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AHHoTauus

IlepcnexTuBHON  00MACTBIO  UCIONB30BAaHMS  BOKCENU3ALUU
SBJIAIOTCA CHCTEMBl KOMIIAKTHOI'O IIPEJCTAaBICHHS BOKCENIBHBIX
MAacCHBOB JaHHBIX, B KOTOPHIX 4YpE3BBIYallHO 3KOHOMHYHOE
(YHKIMOHANBHOE  NPEACTABICHHE HAa  OCHOBE  (DyHKIUH
BO3MYyIIEHHs sBIfeTcA (opMaToM XpaHeHHs OaHHBIX. Llenbro
JaHHOM paboThl cTama pa3paboTKa aliropuTMa M CO3ZaHUE
HPOTPaMMHBIX CPEJICTB BOKCENIN3aHUH (DYHKIHOHATBHEIX (hOPM.

HoBm3na fmaHHOH  paboTHl  3aKmiodaeTcss B aJaNTalin
YHHKQJIBHOTO alTOPUTMa BH3yalH3allMd CBOOOAHBIX (opM,
OCHOBAHHOTO Ha PEKYPCHBHOM pa30HEeHHU IPOCTPAaHCTBA, K
3a/1a4e BOKCeNM3anun (yHKIHOHAIBHBIX MOJIeTeit.

Pe3ynbraTtel maHHOM pabOTH IO3BOJSIIOT  BU3YalM3HPOBATh
(dyHKIMOHATBEHO 3amaHHble 3D cIeHBl Kak Ha CIEIHATbHBIX
BOKCEIILHO-OPUEHTHPOBAHHBIX BHCOANaNTepax, TaKk U Ha JIFOOBIX
JIpYTUX, WCIOIb3ys codTBepHble OUONUOTEKH, Takue Kak
OpenGL, DirectX. Co3gaHHBI NPOrpaMMHBIA MOIYJb MOXKET
HCHOJIb30BaThCS KaK HEOThEeMJIEMasi 4acTh CHCTEM KOMIIaKTHOTO
TIPEJICTABIICHHS BOKCEIBHBIX MACCUBOB JTAHHBIX.

Knroueswie cnosa: Bokcenusayus, Pexypcuenoe /lenenue
Obvexmnozo Ilpocmpancmaa.

1. BBEOEHUE

OYHKIIMOHATIBHOE 33JaHUE TPEXMEPHBIX CIICH CTAHOBHTCSI BCE
Gonee u Oonee MOMYISIPHBIM B COBPEMEHHOHM KOMIIBIOTEPHON
rpaduke. Hapsiay ¢ NOMUrOHAIbHBIM U BOKCENBHBIM 3aaHHEM,
(yHKIMOHATIBHOE obnanaer psionom CYIIECTBEHHBIX
NPEUMYIIECTB: HEOONBIION pa3Mep XpaHUMBIX MaHHBIX H
BBICOKOE KauecTBO M300paxenuit. Tak jxe mHorue 3agaun 3D
aHUMAallUd MOXKHO pEIIUTh TOJBKO WM, IO KpaiiHel Mepe,
HAWIy4dIINM 00pa3oM, WCIONB3ysS aHAIUTHYECKOE 3aJaHue
ob0bekToB. Hampumep, Takue aHUMalMOHHBIE S(GQEKTH Kak
MOPGUHT 00BEKTOB, CKUHHUHT (OOTSTMBaHHE CKeJeTa MBIIIIIaMH
U KOXKel), MOP(UHT ¢ OTpaHWYEHHUAMH (IIPOCAYNBAHUE OOBEKTOB
gyepe3 meNd U T.J.) HAWIy4IIUM CIIOCOOOM peanusylTcs B
(DYHKIIMOHATIBHOM MTPOCTPAHCTBE.

CyIecTBEHHBIM JOCTOMHCTBOM ITOBEpXHOCTEll CBOOOIHBIX (hopm
(6a3oBble  NPUMHUTHBBL  (DYHKIMOHAIBHOTO  IPOCTPAHCTBA)
SIBJISICTCA BBICOKAsI CTCIICHb TJIAJKOCTH. Yr1o0bI JAOCTUYb TaKOU
TT1aJKOCTHU 00BEKTOB B IIOJIMTOHAJIBHOM NpeACTaBICHUU
UCHONIB3YIOTCS TaKOM METOX KAk CIUIAfH  WHTEepIOJSINS,
HEZOCTaTKOM KOTOPOH SBISIETCS HCIOIBb30BaHHE OONBIIOTO
KOJIMYECTBA MOJHMIOHOB MUl MHTEPHONSIHU JAake HEeOONBIINX
mozenei. K ToMy ke Al CriakmBaHUS JOCTATOYHO CIIOXKHBIX
MOJIMTOHAIIBHEIX 00BEKTOB MpUACTCA HCIIOJIb30BaTh 00IIBIIOE
KOJIMYECTBO CIUIAMH Mardel, 9TO COOTBETCTBEHHO YBEIMYHBAET
BpeMst TeOMEeTpUUIECKOil 00paboTKH CITAHOBOH ITOBEPXHOCTH Ha
BEJIMYUHY NPSAMO IMPONOPHUOHATIBHYIO UX KOJIUYECTBY U MMOSTOMY
IMOJIMTOHAJIBHOE MPEJACTABJICHUE B TAaKOM Ciiyda€ TEPSACT CBOEC
OCHOBHOE JIOCTOMHCTBO — CKOPOCTh I'€OMETPUUECKONH 00pabOTKH.

CKOpOCTh T'€OMETPUYECKOW OOpadOTKH SBJISETCS OCHOBHBIM H
BO3MOXHO CINHCTBCHHbBIM HEJO0CTAaTKOM (byHKI_II/IOHaJ]])HOFO
npencrasienust 3D cueH. Bpems mpocueta oHOTO Kajapa MOXET
OBITh OT HECKOJNIBKHX CeKyHA (IpH HU3KOM  KadecTBe
BI/I3yaJ'II/ISaHI/II/I 1 HHU3KOM paspemeHHH), J0 HECKOJIBKHMX YacOB
WIN JIECATKOB 4acoB. B Takom ciyyae He MOXET OBbITh U pedH 00
WHTEPaKTUBHOCTH TIPOIECCa MOJICIHPOBAHHS, YTO CO3IaeT
3HAYUTENbHBIC MPOOJIEMBl NPHU CO3JaHHM H PEIAKTUPOBAHUH
00BEKTOB 3aJaHHBIX aHAJTUTUYECKH.

