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AJITOPUTMBI OBHAPY2KEHI S CTOJIKHOBEHUN

J.11. CobunoB, B.B. Kopobunnsra

B crarbe nmpuBoguTcs 0030p COBPEMEHHBIX AJITOPUTMOB U IIOAXO/OB LIS I10-
CTpoeHusi cucreM OOHAPY:KeHUsi CTOJKHOBeHuil 00bekToB. IlpuBomurca Kiac-

CH(bHKaHHH AJITOPUTMOB 110 HECKOJIBKHUM IIPU3HAKAM.

1. Bseaenue

B nacrosimee Bpemsi, B CBsi3n CO 3HAYUTEIbHBIM IPOIPECCOM B 00/1aCTH pa3padoT-
KU AIIapaTHOro0 00eCHedeHus] BBIYUCIUTEIbHOR TEXHUKH, CTAJI0 BO3MOXKHBIM OCY-
MECTBJIATD MOJICTMPOBAHKE JIBUZKEHUS PEAJTbHOIO0 MHPa B COOTBETCTBHUU C (pu3mde-
CKUMH 3aKOHaMHU. Pe3y/bTaThl TAKOTO POJa MOJIETHPOBAHUS UCIOJIb3YIOTCSA B pas3-
JIMIHBIX 00/IACTSAX Y€/JT0BEYECKON JIesATeIbHOCTU: IPU Pa3paboTKe CHCTEM BUPTYa/ib-
HOIl PeaJIbHOCTH U TPEHAZKEPOB, KOMIIBIOTEPHBIX UIP, CHCTEM aBTOMATU3UPOBAHHOIO
IPOEKTUPOBaHKsI, B pOOOTOTEXHUKE U T.J. Ba30BoOil 4acThiO 1MOJOOHBIX CHCTEM SIB-
JIeTCs TOoJICUuCcTeMa OOHAPY2KeHHs CTOJKHOBeHHit. B ob1iem ciydae, 3aj1ada JaHHOM
MOJICUCTEMBI COCTOUT B IIPOBEPKE HMPOCTOTO (haKTa: IepeceKaloTcs JiU JiBa 00beKTa
B upoctpancTse. B ciiydae, ecjin 00beKThl EPECEKAIOTCs, 4acTO ObIBaeT HEOOXO/ -
Ma, JONOJHHTEeIbHAsE HHMOPMaIUs, Takas KaK HAXOXKJIeHHe 00beMa IepecedeHmus,
€ro aImpoKCUMaIs B BIAe HAOOPa TOYEK WJIM IPOCTOrO NeOMETPUIECKOr0 00'beKTa,
IyOnHA B3aMMOIIPOHMKHOBEHUSI OOBEKTOB. DTa HH(MOPMAIUs UCIOIb3YeTCs, HAllPU-
Mep, JIJI ONIEHKH CHJIBI, KOTOPas JIOZKHA ObITh IIPUI0ZKEHA K MOJIECTUPYEMBIM TeJ1aM
JIUIS UX PACTaJKUBAHHS B COOTBETCTBHUHU C 3aKOHAMH MEXaHHKH.

Yeujust uceaeoBaresieil B paccMarpuBaeMoil 00J1acTu COCPEI0TOYEHbI Ha Periie-
HUW CJICAYIONUX 3a/1a9:

® CO3JaHUEe YHUBEPCAJIbHBIX AJTOPUTMOB H IOIXOI0B /I IMPO3PAYHOl PabOTHI
C POU3BOJIBHBIMU O0'bEKTAMK: BBIILYKJ/ILIMU U BOIHYTHIMU, Jie(DOPMUPYEMbIMU
1 abCOJIFOTHO TBEP/IbIMU T€JIAMU, CTATUYECKUMU U JIBUZKYIIUMUCH U T.JI.;

e noBbinieHne 3HPEeKTUBHOCTU AJTOPUTMOB, 11OJIyUYEHUE MAKCUMAJIbLHOW HPOU3-
BOJUTE/IbHOCTHU C YIETOM allapaTHo m1aTdopMbl, Ha KOTOPOil OYIeT IKCILTY-
aTUPOBATHCS IIPOrPAMMHAS CUCTEMA,;

® [IOBLIIIICHHE yCTOfI‘{I/IBOCTI/I pe3yJibTaTOB;
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e VYIIPOIEHUE AJTOPATMOB DU COXPAHEHUH JAPYTUX Ka4YeCTBEHHBIX ITapaMeTpOB,
YTO MO3BOJISIET YMEHBIIUTH CTOMMOCTD PeaIM3alui IMOJICUCTeM OOHAPYZKEHUs
CTOJIKHOBEHMUIA.

3a mocJieHIe TOAbl UCCJIe0BATE/IAMU OBLIO IIPEeIT0XKeHO OOJIbIIoe KOJIHIECTBO
Pa3HOOOPA3HBIX AJTOPUTMOB. Bbuin fgaxke u3manbl Kauru (1, 2|, obobmatorime Ha-
KOILIEHHBIH OIBIT B HOCTPOEHUU CUCTeM OOHApyzKeHusi cTosikHOBeHuit. [lesibio jan-
HOII cTaThu sBJIeTCs 00IIas KaccuuKaus 10/IX0/I0B U aJITOPUTMOB OIPe/ e/ IeHUsT
CTOJIKHOBEHUH 1 0030p TeX, 4TO MOABUJINCH 34 MOCJIEIHIE HECKOJIBKO JIET.

2. Kunaccupukanma aJropuTMOB ONpPeae/ieHnd CTOJTKHOBEHMIA
2.1. Ilo npencraBjIEHHNIO BXOAHBIX JAaHHBIX

AJIropuT™bl, UCHOJIB3YIONUECST B CHCTEMAX OOHAPYKEHUsl CTOJKHOBEHWIl, MOTYT
OBITH KJIACCU(UIUPOBAHBI 110 CIIOCOOY INpe/ICTaB/JIeHHs 00bEKTOB Ha BXOJI€ CUCTEMBI.
Haubostee gacTto BcTpedaroTCss BXOIHBIE JTaHHBIE CJIEIYIONIUX TUIOB:

® CeTKH U3 TPeyrOJIbHUKOB;
® KOHCTPYKTHUBHASA OJIOYHASA F€OMETPUS;

® HeABHO 3aJaHHad IreOMeTpu-d.

Vcnonp3oBanue mepBoro THIra 00yCJI0BIEHO TEM, YTO TPEYTOJbHUK sBJIdeTCd Oa-
30BBIM M€OMETPHYECKUM MPUMHATHBOM [IJIsT OTOOparkeHns Ha KpaHe TUCIIIes CI0K-
HbIX 00bekTOB. Koopauuars Touek nepepaiorcs yepe3 API apaiiBepy rpaduaeckoro
aJialrepa, KOTOPblil pacTepusyer BXOJIHble JIAHHbIE U BbIBOJUT HA IKPAH.

Kouncrpykrusnas 610unasi reomerpust dacto uctnosb3yercs B CAITP. KomOunn-
pyd mpocTble 6a30Bble TpeXMepHble O0bEeKThI, TaKhue KaK cdepbl, MPIMOYTOJIbHbIE
napaJesenuneIbl, KOHYChl ¢ MMOMOIIbIO OYJIeBBIX ONEepalifii, Ha BBIXO/e MOJIydaeM
CJIOZKHbII 0ObEKT.

Hessnoe 3ajianune obbekrTa nupejiojaraer 3ajanne (popMmbl 00beKTa B BUJE Ma-
TeMaTH4IecKoro ypaBHeHusd. Hampumep, obiacTh, orpaHmdeHHy0 cdepoil, MOKHO
3a7aTh B Buje ypasenus 2 + y2 + 22 < r?2. OueBuaHo, 4TO STOT CHOCOD CAMIIKOM
I'POMO3JIKHIT W He TOUTCS I CTOKHBIX OOBHEKTOB.

