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AHHOTaUMA

B nmamHO#l crathe peub HAET O paboTe CO CICHAMH,
MPECTAaBICHHBIMA B BHAE CTPYKTYPhl HEPAPXHUECKUX SUEEK
(Hierarchical Cells, HC). BBoauTcs u packpbiBaeTcs KIIOUEBOE
noHsTHe peamm3anuu  cTtpyktypel  HC, paccmarpuBaroTcs
orepanuy HaJ HUMH, a TaKXKe KPHTEPHM BBIOOpa HAMITydIIeil
peanu3aunu. Takoll moaxon, coxpaHss 3aJaHHYIO CKOpPOCTb
peHaepuHra, MO3BOJISIET a/lalITHBHO KOHTPOJIMPOBATh
JIETAIN3aUI0 yYYacTKOB CIIEH B 3aBUCHMOCTH OT MHOXKECTBA
(GaKkTOpoB, TAaKMX KaK IOJOXKEHWE U HANpaBICHHE B3IIAA
HaOmojaTens,  JUHAMHKA  €r0  JBIDKCHHUS,  MOIIHOCTb
rpaduaeckoro akceiepaTopa, IMONOca INPOIYyCKAaHWS KaHala B
KJIIMEHT-CEpPBEpHON  apxuTekType. Tawke paccMaTpuBaercs
MIPUMEpP HCIONB30BaHUS 3TOH CTPYKTYPHI A PEHAEPUHTa CLEH
HCXOMHO TIPEICTABICHHBIX B BUJIE OKIMOU300PAdICEHUL].
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1. BBEOEHUE

B macrosimiee Bpems TIJIaBHOM 3ajadedl  MHTEPAKTHUBHOIO
peHaepuHTa SBISeTCsl o0ecHedeHne ero afanTuBHOCTH. [loHsATHE
aNaNTUBHOCTH  IOJpPa3yMeBaeT  CHOCOOHOCTh  TEXHOJOTHUI
MaKCUMH3UPOBATh Ka4eCTBO BBIMOIHEHUS 33aadX IPH 33TaHHBIX
ycinoBuAX. B KOHTEKCTe amanTUBHON TrpadUKH, Takod 3agadueci
SBISIETC ~ MAaKCHMHM3anusl  KadecTBa, IpU  COXPaHEHHH
WHTEPaKTUBHOCTH DPEHJCPHHTa TPEXMEPHBIX OOBEKTOB/CIIEH,
KOTOpas 3aBHCHUT OT TaKUX (paKTOPOB Kak:

e  CKOpOCTh mporeccopa U Tpaduieckoro akceneparopa,
HauMHas OT KapMaHHBIX KommbioTepoB (PDA),
3aKaH4YMBas rpaUUIeCKUMH CTAaHIUSIMU

e  Mecronosjoxenue W Cckopoctd nocrymieHus 3/1-
KOHTEHTa, Oyab TO JKECTKHH JHMCK JIOKaJbHOTO
KOMITBIOTEPA WIIM COCIUHEHUE YePe3 CETh HHTEPHET

e  CnoxHocth 3/I-KOHTEHTa, BapbHpyeMas OT IIPOCTOrO
3/[1-o0beKkTa 10 AETaTU3UPOBAHHBIX MpPEACTaBICHUN
CILIEHBI TOpOJa

e Meron co3manmsi oObekTa, OyApb TO  METOX
MozenupoBaHusi B makere 3D-momenmpoBaHMS, WIH
CO3JaHHBIM  NOJyaBTOMAaTHYECKH, MEpeJaHHbI U3
peansHOro Mmpa mocpeactBoM 3D-ckanepos, wnmm
KOMITBIOTEPHOTO 3PEHHUS

OHHOBpeMeHHOG BBITNIOJIHCHHUE Tpe60BaHPII>i YHUBEPCAJIBHOCTU U
aIalTUBHOCTU MOI'yT HNPUBECTH K CIIMIIKOM TI'POMO3AKOMY
yCTpOﬁCTBy CUCTCMBI, HOZ[CTpaPIBaIOH.[efICH o KOHerTHLIfI
KOHTCKCT. HOBTOMy, PpasyMHBIM BBITVIAIAUT KOMIIPOMHUCC MEXKIAY

YHHUBEPCATBHOCTBIO, aNAalTUBHOCTBIO M CIIOXKHOCTBIO CHCTEMBI.
Ha mHacTosmmii MOMEHT CyIIECTBYET HECKOJIBKO METOOB,
pEIIAIONINX 3Ty 3a7ady.