BBEIXOIOM MOXET CIyXXHTh 3HAYUTEIHHOE CHIDKCHHE KauecTBa
Mozeneil Ha JTame MOJAENUPOBAHUS, 4YTO CO37aeT Oobllue
Heyno0CTBa M He JaeT TpeOyeMoil MHTepaKTHBHOCTU (He MeHee
30 kampop/cek.). JlpyrMM  TOOXOIOM  MOXET  CIYXHUTh
npeoOpa3oBaHUe MOJIETH B JPYroe IpeACTaBIeHHE, B KOTOPOM
OyZeT  BO3MOXKHOCTb  BBINOJHATH  HEKOTOpble  JEHCTBHA
(1OBOpauMBaTh, NepeMenaTh, CKUMaTh U T.J.) HaJ 00bEKTaMH B
pealbHOM — BpeMeHH. BokcenmbHOe MpeNCTaBICHHE — BIIOJHE
MOIXOAUT JUISl 3TOTO, TaK KaK OHO 00Ja/aeT BBICOKOH CTENEHBIO
TOYHOCTH TPEACTABICHHS JAaHHBIX M HMEeT armapaTHbIe
YCKOpPHTEIIH, 00€CTIeUNBAIOIIUE PEAIBHOE BPEMsI BU3YITU3ALIH.

BoxcensHOE IpeAcTaBieHUE SBIETCS Hauboliee MOAXOAAIUM
JUIst OONBIIMHCTBA IPOTPAMMHBIX IPHIOKEHUH B MEIUIUHE,
TEOJIOTHH, TEeONe3WH M T.J., TJAe MPHXOAUTCS paboTaTh C
00BEMHBIMH CHHMKaMH PEaTbHOTO (PU3MIECKOTO MPOCTPAHCTBA.
CHUMKH TOJNy4alOTCA IIyTeM HCIIOJB30BAHHSA  Pa3IMYIHBIX
CKaHEpPOB M aIrOPUTMOB BOCCTAaHOBIEHHA o0ObemMa mo 2D
n3obpakeHusIM. He HCKiIIodeHO, YTO MOXKET MOTpeOOoBaThCs
BO3MOJKHOCTH CO3/IaHHS CHHTE3MPOBAHHBIX OOBEMHBIX CHHMKOB,
IMyTEeM BHECEHUS HCKYCCTBEHHO CO3JAaHHBIX Mojened B
BOKCENIBHBIH ~ 00BbEM. YuuThbIBasg  IIE€PEUUCICHHbIE  BBIIIE
JIOCTOMHCTBA (DYHKIIMOHAIBHOIO IIPEACTABIECHUS, OHO MOXKET
CIIy)KUTh CPENIOi MOJEIMPOBAHHUS HCKYyCCTBEHHBIX OOBEKTOB B
TaKOW CUTYyalluH.

Eme onHO#l mepcnekTHBHON 00JIaCTBIO HUCMONb30BaHus FV
peoOpa3oBaHus SIBIISTIOTCS CUCTEMBI KOMITAaKTHOTO
MPECTaBIEHUsT BOKCEJIbHBIX MAaCCHBOB JaHHBIX. DTO CHUCTEMBI
OpUEHTHPOBAaHHbIE Ha CYIECTBEHHOE yMEHbIIEHHE KOJIHYEeCTBa
MaMATH,  3aHAMaeMOe  BOKCENBHBIM  OOBEMOM,  ITyTeM
anmpOKCUMALUK  BOKCEJBbHBIX ~ MOJENCH  aHATUTUYCCKUMHU
¢dynkuusmu. O6patHoe npeoOpazoBanue U3 (PyHKLUUH B BOKCEIH
(FV mpeobpa3oBanne) Takxke OyIeT UrpaTh CYIECTBEHHYIO POJIb
B TaKMX CUCTEMaX.

INoppiTOKMBass BCe BBILE CKa3aHHOE, BBIIEIMM OCHOBHBIC
MPUYMHBI, 110 KOTOPBIM 3agada FV mpeoOpa3oBaHus CTaHOBHUTCS
JIOCTaTOYHO Ba)KHOH U TpeOyromel pemenus:

e  BO3MOXHOCTh  BH3YQJIHW3UPOBaTh  (DYHKIIMOHAILHO
3aaHHble 3D CIeHBI Ha BOKCEIbHO-OPHEHTHPOBAHHBIX
BHUJIEO aflalTepax ¢ 4acToToil He MeHee 30 KagpoB/ceK.

e  BO3MOXHOCTh  HCIOJIb30BaHUS  (YHKIHOHAJIBHBIX
Mojieield B MEAMIIMHE, TCOJIOTHH U T.[., TJI€ OCHOBHOM



¢dopmar rpapuuecknx 3D IaHHBIX — BOKCEINIBHBIH

00BeM.
e  IlepcnextuBHOU 001aCTBIO HCIIOJIb30BaHUS
BOKCEJIM3ALUU  SIBJSIFOTCSL  CUCTEMBl  KOMITAKTHOTO

NIPE/CTAaBICHUs] BOKCEIBbHBIX MACCUBOB JaHHBIX, B
KOTOPBIX UPE3BEIYAIfHO SKOHOMIUYHOE (PyHKIIMOHAIBHOE
NPEACTAaBICHHE Ha OCHOBE (YHKIUH BO3MYIICHHS
ABgeTcs popMaToOM XpaHEHHs JaHHBIX.

2. NICTOPUA BOMNPOCA

Boxkcenuszauus 3T0 mpouecc mnpeodpa3oBaHUs I'€OMETPUUYECKUX
00BEKTOB U3 MX HEMPEPHIBHOTO TE€OMETPUYECKOTO TPECTABICHHS
B 3D MaccuB »dneMeHTOB o0beMma (BOKCENH), KOTOphIE
HAWITy4dIINM O0pa3oM alpOKCHMHUPYIOT HETPEPHIBHBIA OOBEKT.
[lepBbie pabOTHI HA JAHHYIO TEMY OCHOBBIBAIMCH HA allTOPUTMax
MOCTPOYHOTO  CKAaHUPOBAaHHsS  BCEro  IMPOCTPAHCTBA  JUIs
MOCTPOCHHS MacchBOB Bokceneil [1, 2]. Dto MoxeT OBITH
MPENCTABICHO KaK paclIMpEHHE alrOpHUTMOB IIOCTpOYHOro 2D
CKaHUPOBAHUS B JABYMEPHOM CiIydae Ui pEIICHUS 3aJadd
pactepuzanmu (nukcenuzanun) 2D reoMeTpruecKux OOBEKTOB
(cMm. Puc. 1) [3] Ha oObemHyI0 00nacTh onpenenenus (cM. Puc. 2).
JlaHHBIE ANTOPUTMBI HA3bIBAIOT aJTOPUTMAMHU TOCTpo4YHOro 3D
CKaHUpOBaHUA. B IByMepHOM cilydae IOITydYaeMble IHKCETH
HaNpsIMYyI0 BU3YaJIH3UPYIOTCS Ha DKpaHe, U K HUM MPUMEHSETCS
¢unpTpanusa uid cHKeHus dddexra HepoBHocTH (aliasing)
n3o0paxenust. OTHAKO MPOIECC BOKCEIM3ALUK HEe NpeHa3HAYeH
Uil TpsMoil  Bu3yanmm3anuu  o0bekTa. OCHOBHOW — 3amaueit
SBISETCS TIOJMYYCHHE W COXPAaHEHUS IHCKPETHOTO OOBEMHOTO
OIMCaHUS HENPEPHIBHOTO OOBEKTA.

