHHbIX PJIV. ABTOphI cHavaia 00y4YriIi SHKOIEp Ha HEPa3MEUECHHBIX
n300pakeHUsIX, ONTUMU3UPYS KOHTpacTuBHyIO (yHkiuio norepb (InfoNCE), a 3arem HeMHOro
1000yumIn Kiaccu(UKaTop Ha HECKOJIBKUX pa3MEUeHHBIX puMepax. B skcriepumenTe ¢ nmpumeHe-
Huem naracera MSTAR, ucnonbs3ys Bcero 1-5 pasMeueHHBIX M300paKEHUM Ha KJIacc, YJajaoch
JOCTHYb TOYHOCTH cBbIIe 90% Mpu NpaBUIBHOM CaMOOOyUEHUH.

MeTobl co c1adbIM KOHTPOJIEM TaK)Ke BKITFOYAIOT TOAXOIBI, TIPY KOTOPBIX UCTIOIB3YIOTCS BUIBI
METOK, He MpeJHa3HaueHHbIe s TpeOyeMoil 3agaun. Hampumep, mpu BBINOJIHEHUH CerMEHTAalun
PJIN moryt OwITh moctymubl Tonbko MeTku «lIpucyrcrBue/OtcytcTBue» (Presence/Absence)
Ha YPOBHE CLIEH, MOJIyYeHHbIE 10 pe3ysibTaTaM OMHAapHON KiaccupuKanuu n3odpaxeHuil. B stom
ciydae AJis BbIMOJIHEeHUs cermeHTauuu PJIM mpumensior MHoroBapuantHoe oOyuenue (Multiple
Instance Learning, MIL) unu renepupyroT ucKyccTBeHHbIe Macku. Tak, B [Fen22] cetb ACM-Net
cerMeHTupoBaia ueinu Ha faHHeIX MSTAR, BooO1mie He Mes MOArOTOBICHHBIX BPYYHYIO MacoK —
BMECTO 3TOT0 MAacKd aBTOMATHYECKH MOJy4yaluch U3 (pusnueckoir mMojnenu paccesHus (Attribute
Scattering Center Model). I[Tomo6HbIe TTpHUEMBI TO3BOJIIOT 00yYaThCsl ¢ MUHUMAJIBHBIM TIPHUBJICYE-
HUEM PYYHOH pa3MeTKH, YTO KpaifHe aKTyallbHO IS 33/1a4 UHTEJJIEKTyanbHOro aHanmsa PJIN.

Oobyuenue 06e3 yuumensa u adanmauus 0OMeHa

B psine 3amau yaaércst o0xoauthbes 63 HAIMUMs pa3MeTKH Ha 11eJIeBOM Habope, UCTIOb3Ysl TN00
CypporaTHbIe 3aJ]auHl (TaKue Kak BOCCTAaHOBJICHHE N300paKeHUS 110 MepeMeIIaHHOM ceTke ero (par-
MEHTOB), TNOO pa3MeTKy U3 JApyroro nqoMmeHa. M3Bieuenue npusHakos 6e3 yuurens (Unsupervised
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Learning) oOBIYHO BBIMOJHSAETCS C TOMOIIBIO aBTOKOAMPOBIIMKOB. Tak, B [Qin20] cBepTOUYHBII
aBTodHKoaep (Convolutional AutoEncoder, CAE) Obu1 00yden Ha HepasMmedeHHBIX PJIM, dT00BI
MOJIyYUTh BEKTOPHBIC MPEACTABICHUSI U300paKEHUH, a 3aTeM €ro BEC MCIOJIb30BAJICS Ul MHUIIUA-
TU3anuu KiaccudukaTopa.

Eme oqaum MeTosioM siBisieTcsl HeKOHTposupyemas anantanus nromena (Unsupervised Domain
Adaptation, UDA), koTopsIii 11€71€CO00pa3HO MPUMEHSITh B CUTYalUiX, KOTJa UMEIOTCS pa3MEUeH-
HBIE JIaHHBIC U3 OJTHOM 00cTaHOBKH (Source), a TecTHpoBaTh Hano Ha Apyrou (Target), st KOTOpOIt
orcyTcTByeT pasmerka. [Ipu padore ¢ PJIU takas cutyauusi BO3HUKAeT, HalpUMeEp, IIPHU IIEpeHOCce
HEHPOCETeBOro AETEKTOpa, OOyUYEHHOTr0 Ha CHUHTETUYECKHX JaHHBIX WU JAaHHBIX, MOJYyYEHHBIX
C TIOMOIIBIO OJTHOTO BHJIA CEHCOPA, Ha pealIbHbIE TaHHBIE APYToro ceHcopa. [loaxoasmum perneaneM
aBigeTcs komOuHanus adversarial-moxoa0B 1 UHBAPUAHTHBIX TPU3HAKOB.

Kak mpumep Takoro moaxoxaa, B [Shi2l] mpemiokeHa MOTHOCTBIO HEKOHTPOIHpyeMasi cXxema
ajlanTanuy JJs AeTeKTOpa, IPU 3TOM OBbLIIM COBMEUICHBI Cpa3y TPU TEXHUKH:

e GAN-niepexon nzobOpaxkeHuit u3 nomeHa 4 B fomeH B (4roOsl renepatop GAN moaroHst
CTHJIb U300paKeHUM);

e MHOTOypoBHeBas amamnrtanus npuszHakoB (Multi-Level Feature Domain Adaptation) gepes
JUCKPUMHHATOP, PACTIO3HAIOIIUH JTOMEH 10 PU3HAKAM Ha Pa3HBIX CIOSX;

e HTepaTHBHOE camopa3MeunBaHue Target-TaHHBIX, C IOCTETIEHHBIM JOOABJICHHEM CaMbIX yBe-
PEHHBIX TPeACKa3aHui MOJIENTN B 00yJaroliee MHOKECTBO.

B pesynbrare, npemioxeHHast MOAEIb (C MOTHBIM OTCYTCTBHEM PAa3METKH U3 IIEJIEBOTO I0MEHA)
MIPOJEMOHCTPHUPOBAJIA YCIEIIHOE IETeKTHPOBaHNE 00BEKTOB B HOBOM Habope JaHHBIX, MPHUOIMKa-
SCh M0 KAa4eCTBY K KOHTpoJupyeMomy oOydeHuto. beumn nocturnytel 3HaueHus: Fl-score, paBHbIe
0,8 (c ucrionpzoBanueM naHubIX Habopa FARAD) u 0,85 (Ha manubsix MiniSAR). CooTBeTcTBYIOIIHE
pe3ynbTaThl ¢ MpUMEHEHHEeM KoHTpoiupyemoro oOyuenusi coctaBuiu 0,87 (FARAD) u 0,86
(MiniSAR).

Taxke MOMyJSPHBIM SIBISIETCS MOIX0]] K 00YYEHHUIO OCPEICTBOM OOIIMX CKPBITHIX MIpe/ICTaBiIe-
Huil. Hanmpumep, MOXHO 00YYHTh aBTORHKOJIEP, KOTOPHIH Yepe3 COCTA3aTeNbHYI0 (YHKITUIO MTOTEPh
(Adversarial Loss) moameHsieT MpUHAIEKHOCTh UCXOTHOMY TOMEHY, (GOpMUPYS TaKUM 00pazom
MPU3HAKH, OJJUHAKOBO IIPHUTOTHBIE JIUTS IBYX Pa3HBIX HA0OOPOB.

Mertoabl 00yueHus 6e3 yuuTens 0COOEHHO BOCTpeOOBaHbI TPU COBMEIIEHUH JAHHBIX pa3HbIX pa-
JIapoB (HampuMep, CITyTHHKOBOTO M HAa3€MHOT0) WJIM JaHHBIX Pa3HBIX CHEKTPAIBHBIX JAHANa30HOB
(ONTHYECKOTO0 MU MHUKPOBOJIHOBOTO), TJI€ py4Has pasMeTKa OJHOIr0 M3 JIOMEHOB OTCYTCTBYET. JTH
METOMBI AEMOHCTPHPYIOT, YTO IS YIIyUIICHUSI KadyecTBa MOJIEIel MOKHO HCIIOJIb30BaTh BECh Mac-
CHUB JIOCTYITHBIX PaIMOJIOKAIIMOHHBIX TAHHBIX, TakKe 0€3 HAUYUS Pa3METKH.

