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AHHOTauunsA

B crathe paccMaTpuBaroTCs HPOOIEMbl HHTEIPALMU IIPOrPaMM
(U3HYECKH aKKypaTHOTO MOJCIUPOBAHUS — PaCIPOCTPAHEHUS
cBeTa METOJIOM  TPAaCCHpPOBKM  Jiy4yei B CUCTEMBbI
aBTOMATU3UPOBAHHOI'O MNPOEKTUpoBaHUs. B kauectBe npumepa
paccmarpuBatotcst cuctembl Autodesk 3DS Max u CATIA.
WHTerpupyemble aaropuT™Mbl MOJEIUPOBAHUS  OCBEILEHHOCTH
HCTIONB3YIOTCS. BO MHOTHX, Pa3pabOTaHHBIX aBTOpAaMH, CHCTEMax
KOMIBIOTEPHON T'paUKh Ul TeHEpaly BBICOKOPEATUCTUYHBIX
n300paXCHU M aHanM3a OCBEUICHHOCTH. PaccMoTpeH Bompoc
YCKOPEHUSI PacyeTOB OCBEIICHNUS IPH MOAN(DHUKAIINY T€OMETPUH B
CHCTEME aBTOMATH3UPOBAaHHOTO IPOEKTHPOBAHUSA, HCIIOIb3YS
00BEKTHO-OPHEHTUPOBAHHOH,  JBYXYpPOBHEBOIl  MOOXOA K
TPACCUPOBKE JIyUyeH.

Knwuesvle cnosa: memod mpaccuposku Jnyueu, Cucmembvi
asmomamuzupoganno2o npoekmuposanus, 3DS Max, CATIA,
MOOeNUPOBaHUEe OCBEUJCHHOCI.

1. BBegeHue

IIpoGnema  reHepamuu  PEANMCTHYHBIX  HM300paXKeHUH
CBsI3aHA HE TONBKO C pPa3pabOTKOM KOPPEKTHBIX alrOpUTMOB
BU3yaJIu3alnu. BaxxHpIM acrekTom PEATMCTUYHOCTH ABJIACTCA

3aJaHue  JOCTaTOYHO  JIETaJIbHOM nudpoBoil  MozenH
n3o0paxkaeMbIX OOBEKTOB. 3ajaHue Takoi Mmopaenu Tpedyer
UCII0JIb30BAHUS CYILIECTBYIOLINX [IporpaMm
aBTOMATU3UPOBAHHOIO  IPOEKTHUPOBaHMs,  Il€  MEXaHU3M

CO3[IaHMsl U TMO3ULUOHHPOBAHHS OOBEKTOB JOCTATOYHO PA3BUT.
Takue cuctembl MozaeiaupoBanusi kak Autodesk 3DS Max [1],
CATIA (Dassault Systems/IBM) [2] i Maya (Alias/Wavefront)
MO3BOJIAIOT CO3JaTh «C HYJIS» CJIOXKHBIE IU(GPOBBIE MOJEIH,
MOJHOCTBIO ~ ONKCHIBAIOIIME, HANpuUMep, 3[JaHHe CO BCEMH
MOMEIICHUSIMU ¥ MHTEPhePaMH WIN aBTOMOOIIb B MeIbYaHIINX
JIeTaJIsX.

OpHAKO UHTETPUPOBAHUE CUCTEM (PU3UYECKU aKKypaTHOTO
MOZENUPOBAHUS PACIPOCTPAHEHHUS CBETA, MCIOIb3YEMBIX UL
HOCTPOCHHSA PEANHCTUYHBIX H300paxkeHuil, ¢ COBPEMEHHBIMU
[aKeTaMH AaBTOMATU3UPOBAHHOTO IPOEKTHPOBAHUS  SABIACTCS
TpyIHOH 3aaaueil. MI3BeCTHO HECKOJIBKO MOMBITOK PEIIEHUs 3TON
3agaud. Haubonee U3BECTHBIMEH Cpeid HHUX  SBJIAIOTCA
MOArpY’XKaeMble, BCTpoeHHbIe Moayin (plugins), pa3spaboTaHHBIE
kommnanusamu Lightscape [3], Mental Images [4] u Chaos Group
(VRay) [5] mns 3DS Max. [list cucTeMbl aBTOMAaTH3UPOBAHHOTO
npoexkrupoBanusi CATIA V5 komnanueir OPTIS Obun BblyIeH
BCTPOCHHBIH MOIYNb (DU3MUYECKH aKKypaTHOTO MOZIEIUPOBAHUS
ocsentenHoctd SPEOS CAA V5 Based [6]. Kommanus Mental
Images wuHTerpupoBaga CBOIO MNPOrpaMMy MOJIEIHPOBAHUS
OCBEIICHHOCTH CO BCEMH HamOoiee M3BECTHBIMU CHCTEMaMH
aBTOMATU3UPOBAHHOTO MpoekTHpoBaHus — Autodesk 3DS MAX,
Maya u CATIA (Photo Studio).