Puc. 1: IIpumep 2D kpuBoii B JUCKPETHOM ciTydae (BbIICICHHBIC
TIAKCEJIbI).

Puc. 2: IIpumep Mozenu, 00pa3oBaHHON NepeceueHueM ABYX
KOHYCOB B 3D IMCKpPETHOM HpeICTaBICHHN.

bunapueie TexHonoruu (binary techniques) ObUIM TEpPBBHIMU
alroputMaMu Bokcenmsammu [1, 2]. B mpomecce ToueuHOM
JUCKPEeTH3allMd 3HAYeHHE HEHPEephIBHOTO TI'eOMETPUYECKOro
00BbeKTa BBIUUCIAETCA B LieHTpe Bokcensd. Pasmep 3D pemerku
OIpe/ieNIieT TOYHOCTh AWUCKPETHOTO TPEACTABICHUS MOJEIH.
bunapHsle TEXHOJIOTUH BOKCEJIN3aLUH TEHEPUPYIOT
TOIOJIOTHYECKHE M T'€OMETPUYECKH COBMECTHUMBIC OOBEKTBI, HO

oHH JomyckawT 3d¢dekr HepoBHocTH (aliasing) oObvekTa. DTO
0COOCHHO 3aMETHO TIpH BU3YQJIH3aLHH Pe3YJIbTHPYIOLIUX
JaHHBIX. [l pemeHus NaHHOH mpoOsieMbl OBUTH pa3pa0doTaHb
nBe TexHojoruu: texHonorus ¢punsrpauuu (filtering technique),
MPOITyCKAIOIasi CreHePUPOBAHHBIA OOBEKT uepe3 CHeLUalbHbIH
¢unbTp, crnaxuparommii GopMmy odbekTa (antialiasing filter) [4,
5] m TexHONOTHs, OCHOBaHHAs Ha IOJAX paccTosHUH (distance
field technique), mpu KOTOpOW KaXJIOMy BOKCEIIO CIICHBI
MIPUIICHIBACTCS PACCTOSHUE A0 clenyomiero oobekra [6]. Jns
3a7a4 00BEMHOr0 aHalM3a BU3yalu3alus MacCUBOB BOKCeNell He
MPUMEHSCTCS, TAKAM 00pa3oM, BU3yallbHbIC I€(EKThI, BHOCUMBIC
a¢dexrom HepoBHOCTH (aliasing effect) He yunuTsiBatoTes. Takxke,
IIPU aHHMAalUK He 00513aTeIbHO UMETh TOYHBIH KOHTYP 00OBEKTOB,
Tak Kak KaMepa WM To4ka o0030pa IIOIb30BaTeNs BCerza
HAaXOAUTCS HAa HEKOTOPOM PAcCTOSHUM A0 o0bekTa. [loaTomy, s
HEKOTOpBIX 3a/ay, OHHAPHBIX TEXHOJIOTHH BOKCEIU3alUH
OKa3bIBaeTCsl OCTaTouHO. K coaneHmio, Uil KOMIUICKCHBIX
Mozeneil BpeMs BOKCEIHM3aIluy BCE €Ie JaJeKO OT TOTO, YTOOBI
ObITh MHTEPAKTUBHBIM. DBHHApHBIE TEXHOJOTMH MOTYT OBITH
WCTIONB30BaHbl B JIIOOBIX MPHJIOKEHUSIX, B KOTOPBIX IIPOIIECC
BOKCENIM3allid MOXKET OBITh CHeNaH 3apaHee M He Tpedyer
MOBTOPHBIX 3amyckoB. Ho Korga TpWIIOKEHHE CONCPIKUT
JIHAMUYECKHE OOBEKTHl, KaK HANpHMep B IUHAMHYECKUX U
HHTEPaKTUBHBIX cpenax, MoOJIeNnb JIOJDKHA OBITh
BOKCEJIM3MPOBAHHA MOBTOPHO IOCIE TOro, Kak OHa Oblia
n3MeHeHa. JTo TpebyeT Oosiee OBICTPBIX PEIICHHIT Ui 3anadu
Bokcemm3anui. ®3ur m Yen [7] mcnonp3oBamu BO3MOXXHOCTH
anmapaTtHbIX  TpaUUecKUX  yCKOpHTeNlel A  3ajadu
BOKCEJIM3aLUN MOJENeH KOHCTPYKTHBHOH OJIOYHON IeoMeTpuu
(CSG models). Ux anmroputM reHepupyeT KyCOYKH MOJEIH,
HCTIONB3YsI MpoLEeccop I paboTHl ¢ rpaduKoil MMOBEPXHOCTEH,
Ui GOPMHUPOBAHHSA KOHEYHOI'O OOBEMHOTO HPEICTaBICHUS. DTO
MPEOCTABIACT  JOCTATOYHO OBICTPYI0O W  HHTCPAKTUBHYIO
BOKCEJIU3ALUI0, B 3aBUCUMOCTH OT Ipa)Uueckoro mporeccopa u
pPa3MEpHOCTH BOKCEIBHOrO MacchBa JaHHBIX. COBEpIICHHO
HOBBIM TTOJXOZOM K HpOOJeMe BOKCENIM3aLHH SBHINCH PabOTHI
Huno Cronre [8, 9, 10]. Llenbto mpoBOAMMBIX UM padoT OBLIO
UCIONB30BaHUE BOKCENU3ALUM JUIA 3aJadd  BU3yalu3alluu
HEedBHBIX  HoBepxHocTed  (implicit  surfaces).  HesBHble
noBepxHocTH (implicit surfaces) ompexaensroTcss Kak (yHKIUH
Buzaa F(X, y, z)=0. IHTepecHbIM CBOHCTBOM TaKHX MOBEPXHOCTEH
SIBISIETCS. BOSMOXKHOCTB OIIPE/ICNICHHUSI TOTO, YTO TOYKA HAXOMUTCS
BHYTpH JaHHOH moBepxHocTH (korga F(x, y, z) < 0), BoBHe
noBepxHocty (koraa F(x, y, z) > 0) u Ha nmoBepxHOCTH (Korna F(x,
y, z) = 0). XoueTcs TakKe OTMETUTh, YTO HESIBHBIE ITOBEPXHOCTH
SBISTIOTCS OCHOBHBIM M Hamboiiee HHTEPECHBIM CIIOCOOOM
3amaHusA (QYHKOIHOHANBHBIX (opMm. Ho Busyammsamus Mmopenei
CO3/IaHHBIX Ha 0a3e HEeABHBIX IOBEPXHOCTEH sIBIAETCSA JAOBOIBHO
pecypcoeMkoil 3amaueii W TpeOyromieil MHOrO BpEMEHH.
Kiro4eBEIM MOMEHTOM B MpOLECCe MOJICIHPOBAHUS SBISETCS
HMEHHO BpeMs BH3YaJIM3alliH, KOTOPOE IOJDKHO MPENOCTaBIIATH
BO3MOXHOCTh MHTEPAaKTHBHOH padoTel. Humo Cronre nobumics
3aMETHBIX YCIIEXOB B PEIICHUM JAHHOH MpoOJIeMbl, UCIONb3Ys
BOKCENIM3ALMI0 KaK KIY K BH3yalH3alud (YHKIHOHAIBHBIX
Mmozeneil. Ilepen TeM Kak BH3yalIH3HUpPOBaTH MOJENb, OH
IpeuIaraeT NpeIBapUTEIbHO €€ BOKCENU3HPOBATH IIOCIE YETO
BU3YaJIU3UPOBATh MOJYyYEHHBIH MAacCUB BOKCENeH, HCIONb3ys
oydep 1y OUHBI, MO IeP>KUBAEMBIi OOJIBIIMHCTBOM
BHUJIC0IANITEPOB.