JlaJiee, ec/in He YKa3aHO $IBHO, IIPEJIIIO/IAIAETCS, YTO B KAUeCTBE BXO/HbIX JIAHHBIX
JIJISE AJIrOpUTMa OOHAPYKEHUs CTOJIKHOBEHUN UCIHOJIb3YIOTCS 1OJIMIOHAJIbHbIE CETKU
U3 TPeyroJbHIKOB.

2.2. Ilo cBa3gam c cucTeMOil MOAEINPOBAHAA

Yarme Bcero cucreMa OOHAPYKEHHS CTOJKHOBEHHIl SBJIAETCS IOJICHCTEMON KaKOii-
b0 OoJiee KPYIIHOW CHCTEMbI, HAIPUMEP MOJICTUPOBAHUSA XUPYPrUIECKON olepa-
nuu. Ilpum sToM mojacucTeMa omnpeeseHHs CTOJKHOBEHHNH MOXKET JIHOO SIBJISThCS
«YCPHbIM AHNMUKOM» JJId OCTaJIbHbIX KOMIIOHEHTOB, .)II/I6O 6bITb TECHO HHTEerpupo-
BaHHOH C OCTaJIbHBIMU KOMIIOHEHTAMMU.
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B mepBom ciiyuae Takas moACHCTEMa MOXKET pa3padaTbiBaTbCs HE3aBHCHMO OT
JIPYTHX KOMIIOHEHTOB CHCTEMbI B KAIeCTBe CTOpoHHell bubimorekn. [IpenmyrecrBom
I0/TOOHOTO ITO/IXOA SIBJISIETCA BO3MOKHOCTD IIOBTOPHOI'O MCIIOIb30BAHNA HapabOoTaH-
HOT'O IPOTPAMMHOI0 Koja. HemocrarkoM 2Ke MOXKHO CIUTATh CJIO2KHOCTH Pa3pabOTKu
1 HEBO3MOXKHOCTb y4eCTh BCe TPeOOBAHUS B KarKJIOM KOHKPETHOM CJIydae HCIIOJIb-
30BaHUSI.

[Ipu paspaboTke moacucTeMbl OOHAPYZKEHUS CTOJKHOBEHUI MOZKET YINTHIBATHCS
cuenmpuKa MpoekTa, HaIpuMep He0OXOIUMOCTh B HCIIOJIL30BAHIH 0CO00T0 dhopMmaTa
3aJ[aHus O0bEKTOB, WM T€CHAsT HHTEIPAIMS CHCTEMbI ¢ KOMIIOHEHTOM MOJIEJIHPOBa-
HUsl, HApUMeDP OOHAPYZKeHUe CTOJKHOBEHUIT U OJIHOBPEMEHHOE BHIYUCICHUE PACTAJI-
KHUBAIOIIEH CHJIbL Jiist JABYX TeJ |3].

Jlst 9TOrO Caydas MOUYT NPHMEHATHCS CIeHaIn3dpPOBAHHbIE aJIOPUTMbI, KO-
TOpPBIE MO3BOJIIOT JTOOUTHCA JyJIlIell MPOU3BOIUTEILHOCTH U YCTOMIHBOCTH.

2.3. Kuaaccudukanua o ¢pasam

Hawubosree mpocThiM MeTOIOM 1 OOHAPYZKEHUS CTOTKHOBEHHI MeXK/1y ABYMs 00b-
ekTamu A u B gBiisiercs nmomapHasi IpoBepKa BCEX 9JIEMEHTOB, COCTABJSIONAX A, €O
BceMU djieMeHTaMu u3 B. YaurbiBas, 9TO Ha KayKJOM IIare MOJEJTUPOBAHUS MOYKET
y9aCTBOBATH OOJIBIIOE KOJMIECTBO OOBEKTOB, COCTOSIIMUX U3 ThICSY MHOIOYTOJIbHU-
KOB, MOZKHO 3aKJIIOYUTh, 9TO OOHAPYZKEHUE CTOJTKHOBEHUIT SIBJISIETCS BBITUC/IUTEIHHO
CTIOYKHOM 3a/1adeii. Kcm cpa3y mMpoBOIUTH JeTaJbHYIO MPOBEPKY Ha MepecedeHue C
HAXOXKJIeHHEeM Beeil HeoOXouMoil nHbOpMAIu (XapaKTepHCTHKH 00beMa Iepecede-
HUsl, IIyOMHA B3aMMOIPOHUKHOBEHUSI W T.JI.), TO B HTOre cucreMa Oyjer obJjajarhb
HU3KOI MacmrabupyeMOCThIO U YZKe IPU CPABHUTEILHO HEOOJIBIIIOM KOJIMYECTBE MO-
JIeJIIPYEMbIX O0BEKTOB CKOPOCTH PAbOThI HEe Oy/er YI0BIETBOPATH KECTKUM YCJIO-
BHSM CHUCTEM PEAJbHOI'O BPEMEHH.

B cBa3u ¢ 3TMM aaroOpuTMBI ONpe/eIeHns CTOTKHOBEHN! JacTO JIeIdIT Ha MOCTe-
JIOBATETLHOCTD IaroB, uian ¢da3. OJHO U3 MepBBIX YIIOMUHAHHUI TAKOTO pa3/ie/eHus
npusoaurcst B pabore [4|. lupokas dasa orcenBaer e napbl 00beKTOB (MU e~
MEHTOB OJIHOTO OOBEKTa), KOTOPbIE 3aBEJOMO He IepeceKaloTcs. Y3kas dasa Heob-
XOAUMA [T TeTaTbHOTO PACCMOTPEHUS KayK0i U3 map 00beKTOB, He OTOPOIIEHHBIX
P BBINOJHEHNN MHUPOKOil da3bl. Ha nanaom srame, ecanm 0ObeKTHI epeceKaroTes,
TO /JI HUX HAXOIUTCS KOHTAKTHas WH(MOPMAIHS.

CoorBercrBenno, maubojiee OOIMMUM HTPU3HAKOM, O KOTOPOMY MOZKHO KJIACCHU-
dunupoBaThH AJITOPUTMBI OHPEJEICHUsS] CTOJKHOBEHUN, Oy/eT HPUHAJIEZKHOCTD K
IIIPOKOi UIn y3Koit dasze.

2.3.1. IIlImpokas ¢daza

ZLHH LHI/IpOKOﬁ (1)&3bl HOJAXOJAT aJITOPUTMbI, KOTOPbIE 1IO3BOJIAIOT C MUHUMAJIbHBIMHA
BPeMEHHBIMHI 3aTpaTaMu OTOpaKOBaTh HAMOOIbIIee KoamdecTBo map. [Ipu srom mpe-
UMYTIECTBO OTIAETCS CKOPOCTU PAOOTHI ajaroputMa. s 3Toro BMECTO CI0KHOTO
HCXOJTHOTO TeOMETPHYECKOrO IpeJCTaBIeHus OObeKTa HCIOIb3YIOT OI'DAHUIUBAIO-
Y0 T€OMETPHUIO, WM OrpaHuduBaiommii 00bem. OrpaHnduBaroOmii 00beM — T0
00/1aCTh HPOCTPAHCTBA, KOTOPas COAEPKUT JaHHbIil 00bekT. st mupokoit das3bl
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UCIIOJIB3YIOT MPOCThIe 10 (hopMe 0OBEKTHI, Yallle Bcero cepbl Il MIPAMOYTOJIbHbIE
napaJuienenuuebl. ['abapuTbl OrpaHHYUBAIONEr0 00beMa JI0J2KHBI OBITh TAKHMU,
9TOOBI MCXOJHBIM OOBEKT IEJHKOM IIOMEIIAJICS B HEero, HO IIPH STOM HMeJ MHUHH-
MaJIbHO BO3MOXKHBIH 00beM.

