VRay - 4TO 3TO TaKOoe M KaK 3TUM NnoJib30BaTbCA:
Yactb 1

BBeaeHue

Cpean coBpeMeHHbIX peHpep-nporpamMMm pansa 3ds max VRay nonb3yercs Hambosnbluen
nonynsipHoOCTbO. HUCKONBbKO He npeyBenuuymMBasl MOXHO CKa3aTb, 4To VRay nonynsipeH
HaCTO/IbKO, HAaCKOJIbKO BCe OCTasibHble peHAaepbl - mental ray, finalRender u brasil r/s BMmecTe
B3ATble. DTOT dhaKkT TeM 6onee yaAUBUTENEH N 3aMedaTesieH, YTo aNropmuTM 1M S4po NporpamMmbl
pa3pabaTtbiBaINCb BCEr0 HECKONbKNUMU NOABMU.

MonynspHOCTb 3TOM nporpaMMbl WMMEeT CcaMble BeCKMe MpuynHbl. Bo-nepBbix, VRay
UCNofb3yeT B pacyeTax nepefoBble BblYNCAUTENbHbIE MeToAbl - OH  MOCTPOEH
WUCKJTIOYUTENbHO W TMOJIHOCTbIO Ha OcCHOBe MeToda MoHTe-Kapro. B 3TOM oOTHOWweEHUH,
noxanyn, VRay MOXHO MCNoNb30BaTb B KayecTBe AEMOHCTPauMOHHOM nporpammbl Ans
mMeToga MoHTe-Kapno. Ho kpome »3T1oro, VRay obnagaer uenbiM psiaoM  MHTEPECHbIX
WHHOBALMOHHbIX TEXHOMNOrMYecKnx peweHun, obecnedymBarOwnx €My AONOAHUTENbHOE
NnpenMyLLEeCcTBO B KadecTBe M CKOPOCTM pacyeToB. [JaHHas CcTaTbsa npecneayeT CBOeW Lesbto
pacckaszaTb 06 OCHOBHbIX BHYTPEHHMX MexaHum3Max pacyetoB VRay W npeanoxuTb
HeKoTopble MeToAbl NX 3(PEKTUBHOro NCNOSIb30BaHUS.

OCHOBHbIE€ NPUHUMNbI

OcHoBHOV 3agayel nbon NporpaMmbl peHAepuHra SIBASeTCS BblUMCNEHME OCBELLEeHHOCTUN U
uBEeTa MPOM3BOJILHOM TOYKM TPEXMEPHOW CueHbl. 3afjavya 3Ta O4YeHb HenpocTa.
BboluncnutenbHble MeToAbl KOMMbIOTEPHOM rpadukyM NpoAenann A0BOSbHO ANUHHBLIA MNYyTb



3BOJIIOLUMOHHOrO pasBuTus, npexae yeMm AOCTUIIN COBPEMEHHOrro YPOBHS
¢dhOTOPEANNCTUYHOCTM CMHTE3MPOBAHHbLIX HA KOMMNbIOTEPE N306parkeHnn.

MNepBoe, YTO Hay4YUIMCb CYMTaTb - 3TO OCBELIEHHOCTb OOBLEKTOB OT WMCTOYHMKOB CBETA,
HaxoaaWwmMxXxcss B NpPsiMON BUAMMOCTU, Koraa O6beKT M UCTOYHUK MOXHO COeAMHWUTb MPsiMOW
NvHWen. BeHUOM 3TOM MoAenuM pacyeToB cTajsla Mogenb ocBelweHuss doHra U Moaesnb
3aTeHeHMss @OHra, KOTOpble MO3BOJWAM BbINOMHATL CriaXxuBaHWe LUBETa MNOJINIOHOB
MOBEPXHOCTU W BbIYUCNATb 3€pKajibHble NOACBETKUM ANS Hee. DTa MoAeNb OCBELUEHMS, a
Takxe ee moamdukaumm (Jlambept, banHH, ToppeHT, Ward n apyrue) n cemyac aBnasawTCs
OCHOBOW ANs pacyeTa NpsiMOi OCBELLEHHOCTU, NpaBAa, C HEKOTOPbIMKU AononHeHnaMu. OgHo
M3 BaXHEMWWX YTOYHEHWA - Yy4yeT TMPOCTPAHCTBEHHbLIX pa3sMepoB WCTOYHMKA CBETa,
no3BosigeT nosiydyaTb MArkne Kpass y TeHeh obbekToB. [lpyroe AOMOSIHEHWE OTHOCUTCS K
onpeaeneHnto 3atyxXxaHna MHTEHCUMBHOCTU CBETaA C PaCCTOAHUEM. B 4aCTHOCTU, B CIJVI3VIL-IeCKVI
KOPPEKTHbIX pacyeTax OCBELEHHOCTM WCMNOoMb3yeTCsl 3aKOH KBaApaTMYHOrO 3aTyXaHus
MHTEHCMBHOCTW pPacrnpoCTPaHSIOLWErocs gy4ya CBeTa OT pPacCTOSHMS.

BTopass KOMMNOHEHTa OCBELLEeHHOCTM O6bEeKTOB onpeaensercsa 3epKasbHbIM (MNKM 6AU3KUM K
3epKalibHbIM) OTPaXeHMEM OT OKPYXEHUss M MNpOo3padyHOCTbO caMoro obbekta. [Ana ee
BbluncneHns 6bin paspaboTaH MeTon TpacCMpOBKKW Nnyden - ray tracing method. 3ToT MeToa
OTCNEeXMBAET TpaekTopuu Jy4deir CBeTa, HauyMHas OT Kamepbl, A0 MepBOM MNOBEPXHOCTU
nepeceyeHnUs U 3aTeM - B 3aBUCUMMOCTM OT MNpPO3PavyHOCTUM WKW OTpaxkawLmX CBONCTB
NOBEPXHOCTM, ONpeaensieTca HarnpasjeHue JAasbHelwero pacnpocTpaHeHuna nyda. Meton
TPacCMpOBKM Ny4yel OT KaMepbl BNepBble MO3BOSIMA Yy4YeCTb B pacyeTax OCBELLEeHHOCTU
obbekTa ero okpyxeHue un 6bin 6onee 3¢pdeKkTMBEH, 4YEM OTCNeXuBaHue ny4dyen oT
NMCTOYHWKOB CBeTa, MOCKONbKy obpabaTtbiBan TONbKO AOCTUratowme kamepy nydu. O4HUM un3
HEeAOCTaTKOB  KJacCMYecKoro MeToda TpPacCUMpPOBKM  Nyden  ABAAETCA  «XKECTKOCTb»
nony4yaemMoro m3obpaxeHus - U3NULWIHAS YETKOCTb KOHTYpOB, TeHel, LBeToB. [103TOMY B
JanbHenweM 6bina paspaboTtaHa Moaudukaumsa, misectHas kak distribution ray tracing
(DRT). Cytb DRT B TOM, 4TO MNpM KaxaoM MNepeceyeHunm TpaccmMpyemoro syda C
NOBEPXHOCTSAMW BAOJIb €ro TPAaeKTOpuUKM, U3 KaXaoM TOYKM NepeceyeHns CTpoUTCa He OAMH, a
HECKO/IbKO ny4ei. DTOT Npouecc HeCKOsIbKO HamnoMMHaeT LenHyl peakumio. Takon noaxon
NO3BOJ/INA PaCCUYMUTbIBATb pa3MbiTble OTPaXXeHUs W npenoMmneHms (M3BEeCTHble TaKkXe Kak
fuzzy, blurry nnu glossy oTpaxeHus n npenoMneHus), HO 3a CYET OrpOMHOr0 yBeNUYeHus
obbema pacuetoB. Mogenb DRT peann3oBaHa B CBOWCTBaAX OTPAXEHWM WM NpPenoMIEHUN
mMaTepmnanos VRay npu nomowm napameTrpa Glossy. M3-3a BbICOKOM CTOMMOCTU pacyeToB
DRT, meaneHHoCcTb pacyeTa glossy-matepmnanos VRay ctana «npuUT4Yeln BO A3bILEX>.