OcHoBHOI  mpoOyemMo#, ¢
pa3padoTUuKu IIporpaMm

CTaJKHUBAIOTCS
AKKypaTHOTO

KOTOpOH
(uznuecku

MOJICJIUPOBAHUS PACIIPOCTPAHCHUSI CBETA NPH HHTETPUPOBAHUH
CBOMX MOAylIed ¢  cucreMaMd  aBTOMATH3UPOBAaHHOTO
IOPOEKTUPOBAHUSA, SBISETCA OTCYICTBHE B OJTHUX CHCTEMax
¢dusugecku KOPPEKTHBIX Mozenei, OIHCHIBAIOIINX
B3aUMOJEHCTBUE CBE€TAa CO CPENOW  pacIpoOCTpaHEHHs U
TIOBEPXHOCThIO 00BEKTOB. YacTo MaTepHaisl HMOBEpXHOCTEH B
CAD cucremax 3a7aloTcsi UCXOJs M3 MX BHEIIHEro BOCIIPUSTUS
(Hanpumep, «aepeBo, IyO» WM «MeTajl, cepedpo»), 4eM yepes
crienudukanuy uX GU3NYECKUX CBOICTB (HampUMep, KOJINIECTBO
CBETa, OTPA)XEHHOI'O M IPEJOMJIEHHOro IO 3akoHy ®Ppenens),
KOTOpBIE HEOOXOMMMBI JUIi KOPPEKTHOTO  MOJEIHPOBAHUS
pacnpocTpaHeHuss cBeTa. MoJenM HCTOYHMKOB CBeTa B TaKUX
CHCTeMaxX, KaK IPaBUIO, HE MOTYT OBITh HEMNOCPEICTBEHHO
UCIIONB30BaHBl B CHCTeMaxX  (DU3MYECKH  aKKypaTHOTO
MOJICTTUPOBAHUS PAcCIpPOCTPAHEHUS CBeTa IIOTOMY, YTO HE
cozepKaT HeOOXOIUMBIX (PU3NUECKUX XapAKTEPHCTHK.

ITpu 3TOM pa3paboTIMKaM MPUXOIUTCS YUUTHIBATH 3AIIPOCH
JBYX HECKOJBKO PAa3IMYHBIX KAaTErOpHi IIOIb30BAaTENeH TaKuX
cucteMm. IlepBas kareropus — 3T0O B OCHOBHOM IIOJIb30BAaTENIH
takoi cucrembl kak Autodesk 3DS Max. Kak npaBuno, 310
apXUTEKTOpbl MM AU3aiHEepsl, KOTOPBHIM HAJ0 BU3YyalbHO
NIPE/ICTaBUTh CBOMM 3aKa3uuMKaM pa3IM4Hble BapHaHTbl JU3aiiHa
pa3pabaTbiBaeMblX IOMELICHHUH, CaJoOHOB aBTOMOOMIEH u
CaMoJIETOB N0 MX peajbHOH peanusauuu. Bo MHorux ciyuasx
caMHM OOBEKTHl elle (U3NYECKH HE CYNIECTBYIOT K MOMEHTY
MOATOTOBKM TakoM mpe3eHTauu. Jlng 5TUX mHojb3oBarenei
(HU3HYIecKH aKKypaTHOE MOJEIHPOBAHUE PACIIPOCTPAHEHUS CBETa
CIY’)KUT B OCHOBHOM CITOCOOOM co3maHust (pOTOpearTnCTUIHBIX
HM300paKeHUI pa3padaThiBaeMbIX 00BEKTOB. DTO MOTYT OBITH Kak
OTACNBHBIE TIOMELICHWA, TaK M IeNble  apXUTEKTYpHBIE
KOMIUIEKCBI.

Jlng Takux mosb3oBaTenell BaKHO, YTOOBI HCIIONB3YEMBIH
MOZyJb TpeOoBal OT HUX MUHHMMAJbHBIX YCHIMH IO aJanTaluu
OIHCAHUS CLEHbl, paHee IOATOTOBICHHOH MNA IOIy4eHUs
n3obpaxenus B "poguoM" 3DS Max (scanline) Bu3yamusaTope.
IloaroToBka TakuxX CIEH, KOTOpbIE MOTYT COCTOATh M3 COTEH
THICSIY TPEYrOJIbHUKOB U  MCHOJB30BaTb COTHU  CIOXKHBIX
TEKCTYPUPOBAHHBIX MaTEPUAIIOB, TpeOyeT 3HAUUTEIbHBIX YCHIUIL.
IlosToMy, Kak IpaBHJIO, IOJNB30BAaTENIM COINIACHBI TOJBKO Ha
MHUHUMAaJIbHbIE YCHJIMSA IO aJaNTalMu paHee MOATOTOBJICHHBIX
OIMCaHUII ClieH IPH UCIOJIL30BAHUH HOBOI'O MOYJIS.