OmHMM W3 TepBBIX W Haubojiee MOIMYJSIPHBIM Ha CEroJHs
SBIISIETCS ~ METOJA  INpPEJCTaBICHUs  JaHHBIX Ha  OCHOBE
HOJIMTOHANIBHBIX ~ CETOK. Pa3paboTaHO MHOXXECTBO METOJOB
aJalTUBHOIO  KOHTPOJS ypPOBHA  CJIOXHOCTU  TPEXMEPHBIX
HOJUTOHANIBHEIX  00BekTOB [1, 2]. Ho Bce »Tm moaxomsl
aJIeKBaTHBI TOJBKO Uil paboThl C OOBEKTaMH C JOCTATOYHO
npocroi Tomonoruel. Ho maxe B 3TOM ciydae, BO MHOTHX
MPUIIOKEHHUSX, HanpuMep urpax, i JIOCTHIKEHUS
MaKCUMQJIBHOH  IPOU3BOAUTEIBHOCTH HUCIOJB3YIOT PYUYHYIO
ONTUMMU3ALHIO.

K npyrum crioco6am ynpoIieHHs TPEXMEPHbIX CLEH U 00BEKTOB,
OTHOCSITCS ~ METOIbI, 3aMCHSIOIINE TPEXMEPHbIE OOBEKTHI
n3obpaxxeHusmu, Hanpumep [3]. Takme MeTompl He copepx ar
TOIOJIOTHYECKHX OTPaHUYEHHMil, OJHAKO, HX HCIIOJIb30BAHUEC
BO3MOXXHO TOJBKO JUISL OTHAJICHHBIX OOBEKTOB, BOJM3H IKE
BO3HHKAIOT 3P (PEKTh Mapajutakca i HECTHIKOBKHU TPAHEH.

PaccMOTpHM [IpejCTaBiIeHHs], KOTOPbIE HMMEIOT 00Jice MATKYIO
TOIOJIOTHIO, HEXKEJH MMOJMIOHAIBHbBIE MPEACTABICHUS U HUMEIOT
Oosiee MIMPOKYIO O0JIACTH MPUMCHCHUS, HEXKEITH H300paKCHHS-
3aMCHUTEIH:

e Toueunsie npencrasnenus (Splat [4]).

e [lIpencraBieHUs HAa OCHOBE M300paKEHHH C TITyOHMHAMHU
[5.6]

e  PaznnuHble THOPHIHBIC MPEICTABICHHS, COYCTAIOIIUC
CBOWCTBA IMEPBHIX NBYX. Hanpumep, oxmouzobpasicenus
[10, 11], Brmovaromme B cebe Tak e CBOicTBA U
00BEMHBIX TIPEACTABICHHN.

Texuomorust Qsplat [4] npeaHasHayeHa OIS  OOBEKTOB,
COCTaBJICHHBIX U3 TOYEK, MOTyUEHHBIX M3 TPEXMEPHOTO CKaHepa.
B HeM TOYKH CTPYKTYPHPOBAHbI B BUJIE BIOXKEHHBIX cep, TAKUM
0o0pa3oM aJanTHBHBIA KOHTPONb JETalH3al[UU JIEXKUT B OCHOBE
JTAHHOTO MIPEe/ICTaBICHUSI. Hpyrum HEePapXHUIECKUM
MpEJCTaBICHUEM, OPHEHTUPYIOIIUMCS Ha MPEACTaBICHHE CIIEH,
a He 00BeKToB, sBusercs npeacrasienue LDI-Tree[5]. B atom
MpECTaBICHUN CTPOUTCSI OKTOJEPEBO, B KAXKIOM y3IlI€ KOTOPOTO
XpaHUTHCs cloucToe n3obpaxenue ¢ riayounoit (Layered Depth
Image) ¢ ¢ukcupoBaHHBIM pa3pelieHHeM. YCIOBHEM BBIOOpa
OIIPE/IENICHHOTO YPOBHS JETalu3aliy ObLIO JOCTHKEHHE YPOBHS
pa3MepoB NUKCeNel, conocTaBumoe ¢ paspemenuem LDI.

Bang u lltpabep [7] wucnonap30Baiy aHAJOTHYHBIA METOA IMPH
paboTe ¢ aHUMUPOBAHHBIMY CIICHAMH.

OnHako BO BCEX ITUX IOJXOZaX CTOsUIA 33ajadya MaKCUMHU3ALMU
CKOPOCTH, HO HE peliajnach 3ajada (UKCHPOBAHHOW CKOPOCTH
peHIepuHra.



