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AJITOPUTM UHTEPAKTUBHOI'O BBIIEJIEHUA JUHEVMHBIX OFBEKTOB
HA ADPO®POTOCHUMKAX U KOCMHNYECKHUX U30BPAKEHUAX

Paccmampusaemes Hobitl n00X00 K peuteHuto 3a0aiu 6bl0eeHUst TUHEUHbIX 00beKnO08 Ha adpodo-
MOCHUMKAX U KOCMU4eckux usobpasicenusix. [lpednacaemes aneopumm uHmepakxmueHo20 GblOeieHUs] IUHel-
HbIX 00BEKMO8 ¢ NOMOWBIO IOMAHBIX TUHULL, PASPAOOMAHHBIL HA OCHO8E ONUCAHHO20 nooxoda. llpeumyuje-
CMeamu  aneopumma AGNAIOMCS BO3MOICHOCHL €20 OblCmMpo20 BbLINOAHEHUS, J1e2Kds HACMPOUKA Ol
npaKmuyeckoi pabomul, 603MONCHOCHb YOOOHOU PYUHOU KOPPEKMUPOBKU peuieHus. Aneopumm obecneuusa-
em BbICOKYIO MOYHOCMb BblOENEHUs 00LEKMO8 HA KOCMUYECKUX CHUMKAX CPEOHe20 U HU3KO20 Pa3PeuleHusl.
Onucuigaiomesi ocobeHHocmu nOCIe008aAMENbHbIX U NAPATICTbHBIX 6bIYUCTUMENbHBIX U NPOSPAMMHBIX ped-
auzayuil areopumma. Paspabomannvie nooxoovl K peamuzayusim npeoiodiceHHO20 dN20pUMMAa No360J U
VMEHbUIUMb HA HECKOILKO NOPAOKO8 00beM mpebyemblX GblUUCIeHUTl, d MAKJICe COKPAMUMb 8PEMs €20 Gbl-
NOIHEHUs NPAKMuYecku 00 0oell ceKyHovl. Ilpusoosamea oyenku 6bicmpooelicmeuss epcull aneopumma, on-
MUMUSUPOBAHHBIX OJIs1 GbINOIHEHUSL HA 8UOCOKApMme.

BBenenune

B mocnennune roapl Bce OOMBIIYIO 3HAYMMOCTH HNPUOOpETAET aKkTyajdbHas Kaprorpaduieckas
uHpopmarus. KapTel MECTHOCTH MOBCEMECTHO MCIONB3YIOTCSI B CTPOMTENLCTBE, HABHTAIWH, CEllb-
CKOM XO3SICTBE, NIPH Ype3BbIUaiHbIX CUTyauusix U T. A. Hanbosee BocTpeOOBaHHBIMU SIBISIOTCS Kap-
Tl MECTHOCTH, TOCTPOCHHBIE Ha OCHOBE MAHHBIX TUCTAHIMOHHOTO 30HIupoBaHus 3emmm (/33).
B 3aBucuMocCTH OT pemraeMbIX 3afjad UCHONb3YIOTCA CHUMKH HU3KOTO, CPEAHEr0 MM BBICOKOTO pas-
pemenns. OHAKO IS TONyYSHUsT HY>)KHOW MH(OpMAIMK B JONOJIHEHUE K ITUPOKHUM BO3MOXKHOCTSIM
BbIOOpa u momy4yeHus 133 HeoOXoauMo Hanmu4ue OBICTPBIX, HAIEKHBIX METONOB M aJTOPUTMOB JE-
I pUpPOBaHUSL.

IIpu pemeHNN yMOMSHYTHIX M MHOTHX JPYTHX TNPHUKIATHBIX 3a/1ad HCIOJB3YIOTCS CHUMKHU
CPEIHEr0 WJIM HHU3KOI'O MPOCTPAHCTBEHHOTO pa3pelieHus] ¢ OONBLIMM KOJUYECTBOM CIIEKTPaTbHBIX
KaHaJIOB, KOTOpPbIE ObLIM MOJIy4eHbI, HApUMep, co criyTHukoB Landsat 5, 7, 8 u ap. [1]. 3agaun cer-
MEHTAIH U JIEMUPPUPOBAHUS TAKUX CIEKTPATBHBIX CHUMKOB TPYJIHBI: JIJIsl UX peuieHus: Tpedyercs
6ombII0i 00beM pabOThI, BBIMONHIEMO ClienuaaucTaMu BpyuHywoo [2]. TpyAHOCTh 31ech BbI3BaHa
HEBBICOKHUM MPOCTPAHCTBEHHBIM pa3pellieHHeM CHHMKOB, HampuMep, /Ui ciyTHHKOB Landsat 7 u 8
0oHO paBHO 30 M Ha MHUKCEN JJIsl CIEKTPAITBHBIX KAaHAIOB M 15 M Ha MUKCEN I MTaHXPOMaTHIECKOTO
KaHasa. Pa3zpaboTka anropuTMoB BbIIETICHNST 00BEKTOB PA3IMYHOTO THIIA HA TAKUX M300paKCHHSX JI0
CHUX IOp SABJISIETCA aKTyalbHOMU 3a7aueH.

