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CoBpeMeHHbIE MEeTO/Ibl MHTEJJIEKTYyaJIbHON 00paboTKu
panabrx /133

AHHOTALMS. B pabore mpeacrasieH 0630p COBPEMEHHBIX METOAOB 00paboTKU
JAHHBIX JUCTAHIIMOHHOIO 30HupoBaHus 3emin. Jlan anaans paboT, IIOCBs-
[IEHHBIX PELIEHUIO 3a/a49 [IPEABAPUTEILHOIO aHAIN3a CHUMKOB, BbIJIEICHUS U
PACIO3HABAHUS IEJIEBBIX O0BEKTOB JJIs UX AajbHeirero Monuropura. Cruesans
aKI[EHTBhl HA THOPHUIHBIE METO/bI aHAIN3a CHUMKOB C IIPUMEHEHHEM, B TOM
4HCJle, TEXHOJIOTUH BbICOKOIIPOU3BOAUTENBHOM 00paboTKN U UCKYCCTBEHHBIX
HelpoHHbIX ceTell. [Tokazanbr 0cOOEHHOCTH, MIPOOIEMBI U TEHICHIINNA PA3BUTUSN
TEXHOJIOTHUH 06paboTKN GOIBIINX SAHHBIX B PA3JIMYIHBIX IIPHUKJIAIHBIX 3aJadaX
JIACTAHIMOHHOI'O 30HMPOBAHUSI.

K./LTO"*Lee'bLE cnoea u (ﬁpaé’bt.’ ANCTAHLMOHHOE 30HANPOBaHNe 3eMJ1VI, NOWNCK, pacno3HaBaHwue,
o6pa60TKa CHUMKOB, NCKYCCTBEHHasA HeﬁpOHHaﬂ Ce€Tb, NHTENIJIEKTYyaJ/ibHasA CcUCTeéMa, NporpamMMHbie
KOMMJEKChbI, 6onbline AaHHbIE.

Beepenune

Ha cerogmamramii 1eHb B 061acTH 00pabOTKY JTAHHBIX JTUCTAHITAOH-
Horo 3oHaupoBanus 3emuin (JI33) nabiionaercs BCIIECK aKTHBHOCTH:
CO3/IAI0TC HOBBIE IIPOTPAMMHBIE KOMILIEKCHI, MOJIEPHUSUPYIOTCA METOJIbI
06paboTku n300parkeHuit BbICOKOro paspertenus [1]. Texkymas curyanus
XapaKTePHU3yeTCs COBEPIIEHCTBOBAHNEM O0OPYIOBAHNS KOCMUYECKUX Alllla-
paros (KA) u HazeMHBIX CTaHIMIl yIpPABJIEHNUs, IIOCTOSHHLIM yBEJINUYEHHEM
UX KOJIMYECTBA, paciupenneM (hyHKIMOHAJIBHBIX BO3MOXKHOCTEH 1 CIIEKTpa
BBINOJTHSIEMBIX 3a71a4. B cdepy npumenenus KA BXoasT MOHUTOPUHT
JIECHBIX, CEJIbCKOXO3AMCTBEHHBIX U apPKTHYECKUX 30H, aHAJIN3 IPUPOIHBIX
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Puc. 1. Unarepdeiic nporpammvuoro kommiaekca ENVI

KaTaKJIM3MOB, OXPaHa OKPYKAIOIIEH Cpebl, IJIAHNPOBAHNE U DA3BUTHE
TOPOJICKOI MHMPACTPYKTYPbI, TOCYIapCTBEHHAsT 6E30IIaCHOCTD U JIP.

B reuenne HeCKONBKUX JeCATUIETHI PA3BABAIOTCS M COBEPIIEHCTBYIOTCS
IporpaMMHBIE KOMILJIEKChI, ODUEHTHPOBAHHbBIE HA 00pabOTKY JTaHHBIX
H33. Cpean HUX OTMETUM CHUCTEMY, PEAIM30BAHHYIO 10 MOYJILHOMY
npunnuny, ENVI [2]. B dbyskunn nocenneil Bepeun mporpaMMHOTO [AKeTa
ENVI (cm. puc. 1) BXOAAT, B TOM 1mcse, 06paboTKa U MIyGOKH aHAIN3
MYJIBTH-U THUIIEPCIIEKTPAJIBHBIX CHUMKOB, KOPPEKIIUsT T€OMETPUIECKHX,
PaJMOMETPUIECKHUX M ATMOC(EPHBIX MCKAXKEHN, CO3/[aHNEe BBICOKOTOUHBIX
nudpPOBBIX Mojesiell pesibedba U MECTHOCTH, TIOJEPKKA IIPOCTPAHCTBEHHBIX
PACTPOBBIX U BEKTOPHBIX (DOPMATOB, MHTEPAKTHBHOE YIIydIlIeHnEe N300parke-
HUM, THTEPAKTUBHOE NEITIMPUPOBAHTE U KIACCU(DUKAINA, CIeUMUKAIIS
obacTu 00pabOTKMU, aHAJIM3 CHUMKOB B PA/IMOJHAIIA30HE U JIP.

IIporpaMMHBIil KOMILIEKC MOYKET BBIIOJHATH (DYHKIIUN [TPEIBAPU-
TeJIbHOIT 0OpPabOTKM BXOIHBIX JAHHBIX, OTOOparkeHus, MUIHLTPAINH,
CIIEKTPAJILHOTO aHAJIN3a, aHAJIN3a pesibeda, KOPPEKINN n300parKeHusl,
KJIACCU(DUKAIIH, TOCTPOEHUS] TPEXMEPHBIX MOJIeJIel, TOCTPOEHUST TOO-
rpaduieckux KapT ¢ KOOPAWHATHON IpuBst3Koii. [Ipumepom ycrernrnoro
IIPUMEHEHHsI JJAHHOTO [POJIyKTa CIyKUT pabora [3], B KOTOPOii onuchBaeTcs
BBICOKOIIPOU3BOUTE/IbHBIN AJITOPUTM JIJIsl TIPEIBAPUTEILHON 06paboTKu
(HOJIrOTOBKM) MMIEPCIEKTPAJIBHBIX JAHHBIX ¢ HOCIEAYIOMEl ux nepegadeit
H& BXOJ MOJIYJTI0 aTMOC(EPHOI KOPPEKIINH TPOrPaMMHOr0 mpoaykTa Fxelis
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ENVI. IIpumenenne MyJIbTH-TIOTOKOBOTO MTO/IX0/Ia TO3BOJIMIIO CYIIECTBEH-
HO COKPATHUTh BpeMsl 3arPy3KH CHUMKa, IPOIEIYP PaIuOMeTPUIECKON
kaaubpoBku u npeobpasosanumii (BIL, BIP, BSQ), susors g0 10 pas.
DTOro yaaJioch J0OUTHCs IIyTeM pasOHeHwusl [IPOoIecca 00pabOTKH IUIep-
CIEKTPAJIHLHOTO M300PaKEHHUsI 10 KaHAJIAM JIMOO MOMUKCEIBHO; B IIEPBOM
ciaydae 00Iee KOJIMIECTBO KAHAJIOB Pa3/IeIeHO PABHOMEDHO 110 KOJIMYECTBY
BBIYUCJIUTENIBHBIX sLIEP [IPOIECcopa(-0B); BO BTOPOM CJIydae pa3bueHue ujier
[0 MIUPUHE U/WIH TI0 BBICOTE CHUMKA, 8 TaKyKe OJIarojiapst MopIuOHAILHOMN
3arpy3Ke JaHHBIX CHAMKA B OIEPATUBHYIO HaMATh. JlocTurnyroe Takum
00pa30M CyIIeCTBEHHOE CHUXKEHWE HATrpy3Kd Ha (PailJIoOBYI0 CUCTEMY
[IPUBOIUT K COKPAIEHUIO BPEMEHN BBIITOTHEHUS JTAHHBIX OIIEPAIIHIA.

B npyrom mporpaMMHOM KOMILIEKCE JIJTsT PAOOTHI ¢ jgaHabiMu /133
ER Mapper [4] umerorcs cieyromue dbyHKIMOHAIBHBIE BO3MOXKHOCTH:
[IPHUBSA3KA JAHHBIX K CUCTEMaM KOOPAMHAT U KapTorpadudecKue IPOeKIny;
IIUPOKUiT BEIOOP BXOJHBIX (POPMATOB; TpadUIeCcKre CJI0U 0TOOPAXKEHUsT
JAHHBIX C BO3MOYKHOCTBHIO MH/IUBU/IYAJIbHON 00PabOTKH; BUPTYaJIbHbBIE
HAOOPBI JTAHHBIX; 00PabOTKA M300paKEHHIT C TIOMOIIHI0 (DOPMYJT U (DUIIBTPOB;
BEKTOPHU3AIUs PACTPOBBIX JAHHBIX; JUHAMUYECKHUI JOCTYII K JIAHHBIM
reonuadopmarmonabiMu cucremam u CYBJL; Tpexmeprast BU3yan3alius.