K ngpyruMm, oOTMe4YeHHBIM HaMHM O0JAacTIM aJalTHBHOCTH,
OTHOCUTC ajantuBHas nepepada 3D-konreHra mo cerd. Jlo
HACTOSILIETO MOMEHTa BBIXOJMJIO TOJIBKO HECKOIBKO CTaTel
MOCBAIIECHHBIX NporpeccuBHoil nepenauu 3D. Tak, x nepenaue
oObekTa OTHOCUTCSL — TexHoiorus  Streaming  Qsplat  [8]
nporpeccuBHo nepeaatowasi QSplat no cerw.

[To merony Tenepa u Jlumuncku [9] nepemaéres yxe He OUH
00BeKT, a 1enas rpynmna o0beKTOB, KaKAbIM U3 KOTOPBIX MOXET
ObITh mepenaH MO0  HM300paXKCeHHEM-3aMEHUTeNeM, JH00
MOJINTOHAJIBHBIM [IPEJCTABICHUEM C OIPENEICHHBIM yPOBHEM
JIeTaIn3aliy. 3aMeTHM, 4YTO B JAHHOH TEXHOJIOTMH aJalTHBHO
BBIOMpAETCS  TONBKO O00BEM  IEpellaBacMbIX  IaHHBIX B
3aBUCHMMOCTH OT MOJIOCHI ~KaHala, HO HE CKOPOCTHbIE
BO3MO)KHOCTH PEHJICPHHTa Ha KIMCHTE.

B ,I[aHHOfI CTaTbE ACIacTCA IIOIbITKA 0606H_II/ITL JJAHHBIC 110 3TOoM
HpO6HeMe U BBECTU TCOPETHUUCCKYIO OCHOBY IJI1 YHUBEPCAJIbHOI'O
NpeaACTaBJIICHUSA CILCH, CIIOCOOHOTO aanTupoBaTbCs KakK K
LIIMPUHE KaHalla, TaK U K CKOPOCTU PEHACPHUHIA WU IIO0JOXCHUIO
Ha6n}0/:[aTen$1. Takum 06pa30M, CTaBUTCA 3aada OAHOBPEMEHHO
pCain30BbIBAaTh W IPOrpeCCUBHYIO NE€pe€Aady [AaHHBIX, U
a,I[aHTI/IBHHﬁ PECHACPUHT .

HanGonee akTyanpbHBIMH 3TH 3aJadMd CTAHOBATCA Ui Lienei
peHaepuHra OOJBIIMX CIHEH Ha MaJOMOIIHBIX KOMIIBIOTEpAX,
Hanpumep, Ha KIIK, a B Oyaymem u Ha MOOMIIBHBIX TenedoHaX.
Jlns sToro, ucXomHas CIEHa JO/DKHAa ObITh TMpeacTaBlIeHa
CHEeUUAIBHBIM  00pa3oM, TMO3BOJSIIONIMM OBICTPO  BRIOMpATh
nHpopmalyio, HEoOXOOUMYIO Ul TOJb30BAaTENsl B JIAHHBIH
MOMeHT. [Ipu HanmuuuM KJIMEHT-CEPBEPHOM  ApXUTEKTYpBHI,
BO3HHKAET 3a/1a4a ObIcTpoil (He TpeOyromeil OonpIMX 3aTpaT Ha
M3BJCYCHUE Ha cepBepe M A00aBleHHs Ha KIMEHTE) Nepenadu
9TOM HHpOPMALIUH.

IMpu >ToM, Hanbomee 3(hHEKTUBHO MPEACTABIATH CIEHY, B BUJE,
MO3BOJIIONIEM COBMEIaTh B cebe OOBEKTHl B  Pa3IHIHBIX
MIPE/ICTABICHUSX, KJKIA0€ N3 KOTOPBIX 3((eKTHBHO oTOOpaxaer
CBOI0 4YacThb CLEHBI IIPU 33JaHHBIX YCIIOBHUSAX Ha COOTHOLICHHUS
Ka4yecTBa U CKOPOCTH.

OpHako, B JaHHOM CTaTh€ pPacCMATPUBAETCSI TONBKO OJHO
MPE/ICTAaBICHUE - OKmousobpasiceHue, TOCKONbKY KaK OBLIO
CKa3aHO paHee, O0ONaJaeT NPEUMYIIECTBAMHU, KaK TOUYEYHBIX
MIPEICTaBICHUH, TaK U MPEJCTaBICHUI HA OCHOBE U300paXKeHU 1
coyetaeT B cebe 0OBEMHO-BOKCENBHYIO CTPYKTYPH3aLHUIO
MIPOCTPAHCTBA.