K coxaneHuro, anropuTMbl aBTOMaTHYECKOW CErMEHTAallMd HE OTJIMYAIOTCS BBICOKOM TOYHO-
CTBIO U HAJISKHOCTBIO, TIO3TOMY WHTEPAKTHBHBIC METO/IbI C PA3IMYHON J0Jieit aBTomaru3anuu [3—12]
HO-TIPEKHEMY OCTaroTCs 0oJiee MPEANOUYTUTEIbHBIMU JJIsI BBITOJIHEHHS IPAKTHUECKOro AeMH(PUPO-
BaHU a3pO(POTOCHUMKOB U KOCMUYECKUX N300paXeHUH CpeJHEr0 U HU3KOTO pa3peIieHus..

B mpouecce BekTopH3anMu KOCMUYECKHMX CHUMKOB 3HAYUTEIbHBIE YCHUJIUS 3aTpauyMBaIOTCS Ha
BbIJICJIEHUE JIMHEHHBIX 00BEKTOB: JIOPOT, PEK, a Takke rpaHull 00beKToB. [Ipr 3TOM HE3aBUCHMO OT
TOTO, SIBJISIETCS JIMHEHHBIA 00BEKT ac(hanbTHON WIIM MPOCETOYHOM TOPOTOM, MM TPOITMHKOM, MU Ma-
JIOW PEKOH, TSI CHUMKOB CPEIHEr0 W HU3KOTO MPOCTPAHCTBEHHOTO Pa3pelIeH sl ero IMHUPHHA OOBITHO
paBHa OJTHOMY WJIM HECKOJIbKHM MHUKCENaM. DTO YacTO JIe€JaeT HEBO3MOXKHBIM BBHITIOJHEHHE 33Ja49d
BEKTOPH3allUM CHUMKa B aBTOMAaTHYECKOM PEXHUME U CYIIECTBEHHO 3aTPYJHSET €€ pelleHrEe B MHTe-
PaKTUBHOM.

B Hacrosmeit pabote mpejiaraeTcs allrOPUTM WHTEPAKTUBHOTO BBIJCIICHHS JIMHEWHBIX 00BEK-
TOB Ha a’pO(OTOCHUMKAX U KOCMHYECKHX M300paKEHHSX CPEJIHEro M HHU3KOI0 MPOCTPAHCTBEHHOI'O
pa3peleHus ¢ MOMOIIBIO JJOMaHbIX JIMHUH. [IpenMyIiiecTBaMu peyIoKEHHOTO alropuTMa SBIISETCS
BO3MOKHOCTbH €T0 OBICTPOTO BBITIOJHEHHS B T€UEHHUE J0JEH CEKYHbI, JIeTKas HaCTPOiiKa I MpaKTHu-
YecKOH paboThI, BOBMOXKHOCTh YJOOHOW PYYHOW KOPPEKTHPOBKH pelleHus. VIHTepakTUBHAS 4acTh
IrOpUTMa 3aKII0YaeTCs B 33aHUH SKCIEPTOM Ha M300paKEHUH HAYaIbHOM M KOHEUHOW TOYEK BBI-
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JIeTSIEMOT0 y4acTKa JIMHEHHOro o0bekTa. [IpuBOaUTCS OlCHKa OBICTPONCHCTBHS MOCIIEA0BATEILHOM
peasi3aly arOpUTMa, a TAaK)KE OMUCHIBACTCS AITOPHTM, OCHOBAHHBIH Ha pa3pabOTaHHOH BepcUH
MeToJa TMHAMHYECKOro mporpaMMupoBanus [13], mo3BOJSIOMINI TPOBOANTH BHIYKMCIICHHS B Mapall-
JICTTBHOM PEKUME, TEM CaMbIM YMEHbIIAsl KOJIMYECTBO ONEpPAIMi MPU TMTOMCKE HAMIYYIIEro PeLICHHS
¥ 00bEM HCIOJIb3YeMOH P ATOM maMsTH. OMUCHIBAIOTCS PE3yJIbTaThl, ONYYCHHBIC MPH MPAaKTHUYE-
CKO¥1 mapasuieNnbHON pealn3alny JaHHOTO allTOPUTMA C UCTIOIb30BaHUEM TEXHOJIOTHH MPOrPaAMMUPO-
Banus Bugeokaptr CUDA [14, 15].