TpeTbs KOMMNOHEHTa OCBELIEHHOCTU O06bEKTa PpacCYMUTLIBAET MHOrokpaTHble Aunddy3Hble
nepeoTpaxeHUsl cBeTa OKpyXawwmmmu obbekTamum. CaMblM MepBbIM CMOCoOboM pacyeTa
BTOpUYHOM Anddy3HON ocBeLleHHOCTM 6bin radiosity, KOTOpbIA, XOTS U UCMOMNb3YETCA A0 CUX
nop, B CUiy psiaa NpUCYLWKMX eMy HeaoCTaTKOB YCTYMuN MecTo ABYM 605ee NporpecCuBHbIM
anroputMam pacyeta - Metoay MoHTe-Kapno n metoay OTOHHbIX KapT. Metoa (OTOHHbIX
KapT CO343a€eT A/ KaXKaAol rnoBepxHOCTM obbekTa cueHbl 6a3y AaHHbIX, B KOTOPOW XpaHWUTCS
MHpOopMaUNa O CTONKHOBEHUAX «(POTOHOB» C MOBEPXHOCTbIO - KOOPAWHATbl CTOSIKHOBEHMUS,
HanpaB/eHne n aHeprus goTtoHa. MNoa GOTOHOM MOHMMAETCS MOPUUS SHEPrun OCBELLEHUS,
pacnpoCTpaHSOLWENCS B HEKOTOPOM HanpaBfleHMM OT AaHHOr0 UCTOYHMKA cBeTa. [NI0THOCTb
(OTOHHOM KapTbl UCMOJIb3YETCS B Aa/IbHENLWIMX pacyeTax ANs OLEHKU OCBELLEHHOCTU TOUYKM B
pe3ynbtate AMPEY3HOro paccesiHMs CBeTa Ha MOBEPXHOCTSX OKpYyXeHusi. Bce peHaepdl,
ncnonb3yrwwme MeTod MOTOHHbLIX KapT, BbIMOJIHAOT pacyeT OCBELIEHHOCTM 3a ABa Npoxoaa.
Ha nepBoM npoxoae BbINOSHSAETCS TpaccMpoBka OTOHOB OT MCTOYHMKOB CBETaA [0
NOBEPXHOCTEN, N co3aatTcsd POTOHHbIE KapTbl ANs HMX. Ha BTOPOM npoxoge BbINOSHAETCS
obpaTHas TpaccMpoBKa Nny4yer OT KaMepbl, a QOTOHHbIE KapTbl MCNOMbL3YIOTCA A/ pacyeTa
Anddy3HOM OCBELLEHHOCTM TO4YeK MepeceyeHmss nyden obpaTHOM TpPacCUpPOBKU C
MOBEPXHOCTSMMN.

YeTBepTas KOMMOHEHTa OCBELWEHHOCTM 3aHMMaeTCs crneumasnbHbIM Cly4YaeM OCBEeLeHHOCTH -
paccuMTbiBaeT CBeTOBble 3(ddeKkTbl, BO3HUKaKWLWMe B pe3ynbrTate ¢(OKYCUMPOBKM K3-3a
NpenoMneHnn WuAn OTPaXeHUi Jfyvyen cBeTa B HEKOTOpoM o06/51acTM NOBEPXHOCTU. IDTU
addekTbl  Nonyununm  HasBaHue  caustic-addekToB  ocBeweHuss, a  MnpeKpacHbIM



WNNIOCTPUPYIOWMM  MPUMEPOM  «U3  XU3HWU» MOXET CJYXUTb JIMH3a, doKycmpytowas
COJTHEYHbLIN CBET Ha MNOBEPXHOCTM obbekTa. Pacuyer caustic-addeKToB OCBELLEHUA MOXET
ObITb BbINOJIHEH MEeTOAOM (OTOHHbIX KapT, HO Mpu 3ToM TpebyeTcs NokasnbHas (POTOHHAaS
KapTa O4YeHb BbICOKOM MJIOTHOCTU. [MO3TOMY Takue (DOTOHHble KapTbl CO34alOTCHA OTAESbHO
NpyY BO3HMKHOBEHUM HEO6XOAMMOCTH.

MoaBoasi 4epTy NoA BblWeCKa3aHHbIMM, MOXHO YTBEpXAaTb, UYTO COBPEMEHHbIN YpPOBEHb
pPa3BUTUS BbIYNCIUTENbHbIX METOA0B KOMMbIOTEPHOW rpadukm MNO3BOMSET PaCCUYUTbIBATb
OCBELLEHHOCTb MPOU3BOJSIBHON TOUYKM TPEXMEPHOWM CLEHbl KaK CYMMY YeTbIpeX KOMIMOHEHT:
MPsAIMOM OCBELLUEHHOCTM, 3epKasibHbiX MNPENOMAEHUA U OTPaXeHUN, BTOPUYUHbIX ANPEDY3HbIX
oTpaxeHui u caustic-addekToB ocBeLleHnS.

[Onsa coBepleHHO TOYHOro pacyeTa BCero cBeTa, najalwlero Ha AaHHY TOYKY NOBEPXHOCTH,
TpebyeTcsa NMpocyMMMpoBaTb Jlyuun CBeTa, NpuUxoasiiMe B Hee CO BCEX HanpaBfeHui. IT0
NpUBOAUT K HEOBXOAMMOCTU MHTErpMpoOBaHUS OCBELLEHHOCTW MO MNosycdepe, oKpyxarLen
TOUKY, €C/IM OHa MNpUHAANEXWUT HEenpo3padyHol MOBEPXHOCTU, WM - no cdepe, ecam
NOBEPXHOCTb SBASETCH ele M npo3padHon. [ NOCTPOEHUS MHTEerpaaoB OCBELWEHHOCTU B
KOMMNbOTEPHON rpadmke UCMOoNb3yHTCSa (QYHKLUMM, ONUCbIBAKOWME BCE 4YeTbipe KOMMOHEHTHI
ocBeweHns - QyHKUMM UCTOYHUKOB CBeTa, (PyHKUMM CBOWCTB 3epKasibHOro (MaeanbHOro)
OTpaXXeHusi/NpenoMneHnss NOBEPXHOCTM N DYHKUUN AN EPY3HOro oTpaXKeHus MOBEPXHOCTMU.
MocneaHne gea Bmaa yHKUMA YacTto o6beanHSOT B O4HY, NonyumBllyo HasBaHme BRDF -
Bidirectional Reflectance/Refractance Distribution Function (aByHanpaBneHHas GyHKUMSA
pacnpeeneHus oTpaxeHus/npenomneduns). O4HAKO TOYHOE aHaJUTUYECKOE peLleHne TaKux
WHTerpasioB B OOJIbLWIMHCTBE C/lydaeB HEBO3MOXHO, MO3TOMY A1 WX HaxoXAeHus
WCMONb3YKTCH pasfiMyHble YNC/IEHHbIE METOAbI.

OAVH 13 OCHOBHbIX MeToAoB - MeTtod MoHTe-Kapno. B camom obuemM cmbiciie metoa MoHTe-
Kapno no3BonseT BbIYMCAUTb 3HAYEHMEe UWHTerpana Kak CyMMy HebonbLIOro KonuyecTtsa
3HaYeHMN NoAblHTErpanbHbiX MYHKUNIA, BbIGpaHHbIX cny4daliHbiM 06pa3oM. OakTUYecKn, BeCb
MaTeMaTU4yecKkuii annapaTt Metoga MoHTe-Kapno npeacrasnseTt coboi npasuia onpeaeseHms
BblbOpa TakMX 3HAUYEHMN, MOCKOMbKY OT 3TOr0 3aBUCUT TOYHOCTb M CKOPOCTb HaXOXAEeHUs
pelweHnn mnHTerpanoB. BbibpaHHble Ans pacyeTa MHTerpana 3HayeHus noAblHTerpasbHbIX
dyHKUMI YacTo HasbiBaloT caMmiamm (samples). B HacToswee Bpema meton MoHTe-Kapno
ABNfeTcs craHgapToM "ge-dakTo" Ana peHAepOB TPeXMepHOW KOMMbTEPHOM rpaduku u
MCMOJIb3YETCHA OYEHb LUMPOKO - MPaKTMYECKM BO BCEX BeAyLlMX NakeTax. TeM He MeHee, 3TOT
meTon obnagaeTr cepbe3HbIM HeAoCTaTKOM - MeANIeHHOM CXOAMMOCTbK peweHun. Ha
NpakTMKe 3TO O3HA4aeT, YTo ANS yBeNM4YeHUs KadyecCTBa pacyeTa OCBELLEeHHOCTU, HanpuMep,
B ABa pa3a noTtpebyeTcs BYETBEpPO yBeNNYUTb O06bEM BblUMCIEHUA (KONMYECTBO CIMIMIOB).
HepoctaTtok KayecTBa NposBASETCS B peHaepe Kak "wyMm" - BuaAMMblE Ha M306paxxeHumn
CBETOBbIE NATHA, 3€PHUCTOCTb U BU3yasibHble apTedaKkThbl.