Oobyuenue na manvix vl00pKax

B oTnenpHOE HampaBiieHUE HCCIEA0BaHUMN BBIIEISAIOT METObI, PACCUYMTAHHBIE HA SKCTPEMAIILHO
Mauiblii 00beM oOydaromiux npumepo (Few-Shot Learning). 3To KpuTHYECKH BayKHO AJIS psia MpH-
JIO’)KEHUH paJiMOJIOKAllMOHHOTO 30HAUPOBaHUs (TIpexie Bcero B cepe 000pOHBI U O€30IaCHOCTH),
rze oObIYHO 11 00yUeHHs] MOJETN PaclO3HaBaHUS JOCTYITHO HE3HAUUTENIbHOE KOJIMYECTBO pa3Me-
YeHHBIX u300pakenuit. Few-Shot momxompl oObuHO cTposiTcs MO0 Ha Mera-oOyuenun (Meta-
Learning), nu6o Ha npotoTunHbIx cetsx (Prototypical Networks).

B 2023 r. B pabote [Lv23] Obu1 npemnoxen ¢peiitmBopk FASAR-Net, koTopblil BiepBble 00b-
€IMHUII MeTa-00ydeHue M reHepaTUBHO-COCTs3aTeNbHy 0 aganTtanuto 1 3agad SAR-ATR. Cyte
MPEJIOKEHHOTO0 TOJX0Ja 3aKiiovajach B TOM, YTO CeTh OOy4aeTcss OBICTPO aJanTHpOBAThHCS
K HOBOMY KJIacCy, UMe€s JIMIIb HECKOJIBKO €ro MPUMEPOB, IIPH TOM OJHOBPEMEHHO IBITASICh YEPE3
JOMEHHO-cocTs3aTenbHoe oOyueHue (Adversarial Domain Learning) cokpaTHTh pacxoxAeHHE
MEXY paclpeaesieHUsIMH TPU3HAKOB, MOTY4YaeMbIX C Pa3HbBIX YTIJIOB 0030pa, U MCIIOJIb30BaTh allpy-
OpHBIE 3HaHUA O paccesHuu 1enei. B dactHoctn, FASAR-Net Briro4aeT MOAyJib H3BJICUEHUS
VY OIIP-npu3HakoB, KOTOPBI OLIEHUBAET OTPAKATENbHBIE XapaKTEPUCTUKHU Lieau Ha ocHoBe CAIIP-
MOJIeTM, YTOOBl MOMOYb 3a/iadye KiacCU(UKALWU Ja)ke MpU CHIbHON JnedopManuu n300pakeHus
LeJIM TT0/ OOJNBIIUM YTJIOM €€ HaKJIOHAa. MeTa-ceTh TPEHUPYETCs Ha 3a/layax «u3BjieueHue mo 1-2
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pUMepaM» M YCIEIIHO pacio3Ha&T Ae(opMUpOBaHHBIE U MATIOPa3MEpHBIE 1IeIH, JOCTUTasi BRICOKOU
TouHocTH (0K0110 90%) Ha natacere MSTAR npu ucnons3oBanuu Juiib 2% OT UCXOIHBIX JTAHHBIX.

Hpyroii mogxon Few-Shot Learning — 3To mpoTOTUIIHBIE CETH, KOTAA ISl KAXKI0TO Kilacca B Ipo-
CTPAHCTBE PU3HAKOB BBIUNCIISETCS YCPEAHEHHBIN 3TAlOH, U HOBBIE IPUMEPHI CPAaBHUBAIOTCS C IIPO-
totunamu. Tem He MeHee, 11 PJIV npoTOTUIIHBIE METOIBI CIIOKHBI H3-33 BAPUATUBHOCTU PAKYPCOB,
TaK KaK IPOTOTHUII MOXKET OKAa3aThCsl HEUYBCTBUTEIbHBIM K CYILIECTBEHHBIM U3MeHeHusAM. [loaromy
nocaenHue padbotsl (Harmpumep, [Zha21b]) BBOAAT NPOABUHYTHIE MEPHI PACCTOSHUS U arperarui,
YTOOBI MPOTOTUIIBI YUYUTHIBAJIM BHYTPUKIIACCOBYIO BAPUATUBHOCTh M MEXKKIIACCOBBIE CXOCTBA.

B menom, HECMOTpsT Ha TO, METOABI OOyYEHHUSI HA MajbIX BbIOOpKax mpumMeHutenbHo k PJIN
TOJIBKO Pa3BUBAIOTCS, YK€ OYEBMJIHO, YTO KOMOMHAIMS IOAXOJ0B MeETa-00ydeHUs, afanTaliu
u (usnyecknx 3HAHUK (paccestHHe, MOJENM CHUTHaja) TO3BOJISIET JOOMBATHCS BHYLIMTEIBHBIX
PEe3yJIbTATOB B CUTYaLUAX, KOTAA OYTH HET UCXOAHBIX JAHHBIX JUISI MAIIMHHOTO OOYUYEeHMSL.

Tpancgepnoe odyuenue u 0oooyuenue

[TockonbKy coOparh OosbILIME pa3MEuEHHBIE KOPIyca NAaHHBIX PaJUOJIOKAIIMOHHON ChEMKH
JOCTaTOYHO CJIO’KHO, TO aKTUBHO HUCIOJIB3YETCs EPEHOC 3HAHUN U3 ApYrux ucTo4HUKOB (Transfer
Learning). Pannue paboTel mpoOoBany MpUMEHSATh MOJENH, Ipenooyyennbie Ha ImageNet (HaTyp-
Hble U300paXXeHHUs, MOJIyYeHHbIE B ONITUYECKOM JIMara3oHe) U 1000y4aTh UX Ha aocTynHbix PJIN.
Opnnako npsimoe TpanchepHoe 00ydeHHEe C UCTIONB30BAHUEM ONTUYECKUX W300pakeHUI HEe BCeraa
3¢ GEKTUBHO M3-3a CYLIECTBEHHOI'O pa3pbiBa JOMEHOB, BHI3BAHHOIO PA3IMYHON (U3MUECKON OCHO-
BOH CUTHAJIOB, IPUHUMAEMBIX B ONITUYECKOM U MUKPOBOJHOBOM JHAara3oHax.

ABTopsl pabotsl [Hua20] npoBenu macitabHbIN aHAMN3 cleayomux acnekToB Transfer Learn-
ing anst PJIM: 1) uro mepeHOCUTh (Kakue Com), 2) OTKYyAa MEePEHOCUTH (KaKue UCXOIHBIC JOMEHBI)
U KaK JIydlie afanTupoath 1o 3agaun SAR-ATR. Onu BeissicHUIN, YTO GoJiee r1yOOKue U HIUPOKHE
ceTu aroT 0oJiee yHUBEPCaIbHBIE MPU3HAKH; HO IS y3KocnenuaansupoBanHoro ATR ydmie ncxo-
JUTh U3 CMEIIAHHBIX UCTOYHUKOB: HallpuMep, coueTarsb npeaodyuyenue Ha ImageNet ¢ nanpHeHIINM
HCIOJIb30BAaHUEM JAaHHBIX 110 PA3JIMYHBIM TUIIAM IOYBEHHO-pacTUTeNbHOro nokposa (PJIN, nmoimy-
yenHble ¢ KA TerraSAR-X) u o o6bekram texuuku (Habop MSTAR). B pabote npemnioxken TpaH-
3utuBHBIN nepeHoc (Transitive Transfer Learning) — mosTanHoe MHOTOKPAaTHO MEpEHANPaBIEHHOE
n000yueHHe yepe3 LEeNouKy 3a1a4 ¢ MOCTENEHHO YMEHbIIAIOIUMCS OTIIMYUEM OT 1IeJIEBOH 3a/1auH.
B pamxax uccrnenoanus [Hua20] Takxe BHeIpsuICS KOMIOHEHT a/1allTallui JOMEHOB C UCIIOJIb30Ba-
HUEM METPUKH MHOTOSIIEPHOTO MAaKCHUMAJIbHOTO cpefHero pacxoxjaeHus (Multi-kernel Maximum
Mean Discrepancy, MK-MMD) mexny npu3sHakaMu UCXOIHBIX U II€JIEBbIX JaHHBIX. ITOrom crano
MIOCTPOCHHE YIyUIIEHHbIX Mozesel, koropeie Ha MSTAR nocturiu Tounoctu cBsiiie 99% 6e3 00y-
yeHwus, a Ha apyrom Habope (OpenSARShip) — okono 91%. bosee Toro, aBTOpbI BEUIOKHIH B OTKPBI-
TBHIM TOCTyN MOJENH, NpeAo0yyeHHbIe Ha 3a/1a4dl paJHOoIOKAIlMIOHHOTO 30HUPOBAHUS, YTO MOXKET
00JIErYuTh AJIbHEHIIINE UCCIIEe0BAaHUS.