Cucrema o6paborku nzobpaxennit ERDAS Imagine [5] B Hacrosiee
BpeMs ABJIAETCA OJHUM U3 HaI/I60.Hee Pa3BUTHBIX KOMMEPYIECKUX IIPOJAYKTOB
st obpaborku ganubix JI33. Cucrema cocTonT M3 MHOXKECTBA MOTYJIEH,
KOTOPBIE MPEJICTABIISIOT TT0JH30BATEI0 MHCTPYMEHTHI 00paboTKy n300pazke-
HUil, THCTPYMEHTBI UMIIOPTA U IKCIOPTA N300PaKEHUIl, MHCTPYMEHTDI
MOHTaKa M300paKeHUil, TPEXMEPHOI BU3ya/IN3alii U KapTOrpaupOBaHUSL.
Hanpumep, B momyste Imagine Essentials umeercs nabop cpeincts paboTh
C N300paKEeHUsIMU: UMIIOPT U3 PAa3JIMIHBIX (POPMATOB, BU3YAJIUBAINSA,
IPUBA3KA K reorpadudecKiM KOOD/IMHATAM, IOAN0TOBKA KAPTOrpadmiecKnx
nmokyMerToB. Momys Imagine Advantage BKIIO9aeT MOIIHBIE CPEJCTBA
KOPPEKITNU M300parKeHuil, IO3BOJIAIONINE CIeIaTh CHUMKA IO TOYHOCTU
cpaBHUMBIE ¢ Tonorpadguueckumu Kapramu. Moayas Imagine Professional
BKJIIOYAET CPEJICTBA BU3YAJIHLHOTO IIPOTPAMMUPOBAHUS 00pabOTKU n300paske-
Huit u ux kiaaccudukauu. Ocobblit MHTEPEC M1Jist BLICOKOTOYHON 00pabOTKM
6onbmmx gaHHbIX J133 upesgcrasiasier momysib Imagine OrthoBASE,
OH T03BOJIsTeT 00PadATHIBATH COTHU KOCMUYIECKUX U a3PO(POTOCHUMKOB,
ToJIyvasi Ha BbIXOJe (POTOIIaH KapTorpadudeckoit Tounoctu. Kpome
TOTO, C MOMOIIBIO OTJAEJIBHBIX HHCTPYMEHTOB ITPOIPAMMHUCTA ITPOTPAMMHAS
CHCTEMA MOXKET PACIIAPATHCS JIFOOBIMU (DYHKIMSIME, KOTOPbIE HEOOXOIUMbI
[TOJTH30BATEJTIO.
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Kpome paccMOTpEHHBIX BBIIIE TPOrPAMMHBIX KOMILJIEKCOB IITHPOKO
ucrionib3ytorest cucreMbl IDRISIT, MultiSpec, ScanEx, Photomod Radar
u 7ap. Bee oHM onmparoTes Ha pas/indHble WHTEIEKTYATbHBIE METOBI
aHa/IM3a UHQOOPMAIUN, HEKOTOPBIE OYIAyT PACCMOTPEHBI JaJIee.

1. MeToabl MHTENNEKTyaNbHOFO aHann3a, NOUCKa 1 pacno3HaBaHWA
uenesbix 006bekTOB Ha fgaHHbIX [,33 6onbworo obsvema

Pacrymue o6beMbl TIOTIOJTHSEMBIX apXUBOB JTaHHBIX 33 cyrecTBento
MOBBICHIM TPeOOBaHMsI K CKOPOCTH U KavyeCcTBY 0OpabOTKHU NaHHBIX. Pa3pa-
H6aThIBaeMble MeTO/IbI 00paboTKu CHUMKOB JI33 MOXKHO pa3/ieuTh Ha JIBa
THIIA: IpeaBapuTeIbHasi 00paboTKa u crenuaibHas. C MOMOIIBI0 METOIOB
[IpeIBAPUTEIHHON 06pabOTKY PEIIaoT CJIeLyIOIIe 3a/Ia9n: TOBBIIIEHNEe
KOHTPACTHOCTH, M3MEHEHIE Pa3MePOB, OPTOPEKTU(DUKAIINS, PATUOMETPHAYIE-
cKasl KOppekIms, Mopdosorndeckass 00paboTKa, yaaaenne dpoHa, Mryma min
JIPYTUX HeXKeJlaTeJIbHbIX 0ObeKTOB Ha M300ParKEHWH, TIOBBIIIEHNEe KAYeCTBA
CHUMKA, TTIPUMeHeHne (PuIbTpoB, cermeHTarun u ap. [logobubie MeTo b
CJIy?KaT, KAK IPABUJIO, IEPBBIM TAIOM aHAJIN3a CHUMKOB, IIOCJEe KOTOPOTO
paboTtaer crermaibHas obpaborka. K creruanbHOl 00paboTKe OTHOCITCS
METOJIbI, TPETHA3HAYECHHBIE JIJIsI PEIeHNs] KOHKPETHBIX KOHEYHBIX 3314,
HaIIpuUMep, TOUCK U PaclioO3HaBaHue 00bEKTOB, KIacCudUKaIusa 00beKTOB
Ha cHHMKe. B 060mx 0003HAYEHHBIX BBIIIE TPYIINIAX, B CHIY HOKA3aHHOM
Ha TPAKTHUKE BBHICOKOH 3(hHEKTUBHOCTU, OCOOBINT MHTEPEC PEICTABIISIET
HCIIOJTb30BAHNE METOJIOB, TIOCTPOEHHBIX HA MPUMEHEHUN HEHPOCETEBBIX MO-
ﬂ‘eﬂeﬁ 1 TEXHOJIOT Ui BbICOKOIIPOU3BOAUTEJIbHBIX BBIYUCJIECHUN. PaCCMOTpI/H\/I
HEKOTOpbIE U3 HUX.

1.1. Mertogbl npeasaputensHoi 06paboTku cHumkos 033

Beoisenienuio miesieBbIx 0ObEKTOB IIPEIIECTBYET CErMEHTAIMsT n300pake-
uuit. B noknaze [6] mpumeneno npeobpasosanne I'nibGepra-XyaHra mist
BBIJIEJICHUsI TEKCTYPHBIX MPU3HAKOB. JIByMepHOe mpeobpasoBanue XyaHra
MO3BOJISIET TPOU3BECTH HANOOJIEe IKOHOMUIHOE PA3JIOKEHNE N300DaKeHMsT
[0 YACTOTHBIM COCTABJISIIOIIUAM, TIOCKOJBKY TP ITOM UCIOJIB3YIOTCS TOJBKO
T€ 9aCTOThI, KOTOPbIE IPUCYTCTBYIOT B n3obpakenuu. K mosydaronumcst
[IPU 9TOM MOJIAM — AHAJUTUICCKUM (DYHKIMSAM — MIPUMEHIMO YKA3aHHOE
peobpazoBaHme, B Pe3yJIbTaTe KOTOPOTO BBIYUCIISIOTCS MTHOBEHHBIE
YacTOTHI U AMILIATY/IbI, UCIOJIb3yeMble KaK MPU3HAKN TeKCTyp. s
[IOCTPOEHUsT OrUOAOIIUX ObljIa UCIOJIb30BaHa, AIIPOKCUMAIIAS C TOMOIIBIO
RBF-dyuknuii. B patore [7]| npemioxen MeTos nocTpoenus ancamOJist
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MepapXUIeCKUX CETOYHBIX AJTOPUTMOB KJIACTEPU3AIUHN JJIsI CErMEHTAIN
MYJIBTUCIIEKTPAJIBLHBIX CIIyTHUKOBBIX m300pazkenuii. B ocHoBe Meroma— aji-
TOPUTM, COYETAIONTHH MPEUMYIIECTBA CETOYHOTO U ILIOTHOCTHOTO MOJIXOJIOB:
BBICOKYIO BBIYUCJIMTEBHYIO 3D (DEKTUBHOCTD U CIIOCOOHOCTD BBIIEJISITH
KJIaCTePbl, UMEIOIIE CIOXKHYIO CTPYKTYDY [8]. Ancambiesblii ajiropurm
SIBJISIETCSI NEPAPXUIECKUM, JIJIsI [TOJTyYeHHsI OKOHYATE/IbHOIO PEIeHus K
MATPHUIIE CBIZHOCTHU MTPUMEHSIETCs] CTAHIAPTHBIN arjiOMepaTUBHBIA METO/T
[IOCTPOEHUSI JIEHIPOTPAMMBI 110 METO/Ly IIOJIHON CBSI3M, UCIIOJIb3YIOMUN B
KadecTBe BXOJIHOM MHMOPMAIMA HOMAPHBIE PACCTOSTHUS MEXKJIY KOMIIOHEHTA-
My (MaTpuily cBs3HOCTH). [IpuMenenue ancaM6I€BOrO MOIXOIA O3BOJISAET
MMOBBICUTH KAYECTBO PE3YJIbTATOB KJIACTEPU3AIUH U UX YCTOWIUBOCTH K
U3MEHEHUIO TTapaMeTpa CeTKH.