Takum obpasom, 1pocras MolapHas IPOBEPKa JIPYI C JAPYIroM 00'beKTOB ¢ 00Jib-
IIIM KOJIMYECTBOM 3JIEMEHTOB 3aMEHseTCs Ha IIPOBEPKY Ha IepecedeHue MezKIy
npocThiMU oObekTaMu. Hampumep, /115 onpe/ie/ieHus, IepeceKaroTcs i IBe cepsl,
HEOOXO/IMMO OIEHUTHh UCTUHHOCTH CJIEYIOIIErO BbIpaKeHUs:

Ry + Ry > |01 — 09,

e Ry u Ry — pamuycel cdep, Op u Oy — paJuyc-BeKTOPHI UX IEHTPOB.

Eciu n1Ba orpanmduBaiomux obbeMa IepeceKaroTcs, TO Jiajiee IIPOU3BOJUTCI UX
IPOBEPKA Ha IepPecedeHrue € MCIOJb30BAHUEM HCXOJMHOIO IeOMETPHYECKOIO IPE/I-
crapjeHus (T.e. IPOUCXOAUT Hepejada napbl 00beKTOB Ha y3Kyio da3sy). B peasb-
HBIX MOJIEJTUPYEMBIX CIIeHAX JIUIIb HeOOJIbIIOe KOJUIECTBO OObHEKTOB HAXOIUTCS B
HEIIOCPE/ICTBEHHON OJIM30CTHU, CJIe/IOBATE/ILHO, MOJYYIaeTCsd 3aMETHBI BBIUTPBIIT B
HPOU3BOIUTETHLHOCTH.

JlasbHeiinee yBeJimdIeHne IPOU3BOAUTEIbHOCTH MOXKHO HOJIYYHTh, €CJIM BMECTO
HarboJIee MPOCTOro CIydas MOMAPHOI IIPOBEPKHU BCEX MOAEJIUPYEMbBIX 00bEKTOB HIPH-
MEHUTD JIHOO TEXHUKHU IMIPOCTPAHCTBEHHOI'O pa3/e/eHus CIEHbI, JIMOO aJrOPUTMBI,
YUIUTBIBAIONIIE KOTePEHTHOCTh BPEMEHHBIX [AroB MOJECTHPOBAHUS, T.€. KOT/Ia IT0JI0-
JKEHUs TeJl U3MEHSIOTCS He CJUIIKOM CHUJIBHO IO IPOIIeCTBUU MAJIOTO BPEMEHHOTO
mara. K moc/eaneit rpyiie OTHOCHTCS aJITOPUTM «Sweep-and-prunes, BliepBbie OIH-
canubiii B [5]. OcHOoBHasI Wiest ajropuTMa — HPOEHUPOBAHUE OOBEKTOB CIEHBI HA
OJIHY WJIM HECKOJIbKO KOOPAMHATHBIX OCei, COXpaHeHHe MUHUMAJIbHBIX U MAKCHMAJIb-
HBIX IPOEKIHil J7isd OObEKTOB B CIIMCKH M JaJiee Ha KaK/IOM BPEMEHHOM Iare Imo/i-
JIepzKaHUU CIUCKOB B YIOPSAJJIOYEHHOM COCTOsSHHUH. Ec/u BpeMeHHas KOrepeHTHOCTh
BBICOKAsl, TO 3aTPAThl HA COPTUPOBKY Oy/yT HE3HAYUTEJbHBIME IIPH UCIOJIH30BAHUI
HOJAXO/SIIUX METOI0B, HAIIPUMEP COPTUPOBKH BCTABKaMM. 3alPOC HA CTOJIKHOBEHUE
JIIE 00O bEKTa MOXKET OBbITh BBIIIOJIHEH 33 BpeMsi, OJIM3K0e K KOHCTAHTE IIyTeM IIPOBep-
KI COCEJIHUX 3HAYEHHil U3 CIIHMCKA U HOJIYYeHHe COOTBETCTBYIOIIMX UM 00bEKTOB. B
pabote [6] mpuBOUTCS MEIBIH P Yy UMIeHHIT JAHHOIO AJITOPUTMA, MO3BOJISIFOIIUX
HOBBLICUTH ero 3(pPeKTUBHOCTL. ABTOpaMu ObLIa IPOBEIeHA OIEHKA, HACKOJIBLKO TO
UM MHOE YJIy4IIeHne BINAeT Ha HPOU3BOIUTEIbHOCTD JIJIsi PA3JIMIHBIX KOH(MUIYPa-
il MogeanpyeMOi CIeHbl.

[IpocTpancTBeHHOE pa3jeseHue Mpe/rnoaraeT MpoBepKy Ha IepecevdeHre TOJIb-
KO TeX OObEKTOB, KOTOpPbIE IIONAJUd B OJMH IIPOCTPAHCTBEHHBINH peruon. OpuH u3
CII0CODOB MOCTPOEHHS pa30MeHus IIPeoaraeT peKypCUBHOE JIe/IeHUe CIEHBI, I10-
Ka cODJIFOAaeTCs HEKOTOPOE yCJIOBUE, HALIpPUMED pa3Mep PeruoHa, COJEePrKallerocs B
JIICTOBOM y3Ji€, He CJIMIIKOM MaJl.

HawuboJstee npocroit BapuanT pa3bueHus — paBHOMEpPHOE Jie/IeHue ILJIOCKOCTH Ha
JIByMepHBIe S9eifiKi OJIHOTO pa3Mepa H Jiajiee MPOoeNupoBaHue BCeX 00bEKTOB CIIEHbBI
Ha 3TY ILJIOCKOCTb. Takum oOpa3oMm, KazKjplii OObEKT acCOIUUPOBAH C OXHONW WU
HECKOJIbKUMHE sideiikamu. Y1obbl HAfiTH 00'beKThl, OTEHIUAJIbHO TePEeCeKaIONIecs
C 3aIaHHBIM, HEOOXOIUMO IIPOBEPHUTDH TOJIBKO T€ 00bEKTHI, KOTOPbIE HAXOAATCS B TOIt
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Ke saeiike, 9To u 3ajanHblii. B [7] moka3aHo, KaK mogO00HBINH AIrOPUTM MOXKeT ObITh
peamm3oBan Ha CUDA ma GPU co 3HaYUTETIbHBIM BBIUTPBIIIEM B IIPOU3BOIATE/b-
HocTu 10 cpaBHenuio ¢ Bepcueit Ha CPU. OCHOBHBIM HEIOCTATKOM PaBHOMEPHOI'O
pa30uenus NPOCTPAHCTBA ABJIsieTCd HEeIPDEKTUBHOCTD IIPOBEPOK JIJIs CJlydast, KOrjia
CIEHA COJIEPZKUT OOBEKTHl ¢ CUJIBHO pa3/indaionuMucs pasmepamu. B sarom ciyudae
CJIOKHO I10/I00paTh IOAXOMAIINN pa3Mep d9eiiKi.

Tak>ke B KadecTBe cxeMbl pa3OMeHHS IPOCTPAHCTBA MOYKHO HCIOJb30BaTh pa3-
JINYHBbIE HepapXudecKue CTPYKTYPbl: BOCbMEPUYHBIE JE€PEBbs WU KBaJIPO/IePEBb,
nepapxudeckoe paszbuenue Ha siaeiiku |1]. B pabore [8] Obuin ncnosb3oBanbl jgepeBbst
Ounapuoro pasbuenus (Binary Space Partitioning) u nupe/oxen anropurm sgbdex-
TUBHOI'O OOHOBJIEHUSI CTPYKTYPbI TAKOI'O JIepeBa PU U3MEHEHUH [O3UIUN 00'beKTOB
CIIeHBI C TeYeHHEeM BpeMeHH. ABTOpaM y/Ia0Ch HAUTH KOMIIPOMICC MeZK Iy 3aTpaTa-
MH Ha HaXOXKJEHHE HOTEHIUAJIBLHO MePeceKalonuxcsd map 06beKTOB U KOJIUIeCTBOM
TaKUX I1ap HA BBIXOJE IMUPOKOH (has3bl.