B nenom, TpancdepHoe 0OydeHHE Ha CErOAHSIIHUNA J€Hb HCIOIb3YETCs MOBCEMECTHO: HOBBIE
HEHpOHHBIE CETH YacTO MHULMAIM3UPYIOT 1100 Becamu ImageNet (¢ mocnenyromeit aganranuen
nepBbIx cioeB K crenuguke PJIN), 160 nenonb3yroT 3K30THYECKHE TpaHCEPhI, TAaKUE Kak MEPeHOC
3HaHUH ¢ 3a/1a4 CETMEHTAllMU Ha KJIACCU(UKAIINIO, C TOIIPUMETPHUUECKUX JaHHBIX HA OJHOM pac-
CTOSIHUU (BBICOT) Che€MKHM Ha apyrue u T.n. IlpaBunbHas crparterus A000ydeHHUs CYILIECTBEHHO
MOBBIIIACT PE3yIbTaT HA MaJIbIX BEIOOPKAX.

Hukpemenmnoe odyuenue

MeTtoasl unKpemeHTHOro o0yuyenus (Incremental Learning) 0:113k1 K OX0AaM, paCCYMTaHHBIM
Ha Majble BBIOOPKH, MMOCKOJBKY ITO3BOJISIOT MOJAETH MOCTENIEHHO OCBAaMBaTh HOBBIE Kiacchl 0e3
MOTEPH YK€ MPUOOPETEHHBIX 3HAHUI. DTO 0COOEHHO BakHO B 3amadyax SAR-ATR, rae mosBnenue
HOBOTO THUIa OOBEKTa HE JOJDKHO CHUXKATh TOYHOCTh PACMO3HABAHUS paHEe M3BECTHBIX. Tak,
B [Li23c] Obl1 mpeiiokeH METOJ] Ha OCHOBE MeTpuyeckoro odyudenus ¢ ¢pyunkuueit norepr CAC-
Loss, koTopasi ciocoOCTBYeT TOMY, YTOOBI B IPOCTPAHCTBE MPU3HAKOB OOBEKTHI PAa3HBIX KIACCOB
pacnojaraiich OJIMkKe K IIEHTpaM CBOETo kiacca. [l mpeaoTBpaleHns 3a0bIBaHus CTapbIX KJIACCOB
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TaKke ObUT pa3paboTaH alrOPUTM BHIOOPA SIKOPHBIX 00Pa3IoB — HEOOJIBIIIOTO, HO HH()OPMATHBHOTO
noHabopa, KOTOPBIA 00eCTIeYnBAET COXPAHHOCTh 3HAHUH MPH JOOOYyUEHUH.

Taxke MPUMEHSIOT MOAXOJ paclio3HaBaHUsl OTKpeIToro Habopa (Open Set Recognition) st
oOHapy>KeHHsI «HEU3BECTHBIX» Ki1accoB. B oHo# 3 padot [Ove23] npeanaraaocs MOIUGHUIIMPOBATH
BeIx0 cetn (OpenMax) M aHaIM3UPOBATh Pa3/AEIUMOCTh MPH3HAKOB, YTOOBI MICHTU(HUINPOBATH
0O0BEKTHI, HE MPUHAIISKAIINE HA K OJJHOMY M3 00y4EHHBIX KJIacCcoB. Takue pacumpsieMble U OTKPHI-
ThIC MOJICNM TO3BOJIIOT NMPHONM3UTHCA K PEATU3alMU NPHUKIAIHBIX CHUCTEM, KOTOPHIE CMOTYT
3¢ PEeKTUBHO pabOTaTh B pEabHBIX YCIOBHUSIX C 3apaHee HEW3BECTHBIM MHOXECTBOM BCTpeyaro-
myxcss 00bEKTOB HHTEpECa.

4.3 MeToabl 110 THITY peliaeMoOi 321241 TEXHUYECKOI0 3peHHUs
NP JUCTAHIMOHHOM 30HAUPOBAaHMA 3eMJIH

Oonapyscenue 00beKmoe Ha U300paX3ceHuu

3anaun oOHapy)eHUS (ASTEKIMH ) PEANOIAraloT aBTOMAaTHIECKOE HaXOXKACHHE O0HEKTOB HHTE-
peca Ha PJIV u BbiAeneHue ux MojoKeHus (Hampumep, IpsiMOyTOJIbHBIMU paMKaMU).

Brinenstor 1Ba Buia 3a1aq oOHapy KEHUS:

e O00Hapy)XCHHE HETOJBWKHBIX OOBEKTOB, 3aKIIFOYAIOIICECS B IMOMCKE HA PaJapHOM CHUMKE
Pa3IMYHBIX CTATHYHBIX IIeJied, HapuMep 3/1aHusl, Ha3eMHasi TEXHHKA, cyaa Ha Boje. OObIYHO IS
JCTEKTUPOBAHUS 00BEKTOB Ha (DOHE TI0 IPKOCTH ¥ KOHTPACTY MPUMEHSIOTCSI CBEPTOYHBIC HEHPOCETH:
HampuMep, OJHOCTaIuiHbIe eTeKTophl Ha ocHoBe YOLO [Jia2l, Gro22, Zha24]| unu aByXcTaguii-
Hbie Ha ocHOBe R-CNN, aganrupoBannbie o criiekii-irym PJIN [Shi2l, Zha22c];

e o0HapyXCHHE IBHXKYIIUXCS OOBEKTOB, T. €. NETEKIHUs Ielei (Ha3eMHBIH TPaHCIOPT, MOP-
CKHE U peYHbIE CyJla, CAMOJIETHI), CMEIIAIOIINXCS 3a BpeMs CheMKU. Takas 3ajada cloxHee Hh3-3a
HaJIM4Ms Pa3MbITOCTH U JOIUIEPOBCKMX CIBUIOB JABHKYyIIuxcs nened Ha PJIM. HMcnons3yrores cre-
[UalTbHbIE MOAXO/bI, HapuMep, oopadotka cepuu PJIV [Wen21] unu co3gaHue JOMOIHUATEIbHBIX
KaHaJIOB HA aHAJIM3UPYEeMOM H300pakeHnu [ Yan24], a Takke riryOokue HelipoceTH, Takue Kak Faster
R-CNN, o0y4eHHble A7 BBISBICHHS XapaKTEPHBIX CIEIOB JABI)KEHHS HAa CHUMKE (Pa3MBITOCTH,
«aBoHUKWY») [Wen21, Yan24].

Ceemenmauus uzoopasxcenus

3amada cerMeHTaluM 3akiodaercs B pasaeneHun PJIM Ha oTaenbHble 001acTu (MAacKu) TaKUM
00pa3oM, 9TOOBI KaXKIOMY MUKCENTI0 OBLIT IPUCBOCH KJIacc 00beKTa. Pe3ynbraToM sBIISIETCS] CETMEH-
TUPOBaHHAs KapTa, 0TOOpa)arolasi FpaHuIlbl 001acTe pa3InYHOro Kiacca.