B paGore [9] npejicraBieH METOJ BbIIEJIEHUS [TPOTA?KEHHbBIX ['€0IPO-
CTPAHCTBEHHBIX O0HEKTOB HA KOCMUIECKUX CHUMKAX, OCHOBAHHBIN Ha,
oncke obJiacTeil m300pakeHusi, COOTBETCTBYIOIIUX [TPOCTPAHCTBEHHBIM
XapaKTEPUCTUKAM OOBEKTOB IEJIEBOTO CJIOSI C YI€TOM UX OCHOBHBIX ITPH-
3HAKOB U CBONCTB. AJITOPUTM JIOKAJIU3AIUUA OOBEKTOB JOPOXKHON CeTH
OCHOBBIBAETCSI HA HMCIOJIB30BAHUN (DUJIBTPA ¢ KOHEYHON UMITYJILCHOM
xapakrepuctukoii (KNX-duiabrpa). C ero moMoInbio BbIIOJIHIETCS all-
IIPOKCUMAITUS «UIEAJIbHOIO» UMITYJIbCHOIO OTKJIMKA, OIPEIEISOIEro
MPUHAJJIEYXKHOCTh TOYEK KOCMUIECKOI0 CHIUMKA K yIACTKaM JOPOYKHOMN
cetu. MeToj BblIeJIEHUsI IPOTS2KEHHBIX I'e0IPOCTPAHCTBEHHBIX 00bEKTOB
Ha a9pPOKOCMHUYIECKUX U300pParKEHUsIX 3aKJIIOYAETCS B MO3JIEMEHTHOM
06x01e M300pakKeHusl B MOPSIKE BO3PACTAHUSI KOOPAWHAT. TekyIast
TOYKA N300parkKeHusT MPUHUMAETCS 38 HAYAJI0 KOOPUHAT U IMPOBEPSIeTCst
Ha [IPUHAJIEKHOCTh O0BEKTY IEJIEBOTO CJIOs, C STOU IEJIBI0 B TOUYKE
ompeesnsiercst 3Hadenne oTkanka KNX-duabrpa a1 KaXKa0ro u3 yriaoB
€ro IOBOPOTA.

OHUM U3 cIO0COOOB OBICTPOTO BBIIEJIECHUSI IEJIEBbIX 00bEKTOB HA,
maaabix /133 60/bIoro oobeMa sIBJISIeTCsI CIIEKTPAJIbHOE Pa3/ieJIeHue,
B 9aCTHOCTH, corjiacoBaHHas uabrparusi. CorsiacoBanabie (puabTphI
MOBBIIMIAIOT KOHTPACT IEJIEBOTO 00BEKTA OTHOCUTEIHHO (hOHA, UMEIOIIEro
CTPYKTYPUPOBAHHBII miin croxacrudeckuii xapakrep [10]. Pesysnbrar
00pabOTKN — N300parkeHne, B KOTOPOM 3HAYUEHUs MUKCEI0B COOTBETCTBYIOT
[POLIEHTHOMY COJIEPXKAHUIO UCKOMOI'O 9TAJIOHA B 3JIEMEHTAX CIEHbI (B
unTeppase or 0 1o 1). Jpyrum crioco6om npeobpa3oBaHust JAHHBIX €
[EJIBIO YBEJIMIeHUsT PA3INInil MeK Ty (DOHOM U TEJI€BBIMUA OOBEKTAMUI
SIBJISIETCsI METOJT TUIABHBIX KOMITOHeHT (principal component analysis,
PCA). Meros 1103BOJISIET OCYIIECTBUTD JIEKOPPEJIAIUIO N300parKeHuii,
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fnidor traineg | Claszee
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Puc. 2. Nurepdeiic nporpammuoit ninardopmsr Hypergim

NOJIy9EeHHBIX ¢ B PA3IMIHBIX CHEKTPANbHBIX Kananax. OH ymobeH Tem, Iro
He TpeOyeT 3HAHMSI MCXOJHBIX UCTOYHUKOB U OCHOBAH HA MPEIOIOKEHNH,
9TO CpeJy KOMIOHEHTOB CMecH He 6ojiee 4eM OAUH MMEeT TayCCOBCKOe
pacIpe/ie/ieHre, a TAKzKe 9TO OHU CTATUCTUIECKU HE3aBUCHMBI, T.€. HU
OJIUH U3 HUX HE MEPEJaeT HUKAKON MHMOPMAIH JPYTHM KOMIIOHEHTAM.
IToMUMO HE3ABUCHMOCTH, JJIsi TOTO YTOOBI TAPAHTUPOBATH €JMHCTBEHHOE
peleHne, HeOOXOAUMO YTOOBI KOJIMIECTBO HAOJIOAAEMbIX KOMIIOHEHTOB
OBbLIO He MeHbIIle, UM THCJIO MCXOAHBIX curHasoB. OHAKO, MaJsible
1es1eBble OOBEKTHI He BHOCAT CYIIECTBEHHOIO BKJIA/a B CTATUCTHIECKHE
XapaKTePUCTHKH N300parkKeHuil U He HPOSIBJISIIOTCS B HOBBIX KOMIIOHEHTAX,
[I09TOMY PEKOMEH/IYETCsl UCIIOIBb30BATh METO/| HE3aBUCUMBIX KOMIIOHEHT
(Independent Component Analysis, ICA) [11].

Bosmozxkuoctu miardopmbl Hypergim (em. puc. 2), npeHasHATeHHON
JJIsT KJTACCUDUKAIIIU CILy THUKOBBIX CHUMKOB U BBIJEJICHUST PETHOHOB
uHTEpeca omucansl B padore [12]. KiaccudukaTopsl OCTPOEHBI Ha OCHOBE
asropurmoB Isodata u K-means. [Ipu mocrpoennu cucreMbl HCIOIH30BAHA
KJIHEHT-CEPBEPHAasi ApXUTEKTYPA, & JJIsI MOBBIIEHNs] TPOU3BOIUTEIHHOCTH
HCIIOJIBL3YIOTCS TEXHOJIOTHH TTapasiiebHoro nporpammuposanus u GPGPU.

Cratbs [13| mocesimena penennio 3amaqu qemudpOBAHUS CHIMKOB
BbICOKOTO pasperienus moaydeHubix ¢ BIIJTA DJI Phantom 3 Pro. Asropamu
pelraeTcs 3aJa4a IOUCKa U BblIeJeHHs. KPOH JepeBbeB (arpoKyJIbTyp) Ha
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00pabaThIBAEMOM CHUMKE. AHAIU3UPYIOTCs n3obpaxkenust Bugumoro RGB-
JIHAIIa30Ha, a 00pabOTKa BBIIOJIHSIETCS ¢ UCHOJIB30BAHUEM IPadUIecKoro
yckopurens. MeTomuka BoljesieHns 00BEKTOB 0a3UpyeTcs HA TPUMEHEHIH
merona scale-space filtering (SSF). Ilokazano, uyro npumenenne GPU
3HAYUTETHHO TOBBIIMIAET 3PPEKTUBHOCTL 0OPaOOTKHU TAHHBIX.

Metom aBTOMATHYIECKOI CEIMEHTAIINN MYJIBTHCIIEKTPAIbHBIX CHIMKOB
JI33, ocuoBannbiii Ha kombunaiuu Teopun rpados u FNEA (fractal net
evolution approach), npemoxen B padore [14]. Peamuzanust meroma
BBIIOJIHEHA C ucnob3oBanneM o6ubsmorekn MPI u opuenTupoBana Ha

IIpUMEHEHNEe BbBICOKOIIPOU3BOJIUTE/IbHBIX CUCTEM KJIaCTEPHOI'O THUIIA.

