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AHHOTaUUA

B cratbe paccmaTpuBaeTCs CO3JAaHHE arperaTHBIX
CIICH TIpH IIOMOIIK TOpTajoB. IIpm 3TOM Kakmas Takas
arperaTHasg CIEHa SBIAETCS OOBEKTOM CO  CBOEH
BHYTPEHHEHN CTPYKTYpPOUl U CBOMM METOAOM PEHIEPUHTa.
Knroueswvie cnosa: arperatHas clieHa, HopTaji

1.BBeneHune

B merozne TpaccupoBKHU JIydel CyLIECTBYET MOHSITHE
arperatTHoro o0beKkTa - OOBEKTa, COCTOSILETO M3
MHOXECTBA APYTrUX O6’BeKTOB, U 3HAIOWLICrO KakK HaXOJUThb
nepeceveHre 3aJaHHOTO JIy4a ¢ OOBEKTaMHU BHYTpH ceOs,
T.e. HMEIOIIEr0 CBOM  BHUPTyalibHBIM  MeTON  AJIs
HaXO0X/ICHHS TIEPECEUCHHUs JIyda C COAEPKALIUMUCS BHYTPH
Hero  oObexktamu.  OOBIMHO  arperaTHelii  OOBEKT
WHKAICYJIUPYET, T.C. CONCPXKUT BHYTPH ceO0sl, CKpBIBas
BHYTPEHHHE NETalld M CTPYKTYpY, OAMH U3 CTaHAAPTHBIX
METOJIOB ONTHMH3ALMU - HEPAPXUH OIPAHMYHMBAIOLINX TEI
(BVH), Bocemepuunbie win BSPaepesbs u T.1m1. [Ipu sTom
OH MOXET COJepXKaTh BHYTPU ce0sl JIpyrue arperaTtHble
OOBEKTH,  TaK 4YTO BO3HUKAET HepapXusi OOBEKTOB.
[IpeumymecTB0 ~ MOAXOAa, NPH KOTOPOM BCS CIEHA
MPENCTABISICTCS KaK ONMH OOJBIIOW arperaTHbId OOBEKT,
COCTOMT B TOM, 4YTO IOSBISAETCS  BO3MOXKHOCTb
IPYNIIUPOBATE  HPOCTBIE  OOBEKTHI B arperaTtHble
CTPYKTYpHI, BBIOMpas g KaXaod cBoil  cmoco®
ONITAMM3AIINH U CBOIO BHYTPEHHIOKO CTPYKTYpY [1].

B nanHOl paboTe nenaercs IMOIBITKA HCIOJIb30BATh
AQHAJOTUYHBIN TIOIXONX MAJsl PEHIECPHHIa CIIOXKHBIX CLEH
METOJaMH, OTJIMYHBIMH OT METOA TPACCUPOBKHU Jy4ei.

B macrosmiee BpeMs A PEHICPHHTa TPEXMEPHBIX
CIIeH OOBIYHO WCIIONB3YIOTCA METOABI Z-Oydepa, MeTon
BSP iepeBbeB 1 METO MOPTAIOB.

Hambonee mnpocTeIM U3 NEpPEUUCIEHHBIX SBISAETCA
Metoj z-O0ydepa (Oydepa rryouns). OH 3akirO4aeTCsl B
CO3JJaHMM Tak HaspiBaeMoro Oydepa riryOMHBI, e A
Ka)XJIOTO BBIBEJICHHOTO NHKCENa XPAaHUTCS PACcCTOSHHE OT
ero npoodpasa B MPOCTPAHCTBE O KAPTUHHOM MIIOCKOCTH.
Ilpy >TOM BBIBOA OYEPEAHOr0 IHKCEJIA COCTOMT B
CPaBHEHMH €ro IIyOMHBI CO 3HAYCHUEM IJIyOWHBI, Yy¥Ke
3amucaHHoM B Oydep. Eciu riryOrHa BRIBOAMMOTO HKCENA
MeHbIIIe TIyOWHBI, XpaHsiieiics B Z-Oydepe, TO MHKCEN
BBIBOJTUTCS, @ €r0 TIIyOMHA 3aTIOMUHAETCs B Z-Oydepe.