1. Onucanue aIropuT™Ma BhlieJIeHUs JHUHEIHBIX 00bEKTOB

[IpeanoxxeHHbI anrOpUTM MPUOTMKACT JIOMAaHBIMHU JIMHUSAMHU Hamepel 3aJaHHOW KPUBH3HBI
YYaCTKH JIMHEHHBIX OOBEKTOB Ha M300paKEHUSIX, KOTOPhIE OrPaHUYEHBI ABYMSI IIMKCEIAMU, BBIACTICH-
HBIMH 9KCIIEPTOM B HHTEPaKTHBHOM pexume (puc. 1).

BxogHpiMU TapaMeTpamMu alropuTMa sBISIOTCS:

— HAYAIIBHBIM @ ¥ KOHEYHbIH D muKcensl yyacTka THHEWHOTO 00BEKTa;

— YKCJIO 3BE€HbEB JIOMAHOM;

— IJIMHA HAIIPaBJIOLINX OTPE3KOB, HA KOTOPBIX BEIOUPAIOTCS y3JIbl JIOMaHbIX (CM. puc. 1);

— JOIYCTUMBIA YTOJl Y MEXAY COCEAHHMH 3BEHBSAMH JIOMaHOW, OrpaHUYMBAIOIIUI KPHBH3HY
peuieHus.

Hapsany ¢ ykazaHHBIMH BXOJHBIMH IIapaMETPaMU MOXHO TaKKe MU3MEHSTH B Cllydyae HEOOXOIu-
MOCTH IIMPHUHY B ITUKCEJIaX pacTPOBOrO MPEICTABICHUS JIOMAaHOH, a TAK)KE BHIOUPATh TUI T'PaTIUCHT-
HOT'O OTlepaTopa, MpeAHa3HAYeHHOTO JUIsl BBIICICHUS TPaHUIl OOBEKTOB Ha M300payKeHHUH, HIIH JaKe
3a/1aBaTh €T0 B SIBHOM BUJE.

BeImosHEeHHE alrOpUTMa HAYMHACTCS ¢ PYYHOTO BBIICICHHS JBYX muKcenoB & u b, orpa-
HUYHMBAIONIMX yYacTOK JMHEHHOrO 00BEKTa, KOTOPBIM 3aTeM OyJeT HaileH aBToMaTH4ecKH. BbI-
JIETICHHBIE MMHUKCENBl COCIUHSIOTCA MOCTPOCHHBIMH AJTOPUTMOM HENPEPBIBHBIMU JIOMaHBIMU JIH-
HHUSAMHU, Y376l KOTOPBIX &= Py, P, ..., P, =D JIekKaT Ha HaNPaBJIAIOIIUX, HEPIIECHAUKYIAPHBIX OTPE3KY

[@,b] (cm. puc. 1). Cpean Beex JTOMaHBIX BBIOMpAETCs Ta, KOTOpass B HaHOOJBIIEH Mepe 3armoHeHa

TpagueHTOM H300pakeHUsl, OPTOTOHANBHBIM K 3BEHBSIM 3Toi nomaHoi. [logpoOHoe omucanme He-
CKOJIBKUX (PYHKIUH-KPUTEPHUEB 3alIOJHEHHOCTH JIOMaHOW IPpaueHTOM mpuBeneHo B [16]. HaiinenHas
JIOMaHasi IPUHUMAETCS B KAYECTBE MPUOJIMIKEHUS YIacTKa TMHEWHOTO 00BEKTA.

Puc. 1. [Ipumep pacueTa 4aCTUYHBIX CyMM C Y4ETOM yIJla MEXIY OTPE3KaMH Y

q)OpMaHBHO HpC,ZIHO)KGHHBIﬁ AJITOPUTM COCTOMT U3 CICAYIOIINX IHaroB, KOTOPBLIC ITOACHACT
puc. 1:

Ilae 1. ITonp30BaTeNb 331aeT UCXOJHbIC JaHHbIC: HAYaJbHBIA & U KOHEYHBIH D miKcensl yyact-
Ka JIMHEHHOro 00bheKTa Ha a’3po(OTOCHUMKE MIIM KOCMHYECKOM H300paKEHHH, KOTOPBIA OyneT mpH-
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OImKeH JIOMAaHOM JIMHMEH, YKMCI0 3BEHbEB JOMAHOM N; YHUCTO TOYEK Ha KaKIoi Hampasisromei d;
MaKCUMAaJIbHO Pa3peUICHHBIA Yrojl M3J0Ma JIOMAaHOW 7Y, OrpaHUYMBAIOLIUN TOMYCTUMYIO KPUBU3HY
perieHusl.

Ilae 2. CtpouTcs OTPE30K MPsIMOiA ¢ KOHIIaMH & W D, KOTopsIii pa3buBaeTcs Ha 3apaHee 3a-
JTAHHOE TOJIL30BATENIEM KOJIMYECTBO OJIMHAKOBBIX OTPEe3KOB. KOOpAMHATHI MUKCEI0B pa30UeHHS 3aHO-
CATCA B MACCHB.