Humo Cronte B cBomx paboTax OTME4YaeT HEBO3MOXKHOCTB
HCTIONB30BAaHMUS OWHAPHBIX TEXHOJNOTMH M1 CBOMX 3ajad,
IOCKOJNIBKY OHM HE TapaHTHPYIOT KOPPEKTHOCTb MOJETH U



TpeOyIoT OONBIIOro KOIUYECTBA BPEMEHH JUIsl BOKceu3anuu. MM
ObUIM  IPEMIOKEHBl  HOBbIE  TEXHOJIOIMH  BOKCENU3ALUU
TapaHTHpPYIOIIHe KOPPEKTHOCTh, TAKMM 00pa3oM, HM OJHA YacTh
HETIPepBIBHOM  (DYHKIMOHANBHOH IIOBEPXHOCTH He Oyner
npomymeHa. CKopocTh paboThl IPEI0KEHHBIX UM aITOPUTMOB
3aMETHO BBbIIIE, YeM IIPU HCIOJIb30BAHUHM OMHAPHBIX TE€XHOJOIUIL.
Taxke NpPEeMMyIIECTBOM €ro METOIOB SBJIAETCS IPOCTOTA
pacnapainenuBaHus mporecca Bokcenmsanuu [11].

Anroputmsl, npemioxeHasle Humo Cronte, OTHOCATCS K Kiaccy
AJITOPUTMOB C PEKYPCHBHBIM pa30HEeHHEM MIPOCTPAHCTBA CLIEHBL.
ba3oii B IpeIIOKEHHBIX AITOPUTMaxX SBISIETCS HHTEpBaJbHAs
apudmernka. VIHTepBambHas apudmMeTHka ObIa  BIIEpBEIC
UCTIONIb30BaHa IS PEIICHHs 3ajad KOMITBIOTEpPHOH rpaduku B
padorax Haiinepa u Jadda [12, 13]. HecMoTps Ha TO, 4TO UMK
ObLIH MpEeACTaBJICHbI MHOT'UE IOJIE3HBIE CBOICTBa I/IHTepBaﬂbHOﬁ
apu(METUKH, OHA BCE ellle He HaXOAUT MIMPOKOTO MPHMEHEHHS
JUISL pemreHnst 3amad KommbloTepHo# rpaduxn. Hmmo Cromte
3aMCTHII, qTo UHTEPBAJIBI, B YaCTHOCTH, TI0JIC3HBI JUIIA
onpeneneHus: AUCKpeTHbIX Mmozened [8, 9, 10], Tak kak mro0oi
TpeXMepHbIi Ky0 B IPOCTpPAaHCTBE MOXKET ObITh (HOPMANILHO
HpEICTaBIeH TpeMs HHTepBalaMU, KaKIbIH W3 KOTOPBIX
COOTBETCTBYET OJHOH M3 TpeX oceil koopanHaT. Brobasok, ecim
HETIPEPBIBHAA MOJACIb 3aJlaHa, HEIABHBIMU NOBEPXHOCTAMHU, TO
UHTEepBaJbHAasg apU(MeTUKa MOXeT OBITh HCIONb30BaHA MANA
ONpEIENeHUss  TOTO, COAEPXKUT JIM  TPeXMEepHBI  KyO
HENPepHIBHYIO MOJENb BHYTPH ce0sl MM HeT.

HnTepBanbHas apudMeTHka rapaHTHPYET, YTO Pe3yJbTaT 000
apupMEeTHUECKOH  omepanl  HAXOAWTCA  MEXAy  IByMd
3HAUCHUSIMU, HAa3bIBaGMBIMH cpanuyamu unmepsanos. Jlroboe
JEHCTBUTENPHOE 4YHCIO IPEACTaBseTcs ABYMs TIpaHUIAMH
nHTepBana. Hanpumep, koopaunatel X, Y U Z B MHTEpBaJIbHOU
apuQMeTHKe MpeACTaBIATes B caenyromeM Buge: X = [x; X], Y
=[y; Y], Z=[zZ].

B anroputmax, npemnoxennsix Hmmo Cronre, TpaHHUIBI JaHHBIX
WHTEPBAJIOB SIBISIOTCS KOOPJAMHATAMHU TIpaHMIl OKTaHTa (KyOa).
3amemas, B BBIUMCICHUSX HEABHOH GYHKIUM  KaXIylo
PEryJpHYI0 KOOPJHHATY, COOTBETCTBYIOIIUM HHTEPBAIOM U
KaXKyI0 peryIsipHyIo OIeparuro COOTBETCTBYIOIIEH
MHTEPBAJbHOM oreparuel, Mbl MONyINM WHTEPBAIBHBIH BapHaHT
naHHOM  QyHkuum, Koropyro Illmadinep [12] Ha3bIBaeT
sxntouatoweni ynxyuetl (inclusion function). Jlanee Mbl MOXeM
OIPEJIeNUTh, YTO IIOBEPXHOCTH HE INPOXOJMT dYepe3 3aJaHHbIH
OKTaHT, TPOBEpsis, YTO IONYYEHHBIH HHTEpBAl HE 6KII0Ydem
Hymb. TakuMm 00pa3oM, ONpenemseTcs, YTO pe3yIbTHPYIOMINi
UHTEpBAT GKII0ualoujell QyuKyuy HE BKIIOYACT PEIICHHS I
perymsaproit ¢ymkmuum  F(x, y, z) = 0. Torma ecmu
pe3yIbTHPYIONMI WHTEpBal HE BKIIOYAeT HyJb, (YHKIHSA
COOTBETCTBEHHO HE HMEET HYJsS B 33JaHHOM OKTAHTE; TaKHM
00pa3oM, TIOBEPXHOCT HE MPOXOIUT Yepe3 OKTAHT.