OCHOBHBIM HEJJOCTATKOM 3TOI'0 METOZA SIBJISETCS €T0
CHJIbHAs! M30BITOYHOCTH TP BBIBOZIE I'paHel - 00s3aTeIbHO
BBIBOJSTCS BCE JIMIEBBIC TIPaHH M TONBKO B KOHIE
omnpenensercs, Kakiue W3 HUX BUIHBIL, a Kakue - HeT. s
JOCTaTOYHO CIOXHBIX CHEH C TEKCTypHpPOBaHHEM U
OCBEIIEHHEM TpaHe Takol  MOAXOJ  CTaHOBUTCS
HCIPUCMIICMbBIM - CJIMIIKOM MHOTI'O yCI/IHI/Iﬁ 1o
TEKCTypUPOBAaHHIO W pacyeTy OCBEIIEHHOCTH TPAaTUTCS
BITyCTYI0.  VI3BEeCTHBIH  BBIMTPHII  CIIOCOOHO  JaTh

UCIIONIb30BaHHE  MHOXECTB  ITOTEHIMAIbHO-BHIMMBIX
rpaneii (PVS) xornma BBIBOISTCS HE BCE I'paHH, a JIMILb
cozepKaliecss B CIIMCKE TpaHeidl, KOTOpble MOXHO
YBHIETh, HaxoIsICh B JaHHOM MecTe (KOMHaTe,
MHOTOTpaHHHMKE). Ilpm  3TOM  Bce  NPOCTPAHCTBO
pa30uBaeTCsl Ha MHOTOTPAHHUKH M JUIA KaXJOTO U3 HHUX
CTPOUTCA CIIMCOK BHUJIUMBIX M3 HEro FpaHeﬁ. OT0
3HAQUUTEJIBHO YCKOPSIET pEHIEPUHr, HO IOCTPOSHHE
MHOXKECTB ITOTEHIIMAIBHO-BUUMBIX TpaHEed JIOBOJIBHO
CJIO’KHO U TPYJIOEMKO M K TOMY K€ HE TOJUTCS AJIs CLIEH C
HU3MEHSIeMON T€OMETPUEH.

Jlns HEe oYeHb OOJBIIMX CIEH MOXHO C OOJBIION
3¢ PEeKTUBHOCTHIO HCTIONB30BaTh MeTo BSP nepesbeB mist
YHOpSAOUMBAaHUS TpaHe M BBIBOJA MX B IOPAIKE
ylaneHus: oT Habmronarens. Ecnu aToT MeTos cCOBMECTHTh
C KakuM-THOO METOAOM ISl  OTCICKHBAHUS  YKe
BBIBEJICHHBIX MHKCEJIOB, HANpHMeEp, ¢ MeToaoM S-Oydepa,
TO  TONy4yaeTcs  JIOBOJBHO  J(P(QEeKTHUBHBIH  MeTox,
CHOCOOHBIH OBICTPO CTPOMTH H300paKEHHE CLEHBI U3
MPOU3BONBHBIX TOUeKk 0030pa. OmHAKO KOJIUYECTBO
oOpabaTbiBaeMbIX  TpaHell  OKa3bpIBaeTCS  JOBOJBHO
OoyplIMM, a TJaBHOE - TMpU TOCTPOCHHH JiepeBa
MPOMCXOMUT pa30MeHue TrpaHeil, TeM Oouibllee, 4YeM
Oosbire oOmiee KomuuecTBO TpaHeil B cuene. Iloatomy
MIPUTOTHOCTB 3TOTO METO/a IJ1sl 00paOOTKH JEHCTBUTEIHHO
CIIOKHBIX CIIEH BBI3BIBAcT Oosblive coMHeHus. Kpome
TOTO, 3TOT METOA HE TOAWTCA Al CLEH C HM3MEHSEMOH
FEOMETPUEH.