Ilaz 3. BeiOupaercs oIMH W3 M3BECTHBIX ONEPATOPOB ISl IOCTPOCHUS TPAAHEHTa UCXOIHOTO
n3o0paxkeHus, Hanpumep omepatop [IpeButrt, Cobens W T. XI., WIU JKEJTaeMbIH ONEpaTop 3aacTcs
MOJIL30BATEIIEM UHTCPAKTUBHO B 3aBUCUMOCTH OT XapPaKTEPUCTUK 00padaThIBAEMOT0 N300paKEeHUSI.

Ilae 4. BeraucnsgeTcst TpagueHT UCXOTHOTO H300paKeHHUsI, KOTOPBIH COXpaHAETCS B OTIACITHFHOM
MacCHUBe.

Ilae 5. Ind nMKCcenoB a= Py, Py, ..., P, =D (COXpaHEHHBIX B MacCUBE), Pa3OUBAIOIINX OTPE3OK

[a, b] Ha paBHBIC WHTEpBAIBI, CTPOSITCS HANPABISIONIAE IOMAHBIX — OTPE3KH MPSIMBIX JTHHUHN 3a]laH-
HOW JUIMHBI, NepHeHAuKyspHbie [, b] u npoxoxsumme wepes P;, j=1..,n-1. Kaxnas nanpas-

Jsrolnas pa3OMBaeTCs Ha pPaBHBbIC MHTEPBAIbI, YUCIO KOTOPBIX 3ajaeTcd monb3oBareneM. Mmeer
CMBICJI pa30MBaTh HAMPABISIOIINE TAK, YTOOBI UTMHA HHTEPBAJIOB ObLIa OOJIBIIE OJHOTO ITHKCENA.
Llaz 6. PaccMaTpuBarOTCsl BCEBO3MOXKHBIE PACTPOBBIE JJOMAaHbIE C HAYAJIOM B MHKCENE a, KOH-
[IOM B muKcene b u y3mamMu B KOHIIAX MHTEPBAJIOB pa3OMEHMs HampaBsAiomuX. s Kax ol pacTpo-
BOW JIOMaHOW BBIYHMCIISIETCS U COXPAHSCTCS CyMMa S MOAYJEH CHHYCOB YIJIOB MEXIY TPaJHeHTOM
n300paXKeHU U OTPE3KOM JIOMAHOM.
Hlaz 7. HaxoguTcs MakcuMalpHas CyMMa S~ M3 BCEX CyMM, BBIYHMCJICHHBIX Ha HIare 6 IpH

IIOJIHOM Iepe0ope BcexX JIOMAaHbBIX C Y4E€TOM 3a7aBaeMOro IOJIb30BaTEIEM MAKCUMAJIbHOIO JOILYCTH-
MOTO yTja Y MEeXIy OTpe3KaMH JIBYX COCETHUX HalpaBISIOIIKX. 3allOMHUHAIOTCSA TakKe KOOPAMHATHI
Y3JI0B 3TOH JIOMaHOH.

Ilaz 8. 3anUCHIBAIOTCS B MACCUB KOOPIMHATHI y3JI0B HAalIEHHOM JIOMaHo# ¢ S = Smax .

Ilaz 9. HaiinenHast ToMaHasi JIMHUS, KOTOpasi IPUHAMAETCS 32 MPUOIIKEHNE YYacTKa JIHMHEH-
HOTO 00BEKTa, 0TOOpaXkaeTcs Ha (POHE UCXOTHOTO H300PaKESHHS.

Hlae 10. B cnyyae HEOOXOIUMOCTH IMOJIL30BATENb MOKET CKOPPEKTHPOBATH (HOPMY JIOMaHOM
B MHTEPAKTUBHOM PEXHME ITyTEM NEPETACKUBAHUS OJHOTO MIIM HECKOJIBKHX €€ Y3JIOB.

Llae 11. llony4yeHHoe pelieHre NPUHUMAETCS WM OTMEHSEeTCs Ionb3oBaTeneM. Ecnu pesyns-
TaT MPUHST, €T0 MOXKHO COXpPaHHTH B (ailyl U MPOJOIKUTE paboTy anropuTMa. B ciydae mpoomke-
HHS THKCEN D CTAHOBUTCS HAYalbHBIM JJIsl HOBOI'O ydyacTKa JMHEHHOrO 00BeKTa, T. €. MoJiaracTcs
a=b. [lanee BeiOupaercs HOBbI mukcen b (koHen HOBoro y4yacTka) u nmosropsitorest maru 1-10.