Berancnenus B TakoM ciydae Oojiee panMOHANBHBI, 4eM B
QIrOpUTMAaX  IOCTPOYHOTO  CKAHUPOBAHUsS,  TpeOyromux
BBIUHCIICHUS MEepeceueHnit ¢ Moenblo. 11 4Tto He MeHee BaXKHO,
TapaHTHPYyeTCcss KOPPEKTHOCTh pe3ynbTaTa BerauciaeHns. OHako,
HHTEepBaJbHas apu(pMEeTHKa OYCHb KOHCEpPBAaTHBHA, YTO O3HAYAET,
YTO HCIOJBb30BaHUE OOJBIIMX TPEXMEPHBIX KyOOB TaKxke
BBI3bIBACT Oouble nepeoneHku. IIpeanoxennsii Humo Cronte
crocod pekypcuBHOro pasduenus mnpocrpanctsa [8, 9, 10]
SBIISICTCS IIETAHTHBIM CIIOCOOOM PpEIICHUs JaHHOH IPOOIEMBI.
Ha kaxnom miare o0ObeM pa30HBaeTCs Ha BOCEMb 4YacTeid,
KOTOpbIE pPAacCMaTPUBAIOTCA YK€ OTIENbHO, TaKUM 00pa3oM,
HOPOUCXOAUT O4YeHb OBICTpOe NPHUOMKEHHE K IIOBEPXHOCTH

Mozenu. Bokcemmzanus —3aBeplIaeTcs, KOrJa pPEKypCHBHOE
pa3bueHne nocTUraeT HeoOXOIMMOH Pa3MEPHOCTH TPEXMEPHOTO
MaccuBa Bokceneil. K ToMy ke, maHHas mpoleaypa BOKCEIN3auy
He TpeOyeT CTpOro 3aJaHHOH pa3MepHOCTH MaccuBa. BmobaBok,
rpouecc pa3dueHuss MOXKET OBITh OCTAHOBIIEH B JII00OE BpeMs U
MPOJIOJDKEH C TPENKHEr0 COCTOSHHA. ODTO SIBISCTCS OJHHM H3
CaMBIX 3HAYHUTEIBHBIX INPEUMYINECTB, OTIMYAIOMINX JaHHBIA
METOJ] OT METO/I0B pa3pabOTaHHBIX paHee.

B cooTHOomeHMHM ¢ WHTEpBaNbHOM apH(METHKOH HEsSBHbBIE
MIOBEPXHOCTU HE TOJIBKO MOILIHBIII MHCTPYMEHT MOJEIUPOBAHMUS,
HO MOXET OBITh OCHOBHBIM Pa0OYNM HHCTPYMEHTOM B KOHTEKCTE
JICKpPEeTHOro  mpefcraBiaeHus.  CTaHOBHTCA ~ BO3MOXKHBIM
OIpe/ieNIATh BOKCEIM BHYTPH, CHapy»KHM HIM Ha HOBEPXHOCTH,
3amaHHONH HesBHOW GyHkmuu. B sTOoM cimyuae wMmeron,
paspaborannbiii Humo Cronre, umeer emie OJHO BaKHOE
MPeUMYIIECTBO: OH M03BOJIAET ONpPEEIATh BOKCEIU HE TONBKO Ha
MOBEPXHOCTH MOJIENIH, HO TAK)KE U BHYTpH €€.

3. BOKCEJIbHOE NMPEACTABJIEHUE OAHHbIX

MHOXecTBO OOBEMHBIX JAHHBIX 3TO TPEeX MEpHBIH MaccuB
3HAUCHUH AaCCOIMUPOBAHHBIX C TOYKAMU B TPEX MEpPHOM
MIPOCTPAHCTBE. B OonpmumHCTBE CIy4aeB, MHOXXECTBOM
00BEMHBIX JaHHBIX IPEJCTaBIseTCs HEKOTOPhIH (u3nueckuii
OOBEKT WIIH SBJICHHE B HEKOTOPOM (DH3UYECKOM MPOCTPAHCTBE.
WHorza Takne 0OBEKTHI eIe HAa3BIBAIOT 00bEMHbIMU 00bEKMAMU.
Kaxnplif 27€MEHT B TPEXMEPHOM MAacCHUBE  Ha3bIBaeTCA
00BEMHBIM 3JIEMEHTOM HJIX BOKCeleM (II0 aHAJIOTUU C MUKCENEeM,
KOTOpBI 0003HAYaeT JJIEMEHT JBYMEPHOIO H300paXKeHus).
MHOXXECTBO TpEeXMEpHBIX LEJIOYUCICHHBIX KOOpAUHAT (X, Y, Z)
0003HaYaeT MO3ULHI0 BOKCeIs BHyTpH 3D MaccuBa.

3HaueHHEe JaHHBIX B BOKCElIE — OTO KOJHMYECTBEHHOE
IpeJCTaBIeHuEe OJHONM WM Ooliee XapaKTepUCTHK O0beKTa WM
siBJIeHUs1 B HeOombIIoN obsactu 3D mpocTpaHCTBa OKPYIKAKOLIETO
MO3UIMIO IIEHTPA TaHHOTO BOKCENs. TaKMMH XapaKTepHCTUKAMHU
MOTYT OBITB: IUIOTHOCTB, TEMIIEpaTypa, CKOPOCTh, YCKOpEHHE,
MaTepuan, IBET, MpPO3payHOCTh WIM YTO-TO JpPyroe B
3aBHCUMOCTH OT KOHKPETHOTO IIPUIOKEHUS.