OaHuM U3 KPYIHBIX HAIPaBJIEHUN B 00JIACTU BCIOMOIaTE/IbHBIX
ajgropuTMoB 1o 00paboTke mauubiX JI33 saBisercss cxkaTme CHUMKOB.
Bonpocsl 0 peanmsanyu aJropuTMoB cxKaTusi JaHHbIX /133, crmocobHbIx
HOBBICUTD 3GHEKTUBHOCTH UCTIOIH30BAHIS KAHAJIOB IEPEIATH, PACCMOTPEHBI
B [15,16]. B pabotre [15] npemaraiorcs peannsanun MeToga cxxarus 6e3
norepb, pekoMenoBanHoro CCSDS, BBITOTHEHHBIE ¢ HCIIOIB30BAHIEM
rexuosioruit FPGA u GPGPU, a B pabore [16] upesyiaraercs ajropurm
cxkatust ¢ norepsimu HyperLCA, orimmyaroruiicsi BBICOKOH CTeIeHbIO
koMmmpeccun gaHubix. Ayropurm HyperLCA npennasnaden juist cxkaTust
IUIIEPCIIEKTPAJIBHBIX CHUMKOB, rmocTrytaronmx ¢ cucreM /133 kocMudeckoro
6asupoBanusi. HecMOTpst HA TO, 9TO aBTOPBI HE MPUMEHSIIN TEXHOJIOTUN
[IapaJuIe/IbHOTO IIPOIrPAMMUPOBaHUsl, OJIOYHAS OPTaHU3AINsT AJITOPUTMA
obpaborku (HezaBuCcuMasi 06pabOTKa PA3IUIHBIX 00JIaCTell UCXOIHOIO
U300parKeHus) MO3BOJISIET JIEIKO aJIAIITUPOBATDL €ro K HaPaJLIe]bHBIM
APXUTEKTYPAM.

s periennst 3a1a9 00pabOTKHU, UACHTUMDUKAIIAN U OITPE/ICTEHUST
KOOPAMHAT OOBEKTOB Ha M300parKeHUN MOKET ObITH IPUMEHEHa, NCKYCCTBEH-
Hast HeliporHas ceth (THC) ¢ paguanbabiMu 6a3uCcHBIMU DYHKIUSIMI
Bo30y2keHnst (PB®-cers), a0 mokaszano B pabore [17]. Ins onrumusarmm
CTPYKTYPbI HEAPOCETH IPEJJIOKEHO HCIIOIb30BATh MOAMMUIIMPOBAHHBIN Me-
TOJI TeHETUYIECKOr0 Obydenus. s JTIOCTUKEHNST MUHUMAJIBHON CTPYKTYPBI
CeTH K 3HAYECHUIO IeJIeBOM (DYHKINHU J100aBIsIeTCst mTpad 38 KOJTMIECTBO
HEWPOHOB B CKPBITOM cJjioe. MeToJ JIOKAJTU3aIN 11eJIEBBIX 00bEeKTOB
[TO3BOJIUJI YBEJIMUATH BEPOATHOCTH ITPABUIBHOM JIOKAJIAZAIUN B YCIIOBUSIX
QIIyKTyallMOHHBIX IIYMOB U aJJUTUBHBIX IToMex Ha 15-25% orHocuTesnbHo
KOPPEJISIITIOHHO-3KCTPEMAJIBHBIX METOOB.
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1.2. Metogb! cneuunansHoi obpabotkn cHumkos 133

BosmoxkHOCTH TU1yOOKOTr0 00y4YeHMsT NCKYCCTBEHHBIX HEPOHHBIX ceTeil
[O3BOJIZET IPUMEHITH UX B Pa3indIHbIX objactax. B pabore [18] aBropsr
PUBOJAT 0030p MeTonoB Tirybokoro obydenus NHC u kpartkuit 0630p
pabor o npumerenun MHC npu pemernn psijia MPUKJIAIHBIX 33,1849, B TOM
qucye, 11t 00paboTku maHubX J[33, MOy IeHHBIX C UCIOJIB30BAHUEM
OECIUIIOTHBIX JIETATEILHBIX alllapaToB.

B paGore [19] npeacraBieH MeTO pACIO3SHABAHUS 3IaHUN HA CIyT-
HUKOBBIX M300pa’KeHUsIX, OCHOBAHHBIN HA WMCIIOJIb30BAHUYM HEYETKOM
HEWPOHHOW CeTU i KJIACCUMUKAIINA U MPEJJIOKEHHOIO0 MHOXKECTBa,
nH(MOPMATUBHBIX TPU3HAKOB /I TTOCTpoeHus 6a3bl mpasmi. Hammy«ammit
pe3y/IbTraT CerMeHTAIMU ObLI MTOJIyYeH C MOMOIIBI0 KOMOMHIPOBAHHOTO
MEeTO/1a, 3aKJIIOYAIOIIErOCs B TOCJIEI0BATEILHOM TPUMEHEHUN METO 1A
poCTa PEruoHOB U HedeTKo Kiacrepusdanuu C-cpennnx. [Ipumenenune
HEYETKOM KJIACTEPU3AINU IO3BOJISIET COKPATUTH KOJMIECTBO PEIMOHOB
U TIOBBICUTH KAYE€CTBO CEIMEHTAITNU. BBIIBIIEHO, UTO JIjisl MOBBIIIIEHUS
KaJecTBa CErMEHTAIINH CITYy THUKOBBIX M300payKeHUil 11e/1ecO000pa3Ho MpPOBO-
JIATH MOPQOJIOIMIECKYI0 00paboOTKy, KOTOpasi 0DeCIeunBaeT yYMeHbIIEHNe
KOJIMIECTBA aHAJIU3UPYEMBIX 00JIACTEll 38 CUET CIAUSIHUSA CEIMEHTOB U
yIAJIeHNsT HECYIECTBEHHBIX (DPArMEHTOB C TOYKU 3PEHUs PACCMATPUBAEMOIT
samaqun. CpeliHee 3HAUEHNE KOJIMIECTBA IIPABUJIBHO PACIIOZHAHHBIX 3IaHUI
coctasuio 84%.

Ocobblit MHTEPEC TPECTABISIET BOZMOKHOCTD MPUMEHEHUST CBEPTOYHBIX
HEHPOHHBIX ceTell, MOCTPOEeHHBIX Ha, ocHOBe Oubsmorekn YOLO, st
pelieHust 3a1a49n OOHAPYKEHUsI U PACIO3HABAHUSI OOBEKTOB C UCIIOJIb-
zoBanuem BITJTA [20]. ABTODPBI yTBEPXKIAIOT, UTO JAHHBIH AJITOPUTM
MOXKET OBITh HCIIOJIb30BaH HE TOJHKO B pPAMKAX HA3EMHOI'O KOMILJIEKCa,
06paboTKu, HO 1 Ha 6opTy GecnmIoTHOrO JietaresbHoro anmapara (BIIJTA),
obecrieanBasi pexKuM 00pabOTKU BHUICOMHMOPMAINH B PEAJBHOM MACIITade
Bpemenu. [IpuBe/ieHbI TOAPOOHDBIE PE3YIIBTATHI TECTUPOBAHUS W CDABHEHIE
HecKoJIbKuX Moaudukanuii nanHoit MTHC, akTHBHO MCIOJIB3YIONIUX IIPEUMY-
mectBa GPGPU-rexnonorun. Tak, Ha puc. 3 mpuBeIeH IPUMEDP CXEMBbI, 110
KOTOpOit MoxkeT paborarsh aBroHoMHBIH BILJIA, mpousBosiuit 0OCHOBHBIE
BBIYKCJIEHNS] 110 OOHAPYKEHHUIO ¥ PACIIO3HABAHUIO 38 CYET KOMITAKTHOI'O
6oprosoro cynepkomibiorepa (NVIDIA Jetson TX2, okoso 1 T®JIOIIC
upu MorHocTu norpebsenus okosio 10 Br) u nepenaonuii uadopmanuio B
[EHTD [PUHSITUS PEIeHNll OllepaTOpaMu.

B pa6ore [21] npejcrapien s3bIK IPOCTPAHCTBEHHBIX 3apocoB (Spatial
Object Query Language, SOQL) mis npentudurkanun o6beKTOB Ha
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Puc. 3. ApxurekTypa cUCTEMBbI IOJJIEPKKU IPUHATUS PEIICHU

Ha 6a3e BITJIA

KOCMUYECKHUX CHMMKAX BBICOKOTO U CBEPXBBICOKOIO IPOCTPAHCTBEHHOI'O pa3-
perienust. ZI3bIK TO3BOJISIET MTOJB30BATENIO 33/IaBATH OMUCAHUS PU3HAKOB
00beKTa B BHJIE TPYIIIbI IPABUJ, YINTHIBAIOMIAX IIPOCTPAHCTBEHHBIE OTDAHN-
yeHusi. MoXKHO onmcarb GhopMy, MOJIOKEHNE, TEKCTYPHBIE U CIIEKTPAJIbHBIE
MPU3HAKY HACHTUDUIIIPYEMBIX 00beKTOB. VmeHTnduiupyonuit aaropurm
peasin30BaH B BHUJIE JIOTHYECKOIO BBIBOJIA, C IIOMOIILIO KOTOPOI'O OCYIIIECTBIISI-
eTCsl TIONCK KOMOUHAIINY TIPU3HAKOB, YIOBJIETBOPSIONINX OIMUCAHUIO OObEKTA.
Haiimenable KoMOUHAIINY OIEHUBAIOTCS C TTOMOIBIO (DYHKITUN SHEPTHMH,
YTO MO3BOJIIET BHIOPATH HaMbOJIee pejieBaHTHOE MoJIoxKeHne obobekTa. Ha
BBIXO/IE TIOJIydaeM MHOXKECTBO DPEIIeHuil co 3HadeHneM (bYHKIUN SHEPTUN
MEHBIIIE TTOPOra, COOTBETCTBYIOIIUX 3AIPOCY IOJb30oBaressi. [lepebop
BO3MOXKHBIX COYETaHWIl PU3HAKOB OCYIIIECTBJISETCs TONCKOM B rryonny. Ha
KaskKJIOM II1are MPOUCXOJIUT U3BJIeUeHIE TIPU3HAKOB [IPU TIOMOIIU BCTPOEHHBIX
MIPEIUKATOB, JIJIsd KAYXKJI0T0 BCTPOEHHOI'O MPEJINKATA BBIUUC/ISETCS 3HAYCHUE
dYHKIUN TPUHAJJIEXKHOCTH.