Bropas xareropus nojb3oBatesieil — 3TO MOIb30BATENH, UL
KOTOPBIX ¢u3nUeck  aKKypaTHOe  MOZENPOBaHHUE
pacnpocTpaHEeHHsl CBeTa SBIAETCA OCHOBHOM Iienblo. Takumu
MOJTB30BATEIAMH  4acTO SBIIIOTCS Pa3pabOTYNKH ONTHYECKU
CIIOXHBIX CBETONPOBOMSIINX W OCBETHTEIBHBIX CHCTEM, TaKHX
KaK JKHIKOKPUCTA/UIMYECKUE IIaHEIH, aBTOMOOWIBHBIC (apsl,
npubopsl ¥ mp. Dusuyecknm aKKypaTHOE MOJEIHPOBAaHHE
ABJIACTCS KPUTUYHBIM B TeX CIy4asdx, KOTJa apXUTEKTOpaM WU
KOHCTPYKTOpaM aBTOMOOMJIEH M caMOIEeTOB  HEoOXOIUMO
obecrieunTh TpeOyeMble YPOBHHM OCBELICHHOCTH U KOHTPAcTa B
HMHTEpbEpE WU cajoHe. B psazae ciydaeB monb3oBareneil MOTyT
HHTEpecOoBaTh  TOYHBIE  BEJIUYMHBI M paclpejercHHue
OCBELICHHOCTH B OIpEJEIECHHBIX 00JaCTIX CLEHbl, HAIpUMep, Ha



paboueM cTole MM 3KpaHe auciies. PU3HUeCKH aKKypaTHOE
MOJIENIUPOBAHUE SABIIAETCSI HEOOXOOUMBIM IIPU pacdeTe CIO0KHBIX
YCIOBUH OCBEIIEHHOCTH, TaKMX KaK CMeCh HCKYCCTBEHHOIO U
€CTECTBEHHOIO OCBEIIEHHUS, IPAMOr0 OCBEHICHHS COJHIIEM
npuOOpHOI TaHenn aBTOMOOWIS WM camolnera. IHrepec
HOpeJCTaBIsAeT Takke 3a]ada MOJEIUPOBAHUS  OCBEIICHUS
TeMexo/a WiIH JOPOXKHEIX 3HAKOB (hapamMy aBTOMOOHITA.

Jus  JTOM  KaTeropuu TOJB30BaTeNell  HEOOXOIMUMBIM
ABIsieTC (DM3MYECKH KOPPEKTHOE 3aJaHie HCTOYHMKOB CBETA U
ONTHYECKHX CBOICTB NOBEpXHOCTEH U cpena. bonbmmHCTBO
CHCTEM ABTOMaTU3HPOBAHHOTO MPOSKTUPOBAHNUS HE
IPEeIOCTABIIAIOT TaKUX BO3MOXKHOCTEH. IMostomy
JIONIOJIHUTEIbHBIE MOJYJH, TPEROCTABIAIONINE HHTepdenc it
3aJaHusd XapaKTepUCTHK, MOJDKHBI OBITH  pa3paboTaHbl JIHOO
BHYTPH CHCTeMbI, JuOO B IIporpaMMe MOJIENUPOBAHUSL
OCBEILEHHOCTH.

Taxum 00pa3zoM, pelleHHe 3aJaull MHTETpalUy IpOrpaMM
(U3NYeCKH  aKKypaTHOTO MOJENHPOBAHUH  PACIIPOCTPAHEHHUS
CcBeTa C CHCTEeMaMd aBTOMATU3HUPOBAHHOIO IPOEKTUPOBAHUS
TpeOyeT HECKONBKHMX Pa3IMYHBIX IIOJXOMOB IS OIMCAHHBIX
BBIIIE IBYX TPy NOJIb30BaTENEH.

ABTOPCKMM KOJUIEKTHBOM OBLTO pa3pabOTaHO HECKOIBKO
cUCTEeM KoMIbloTepHON rpaduku [7]. B Hacrosmei pabore
paccMaTpHUBAIOTCS JABa IIpUMEpa HHTCTPAlMM HAIIUX CHCTEM
(GM3nMYecKH  aKKypaTHOTO MOJENHPOBAHUS — PACTIPOCTPAHEHHUS
ceerta ¢ cuctemamu Autodesk 3DS Max u CATIA (Dassault
Systems). Murerpamus ¢ 3DS Max paccuutana, B OCHOBHOM, Ha
HONy4YeHHe  H300pakeHUl  (OTOpeaquCTUYHOTO  KauecTBa.
Wnrerpanmst ¢ CATIA mpenmonaraeT MONy4eHHS TOYHBIX
Pe3yJIbTaTOB MOAEIUPOBAHUS OCBELICHHOCTH.

2. UnTerpaumsa ¢ 3DS Max

Kak yxe ObUIO CKa3aHO BBIIIE, OCHOBHOW LIENBIO TPH
uHTerpamu ¢ 3DS Max sBmsutOCh pacmMpeHHe MOAemeit
cobcTBeHHBIX (BcTpoeHHbIX) 3DS Max  HCTOYHHMKOB CBETa U
MaTepHANIOB TakUM OO0pa3oM, 4YTOoObl OHHM oOOecreunBaIu
(hu3nUecKy akKypaTHOE MOJEIMPOBAHUE PACIIPOCTPAHEHHS CBETA.
[Ipu sToM npeanonaranock, YTO U3MEHEHUS! B ONMCAHUU CLICHBI,
KOTOpbIe HEOOXOJUMO CJENaTh MOJb30BATEII0, JOKHBI OBITh
MUHHUMaIbHBIL. Takke BaKHBIM ObUIO 00ECIIEYUTh MAKCUMAIILHYIO
MNOANCPKKY pa3iuuHbX d((HEeKToB (TaKuMX, KakK JIMH30BBIC
3¢ deKThl, pa3MbIBaHUE U JIp.), MPEIOCTABISIEMBIX BCTPOCHHBIMU
3DS Max MozensiMd MaTepUaioB U HCTOYHUKOB CBETA.