PaznuuaroT cnegyroniue BUAbI CETMEHTAINH:

e ceMaHTUYecKas cerMeHTanus (Kki1accuukaims KaxkJoro MUKcess n300pakeHHs Ha OCHOBE
€ro MPUHA/JIEKHOCTH K ONPEACTICHHOMY CEMaHTHYECKOMY KJIacCy 0ObEKTOB, IIPH ATOM BCE TUKCEIH,
OTHOCSIIMECA K OJHOMY KJIacCy, pacCMaTpUBalOTCs Kak eAuHoe 1ienoe). i ceMaHTHUecKol cer-
MEHTAIMHU UCIONB3YIOTCS Kak cBepTouHble HelipoceTn — U-Net u ee Bapuantsl [Den20, Ni24], Tak
U ceTH Ha ocHoBe MexaHu3Mma BHuMaHus (Visual Transformer, ViT) [Sin23, Zha24b] IlepBbie yuu-
TBIBAIOT KOHTEKCT OKPY>KAIOLIMX MUKCeel i 6osee TOUHOro pasaeneHus obnacreit Ha PJIU, Bro-
phI€ JIydllle 3aXBaThIBAIOT IJ100aJbHBIN KOHTEKCT. JlJi1 00BbeNMHEHUS CHIIBHBIX CTOPOH Ka)KJOH
U3 3TUX apXUTEKTyp B pabore [Liu22] McHoib3yloT CeTh CIAMSHUS Ha OCHOBE CBEPTOUHBIX CIOEB
u B3BemeHHo cymmbl CNN u ViT;

® MHCTaHC-CETMEHTAIUsl WJIM CEerMEHTalUs SK3EMIUIIPOB (BbILACIEHUE Ka)XJI0ro OTIEIbHOIO
HK3eMIUIsIpa 00BEKTa, MPUHAUIEKAIIETO K ONPEeIEHHOMY KJIacCy — COUeTaHHe IETEKIIUN U CerMeH-
Taluu). AJITOPUTMBI HHCTAHC-CETMEHTAIIMH TO3BOJISIOT Pa3JeNiaTh U UIEHTU(UIUPOBATH OTEb-
Hble 00BeKThl ofHOro Kiacca. [Ipu obpabotke PJIU npumenstorcs momudukanuu Mask R-CNN
1 aHaJloTUYHBIX Mojene [Fen22, Yay20], nanpumep, 1uig 0OHapyKE€HUS U KOHTYPHOTO BBIJEIIEHUS
KaX/I0TO OTJIEIBHOTO Cy/IHA Ha n300paskeHnH yyactka Mopsi [Nie20].

Knaccugpukayun o6vekmoes na uzooparcenuu
3amaun knaccuukanuu 00bEKTOB Ha H300paKEHUH TTOIPAa3yMEBAIOT ONPe/IeIICHUE TIPUHAIIIEK-
HOCTH KOHKpeTHOro oobekTa Ha PJIM k ogHOMY M3 3apaHee onpeaeNeHHbIX KIacCoB (KaTeropui).
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B KOoHTEKCTe aKTyallbHBIX MPUMEHEHUH PaauOIIOKAIIMOHHBIX TaHHBIX B 3a7aue Kiiaccu(UKaIu
00BEKTOB Ha U300PaKEHUU MOXKHO BBLICIUTH CIIEAYIONINE IPeIMETHbIe 00IacTH:

e Kiaccudukaiys TUIIOB 0ObEKTOB BOEHHON U IPayKAaHCKOW TeXHHUKU. Brliie 3Ta 3a1aya pac-
cMaTpHUBaach Kak «aBTOMaTu4yeckoe pacrno3HaBanue nenei» (ATR). s ee pemenus 00bIYHO MPpU-
MEHSIOTCS T7TyOOKHE CBEpTOUHBIC HEMpOHHBIE ceTH, Takue kak ConvNext, MobileNetV3, ResNet-50,
oOydeHHbIe Ha oOpa3nax 1enei (Taik, TP, rpy30BUK U T.11.) C y4eTOM H3MEHEHHH paKypca Habo-
neHus oobekTa uHTepeca [Hou25, Hua24, Ai24, Rah24];

e Kiaccudukays aHTPONOTEeHHBIX MOBepXHOCTeH. B pamkax 3Toi 3a1aun HelipoceTeBbie MO-
nenu (Harpumep, Ha ocHoBe ResNet) oOydarorces pa3nnyaTh 0COOCHHOCTH PaIHOJIOKAIIMOHHOTO 3XO0-
curHana (YOIIP, nuanekrpuyeckas IpOHUIIAEMOCTh, IIEPOXOBATOCTh U JIPYTHe XapaKTEPUCTUKH),
OTPaXEHHOT'O OT pa3HbIX THUIIOB 3aCTPOMKH, IOPOr, CEIbCKOXO3AMCTBEHHBIX TEPPUTOPUM U [Ip.
[Lia21]. OTa 3ama4a cxoska C 3a/1aueil CeMaHTHYECKON cerMeHTanuu. KirtoueBoe OTiIn4ue OT CerMeH-
TallM{ 3aKJII0YACTCS] B TOM, YTO METOJIbI KJIaCCU(UKAIIMKM aHTPOIIOTEHHBIX MOBEPXHOCTEH ompee-
JSIOT MPUHAAIICKHOCTh BCEro M300pakeHUs OJJHOMY KJIACCy, a He MPUHAJUICKHOCTh KaX/I0T0 MUK-
censi. B Takom cuenapuu opurnnansHoe PJIM Hape3aroT Ha parMeHThl, pa3Mep KOTOPBIX OIpeens-
€TCsl B 3aBUCUMOCTH OT crienn(duKH 1eeBoil 3aqaun. Takoil moaxo ] onpaBAaH B CUTyalUsIX, KOTAa
TpeOyeTCsl ONPEeNeTUTh HAIMYUE IEJICBOTO TUIIA aHTPOIIOTEHHOW IMOBEPXHOCTH TOJIBKO B 00JacTH
COOTBETCTBYIOIIEr0 (hparMeHTa, TO €CTh OCYIIECTBUTH MPUOIU3UTENBHYIO JIOKATU3AIUIO TOBEPXHO-
CTH TOTO WJIM MHOTO KJlacca, 0€3 yTOUYHEHUs €€ TPAHMUIL 10 TUKCEIbHOTO YPOBHS.

5. IIEPCNEKTUBHBIE HATIPABJIEHUS PA3BUTHS METOJIOB OGPABOTKH PJIU

CoBpeMeHHBIE HCCIIEIOBaHUS B 00JacTH HMHTEIUIEKTyanbHOro aHanmsa PJIM, momyuaembix
¢ nomousio BAC, chokycupoBanbl Ha MPEOJOICHUN OTPAaHUYEHUN CYIIECTBYIOIIUX METOAOB, CBS-
3aHHBIX C HEIOCTATKOM OOYYaIOIINX JaHHBIX, BIMSIHUEM IIYMOB M TIOMEX, CIOKHOCTBIO HHTEPIIPE-
tauu PJIM, a Takke ¢ HEOOXOAMMOCTHIO aJaNTallid K MEHSIOIIMMCS YCIOBHUSM OKpY’Karomien
Cpelbl U TEOMETPUUYECKUM YCIOBUSIM ChbeMKH. K KIII0UeBBIM HaNpaBiIeHUSIM, KOTOPbIE OIPEAEIISIIOT
porpecc B 3TOi 0071acTH, MOXKHO OTHECTH CJIEIYIOIME HOBBIE TIOJXO/IbI:

® [IOBBIIIEHNE TOYHOCTH CEMAHTUYECKON CETMEHTALIMH MTOICTUIIAIOIINX TOBEPXHOCTEN U KJlac-
cupukannu GU3NYECKUX Ha3eMHBIX 0OBEKTOB C TIOMOIIIbIO MHOTOITO3UIITMOHHOIN ChEMKH;

e (usnyecku uHpopMupoBaHHoe MalnHHOe o0yuenue (Physics-Informed Learning) ¢ ucrions-
30BaHHEM alpUOPHBIX 3HAHUH 0 PU3HUECKUX Mpolieccax, JiexKalux B ocHoBe (opmupoBanus PJIN;

e CHENHMATM3UPOBAHHbIE ApXUTEKTYyphl HEUPOHHBIX CeTel, oOecledyrBaroIlue BbIMOJIHEHUE
o0paboTku PJIU B yc10BHSIX OrpaHUYEHHBIX BBIYUCIUTENBHBIX PECYPCOB U B peXKUME, OJTU3KOM K pe-
aJIbHOMY, B TOM 4HCJIe HenocpeacTBeHHo Ha 6opty BBC;

® COBPEMEHHBIE APXUTEKTYPHBIE PELIEHUS HA CHUCTEMHOM YPOBHE, NAIOLIME BO3MOXHOCTH
CYIIECTBEHHO MOBBICUTH 3((EKTUBHOCTh U CKOPOCTh 00pabOTKH JTaHHBIX 33 CUET pacHpelesIeHuUs
BBIUHCIIUTENBHBIX 3a71a4 TITyO0oKoro o0yueHus: Mexxay 6optoBoit anmnapatypoid bBBC u HazemHbIMU
o0JIaYHbIMU IaTHOpMaMH.