MeTtoa GOTOHHbLIX KapT pa3paboTaH Kak anbTepHaTuBa pacyeTa BTOpUYHOM Anddy3sHon
OCBeLLEeHHOCTM MeToaoM MoHTe-Kapno v 3aMeHsieT pacyeT COOTBETCTBYHLWEro WMHTerpana.
Takon noaxond MMeET psa NPEMMYLLECTB U HeAOCTaTKoB. [NaBHble nNpemMyLlecTBa GOTOHHbIX
KapT - CKOpPOCTb W KOPPEKTHOCTb pacyeTtoB. HepoctaTkm cBsizaHbl € 601bWMMMK
TpeboBaHMAMM K NaMaTM U TpygHocTsaMm B 06paboTke CTbIKOB, YI/IOB W [paHuy
noBepxHoCcTelr. Ha npakTuke, No KpanHen Mepe cenyac Mcnosb3lyetrcs KomMbuHauusa meToaa
MoHTe-Kapno n oTOHHbIX KapT.

MporpamMHOoe sap0 VRay mMOCTPOEHO WUCKIUUTENBHO Ha Metoge MoHTe-Kapno. VRay
NCNOMb3YET TakXKe N MeToA (POTOHHbIX KapT, HO HE KaK anbTepHaTuBy MeTtoay MoHTe-Kapno,
(4TO MMeeT MecTo, HanpuMmep, B mental ray), a kak gononHeHue. Fosops 6osee TOYHO, ANS
nepsoro amddy3HoOro nepeoTpaxeHus (Nyy CBeTa OT UCTOYHMKA NagaeT Ha MOBEPXHOCTb,
OTpaXaeTcsas M nornagaeT B TOYKY, OCBELWEHHOCTb KOTOpPOM paccumTbiBaeTcs) B VRay
ncnonb3yertca Meton MoHTe-Kapno. Ons Bcex Andy3HbIX NepeoTpaxKeHWi, HauuHasi Co
BTOpOro (Ny4 ceeTta ABaxabl Uan 6onee oTpaxaeTcs OT APYrMX MOBEPXHOCTEN, NpexXae 4Yem
AOCTUraeT pacyeTHOM TOYKM), MOXeT MUCMOb30BaTbhCA Kak MeToa MoHTe-Kapno, Tak n Metoa
(dOTOHHbIX KapT. B TepmnHonorun VRay nepsoe anddysHoe oTpakeHne obo3Ha4vaeTcs Kak
First diffuse bounces - nepBblli OTCKOK, BCE OCTajibHble MepeoTpaxeHusa - secondary



bounces, wnuM BTOpPWYHbIA OTCKOK. Takoi noaxon [A[OBOJSILHO pauMOHaneH, MNOCKONbKY
M3BECTHO, 4YTO OCHOBHYK 4acTb ANPEPY3HON OCBELLEHHOCTM TOUYKM OPMUPYET MMEHHO
BTOpOe OTpaxeHue. Bknaa ocTanbHbIX OTPa)XeHUN HEBENIMK BCNeACTBME O4YeHb 6bICTporo
3aTyXaHNs MHTEHCUMBHOCTU ANGPEDY3HbIX OTPAXEHUN C YBESIMUEHUEM UX KOJSIMYeCTBa. TakuM
obpasom, npegnoxeHHoe B VRay coyetaHne Metogda MoHTe-Kapno u @OTOHHbLIX KapT
obecneuymMBaeT TOYHOCTb W 6Oslee BbICOKYKD CKOPOCTb pacyeToB, MO CpaBHEHUIO C
KOHKYPUPYIOLWNMK peHaep-nporpaMmmamMu.

Mcnonb3oBaHme @OTOHHbIX KapT A/ pacyeToB nepeoTpaxeHuin ropasgo 6Honee
NpeanoyYTUTENIbHO, MOCKO/bKY No3BONsieT 6ObicTpee nony4dyaTb 6oslee  KauveCTBEHHbIN
pe3ynbtaT. O4HaKo, n3-3a Toro, 4Yto POTOHHbIE KapTbl He MOryT paboTtaTb C MCTOYHUKaAMMU
ceeta Tmna Skylight, HDRI n orpaHuyeHbl pa3MepoM AOCTYMHOW NaMAaTu, MpU pacyeTe
OCBELEHHOCTU OTKPbITbIX CLUEH W B HEKOTOPbIX APYrMX cheumasnbHbIX CclydyasxX BMecTO
(OTOHHbIX KapT 4acTo UCNOMb3YIOT BCe Xe MeToa MoHTe-Kapio.

Ynpasnsawiwme Napamerpbl VRay

VRay: QMC Sampler

pynna napameTpos, ynpasnswowmx B VRay obwuMmm cBonctBamm metoga MonTe-Kapno,
pacnosoxeHa Ha 3aknagke QMC sampler n BbirnaanT cneayrowmm obpasom:

1 - YRay: AMC Sampler |
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3Ha4yeHMs NapaMeTpoB 3TOM 3aKfaAKu ONpeaenstoT CKOIbKO U Kakne MMEeHHO CaMnbl 6yayT
MCNO/b30BaHbl MPU BbIYMUCIEHUAX NOObIX BENMYMH, MCnonb3ylowmx Meton MoHTe-Kapno.
HanomHio, 4TOo npakTuyeckn nwbas BenmumHa, paccumTbiBaemas VRay - Bce Buabl
OCBELLEHHOCTM, NpefsioMaeHns n oTpaxeHus, translucency, caustic n T. 4., NCNONb3YIOT 3TOT
MeToA. B KOHEYHOM uTOore, OT 3TUX HACTPOEK 3aBUCUT, KaK CKOPOCTb pacyeToB, TakK U UX
TOYHOCTb, a, C/lefoBaTeNbHO, - COOTHOLWEHWE BpeMs/KadecTBO peHaepa nsobpaxkeHus.

Lock to pixels uvcnonb3yetrcs ana ycCTpaHeHMs MUraHWi NUMKCENoB B aHuMmaumun. Ecnam
ycTaHoBneHa ranoyka B chekbox HanpoTuB 3TOro napameTpa, npu pacuyete usobpaxeHus
MCMOJIb3YETCA IKecTKasd nMpuBs3Ka 3HAYEHWMA PpacCUYMTbIBAEMbIX BEeIWMYMH K TMUKCenam
n3obpaxeHuns ¢ TeM, YTOObl 3TU 3HAYEHUS OblNN OAWMHAKOBLI ANS OAHUX U TeX Xe MUKCENoB
pa3HbIX cocefHuX KaapoB. Metoa MoHTe-Kapno mmeer cnydalHyi npuvpoay, MO3TOMY U
BblUMC/ISeMble pa3 3a pa3oM C ero MNOMOLLbI OAHM W Te Xe BeN4YMHbl MOryT HEMHOro
OT/IMYaTbCa APYr OT Apyra Npu Npo4YMX paBHbIX YCNoBMAX. Ecnm paccumTbiBaeTcs CTaTU4YHOE
n3obpaxeHune, 3TOT nMapaMeTp MOXHO CMeno Bbiko4aTb. Lock to pixels n yBenuueHue
COMMN0B A1 pacyeTa BeJIMYMH - ABa OCHOBHbIX MeToda 60pbbbl ¢ Muranmamm (flickering) B
aHMMaUuAX, paccynTbiBaeMbIX npu nomowu VRay.