JUis  pemieHMs  PacCMOTPEHHBIX  3aiad,  IpeIaraeTcs
HCTIONB30BaTh CHENUATBHOS HEpapXUUecKoe IPEe/ICTaBICHHE,
naspiBaeMoe Hierarchical Cells (uepapxuueckne saeiikm), WIN
cokpamenHo HC. OcnoBras unes pa6orsl ¢ HC 3aximouaercs B
aNanTUBHOM  MHOTOMACIITa0HOM  pa30HMEHHHM  CLEHBl  Ha
OTZHENbHBIC HEe3aBUCUMBIE SUCHKH, KOKAYI0 U3 KOTOPBIX MOXHO
BU3yalN3UPOBaTh OTAENIBHO. Takod MOIXOH, C ONHOH CTOPOHEI
maét Oonpmryro cBoOOmy JUIL aJanTalidd K  Pa3IHIHBIM
rapaMeTpam, a ¢ JPyroil IMo3BOJISET COXPAHATh KOHCHCTCHTHOCTD
CIICHBL

2. NEPAPXWYECKUE AYEWMKM (HC)

Hns mpencraBmenns cuensl B HC, HeoOxoammo co3naTh
HECKOJIBKO ~ BEPCHH  CLEHBl €  Da3IM4YHBIMH  YPOBHIMH
nerayu3anud. HC  SBISETCS  OKTONEPEBOM, KaXKIOMY Y3Iy
KOTOPOTO  COOTBETCTBYET 00JAacTh MPOCTPAHCTBA  CLCHBI.
KaxnoMmy croro B nmepeBe (coii — MHOXKECTBO Y3IIOB B JEpeEBe,
UMCIOLINX OJIMHAKOBOE PACCTOSHUE OT BEPIIMHBI) COOTBETCTBYET

OJiHA U3 Bepcuil cueHsl. J{is m000# BepIINHEL, €€ IIOTOMKH — 3TO
SYEHKH, TONydeHHbIe IyTEM pa3OMeHMsl NAaHHON sdYelKH Ha 8
nogbsiaeek. Slueiika KaxkJoro CIeayIoIero ypoBHsS 3aHuMaeT 1/8
0o0béMa (B TPOCTPAHCTBE CIEHBI) POTUTEIBCKOM SUCHKH.
CnooicnHocmyo sAueex MOXKET U3MEHATHCSA OT YPOBHS K YPOBHIO IIO-
pa3sHOMY, B 3aBUCHMOCTH OT COZEpKaHUs CLCHBL. bynem cuurars,
YTO OTHOILICHHE CIOJCHOCU AYeeK KaXIOro CJOs COACPKHUT B

27 pa3 MeHblle HHOOPMALMH, YEM C TPEABIAYLIErOo CJIOS U
Oynem HaszwiBaTh D - pazmepnocmuvio HC. Tlon croowcnocmuio
sAyeex OyneM ToApa3syMeBaTh KOJMYECTBO  JJIEMEHTAPHBIX
SIIEMEHTOB CIICHBI, TaK, IS CITy4asi IPEACTABICHHH SYEeK B BUIIC
O6uHapHO-BonbIoMeTpryeckoro oktozxepesa (BBO) [5], ono Gyner
PaBHO TPOCTO KOJHUYECTBY HEIMYCTBIX BOKCEJIOB B JaHHOM 3D
JeTalbHOM ypoBHE. BBemenHass Hamu pasmepHocth HC, mmeer
HENOCPEACTBCHHYIO  CBsI3b ¢ Haubosiee  IOMYJISPHBIM
ompeneneHneM  (QpakranbHOd  pasMepHoctH  Konmoroposa-
Xaycnopda [12], mo KOTOpO#l, pa3sMEepHOCTh MHOXECTBA B -
MEpHOM (ha30BOM MPOCTPAHCTBE, PaBHA:

D = lim MM (£)
£—0 ln(gfl)

rae M (&) - MMHMMaJIBHOE YHCIIO /-MEPHBIX KyOMKOB ¢ pebpoM
& , HeOOXOJMMBIX I MOKPHITHS MHOXKECTBa. B Hamem ciydae,
Pa3MepHOCTb NPOCTPAHCTBA paBHA TpeM, a pedpo Kyba paBHO
pedpy COOTBETCTBYIOLIEr0 BOKCENAa HAa IaHHOM pa3pelleHHH.
Hanpumep, npu npubnmwxennn bBO u3BecTHOi TecToBOM Moxenu
“Bunny”, mosryuum:

Ta6auua 1 Pazmepnocts BBO n1s1 monesu "Bunny"

Vposenr ~ Pasmep  KomumuectBo IIpubGnmxeHHast
EBO pedpa KyOOB Xaycmopgosa
pa3MepHOCTh
7 1/128 15100 1,983
8 1/256 61010 1,987
9 1/512 252388 1,993
10 1/1024 1034937 1,998