B otom KoHTekcTe Gonee  HPUBIIEKATEIbHBIM
BRINJIAMT MeTo[ moprtaioB [2]. OH 3akirouaercs B
pa3OuMeHnM Bceil CIHEHbl Ha MHOXECTBO  BBITYKIIBIX
MHOTOTPaHHHKOB (KOMHAT), COEAMHEHHBIX MEXAy CO00H
nopranamu (CBOETO poja ABIPKaMH), depe3 KOTOphle U3
OJTHOTO MHOTOTPAaHHHKA MOXHO YBHJIETh COJICP)KUMOE
npyroro  (puc. 1). Penmepunr  HaumHaeTCI  C
MHOTOTPaHHMKa, B KOTOPOM HAaxXOAUTCS HaOIIONaTeNs,
3aTeM sl KaXJOro T[opTaja 3TOr0 MHOTOIpaHHHKA
MMPOU3BOAUTCA PCHACPUHI COCCAHETO MHOT'OI'paHHUKA, IIPpHU
3TOM caM TIOpTall, COEAWHSIONMH OSTH MHOTPAaHHHKH,
BBICTYIIA€T B KauyecTBE 00JACTH OTCEYCHHUsS - BCE, YTO HE
momajaer B moprain  (HE  BHIOHO CKBO3b  HETO)
AaBTOMAaTHYECKH OTcekaercs. Jlajmee  OCYIIEeCTBISETCS
PEHIECPUHI MHOTOI'PaHHUKOB, COCIMHEHHBIX IMOPTalaMH C
MHOTOTPaHHUKAaMH, COCEAHUMHM JUI1 HA4aJbHOrO, U T.I.
ITpu penpepuHre 04epeJHOr0O MHOTOIPaHHHMKA B KauecTBE
o0lacTh  OTCEYEHHUs]  BBICTYIIAeT IepeceuYeHHe BCEX
MOPTAJIOB, BEAYIIUX OT HCXOJHOTO MHOTOTPaHHHMKA K
TEKyLIeMY. Pennepunr camoro MHOTOIpaHHUKA
3aKJIFOYaeTCsl MPOCTO B BBIBOJIC BCEX €r0 JIMIEBBIX I'paHei
(HaTTOMHMM, 9YTO MHOTOTPAHHUK BBITYKJIBIH).

PaGory MeToma mOpTaIOB MOXHO IIPEIACTaBHTH
ClIeAYIONM (PparMeHTOM IICEBIOKOAA.
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void renderScene ( Polygon clippingPoly, Cell
activeCell )

for each facet of activeCell
if ( facet intersects viewingFrustrum

drawFacet ( clipFacet ( facet,
clippingPoly ) );

for each portal of activeCell
if ( portal intersects
viewingFrustrum )

Polygon clippedPortal =
clipPortal ( portal, clippingPoly );

renderScene ( clippedPortal,
adjacentCell (activeCell, portal ) );

}

puc. 1

OpHako camMo pa3OWeHHe CIEeHbl Ha MHOXECTBO
BBIITYKJIBIX MHOTI'OTPAHHUKOB JOBOJIBHO CJIOKHO, JIA
OONBIIMX CICH BO3HUKACT OrPOMHOEC  KOJUYECTBO
MTOPTAJIOB, YTO 3aMETHO CHIXKAeT olIiee ObICTPOACHCTBHE
QITOPUTMA.

2. NoHATMe arperaTHoOM CUEHbI.

[TorpoOyem wucmonb30BaTh METOJ TOPTAIOB LIS
CO3/JJaHUSI arperaTHhIX CIeH - pparMeHTOB CIEH, YMEIOLIUX
ce0sl BU3yallM3MPOBaTh, T.C. COJICPXKALIMX BHYTPH ceOs
MeToJbl (IIPOrpaMMBI) ISl CBOCH BU3yan3auuu. SICHO, 4To
METOJ BU3YyallM3allMd arperaTHOW CLEHBI 3aBHCHT OT ee
CTPYKTYpPBI U [UIS pa3HbIX (ParMEHTOB CLIEHBI MOXKET OBITh
pa3IMYHBIM.