B sokmaze [22] paccMOTPEHO IIpUMEHEHNe TeOPHH MeTarpaMMaTHK
JIJIsT TIOUCKa PA3JIMIHOTO POJA CTPYKTYPUPOBAHHBIX MHMOPMAITMOHHBIX
00BEKTOB B JIMHAMWYHO ITOIOJIHSIEMBIX DOJIBITNX MAaCCABAX PA3HOPOIHBIX
KapTOrpadpuIecKuxX JAHHBIX. YUeT CTPYKTYPHBIX U CTATUCTUIECKUX OCODEH-
HOCTEH B METarpaMMaTHIeCKON MOJIETN PA3HOPOIHBIX KapTOrpaduIecKn
MIPUBSI3AHHBIX JIAHHBIX U UCXOJHBIX MAaHHBIX J[33 1M03B0/IsieT pean30BhIBATD
3 deKTUBHBIE TPOIEYPHI CHHTAKCUYIECKOTO aHAIN3a, MeTarpaMMAaTHK JIJIst
VIPABJICHUS HAPABICHHBIM B3aUMOYBA3AHHBIM IO CJOSIM M CTPYKTYPaM
11epebopoM sT9eeK IIPOCTPAHCTBA MOUCKA. TaKUM MOJIEIU CTPOSITCS HA
OCHOBE yBSI3aHHBIX B I'PAMMATHUYIECKNE CETU CHUCTEM IPOJLYyKIIMOHHBIX
IPABUI.
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B pa6ore [23] paspaboranbl pemaionye GyHKIUNA JJisl IPENEeHTHOrO
pacHo3HaBaHUs IEJIEBBIX OOHEKTOB HA OCHOBE CyDIIOJIOCHOTO aHAIU3A,
UCIIOJIB3YIOIIUE MEPY Pa3/IndMil MKy CPaBHHBAEMBIMU BEKTOPAMHU JOJIei
SHEPIUU PA3HBIX (PPATMEHTOB IIEJIEBBIX OOBEKTOB U MEPY UICHTUIHO-
CTU HA OCHOBE HOPMUPOBAHHBIX KOIDMUIIMEHTOB KOPPEJISIIIUU OTPE3KOB
tpanchopmanT Pypbe U3 3aJaHHBIX TOJ00IaCTEH ITTIOCKOCTH IIPOCTPAH-
CTBEHHBIX 9acTOT. PaspaboTaHbl aJropuTMbl 0OpabOTKU M300parKeHu it
3eMHO}1 TIOBEPXHOCTH, 8 UMEHHO — MPEIEEHTHOIO PACIIO3HABAHUS OOHEKTOB
HA OCHOBE CyOIOJIOCHOTO aHAJM3a, UCIOJL3YIONINE CTPYKTYPHBIE TPU3HAKI
uaeHTUUKAIIN (GPArMEHTOB CHIUMKA, 9TO MO3BOJINIO MUHUMU3UPOBATH
omubKN PaCIIO3HABAHUS [IEPBOIO ¥ BTOPOTO POJiA.

st HaXOXKJIeHUs TIEJIEBBIX 00BEKTOB YCIIEITHO UCIOJb3yeTC sl MEeTO/T
dbpakrambHOil ceekiuu [24]. @pakTagbHbIe METOIbI PACCIUTHIBAIOT JIJIsT
KaXKJIOW TOYKHU M300pakKeHusi 3HaYeHne (pPaKTaIbHON Pa3MEPHOCTU —
6a30Boro nmapaMerpa GppaKkTaIbHON FeOMETPUN. YCTAHOBUB IOPOTOBOE
3HadeHne HpaKTaIbHON Pa3MEepPHOCTH, MOYXKHO ONPEIEINThH, OTHOCUTCS
JIU JaHHAasi TOYKa M300parkKeHusi K IPUPOJTHOMY WJIM aHTPOIIOI€HHOMY
obbekTy. MccmeioBanust, npoBeeHHbIe B [25], 1I03BOJISIOT ONPEJEISTH IIOPOr
dpakTaIbHON PAZMEPHOCTH JJIs CHUMKOB, MOJIYIEHHBIX C KOCMUYIECKIX
OIITUKO-3JIEKTPOHHBIX CHUMKOB B Jinama3one 2.5—2.7. Ajropurm ocHOBaH Ha
dpakTaTbHBIX TPEOOPA3OBAHUAAX, B OCHOBY KOTOPBIX IIOJIOYKEH METO/T
npusMm [26]. TIpenioskeHHBIH aIrOPUTM TyBCTBUTENEH K MACIITA0Y HCXOTHOTO
n300pazKeHnst U MOPOrOBOMY 3HAYEHHUIO. JIJIsT ero peajn3aiui HeoOX0IuMO
3HATH JIMHEHHDbIE PA3MePhl BBIAEISIEMbBIX 00beKTOB. {0/ KPUTHIECKUX
omuboK THIIa «IPOIYCK 00beKTa» cocTaBiseT He bosee 7%, npudeMm ux
60JIBITIAasT YACTHh OTHOCUTCS K CAMOMY CJIOXKHOMY CIOXKETY, JIJIsl CJIydast
ILUIOTHON KOMITOHOBKY Pa3HOTUIHBIX O0BEKTOB. [[Jjist TPOCTBIX 0OBEKTOB
JTOJIST TIPABUJILHO BBIJEJICHHBIX 0ObEKTOB Ipubmkaerca K 99%.

2. Mertogb! n TexHonorum pabotbl ¢ aaHHbimu 133 6onblioro
obbema

Bwmecre ¢ TexHOSIOTHSIMEU TIPEBAPUTEIBHON 0OPAOOTKY, BBIIEICHUS,
pacro3HaBaHusi O0LEKTOB Ha cHUMKax /33 pa3BuBaroTcss MeToJbl U
TEXHOJIOTUH, TT03BOJIAoNNe 3(MMEKTUBHO PACIPEIETIATH BHIUUCIUTETBHYIO
HAIPY3KY M OPIaHU30BBIBATH CHCTeMbI XpaHeHust. Tak, B pabore [27]
IPEJUIOYKEHBI METO/IbI PAOOTHI CO CBEPXOOJIBIIINMU PACIIPEIEIEHHBIMI
apXUBaMM CIIyTHUKOBBIX JAHHBIX C MCIO/JIb30BAHUEM PAa3BUTBHIX U€JIOBEKO-
MAaIlIMHHBIX UHTePMECOB, CO3JaHHbIX HAa OCHOBe web-Texnostoruii. [Ipes-
JIO?KE€HA, MOJIEJIb TAHHBIX, OOECIIeINBAIONIAsl BeJIeHNE PACIPEIETIEHHBIX
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Puc. 4. Cxema opranuzaruu CuCTeM PacCIpee/IEHHOM HHTEPaK-
THUBHO# 00pabOTKN MHMOPMAIUN

CUCTEM XPaHEHHUs U OPHEHTHUPOBAHHAA HA JUHAMUYEeCKOe (DOPMUPOBAHUE
CJIOYKHBIX BHPTYAJIbHBIX HHMOPMAIMOHHBIX IPOAYKTOB B MOMEHT UX
3aIrpoca Ha OCHOBe xpausmuxcs. Ha puc. 4 mpejcraBieHa cxeMa Opranu3a-
UK CUCTEM PAacCIIPe/IeJIEHHON MHTEPAKTUBHON 00paboTKy MH(MOPMAIINH,
[IPEIOCTABIISIEMOl CBEPXOOJIBIIIIME [VIO0AIBHBIME apXuBaMu JaHHbIX 133,
B COOTBETCTBUH C IPEJIJIOKEHHBIM METOJIOM.