Pacwupenue mooeneii ucmounuxoé ceéema. Ha MOMeHT
WHTETPAlliM HAIIEr0 MOIYJs MOJCIHPOBAHHS OCBEIICHHOCTH
cucrema 3DS Max2 nomuepxkuBaia Omni  (TOYEUHBIH,
BceHamnpasieHHbli), Spot (Target and Free) u Direct (Target and
Free) mozmenu ucrounukoB cBera. OCHOBHBIM HEIOCTATKOM ITHX
MOJIeNIe HMCTOYHUKOB CBeTa (a4 TOYHEE — HEIOCTAaTKOM HX
unrepdeiica, MIOCKOJIbKY peanbHOE MOJICJIUPOBaHKE
o0ecreunBaeTcsi BCTPOCHHBIM MOJYJIEM) SIBJSUIOCH OTCYTCTBUE
Kakux Ju00 [apaMerpoB, KOTOpPbIE MOXKHO ObLIO  Obl
UCIOJIb30BAaTh ~ Kak dHeprerudyeckue. s  MCIoyib30BaHUs
TOYEYHOTO MCTOYHHMKA CBETa B (PM3MYECKU aKKypaTHOH cucreme
MOJIENTUPOBAaHUs PACIPOCTPAHEHUSI CBETa HEOOXOJMMO 331aTh
WHTEHCHBHOCTh €r0 M3JIy4eHHs [UIi BCEX HAaIPaBJICHUIA.
[MapasnnenbHbIit HCTOYHUK cBera XapaKTepH3yeTcs
OCBEICHHOCTBIO IUIOIIAIKY, TEPICHANKYISIPHON HaNpaBICHUIO
ero wu3iaydeHus. Ota mnpobiema Obiia pemieHa go0aBlieHHEM
CIELMAIBHBIX MHOXHTENEH IS KaXKJI0ro THUIIa HCTOYHUKA CBETA,
KOTOpbIE TI03BOJISIIH BBIYHCIIHTH SHEPreTHYECKHe
XapaKTePUCTHKH ISl BCEX HCTOYHHKOB CBETA.

B cobOcrBenHo# Busyanuzauuu 3DS Max mnoanep:kuBaer
TP BHJA 3aBUCHMOCTH OCBEILEHHOCTH KaK (DYHKLUH PACCTOSHHS
IUISL BCEX BUJIOB MCTOYHMKA CBETA: OTCYTCTBHE 3aTyXanus, 1/R u
1/R2, rae R — paccrosiHue oT MCTOYHHKA 10 00BekTa. DU3NIECKH
OINpaBJAHHBIM SBJSIETCSl TOJBKO OTCYTCTBHUE 3aTyXaHUs s
MapalUleIBHOTO HMCTOYHWKa W KBagpatmusoe (1/R?)
To4eyHOro ucrtoyHuka. Croco®d BBYUCICHHS BTOPHYHOU
(r100aIbHOI) OCBELIEHHOCTH B HALIEM MOJYJe HNPHHIMIHAIBEHO
HCTIONB3YET TOJNBKO (PH3NYECKH KOPPEKTHBIC MOJIEIH 3aTyXaHHs
U UCTOYHHKOB CBETA.

HemnocpenctBenHo mng  momydeHHs  (OTOPEaTHCTUYHBIX
U300paKeHUH HCMOIb3yeTcd MeETOJ OOpaTHOH TpacCHpOBKU
Jydel OT KaMephl 10 00BeKTa. 31eCh MPU BBIYMCICHUU IPSIMON
OCBEIIEHHOCTH  O00BEKTa  MPUHIMIUAIBHO  MOXET  OBITh
HCIIOJIb30BaHa J100as MOJEINb 3aTyXaHUs, B TOM YUCJIE U MOJEIH,
ompenenennbie B 3DS Max. s obecnieyeHHs MaKCHMAalTbHOM
COBMECTUMOCTH € Ucnonb3yeMbiMu B 3DS Max nonxonamu 0bu10
pelIeHo pa3pelIuTh UCIOJb30BaHUE JII000M Mozenu 3aTyXaHus
MpU  BBIUUCIEHUH TpsAMOH  ocBemeHHOcTH. OJHako 1O
YMOJYaHUIO HCHONB3yeTcsl (DU3MYECKH KOPPEKTHOE 3aTyXaHHe
JUI JTAHHOTO THIIA MCTOYHMKA cBeTa. Ecim ke mosib3oBaTelb
XOYeT HCIONIb30BaTh BMJ 3aTyXaHHs, KOTOPOE OH ONpEenesul ¢
noMonipio uHTepdeiica 3DS Max, TO OH JOJDKEH YCTaHOBHTH
nepekmouarens "Use Decay Settings" B mosioxxeHue BKITIOUSHO.