Pa3zo0beM BCO ClieHy Ha HECKOJBKO ()parMeHTOB (He
00513aTeNBEHO BBIMYKJIBIX) ITPY TIOMOILM ITOPTAJIOB (puC 2.) U
C KaXAbIM (parMeHTOB CBSDKEM Haubosee IOAXOMASIINI
IUIsL HEr0 METOJI PEHACPUHTa. PEHIepHHT Bcell CLICHBI
MPOU3BOAMTCSA TNPHUMEPHO TaK XK€, KaK M JUIS YUCTOrO
METOJa MOPTAJIOB - HayMHasg ¢ (parMeHra, coeprKallero
HaOJIoIaTeNs, Janee, WUCIONb3ysl TMOpTaibl, Kak o0iacTu
OTCEUYEHUs], IPOBOJUTCS PEH/IEPUHT COCENHUX (parMeHTOB
U T.JI.

OmuH ©3 caMpIX NPOCTHIX W B TO JK€ BpeMs
JOCTaTOYHO A(P(PEKTUBHBIX IOJXOJOB 3aKIIOYaeTCS B
MPUMCEHEHHH BO BCEX MOJIyYHMBIIUXCS (parMeHTax MeTona
BSP-nepeBbeB. CumpHOTO pa3OMeHns TpaHed IpH STOM He
BO3HHKAeT, a BMECTO OJHOrO OOJBLIOrO  JAepeBa
MOoJTydaeTcsi Habop CPaBHHUTEIBHO HEOOJNBIINX JICPEBbEB,
NpUYeM JUis pEHIEpUHra BCeil CIeHbl He 0053aTeNbHO
o0xomuth HX Bce. Ecim ke OOMH WM HECKOJIBKO

[DD ]

(parMeHTOB HOCAT AMHAMHUYCCKHN XapakTep, TO Ui KX
PEHICPUHIa BIIOJHE MOXKHO BOCIIONB30BATHCS OO
MeTonoM Z-0ydepa , 1160 METOJIOM COPTUPOBKH I'PaHEH.

puc 2.

B cmyuae wucmome3oBanms Mertonma Z-Oydepa mms
oOecrieyeHHssT  OTCEYCHUS TI0 TOPTaly JAOCTaTOYHO
COOTBETCTBYIOIIUM 00pa3oM TPOWHUINATN3UPOBATE  Z-
Oydep mepen BBHIBOJOM B HET0 TpaHEH TEKyIIero
¢bparmenra.

Jost peHnepuHra (bparmMeHTOB OTKPBITOTO
MPOCTPAaHCTBA MOXXKHO C YCIEXOM HCIOJB30BaTh METO[
COpPTHPOBKHM TpaHEH WJIM METOJ| IUIABAIOIIET0 TOPH30HTA,
KOTOpPBIC B IaHHOM ciy4ae paboTaroT KpaiHe d(P(PEKTHBHO
1 o0ecreunBaroT OBICTPOE OTCEUCHHE HEBUIUMBIX TPaHEH.

JloBonbHO HHTEPECHBIM MIPeICTaBIACTCS
HCIIONIb30BaHWe MeTona S-Oydepa ams  peHaepuHra
OTAETBHBIX (PParMeHTOB. DTOT METOJ B MOCJEIHEE BpeMs
MOJY4MJI JOCTATOYHO HIMPOKOE PaclpoCTpaHEHUE, OJTHAKO
OH UCIOJIB3YeTCS B OOJBIIMHCTBE CIIy4acB TOJBKO IS
OTCJIC)KUBAHHS YXKE 3allOJHEHHBIX ()ParMeHTOB KapTHHHOU
IUIOCKOCTH. 3JeCh K€ MOXHO MPUMEHHTh €ro Jyisi

yAaleHHs  HEBUAMMBIX  IIOBEPXHOCTEH,  IOIHOCTBIO
UCTIONB3YS €T0 MPOCTOTY M OBICTpOAEiiCTBHE.
I[Ipy  KomMMpOBaHWMH  pe3yAbTaTOB  CpPaBHEHHUS

oqepeﬂHoﬁ rpaHi C TpaHAMH, YKE TIOMCHICHHLBIMU B
Oydep, HeOOXOAMMO CPABHUBATH BHIBOJMMYIO TPAaHb JIUIIb
C TEMU TPaHsAMH U3 JJAHHOTO (hparMeHTa, YbM MPOEKIUU Ha
KapTUHHYIO ITJIOCKOCTH IIEPEKPHIBAIOTCS, YTO HE TpeOyeT
0cOOCHHO OONBIIMX 3aTpaT B CHWIy JIOKaJbHOCTH
¢parmeHra.