2.3.2. V¥Y3kaga ¢daza

Autropurym y3Koit da3bl IPUHEMAET HA BXOJ, CIIUCOK Iap 00bEKTOB, OTOOPAHHBIX IIH-
pokoit (hazoit kak HauboJiee BEPOSITHBIX KaH/UIATOB Ha CToJIKHOBeHue. Vcio/ib3ys
HCXOJ/IHOE TeOMEeTPHYECKOe IIpecTaBIeHne 00beKTOB, aJITOPUTM Ha BBIXOJE JAeT OT-
BeT Ha BOIPOC, IIePeceKaroTCs JIk Ha caMOM Jiejie 00beKThI, oIaHHbIe Ha BX0o/1. Ecin
napa o0ObEKTOB IEpPeceKaeTcs, aJI'OPUTM TaKzKe MOXKET BEPHYTDb JIOIOJTHUTE/THHYIO
uH(MOPMAIIHIO:

e IyOMHY B3aMMONPOHUKHOBEHUS OOBEKTOB JPYI B Jpyra, T.e. MUHUMAaJbHOE
paccTosiHue, Ha KOTOpOe HYKHO IepeMeCTHTb 00beKThI, YTOObI OHU IIepecTa n
epeceKaThesd;

® HOPMAaJIb, BJIOJIb KOTOPOil CUYUTAETCs IVIyOMHA B3aMMOIIPOHMKHOBEHUSI;

® AlIIIPOKCUMAIIUIO obbema, lnepecev4eHud.

Dta nndopMaImsa MOXKeT HCII0Ib30BaThCs JI/I HAX0XKIeHUsI BpEMEHH, KOI'/1a 00b-
€KTbl UMEJIH OHY TOYKY CONPUKOCHOBEHUS, JJId BBIUYUCJIEHUS UMITYJIbCA, KOTOPBII
HEOOXOIMMO MPHUJIOKHUTD K O0beKTaM /I UX PEAJUCTUIHOTO PACTAJIKUBAHUS U T.]I.

Autropur™bl y3KOi (pas3bl MOXKHO Pa3J/ieJIMTh Ha JBE I'PYIIbI 110 XapaKTepy Io-
JIydeHUud pe3yJibTaTa:

e paboTaolie B IPOCTPAHCTBE 00bEKTOB;
e paboTaoIue B HPOCTPAHCTBE U300PaKEHUIl.

Paboratoiiue B ipocrpancTBe u300pazkKeHuil aJil'OPUTMbl XapPaKTePU3YIOTC TEM,
YTO UCIIOJIb3YIOT IpadudecKne omepanun, TaKue KaK pacTepu3aliisd, 11 O0HapY ZKe-
Hug cToJIKHOBeHHil. TakuMm obpa3oM, 00bEKTHI CIIeHBI 0TOOpaXKalTCI B IIPOCTpPAH-
CTBO C OPpAHHYEHHOl pa3MepHOCThI0, Hampumep B Oydep kajapa mwiun LDI (Layered
Depth Image, [9]), u, cienoBaresbHO, CTOJIKHOBEHHE HAXOAUTCS C MOIPEITHOCTHIO,
3aBHUCSIIEH OT PA3MEPHOCTH UTOIOBOIO MPOCTPAHCTBA.
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CoOTBETCTBEHHO, aJITOPUTMBI, HE HMEIOIINEe CBOHCTB aJI'OPUTMOB IIPOCTPAHCTBA,
n300pazKeHuil, OTHOCATCI K I'PYIIIIE aJTOPUTMOB, pabOTAIONIUX B IIPOCTPAHCTBE 00b-
€KTOB.

st moc/ieiHuX JIeT TaKKe CTaJI0 aKTyaJbHO KJaCCU(pUIUPOBATH AJITOPUTMBI
obHapy KeHusl CTOJKHOBEHUIT Ha Te, 4T0 paccuutanbl Ha padbory Ha CPU, u na e,
KoTopble pazpaboranbl A1 GPU. ObycioBieHo 310 pas3jie/ieHre TeM, YTO HOTOKOBas
Mojiesib Beraucienuit Ha GPU cymiecTBeHHO OTJIMYaeTcsd OT MOJIEU BBIYHC/ICHHE Ha,
CPU, u, cienoBarebHo, paHee pasdpadoranubie ajaropurmbl g CPU MoryT ObITh
repepaboOTaHbl JIJIsi 1OJIYYeHHUs] BBIMI'PHIIIA OT OOJILIION BBIYUCAUTEIbHON MOIIHO-
cru GPU. B 10 ke Bpems it GPU 0bL10 paspaboraHO HEMAJIO aJITOPUTMOB, HE
umeronux anajoros jiss CPU.

3. 0O0630p aaropurmMoB y3Koii (pa3bl
3.1. Ausaropurmser gaa CPU

B nammyio Kateropuio, mpek/e BCero, MOMAJAI0T aJTOPUTMBI HA OCHOBE WepapXuii
OTPAHIIHBAIONINX 00BEMOB. JIHCTOBBIE Y3/IbI TOJOOHBIX HEPAPXIII MOTYT COJEPZKATD
6O MO OJHOMY HPUMHTUBY O0beKTa (9allle BCEero 9TO TPEYroJbHUK), JHOO HEKO-
TOPOE MOJAMHOYKECTBO IPUMUTHBOB 00bEKTA, B KOTOPOM B JlajibHEIIIeM HE0OX0IUMO
LPOBEPUTH Ha llepeceveHre KazxKyio mnapy. Beibop riiybunbl pa3Ouenus: BjMseT Ha,
COOTHOIIIEHNEe 3aHNMAeMOil MaMaTH W KOJHYeCTBA BBIUYHUCIUTETbHBIX DECYDPCOB, 3a-
TpadYuBaeMbIX IPHU paboTe aaropurMa.

g y3koit ¢da3el OBLIO MpeIoKeHO MHOYKECTBO TUIIOB OI'DAHUYUBAOIIEH Teo-
METPUU:

e chepnr |4];
® BBLIPDOBHEHHBIE 110 OCSAM HPSIMOYTOJIbHbIE TTapaJsutesenuie/pt [11[;
® OPHEHTUPOBAHHBIE MPSIMOYTOJIbHbIE MapaJsuiesenuebl [12,13];

® JIUCKPeTHO-OpHeHTHpoBaHHble MHOrorpanuuku, win k-DOP (Discrete Orienta-
tion Polytope; MHOrOrpaHHHK, Y KOTOPOrO HOPMAJIA K IPAHAM IIPHHA/ITEZKAT
3apaHee OIpe/IeIeHHOMY (DUKCHPOBAHHOMY MHOYKECTBY HAIPaBJICHU pa3Mep-
nocru k) |14] u xp.

Bribop orpanunuuBaioiiero obbema siBIsieTcsd KOMIIPOMUCCOM MEXK/LY BbIYHUCJIU-
TeJbHOM CJIOKHOCTBIO IIPOBEPKH HA IlepecedeHne U TeM, HACKOJbKO XOPOIIO BbI-
OpaHHBI OrpAaHUYUBAIONINI 00bEM AIIPOKCUMHUPYeT 00beKT. Ilpumepnr orpannyn-
BaloIeil TeoMeTpuu MpUBEJEHbI Ha pUCYHKe 1.