BaxHBIMH 00BEKTaMH MOJAEIUPOBAHUS BO MHOTHX CIIy4asx
SIBIIIIOTCS. WCTOYHMKH CBETa C HEOAHOPOJHOW JIuarpammoit
W3ITy4eHUS (roHMOAMATpaMM). Jaxe TIOJTyYeHHe
(doTOpeanucTUUHbIX U300paXKCHHH HEBO3MOXKHO 0e3 yuera
TOHUOAMArPaMM MCTOYHHKOB CBeTa ¢ oTpaxkaTteasiMu. 3DS Max2
He ofecre4yuBal BO3MOXHOCTU OINUCAHMSA TaKUX HCTOYHHKOB.
IlosTomy unTtepdeiic 3DS Max2 Obul pacIIUpeH HUCTOUHUKOM
cBeTa ¢ roHuoauarpammoil. Cienyer oTMeTuTb, YTO XOTs Ooiiee
nozaaue Bepcuu 3DS Max BKIIOUMIH B ce0sl MOAJEPIKKY TaKUX
HMCTOYHHUKOB, HENOCPEACTBEHHOE MX HCIIOJIb30BAaHUE B HalleM
MOJlyJ€ OKa3aJoch HEBO3MOXKHBIM. Jlemo B ToM, 4TO
nporpamMmHbiid uHTepdeiic 3DS Max SDK  paccuutan TOJIBKO Ha
BBIUUCIICHUE TIPSIMOM OCBEIIEHHOCTH MOBEPXHOCTH HCTOUYHHKOM
ceeta. Mcnonbs3yemblil B Hamiei nmporpaMMe MeTO] BBIYMCIEHUS
TI100aNbHOM OCBEIEHHOCTH OCHOBAaH Ha IPAMOH (OT MCTOYHHKA
CBeTa) TpacCHpoBKe Jyueil MetogoM MonTte-Kapio. Dtot meton
Tpelyer, YTOOBI ObUIH U3BECTHBI pacnpenenenus
MHTCHCHBHOCTEH M3Iy4eHHS [0 BCeM HaNpaBlIeHHAM. OTa
uHdopmanus, coiepxkamasica BHyTpu «Photometric lights»
HCTOYHHKOB, IOJIEP)KUBAEMBIX OoJie MO3aHMMH Bepcusmu 3DS
Max, orcyrerByeT B 3DS Max SDK unTtepdeiice. B cumy atux
IPUYUH MBI COYIM I€IeCOOOPa3HBIM COXPAHHTh MOJENU
HCTOYHUKOB cBeTa paspaborannele mius1 3DS Max2 Ge3
HU3MEHEHUH B MOCIIEYIOIIUX BEPCHAX.

Ilpu paspaboTke uHTepdeiica HCTOYHUKOB CBETa MBI
MPUICPIKUBATIICH TPUHATOTO MOAXOAA — TOJBKO MHUHHUMAIbHO
HE0OXO0IMMOE KOJIMIECTBO ITapaMeTPOB TOJKHO OBITH 100aBIeHO
K YXKe CYHIECTBYIOIIMUM MCTOYHUKAM cBeTa. B pesynbrare
pa3paboTaHHBI HHTEpdeiic SABIsSeTCS IS MONB30BATENs JIHIIb
HEeOOJNBIINM PACIIMPEHUEM YK€ CYIIECTBYIOIIETO M MPHBEIYHOTO
JUIs Tonib3oBarenst uatepdeiica. st 3DS Max ucrouHuka cBera
Obul  moOaBieH wuHTepdeic I BbHIOOpAa W BH3yalH3alUH
TOHHMOJHMArpaMMBI M AT 3a{aHUS [IOTHOTO MOTOKA U3ITyYeHHS JUIs
TOYEYHBIX HMCTOYHHKOB (Spot m Omni) U OCBEIIEHHOCTH

IUIOLIAAKY, HEepPHEeHIUKYISIPHOH  HANpaBICHUIO  U3JIy4eHUsS
HCTOYHHUKA JJIS apaJlIeNbHbIX HCTOYHUKOB (Direct).
Pacwupenue  mooeneii  mamepuanog.  CTaHIapTHBII

Marepuan, ucnomedyembli B 3DS  Max, obecneunBaer
BU3yaJIM3alHI0 MaTepHana Ha ypoBHe, 6mm3koMm k OpenGL. [l
obecreueHuss  Oojee  CHOXKHBIX  ONTHYECKHX  d(dexToB



pasmuuHbiMH  Kommanusmu (Blend, Compozite, Raytrace,
Top/Bottom, Lightscape, Shelac u 1p.) Obut0 pazpaboTaHo
0oJbIIOe KOJIMYECTBO CIICHUANBHBIX MOJENeH MaTepHaloB.
bonbImas 9acTh 3THX MaTepUaNOB JHIIb UMHUTHUDPYET Pa3IIHIHBIE
ontuyeckre 3PGEeKTH M paccuuTaHa Ha Hcroib3oBanue B 3DS
Max Busyammzatope. IlosTomy Ham, Takke kak um Lightscape,
NPHUIIIOCE ~ JOOABIATH  COOCTBEHHBIE  MOJENH,  KOTOpBIE
obecrieunBalOT  (QU3MUECKH ~ AKKypaTHOE  MOJEIHPOBAHHE

JIDJICKTPHIECKUX MaTepHalioB (3akoH DpeHens), MaTepuaioB ¢
M Gy3HOH MPO3PaYHOCTBIO, C 3€pKAIBHBIM  OTPAXKEHHEM,
u3JIydaromue moBepxHocTH. Hekotopwie 6azoBeie 3DS Max
MaTepHabl, TAKUe Kak Au(Qy3HbI WIH 3epKaTbHbINA [[BET, JIETKO
peoOpa3yoTcs B GU3NUECKHE aTpUOYTHI TOBEPXHOCTH.