Adaptation by effect on final result (importance sampling) - TexHuka, ncnonblyemas
ans Bblbopa camnnoB. [lpu pacyeTe wuHTErpana OCBELEeHHOCTM MeToaoM MoHTe-Kapno
NCNONb3YHTCSA BbiOpaHHbIe MO HEKOTOPOMY C/lydalHOMY 3aKOHY 3HA4YeHWUS NoAbIHTErpanbHbIX
dyHKUMIA (CaMnnbl) B Nnpeaenax obnactu onpeaeneHns dyHkumii (nonycdepa Hag pacyeTHOM
TOYKOM A8 HEenpo3padHol MOBEPXHOCTU U cdepa - A9 Npo3padHon). MHTepecHo, 4To
COMMMbl MOFYT MMETb FEOMETPUYECKYI0 MHTepnpeTauuio Kak HanpasfieHus, BAOJb KOTOPbIX



BbIYMCAAIOTCA 3HAYeHUs PYHKUWA - APYrMMW COBaMK, KaK WUCMYyCKaemble U3 TOUKK Jyuu
CaMNInMpoBaHus. TexHunka importance sampling ans Bbibopa COMNA0OB MCNOAb3YET MPUHLMN
BAXHOCTU WM 3HAYMMOCTU BESIMYUHBI KOHKPETHOro C3Mnaa A/ KOHEYHOro pesyfbTaTa.
Ecnn camnnvpyowmMini nyd BAOSMIb HEKOTOPOro HanpasfieHUs BO3BpallaeT Masnoe 3HadeHue
OCBELEHHOCTU WM  JaxXke HoMb, AalbHenwee C3NaMpoBaHMe B 3TOM U 6AM3KMX
HanpaBneHuWsaXx He Beaetcsa. [lpyron npumep - A0S BbIYUC/IEHUS TEMHOrO pPa3MbITOro
npenomneHns He Tpebyetcsa H6onblwOro Konmyectsa caMnioB. B nwobom cnydae, BKAOUEHMe
napameTpa importance sampling 6yaer 3actaBnaTb ABMXOK VRay uckatb n otbupaTtb ans
pacyeToB Haubonblwne no 3HadeHuto (M NO3TOMy - Honee BaxHble AN m3obpaxeHus)
CaMMNbl M oT6packiBaTb BblYMCNEHWE CIMMNOB C ManbiMW 3HadyeHusiMu. MapameTp Amount
ynpasnseTr TeM, HaCKO/IbKO MHTEHCMBHO TexHuka importance sampling 6yaer
NCNONb30BaTbCA MNpU BblYUCIEHUAX. HyneeBoe 3HadyeHne Amount NOSHOCTLIO OTKAKOYaeT
ncnonb3oBaHune importance sampling, a npun Amount = 1 kaxabln camnn 6yaeT NpoxoanTb
otbop. B 6onblMHCTBE CliyyaeB WCMONb30BaHME TexXHUKW importance sampling o4eHb
61aroTBOpHO CKa3bIiBAETCH Ha peHAepax - NPUBOAMUT K CYLLECTBEHHOMY YCKOPEHUIO pacyeToB
MpU COXPaHEHUM AOCTAaTOYHO BbICOKOro kadecrtBa. OgHako TexHuka importance sampling B
Cuay CBOEN CiyyamHOMW npupoabl MOXET JfaBaTb [A0CafHble OCEeYKM - KakK 3TO HMU
napagokcanbHO, WMHOrAa ee OTK/YEeHUE MOXET bbiTb O4YeHb MONE3HbIM, MOCKOJIbKY 3TO
NO3BOJISIET YMEHbLWNTb WYM B pacyeTax. TakuMm obpa3oMm, yMeHblieHne Amount npuBoauT K
NOBbILWEHMIO KayecTBa peHAepa W yBeIMYEHUIO BPEMEHW pacyeToB. TakTWKa B OTHOLUEHWUMU
3TOro napamMeTpa MoXxeT 6bITb cneaytowen - ysennymsate Amount, ecnm 310 HE NPUBOANUT K
Cepbe3HOMY YXYALIEHMI0 KayecTBa M306paxkeHuss n yMeHbluaTb, €CiM B peHaepe MMeeTcs
HEeYyCTpaHUMbIN HUKAKUMW ApYTUMUK cpeacTBamMu WyM. Mo ymondaHuio Amount=1.

Adaptation by sample values (early termination) - nossonser VRay aHanusunposaTb
BE/IMUYMHbI COMMJIOB M 06pblBaTb Mpouecc CIMMNAMPOBaHUA, ecinm  3TU  3HadeHus
npubNU3NTENBHO OAWMHAKOBLI. [pyrMmMn cCnoBaMu, eCnm 3HaAYeHUs CIMMIOB Maso OTINYATCS
Apyr OT JApyra, BMeCTO JasibHeWWeWn TpacCUMPOBKU HOBbIX CIMMIOB  WMCMNONb3YHOTCH
yCpeAHeHHble 3HAaUYEeHUS yXKe BbIYMCNEHHbIX COMMJI0B. ECM COMMbLI CUILHO OT/IMYAKOTCA MO
3HaueHuto, GepeTca 6onblwee ux konu4vecTBo. [lapameTp Amount onpenenser cTeneHb
NPUMEHeHNs 3TOM TexHWUKM - npm Amount=0 TexHuka BoobLle He MCnonb3yeTcs, npwu
Amount=1 early termination ncrnonb3dyer camoe MMHMMaNbHOE, KaKOe TOJIbKO BO3MOXHO,
KOMMYECTBO CIMMAMPYIOLWNX nyden. Ecnn TpebyeTcsa BbICOKOE KayeCTBO pacyeToB, creayet
ucrnone3zosatb Amount=0, HO 3annatuTb 3a 3TO0 MPUAETCA YBeJIMYEHUEM BPEMEHMU
peHaepuHra. TakTuka B OTHOWEHUW 3TOro napaMeTrpa aHajlorMyHa TakTUKe B OTHOLWIEHUWU
importance sampling, 3HadeHne Amount no ymonyaHumio - 0.85.

Min. samples - ycTaHaBIMBaeT MUHUMaNbHO BO3MOXHOE KOJIMYECTBO C3MM/IOB. TO €CThb,
KO/IMYECTBO CIMMJIOB AN1 pacyeTa HEKOTOPOM BESIMUMHBbI HE MOXET ObiTb MEHbLUE 3HAUYEeHUS
3TOro napameTpa.

Noise threshold - cyabs, apbuTtp, eAMHONMYHO pellaroLwnii, Koraa BblYMUC/IEHHbIE 3HAYEHNS
AOCTAaTOYHO XOpoLWKn Anst nsobpa)xeHus. Bblumcnsemoe 3HayeHWE BeIMUYMHbI CpaBHMBAETCS
rnoatanHo camo c cobon. Ecnn pasHuuya 6onbwe 3HadyeHusa Noise threshold, BblumncnsoTcs
OOMOSIHUTENbHbIE C3MMJIbl, €CM pasHuLUA MeHblUe, BblYUC/IEHUA 3aBepliatTcs. OueBuaHoO,
3TOT NapaMeTp MMeeT CaMOe HEernocpeaCTBEHHOE B/IMSIHME Ha KayecTBO (3alUyMJIEHHOCTb) M
CKOpoCTb peHpepa. Ero yBenuueHne MoOXeT chenaTb pacyeT o4yeHb O6bICTPbIM U OYEHb
"LYMHbIM", YMeHbLUeHWe - HaobopoT.

OnucaHHble Bbllle napaMeTpbl MNo3BoNAlT VRay AMHaMMYeCKU MNpUHUMaTb peLlleHns o
KONMyecTBe C3MMJI0B ANa pacyeTa TOW WUAN MHOW KOHKPETHON BENUYUHbI HEMOCPEACTBEHHO B
npouecce pacyetoB. Ecnu Amount anga importance sampling u early termination umeioT
Hy/NeBble 3Ha4YeHUs, Mbl NONYYMM peHAEpP, MaKCMMaslbHO BO3MOXHbIN Ana VRay no kadecTsy.
Bpemsa pacueta TOXe 6yAeT MakCMManbHbIM, @ KOJMYECTBO C3MMNOB 6yaeT npubaunxaTtbcsa K
KonunyectBy subdivs, ykasbiBaeMbix A1 GI B HacTporkax MCTOYHMKOB cBeTa. Ecnn Amount
ansa importance sampling u early termination pasHbl eanHuue, peHaep byaet MMHMManbHOrO
(HO 3TO BOBCe He O3HauyaeT - MJIOXOro) KayecTBa, BpeMs pacyeTta Toxe byaer MMHMMaNbHO
BO3MOXHbIM, @ KOMIMYECTBO COMMIOB 6yaeT nNpubamnxkaTbCsa K 3HAYEHMIO, yKa3aHHOMY B Min.
Samples. 310 kak 6bl ABa NPOTMBOMOMIOXKHbIX MOAOCA, B NpeaeniaX KOTOPbIX pacrnosoXeHbl



BCE MPOMEXYTOUYHbIE HACTPOMKKM, 3aTpayMBaeMOe Ha pacyeT BpeMs M CTeneHb KayecTsa
peHaepa.