Hcnonp3oBaHNe KOTEPEHTHOCTH MEXKIY OTPE3KaMHU S
Oydepa ¥ KOTEPEHTHOCTH MEXIY COCCIHHUMH JIMIIEBBIMU
rpaHsMH T[O3BOJISIET elle OoJibllle CHHU3MTh oOliee
KOJIMYECTBO MTPOBEPOK.

B pesynprare mosmyudaeTcsa KpailHe mpocToil u
(G (QEKTUBHBIA  aNTOPUTM, MO3BOJISIOIUA  ITOJHOCTBIO
n30exarh BBIBOJA HEBUAMMBIX MHUKCENOB (T.€. pacdyera WX
OCBEIIIEHHOCTH W TEKCTypPHPOBAHMSA), PACLICIUICHHS TpaHeil
U OTPaHUYHUTHCS IPH ATOM CPABHUTEIBHO HEOONBIINM
KOJINYECTBOM HPOBEPOK.

CueHy, TMpeACTaBIeHHYIO B BHJE  OTJENbHBIX
(parMeHToB, KaKABIA W3 KOTOPBIX JUIl YZAaJeHUs
HEBHJMMBIX TOBEPXHOCTEH MCHOIB3yeT Meron S-Oydepa,
OyZeT OTINYaTh MPOCTOTA IIOCTPOCHUS, BBICOKAsi THOKOCTh
(BO3MOXHOCTh Ha XOJy M3MEHSATh '€OMETPHIO OTAEITBHBIX
(parMeHTOB) M BHICOKASTd CKOPOCTH PEHICPHHTA.

B pesynbTare momo0HOro moaxo/ia BClo CIEHY MOYKHO
MPEJICTaBUTh KaK €JNHBIN arperaTHhIA 0OBEKT, COCTOSIIUN
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W3 OTHENBHBIX (PParMeHTOB, COEAWHEHHBIX TNPH ITOMOIIN 3. 3akno4vyeHue

nopranos. Kaxiplid U3 3TuX (parMeHToB HMEET CBOKO [MomoOHBIN  O0OBEKTHO-OPUCHTUPOBAHHBIN  MOIXO,
BHYTPEHHIOIO OPraHU3alllIo, HanOoJee ECTECTBEHHO EMy KOrJa K@Kl  (DpParMeHT  sBIsSeTCs  OOBEKTOM,
COOTBETCTBYIOLIYIO, W CBOH MeTOA peHaeputra. B WHKANCYIHPYIONMM B ceOe Hambojee MOIXOAANIHA eMy
YaCTHOCTH, OTJIEJIbHBIE ()PArMEHTHI TAK)KE MOTYT SIBIISITHCS METOJl PCHICPUHIa, OOECICYHBACT BBICOKYIO CTCIICHB
arperaTHeIMM  CLCHAMM, DasOWTBIMH  TOpTaiaMi  Ha THOKOCTH  TIPUMCHEHHUS,  BO3MOXKHOCTh  aKTHBHOTO
oraenbHble ToAdparmMentel. B pesymbrare Bes cuena WCIOJB30BaHUS CIEH C U3MEHSAeMoil reomerpuei
ONMMCHIBACTCA ~ NPH  IOMOIIM  HEKOH  HepapXH4ecKoi (TIOCKOJIbKY ~ TIOSIBIISIETCSI  BO3MOXKHOCTh ~ M30JIUPOBATH
CTPYKTYpBI (epeBa), 3ajafoliell pasOHCHHE CLCHBI Ha (dbparMeHTBl C H3MEHSEMOH TeOMETpHed NpU IOMOIIU
NEpBUYHBIC  (PparMeHThl. JIIs  KakA0ro  arperaTHoro MOPTAJIOB W MPUMEHUTHh HanbOoisiee 3QQPEeKTUBHBIE METObI
00BEKTa ATOTO JepeBa 3aJaeTcsi HEHAIPaBICHHBIA Tpad, JUISL X PEHJCPHHIa, He 3aTparkBas IpH TOM 06paGoTKy
Hecymii B ceOe MHPOPMALMIO O TOM, Kakoi (parMeHt ¢ BCEX  OCTaJIbHBIX  (parMEHTOB) W  pa3HOPOIHOMH
KaKUM COEAMHEH U IIPU MIOMOIIM KaKoro HopTaa. CTPYKTYpOii.