HauGonee BaKHBIMH CTPYKTypaMH JUIS OIMCAHUS OOBEMHBIX
JIaHHBIX SABJIAIOTCS:

e OuHApHAs BOKCEIbHASI MOJIENb. BOKCEIM MOTYT MPUHAMATD JBa
3HaueHus: 1 (00bexT) wim 0 (HeT oObekTa). DTa OYEHb MPOCTas
MOJIENb W HUCMOJNB3yeTcs penko. Jis Toro, 4ToObl yMEHBLIUTH
HEOOXOMMBIN JUTS XpaHEHHsT 00beM MaMsTH, OMHApHbIE 00HEMBI
MOTYT OBITh PEKYPCHBHO pa3OMTBI Ha MEHBUIME OOBEMBI,
coJiepKalllie BOKCEJIM PAaBHOM BEJIMYHMHBI, PE3YJIbTHPYIOLIas
CTPYKTYpa MaHHBIX HAa3bIBACTCSA 8-IEPCBOM MM OKTAHTHBIM
JIEPEBOM.

® [IOJIyTOHOBAsI BOKCEIIBHAS MOJEIB: K KIbIH BOKCENb COAECPKHUT
uHpopManuo 00 MHTEHCUBHOCTH. [l NOIYTOHOBBIX O0OBEMOB
TaKoKe pa3paboTaHbl CTPYKTYPHI B BU/IE OKTaHTHOTO Aepera [19].

e 0000meHHas BOKCENbHas MOAENb: Kpome wuHpopmamuu o6
UHTCHCHBHOCTU  KaXJblii BOKCENb  COAEPKUT  aTPUOYTHI,
XapaKTEepU3YIOIME  €ro  INPUHAAJIEKHOCTE K  Pa3IHMYHBIM
0o0BEKTaM, W/WIM JaHHBIE OT APYTHX HCTOYHHKOB (HAmpHMep,
MRI wmm PET).

e UHTeNIeKTyalbHble O00BeMBbI': B KadeCcTBE Ppa3BUTHUA
0000IIeHHON BOKCENBHOH MOJENHM PaccMaTpPHUBAeTCsl MOAEINb, B
KOTOpOil cBoOiicTBa 00BEKTOB (TakMe Kak IBET, HMEHa B
PasNMYHBIX  fA3BIKAX,  yKa3aTedd  Ha  JONOJIHUTENBHYIO



MHGOPMALIMIO) W WX  B3aUMOCBSI3H  MOJENHUPYIOTCS — Ha
CHMBOJIBHOM ypoBHe. IlofoOHast CTPyKTypa MaHHBIX SIBISIETCS
OCHOBHOHM JUII TaKHX TIPOJABHHYTHIX MPHIOXKEHHH, Kak
MEIHIIHCKHE aTJIaChL.

4. BOKCEJIM3ALINA MOLENEN HA BA3E
®YHKLUUUN BO3MYLLEHUA

B naHHOil paboTe HCMOJB30BAJICs AITOPHTM MHOTOYPOBHEBOTO
oTCieXHUBaHus Jiyueit [15] ans Busyanusanuu Mmojened Ha 0ase
¢ynKimit Bo3MymeHus [16], amanTUPOBaHHBIA Ui 3aJadd
Bokcenu3auu. @DyHKIMOHAIBHO 3aJaHHbIE TI'eOMETPHUYECKHE
OOBEKTHl C TPUMEHEHHEM (GYHKIMH BO3MYIIEHHS JOCTATOYHO
o JpoOHO U3JI0XKEHBI B padorax [15-17].

Ha mepBoM 1mare pekypcud KyO, KOTOPBIH OIpaHHYMBAaET
(YHKIMOHATBHYI0 MOZENb, pa30MBaeTCs Ha YeThIpe MEHBIINX
napajenenumnena (Opycka) B 9KpaHHOHU IIOCKOCTH (IO aHAJIOTUU
¢ nmupamuoi Bunumoctu [15]). Ha srane nenenust nmpoctpaHcTsa
10 YETBEPUYHOMY JIEPEBY, I7Ie COBEPIIACTCS CKATHE B [IBA pasa U
HepeHoc Ha 1 1Mo IByM KOOpANHATAM, IPOUCXOAUT PEKYPCHBHOE
npeobpa3zoBanue Kod(pHUIMEHTOB 0a30BBIX MOBEPXHOCTEH M
¢dyHKIMI BO3MYIECHHS. Ilony4ennsie K03 GUITHEHTHI
UCIIONB3YIOTCS. B TeCTe Ha mepecedeHue. s KakIoro HOBOTO
Opycka BBINIOJIHAETCS TeCT Ha mepecedeHHe ¢ oObekToM. Ha
OCHOBAaHUH PE3yJbTaTOB 3TOTO TECTa OCYIIECTBISACTCS JCIICHHE
OpYCKOB, KOTOpBIE JI€XKAT BHYTPU OOBEKTa LEIMKOM WIIH,
BO3MOXKHO, YaCTMYHO, a  3aBEJOMO  BHEIIHHE OpYyCKH
UCKIIIOYaTcss U3 obpabotku.  Jlenmenne  OpyckoB IO
YETBEPHUYHOMY JIEPEBY BEAETCS IO TeX MOp, IIOKa HE TOCTUTACTCS
MaKCUMaJIbHO YCTAaHOBJICHHBI YypOBeHb pekypcud. J[lanee
ocyliecTBIseTcs OHHapHOe AeleHue Opycka IO Z-KOOpAUHATE
(Ha30BeM €ro BOKCEJIeM BEPXHEro ypoBHsi). Bokcens Ha ypoBHE i
pa3buBaeTcsl Ha JBE PaBHbIC YacTH (HA JIBa BOKCEJS CIEAYIOLIETO
ypoBHS JeTadbHOCTH cM. Puc. 3). Jlanee, kaxkmas dacTb
PEKypCHBHO pa30HMBaecTCs B IOHUCKE BOKCENEH, MPHHAUICKAIIUX
MOBEpXHOCTH. Eciam Kakol-TO BOKCenb HE IPUHAIJIEKUT
MOBEPXHOCTH, TO OH Jaliee He paccMarpuBaeTcs (cM. Puc. 4).
Pa3buenne nponomkaeTcs 10 TeX Hop, IoKa He OyIeT JOCTHIHYT
3a/IaHHBIH YPOBEHB ETATBHOCTH.
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Puc. 3: B npouecce pekypcrHBHOTO MOAENEHHS, HAa TEKYIIIEM
YpPOBHE J€TaIbHOCTU BOKCENb pa30MBaeTCs BIOIb OCU Z Ha JBa
BOKCEJISl CIISYIOIIETO YPOBHS ACTANBHOCTHU (ITOMEYeHb! Kak 1 u
2). Bokcenu 1 u 2 npoBepsitoTCs Ha NepecedeHue ¢
MOBEPXHOCTBIO, M €CJIM OIMH U3 BOKCEJICH OKa3bIBaeTCs IIyCTOH,
TO OH BBIOPACHIBAETCS M3 PACCMOTPECHUSL.
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Puc. 4: Ha i+1 ypoBHe peKypcHn OTMEUYEHHbIC BOKCEIH Jajiee He
Y4YacTBYIOT B Pa30HEHHH, TaK KaK OHU HE COJIEPIKaT MOBEPXHOCTH
BHYTPH Ce0s.