Puc.02-08. Bpemsa pacuera ansa o6oux sHayeHnn Amount = 0, Noise
threshold=0.005.
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Punc.02-09. Bpemsa pacuerta ansa o6oux sHadeHnn Amount =1, Noise
threshold=0.005. BusyanbHo nsobpa>xeHme MAEHTUYHO npeabiaywemMy, HO
BpeMs pacyeTta B 2.5 pa3a MeHblue.



| render tim

Puc.02-10. Bpemsa pacueta ansa o6oux sHaueHmn Amount =1, Noise
threshold=0.1. YMeHbweHue Noise threshold ewe 6onbLie yckopuno
pacyeT, HO COBepLUEeHHO Norybuso kauecrtso nsobpa>keHunsa (WyM B yriaax m
Ha CTbIKaX CTEH U noJia, "3epHUCTOCTb" TE€HMU).

BoicTaBneHHble B VRay 3HauyeHuMsa no ymonyaHuio napamerpos Amount n Noise threshold
ABMISAOTCA AO0BOJSIbHO YHMBEPCAsbHbIMM UM NPUrogHbl B GONbLWIKMHCTBE Ciy4vaeB, WM - Kak
CTapTOBble 3HAYeHUs AN COBCTBEHHbIX KCMNEPUMEHTOB. MeHATb MX creayeT TOJIbKO Toraa,
Koraa BO3HUWKaEeT HacTtoATenbHas n rnyboko oco3HaHHas HeobxoanMocTb. He pekomMeHayeTcs
yctaHasnmeaTtb B 0 3HaueHue Noise threshold - 310 MmoxeT npuBectn VRay k 6eckoHeyHoMy
UMKIY BbIMMCNEHWUI, WU, YTO MPOU3ONAET CKOpee BCEro, - K aBapuiHOMY 3aBepLUEeHUtO
paboTbl NporpaMmbi.

QMC - kBa3n MoHTe-Kapno mertoa, mcnosibdyemblit VRay, oTanyaeTtca oT "knaccmyeckoro"
MoHTe-Kapno kak pa3 6narogaps ucrnonb3oBaHuto early termination v importance sampling.
OHM NO3BONAIT BbIOBMpaTb COMMAbLI, YTO AenaeT UX "He 4YUCTO" CnydalHbIMKM, Kak Toro
TpebyeT cTaHaapTHbI MeToa M-K.

Bbiuncnenmna GI (Global Illumination)

Ons pacuyeta nepBOM KOMMOHEHTbI - MpPSAMOro oceelweHus, VRay obnapgaet oTaesbHbIM
anropuMTMoM, CnocobHbIM paboTaTb He3aBUMCMMO. Y6eauTbCs B 3TOM MNpPOCTO, AOCTAaTOYHO
oTpeHAepuTb TpexMmepHyto cueHy 6e3 GI (ybpatb ranouky B checkbox "On" Ha 3aknagke
VRay: Indirect Illumination). B apceHane cpeAcTB MOAyNns pacyeTra MpsIMOro OCBeLUeHus
MMeeTCsi BO3MOXHOCTb 06paboTKM MNpPOCTPAHCTBEHHbLIX WMCTOYHWMKOB, TaK 4YTO MocCYMTaThb
MSIrKMe TEeHM He COCTaBNISIeT HUKAKMX MNpobreM. HacTpoliku pacyeTa MNpsIMOro OCBELLEHMUS



NPUCYTCTBYIOT B NapaMeTpax MCTOYHMKOB CBeTa W TeHel (3aTyxaHue, TUM WUCTOYHMKA,
rnapaMeTpbl TEHEN U ap.).

Puc.02-02. PacuyeT TOJIbKO NPAMOro ocseweHusn. Bce o6nactn BHe npsaMon
BUAMMOCTU MCTOUHUKOB CBEeTa HaXoAATCsA B rNy6okoin TeHn. Markue TeHm -
pe3ynbTtaTt paboTbl C NPOCTPAaHCTBEHHbIMM UCTOYHUKaMM CBeTa.

OTKNIOUNTL  pacyeT MpPsSIMOr0  OCBELEHMS  BMOJIHE BO3MOXHO, AN 3TOr0  HYXHO
BOCMNOJIb30BaTbCSA KHOMKOM Exclude B HacTpoMkax MCTOYHMKOB CBeTa. DTOT MpPUEM MONe3eH
ONS BM3yaslbHOrO aHanusa KapT B "4uMcTOM BuMAE" M BAUSHUS Ha HUX HACTPOEYHbIX
napameTpoB. Hampumep, ucKkOUYeHUE OOLEKTOB M3 OCBELUEHUS HUKAK HEe CKaXeTcs Ha
dOTOHHOM KapTe, MOCKOJ/IbKY OHa PpacCYUTbIBAeTCs, €eCnM B CBOWCTBAX WCTOYHMKA
yctaHoBneHo Generate diffuse, T0 ecTb - nany4daTtb POTOHbI. PacueT HOTOHHOM KapTbl MOXET
6bITb OTK/OYEH TOAbKO TaM. MOXHO W BbIBOPOYHO BKAKOYATb/MUCKAOYaATL O06beKkTbl U3
(OTOHHOM KapTbl, €CNU B CBOMCTBAX KOHKPETHbIX 06beKkToB ybupaTtb ranodkm B Receive GI u
Generate GI (3aknagka VRay: System>Object settings).

MmeeTtca B VRay M COBCTBEHHbI anroputM 06paTHOM TPAacCCUPOBKU JIyyen, KOTOPbIA TakKxe
SIBISETCSH CaMOCTOSTE/IbHOM M HE3aBMCUMOM 4acTblo CUCTEMbl pacyeTa. YacTb HacTpoek ray
tracing pacnonoxeHa Ha 3aknagkax VRay: Global Switches n VRay: Image Sampler
(Antialiasing), yacTb BblHECEHa B NapaMeTpbl MaTtepmanos Tmna VRayMtl.

PacueT TpeTbel KOMMOHEHTbI OCBELEHNS - OTpaxeHHoro Anddy3HOro oceelleHns aBnseTcs
OAHMM M3 BaXHeMWwux anroputMoB VRay M ToXe AOCTAaTOYHO HEe3aBUCUM OT pacyeTa Apyrux
KOMMOHEHTOB OCBeLLEeHHOCTU. OCHOBHbIE HAacTpPoOlKK pacdeTa GI pacnonoXxeHbl Ha 3akKnagkKax
VRay: Indirect Illumination, pononHuTenbHble - pasbpocaHbl QaKTMYeckn Tno BCEM
3aknagkam VRay. Mbl paccMOTpuM 60AbLWKMHCTBO M3 HUX - B CBOe BpeMs. Pacuetr GI MOXHO



MpoOW3BOJSIbHO BKJOYaTb M OTKAO4aTb Npu nomowm check box "On" Ha 3aknagke VRay:
Indirect Illumination.

HacTpoikun pacdeTta 4eTBepTOM KOMMOHEHTbI - caustic-addekToB ocBelweHns, pacnosioXKeHbl
B VRay: Caustic n VRay: System (Object settings u Light settings).

TakmMm obpa3oM, VRay obnagaeTt 4eTKoW MOAYNbHOW CTPYKTYpPOW, MO3BOMSAIOWEN OTKIOUYATb
WAW BK/IOYaTb pacyeT TOM UM MHOM KOMMOHEHTbl OCBELEHHOCTU HE3AaBMCMMO OT OCTaslbHbIX,
4YTO YAOBHO AN MX HacTpowmku. Hdanble nogpobHo Mbl 6ygem paccMaTpmBaTh TObKO pacyeTr
HenpsaMoro AnddysHoro oceelleHns (GI).

| - WRaw: Indirect illumination [Gl] |
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OCHOBHbIe HacTpoMku pacuerta GI.

Ons pacueTta Tonbko Indirect Illumination VRay npeanaraet Tpu OCHOBHbIX cnocoba:

. Direct computation;
o Irradiance map;
. doToHHbIe KapTbl (Global photon map).