B crarbe [28] mpencrasiena pacupeenenHast MHGOPMAIMOHHO-BBIUHC-
JinTesibHas cucTema Ha ocHOBe mpoekTa Apache Hadoop jist o6paborku
mauubix /33 Ha npuMmepe rumep-u MyJIbTUCIEKTPAIBHBIX CILY THUKOBBIX
cHUMKOB. OT/IMIUTEIbHON OCOOEHHOCTHIO CUCTEMBI SIBJISIETCS BBICOKAST
CKOPOCTb PabOTHI CTAHJIAPTHBIX aJIrOPUTMOB Iporneccuara J[33, narerpupo-
BaHHBIX B CPEJy MAacCCOBO-IAPAJIIETBHOIO MCIOJHEHUS TPOrPAMMHOTO KOJIa
OTHOCHUTE/IBHO €r0 UCIOJIHEHNS B Ipejesiax OJIHOM MalmuHbI. Peajm3oBan-
HbIE [IPOrPaMMHbIE aJITOPUTMbI PACYeTa UHJIEKCOB UMEIOT CJIEIYOIue
dYHKITMOHAIBHBIE OCOOEHHOCTH:

(1) Mogmysms HDFSTiffReader mo3Bosisser mpon3BOIUTE IIOCTPOYHOE CIUTHI-
Banue u3 tiff-daiina, HaxoxgIerocs B XpaHUIUIIE JAHHBIX B (DailjoBoit
cucreme HDFS, 3nauenuii Touek (mmkceseit) cHUMKa, IOCPEACTBOM GUO-
sqmoreku JAI; zanuch nosyuennoi nH(GOPMAIINN HA ITAME U3BJICUCHUST
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JaHHBIX B (ails1, rie KaxkKaasd CTPOKa COIEPXKUT KJI0Y (HOMEp CTPOKU
B CHUMKE U €r0 HAauMEeHOBAaHWe) U YHMCIOBOH MACCUB, COJepKAaIuil
[IePeYNCIeHNe 3HAYECHUI BEIOPAHHBIX CIIEKTPOB TOYEK.

(2) st paboThI ¢ BBIXOAHBIMHU JAHHBIMU IIPEITPOIECCUHTA CO3IAHDI
AJITOPUTMBI pacdeTa UHICKCOB, B COOTBETCTBUHU ¢ mapaaurmoit MapRe-
duce, HAa KOTOPOIT TTOCTPOEH MeTOT 0O6paboTKu manubix. Merox Map
pa3buBaeT BXOIHON MOTOK HA KOPTEXKU JAHHBIX [0 MApe KJI0Y/3HAUeHHe.
Ha srane Reduce nmponcxomur obbeauHeHne MeJI0IUCIEHHBIX MACCUBOB
COTJIACHO 3HAYMEHUSIM KJIIOYa, Tepeaada X Ha BXOI (PYHKIMH pacdeTa
uHIeKcoB. OYHKIMS IPOM3BOAUT BBHIYKUC/IEHIE MHIIEKCOB U BO3BPAIIAET
MAacCCUB, cojiepxKaruii 3uadenust tuna float B kourekcr srama Reduce n
3AIIUCHIBAET €ro B IPOMEXKYTOYHBIN (bailyl, CO3MAaHHBIH y3/I0M KJacTepa
Hadoop.

(3) Ha sTame paboThbl aJiropuTMa COPTUPOBKHU M COXPAHEHUsT CO3/IAIOTCS
6urapHbie QaiyIbl, KOTOPBIE COMEPKAT OCIEI0BATEIbHbIE, B COOTBET-
CTBHE C KJIIOYOM, BBIXOJHBIE JIAHHBIE PACUYETa KOHKPETHOT'O MHJIEKCA,
HepednCcIeHul 3HaYeHUT ¢ MJIaBAIOIIE TOYKOM.

(4) Ilo oxorHvyanmu PabOTHI AJITOPUTMA, CO3aHUs (DANTIOB, CO/IEPIKAIITIX
PEe3yIbLTUPYIONINE 3HAYCHNS WHIEKCOB, HA BBIXOJE MOJIydaeM HAOOD
OUHAPHBIX (AJIOB, KOTOPbIE O0bEJINHSAIOTCS B OJMH IIPU TIOMOIIU METO/Ia
«merge» crapgapTHoro kjaacca «FSDataOutPut» npoekra Apache
Hadoop, KoTopslii Ha BXOJ IPUHAMAET 3HAYEHUE, MECTO PACIOJIOXKEHMSI
IIPUCOEINHAEMOro OMHAPHOTO (hbailyia U MyTh A0 PE3YIHTUPYIONIETO
daiiia.

B Hacrosiee Bpemsi IMHAPOKO UCIIOJIB3YIOTCS BBICOKOIIPOU3BOIUTE IbHBIE
TEXHOJIOIUU J1J1si OOPAOOTKHU JAHHBIX JIMCTAHIIMOHHOI'O 30HUPOBAHUSI
Semuin Ha BbrumcauTENbHbIX Kiaacrepax ¢ GPU. Tak, B pabore [29]
MPEJIaraeTCs MOAXO0 K CO3AHII0 BHICOKOIPOU3BOIUTEIBHBIX TEXHOJIOTHH,
peaJin30BaHHbBIN U alpoOUpoOBaHHBIl Ha rubpugHoM Kjacrepe HKC-
30T+GPU Cubupckoro CymnepKOMIIBIOTEPHOTO MEeHTpa. TeXHOJIorun
peasiuzoBanbl Kak pacmupenne cucreMbl SSCCIP (Siberian Scientific
Computing Center — Image Processing), unrerpupyromeii yaaaieHHyIo
MHOroIporeccopuayo 9BM B mporeccbl 00pabOTKH U aHAIN3a JTaHHBIX
1133 [30]. Cucrema peanmmsosana Ha si3bike C+-+, MEXKyY3JI0BOH 0OMeH Ha
MHOTOMpoteccoproil IBM BbINOHSETCS ¢ TTOMOIIBI0 KOMMYHAKAITMOHHON
oubmoreku MPI. fnpo 6ubsmoreku SSCC-PIPL pacmuperno mabmonamvu
BoinoHernst Ha GPU tunosbix omepanuii Haj n3obparkennsaMn. Kazkabrit
ITabJI0OH TUTIOBOI OTIEPAIINH COJIEPKUT KOJI, OOIIHUiT JIJIST BCEX OTepartmit
JaHHoro Tuia (3arpyska uzobpaxenuii B namars GPU u ob6parHo, 3arpyska
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mapamerpoB 0bpaborku B namaTsh GPU, BbIO/IHEHNE BBIYUCINTEIHHOTO
snpa CUDA, urepupoBaHue 10 TUKCEJISIM N300paXKeHUil, MaHUILYJIAIUN C
OKPECTHOCTSAMU IHUKCeJeil, ToJIydeHne 1 3a/[aHne 3HAYCHUN OTIeTbHBIX
nukceseii u up.). Tak:ke uMeercst Ko, CrenudUuIHbIi i KOHKPETHBIX
aJiropuTMoB (cepualiu3alius 1apaMeTpoB AJINOPUTMA B OJIOK HaMsITU
U BBIMIOJIHEHUE JIEMEHTAPHON oreparnun o6pabOTKU HAJ OTAE/IbHBIM
nukcesieM). GPU-peanuzanus ajiropurma HOMCKa KOJIBLUEBBIX CTPYKTYD C
HOMOIIBI0 OMOJMOTEKN YCTyIIaeT 0 MPOUM3BOAUTEILHOCTH JTUNIb Ha 1-2%
HU3KOYPOBHEBOI PeaJIM3aINN C IOMOIIBIO IPSIMOrO BBI30Ba MOIIPOIPAMM
CUDA. IIpu 3T0OM 3HAYUTEIHLHO YIPOCTHJICS TPOIECC CO3IAHUS MPOTPAMMBI
s GPU.

B uccnemosannn [31] mpuBomsATes pe3yIbTATHI MPAKTHIECKOTO UCTIONb-
30BaHUsI alllapaTHO-IIPOIPAMMHBIX KOMILJIEKCOB Ha, 0a3e pacipeieIeHHOM
rpuA-uHAPACTPYKTYPHI CYIIEPKOMIBIOTEPHBIX PECYPCOB JIJIsI PEIIeHUsT
PECYyPCOEMKHX MPUKJIAIHBIX 33/1a9 30HIUPOBaHus 3emMiirn. BO3MOXKHO-
CTHU IIPOrPAMMHOI0 KOMIIJIEKCA Ha OCHOBE OMOJIMOTEKH IapaJiiesbHO
obpaborku nzobpaxkennit PIPL tectupoBainch B paMkax mporpaMmbl
Coroznoro Tocynapersa «Kocmoc-HT» Ha 6a3e kiacTepHOil KOH(Urypamnuu
POLYGON _GPU 1t oTpabOTKH TEXHOJIOTHE HapaJslebHON 00paboTKu
60JIbIINX 00 beMOB UHGOPMaIu JaHHbIX J133, mpeacTaBisiommx coooi
BBICOKOKa4YEeCTBEHHBIE MYJILTUCIEKTPAJIbHBIE N300pakeHus. B quciio 3ama4
1udpoBoit 06pabOTKKM N300paKeHNl BXOJIAT BOCCTAHOBJICHUE 3AITyMJIEHHBIX
n300paKeHnit; PEKOHCTPYKIHA OObEKTOB; IMOBBIIIEHNE KAIECTBA U CTJIAKI-
BaHUe; OOHAPYKEHNEe SPKOCTHBIX IIeperajioB U JIMHUN; TEKCTYPHBIN aHam3;
cerMeHTarms 00JIacTh U paclo3HaBaHne 00pa3os; Mpeodpa3oBaAHNE MOy TO-
HOBBIX M300paXKeHuil; KapTorpaduieckasi reHepan3aliysi; FeOMeTPUIECKIe
Tpancdopmarmu u gAp. [IporpamMHo-anmapaTHas peau3ains Ha 6ase
PIPL umeer apxuTeKTypy KJIUEHT-CEPBEP, T/ cepBEepHAast KOMIIOHEHTA,
peasm3yeT 3alpalinBaeMble OIEPAINU MaPAJIIEIbHON 00paOOTKI NCXO/HOIO
n300parKeHus, & KJINEHTCKAs KOMIIOHEHTA IIPEOCTABISIET OMEPATOPY
TOJIb30BaTEILCKIH MHTEPdETiC.