F

Jlns Bu3yanusanuu cBOOOAHBIX (POPM IOCTATOYHO PACCMATPUBATH
TOJIBKO BOKCENH ONMKHHE K HaOJIOJATENI0, €CJIM OHH COACPXKAT
moBepxHOCTh (Ha Puc. 3 310 Bokcens 1). Ho s Bokcenuzariuu
HaM HEOOXOJMMO HAWTH BCE BOKCEIH IOBEPXHOCTH, MOITOMY
paccMaTpuBalOTCSl  BCE€  BOKCENM  CIEAYIOIIEro  YPOBHS
JIETATBHOCTH, COJCPIKALINe TOBEPXHOCTb.

Ha sToMm sTame mns TeKyliero ypoBHs PEKypCHU BEKTOp KOHIA
BOKCEJS, SBIIOMIETOCS OMDKAHIIMM 1O OTHONICHWIO K
HaOJIIOIaTeIIo, TI0JIaraeTcs PaBHBIM BEKTOPY ONIIDKaHIeTro KOHIA
BOKCeJIs IIPeABIIYIET0 YPOBHS JieneHus. BekTop nanpHero KoHma
BOKCEJI BBIUUCIIACTCS KaK IOIyCyMMa BEKTOPOB ONMKHErO H
JTAJIbHETO KOHIIOB BOKCEJIS NPEIbIIyIIero ypoBHs aeneHus. Jlus
JalbHeTro, 1O OTHONIEHHWIO K HAONIOJaTemio, KOHI[A BOKCENs
BEKTOp OJIDKalIIero KOHIA pPaBeH IIONyCyMMEe BEKTOPOB
OMIDKHETO0 M JIaIbHEr0 KOHIIOB BOKCENS MpPEIBLAYLIEr0 ypPOBHS
JIeNIeHNs, a BEKTOp JallbHEro KOHLA BOKCENs PaBEH BEKTOPY
JTAJIbHETO KOHIIA BOKCEJIS NPEABIIYIIEro YPOBHs IEICHUS.

Pyi' = Poict, P = (Prict + Prcp)/2.
Po’ = (Poit + Pri.t)/2, P’ = Py,

Vi] = {Pnil, Pﬁl}, Viz = {Pniz, Pﬁz}, rie Vil -BOKCEJIb i-T0 YPOBHS
pekypcun, OikalImi K Touke HaOIIIoJeHH, Vi -Bokcenb i-To
YPOBHS PEKypCHH, JaJbHUH OT TOYKH HAOIIONCHUS. Pnik u Pﬁk -
KOOPJWHATHl ONIDKHETO MO OTHOIICHHIO K HAOINIOJATeNio, M
JanbHETO KOHIOB Bokcensd k (rme k m3 {1, 2}) Ha i-M ypoBHe
peKypcuu.

Ilpn Busyanusanuu W/UIM  BOKCENU3aLUM IOBEPXHOCTEH
IPOBEPSAETCs TeCT Ha IPHHAJICKHOCTh UM JIMIIb IE€PEeCceYeHHBIX
BOKCeJIeH, BHEIIHNE M BHYTPEHHHE BOKCEIHM OTOPAaKOBBIBAIOTCS.
Jlng Toro, 4ToOBI MOBBICHTH PEATUCTHYHOCTH H300paXKEHHS U
pacIIUpUTh KIacC OTOOpaxkaeMbIX OOBEKTOB (IIOMYHMpPO3padyHbIC
CTPYKTYpbl C BHYTPEHHUM pacIpefeleHueM IUIOTHOCTH, 3D
TEKCTYpBI), Heo0X0MMO oTobpakath BHYTPEHHIOIO
MONYNpPO3payHyl0  CTPYyKTypy  obwekta. Jlms sToro B
(bopMHUPOBaHNK H300paKEHUS JODKHBI y4acTBOBATH HE TOJBKO
BOKCEJIH, KOTOpbIE JeXaT Ha IOBEPXHOCTH, a TaK € U Te,
KOTOpBIE HAaXOMATCs BHYTpH oObekrta. CliejoBaTeNnbHO, IPH
JielleHnH o0beMa BHYTPeHHHE YacTH 00beKTa He 0TOpachIBaloTCs,
JUIi HUX TPOBOAUTCA JaibHeimas pekypcus anroputma. Ilpu
CKaHUPOBAaHUH CLEHBl IO Z-KOOPAMHATE, YTO COOTBETCTBYET
CKaHUPOBaHUIO o0beMa B TIIyOuHy, CKaHUpPOBaHME He
IpepeIBaeTCsl IPH BCTPEUe C ITOBEPXHOCTBIO, a paboTaeT janee,
MOKa TIOJTHOCTBIO HE TPOCKAHUPYyeTcss 00BbEeM WM HEe HAaKOIHTCS
OIIPE/ICJICHHOE 3HAa4YeHHe IPO3PAYHOCTH, OOJbIIee HEKOTOPOTO
noporosoro 3HadeHus. [locie onpeneneHus BOKCENs IOCIECIHETO
YPOBHSI pa30HEHHs, COACPIKALIETO0 MOBEPXHOCTh, HHPOPMAIIHIO O
LBETe U HOPMald B COOTBETCTBYIOIIEH TOUKE IOBEPXHOCTH
JI00aBIIAIOTCS B PE3yNBTUPYIOMUIA MAacCHB BOKCENBHBIX TAHHBIX.
OnucaHus COOTBETCTBYIOIIETO ANTOPUTMA BBIYMCICHHS LBETA B
TOYKE TMOBEPXHOCTM MOXHO Haiitu B pabortax [15, 16].
Koopaunatsl Touku B 3D MaccuBe BOKcCened BBIYUCISIOTCS IO
cleayromumM GpopMymam:

i=(x*N)/2
j=(*N)/2
k=(z*N)/2

rae i, j, k 1enoducieHHbIE MO3MLIMM B MAacCHUBE BOKCEJeH
COOTBETCTBYIOIIME KOOpIMHATHBIM ocsiM X, Y, Z, (X, Yy, z) —
BEIIECTBCHHBIC KOOPJMHATHI TOYKH B BHUAUMOM o0beme, N —



pa3pelieHHe MaccuBa BOKcened. Buammblii o0beM B cucTeMe
VxDemo umeer rpanuust [-1, 1].