[lpumenerre  MOMOOHOTO — MOAXOJAA  TO3BOJISET I[Ipu »TOM pmocTWTaeTcsi JETKOCTh W yIOOCTBO
CPaBHHTEIILHO JIETKO CTPOUTH CII0KHBIE CIIEHBI, COCTOSIINE II0CTPOEHHS KOMIIOBUTHBIX CIIGH, KOIJIA CIIGHA CTPOMTCS H3
3 Pa3HOPOJHEIX (hparMeHToB. BriOupast it kaxmoro us TOTOBBIX OOBEKTOB, KaXIblii pa3 BbBIOMpas HauOosee
¢parmenToB  Haubonee  MOAXOIALIYI0 — BHYTPEHHIOK TNONXOJSAIINA OOBEKT, U , CHIDKas TeM CambIM, OOIIYIO
OpTaHM3aIMI0O U METOA PEHAEPUHra, MBI COBMEIIAEM TEM CJI0KHOCTD CIICHBL.

CaMbIM  JIETKOCTh TIOCTPOCHHSI CIEHBI C  BBICOKOM OIHOBPEMEHHO NPH 5TOM JOCTHIAeTCSs U BBICOKAs
CKOPOCTBIO ¥ THOKOCTBIO PEHIEPHHTa. CKOPOCTh peHepuHra BCJICJICTBUE JIOKaIu3aluu

OCHOBHBIM, 4YTO JO/KCH yMETh JCIaTh KakIbli MTOTCHIINATFHO-BUIUMBIX (PParMEHTOB M CHIDKCHHS 3aTpat

(parMenT, sSBISETCS MOCTPOCHHE CBOETO HM300pa)KEHUs B Ha PEHICPHHT OTACIBHBIX (PParMEHTOB.

3aJJaHHOM MHOTOYTOJIbHUKE KapTUHHOM IIIOCKOCTH. Takum
00pa3oM IIPeACTaBICHHBIN ()ParMeHT SBISIETCS TTOTOMKOM

CJIIEAYIOIIETO YMCTO BUPTYAJIBHOTO KJIacca: nMTepaTypa ) . )
[1]. Andrew Glassner. An introduction to ray tracing. -

class SubScene Academic Press, 1989.
{ [2]. Seth Teller. Visibilty computations in Densely
public: Occluded Polyhedral Environments. Dissertation., 1992

SubScene () {}

virtual ~SubScene () {}

ABTOp

virtual void render ( Polygon& ) = 0; BbopeckoB AeKkcel, MIIaaui Hay9IHBIA COTPYIHUK

(axynpTeTa BRIYUCIUTETHFHON MaTEMaTHKN 1
kubepHeTHKH MOCKOBCKOTO I'0Cy1apCTBEHHOTO
YHuusepcurera um. M.B. JIomoHOCOBa.

Anpec: Mocksa, 103064, bonbuioii Kazennsiit nep., 1om 7,

Cama e arperaTHasi CIIeHa IPEACTaBIsET COOOM
KOJUICKIIMIO ~ ()pParMEHTOB W MOPTAlOB, a  TaKKke
CBSI3BIBAIOIIUI UX MEXKIy co00i rpad.

KB. 14
class AgregateScene : public SubScene Tenedonu: (095)917-3830
E-mail: alex@garant.ru
public:

Collection <SubScene> phragmentCol;

Collection <Polygon> portalCol; Summary

int * connectionGraf; Boreskoff Alex.

Creating aggregate scenes using portals.

Agregatescene (); In the article the author considers splitting of entire scene

~AgregateScene () . . . .

{ into subscenes using portals. Each subscene is considered
delete phragmentCol; as an object with it's own internal structure and it's own
delete portalCol; method to render it. So a complex scene can be rendered as

) delete connectionGraf, a sequence of subscenes, each subscene representing it's

own method of rendering.

int isConnected (inti, intj)

{

return connectionGraf
[i*phragmentCol->itemCount + j];

virtual void render ( Polygon& );
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