5.1 Ucnoan3oBanue pazHopakypcHubix PJIN

Opuum u3 HanOoJiee MepCreKTUBHBIX HAIIPaBICHUN MOBBIIEHN HHPOPMATUBHOCTH paJAHOIOKa-
1uoHHOU cheMkH ¢ BBC sBnsieTcs pa3BuTHe METOO0B MOIy4YEHUs, KOMIUIEKCHON 00paboTKH U aHa-
JIM3a pa3HOPaKyPCHBIX JAaHHBIX, MTOJIy4aeMbIX OT MHOrono3uunoHHsix PJIC. PasHopakypcHbli oa-
X0JI To/IpazyMeBaeT 00paboTky nocnenoaTenbHocTe PJIM oqHOTO 00BbEKTa, CHATHIX IO pa3HBIMHU
a3UMYTaJIbHBIMU yTJIaMU U YTJIaMH HakJIoHa. [Ipu cTangapTHON MOHOCTaTHUECKON ChEMKE MpobJie-
MOH SBJISIETCSI CXOJICTBO PAaJMOJIOKAIIMOHHBIX OTKJIMKOB OT PAa3JIMYHBIX THUIOB IOACTHJIAIOIIECH
MOBEPXHOCTH, 0COOEHHO MMEIOIINX HU3KYI0 MHTEHCUBHOCTH (HAalpUMeEp, IUNIOTHBIE MOYBbI, MOKPBIH
MIECOK, T'ycTas pacTUTENbHOCTH). Mcnonb3oBanue pasHopakypcHbix PJIM n uX KOMIUIEKCUpOBaHUE
MO3BOJISIET MOJYYHUTh JONOJHUTENbHbIE WH(POPMALMOHHbIE MPU3HAKH, OOYCIOBJIECHHBIE YIJIOBOU
3aBucuMocThIo DIIP, uTo ciocoOcTBYeT myunien quddepeHranuy KiaccoB ¥ IOMOTaeT MOBBICUTh
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TOYHOCTh CEMaHTHUECKON CErMEHTAIlMU MMOBEPXHOCTEN U Kiaccuukanuu o0beKToB. s yiydiie-
HUS CEMaHTUYECKOUM CETMEHTAITMH MOICTHIIAIOIINX MTOBEPXHOCTEH MOXKET OBITh pealli30BaHO MPE00-
pazoBanue PJIM, monmydeHHBIX MpHU pa3HBIX yIWIax HaAOMIOICHMs, B eanHOe TpexkaHaibHoe RGB-
nzo0paxenue [Dub06]. YkazaHHBII METO UCIIOJIb30BaHUS pasHOpaKypcHbIx PJIU sBisiercs anbTep-
HATUBOM Ki1acCU(UKALIUK 3€MHBIX TOKPOBOB Ha OCHOBE JAHHBIX, [TOJIy4aeMbIX IIPHU Pa3HBIX MOJSPU-
3alusaxX, U 00JaJaeT MpPU TOM CIEAYIOUIMMU MPEUMYIEeCTBAMH: 1) MEHbIas YyBCTBUTEIHHOCTD
K IIEPOXOBATOCTU MOBEPXHOCTH; 2) JIydinas uAeHTU(UKaIMs 00bEKTOB C HU3KOM OTpaskaTelbHON
CIOCOOHOCTBIO 3a CU€T KomIuiekcupoBanus PJIM pa3HBIX pakypcoB, YTO TOBBIIIAET OTHOIICHUE
«curHay/mym»; 3) aBa uiu 60s1ee paKypca MO3BOJISIOT MOMYyUYUTh H300pakeHre TOBEPXHOCTH C pas3-
HBIX HAIPABJICHUH, YTO 3HAUUTENIBHO YBEIMYMBACT 00BeM WHGpOpMAIMu O ee GopMe, TEKCType
u cTpyKType. Kpome Toro, BeiieZICTBHE CI0KHOM KOHCTPYKLKHU, OOJIBIINX rabapuTOB U Beca, MHOTO-
nossipuzanuonHbie PJIC B OCHOBHOM HCIIONB3YIOTCS HA CITyTHUKAX WJIM MHJIOTUPYEMBIX CaMOJIeTax,
HX yCTaHOBKa BO3MOXXHa TOJIbKO Ha J0CcTaTo4HO KpymHbie BBC ¢ OoybIIoi M0mycTHMONM Maccou
MOJIE3HOM HAarpy3KH, 4TO OTPAHMYMBAET UX HIMPOKOE MPUMEHEHHE. DTHUX HEIOCTATKOB JIMIICHBI
JIBYX- 1 MHOTOIIO3UIIMOHHBIE CUCTEMBI, KOTOPbIE MOTYT OBITH CO3JaHbl HA OCHOBE MaJloradapuTHBIX
6oproBeix PJIC. Taxke Ha OCHOBE JOMOJHUTENBHONH 00pabOTKH PasHOPAKYPCHBIX JAHHBIX MOTYT
OBITh OMpeJeNieHbl AUAJICKTPUUYECKask MPOHUIIAEMOCTh M BJIAXKHOCTh CEIIbCKOXO3SIICTBEHHBIX MOYB
[Lin24], a taxxke apyrue reou3ndeckue mapamerpbl 3eMHON moBepXHOCTH. OqHaKo oOpaboTka
Y CUHTE3 JIJaHHBIX, MOJy4aeMbIX C Pa3HBIX PaKypCOB, MPEABSBISIOT HOBbIE TPEOOBAHUS K aJIrOPUT-
MaM, TaK KaK CUTHATYpPbl OOBEKTOB 3HAYMTEIHLHO MEHSIIOTCS MEXKIY COCCTHUMH M300paKCHHUSIMH.
[ToaToMy HEOOXOIMMBI CIIEIUATbHBIE METOIbI OOBEIUHEHUS U aHalu3a pasHopakypcHbix PJIN.

B paGore [Zha20] npemioxkena HeillpoceTeBas apXUTEKTypa, OObEAUHSIIONIAs CBEPTOUYHYIO CETh
EfficientNet u nQByHampaBJICHHYIO CETh C YINpaBIIsIEMbIMH peKyppeHTHbIMU Oiokamu (BiGRU).
ABTOpBI TIOKa3alH, 4YTO Takas Mojeib jaocTuraer noutd 100% TOYHOCTH pacmo3HaBaHUS NpU
HeOOoIBbIIOM 00bEME 00YJarOIIUX JaHHBIX.

Jliga 3amad ¢ OrpaHHYEHHON pa3MEeTKON HCMOJib3yeTcs OOy4YeHHE «C MajbIMU BBIOOpKaMID)
(Few-Shot Learning). Tak, B [Zha21b] npiMeHeHa IPOTOTHITHAS CETh C MHOTOYPOBHEBBIM 00BE/IU-
HEHUEM MPU3HAKOB. JTO MO3BOJIMIO MPUOIU3UTH KAYECTBO PACIIO3HABAHUS K YPOBHIO MOJHOCTHIO
pa3MEeUeHHON BBIOOPKH, UCTIONB3YS JUIIIh HECKOJIBKO MPOIIEHTOB UCXOHBIX JaHHBIX.