Cpasy obpallaeT Ha ceba BHMMaHWe Takasd 0COBeHHOCTb pacyeToB, Kak pasfefieHue Bcex
BMAOB ANDDY3HbIX OTPaXXeHUN Ha ABa - nepBbii AU @PY3HbIN OTCKOK (CBET CHayana
OOCTUraeT HEKOTOPOW NOBEPXHOCTU, ANddYy3HO OTpakaeTcsa OT Hee TONIbKO OAMH pa3 M 3aTeM
nonagaeTt B TOYKY, OCBELLEHHOCTb KOTOPOWM pacCYMTbIBAETCS) U BCE OCTasIbHble OTCKOKM
(cBeT, KOTOpPbIA A0 MOMEHTa nonajaHnsa B pacyeTHYo Touky anddy3HO oTpaxaeTcs
NOBEPXHOCTAMMU CLEHbI ABa W H6onblue pa3). CMbICN Takoro pasaeneHus yxe obcyxaancs
BblllEe - 3TO CBSA3@aHO C BAXXHOCTbIO BKaAa MMEHHO NepBoro And@ys3HOro oTpaxeHums
(nepBoro auddysHoro otckoka GOTOHa), BKAaAbl OT OCTaNbHbIX O4YEHb BbICTPO 3aTyXxatoT Mo
Mepe yBesIMYEeHUs Yyncnia nepeoTpaxeHuin. [ina pacyeTta 3TUX ABYX BUAOB OTCKOKOB MOryT
6bITb MCMOIb30BaHbI YETbIpe Pa3/INYHbIX COYETaHUS YNOMAHYTbIX Tpex crnocobos pacyeTa:

. Direct computation ana nepsoro anddysHoro otckoka m direct computation
(direct+direct) nnn photon map (direct +photon) gna ocranbHbIX OTCKOKOB;
. Irradiance map ana nepsoro anmddy3Horo oTtckoka UM direct computation

(irr_map+direct) nnmn photon map ans ocranbHbIX 0TCKOKOB (irr_map+photon).



Punc.02-04. TonbKo nNpssMoe U OAHOKPaATHO nNnepeoTpaxeHHoe AnddysHoe
(nepBbin anddy3HbIn oTckok - first diffuse bounces) ocBeweHune.



Puc.02-05. lNpsaMoe n BCce TUNbl BTOPUYHOIO OCBELLEHUSA, paCCYNTaHHbIEe
MmeToaoM irradiance map ans nepsoro amcgpdy3HOro oTcKoka 1 METoaoM
(OTOHHbIX KapT ANA OCTasibHbIX AN(PPY3HbIX OTCKOKOB.



Puc.02-05a. Tonbko nepBbin AP dPy3HbiN 0TCKOK (NepBoe anddy3Hoe
nepeoTpaxxeHue), paccuMtaHHoe MeToAoM irradiance map. YBuaeTb 3Ty
KapTy MO>XHO, paccuuTtaB npsaMmoe ocBeweHune m GI c first diffuse bounces -
on, secondary bounces - off u coxpaHmB paccunTaHHylo irradiance map B
¢ainn. 3atem Bbik/1lOMaeM BCe 06beKTbl CLIEHbl U3 NMPAMOro OCBELLEeHUs U
peHaepumM c 3arpyskom irradiance map m3 danna.



Puc.02-05b. A Tak BbirnaauTt (poTOHHaA kKapTa B "uucrom Bupe". Ytobbl ee
yBuaeTb, UCKJIl0oHaeM 06beKTbl U3 NPSAMOro ocsewieHus n cumtaem first
diffuse bounces>Global photon map, secondary bounces - off.



Puc.02-05c. PoTtoHHas kapTa u npsasMou cBeT, 6e3 nepBoro ancgpgysHoro
OTCKOKa.

Direct computation (DC) ucnonb3yetr agna pacyeta anddysHON OCBEWEHHOCTU MeTon
MoHTe-Kapno. [lpyroe Ha3sBaHue 3TOro crnocoba BbluucneHun - brute force, uto MOXHO
nepesectn kak "rpybas cuna". Mpu BbiuncneHmax direct+direct ang Kaxgor TOYKM
n3obpaxeHuns cTpouTcs nonycdhepa eaMHUYHOro paguyca WM BbINOSHSAETCS CIMMIMpPOBaHME
(KonmM4yecTBO C3MMJIOB  yKa3bliBaeTca B HacTpoiike Subdivs rpynnbl  First diffuse
bounces>Direct computation) noabiHTerpanbHon GYHKLMW, OCHOBHAsA 4acTb KOTOPOM - 3TO
anddysHas yacte BRDF. CamnnmnpoBaHue BRDF o3Ha4daeT ciydalHblil BbIGOp O4HOrO U3 ee
KOHKPETHbIX 3Ha4eHWi, a 3TO PaBHOCWUIBLHO BbIOOPY KOHKPETHOro HanpassieHus (yrna)
nageHns ceeta. B 3TOM HanpaBneHWW TpacCUpyeTcs syd A0 HOBOW TOUKW NepeceyvyeHus C
bnumxaniwern noBepxHOCTbO. B HOBOM TOuke MepeceyeHUss BbIUMCASETCA €e npsiMoe
ocseuweHne (310 U 6yper nepBbin ANGEY3HbLIA OTCKOK) M Ans pacdeta 6onee BbICOKMX
OTPaXEeHUN TMpoLUECcC AO/MKEH MOBTOPUTBCA - MOCTpoeHue nonycdepbl (nnam cdepbl ans
Mpo3paYyHoON MNOBEPXHOCTU), CIMMNAMPOBaHMEe B KonuyectBe subdivs rpynnbl Secondary
bounces>direct computation, HoBas TpaccupoBka nyden u Tak ganee ao ncdepnaHmsa Depth
- rnybuHbl TpaccmpoBKW. [1oCKOAbKYy nepeoTpaxeHHoe auddy3Hoe ocBeleHne o4veHb
6bICTPO 3aTyxaeT C BO3paCTaHMEM KOJIMYECTBa OTPAXEHWN, ele O4HWM OrpaHuuuTesieM Ha
KONMYeCcTBO C3MMNNOB U rnybuHy TpaccupoBku, kpome Depth, Bbictynaet QMC Sampler -
cpabatbiBaeT importance sampling n early termination.

Bbluncnenme npu nomowm "rpybon cunbl" gaet o4yeHb TOYHOE pacnpeneneHue nosyTeHeEN B
cueHe (CBeTOTEHEeBbIX MepexoaoB) coBeplieHHO 6e3 pa3mbiTvs. Ho pacueTr BbiNONHSETCH
O4YeHb [0Aro. Her, AencTBMTENbHO - O4YeHb A0/Aro. Hanpumep, ecnm BbibpaTb KOMMYECTBO
Subdivs paBHbIM 50 ans o6oux BMAOB OTCKOKOB, TO KOJIMYECTBO C3MMIOB AN OAHOW TOYKM
coctaBut 2500 nydyen, a 310 2500 HOBbIX TO4YeK, B KaxaoW M3 KOTOpbIX 6yayT



TpaccupoBaTtbcst cBon 2500 nyyen, v Kaxablh U3 HUX aacTt ceom 2500 Touek u Tak ganee,
rmoka AonyckakT HacTporiku QMC. lMpouecc o4yeHb 6bICTPO NpuobpeTaeTr naBMHOOOpPA3HbLIN
XapakTep, W BCe 3TO rpoMagHoe Konum4yectBo nydyen DC [o/mKeH COBEpLUEHHO YeCTHO
npocumtatb. KonmMyectBo C3MMIOB BTOPMYUHbLIX OTCKOKOB Y VRay Mo yMONYaHUIO PaBHO
OAHOMY Jy4dy, 3TOro OKa3blBAaeTCd BMNOJIHE AOCTAaTOMHO Af19 XOpolwero KayectBa B
60/bLUMHCTBE CNy4YaeB W CEPbE3HO YMEHbLIAeT KOJIMYECTBO pacyeToB. Kpome BbICOKOM
TOYHOCTM CBETOTEHM N MeAJsIEHHOCTM pacyeToB, HefocTaTok DC - WwyM, CBSA3aHHbIA C TeM, 4YTO
pacyeTbl BbIMOAHATCS MHAMBMAYANbHO ANS KaXA0W TOouku. M3b6exaTb wyma MOXHO TOJSIbKO
OAHUM CNOCOBOM - MOAHATH KOMMYECTBO COIMNAMPYHLWMX nyden (Subdivs), 4To He caMbiM
nydwumM obpa3oM CcKaxeTcs Ha BpeMeHuM pacyeTtoB. [Moatomy, direct+direct computation
MCMOJIb3YETCS Ha MpaKTUKEe AO0BOSIbHO peaKko M B OCHOBHOM - ans reference-mnsobpaxxenHunid,
noMorawLwmx MOHATb, KakK AO/HKEH ObiTb pacnpeaeneH BTOPWUYHbLIM CBET B cueHe (B 3TOM
clyyae WyM He BaXKeH).