2. OnieHKa OBICTPOJAEHCTBHS MOCJIEA0BATEILHON peain3alun ajJropuTMa

[Mpu aemmdpupoBaHuu H300pAKEHUI TPOrPaAMMHAs pealIn3allysi alrOPUTMa 3aIyCKaeTCs MHO-
TOKPaTHO, ITI03TOMY OJHUM U3 OCHOBHBIX TPEOOBaHMI K HEH SBJISIETCS] BO3SMOXKHOCTh BBIITOJTHEHUS aJl-
TOpPHUTMa B PEXHUME PEATBHOI0 BpPEMEHH JIM00 He OoJiee YeM ¢ OJHOCEKYHIHON 3aE€PIKKOI.

TecTupoBaHue HEONTUMUZUPOBAHHON BEPCHH aITOPUTMa, OCHOBAHHOW Ha TIOJHOM Tiepebope Bcex
JIOMaHbIX, TIOKa3ano, YTo OOJIbILIAs YaCTh BPEMEHH BBIYMCIICHHS IIPUXOIUTCS Ha BBIOOP HAMITyUILeH JIoMa-
HOM U3 BCeX MOCTPOEHHBIX (puc. 2). OHO O4eHb BENUKO VISl MPAKTUUECKON PeaIM3alliy alrOpUTMA.

KonmuectBo omepanwmii N npu noiaHOM mepebope Bcex BapHaHTOB 3aBHCUT OT YHCIIA BCEX BO3-
MOYKHBIX JIOMaHbIX. O4YEeBUIHO, YTO €CiiK 0 — YUCII0 TOYEeK Ha KaXI0H HANPaBISIONICH, N — UX KOJIHYe-

ctBo, TO N = O(d ”) . Hampumep, Bpemst BEIYHCIICHNS ONITUMAIBLHOM JIOMaHOU ¢ 7 y3nmamu u 64 Touka-

MU Ha Ka)KJ0i HalpaBJSIone MeToaoM moiHoro nmepebopa va CPU Core2Quad Q6600 paswo 77,6 c.
He cnumkom 6onpmoit addekt gaet pacnapaienuBaHie alropuTMa B YACTOM BHJE JUIS BbI-
TIOJIHEHUS Ha JIByX-4yeTbIpeXx sapax mpoueccopa. Ilpu 3Ttom He ocraercs cBOOOIHBIX PECYPCOB HPO-
reccopa JUIst BBITOITHEHUS IPYTUX 3a]a4.
Jis ycKOpeHus: pacueToB He00X0AUMO OBIJIO, BO-TIEPBBIX, MepepadoTaTh allrOPUTM, YMEHBIIIUB
KOJINYECTBO Olepanuii, HEOOXOAUMBIX Ul MOMCKAa ONTHMAJIBHOTO PEIICHHS, U, BO-BTOPBIX, MaKCHU-
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MaJbHO PaclapaUIeIUTh €ro MPOrpaMMHYIO pealn3aluio, 3a1eHCTBOBAB BUACOKAPTY, KOTOpas odec-
NEYNBACT OJJHOBPEMEHHOE BBITIOIIHCHNE OTPOMHOTO YHCIIA OTIEPALTH.
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Puc. 2. Jlonst BpeMeHH MOMCKa ONTUMAIIBHOM JIOMaHOU CPe/i BCEX JOMYCTUMBIX, B IPOIIEHTAX
oT 001ero BpeMeH: padoTs! anroputMa. I1o ocu X 0TIIOKEeHO YHCiIo y3710B JoMaHoi. KpuBeie
COOTBETCTBYIOT 32, 64, 128, 256 y31mam Ha Kax/10i1 HarpaBIIsoLIei

Ecau ne YUUTBIBATH OTPaHUYCHUC HA KPUBU3HY J'IOMaHOI\/'I, MCTOJAbl JUHAMHWYECKOI'0 IIporpam-
muposanus (1) mo3BonsOT HaliTh Hawmydiee npubamkenne 3a N :O(dz(n -1 +d) orepanuii,
rie, Kak 1 paHee, d — YMCII0 TOYEK HA KaXIOW HANPAaBIISIOIICH, N — KOJMYECTBO Hampasistomux. Og-
HaKO 1JA BBIACICHHA JIMHEMHBIX O6T)CKTOB C MOMOUIBIO JIOMAHBIX MPEANIOYTHUTCIIBHO HCIIOJIb30BAThH
OrpaHHYCHHE HA MX KPUBH3HY, TAK KaK 3TO MO3BOJSIET 3HAYMMO MOBBICUTH TOYHOCTH BBIICICHUS Ha

N300paXKEHUAX HEBBICOKOTO pa3pelieHus U MPY HAIWYMW IIYMOB U HCKaxxeHUH. CrennanbHo ISl Ta-
KOro ciyydasi Obia pa3paboTaHa BepcHs METO/a JUHAMHYECKOrO MPOrpaMMUPOBAHUS, TTO3BOJISIONIAs

HAXOJWTh MPUOJIMIKEHHSI IOMaHbIMU 33JJAHHON KPUBH3HBI 32 N = O(d (n-2)+d 2) oreparuii.