Taxxe ObLTH TIPEJIOKEHBI MOJETH Ha OCHOBE MeXaHM3MOB camoBHUMaHus (Self-Attention).
B [Li22] ommcan MeTOJ, COYETAIONINI CBEPTOYHBIN aBTOKOJIMPOBIIMK U TpaHCHOpMEP-IHKOAEP.
OH mo3BOJIIET HAXOIUTh KOPpENAluu MeXAy pazHopakypcHsiMu PJIN 6e3 cTporoit 3aBuCHMOCTH
OT MOpPsKa U300paKEHHM, YTO TOBBIIIAET YCTOMYUBOCTh MOJIENH K IIyMy Ha Bxoje. B [Zho23]
UCIOJIb3YyeTCs OJIOK CAMOBHUMAHUS, CIOCOOHBIN yUUTHIBATh TI00anbHbIN KOHTEKCT (Non-Local moa-
XOJT JUTSI y4eTa CBSI3eH MEXTy MTUKCESIMU, HaXOIAIIMMHUCS JTaJIeKO APYT OT APyTa) U KOHTPACTUBHOE
npenodydenue. brarogapst 3ToMy MoaX0ay TOYHOCTh PACIIO3HABAHUS OCTAETCS BHICOKON JMake Mpu
OUYEHb MAJIOM 00BEME 00yUaroImUX JaHHBIX (Hampumep, npu 2% BeIOOpKU nocturaetcs 6oinee 91%
TOYHOCTH).

Takum 06pa3om, pa3BUTHE METO0B HHTETPAIlMK HH(POPMAIIUU U3 pa3HOPAKYPCHBIX MOCIIEI0Ba-
tenpHOCTel PJIN mpencraBisier coboit 0JHO M3 MEPCTIEKTUBHBIX HAMPaBICHUN MPUMEHEHHUS aJro-
puTMOB riy0okoro oOydenus. K Hemy otHocsaTcs rubpuanbie HelipocereBbie Mogenu (CNN + RNN),
noaxo el Few-Shot (mpoToTumHbie ceTH, MHOTOKPUTEPUAIbHOE 00yUEHHUE), MEXaHIU3Mbl BHUIMAHHUS,
a Tak)Ke aJanTUBHBIC ATOPUTMBI MPeo0paboTKH (KIacTepu3aliys MUKCENIeH Mo XapakTepy paccesi-
HUs1). Bee 9TH MoAX0/1bI MOKA3BIBAIOT, YTO UCIIOJIB30BAHNE PA3HOPAKYPCHBIX JAHHBIX MOXKET 3HAUU-
TEJIFHO ITOBBICUTEH TOYHOCTh M HaA&KHOCTh aHanmm3a PJIN.

5.2. UnTerpanus puznyecKux Mojaesei

OnHo U3 KITH04eBbIX orpannueHuii coppeMenHbix UM -cuctem nns s dextuBHoi 06padotku PJIN
— HEZIOCTaTOYHOE UCIOJIb30BaHUE 3HAHUH 0 (PU3NYECKUX MPUHLIUIIAX (POPMHUPOBAHUS PATHOIOKALIH-
OHHOT'O CHTHajla U 0COOEHHOCTSX €ro paccesHus. B 3Tol cBsi3u BechbMa NMEPCHEKTUBHBIM SIBIISETCS
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HaNpaBJICHUE Pa3BUTHUSI HEUPOCETEH CO BCTPOCHHBIMH (PM3MUECKUMH MOJEISIMU, KOTOPHIE YUHUTHI-
BalOT KOMIUJIEKCHOCTh CUTHaja, (pa30Bble CIIBUTH, MHOTOIy4YeBbIe d3PGEKThl U (PU3HMUECKYIO CTPYK-
Typy paccesiHus 00bekTa. Takue cucTeMbl OyayT KOMOMHUPOBATH 00ydaeMble MOJIYJH C JE€TEPMHU-
HUPOBAHHBIMH yPAaBHEHUSIMHU PACIPOCTPAHEHUS PaIMOJIOKAIMOHHBIX BOJIH, YTO MOBBICUT OOBICHU-
MOCTb M YCTOHYMBOCTD PELICHUH, OCOOCHHO NP OTPAHUYCHHOM 00BEME JAHHBIX ISl 00y4eHUsI.

B [Gaol8] yactnuHO peanu3oBaHa HAES HMCIOJb30BaHUS T€HEPATUBHBIX MOJEIEH C YYETOM
¢buznveckoil cTpykTypsl JaHHBIX. C POCTOM MOIOOHBIX MCCIICAOBAHUM CTAaHOBHUTCS Bce Ooiiee oue-
BUJHBIM, 4TO OyayIiee — 3a 60see TeCHO HHTerpaluei Gu3ndeckux 3HaHUI 1 MAIIMHHOTO 00Y4YeHHUS.

5.3. KoasiaGopatuBHbie pacnpeneiéHubie cucteMbl 1 Edge-Cloud rudpuabi

Jlyig 3a1a4y peasbHOro BpeMEHU U 00pabOTKHU OOJBIIMX MMOTOKOB PAJAMOIOKAIIMOHHBIX AAHHBIX
Ha 6opry BBC u B pacnpenenéHHbIX BBIYUCIUTENBHBIX CETAX OONBINMM MOTCHIHMAIOM 00JamaeT
WCIIOIb30BaHUE THOPUIHBIX apXHUTEKTyp, oObemuustommx Edge-Berancienus (nepudepuiinpie
BBIYHCIICHHS] HA KOHEUHBIX YCTPOUCTBAX) U 00JIAYHBIE MOITHOCTU. TaKo# MoX0/1 MO3BOJISET MHUHH-
MU3HPOBATh 33JACPKKHU MPHU JOKAIBHOM npeaoopadoTke u 0OHapyKeHUH 00BEKTOB UHTEpeca, OIHO-
BPEMEHHO HCITOJIB3YS IS TITyOOKOTO aHAIM3a U Mepeo0ydeHus] HEHPOCETEBBIX MOJIENIe MOIITHOCTh
00JIaYHBIX TUIATHOPM.

Pa6ote1, momo6HkIe [Lu23], mOKa3bIBAIOT, YTO AaHCAMOIIH MOJICIICH M KOJTA0OpATHBHBIC PEIICHHS
Ha 6opTy BBC 1 B 061ake mo3BOISIFOT 3HAYUTEIBHO MMOBBICUTH HAJIEKHOCTh U 0€30MaCHOCTh CUCTEMBI
uHTeIeKkTyanpHoro ananusa PJIN. Takum oOpa3om, IpUMEHEHHE TeTePOT€HHbIX BHIYUCIUTEIbHbIX
HKOCHUCTEM, CIIOCOOHBIX a/IallTUPOBATHCA K Pa3IMYHBIM YCIOBUSAM H 33/1a4aM ¢ Y4ETOM OrpaHUYCHUN
0 SHEPTronoTPeOICHUIO, MPOIMYCKHON CIIOCOOHOCTH M OE30MACHOCTH, SIBJISICTCS MEPCICKTHBHBIM
CrocoO0M MOBBICUTH ONEPATUBHOCTH U MIPOU3BOAUTENHHOCT 00paboTku PJIN, nmomy4yaembix ¢ Oec-
MUJIOTHBIX aBUAITMOHHBIX HOCHUTEIICH.

3AKJIOUYEHHUE

Hacrosmuit 0030p coBpeMeHHOro cOCTOsIHUA B 00siacTu MeTo 0B aHanu3a PJIM Ha ocHoBe rity-
00KOoro o0ydeHus: IPEACTABISIECT aKTyallbHOCTh B CBSI3U CO CTPEMUTENIBHBIM Pa3BUTHEM OECIUIIOT-
HbIX TexHoJorui. Ha ceromusmnuii 1eab BAC CTaHOBSTCS KITFOYEBBIM JIEMEHTOM pacipe/IeIeHHbIX
MHTEJUIEKTYyaJIbHBIX CHCTEM MOHUTOPUHIA, OJJHAKO JIJIsl YCTICIIHOM peain3aliy uX MoTeHIrana B pa-
JTMOJIOKAIIMOHHOM 30HJIUPOBAaHUU TpedyeTcs pa3padoTKa CIEeHAIM3UPOBAHHBIX METOJ0B OOpa-
OOTKM JaHHBIX, JAITUPOBAHHBIX K OCOOCHHOCTSM PaJAHOIOKAIIMOHHONW WH(GOPMAIUH, Pa3IUIHBIM
YCJIOBUSIM CHEMKH U OTPAaHUYEHUSM BBIYUCIUTENBHBIX PECYPCOB HA OOPTY HOCUTEIIS.