5. 3AKIIOYEHUE

Pe3ynbTaToM naHHON pabOTHI SIBISIETCS HMPOrPaMMHBIH MOYJIb,
BBIMOJHSIONMH TpeoOpa3oBaHre (QYHKIHOHAIBHO 3amaHHOW 3D
CIIEHBI B BOKCEIbHOE TpeicTaBIeHNE. JlaHHBI MOIYJIb BCTPOEH B
CHCTEMY BM3yanu3aluM (QyHKIHOHANBHBIX ¢GopM VxDemo u
YCIIEIIHO MPUMEHSIETCS ISl SKCIIOPTUPOBAHMUS CMOJCITUPOBAHHOM
3D cueHsl B BOKCENbHOE TIpejacTaBieHre. Ha Texymuii MoMeHT
cucteMa mojuepxkuBaeT Tpu (Gopmara skcrmopra: BINVOX,
MIRA, TRvox1999a. Ilociemnuii TUN ONMHCAHUS BOKCEIHHBIX
JIAaHHBIX TPUMEHsIeTCsl B BHJeoanantepax kommnanuu TeraRecon.
®opmatsr  BINVOX u MIRA  sBusioTess  MIKMPOKO
pactupoCTpaHEHHBIMH B pa3lIMYHBIX CHCTEMaX BH3yaJM3alluU
HAYYHBIX JITAHHBIX, TPE/ICTABICHHBIX B BUJIE MACCHBOB BOKCEIICH.
[lony4yeHHble  JaHHBIE MOTYT TaKXKE  BH3YaJHU3HMPOBATHCS
CBOOOZHO  pacCIpOCTPAHSEMBIM  IPOTPAMMHBIM  IPOJYKTOM
ViewVox paspaboranneiM B Universiteit Utrecht. Monyib
BOKCENM3alyu (yHKINOHANEHBIX ()OpM HammcaH Ha si3pike C++ ¢
ucnonszoBanueM 6udmnorex STL u BOOST. Cpenoii pa3paboTku
Obu1 BBIOpaH npoaykt Microsoft Visual Studio 2003.

Puc. 5: dynkunonanpHas MOAEIb CMOAEIUPOBAHHAS B CHCTEME
VxDemo. B coctaB Mmoaenu BxoasT okoio 25 ¢pyHkuuii. Monens
BU3yaJIM3UpoBaHa Npu paspemenun 128 x 128 touek. I'myOuna
PEKypCcHU YeTBEPHIHOTO pa30HeHus paBHa 7, TTyOHHA peKypCcHH
OMHApHOTO pa30ueHHs paBHa 7.

C nmnomompblo  pa3pabOTAaHHOTO — NPOTPaMMHOIO  HPOAYKTA,
nu3aiinep, monenupyrooumidi 3D monenmu B cucreme VxDemo,
MOXKET  MHTEPAaKTHMBHO  HPOU3BOAUTH  MAaHUNYJSALUH  HaJ
co371aBaeMOil  Mopenpl0  (IIOBOpa4yMBaTh, MAacCIITaOMPOBATH,
mepeMeniatb 4 T.J.) IPEABApUTEIBHO BOKCEIM3UPOBAB e€&.
ITonyuyeHnHsle MOJENH, TeNEph MOIYT HCIOJB30BAThCS B APYIUX
CHCTEeMaxX BH3yallM3allid U OOpPabOTKH TpauuecKhX TaHHBIX
(HampuMep, B CHCTeMaX BH3yallM3allid MEIUIIMHCKUX JAHHBIX),
YTO CYIIECTBEHHO DPACIIMpseT 00JacTh NPHUMEHEHUS M OOLIyIo
LEHHOCTh  cucTeMbl  VxDemo. Ilonb3o0BaTens MOKET
KOHTPOJIUPOBaTb ~ CKOPOCTb  BOKCEIM3alUM U KauecTBO
HOJTy4aeMOil BOKCEIBHOH MOJENH, MaHUIYJUpYs HapaMeTpamu
Qr, Br (mmy0mHa peKkypcHHM IIpH YETBEPHYHOM pPa3OUCHUH
opocTpaHcTBa B mimockocTd XY U IiIyOMHAa peKypcuu IIpH
OuHapHOM pazOueHuu BAob ocu Z). Takke noiab30BaTeilb MOXKET

MOBBIIATE WM IIOHWKATh JETAIBHOCTh OTHCNBbHBIX 4YacTei
MOJIENU WJIM, BOOOILIE, BOKCEIM3UPOBATH TOJBKO OTACIBHBEIC €€
gacti. [lpm oKkcrmopre MoIennm B BOKCENH, Hapiay cC
MIPOCTPAHCTBEHHBIMH KOOPANHATAMH TOUYEK IMOBEPXHOCTH, MOXKET
COXpaHATHCS Tarkke HHPOpPMALMs O IBETE€ B JAHHOH TOUYKe
noBepxHoctH (cM. Puc. 7).

Puc. 6: BokcenbHoe npeacTaBiIeHUe MOJEIH CMOAEIMPOBAaHHON B
cucteme VxDemo 1 BOKCETU3UPOBAaHHOM C MOMOIIIBIO
pa3pabOTaHHOTO MOJYJISl BOKCENU3auu. [ TyOuHa pexypcuu
YeTBEPHYHOTO pa30HeHus paBHa 7, TIyOHHa peKypcHn
OGuHapHOTO pa30ueHns paBHA 7. Pa3peleHne MoMydInBIIEroCs
MaccuBa Bokceneil pasHa 128x128x128. Bpemst Bokcenuszanuu
COCTaBUJIO 3 ceKyH/bl. Mosienb BU3yallu3UpoBaHa Ha
rpaduueckom aganrepe Volume Pro 1000 ot koMmnaHuu
TeraRecon Inc.

Puc. 7: BokcenuszupoBaHHas MOJEIb CMOAEIUPOBAHHAS B
cucreme VxDemo. B coctaB mogenu Bxoaut 42 ¢pyHKuuii.
I'my6uHa pekypcun 4eTBepHIHOTO pa3dueHus paBHa 9, riryOHHa
peKypcuu 6uHapHOTO pa3dueHus paBHa 9. Paspemrenne

MOy YMBLIETOCsl MaccuBa Bokcenell paBHa 512x512x512. Bpems
BOKCEJM3aluK COCTaBUIO 1.5 MUHYTHL. Monens
BU3YyaJIU3UPOBaHa B IporpaMMe ViewVox.
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Voxelization Of Functional Forms

The voxelization technique subdivides the object space in a
recursive way testing using modified multilevel ray casting
algorithm, if a given bar and voxel contains a part of the free form
surface based on perturbation functions. When the voxel level
arrives, the normal is calculated by the gradient in the middle of
the voxel. The main advantage of our representation is it
robustness. This representation can be locally refined to any
desired resolution from any previous voxelized part of the
surface. These qualities alone make it a much better way of
representing curved complex surfaces in comparison with
polygonal representation.
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