Jns nanpHeWnero yCKOpeHWsl BBIUYHCICHHH ObLIM pa3palboTaHbl NMapajuielbHbIE pearnu3aliu
JIl-Bepcuii aaropurMa ¢ UCIOJIB30BaHHEM TeXHONOTHH niporpamMmmupoBannst CUDA.

3. O01iee onucanue NapaLIeIbHOr0 AJIrOPUTMA MOMCKA HAMJIYYLLIEro peleHust

[apamensHast Bepcusl alropuTMa CIelraibHO pa3paboTaHa it OONBIIOTO KOJIWYECTBA OJTHO-
BPEMEHHO PabOTAaOIIUX MMOTOKOB ¢ YYETOM TPEX OCHOBHBIX TPEOOBAaHUI: COKPATUTH BPEMsI BBIIIOJIHE-
HUs 1 00IIIee KOJIMYESCTBO OIEpallnii, a TAKKE YMEHBIIUTh 00bEM HaMSITH, HCIIOJIb3YEMOW Ha IpoMe-
JKYTOYHBIX IIarax paboThI aaroput™Ma. Ee 0COOEHHOCTh 3aKITI0YaeTCsl B BO3MOKHOCTH MapajlIeIbHOTO
BBITIOJTHEHUS IIaroB anroputMa. I (GEeKTUBHOE paclapauieiBaHie allrOPUTMa BO3MOXHO B Ciydae,
Korjga (PYHKIUS-KPUTEPUN aJropuT™Ma, Ha OCHOBE KOTOPOW CTPOHUTCS JIOMaHas, PUOJIMIKAIOIIas JIU-
HEHHBINA 00BEKT, SABJSCTCS aJIUTUBHON (DYHKIIUECH OTHOCUTEIHLHO 3BEHBEB JIOMAHOM.

O0603HauUM uepes (p( L) (GYHKUMIO-KPUTEPUH — YUCIOBYIO XapaKTepUCTHKY JIoMaHo# L, Ha oc-
HOBE MaKCHMH3AIUK KOTOPOH CTPOWTCS MPUOIMKEHNE (JIETAIbHOE ONHCAaHNe KPUTEPHUEB MIPHBEICHO
B [16]). Bynem ucrnosnp3oBath (p( L), aJIUTUBHBIE OTHOCHUTENBHO €€ 3BEHBEB:

o(L) =2 0(L(Jir 1)

rae j,=a, j,=Db —HavanpHas U KOHEUHask TOYKH JIOMAHOM;
ji=12,..d (i =12,..,n —1) — KOOPJIMHATHI Y3JI0B JIOMaHOH OTHOCUTEIBHO COOTBETCTBYIOLIEH

HampasJstonen (cM. puc. 1), Win, HHBIMH CJI0BaMH{, HOMEpPA TOYEK Ha KayKJOW HaIpaBIISIOIEH;
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L(jiy, Ji) — OTPE3KH TOMAHBIX, OTPAHHYCHHBIC TOUKAMH |, ;.

JIyis MPOCTOTHI TOSICHAM MPHUHITUIT PA0OTHI arOpPUTMa Ha TPUMEPE JIOMAaHOM C MATHIO HAMpaB-
sstronMu THHUSIMA (puc. 3). KoopauHaThl BHYTPEHHHUX 3BEHBEB JIOMAHBIX OTHOCHTEIBHO COOTBETCT-
BYIOIIIUX HANPaBISIOMUX OyaeM o0o3Havats |, |, K, I, m.

Puc. 3. [Ipumep mocTpocHUS HANPABIISIONINX JIMHUIA B TOYKaX U3rHOa

Illaz A. BeraucnseM 1 3alIOMHHAEM XapaKTEPUCTHKU (p( L( Jias i )) BCEX BO3MOXHBIX OTPE3KOB
JIOMaHBIX.

llaz b. BeruucisieM XapaKTEpUCTUKH P = q)( L, j, k)) BCEX TPEX3BEHHBIX JOMAHbBIX JOMYCTH-
Mo# kpuBH3HBI L(i, J, K), BBIXOSIIMX U3 TOUKH & U MPOXOIAIINX Yepe3 TOUKH i, j B KOKAYIO TOUKY K
TpeTheil Hampapisromeit TuHun. J{is Kax 0¥ mapel HHACKCOB j, K BTOpOW M TpeTheil JOMaHBIX Ha-

XOIMM U COXpaHsieM 3HadeHus QyHKLHOHAIA (p(L(i, Js k)) Ha JIOKaJIbHO ONTHUMAJIbHBIX TPEX3BEHHBIX
JIOMaHBIX, TMPOXO/SIIMX Yepe3 TOUKU |, K, ¥ HOMEp TOYKM Ha MEpBOW HAMPABISIONMICH IS ONTH-

MAaJIbHOM JIOMaHOM:
() =max"{o(L(, j,k)} i, () =argmax” {o(L(, j,k))}. 1)
CumBon * B (popmyiie (1) o003HaUaeT, YTO MAKCUMYM OEPETCs TOJIBKO IO TPEX3BEHHBIM JIOMa-

HBIM C JIOIIYCTHMOW KPUBHU3HOM, HHAUE TOBOPSI, TAKUM, Y KOTOPBIX COCEHUE OTPE3KH 00pa3yloT MEeX-
Iy co0OH yroJi, MEHBIIWI HaNlepe 3a1aHHOTO yIia .