B paGote [32] npescTraBieHbl HEKOTOPBIE TEXHOJIOIHH 00paboTKH
nauubix /133 B mporpammuoM komiuiekce PlanetaMonitoring, paspabarbiBa-
emoMm coBmectHo @T'BY «HUII “Ilnanera” u UBMuMI' CO PAH. B Tom
qucie it Kiaccudukanm JaHHbX 133 ucnomb3yores MeToipl, KOTOpbIe
MOKHO Pa30HUTh Ha JiBe I'PYIIILL: KOHTPOJIUPyeMas Kaaccudukaims ¢ obyde-
HUeM 1 Kiaccudukanus 6e3 o0yuenus. Konrponupyemast KiaaccuduKaims B
nporpammuoM KoMiniekce PlanetaMonitoring ocHoOBaHa Ha MCIIOJB30BaHUN
6aiiecOBCKOl cTpaTernu MakKCUMAJIBHOTO IPABIONOA00Us 11l HOPMAJIHHO
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pacipeiesIeHHbIX BeKTOpOB npusHakos [33]. B cocras nporpammuoro
KOMILJIEKCA TAKKe BXOJUT PEATU3aIHs] KIACCHIECKOrO AJTOPUTMA, JKECTKOM
KJIACTEPU3AIIN — AJrOpuT™Ma K -CpeIHUX, MMUPOKO UCIOJIB3YEMOTO JIJIst
pasbueHusi Ha KJIACTEPHI BOJIBIINX 00bEMOB MHOTOMEPHBIX JAHHBIX [34].
AJIbTepHATUBOM YKECTKOM pas3esisiioleil KJIaCTePU3alii ABJISETCI MATKAsT
WM HedeTKasl KJlacTepu3aliusi. B cocTaB CHCTEMBbI KJIACTEPU3AIUN TPO-
IPAMMHOIO KOMILJIEKCA ObLITa BKJIIOUEHA PEATU3AINs PsJjia aJTOPUTMOB
HEYETKOI KyiacTepu3aly Ha ocHoBe Metona C-cpenHux [35].

Pa6ora [36] mpearaer kpaTkuii 0630p METOIOB OPTraHU3AINN BBICOKO-
IPOU3BOIUTENLHBIX BBIUUCIEHUI, UCIIOJIB3YEMBIX [P PEIIEHAN Psijia 3a/1a1
00pabOTKM MYJIBTUCIIEKTPAJIBHBIX CITyTHUKOBBIX CHUMKOB. ABTOpPBI paccMar-
PUBAIOT BO3MOXKHOCTH TTPUMEHEHUS TAPAJIEIBHOTO MPOrPAMMUDOBAHUSA,
PACIPEJIESIEHHBIX U KJIACTEPHBIX BBIYUCIUTEBHBIX CHCTEM.

[Tepcriek TUBBI, OTKPBIBAIOIIUECS [TPA TPUMEHEHUH OOJIATHBIX TEX-
Hosoruii B cdepe xpanerus n o6paborku gaHubIX 133 0obcy)aamorcs
B nyOsmkanuu [37]. Tekcr HOCUT HAYIHO-NIOIYJISIPHBIN XapakTep, Ipu
9TOM B MEPBYIO 0Yepeb PeUIb UIET O BO3MOMKHOCTSIX, KOTOPBIE MMOJIYIaI0T
nocTaBIuKy JgaHubix JI33 u KoHeunbie moTpebuTesin. AHAJIOTUYIHO MPEIbI-
ayieit pabore, B cratbe [38] paccMaTpEBAIOTC BO3MOXKHOCTU [PUMEHEHNUS
UHQPPACTPYKTYPDI PACIPEIECTECHHBIX BEIYUCICHIN JJIsI PEIICHUS KOMILIEKCA,
3aj1a1 06paborku nanubix J[33. Bregensr obimue onpeiesennsi, pacCMOTPeHa
TEOPETUYECKAs STAJOHHAST APXUTEKTYPA TMOJ00HOI0 HA3EMHOIO KOMILIEKCA 1
MpUBEJIEH 0030 KJIIOYEBBIX TPUMEPOB HH(MPACTPYKTYPBI PACIIPEIETIEHHBIX
BBIYUCJICHUH, UCIIOIB3YEMBIX B 00JIACTH XpaHEHUsI, 00eCIIeUeH sl JOCTYIIa U
obpaborku manubix J133 (Matsu, GENESI-DR u GENESI-DEC, G-POD,
GEO Grid, GEOSS).

B pabore [39] npuBeneHbl pe3ynbraTbl TECTUPOBAHUS IPOIPAMMBI
SARscape Persistent Scatterers, npesnazHadenHoii st 00pabOTKH JAHHBIX
PAJIapHON KOCMUYECKOH CheMKH. ABTOpaMy POBEIEHBI SKCIEPUMEHTHI U
[IPeJICTABJIEHBI PE3YJIBTaThl TECTUPOBAHMS, JEMOHCTPUPYONINE 3HATUTE b=
HBIIl IPUPOCT Tpou3BOAUTEIbHOCTU IpH ucnojb3oBanuun GPU-kiacrepa
Jtst 06paboTKU GOJIBINX MACCUBOB PAJIAPHBIX JAHHBIX (CM. pHC. 5).

Eme onanM mambosiee BocTpeboBaHHBIM HampasjaenneM B obgactn /133
SIBJISIETCsT Pa3pabOTKa METOIOB M TEXHOJIOIHIl, COYeTANNX B cebe aHAIN3
maaubix JI33 u rexaonorun apronoMubix BILJIA. IIpu srom GoproBoit
Beruncyinreib BILJTA moxker Oparhs Ha cebs 4acTh WM MOJHYIO PaboTy IO
AHAN3Y CHAMKOB, (e3 o0paIneHns K Ha3eMHbIM cTaHnusiM. Tax, B crarbe [40]
paccMaTpuBaeTcs 00IIas apXuTeKTypa OOPTOBOrO BLIYUCIUTEIHHOTO
koMmiuiekca BITJIA,| mocTpoeHHOTO Ha OCHOBE MUHH-KOMIIBIOTEpa Ha 6a3e
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Puc. 5. PesyapraTs! TecTa npou3BOAUTENIBHOCTH /1)1 AJITOPUTMA
GbuIbTpaI KOMILIEKCHOTO PAIapHOTO CHUMKA

mwiargopmbl Intel NUC. IIpuBesnentbie pe3ysibTaThl 3KCIEPUMEHTAJIBHOIO
TECTUPOBAHUS [TOKA3BIBAIOT BO3MOYKHOCTH ITPOBEJIEHUS TTOJIHOTO ITAKJIA
06paboTKM JAHHBIX, MTOCTYTIAIONINX ¢ yCTaHOBJIeHHON Ha GopTy BITJTA
CTePEeOKaMEPBI, C IEJIbI0 BBIAEJICHUS 3aJaHHBIX MAPKEPOB, OIIPE/IEJIEHUs
JIUCTAHIIUU JI0 TIeJIM U TIOJIO2KEHUs I1esieBoro oobekTa. 1Ipn oprannzanum
BBIUNCJIEHUH HCIIOJIB3YETCsT MOJIEIIb APAJIIEIBLHOIO (MHOTOIOTOMHOIO)
[IPOTPaMMUPOBAHMUS.

Texuonorun FPGA ycremnno npuMeHsiioTcest 1 Ha G0PTOBBIX BBIYUCIIU-
resibHBIX 1taTdopmax BILJIA, perras 3amady obHApYKeHUs TOIBUKHBIX
o6bekToB [41]. TIpeyiaraemplit aBTOpaMu BADHAHT Pean3aiin obecneqnsa-
eT 00paboTKy BHIeOmoTOKa ¢ paspernenuem 640x480 nukceseir B peajbHOM
macrrabe Bpemenn (30 KaJpoB B CEKYHILY), DU 9TOM, aBTOPHI OTMEYAIOT,
4yTO Harpyska Ha paspaborannbiii FPGA-moayns cocrasisier menee 20%,
YTO OTKPBIBAET JIOIOJIHUTEIbHBIE BOSMOXKHOCTH I10 MCIIOJIb30BAHUIIO TEX-
Hostoruu. B crarbe [42] peub TakKe WJIET O BOBMOXKHOCTH IIPHMEHEHHUsI
FPGA-Texmonornu, aBropaMu MpejiaraeTcs peajn3alust aJrOpuTMa
[IOUCKA KJIIOYEBBIX TOYEK, IOCTPOEHHAS HA OCHOBE KOMOMHAIMH MOIUMUII-
posannoro SURF u BRIEF-aeckpunropos. Peajimzalys BbIlIOJIHEHA HA
ocHoBe amnmapataoi mrardopmber [IJINC Xilinx XC72K325T. ITokazano
3HaYUTE/JbHOE IIpeBocxoncTBo FPGA-peamu3anny 1o moka3aresiM CKO-
poctu o6paborku maHHbIX. CTaThst COMEPXKUT KPATKUI 0030p paboT 1o
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BO3MOYKHOCTSIM ITPUMEHEHNS aJIFOPUTMOB TOUCKA KJIIOYEBBIX TOYEK U
pazpaborke ux FPGA-peamzanmii.