AHaNoOruuHble Pe3yNbTaThl OBIIM MONYYEHbl W OIS JIPYTHX
Mozenel, MoNydYeHHbIX Hu3 MoauroHoB? Takum o0pazoM, Mel
NpaKTHYeCKH MOATBEpIHIH, uTo pasmepHocts HC Xaycmopda
JEUCTBUTENBHO CTPEMHUTCS K 2-M MPH M3MEIbYEHHU Pa3OHeHHsI.
Mogeny, NoydeHHbIE U3 IPYTHX MCTOYHHUKOB, MOTYT MMETh H
JIpyrue pa3mMepHocTd. Tak, pa3zMepHOCTb TOUEUHBIX MOJENEH IIPU
yBEIMYEeHHH OyIeT CTPEMHUTbCS K HYJIEBOH, a OO0BEMHBIX
HnpeacTaBieHuil - K TpeM. [loHsATHE pa3MEpHOCTH NPUTOAUTCS
HaM Jlajiee A1 OL[EHKH KOJIHMYECTBA Peaan3alyii CIIeHBI.

2.1 Peanusauun HC

Peammzanuss HC — wHuoxkectBo sueek HC, oOnamaromux
CJISYIOIINM CBOMCTBOM: JII00OM myTh OT KopHs K jmcty HC
HPOXOJIUT POBHO Yepe3 OAHY M3 ITUX sueeK. Kaxublii ypoBeHb
nerammzaun B HC  gepeBe  sIBIsIeTCss YacTHBIM — ClTydaeM
peanm3auuu. C TOYKM 3pEHUS] CLEHBI DTO O3HAYAeT, 4TO BCE
SYEHKH peasiM3alid HE IEPeceKaroTCsl B IPOCTPAHCTBE U IPU
O0BEIMHEHNHU TPEACTABIAIOT CLEHY C Pa3INYHBIMH YPOBHSIMH
neranuzanuu. CTaBUTCS 3agada  ONPEACNEHHS ONTHMAIbHOM
peanu3anuy CHEHBl IPH 33JaHHOM KPHTEPHU ONTHUMAJBHOCTH.
OueHrM KOJI-BO BO3MOXKHBIX peanu3auii Py(n). [lns nomHoro k-
WYHOTO JepeBa TIIyOMHBI N, OHO BBIpAKAETCS CIEAYIOIICH
PEeKyppPEHTHOH (HOpMyII0ii:



Pk(l) = 15
Py(m+1)=P(m)*+1,m=2...n,

Xora nonnoe HC sBiserca 8-uyHblM, HO B peanbHocTd, HC
HMEeT B CpeJHEM TOJIbKO TOpsiika 4-X BeTBIEHUH. ITO
oOBsicHseTC TeMm, 4Tro XaycnopdoBa pa3MepHOCTH JepeBa,
MPEJICTABIISIONICTO TTOBEPXHOCTh, OJIM3Ka K JBYM, a HE K TPEM.
Ho naxxe 1u1st Takoro HEMoJHOTO JiepeBa KOJIMUECTBO pealn3auuit
yXKe Juid cllydas 4acTo Hcrolyibdyemoro 7-mu ypoBHero HC
JIOCTUTaeT TMOpsAKa MWDIHApAa, H ONPENeNuTh IMepedopoM
ONTUMAJbHYIO pEAM3alMI0 IPU COXPAHEHUU WHTEPAKTUBHOCTU
HE IpejacTaBisieTcs Bo3MOXHBIM. [loaTomy, nanee paccMoTpum
HEe TepeOOpHBIC METOIBI PEIICHHUE ITOH 3aJa4d MPU 33JaHHOM
KpUTEpUU ONTUMAILHOCTH.

Jlnst npyiMepa, NpHUBEeM TUIIMYHYIO JBOIIOLMIO PEasTU3aLiid IPpU
MIPOrPECCHBHON BU3YaIU3aLUH CLECHBI C H3MEHCHUEM ITOJIOKCHUS
HaOJII0qaTeIIs

)

L

[ I Y
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Pucynok 1 HC Peanuszanuu cueHsl B pa3iIM4YHbIC MOMEHTBI
BpeMeHH. 3eIEHbIe IPaHULbl — TPAHULIBI SUYEEK, CEPbIC TPAHULIBI —
IpaHUIb] OTJCIBHBIX BOKCEIECH, KpacHbIC KBaJAPAThl — CAMHUYHBIC

BOKCCJIH, Oebie KBaJpaTbl — IIYCTOE€ IPOCTPAHCTBO. KpaCHI)Ie
JIMHUH — pCaJIbHbIC I'PAHUIIBI o0BbeKTa.