Illaz B. BeduciseM M 3alIOMMHAEM 3HaYeHHs (DYHKIMOHATIA (p(L(i, J, K, |)) Ha JIOKAJIBHO OII-

THMaJIbHBIX YETHIPEX3BEHHBIX JIOMaHbIX, TPOXOSIIMX Yepe3 Touku K, |
¢, (2) = mlajx* { o(Ld, j. k, I))} = m?x* { @, D +(p(L(k, I))}
Y 3HAYEHHS KOOPIHHAT
1@, Ty =argmax {o(LG. J.k.)}
Ilae I'. TIoBTOpsieM BBIYKMCIICHUS TS NSTH3BEHHBIX Jomanbix L(i, j, K, 1, m):

93 =max { (L(0, J.k. 1. m)} = max" { ¢, (2) +o(L (1. m))}

i;,m (3)’ ]I,m (3)7 IZlm(?’) = arg_mkaX* {(p(L(I’ j’ k’ I: m))}
Ll
Llac ,ZZ . AHaJIOru4HO OpeaAbIAYIIUM BbIYHUCIICHUAM HAXOAUM

0, (4) :rir’ljz%* { o(LG, j. k.1, m, b))} :mlax* { @ m(3) +o(L(m, b))}
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I (4), J (4), k. (4). 1, (4) =arg max’ {o(Ld, j.k,1,m, B))}.

Hlaz E. BeraucinseM MakCUMyM IO M cpelu 9ucen ¢, (4) U COOTBETCTBYIONINE 3HAYEHUS y3-

108, HaxoauM koopauHatsi 1 (5), j(5), K(5), I(5), M(5) 3BeHbEB OMTHMATBHOIM TOMAHOIA.

Hlaz 7K. Koner.

JlaHHasi BepcHsl alrOpUTMa JOIyCKaeT OBICTPOE MapauIeIbHOE BBIMOJHEHHE Ha COBPEMEHHBIX
OO/DKETHBIX BUJICOKApTax, TaKKUX, Harpumep, kak GeForce GTX 650 Ti.

[NapannensHas Bepcus alropuTMa, 1Mo CyTH, 3aKJIIOYAETCs B BBINOJHEHUH maros 1-5 mocieno-
BaTEJIBHOTO alropuTMa, maroB A—E mapamienbHONH BepcHM BBIYHCICHHS MaKCHMyMa (YHKIWH-
KpHUTepHs U 3aTeM maroB 8—11 mocnenoBaTebHONW BEPCHH.

4, Pe3y.]'leaTbl TECTUPOBAHMSA AJITOPUTMA U €r0 Hapa.]'l.]'le.l'lbl-IOﬁ peajn3annuu

TecTrpoBaHre OKA3aJI0 IOCTATOYHO BBICOKYIO TOYHOCTH IIOCTPOSHHOTO anroputma (puc. 4).

Puc. 4. Ilpumeps! paboThI alropuT™Ma
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Ha xocMHYecKuX CHHMKax, MOJYYEHHbIX co crmyTHHka Landsat 8, anroputm Beigessier Ooiee
95 % yyacTkoB NHHEHHBIX 00BEKTOB. Ilocie ero HacTPOMKM Ha KOHKPETHBIC CHUMKH BBIJCISIOTCS
octaibHbIie 5 %.

[MapannensHast BepCcHs alrOpuTMa peaii30BaHa ¢ UCIOIh30BAHUEM TEXHOJIOTHH MPOTPAMMHUPO-
Banusi CUDA. TlonyueHHbIe JaHHBIC TeCTUPOBaHUs (Tabnuia) mokassiBatoT, uto CUDA-Bepcus ma-
pPAJICIEHOTO aJrOpUTMa BBITIONHSACT PacueThl 3a MPUEMIIEMOE BpeMs (JIOJIM CEKYHIb) B IIUPOKOM
JMarna3oHe 3HAaYCHUN BXOJHBIX MapaMeTpoB. IIpu 3TOM BpeMs pacueToB HE CHIILHO U3MEHSETCS MPHU
YBEITMYCHUH KOJIMYECTBA OMepaInii.