[Tockonbky peanuzanus 3p(HEKTUBHBIX METOAOB U MOAXOJOB TpeOyeT HaIMUUs MOJHOICHHBIX
Ha0OPOB JaHHBIX IS 00YUEHHUS U OIICHKU KaueCcTBa HEUPOCETEBBIX MOJIEIICH, B paMKax HACTOSIIIETO
0030pa ObLi1a BRIMOTHEHA CHCTEMaTH3allvsl HHPOPMAIIHH O CYIIECTBYIOIINX AaTaceTax, CoAepKaIIux
pavoIOKAIIMOHHBIC TaHHbIe. AHAIN3 XapaKTePUCTUK JAaTaCETOB MOKAa3all, YTO OOJIBIIMHCTBO U3 HUX
coJiepKaT OrpaHHUYEHHOE pazHooOpasue CIIeH, UMEIOT HecOaTaHCHPOBAHHOE pacIpe/iesieHue Kiiac-
COB U HEIOCTAaTOYHBIH 00heM pazMeTku. [109ToMy IepBoOUEpeTHBIM IIIAaTOM MPHU pa3pabOTKe HOBBIX
HEUPOCETEBBIX aPXUTEKTYP JOKHO SBIISITHCS CO3JaHUE CTHEIUATHM3NPOBAHHBIX 00yJaronux Habo-
POB C HEOOXOIUMOI MOTHOTOW JAHHBIX, COOTBETCTBYIOMIMX PEAbHBIM YCIOBUSM U KOHKPETHBIM
3aauaM, JUIsl KOTOPBIX TpeHa3HadeHa Moaelb. C 1enbpio 00eCTieueH s TTOJTHOTHI TAHHBIX 1T 00Y-
YEHUsl B MOCJIEIHEE BPEMsi aKTMBHO Pa3BUBAIOTCS MOJXOJIbI MO PACIIMPEHUIO JTATACETOB 3a CYET
co3nanusi cuHtetnuecknx PJIM, mMuTHpyIOmUX peambHbIE YCIOBUS ChEMKH WU COJEPKAIINX
00BEKTHI HHTEPECA, TOTyUeHHBIEe TyTeM MoaenupoBanus B CAIIP.

00630p MeT0/10B MHTEIUIEKTYalbHOTO aHam3a PJIM Obut opraHn3oBaH Ha OCHOBE CTPYKTYPHPO-
BAaHMS STUX METOJOB IO TPEM HE3aBUCUMBIM TAKCOHOMMSIM: HCXOJAS U3 THUMA apXUTEKTYpPBI
HEUPOCETH, TUITA CTPATETHH O0yUCHUSI U TUTIA PEIIAeMON 3a1a4l TEXHUIECKOTO 3PEHUS.
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B wacTu npuMeHsAeMOro THUIa apXUTEKTYPbl HEHPOCETH JOMUHUPYIOLIUM OCTACTCs HCIIOJIb30Ba-
HUE CBEPTOYHBIX HEUPOHHBIX CETEH, JEMOHCTPHPYIOIIUX BBICOKYIO 3()(heKTHBHOCTH B pa3HOOOpa3-
HBIX 3anayax oOpabotku PJIM. Opgnako g psna cneunuYeckux 3afad XOpPOILIUE pPe3yJIbTaThl
MOKa3bIBAIOT PEKYppeHTHBIE (ITpu 00paboTKe mocieaoBaTenbHOCTel pasHopakypcHbix PJIN) u rpa-
¢oBble (U1 pacno3HaBaHUs OOBEKTOB TEXHUKU U TPAHCIIOPTA HA OCHOBE allpMOPHOI MH(pOpMaUK
06 ux OIIP) neliponnsie cetu. bonpmol moreniman s ananuza PJIM umeroT HelpoHHBIE CeTH
C MEXaHU3MOM BHUMAaHMsI, HO IIOKA IPEUMYILECTBEHHO B paMKaxX T’MOPUIHBIX apXUTEKTYP COBMECTHO
CO CBEPTOYHBIMU ceTsIMH. B 3amayax, XapakTepu3yeMmbIX IeQHUIUTOM JaHHBIX JUIS OOy4eHus,
YCIEIIHO PUMEHSIOTCS T€HEPATUBHO-COCTA3ATEIbHBIE CETH, IIOCKOJIBKY ITO3BOJIAIOT CO3JaBaTh pea-
nuctuyHble cuntetnueckue PJIN. TlepcrieKTHBHBIMU TakKe SIBJISIOTCS KOMOMHUPOBAHHBIE apXUTEK-
TYpBbl, KOTOpPBIE COUETAIOT BBICOKYIO IIPOM3BOAUTEILHOCTh METOJIOB IIIyOOKOIro 00y4eHHs ¢ yCTOM-
YUBOCTHIO U HHTEPIPETHPYEMOCTHIO, IPUCYIIIMMHU TPAJAULMOHHBIM MeToAaM 00paboTku PJIN.

PaccmoTpenune ucnonb3yeMbIX CTpaTeruil oO0ydeHus MoKas3ajlo, YTO METOJbl, OCHOBaHHBIE
Ha 00Y4YEHHUH C UCIIOJIB30BaHHEM MaJIbIX BHIOOPOK M Ha TpaHCc(hepHOM 0OydeHUH, MO3BOJISIOT Ipe-
0J10JIETh IIPOOJIEMY HEXBATKH JTAHHBIX IIPU 00ECII€YeHNH BBICOKOH TOYHOCTH pe3yibraToB. Haxonsar
CBOE pelieHre npodaeMbl 3a0bIBaHUS PAHHUX KJIacCOB (IIyTeM MHKPEMEHTHOTO OOydYeHUs) U orpa-
HUYEHHOCTH Pa3MEUYEHHBIX JAHHBIX (Ha OCHOBE aJalTallMyd JOMEHa), XOTS 3TH BOIPOCHI BCE eIl
OCTalOTCS OTKPBITBIMU IS JAJIbHEHIIINX UCCIIEIOBAHUM.

JUIs OCHOBHBIX 3a/1a4 TEXHMYECKOI'O 3PEHUs, PEIIAEMBbIX C IPUMEHEHHUEM HHTEJUIEKTYaJIbHBIX
metonoB ananu3a PJIW, HanGomnbiryro 3ppeKkTHBHOCTD TPOAEMOHCTPUPOBAIH CBEPTOUHBIC HEHPOH-
HbIE CETU U CETU Ha OCHOBE MEXaHM3Ma BHUMaHUs, 00€CIeUnBalOIINe BEICOKYIO TOYHOCTb U YCTOMN-
YUBOCTb K IIymMaM. [ 3aau oOHapyKeHUsl HEMOJIBUKHBIX 00BbEKTOB HauboJee pacnpocTpaHeHbl
apxutektypsl Ha ocHoBe YOLO, Detection Transformer (omnocraamiineie nerekropbl) u Faster
R-CNN (aByxcTtaauiiHble JETEKTOPHI), a s ABKymuxcs neneit — Faster R-CNN. Cermenraruto
PJIN naunbosee ycrenrHo mpoBOAST ¢ momoIbio Mogudukanmii U-Net (ceMaHTHUYECKasi CerMeHTa-
uusi) 1 Mask R-CNN (uHcTaHCc-cerMeHTaIus ), a Kjaaccuukanuio (aBTOMaTHYECKOe paclio3HaBaHUe
1eJiei) — Ha OCHOBE pa3inuHbIX Moaupukanuii ResNet.