Ha sToM mpuMepe moka3aHa IPOrpecCHBHAas Iepeiaya CLEHSI,
KOrJla BHayaje IO0JIb30BATEIb BUAUT Hanbonee rpyOyro BepcHIo
CLEHbl, a Jajee B IpOLECce IIONyYeHHsS HOBBIX sYeeK,
JIeTaJIM3alusl CLEHBI HOCTEIIEHHO yiydmaercs. Tak ke, BHAHO,
YTO OTHCIBbHBIE YYacTKM CIEHBl IIepejaloTcsi B  Pa3HOIl
NIEPHOIMYHOCTH, B 3aBUCUMOCTH OT ITOJIOJKEHUs HaOmonarens. A
HMEHHO, JETAJIbHOCTh OOBEKTOB, IIONANAIONIMX B 00JacTh
BUJIMMOCTH TI0JIb30BATENs, YBEJIMYMBACTCS, INPU dYeM OJIIKe
O0OBEKTHI, TEM JAETAIBHOCTh BBIMIE. DTO OOBSCHIETCS TEM, YTO
peann3auusi noAbGMpaeTcs Tak, YTOOBI CIeNaTh HMPOSKIHH SYeeK
Ha OKpaHE CONOCTaBMUMbIMH MO pa3Mepy, B O3TOM Clydae
JIOCTHTAEeTCsl KBa3H-ONTUMAIBHBIH OaJlaHC MEXIy KOJINYECTBOM
A4eeK ¥ JETAIbHOCTBIO IIOJy4aeMOIo IIOCIE PEHAEPHHra
n3obpaxenus. KakuM MMEHHO 00pa3oM ONpenenuTbh KPUTEpUit
ONTHMAJILHOCTH PeaM3aliy U KaK ero JO0CTHYb, PACCKA3bIBACTCS
B CJIE/LYIOIIHX IJ1aBaXx.

2.2 lMepBuUYHbLIN OTOOpP peanusauumn

IMepBuunblil 0TOOp peanm3anmii 3aKIOYaeTCs B IOCTPOCHUH
takoro HC monnepeBa, KOTOpBIE TOYHO BKJIIOYAeT B cebs
ONTHMAJBHYI0  pealn3aluio, HO oTOpachBaeT  OoJbIIoe

KOJIMYECTBO 3aBEAOMO HE ONITHUMAJIBHBIX. I[.Hi[ IOCTPOCHHUA TAaKOTO
noAACpeBa BOCIIOIB3YEMCS ABYMS YyCJIOBUSAMU Ha ONTUMAJIBHOCTD
peanm3anuu:

- onTuMalibHasg peajau3anuss HE COACPKUT AYEEK C
Ka4€CTBOM BBIIIE NOITy CTUMOI'O

- OlITUMaJIbHasA peajusalus COACPKUT HEBUAUMBIC I
JaHHOTI'O TIOJIOXKCHU S Ha6IIIO,HaTCJI$I STYCUKHT C
MHHHUMAaAJIBHBIM Ka4CCTBOM

BBeaeM (yHKIMIO, BBIYMCISIONIYIO KAyeCTBO BH3yaHM3alluU
SYeHKH JUIS  JAQHHOTO MOJIOKEHHH IMojb3oBareist. OreHka
KadecTBa JOJDKHA YJOBIICTBOPSTH CICAYIOLIEMY YCIOBHIO: €CIIH
siueiika B — moTomok stuetiku A B HC, To xauectBo B Gombiie A
Ul JI000r0  TOJIOKEHHs —IoJjb3oBarens. JTo TpeboBaHHe
aBTOMAaTHYeCKH ciefyeT u3 Merona coszaanus HC, no xotopomy
B OGonee geranmmsoBano, uyem A. Beemem mnapamerp o -
MaKCUMaJIbHO JOIyCTHMOE KauyeCTBO BHM3yaJM3allUU SUCHKU Ha
KJIMeHTe. JTO OrpaHWYCHHE ECTECTBEHHO BBHITEKAeT, HaIpHUMeEp,
U3 OrPaHUYCHHOCTH pa3pelleHus] dKpaHa M HE CIIOCOOHOCTH
BU3YQIM3HPOBATh JETald MEHbIIME, 4YeM pa3Mephbl IHKcena.
Torma u3 pmepeBa MOXHO OyJeT BBIKMHYTb BCE SUEHKH CO
CIIMIIKOM BBICOKMM KadeCTBOM 0e3 M3MEHEHHs KadecTBa
KapTHHKY y TOJIb30BATENIS:

fu(A)={E € A | G(E) < a} — noxaepeBo A, cocrosiiee u3 siueek
C KayecTBOM HE BBINIE 33JaHHOTO, TIJie O — HaWIydyllee
BO3MOJKHOE KauyecTBO Ha KiueHre, a G - KpuTepuil kadyecrTBa.
TonyueHHOE MHOXECTBO sideeK OyAeT JepeBOM B CHIIY YCIIOBHUS
Ha KpuTepuii kadectBa. [lanmee ypanuM BCe SIYCHKH, ETUKOM
coziepKaliuecs: BHe 00JaCTH BUIUMOCTH TEKYILETO MOJIOKECHHS
HaOmonarens. Takum o6paszom, mbel noiayuywn HC monnepeso,
cozepxamue B ce0c ONTHMAJbHYIO peajH3alMio, W Jalee
OMHUIIIEM METOJ MOMCKA ONTHUMAJIBHOW pea3alii YK€ TOJIbKO B
nanHoM HC nognepese.