Bpewms Boimonaennst Ha GPU GeForce GTX 650Ti mapauienbHO# Bepciu QYHKIHH TOMCKA HAUTYYIIETO PEIICHHS
0e3 orpaHHUyYeHHs yrila MEeXIY COCETHUMH JIOMaHbIMU JIMHUAMU 1A 32, 64, 128, 256 Touek Ha HaPaBISIOIINX, MC

KonuuectBo KommyecTtBo Touek

MHTECPBaJIOB Ha HaNpaBJIAOIIUX JIMHUAX d

pasbuerys m 32 64 128 256
5 203 218 234 249
6 218 234 249 265
7 234 234 249 265
8 234 234 265 297

3akiIo4yeHne

B pabote npenyioxkeH alropuT™M MHTEPaKTUBHOTO BBIJICIICHHS IMHEWHBIX OOBEKTOB Ha adpodo-
TOCHUMKaX M KOCMHYECKHX H300pPaKEHHSAX CPEJHEr0 M HU3KOTO MPOCTPAHCTBEHHOTO Pa3peIlCHHS.
Ero uHTEpaKTUBHAS YaCTh 3aKIHOYAETCSA B BBIIEICHNN YKCIEPTOM Ha4aJIbHOTO U KOHEYHOTO MMHKCEIIOB
y4JacTKa JMHEHHOro 00beKTa, HAMEUEHHOTO IS BbiaeneHus. [lanee aaroput™ aBTOMaTH4eCKU CTPOUT
HEeNpPEepBIBHYIO JIOMAHYIO JIMHUIO Halepe 3aJaHHO KPUBU3HBI C KOHIIAMU B OIpPEJNIEIeHHBIX 3KCIep-
TOM IHKCENax, KoTopas NpuOIMKaeT BbACIECHHBIN ydyacTok. Ilocie okoH49aHust paboOThl ajaropurMa
9KCIEPT MOXKET CKOPPEKTUPOBATH IIOCTPOCHHYIO JIOMaHYIO, IIEpEMEINAst €€ Y3IIbI MBIIIKOM.

[MpenmyiecTBaMH MPEATIOKEHHOTO ANTOPUTMA SIBIISIETCS. BO3MOKHOCTh €r0 OBICTPOTO BBIMOJ-
HEHUS B TCUCHUE JIOJICH CEKYH/IbI, JIETKas HACTPOIKa JIJIsl IPaKTUYECKON PaboThl, BO3MOXHOCTH Y00-
HOW PYYHON KOPPEKTHPOBKH PEIICHNUS.

B crarbe mpuBeneHbl OLIEHKH OBICTPOACHCTBUS MOCIEA0BATENBHON pealn3alii alropuTMa.
Peanuzanmst anropuTMa WHTEPAKTUBHOTO BBLICIEHHUS JIMHEHHBIX OOBEKTOB Ha a3poOTOCHUMKAX
Y KOCMUYECKHX HW300paKEHUSAX CPEOHEr0 M HHU3KOr0 MPOCTPAaHCTBEHHOTO pa3pelIeHHs OCHOBaHA
Ha pa3pab0TaHHON BepcHM MeTolla AMHAMHUYECKOTO HMPOrpaMMHUPOBAHMS W TO3BOJISET IPOBOJHUTH BbI-
YHCIICHHS B TIapaJUIeIbHOM pekume. Pa3paboTaHHBIE MOXOJBI K peali3alisiM MPeI0KEHHOTO alro-
pHUTMa MO3BOJISIOT YMEHBLINTH HA HECKOJIBKO MOPSAKOB 00BbEM TpeOyeMbIX BBIYMCICHUH M COKPATUThH
BpEMsI €ro BBIIONHEHUs. Taxke JaHbl OLEHKH ObICTPOJACHCTBUS Pa3padOTaHHOM HapauieIbHON Bepcuu
anroputMma. OINUCaHbl pe3yNbTaThl, MOJyYEHHBIE NP MPAKTHYECKON pealn3alliyl JaHHOTO aJIrOpUTMa
JUIS TIPOIIECCOpa U C UCTIOIb30BAaHUEM TEXHOJIOTHH MporpammupoBanus Bugeokapt CUDA.
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E.N. Seredin, B.A. Zalesky

INTERACTIVE ALGORITHM FOR SELECTION OF LINEAR OBJECTS
ON AERIAL PHOTOGRAPHS AND SATELLITE IMAGES

A new approach to the problem of extraction of linear objects on aerial photographs and satellite
images is presented. An interactive algorithm of detection of linear objects by broken lines, based on
the developed approach, is offered. The algorithm provides fast detection of linear objects,it is easy
tuned and convenient for practical use. It is enough precise and reliable to process middle or low reso-
lution aerial photographs and satellite images. Specificity of its parallel program implementation is
also described. The developed parallel program implementation allowed to reduce the execution time
of the algorithm by several orders. Estimates of execution time of versions of the algorithm, which are
intended for video cards, are given in the article.