Autroput™ 0OHAPYKEHUsT CTOJIKHOBEHUH Ha OCHOBE MEPAPXUil OrpaHUYnBAIOIIIX
00'bEMOB COCTOMT B OJIHOBPEMEHHOM IPOXOK/IEHUU B IIMPUHY WJIU B IJIyOUHY jepe-
BbEB, COOTBETCTBYIOIIKUX JBYM oObekTaMm. Ha Kaka0oM Imare mpoBOJIUTCSI IIPOBEPKa
Ha IIepeceveHne OrpaHUIUBAOINUX 00beMoB. Ecim orpanmdyuBarorige oObLeMbl Te-
KYIIUX y3JI0B HEe I[epeceKaloTcs, TO 3TH y3Jbl U HX IOJJIEPEeBbd OTOPACHIBAIOTCS.
Muade, npoBouTCs PeKypcuBHAsl IIPOBEPKA, HA LIEPECeUeHHe Y JOUYEPHHUX y3JI0B, 110~
Ka He Oy/lyT JIOCTUI'HYThI JIMCTOBBIE Y3Jibl. Ha BBIXO/I€ 110JIy4al0TCsI aPhl JIMCTOBBIX
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rFeee

a) )] 6) z)

Puc. 1. Ilpumepsl orpannyuBaroiieil reoMerpun: a) orpanudusBaiomas coepa; 6)
orpaHuuuBalomuii 60Kc, BoIpoBHEHHBIH 110 ocsim (AABB); B) opueHTHpOBaHHBII
orpanmaunBaowii 6okc (OBB); r) 6-DOP

y3JI0B OT KazKJIOr0 U3 JIBYX OOBEKTOB, B KOTOPbIX HEOOXOJUMO HPOBECTH HPOBEPKY
Ha I[epeceveHre Ha YPOBHE MPUMUTHBOB.

B pab6ore [10] npeyioxkeHo yiaydiieHne TpaJuluOHHON CXeMbl IyTeM XPaHEeHHs
B JINCTAX JIepeBa OTJEIbHBIX 3JIEMEHTOB (BepIuH, pebep, rpaneii) Tak, YTo0bl KazK-
JIBI 9JIEMEHT HPUCYTCTBOBAJ TOJBKO B OJHOM JIUCTE. DTO MO3BOJISIET 3HAYUTETHHO
COKPATUTb KOJIMYECTBO 1POBEPOK pebpo-pebpo, BeplinHa-IpaHb U PeOPO-IpaHb Ha
HOCJ/Ie/IHEM IIare aJiropuTMa, KOIJVIa HPOUCXOJIAT IPOBEPKU HA YPOBHE OT/IE/IbHBIX
IPUMHUTHBOB.

Bsuy Toro 4ro nocrpoenue nepapXxuu OrpaHHIHBAIONIIX 00bEMOB JJIsI 00bEKTOB
CIEHBI SBJISETCH PEeCypPCO3aTPATHBIM HPOIECCOM, €r0 IIPOBOJIAT 3apaHee U acCOlUU-
PYIOT C UCXOJIHBIMU O0'beKTaMu. TakuM 0Opa3oM, JIaHHbIA TUII AJITOPUTMOB B UCXO/I-
HOM BH/JI€ XOPOIIO OJXOJUT JIjisi OOHAPYZKEHUs CTOJKHOBEHUI MEK/1y TBEP/IbIMU Te-
jgamu. /g nepopMupyeMbIX Tesr TpedyeTcs IepecTpoeHne NePapXuu UIH TaCTHIHOE
ee OOHOBJIEHUE, T.K. IIOJIOKEHHUE JEMEHTOB JIjId TAaKUX 0ObEKTOB MEHSeTCsS OTHOCH-
TeJibHO JPYT sipyra. [losiHoe nepecTpoenne nepapxuu Ha KazKJIOM BPEMEHHOM IIare
HE MOZKeT ObITh MCIIOJIB30BAHO JIjIsi MOJIEJIMPOBAHUS B PeaJIbHOM BPEMEHHU JIJIs JIazKe
YMEPEHHBIX 110 CJIOZKHOCTH CIEH, IIOTOMY 4TO TPeOYeT 3HAUYUTEbHBIX BbIUYUC/IUTE b=
HBIX 3aTpaT. 3a IOC/Ie/HIe HECKOJbKO JIET B CBS3HM C BO3POCIIUM HHTEPECOM K MO-
JIeJINPOBAHUIO J1e(DOPMHUPYEMBIX Tesl ObLIN pa3paboTaHbl MeHee pPecypco3aTpaTHbIe
MeToibl 00HOB/IeHus uepapxuii. Tak, B pabore [15] 6bu1 npeaioxken 3bdheKTuBHbILI
HOJIXO/I JIJI BOCBMEPUYHOIO JiepeBa UepapXuil OlNUCHIBAIOIIUX O0O'bEMOB Ha OCHOBE
BPEMEHHOI KOIePEeHTHOCTH CIEHbI M aJI'OPUTMa COPTUPOBKU BCeTaBKamu. Bpemsi, 3a-
TpaduBaeMoe Ha IO0J00HYI0O COPTUPOBKY, OYJIeT TeM MeHbIe, YeM He3HAUUTe/IbHee
OBLTM U3MEHEeHHs B IOJIOKEHUU IIPUMUTUBOB 00beKTa. Takum 06pa3oM, IIpu BHICOKOI
BPEMEHHO# KOI'epeHTHOCTU 3aTpaThl Ha OOHOBJIEHUE HepapXuu OYIyT MAJIbI.

B [16] 6611 n1pe/y1ozkeH HoIXo 1 it yCKOPeHUst OOHOBJICHUST HEPAPXUH Iy TeM [1PO-
IyCKa WJIM YIIPOIIEHUs 1Ipoiiecca OOHOBJIEHMS JIJIsi HECKOJIbKUX BPEMEHHbIX IaroB.
[l 3Toit nesim ONMCHIBAIONIHIT 00beM pacHIIPAIOT Ha HEKOTOPYIO BEJUYUHY, H 00-
HOBJIEHHE He TpedyeTcs, MOKa IIPUMUTHUB He CJIBUHYJICS 0oJiee, 4YeM Ha 3Ty BeJHMIUHY.
B kadecTBe orpaHnYHBAIONIIX 00bEMOB OBLIH HCIOJIb30BaHbl 18-DOP bI.

B kauecrTBe 0a30B0it CTPYKTYPbI JAHHBIX JIJIs [IPE/ICTaBJIEHIS UePAPXUU OI'PAHU-
YUBAIONIUX 00BEMOB JIJIsi OOHAPYKEHUsI CTOJKHOBEHUN pa3pyHIaoniuXxcs 00beKTOB
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B pabore [17] 6111 ucnonb3oBanbl ABJI-nepeBbs. ABropamu ObLT IIPEICTABIEH AJl-
TOPUTM I JUHAMHYECKOIO M3MEHEHHsl CTPYKTYPBI JepeBa B Caydae H3MeHeHHd
HO3UINI, a TaKzKe IpHu J00aBIeHIN WIN yIAJJeHHH OTAeIbHBIX 9JIeMEeHTOB Ha OCHOBE
basancuposku ABJI-nepesa.

B [18] 6bL1 HCOIH30BAHBL JHHAMIYECKHE JEePEBbsl OTPAHUIHBAIOIIINX 0ObEMOB.
BbL10 mpeiiozKeHo TPOBOIUTH OOHADY KEeHHEe CTOJKHOBeHuii B jBa mara: (1) o6HOB-
JIEHHE OIPAHUYUBAIONINX 0O'bEMOB 110 BCEMY JIepeBy, (2) 3a11poc Ha CTOJIKHOBeHuHe. Bo
BpEMsl [IE€PBOIO IMIAara 3aHOBO HPOCYUTHIBAIOTCS OIPAHUYUBAIONINE 00'bEMBI y CYIIEe-
CTBYIOIIUX Y3J/I0B, & TAKYKE [MOMEYAIOTCS Ha, Y/IaJIeHUE [0/JIEPEBbsI, KOTOPbIE TPeOyIoT
nepecTpoiiku. Kpurepuem Toro, cieayer Jiu IOMedaTh IMOAePeBO KaK HErOIHOe JIJIs
JTaJIbHEIIero nCIoIb30BaHNs, ABJISIeTCI CpaBHEHHEe OTHOIIEHHH 00beMOB CTapOro
POIUTENTHCKOTO Y3718 ¢ IPOCINTAHHBIM 3aHOBO. Ha BTopoM Imrare ajaropur™ 00XOIuT
JiepeBbst OObEKTOB B MOMCKAX IIEPEKPbIBAIONIMXCS y3JI0B U MEPECTPANBACT TOMEICH-
HbIE Ha [EPBOM Iare 10//IepeBbsi. BbljI0 MOKa3aHO, 4TO TaKOi 110/1X0/1 3P deKTuBEeH
JUTsT ODHApYzKeHHsl CTOJKHOBEHHIT MeKIy aedOpMUpPYeMBIMH OOBbEKTaMHU, HO JIJIst
cJIydast caMoIlepecevdeHnii MPUMUTHBOB BHYTPH OJHOIO 00beKTa ero 3(h(HeKTUBHOCTD
3HAYUTETHHO CHUKAETCH.