B cnyuyae mncnonb3oBaHusa direct +photon, TpaccMpoBKka M3 pacyeTHOM TOYKM BbINOJHSAETCS
TONbKO A0 6AMXaNLWMX NOBEPXHOCTEN, rAe PacCUYMTbIBAlOTCA UX MpPSMble OCBELEHHOCTU, a
OCBELLEHHOCTb OT OCTaslbHbIX OTCKOKOB OLEHMBaeTCss W3 MAOTHOCTEN (DOTOHHbIX KapT B
TOoYKax nepecevyeHus B npegenax 3agaHHoro paguyca (napametp Search distance ¢oToHHOM
KapTbl). DTOT MeToa ObicTpee npeablaywiero, M MoxeT 6biTb gaxe 6onee TOYHbIM MNpwu
AOCTaTOYHO BbICOKOWN MJIOTHOCTM (DOTOHHbIX KapT.

CyuwectByer ewe oamH cnocob wucnonb3oBaHuUa @QOTOHHbIX KapT - A4Ans  Bblbopa
(npenckasaHunsa) Takmx HanpasneHun DC, koTopble obecrneumBatoT CyLLeCTBEHHbIN BKag B
pacyeTbl. B camom pgene, 3adem Hayraj "nmanuTb" CaMNAaMm B OKpyXaikllee NpoCTPaHCTBO,
€C/IN U3BECTHO, MO KakKMM HanpaBleHusM npunetalT @GoToHbi!? K coxaneHuto, noxoxe, yTto
VRay 3TOT TpIOK HE UCMONb3YeET.

Irradiance map

OTnuume pacyeta MetoaoM irradiance map ot direct computation cocTtouT TONBLKO B TOM, 4YTO
pacyeT BbINOJIHAETCA He A/ BCeX TOouyeK Wu3obpaXkeHus, a nuwb A9 HEKOTOopbIX.
OCBELWEHHOCTb  OCTallbHbIX TOYEK MWHTEPNOJNPYETCS MO HAaWAEHHOW  OCBELEHHOCTU
6AMmXanwmMx pacyeTHbIX Toyek (MeToh TaK Ha3biBaeMbIX CBETOBbIX FPAAWMEHTOB) B npepenax
paanyca, 3agasaeMoro B napametpe Interp. Samples rpynnsbl First bounces>Irradiance map.
OTO NO3BOMIAET pacCYUTbiBaTb OCBELLEHHOCTb TOJSIbKO B TeX MeCTax TpeXMepHOW CueHbl, rae
3TO ,CleVICTBMTeﬂbHO HeOGXO,Cl,VIMO - B obnactax pe3Kkoro m3MeHeHumda OCBELWEHHOCTU WIn
reoMeTpmn NOBEPXHOCTU, N annpOKCMMMUPOBATb LBET HA PaBHOMEPHO OCBELLEHHbIX MIOCKUX
y4yacTKax NnoBepXHOCTEMN.

OT6op Touek Ans pacyeTa u coxpaHeHus B irradiance map NponucxoauT NO3TanHoO, HauYMHas C
HEKOTOPOIro CaMoro HM3KOro paspelieHns nsobpaxxeHus M A0 MaKCUManbHOro pa3peLleHus.
MuHMManbHOe paspelleHne onpeaenseTca napameTpoM Min. rate, MakcuMmanbHoe - Max. rate
rpynnbl napametpoB First diffuse bounces>Irradiance Map, 3HauyeHuMs 3TUX NapaMeTpoB
SIBSIIOTCA CTENEHSAMU ABOWKMK. TaK YTO 3HA4YeHME -2 COOTBETCTBYET OA4HOWM YETBEPTOM, @ HOJb
- eauHuue. Pacuert irradiance map BbINOSIHAETCA HECKONbKO pa3, Kaxablh pa3 Bce 6onee
TOYHO, aJanTUBHO MoBblWasa kKayecTtso. Hanpumep, ecnn Min. Rate = -3, a Max. Rate = 0,
pacdeT irradiance map 6yaeT BbINoJIHEH YeTbipe pa3a: (-3, -2, -1, 0). B kauecTBe UCXO4QHOrO
paspeleHns NpuMHMMaeTCs paspelleHne pacCUUTbiBaeMoro M3obpaxeHus, yMeHblueHHOe B
COOTBETCTBYIOLLEE KONMYeCcTBO pa3. [Ana -3 Ha nNepBOoM Mpoxoae [AeNCTBUTENbHO
paccuymMTbiBaTbCA OyaeT TONbKO KaXAbl BOCbMOM Mnukcen u3obpaxeHus. Ha cnepytowem
lware paccymTaHHble coceHMe OCBELLEHHOCTU CpaBHMBAOTCA Mexay coboi, ecnm oTinume B
OCBELEHHOCTU TOYeK, WX HOopManax WAW NpPOCTpaHCTBEeHHas 6nmM30CcTb  06bEeKToB
OKa3blBatoTcs 6osblle HEKOTOPbIX MOPOroBbIX BEMMYUYMH, M3 KaXAoW rpynnbl Bbibupaercs u
pacCUYMTbIBAETCS AOMONHUTENbHbIA NUKCen.

Moporosble 3Ha4YeHMs ANns ocBeweHHocTer (uBeTa) ykasbiBatoTcs B napametpe Clr. thresh,
anst Hopmanen - B Nrm. thresh, ans B3aMMHOro npocTpaHCTBEHHOro nonoxeHus - B Dist.
thresh. Mocne TOro, kak BCce warn 6yayT BbIMOJIHEHbI, pe3ynbTaT pacyeTa MOXeT ObiTb



CoxpaHeH B ¢ain. 31o, co6CTBEHHO, N €CTb KapTa OCBELLEHHOCTM - irradiance map. U3-3a
COXpaHeHus pe3yabTaToOB pacyeta B dann, Mertong irradiance map ewe HasbiBaloT
K3WKMpOBaHMEM. 3aTEM HacTynaeT odyepelab UHANbHOroO peHJepa Ha MOJSIHOM paspelleHun,
Nnpu 3TOM YXe paccyMUTaHHble OCBELLEHHOCTU MUKCENOB M30bpaxkeHus 6epyTcs u3 irradiance
map, a ocTasibHble UHTEPMNOSIMPYIOTCS rPagMeHTaMn MO BblUMC/IEHHbIM 3HaYeHUaM. Ha aTane
(bHanbHOro peHaepa MoryT 6biTb BblUMC/IEHbl AOMONHUTESNIBHO Elle HEKOTOPbIE TOYKU - 3TOT
npouecc aKTUBU3MPYETCS YCTaHOBKaMM cynepcaMmiMHra. CynepcaMninHE UMEET CBOU
NOpOroBble BEIMYMHbLI AN WU3MEHEHMS OCBELLEHHOCTW TMUKCENIoB, KOTOpble MOryT He
cosnagatb ¢ Clr. thresh, n ecnn oHM MeHblwe - 6yAeT BbINOMHATLCS AOMOJHUTENbHbIN
NpocYeT HEKOTOPbIX TOYEK.

N3 nocnegHero 3amMedaHms MOXHO CAenaTh BbIBOA, YTO YCTAHOBKM CyMepCaMMIMHIA MOXHO
ynpowaTtb Ha 3Tane HacTpoMku irradiance map Ans yCKOpPEHUs pacyeToB, M yCTaHaBNMBaTb
AN HMX TpebyeMoe BbICOKOE KayeCTBO Yy)Ke Mocfie pacyeTa M coxpaHeHus irradiance map,
HenocpeacTBeHHO nepea duHaNbHbIM peHaepoM. B oTnuume, ot direct computation, ans
KOTOPOro HacCTPOMKW CYNepCaMMIMHIA AO/MKHbI 6blTb yKasaHbl euwe A0 Hadana pacyeTos.
TakmMm ob6pasomM, irradiance map+photon map o6nagatoT MakcMMmanbHOW TMOKOCTbIO B
OTHOLWIEHWUM HACTPOEK CyMnepCcaMM/IMHIa - UX MOXHO MeHsTb 6e3 nepecdeTta Kak irradiance
map, Tak u photon map, 4TO AonyckaeT 3KCNepUMeHTUpoBaHME "Manon KpoBbK" C
HaCTpOMKaMu CynepCcaMnanHra.