B pab6ore [43] aBropamu npejjiaraercs napaJjuiebHas PeaJu3aliust
SVM-knaccudukaropa Ha OCHOBE s13bIKa BBICOKOTO ypoBHst RVC-CAL,
[IpeJIHa3HAaYeHHOro s onucanus dataflow-momesieit u moepKBaOIEro
aBTOMATHUYECKOE paclapaJiieTMBaHue TPOrpaMM Ha, Pa3JINIHBIX apXu-
TekTypax. HecMOTpst Ha TO, UTO 9KCIEPUMEHTAIBHBIE PE3YJIBTATHI OBLIN
[OJIyYeHbI aBTOPaMU Ha 33Jlade aHa/M3a MYJbTUCIEKTPAJbHBIX CHUMKOB 13
0obJIaCcTH MEJIUIMHBI, JAHHBIA KIacCupUKaTop, KaK U PACCMOTPEHHAs
TEXHOJIOTHST TIPOIPAMMEIPOBAHHUsI, MOIYT OBITH UCIIOJIB30BAHBI IIPU 00PabOTKe
nmanubix J133.

B Tpynax derBepToit MEXKIyHAPOIHON HAYIHO-TEXHUIECKON KOH-
depeniun « AKTyajbHBbIE TIPOOJIEMBI CO3MAHUST KOCMHUYECKUX CHCTEM
JIUCTAHIIMOHHOTO 30HMPOBAHUs 3eMJIN» IIPEJCTaBIeH JoKIa [44] o
pa3paboTKe OTEYeCTBEHHOIO MTPOrPAMMHOIO 00eCIIeUeHNs, TIPETHABHATEHHO-
O JUIsl AHAJIN3A T1eJIeBOH (CILy THUKOBO#) MHMOPMAIN: PEIeHust 3a1at
reorpaduIecKoll IPUBSI3KH, PAIHOMETPAYIECKON KOPPEKINN U KAJINOPOBKH,
PEOMETPUIECKON KOPPEKITUH U TEPEPOIMUPOBAHUS U JP. Y KAa3aHO, ITO
IIPOrPAMMHBIN KOMILJIEKC CTPOUTCsI ¢ ucrojb3oanueM Apache Hadoop,
00eCIIeInBAIOIIEr0 MOE/Ib PACIIPEIEIEHHON BBICOKOITPOU3BOIUTETLHOMN
00pabOTKM JTAHHBIX.

3aknio4veHne

Pacrmpenmne criekTpa MpUKIIQIHBIX 33189 PEMIaeMbIX ¢ HCIIOJIb30BAHAEM
cpencrs /133 u 3HaunTEBHBIN pocT 00beMOB 0OpabaThIBaeMoil HHMOPMa-
[, TOJy9IaeMOl ¢ UX TPUMEHEHNEeM TPeOYIOT pa3pabOTKA U BHEIPEHUs
COBPEMEHHBIX METOHOB M TexHoJioruil ;s 3ddekTrBHON 06padoTKN
MOCTYMAIOIMUX JaHHBIX. KpYyIHbIE IIPOrpaMMHbIE KOMILJIEKCHI, TPUCYTCTBYIO-
1€ HA PBIHKE FeOMH(MOPMAIMOHHBIX CUCTEM, AKTUBHO PA3BUBAIOTCHA U
pacimpsior cBoit pyuknuonas. [Ipu sTom mcciiemoBarenn u pa3pabOTINKN
IIPOrPaMMHOIO 00ECIIeYeHUsl NIy T Iy TH MMOBBIMEeHns 3D DEKTUBHOCTH
obpaborku manubix /133, mpuMeHsis TEXHOJIOTHH BBICOKOTIPOM3BOIUTEILHBIX
BBIYnCJIeHnil. PaspabaTbiBaeMble METOIBI U AJITOPUTMBI OIUPAIOTCI HA
HanboJiee COBPEMEHHBIE M aKTyaJbHbIE PENICHUS: MPUMEHSAIOTCS KaK
TEXHOJIOTUN TAPAJIJIEIFHOTO ITPOrPAMMUPOBAHUS JJIsi MHOTOSIJIEPHBIX
1,/ MHOTOIPOIIECCOPHBIX (KJIACTEPHBIX) CUCTEM, TAK W PACIIPEJIEJIEHHBIE
Beranciienusi, obyiaaabie 1 GPGPU-rexuosoruu. [Ipumenenne 1mo1o0HbIX
TEXHOJIOTHIT TO3BOJISET HE TOJHKO CHU3UTh BPEMEHHBIE 3aTPATHI HA PEIeHNe
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MPUKJIATHBIX 33144, CBA3aHHBIX C 00pabOTKOI HOIBITNX 00BEMOB JAHHBIX,
HO W OTKPBIBAET BO3MOXKHOCTHU HCIIOJIB30BaHUS 0OJIee PECypPCOEMKUX
AJITOPUTMOB, [IO3BOJIsIsI MIOBBINIATH KAYeCTBEHHBIE TIOKA3ATE I, 0DecreanBast
BBICOKOTOYHYIO OOpabOTKYy JIAHHBIX. SHAYUTEJILHBI HHTEPEC y UCCIIe-
JoBaTesieil BbI3bIBAET pa3pabOTKa U IIPUMEHEHNe MEeTOI0B 00paboTKH,
TOCTPOEHHBIX ¢ ucroJib3oBanneMm MTHC. D10 obyciaBiuBaercst TeM, 9TO
HCITOJIb30BAHNE MCKYCCTBEHHBIX HEHPOHHBIX CETell MTO3BOJISET IOJIYINTh
JIOCTATOYHO BBICOKOE KAa4eCTBO OOpabOTKU MOCTYIAIOIIEeH NH(MOPMAIIIH,
apxurektrypa THC o6Jiagaer BBICOKUM yPOBHEM MAPAJIIEIN3MA, 8 [10JIyIeH-
HBIE PEIIeHHs 3a9aCTyI0 SBJISIOTCS 60iee THOKUME U MOTYT HPUMEHSITHCS
IIPU PEIeHnn TeJIOT0 Pa 3a/1a4, CBI3aHHbIX ¢ 00paboTKOit rpaduaeckoit
u Bujieonndopmaruu. Haxomur cBoe npumenenne u FPGA-rexnosorust,
crocobHast 06eCIeYnTh MOCTPOEHUE BHICOKOIIPOM3BOIUTEIbHBIX PEITeHMIA,
byHKIMOHUPYOMIX HA 6OPTY, 0€3 UCIIOIb30BAHUS PECYPCOB HA3EMHBIX
KOMILIIEKCOB 00OPAOOTKHU JAHHBIX, UTO IMO3BOJIAET 3HAUATEIHHO MOBBICUTH
aBronomuocTh BITJIA.

AHaJM3 COBPEMEHHOI'O COCTOSIHHSI UCCJIEJIOBAHUN B IIPEIMETHO
00JTaCcTH TIOKA3BIBALT, UTO PA3BUTHUE TEXHOJOTH 06paboTKu JaHHbIX /133
UJeT IO IyTH Pa3paboTKu OoJiee BBICOKOYPOBHEBBIX, HHTEJJIEKTYaIbHDBIX
METOJIOB, IIpeJyIarasi KOHEIHOMY II0JIb30BATENIO PEIIeHNUs, [I03BOJISIONIHE, B
3HAYUTEILHON CTEIeHN, aBTOMATU3UPOBATD IPOIECC 0OPAOOTKN JAHHDBIX
[IPH PEIeHNN TPUKIATHBIX 3a/1a4.
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Nikolai Abramov, Dmitry Makarov, Alexander Talalaev, Vitaly Fralenko. Modern

methods for intelligent processing of Earth remote sensing data.

ABsTrRACT. The paper presents an overview of modern methods for processing
Earth remote sensing data. The analysis of works devoted to solving problems of
preliminary analysis of images, the selection and recognition of target objects for
their further monitoring is given. Emphasis has been placed on hybrid methods
for analyzing images using, among other things, high-performance processing
technologies and artificial neural networks. The features, problems and trends in
the development of big data processing technologies in various remote sensing
applications are shown. (In Russian).
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