2.3 Kputepum ontMumanbHOCTU peanusauumn

Bynem BEIOMpaTh ONTHMANbHYIO pEATH3ALUI0 HCXOAS U3
CJICAYIOIIErO KPUTEPHS:

Q(G(Cyp), G(Cy), ... ,G(Cy)) = max
V(Cy) + V(Cy) + ... + V(C,) < const,
rae Cy — a4eliku peanusanuy,
G — KpuTepuil KauecTBa AJsl OTACIbHON SUeHKH
Q — OlICHKA KayeCTBa Pean3aliy [0 Ka4eCTBY e€ s4eek,
V(Cy) — XapaKTEepUCTHKA CIIO)KHOCTH BU3YyaTH3aLUH TICCK:
2V(Cy) — 06mias ClokHOCTh PeATn3an

Paccmotpum  cnepyrommii  mpuMep KpUTEpUs  ONTHUMAalbHOU
peanu3anum:

G(Cy) = P77d,
rae P — mapametp, 3agarontuiicst Ipu 3aJaHuy CHEHbL, P > 1

d — MUHHMaJILHOE PACCTOSIHUE OT HAOIIOATENS 10 00BEKTOB
staeiiku Cy

q — somep ciost B HC (n — cinoit ucToBEIX staeek, 0 — KOpeHb)

DTOT KpUTEpUH MOAXOIUT, T.K. eciiu A — moTtoMok B, 1O
paccTosiHME B CLIEHE 10 A He MEHble paccTosHus 10 B, a q
yBemuunres Ha 1 (P ysenmuures B P>1 pas). Eciiu pacemotpets
OMHapHBIC BOKCENIBHBIE MOJEIH ¥ IPEIIOJI0XKUTh, YTO pa3sMep
BOKCEJIsI Ha 3KpaHe OIpeAesseTcs] TOJbKO PACCTOSIHUEM [0 HEro,
To 1/G mponopuMoHaIbHO MaKCHMaJIbBHOMY pa3Mepy BOKCels Ha
JKpaHe.



Q(Xgs X1 ... » Xp) = Min(Xg, Xy, ... , X,), T.€. MBI IBITAEMCSI CICTATh
KaK MOXHO MEHbIIIE MAKCUMAaJIbHBIN BUAMMBIA BOKCEI.

V(Cy) = 2‘7P(+q)5 — CcpejHMIi pazMep SYEHKH HA q-OM
ypoBHe, eciu C, momagaer B mnmpamuay BuaumoctH U 0 B
HPOTHBHOM CIIydYae.

Jlnst Takoro xpurepus Q, mpepnaraerTcsl CIEAYIOIUN aJIrOpUTM
MOKMCKa ONTHUMAJILHON peain3aluu.

Jnst xaxmort stueiiku  C, momcumraeM  G(Cy). Bcee sueliku
IIOMECTUM B JIMHEWHBIH MacCUB U OTCOPTUPYEM €ro 1o
yObIBaHuio napamerpa G. B kauecTBe HauanmbHOH peanmzanun R
BO3bMEM Bce JHCTOBhICe stueiikun HC. 3ameTuM, 4TO MOCIEIHMIA
3JIEMEHT MOCTPOCHHOTO MaccHuBa Bcerjga OymeT mucToBbIM. IToka
He Oyzer BeINONMHATHCS yciaoBue Ha 2V(Cy), OyaeM BBIIOIHATD
omepamio  S(C,, R) m wuckmouaT M3 MaccuBa IOCIETHUN
snement C,. [Tocne BbimonHenus yciaosus Ha 2. V(Cy), momydynm
ONTHMAJIBHYIO PEATM3ALHIO TI0 TOCTPOCHUIO.

3. MIPAKTUYECKOE NPUMEHEHUE HC

Pucynok 2 Pazimmnunsie peanusanmun HC 1011 ciiyyasi pa3HbIxX
napaMeTpoB Ha JI0MYCTUMYIO CJI0:KHOCTH CLEHBI.
CootBerrcTBenHO Ha 100 u 450 ThicAY TOYEK.