IIpoBeneHHBIN aHAINU3 COBPEMEHHBIX METOJOB HMHTEIUIEKTyalbHOro a”anusa PJIM mo3Bomun
BBISIBUTH HECKOJIBKO KJTFOUEBBIX HAPaBIECHUI Pa3BUTHUS TUX METO/I0B, IEPCIIEKTUBHBIX I UCTIONb-
3oBadusg Ha BAC, BkItoJas:

® [0JXObl, OCHOBaHHBIE Ha 00paboTKe pasHOpakypcHbIX PJIN ¢ 1enbro nosryyeHus J0moIHu-
TEeJbHBIX MH()OPMAIIMOHHBIX TPU3HAKOB, 00YCIOBJICHHBIX YITI0BOM 3aBUCUMOCThIO DIIP;

e crocoObl HHTETpaLuu HellpoceTel 1 pU3nuecKuX Mozenei;

e pacnpenenennbie (Edge-Cloud) apXuTekTypsl, MO3BOJSIOIIME MOBBICHUTH ONEPATUBHOCTD
U IPOU3BOAUTENBHOCTH 00paboTku PJIN, nonyuyaembix ¢ BBC.

[IpuknagHoe 3HaU€HHE BBHIIIOJIHEHHOTO 0030pa 3aK/II04aeTcs B TOM, YTO OH MPEI0CTaBIIsIeT pa3-
paboT4MKaM CBOETO poJia «IOPOKHYIO KapTy» IJIs CO3/1aHus 3P(PEKTUBHBIX CUCTEM UHTEIIEKTYalIb-
Horo aHanu3a PJIN. [IpemioxeHHass TAKCOHOMUSI METOAOB TO3BOJISIET OCO3HAHHO BHIOMPATH apXu-
TEKTYpbI IIIyOOKOro 00y4eHHUs 1101 KOHKPETHbIE MPAKTUYECKUE 331a4U PaAHOIOKAIIMOHHOTO 30H1-
pOBaHUs ¢ OECTIUIOTHBIX HOCUTEIIEH.

[lepcniekTHBBI JATBHEUIIUX MCCIIEOBAaHUHN JIeXkKAT MPEXKJIE BCETO B pa3pabOTKe HOBBIX METO/OB
HA/IKHON CEMaHTHUYECKOI CEerMEeHTaIlH MOACTUIIAIONINX OBEPXHOCTEH U KIacCU(UKAIMH 00bEK-
TOB B peXHMe, OJIM3KOM K PeabHOMY BPEMEHH, C UCII0JIb30BaHUEM pa3sHopakypcHbix PJIN, nomyya-
€MbIX MHOTONO3UIMOHHONW 60pToBO# PJIC. DTO MO3BOJIUT OTKPHITH HOBBIE BO3MOXHOCTH JJIS OIIe-
paTUBHOTO MOHUTOPHHTA C Hcnonb3oBaHueMm bBAC.

BJATOJAPHOCTH U MOJIEPKKA
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AHHOTauma: B cTaTbe NpeAcTaBAeHO KOMMIEKCHOEe nccnesoBa-
HWe NocneaHUX AOCTUXKEHUI B 061aCTU MHTENNEKTYaIbHbIX Me-
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NIOKAUMOHHOM CbeMKM, NMPUMEHUMbIX AN peanusauumn Ha bec-
NMUAOTHbIX BO3AYLWHbIX NaaTdopmax. AKTyanbHOCTb 0630pa 0by-
cnossieHa 6bICTPbIM Pa3BUTUEM BECMMAOTHBIX aBUALLMOHHbBIX CU-
CTEM WM PACTYLMM MHTEPECOM K MPUMEHEHUIO MafiorabapuTHbIX
60PTOBbIX PAMONIOKALMOHHBIX CTaHLMI A48 ONepaTUBHOTO MO-
HWUTOPWHra, KapTorpadMpoBaHMA U MOMCKA Ha3eMHbIX 06bEKTOB
B C/IOXHbIX YC/IOBUAX, HEAOCTYMHbIX ANA TPAAULMOHHbIX ONTUYE-
CKMX CPeacTB CbeMKU. BbIMONHEH AeTanbHbIiM 0630p KNOYEBbIX
npo6aem, BO3HMKaOWMX Npy 06paboTKe AaHHbIX PagMoioKaum-
OHHOTO 30HAMPOBAHWA C WCMNO/Mb30BAHUEM UCKYCCTBEHHbIX
HeMpOoHHbIX ceTelt. MpuBeaEHO cUCTEMATU3NPOBAHHOE OMuca-
HMe M3BECTHbIX 4aTaceToB, COAEPMKalUMX PagapHble CHUMKU U
CUHTETUYECKMe AaHHble, NPUMEHSAeMble AN MalMHHOTO 06yye-
HWA Npu pa3paboTKe HelpoceTeBbIX moaene. BbinosHeH aHa-
/M3 0COBEHHOCTEN M orpaHMYeHn 3TUX gaTaceTos. PaccmoTpeH
LUMPOKMIA CNEKTP COBPEMEHHBIX METO0B U aIFOPUTMOB aHaAN3a
PaZMOIOKAaUMNOHHbIX M306parkeHN Ha 0OCHOBE rNyHboKoro obyye-
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YeCKOro 3peHus, AOCTUTHYTbIe C MPUMEHEHUEM paccmaTpuBae-
MbIX MeToaoB. O6Cy:KaeHbl NPenmyLLecTBa U HeAOCTaTKM pas-
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Title: Methods of intelligent analysis of radar images obtained
from on-board aviation systems.

Abstract: The article presents a comprehensive study of the lat-
est advances in the field of intelligent methods for solving ma-
chine vision problems based on radar survey data, applicable for
implementation on unmanned aerial platforms. The relevance of
the review is due to the rapid development of unmanned aircraft
systems and the growing interest in the use of small-sized air-
borne radar stations for operational monitoring, mapping and
searching for ground objects in difficult conditions inaccessible to
traditional optical survey tools. A detailed review of the key prob-
lems arising in processing radar sounding data using artificial
neural networks is provided. A systematized description of
known datasets containing radar images and synthetic data used
for machine learning in the development of neural network mod-
els is provided. The analysis of the features and limitations of
these datasets is performed. A wide range of modern methods
and algorithms for analyzing radar images based on deep learn-
ing, as well as implemented neural network architectures, is con-
sidered. The results of solving various problems of machine vi-
sion, achieved using the methods under consideration, are pre-
sented. The advantages and disadvantages of various ap-
proaches are discussed, and the factors affecting the accuracy in-
dicators are investigated. The main promising areas in the devel-
opment of radar data processing methods are determined in re-
lation to the real operating conditions of airborne radar systems,
including multi-position ones. The practical value of this review
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Pazden — CUCTEMHbI AHANW3, YIIPAB/NIEHUE U OBPABOTKA MHOOPMALUW, CTATUCTUKA

60pPTOBbIX PAAMONOKALUOHHbBIX CUCTEM, B TOM YMC/IE MHOTONO3U-
LMOHHBbIX. [paKTMYecKas LeHHOCTb HacTosLlwero ob3opa 3akio-
yaeTca B NPeAOCTaBAeHUN UCCAeA0BATENAM U pa3paboTunKam B
061acTV MaWMHHOTO 06y4YeHUn CUCTEMATU3NPOBAHHOM OCHOBBI
[ONA CO34aHMA HOBbIX METOA0B, HAaNPaB/IEHHbIX Ha PELLEHWE aK-
TyanbHbIX 33434 PAAMONOKALUOHHOTO MOHUTOPUHIA 3€MHOM MNOo-
BEPXHOCTU, IKONOMMYECKOro KOHTPoAsA 1 obecnederuns 6esonac-
HOCTM C UCNOb30BaHWEM BECMUNOTHBIX aBUALMOHHBIX CUCTEM
KnioueBble cnoBa: becnunoTHas aBUaLMOHHan cucTema, pagmo-
NOKaUMOHHOE U306paxkeHne, AaTaceT, UCKYCCTBEHHAA HeWpOH-
Has ceTb, rybokoe o0byuyeHne, 0bHapyKeHNe 06bEKTOB, CErMEH-
Taumns nsobparkeHui, kKnaccudmkauma o6bEKTOB, pa3HOpPaKypC-
Hble AaHHble.
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lies in providing researchers and developers in the field of ma-
chine learning with a systematic basis for creating new methods
aimed at solving urgent problems of radar monitoring of the
earth's surface, environmental control and ensuring safety using
unmanned aircraft systems.
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