Cpesin anropur™MoB y3k0i (ha3bl MOZKHO BBIJIEIUTH €IIe OJIHY IPYIILY, B OCHOBE
KOTOpOIl Jie2KuT paboTa HAIpAMYIO C BepIIMHaMu, peOpaMu U I'PaHAMH OOBEKTOB.
K sroit kareropun oraocurcs aaropurm Jlnua-Ksuuu [19] u V-Clip [20], koTopsrii
yCIpaHseT TaKne HeJIOCTATKH IIePBOr0, KaK HEeCIOCOOHOCTH paboTaTh B CJIydae Ipo-
HUKHOBEHUsI OOBEKTOB DYl B JApyra (a HE TOJIBKO KaCaHUs), HEYCTOWIMBOCTH B
HEKOTOPBIX BBIPOXKIEHHBIX B3aUMHBIX KOH(MUIYpAUsIX 00bEKTOB U CJI0KHOCTH Pea-
JIN3AIAH.

[TomyistpHO#t pyMIoil a/JrOPUTMOB SBJISIIOTCS TaKXKe AJTOPUTMbI, OCHOBAHHbBIE
Ha cuMiniekcax. [oMrona/ibHbIil O0bEKT MPE/ICTAB/ISETCs KAK BBIILYKJIas 000/109Ka,
U aJrOpUTM padOTAeT HAJ| CUMILIEKCAMH U3 HOJMHOZKECTBA, MHOYKECTBA TOYEK ITOMH
obosroukn. Hanbostee uzsecren anropury ['mibbepra-/Ixoncona-Keepru (GJK) [21]
u paf ero yaydmrennii. Tak, B [22| 6bu1a q06aBieHa BOSMOXKHOCTD HAXOXK/IEHHS PaC-
CTOSIHUS MKy OObeKTaMu (U TIyOUHBI IPOHUKHOBEHHUSI, €CJIU OHH ITePECEeKAI0T-
cs1). Pabora |23| nanpasiiena Ha 3HAYMTEIBHOE YLy YIIEHHE CTAOUIBHOCTH U CKOPOCTH
asropurma. GJK B sBHOM Bujie He HCIOJIB3yeT IM€OMETPUI0 UCXOJIHBIX 00BEKTOB, a
paboraer HaJ HX Pa3HOCTHIO MHHKOBCKOro. Takmm oOpa3oM, 3a7ada HAXOXKICHIHS
PACCTOSHUS MEXKIY ABYMsI O0beKTaMH CBOJUTCI K HAXOXKICHUIO PACCTOSHUS OT Ha-
JaJia KOOpJUHAT 0 pa3sHOCTH MIHKOBCKOIO OOBLEKTOB.

3.2. Augropurmsel gaa GPU

[Tocsienue 15 jier xapakrepusyTcs OypHbIM POCTOM HPOU3BOJAUTEIbHOCTH I'padu-
yeckux ajanrepos. ['paduyeckue ajianrepbl HpUBJIEKATEbHbBI /I UCCJIe0BaTE ei
B CBSA3M C UX BO3MOXKHOCTBIO Pa0OTATh OJHOBPEMEHHO C MUJIINOHAMU rpaduiecKmx
971eMeHTOB. Takyke pacmumpeHne BO3MOXKHOCTEN i MPOrPAMMUPOBAHUS C UCHOJIb-
30BaHUEM IIIeiiIepOB MIPUBOJUT K TOMY, 9TO Bce OOJIbIIee KOJUIECTBO BBHIUUCIIEHMIT,
HE CBS3aHHBIX HALUPSMYIO C BbIBOJOM rpacduku Ha kpan, nepenocurcs ¢ CPU na
GPU. Dromy crocodbcrByer u nosiBiienune yauduinuposannoro API OpenCL, obec-
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[eYNBAIOIIEr0 CTAHIAPTU3NPOBAHHLIN JTOCTYII K BHIEOKAPTE KAaK K YCTPOHCTBY C
BBICOKOI CTelMeHbI0 IapaJuienn3Ma. B HacTosimmee BpeMs Ha PBIHKE TOCTYIHBI II0-
TpedbuTe/bckue rpaduuecKue aJanTepbl ¢ HU3KOW [MEeHOW M OOJIBIIOI IPOM3BOIU-
TEJIbHOCTBIO.

3.2.1. Auropurmsbl, paboraioiiue B IPOCTPAHCTBE M300pakKeHMit

Jlj1s1 OJIbIIMHCTBA aJIrOPUTMOB, PabOTAIONIMX B IPOCTPAHCTBE U300pazKeHuil, MOXK-
HO BBIJIEJINTH OOMIUil Psi/i JOCTOMHCTB U HEJIOCTATKOB. TakK, K JOCTOMHCTBAM MOZKHO
OTHECTH TO, YTO YaCTO He TPeOyIOTCs MIATH JIjId HauaIbHON HHUIMATA3AIUN U OObIY-
HO He UMeeT 3HaYeHHs, B KAKOM BHJIE IOCTyIaeT reoMeTpus Ha Bxoja. Hemocrarkom
SIBJISIETCS HEBO3MOYKHOCTD IIOJIYU€HUs TOYHOI'O pe3yJibTaTa U3-3a OrPaHuIeHHON pas3-
pemaoniei cCriocoOHOCTH ITPOCTPAHCTBA, U300PaKeHUl 1 KOJInYecTBa OUT HA IUKCE/Ib
Juist 2-0ydepa. Takzke 0ObIMHBIM OI'DAHUYEHHEM sBJ/IeTCs TpeOOBAHUE HA 3aMKHY-
TOCTDb [OBEPXHOCTH Y O0'bEKTOB.

O/1Ha U3 HepBbIX padOT C UCIOIb30BAHUEM METOJIOB IIPOCTPAHCTBA U300parKeHu it
ObL1a mpejcraBieHa B [24]. Meros cocTouT B OTpUCOBKe OOBEKTOB BJIOJIb 3aIaHHOI
OCH C COXPAHEHHUEM 2-3HAYeHWl TJIyOMHBI B CHUCKAX JIs KaxKJ0ro nukcejs. Or-
PHUCOBKA IIPOUBBOMTCS JIBAYK/IBI JIJIsI IOy I€HUs [IEPEIHEr0 U 33/ {HEr0 MHTEPBAJIOB
obbekTa. CTOJIKHOBEHHE MOYKET ObITh OOHAPYKEHO IyTeM HAXOZXKJICHUs IePEeKPbIBa-
IONUXCS UHTEPBAJIOB z-3HAYCHMI i 00beKTOB. llpeioxKennslit MeTo padboraer
TOJIKO JIJIsl BBIITYKJION I'€OMeTpHH.