B kauectBe (opmara IpeACTaBICHHS CLEHBI HCIIOJIL30BAJIOCH
okmouzobpadicerue, B TeOMETPUIECKON OCHOBE KOTOPOTO JIEKUT
BBO(bunapno-sokcenvhoe okmooepesox) ¢ uHDopManueir o
nBere B Kaxjoi BepmuHe [10]. Kaxxnplii cnenyromuil ypoBeHb
CLIEHBI TOJIy4ayIcsl IyTEM YMEHBUICHHS Pa3pelieHus] MOJEIH B 2
paza (ymenbiluenust Beicotsl BBO Ha 1), T.e. P = 2. [lonnas cuena
XpaHUTCSI HA cepBepe, Ha KIMEHTEe XPaHUTCs JHb e€ yacTh. Ha
KaXIOM KaJape KIMEHT IIepechUlaeT Ha CepBep OIHCaHUEe
TIOJIOKEHUSI IOJIb30BaTeNsl, CepBEp )K€ BO3BPAILACT ONHCAHUE
ONTHMAJIBHOW  peayM3alyM Uil JaHHOTO  IOJIOXKCHUS
Noyib30BaTeNs (M HEJOCTAIOINe SMEHKH U3 ITOW peayu3aliH).
OcHOBHasl LIeTIb TaKOi cXeMbl paboThl — 00ECIIeUUTh IIOCTOSHHYO
CKOPOCTB peHJIepHHTa cleHbl. [Ipemonaraercs, 4To Bce BOKCEIH
PHCYIOTCSI C OJJMHAKOBOM CKOPOCTBIO HE3aBHCHMO OT X pa3Mepa
Ha JKpaHe, T.e. 4TO CKOPOCTh PEHJEPHHra IPONOPIMOHAILHO
KOJIMYECTBY BBIBOAUMBIX BOKceinel. KimeHt 3amaér Hambonblnee
KOJI-BO BOKCEJIEH, KOTOpOe OH TOTOB HAapHCOBaTh Ha KaXIOM
kazape. [Ipuyém pasHHIA B MOJOKEHUH KaMepbl MKy KIUSHTOM
U CepBEpOM HE YYHWTBIBACTCS, T.€. IIOJy4aeM CIIEIYIOIIyIO

bopmyiny s V:

Kon-Bo Bokceneii B siuelike, eciy OHa BUIUMa
0, B IPOTHBHOM CIlydae

Jlnst oOecriedeHUsT MPOTPECCHBHON 3arpy3KM Hamo JOOaBHTH K
yenouto 2 V(Cy) ycioBHe Ha KOJNMYECTBO —IepeaaBaeMoii
uHpopmanmu 3a omuH pa3 2S(Cy) < W, rome S — pasmep (B
Oaiitax) sueiiku, W — KOHCTaHTa, 3aBHCAIIAs OT IIMPUHBI KaHaJIa
MEXIy CEepBEPOM U KIIUEHTOM.

4. 3AKINIOYEHUE

B cratbe uznoxen 6a3oBbiii npuHIimn nocrpoeHus HC u moucka
€ro ONTUMAIBHBIX peanu3auuidl. Peanu3zoBaHa mnporpamma,
peanmsytouryto ynpasienueM peanuzauusmu HC B kineHT-
CepBEpPHON apXUTEKType, ¢ BO3MOKHOCThI0 nozaxmoueHus KIIK B
KauecTBe KJIMEHTA.

IInanupyercst 0600IIMTE MOHATHE peaTH3aUy IS CTydast, Koraa
Kax/as sS9eiKa MOXKeT OBITh IPEICTABICHA B PA3IMIHOM BHIE, HE
tonbko BBO, HO W HampuMep B BHAE MOJUTOHOB HIH HPOCTO
H300paKeHUH.

Bripaxkaem 06y1arofapHOCTh MHCTUTYTY HEPEIOBBIX TEXHOJOTHIA
Camcynr (SAIT) 3a moaaepkKy JaHHOU pabOTHI.
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Adaptive rendering of three
dimension scenes using
hierarchical cells structure

Abstract

In this article discussed representation of scenes in the form of
hierarchical cells (HC). HC realization is defined; operations on
realization and criterion of optimal realization are discussed.
Maintaining constant rendering speed, this approach allows us to
control adaptively sampling density of different scene parts
depending on set of factors such as viewer position and view
direction, its movement characteristics, graphic accelerator
capabilities, communication bandwidth, etc. The example of
using HC structure for rendering octreeimage scenes is
considering.

Keywords: HC, Hierarchical Cells, DIBR, octreeimage, adaptive
rendering, progressive transmission.
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