Puc. 1. Peanuctiynsie n300paskeHus], MIOIyICHHBIE HALLIUM
MOJIyJIEM MOJIENIMPOBAHUS OCBELIEHHOCTH B cpene 3DS Max.

Ha puc. 1 mnpencraBieHsl pe3yiabTaTbl MOJEITUPOBAHHS
OCBCLICHHOCTH M CHHTE3a PEATMCTUYHBIX H300paKECHUH st
Mojenei, co3naHubix B cpeae 3DS Max. Beicokuii peanusm
JOCTUTaACTCA 6J13.I‘0[[apﬂ BI:ICOKOI‘/‘I CTCIICHU JeTajIn3aluun
TEOMETPHYECKOM MOJISINH, TTOITOTOBJICHHO nu3aiinepamu B CAD
cucreMe, W  (U3MYECKH  AKKypaTHOMY  MOJICIIUPOBAHUIO
pacrpocTpaHeHus CBeTa, NOAEP)KUBAEMOMY HAILIUM MOJYJIEM.

3. UnTerpaums c CATIA (Dassault Systems)

Kak yxe Obuio ymomsnyto Bblmie mHTerpamus ¢ CATIA

(Dassault ~ Systems) npenmonaraeT — MOJYYEHHs  TOYHBIX
pe3yJIbTaTOB MOZEIUPOBAHUS OCBEICHHOCTH. Takoe
MoOJenupoBaHHe  TpeOyeT  BBENEHHE  HCTOYHUKOB  CBETa,

orcyrcrBytomux B CATIA, 3amaHue ONTHYECKUX CBOWCTB

HCIIONIb3YEMBIX MaTepPHAIIOB, PacueTa OCBEIIEHHOCTEH pa3IM4HBIX
OOBEKTOB CIICHBI W HCIIOJIB30BaHUE IJIs aHaNIW3a MOTYy4YCHHBIX
pE3yNIbTATOB Pa3IMYHBIX BHIOB BHPTYaJbHBIX H3MEPHTEIBHBIX
npubopos. [Ipu 3ToM U3 undopmanuu, conepxaieiics B CATIA,
HCTIONB3YIOTCSl JIAaHHBIE O TEOMETPUH MOJIEIHPYEMOil CLEHBI,
MOJIO)KEHUH W OPHEHTAlUH KaMepbl, HEKOTOpBIE JaHHBIE O
cBOifcTBaX, Takue Kak JU(GY3HBII U 3epKalTbHBIA [BET, HHAEKC
pedpakiyu, Ipo3pavHOCTh U T.1.

BeIO TpHHATO penieHHe CKOHIEHTPHUPOBATH OCHOBHEIC
BOIIPOCHI MOJICITMPOBAHYS OCBELICHHS M aHAJIN3a €r0 Pe3yIbTaToB
B coOcTBeHHOW cucteme Inspirer2, mnoctpoeHHoil Ha 0a3ze
CHCTEMBI PeallCTUYHOI BU3yalu3aluu peaabHOro BpemeHHu Fly
[8]. Monynb, Bctpoenusiii B CATIA, momken obecreunBath
TOJBKO M3BICUYEHHUE JAHHBIX O TIEOMETPUU CIIEHBl B BHIE,
HEoOX0JMMOM AT NMOCIEAYIOIIEeTo MoaenupoBanus. HazHaueHune
OINITHYECKHX CBOMCTB MOBEPXHOCTEH M MaTepHAalIOB, HCTOYHHKOB
CBeTa AN JaIbHEHIIero MOJeIUPOBAHHS IPOUCXOAUT B CHCTEME
Inspirer2. Tawke oHa o0ecrmeuynBaeT aHAHM3 pPE3yJIbTATOB
MOJICTTUPOBaHHS: MOTy4YeHHE HUTOTOBBIX  W300pa)kKeHHI,
HCIIONb30BaHNE TOHOBOW 3aJMBKU M WM30JIMHUH Ha Pa3IMIHBIX
BUJIaX BUPTYAIBHBIX CEHCOPOB H T.1.