B [26] 6b110 mpe/yiozkeno ucnosb30Barh OTpucoBKY 00bekToB B aBa LDI, mo
OJIHOMY Ha 00BEKT, ¢ OrpaHuYeHreM BuAUMOI obsactu B pamkax AABB, coorser-
crByItomero nepecedenuio nByx AABB o0bekroB. [Ipumensis onepanuio Oysesa me-
pecedenus mexk 1y LDI mapbl 00beKTOB, MOXKHO Y3HATD, IIEPECEKAIOTCS JIH OOHEKTHI.
AJIrOpUTM He OrpaHHYEH TOJIHKO BBILYKJIBIME OObEKTaMU B MOXKET ObITh HCIIOJIB30-
BaH JIJIA IIPOU3BOJIBHBIX O0BEKTOB C 3aMKHYTOM IMOBEPXHOCTBIO U JI/Isi HAXOXKICHUS
camornepecederuil. ABTOPbI MOKa3a/Id, 9TO JJIsl CJIOKHBIX O0BEKTOB MPE/I/TOZKEHHbII
MeToJ; HeapdekTuBeH, T.K. Tpedyer HeCKOJIbKUX 1TPox0/0B penjepunra B LDI u na-
KJIAJHBIX PACXOJ/IOB B BU/Ie HHTEHCHUBHOTO uTeHusd u3 nmamaru GPU.

Db dekTUBHBIN aJIrOPUTM € IMUPOKUM HCHOJIb30BaHueM Bo3MozkHocTeit GPU u
OpenGL API, rakux Kak occlusion query, mop3oBare/ibcKue Oydepsl Kaapa u meii-
Jepsl, obL1 npejgioxken B |27]. Tak ke, kak u B 26|, Haxoqurcest pacrepusyeMblit 006b-
em B Buje AABB, no pengepunr npoucxoaur B o0mmit Jijisi Bcex 00bEKTOB HAOOP
TEKCTYp € coxpaHeHueM ujeHTHpUKaTopa odbekTa, a He B jaBa LDI. IIpeamonara-
eTcs, UYTO OOBEKTHI HE CaMOIEPEeCeKaloTCd W MMEIOT 3aMKHYTYIO MOoBepXHOCTh. Ha
BBIXO/I€ AJTOPUTMA IOJIYYAIOTCA TOYKH CTOJTKHOBEHUSI MEXKJIYy OObEeKTaMU, U UHCJIO
00'bEKTOB, yUaCTBYIOIIKMX B CTOJKHOBEHUH, MOXKET ObITh DOJIbIIE JIBYX.

Cxoxkuil ¢ npeaplIyIuM HOAX0/, HO Ha ocHOBe Bo3MozkHOCcTell DirectX 10, ObLa
npeioxked B [28]. PeHIepuHr MPOU3BOAUTCS OJHOBPEMEHHO B BOCEMb CJIOEB LUIy-
OMHBI, TAKUM 0Opa30M 3HAYUTEIBHO COKpallas KOJUIECTBO BbI30BOB I'pahudecKoro
API u noBermas obOIIyI0 MPOU3BOIUTENHHOCTE. ¥ MeHbImeHne moroka GPU — CPU
ObLIIO JJOCTUI'HYTO OJ1ar0/iaps UCIIOJIb30BAHUIO M€OMETPUIECKOT'0 HIeijiepa, H03BOJIB-
nero ordpacbiBaTh He Hecylue nHMOOPMAIUIO O CTOJKHOBEHUH JIEMEHThl. B Kade-
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CTBe pe3y/IbTaTa aJrOPUTM BO3BPAIAET HapPbl TPEYTOJbHUKOB HUCXOTHBIX 00BHEKTOB,
KOTOpBbIe TpeOyercs MpoBepuTh Ha nepecedenune Ha CPU.

Eme omun moaxon Ha ocuoBe LDI mpescrasien B [3|. O61acTh BO3MOXKHOIO
mepecedenns OTpHCOBBIBaeTca B Tpu LDI, mo ommomy mid KaxKaoil W3 B3aMMHO-
HEPIEH/UKYISIPHBIX oceil Bujaumoctu. Jlajee onpejessiercss 00beM, 3aHUMAEMBblil 11e-
pecedeHreM 00bEKTOB:

V=a (=1)%2,
(i,9)eC

rjie ¢ — ILIOMAJIb OJHOTO MHKCeTa, 2 — IyouHa, d — 1 wim 2 B 3aBUCUMOCTU OT
nopsiaka nukcenaa B LDI, C' — MHOXKecTBO HMHIEKCOB (DparMeHTOB, IMOKPBIBAOIIIX
HHOBEPXHOCTH 0ObeMa repecedenus. Jlajee, ucio/b3ys 00'beM HepecedeHust, aBTOPbI
Hpe/IaraloT MoJy4YuTh Ha er0 OCHOBE BEJIMUNHY PACTAJIKUBAIONIEH CHJIbI JIJIsi CTOJIK-
HyBIIUXCA 00beKTOB. OCHOBHON HEJOCTATOK AJIFOPUTMA COCTOUT B UCIIOJIb30BAHUM
Tpex LDI um cooTBeTCTBEHHO TpexX HMpPOXOJ0B PEHJAEPUHTA: 3TO CHUZKAET ITPOU3BOIU-
TEeJIbHOCTD M3-3a OOJIbIIell HAIPY3KH Ha BUICOKAPTY U YBEJIUUUBAET 00bEM 3aHHMAa-
eMOll naM4ATH.

[Tpuunun, jgexamuii B pabore agropurmos [3,24,26-28|, nocrarouno npocr. /Ipa
JIyda, BBIILYIIEHHBIX BJIOJIb OCH Z Yepe3 CTOJKHYBIIUECs OObEKThI, EPECeKatOT UX
u 00pasyloT MHTEPBAIbL [240, 241, [2B0, 2B1) M 240 a1, [250s 251] W18 1EpBOTO 1
BTOPOr'O Jiydell COOTBETCTBEHHO, KaK IOKa3aHO HA pucyHke 2, a. [Ipum sTom cTosk-
HOBEHHE MOYKHO ODHAPYZKUTh, AaHAJIU3UPYS Ha MEPEKPBITHE Oy IeHHbIe HHTEPBAJIbI
JIIst Ocu Z, T.e. 3HadeHus u3 Oydepa riybunbl rpaduieckoro ajalrepa mocje peH-
Jieputra. JIJist MOBbIIEHUsT TOYHOCTH AJIIOPUTMA M IIPOU3BOMTEIbHOCTH PEHJIEPUHT
BbINOTHSAETCs 111 epecedenus jiByX AABB o0bekToB. Pesyibrupytommit AABB
HA3BIBACTCA pezuokr unmepeca win obsem unmepeca. C MOMOIIBIO rpaduaeckoro
API BoictaBisgercs oprorpadudeckas MPOEKIUs C HANPABICHHEM BHIA [0 OHON
U3 oceil KOOPJMHAT C OTpAHUYEHHEeM 00JIACTH BUIUMOCTH 10 noaydennomy AABB
(3aKpallleH cepbiM [BETOM Ha PUCYHKe 2, 6).

[TonbiTka pemurh podIeMy HU3KOM HmpoiyckHoi crocobuoctu mmast GPU —
CPU, kak OCHOBHO#I IPUYMHBI HU3KOI 1pou3BoauTeibHocTH ajiropurmoB Ha GPU,
OblIa MpeupHHATa B makere s obuapy:kenus crosnkaoBenuit CULLIDE [25].
[Ipeamo:KeHHBI aITOPUTM POBEPSAeT BUAUMOCTL 00beKTa () OTHOCUTETLHO MHOZKE-
cTBa 00LEKTOB S. MHOKECTBO MOTEHITHAJIBHO IePeCeKAOIIXCSA IPUMITHBOB OIIPe/Ie-
JISIETCSL C HOMOMIBIO 3aIIPOca K BuieoKapTe, 3aropoxken jim O odbekramu u3 S. Ecim
He 3aropozker, To O He nepecekaercs ¢ S u, CJIeI0BATEIbHO, HE BKJIIOYAETCS B MHO-
2KeCTBO IMOTeHIuaabHO mepecekatomuxcs npuMutusoB. CULLIDE genuT mcexoanbrit
00beKT Ha MHOXKECTBO IMOJ00BLEKTOB Ha MPEIBAPUTEIbHON CTaJ MU U Jlajiee MpoBe-
pseT BUJAUMOCTD IIyTeM IPOXOJIa [0 HepapXuu Moao0beKToB. HemocTarkoM 1aHHOTO
AJITOPUTMA $IBJISETCS JIOPOTOCTOsINAs 1IPOIe/lypa Ha IPeJBAPUTEIbHOM HIare, 4To
OIPAHUYUBAET UCIIOJIL30BAHKUE ITOIO MOJXO0/IA JIJIs PA3PYILIAEMbIX TeJl.
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NY

a) 0)