BaxxHBIM ycliOBHEM WHTETpaliy, KOTOpoe HeoOXOIuMOo
ObUI0 NpPUHMUMATh BO BHHMAaHHWE, SBIETCS OOECIedYeHHe
MaKCHMAaJbHOH WHTEPaKTHBHOCTH IIPH B3aNMOAEHCTBHH IBYX
CHCTEM. D¢ hexTHBHOCT (uzndecku aKKypaTHOTO
MOJICIIMPOBAHUE  paclpocTpaHeHuss  cBera B Inspirer2
CYIIECTBEHHO 3aBUCHT OT 3(QeKkTHBHOCTH pabOTBl 0a30BBIX
QJITOPUTMOB TPAaCCUPOBKHU Iyuel. B nelcTBUTENbHOCTH MONHOE
BpeMs MOJIETTUPOBAHHUS OIIpeeNAeTCS HE TOJBKO
HENOCPEeACTBEHHO BPEeMEHEM TPAaCCUPOBKY JTyuel, HO U BpeMeHeM
MOJTOTOBKH BCIIOMOTATENIBHBIX CTPYKTYP JAaHHBIX, HEOOXOUMBIX
Ul yCKOpeHHs TpaccupoBku. Kak mpaBmio, dem Oonee
3¢ (eKTUBHBIN aArOpUTM TPACCUPOBKU JIydel UCIONb3yeTcs, TeM
Gorbliee BpeMsi HEOOXOIMMO JUTS IIOITOTOBKH BCIIOMOTAaTEeNbHBIX,
YCKOpSIIOIIMX ~ CTPYKTyp. TpaccupoBka unydeir B Inspirer2
HCIIOJIb3YET MPOCTPAHCTBEHHOE Pa3OUEeHHE MPOCTPAHCTBA CLCHBI
B Buue BSP (Binary Splitting Planes) nmepesa. Iloaroroska
a¢pdextrBHOrO0 BSP nepeBa TpeGyeT 3HAYMTEIHHOTO BPEMEHH,
KOTOpPOE MOXKET OBITh B HEKOTOPBIX CIIy4asX CPaBHUMO MM Jaxe
MIPEBOCXOAUTH HEMOCPEICTBEHHO BpEMsS TPacCHPOBKH. Takoe
BO3MOXKHO, HAaIpUMep, IPH MONYy4YEHHH (OTOPEATUCTUIHBIX
H300paKeHNH, KOTAa  HCHONB3YIOTCA  pachapajuieJeHHbIS
AJITOPUTMBI TPACCHPOBKH (HECKOJIBKO IMPOIIECCOPOB) U YCKOPEHUE
¢ nomomplo SSE wuHcTpykumu. Mcmonmb3oBaHHE alrOpUTMOB
00BEKTHO-OpPHEHTUPOBAHHOH,  JBYXYPOBHEBOH  TPacCHPOBKHU
ngenaer BzaumozeiictBue CATIA u Inspirer2 Gomee OBICTPBIM,
MPUOTMIKAOUIMMCS K HHTEPAaKTUBHOCTH.

OcHOBHass ujes JABYXYPOBHEBOM TpPAacCHpPOBKH Jydei
COCTOMT B TOM, YTO Ha BEPXHEM YPOBHE TPACCHPYKOTCS TOJBKO
napajuieNielineIpl, OrpaHHYMBAKOIINe OOBEKTH CcleHbl. Ha
BTOPOM,  HIDKHEM  YpOBHE  JIyd  TpacCHUpyeTcsi  yxke
HEMOCPEACTBEHHO O0BEKTH. [lomxon mO3BOJISET 00ECIeYnTh
3¢ PEeKTHBHYIO TPAaCCHPOBKY OOBEKTOB PAa3INYHOI ClokHOCTH. B
HACTOSIIEe BpeMs pEealn30BaHA TOJBKO TPACCHPOBKA OOBEKTOB,
COCTOSIINX U3 MACCUBOB TPEYTOJILHUKOB.

[Ipn wm3menennn cuensl B CATIA monyns wHTErpamun
JIOJDKEH OOHOBIISITH TOJNIBKO T€ OOBEKTHI CIEHbI B  Inspirer2,
TeOMETpHsl KOTOPHIX ObLIa M3MEHEHa MIH O0BEKT OBLI IETTHKOM
3aMeHeH (yganeH wiu Jo0aBieH). I'eomeTpus ocTaabHOU 4acTu
CIIEHBI JIOJDKHA OCTaThes 6€3 N3MEHEHUsI, YTO NI03BOJIUT OOHOBHUTH
YCKOPSIIOIIUE CTPYKTYpPBI 32 CYLIECTBEHHO MEHbIIIEE BPEeMs, UeM,
ecy Obl OHU CO3/]aBaJIUCh 3aHOBO.

B Takoif mocraHoBke Monaynb, BcTpoeHHbIH B CATIA,
JOJDKEH pellaTh JBa BOIPOca:



e W3BJICYECHHE U3 CATIA  pmaHHBIX O  TeOMETpHH
MOJIEJTMPYEMOH CLEHbI B BUJE, MOJXOIAIIEM IS MTOCIEAYIOIEro
OINTHUYECKOTI0 MOJEITUPOBAHMUS,

® MJISHTU(PUKALUS OJHUX U TEX )K€ TE€OMETPHUYECKUX OOBEKTOB
B CATIA u B Inspirer2.

Pemienne mepBoil 3ajauM — 3TO CO3JaHUME KOHBEpTEpa M3
OJTHOTO T€OMETPUYECKOrO MPEICTABICHUS B IPYroe, KOTOPbIi Obl
MOJ/IEPXKUBAI CTPYKTYpY lepeBa cueHbl (nokymenta) B CATIA.
I'eometpust u3 CATIA, BKIIIOYast JEpeBO CLIEHBI, TPeodpa3yercs B
0OBEKTHI, OrpaHUYEHHBIC TPUAHTYJINPOBAHHBIMH HOBEPXHOCTSIMHU
C 3aJaHHBIM YPOBHEM pa3OMeHHs, U B TAaKOM BUJE IepenaeTcs B
Inspirer2.

Pemienrie BTOpol 3amauM HEOOXOAMMO JUIs TOTO, YTOOBI
OTCIIEIUTh  W3MEHEHHS B  TEOMETPUHM  CLEHBl  IIOCIe
penaktupoBanusi ee B CATIA. DT0 mO3BOISIET COXpPaHWUTH
WMCTOYHWKHN CBETa W CBOWCTBA IMOBEPXHOCTEH M MAaTEpHajoB y
paHee CYIIECTBYIOLIMX I€OMETpUUeCKUX 00beKTOB B Inspirer2, a
U3MEHUTh TOJBKO PEeaJbHO MOAM(MDUIMPOBAHHYIO YaCTh CLICHBI.
Bropas 3anaua Oblia perieHa BBEICHHEM JUISl BCEX Y3JIOB JiepeBa

CIICHBI u reOMETPUYECKUX 00BEKTOB YHHKAJIBbHBIX
uaeHTHGUKaTOpoB, eanHbIx Kak as cucteMbl CATIA, Tak u st
pOrpaMmbl MOJIEITUPOBAHUS OCBEILEHHOCTH. Ortu

UICHTU()UKATOPBI COXPAHSAIOTCS B CIEHAaX OO0CHX CHCTEM,
nepeaalTcss MpH KOMMPOBAHHHM T'€OMETPUYECKUX OOBEKTOB U
MO3BOJIAIOT MIACHTH(GHLIMPOBATE MEXIY COOOH reoMeTpuuecKue
0OBEKTHI, UMEIONIHECS B 00CUX CIIEHAaX OJHOBPEMEHHO. Takum
0o0pa3oM, HM3MEHCHHE TI'e€OMETPHU OOBEKTOB, INIPOU3BEICHHOE B
CATIA, nepenocutcs B Inspirer2 ¢ coxpaHeHHEM HCTOYHHKOB
CBETa M HA3HAYEHUS ONTHYECKHUX CBOICTB IOBEPXHOCTEH paHee
BBCJICHHBIX 00BEKTOB. Takue W3MEHEHHS HE 3aTpParuBaioT
FEOMETPUYECKUE OOBEKTHI, J00ABICHHBIC HEMOCPEACTBCHHO B
Inspirer2, HanpuMep 0OBEKTOB U3 CYLICCTBYIOMINX OMOIHOTEK.
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Puc. 2. Pe3ynpTaThl HHTETpallii CHCTEMBI MOACIUPOBAHUS
ocBenienHocTH Inspirer2 u cucremsr CATIA.

Ha puc. 2 mnpencraBneHsl pe3ylbTaTbl MOJEIMPOBAHUS
OCBEIIEHHOCTH Ui Mojened, co3manHbix B cpene CATIA.
IlpencraBneHa  peaquCTH4HAas  BH3yalIHM3alUs  MOAEIH U
pacnpeneneHre OCBEICHHOCTU B BUJIE TOHOBOH 3aJIMBKU.

4. 3aknoyeHune

Wurerpamms CO3ZIaHHOTO panee MOZIEITUPOBAHNUS
OCBEIIEHHOCTH U CHCTEM aBTOMAaTHYECKOTO IPOCKTUPOBAHMUS
MO3BOJIICT PEIINTh TPOOJIEeMy 3aJaHHs JCTAIBHON UUPPOBOI
Mozenu  u3oOpaxaeMmoi  creHbl. COBpEeMEHHBIC  MOAENIH

HACUUTHIBAIOT COTHU THICSIY M MUJTMOHBI OOBEKTOB, U HE MOTYT
OBITh CO3/1aHbl 0e3 Pa3BUTOrO MexaHu3Ma, mpemnaraemoro CAD
cucteMaMi. Pa3paGoTaHHble HAMH MOIYJNH HHTErPallid B
cuctembl 3DS Max u CATIA mo3BOJISIOT YCHENIHO pemaTh Kak
3a[a4i TeHEepalyd BBICOKOPEAIMCTUYHBIX H300paKCHHH, TaK U
aHaJIN3a OCBELICHHOCTH M ONITHYECKOTo IU3aliHa.
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Integration of the ray tracing lighting
simulation system with CAD systems

Abstract

The paper discusses the integration of lighting simulation modules
based on ray tracing into CAD systems. The original 3DS Max
plugin and integration with CATIA are presented as examples.
Physically accurate lighting simulation elaborated by authors is
used in several rendering systems for generation of photorealistic
images and illumination analysis. Also the problem of fast
lighting simulation after scene modification in CAD system is
considered. Object oriented, two-level ray tracing is used here.

Keywords: ray tracing, physically accurate lighting simulation,
CAD systems, 3DS Max, CATIA.
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