Puc. 2. Ilpuanun paboTbl GOJIBIIUHCTBA AJrOPUTMOB B IIPOCTPAHCTBE M300parKeHuil: a)
ckaH-mHuK 1 U 2 BAOJIb Ocu Z sl IBYX MEPECEKAIOIIUXCs 0ObEKTOB; 0) HAXOKIEHUS PErUOHa,
WHTEpeca

3.2.2. Ausaropurmsbl, paboTaioniue B IPOCTPAHCTBE OOBHEKTOB

[TosiBienre nporpaMMupyeMOCTH B HMIHPOKO PACIPOCTPAHEHHBIX HOTPEOUTE/THCKUX
rpaduvecKux ajanrepax u ObICTPOe HAPANIMBAHUE UX BBIYUCIUTEIbHON MOIHOCTH
SIBUJIOCh TOJIYKOM JIJIsI MCCJIEJIOBAHKUII B HallpaB/eHUU pa3paboTKu ajJropuTMoB 00-
HapPY2KeHHsI CTOJIKHOBEHHUIl He TOJIbKO B paMKaxX IMPOCTPAHCTBa M300pazKeHuil, HO U
B IIPOCTPAHCTBE OOBEKTOB, YTO IMO3BOJINIO Obl H30aBUTHCS OT HEJOCTATKOB aJITOPUT-
MOB IIPOCTPAHCTBA MU300paKeHUil, MePEeUNC/JeHHBIX B MPEIBIIYIIEM IIOpa3/ieie.

OIHEM U3 TIEePBBIX AJTOPUTMOB B pocTpaHcTBe 00bekToB Ha GPU saBigercsa [29).
[Toaxom ocHOBaH Ha UCIOJIB30BAHUU OAJTAHCHPOBAHHBIX HePApPXUil OrpaHUIHBAIOIIX
00'beMOB, 00XOJI /IEPEBBEB OCYIIECTB/ISIETCS B IMMIUPUHY, BMECTO OOBIYHO HUCHOJIB3Ye-
Moro obxojia B riyouny. Bce Bbruuc/ienusi Bo BpeMsi 00X0jia JepeBa, BKJIIOYas 1PO-
BEpKH Ha IepeceveHrusd MexKJIy HNPUMHUTHBAMHU, peajin30BaHbl Ha (pparMeHTHBIX U
BEPIINHHBLIX IIefigepax. AJITOPUTM He HMeeT OrpaHHYeHHil Ha (OPMY, TOMOJJOIHIO
WA 3aMKHYTOCTh IIOBEPXHOCTU 0ObEKTOB, HO MOZKET OBITh UCIIOIb30BAH TOJIBKO JI/Is
TBEP/bIX TeI. ABTOPBI OTMEYAIOT, YTO aJTOPUTM JIUIIIhL HEMHOIUM OBICTDEE BEPCHUH,
peasmmzoBannoit s CPU.

B pabore [30| npemioxen moixoxn Ha ocHose jepeBa u3 AABB st o6napy-
JKeHHs CTOJIKHOBeHHUil mexky jedopmupyembivu obbektavu, 3aganabivu NURBS
KpuBbIMU. ONUCAHBI IPOIEAYPhl HOCTPOCHHS JE€PEBHEB OIPAHMIUBAIONINX 00HEMOB
na GPU B peasbnom Bpemenn, apdekTuBHAS TeXHIKA 00X0/a JIepeBa ¢ OJHOBPEMEH-
HBIM COKpallleHrneM moToka, nocrynaiomero na CPU (stream reduction) ma ocrnose
MHUIMAI-YPOBHEH TEKCTYP, a TaKzKe JOMOJHEHHE B BUJIE AJITOPUTMA JIJIsl OIPe/Ie/Ie-
HUs camonepecedenus. BbLIo mokaszaHo, 910 Jijisi OOBEKTOB YMEPEHHOTO pa3Mepa
peaJin3alus aJropurMma paboTaeT B peajbHOM BPEMEHH.

B [31] aepeBo uz AABB s kaxoro u3 obbexros nepegaercs B GPU kak
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JIBa CIIHCKAa, WIK MOTOKa. B mpencraBiennn rpadudeckoro APl st comcku mpe-
craBieHbl KakK 1D Tekcrypsl, e KaxKablil smeMeHT Takoit Tekctypol B R, G u B
KOMITOHEHTaX XpaHuT KoopauHaTel yrimoB AABB, a B anbda-KoMIoneHTe mpu3Hak
HAJIMYKsI HTOIO y3Jia B JlepeBe, T.K. epeaioTcs TOJbKO JUCTOBbBIE y3JIbl CAMOI'0O HHU K-
HEero yposBHd JepeBa, U HEe BCE OHU MOI'yT IIPpUCYTCTBOBAaTb B JepeBe JLJid O6'beKTa.
Jlaee na GPU BBINOHAIOTCS BCEBO3MOKHBIE IOIAPHBIE IPOBEPKU MEKJIY JIBYMS
OTOKAMH JIJI JIBYX OOBEKTOB, & Pe3yJIbTaT JIjId KayK/IOro dJIeMeHTa U3 JepeBa 3a-
IUCHIBAETC KaK JI0XKb/HCTHHA U IepeiaeTcs Jis JasbHeiinieii nposepku na CPU
Ha LpeJMeT [epecedeHusi COOTBETCTBYIONUX Y3/1aM TpeyrojibHukoB. s gedopmu-
pyeMbIX Tesl uepapxusl KazkK/blii pa3 oOHoBJisieTcsi. B pesy/ibrare npu peajinsaiuu
Ha 1Iefijiepax 1moJydaercs J0CTaTOYHO BbICOKAs IPOU3BOJIUTE/ILHOCTD, aBTOPbI OTMe-
9al0T TPEXKpPaTHOEe MpeBocxoicTBO 10 ckopoctu Haj CULLIDE [25], koropsiit ObLt
OIMCAH B IPEJIBIIYIIEM IOIpas/iee.

4. 3akJjro4yeHue

3a mocJie/iHle TPU JECATUICTHS B JIATEpPAType OBLIO IpecTaBIeHO OOJIbIIOe KO-
YeCTBO METOJIOB U aJIlOPUTMOB Jijisi OOHAPYKEHUs CTOJIKHOBeHU. Kax /bt u3 Hux
nMeeTr HeJ0CTaTKHM HJIN MOZKeT 6bITb HUCIOJIb30BaH TOJIBKO IIPpU OI'PAHUYCHUAX Ha
crocob 3aganus (GpopMbl 00LEKTOB, XapaKTep ABHKEHHS O0bEKTOB WMJIM Ha THII all-
apaTHOTO O0eCIeYeHNs, HCIOIb3YeMOT0 /IS MO THPOBAHUS CIeHbl U T.I. Tem He
MeHee Ha JAaHHBIH MOMEHT HamOOJee MIMPOKO HCIOJb3YIOTCA aJrOPUTMBI Ha OCHOBE
nepapxuil OrpaHMYUBAIONIUX OOBEMOB, a TAaKKe IOCTEIIEHHO YBEeJUYUBACTCS J10J1s
AJI'OPUTMOB, CO3/JIAaHHBIX Jijis pabOThl HA HaPaJlJIe/IbHBIX IOTOKOBBIX IIPOIPDAMMUPY-
eMBbIX yCTPOHCTBaX, K KOTOPbIM OoTHOCATCs coBpemennbie GPU.
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