BTopoli mpakTuyeckuii BbiBOA KacaeTCcs 3aBUMCMMOCTM 3HaydeHuih Min. rate n Max. rate ot
paspelleHns paccUnTbiBaeMoro n3obpaxeHus - npu yBeanyeHun paspelieHns 3T BeSIMUYMHbI
MOXHO yMeHblaTb n HaobopoT. Hanpumep, ecnn napa 3Ha4vyeHun Min. rate = -3 Max. rate =
0 xopowo pabotaeTt ansa nsobpaxeHuns 800x600 nukcenos, To Ansa paspewenns 1200x1024
BMOJIHE MOXHO Mcnonb3oBaTb Min. rate = -4 Max. rate = -1, a ans ewe 6osee BbICOKUX
paspeweHnii 3T 3Ha4YeHMs MOXHO CTaBWUTb elle MeHble. CBSA3aHO 3TO C TeM, 4YTO Mpwu
yBeNMYeHUN paspelleHns yBeMunmBaeTCad KOJIMYECTBO pacCUUTbIBAaeMbIX TOYEK - oAHa U Ta
ke 06/11acTb TpexXMepHOW cueHbl NpeacTaBnseTcs 60nbWNMM KONMYECTBOM MUKCENEN.

Cob6CTBEHHO pacyeT OCBELEeHHOCTU TOYEeK BbIMOAHAETCS aHanornyHo direct computation -
coMnnupyeTcs nosnycdepa, HaxoaaTCcs TOUKM MNepeceyeHusi, pacCUMTbiBaeTcs npsimas
OCBELLEHHOCTb, ecnn Aas BTOPUYHbIX OTCKOKOB Mcnonb3yeTcs Toxe direct computation -
CTpOATCS HOoBble Nosnycdepbl, ecnm POTOHHbIE KapTbl - MPOUCXOANT OLEHKA OCBELEHHOCTU
Mo nJOTHOCTM (OTOHOB. B obwem - kak ob6blvHO :). Ho ewe opgHa BaxkHass OCOBEHHOCTb
pacyeTta irradiance map u first diffuse bounce B UenoM - To, YTO Ha 3Tane BbIYNCIEHUN
nepsoro angdy3HOro 0TCKoKa NpoMcxoanT NoAKAYeHue (YNTal - CMeWnBaHNS, CNOXeEHUS)
KaK NpsAMOro ocBelleHus, Tak M ocBelleHns secondary bounces. TakoBa ocobeHHOCTb VRay.
OH He XpaHWUT BCE KOMIMOHEHTbl OCBELLEHHOCTM MO OTAENbHOCTW, pacyeT MepBOro OTCKOKA
BbIMOSIHAETCS C Y4YeTOM MPsSIMOr0 OCBELEHUS M OCTalibHbIX MepeoTpaXKeHUi n pesynbTaT
3anucbiBaetcs B dann. U ecnn npsiMoe ocBelleHMe BCe XXe He XpaHWTCcs camol irradiance
map, ero MOXHO OTKJo4YaTb/BKKOYATb, TO MHOIMOKpaTHbIE NMepeoTpakeHUs Mnocne pac4yeTa
CaMOCTOSITENIbHOIO 3HAYEeHUS YyXe He MMeT. TO eCTb, eC/IM pacCyMTaHHas C Yy4deToM
¢dOTOHHOM KapThbl irradiance map coxpaHeHa B daine ansa ganbHenwWero NCnosib30BaHus, To
3arpy3ky oTOHHOM KapTbl U3 danna Kak n pacdet secondary bounces MOXHO OTKAOYaTb U
3TO HMKaK He CKaXeTcs Ha KOHe4YHOM pe3ynbtaTe. [pyroin npumep. PaccumTtaem irradiance
map 6e3 secondary bounces n coxpaHum B dain. PaccumtaeM (QOTOHHYIO KapTy M TOXE
3anmweM B dann. Ecnn Tenepb npu peHaepe ans first diffuse bounce wucnonb3oBaTtb
irradiance map u3 daina, a ansa secondary bounces - 3anmcaHHylo (OTOHHYIO KapTy WU
nocumTaTb OCBELWEHNE, TO CNIOXEHUS OCBELEHHOCTelN He npom3onget. Mbl YBUAMM TOJIbKO
irradiance map u npamoe ocelweHne. DTa 0CobeHHOCTb pacyeToB GI B VRay uMeeT u
NONOXUTENbHbIE CTOPOHbI - pa3Mep irradiance map ropasfo MeHblle pa3Mepa (OTOHHOM
KapTbl. A BbllleonMcaHHass 0CO6eHHOCTb MO3BOASIET HaM MCNOJIb30BaTb TOJILKO irradiance
map 405 AafibHENLWIMX pacyeToB, ec/iM OHa npeaBapuTesibHO paccymMTaHa c y4eToM (hOTOHHOM
KapTbl, ¥ 3abbITb 0 MHOroMerabaTHOM (GOTOHHOW KapTe.

MeTog pacuyeTta irradiance map BbinoaHSAeTcs ropasgo 6bictpee direct computation n 6e3
notepu Kayecrtsa m3obpaxkeHus. M03TOMy, OH SIBNSIETCS OCHOBHbIM AJ19 pacyeTa MepBoro
anddy3Horo oTtckoka. AJanTUBHLIA pacdeT MNo BblbMpaeMbiM TOYKaAM - OYEHb MHTEpPEecHas



Haxogka VRay, aBndaowasca ero CylwecTBeHHbIM MpeuMyulectsoM. Tak, pacuvetr GI npwu
nomowm irradiance map + photon map B VRay aHanormnueHn pacudety GI B mental ray npwu
nomowm codetaHms GoToHHbIX KapT u final gathering. OpHako, final gathering, B otnnumne ot
irradiance map, BbIbUpaeT TOUKM AN pacyeTa paBHOMEPHO Ha OCHOBE 33J4aHHOr0 3HaveHus
paguyca un 6e3 ydyeTa MU3MeHeHUA UuBeTa W reoMeTpuun. [lo3TOMYy, AnS NOJAy4YeHUs
COMOCTaBMMbIX MO KadectBy C irradiance map pe3synbTatoB, final gathering pomxkeH
ncnonb3oBaTb 6onbllee KONMYECTBO TOYEK, @ 3HAUYUT - BbIMOJHSAET pacyeTbl MeasieHHee.

UTto KacaeTcsa BpeMmeHu pacyeToB, direct+direct 6yger cambiMm MepneHHbiM, direct+photon
map u irradiance map + direct 6yayT KOHKypupoBaTb No BpeMeHMu, irradiance map + photon
map - caMblin 6bICTpbIN cnocob pacueTa, obecrneunBaloWmMin, K TOMY e, U BbICOKOE KayecTBO
n3obpaxeHns B cuny GHU3MYECKON KOPPEKTHOCTU MnpuHUMna (QOTOHHbIX KapT. [loaTomy,
MMEHHO 3TO coYeTaHMe Haubonee 4acTo WCMNOMb3YeTCca Ha npaktuke. Ho 6biBatoT
NUCKNOYEeHNs. TUNUYHbIA NpuMMep - pacdeT HOYHOro OCBEWEeHUS C  MCMNoJsib30BaHMEM
OTOHHbIX KapT. MNMockonbkKy (OTOHOB Mano BCAeACTBME Masio MHTEHCUMBHOCTM WUCTOYHWKOB
cBeTa (HOYb Xe), MoXeT NoTpeboBaTbCA O4YeHb 60sbLIoe BpeEMS ANa UX HakonneHusa. [pyrown
npumep - oTcyTcTBMe Aud@y3HON KOMMOHEHTbI Yy MaTepuanoB. B aToM cnydae pacuer
(POTOHHbIX KapT MOXeT MpeBpaTuTbC B OECKOHEYHbIA MPOLECC C HYNEBbIM pe3y/bTaToM,
NMOCKO/SIbKY (OTOHHblE KapTbl MOryT ObITb MNOCTPOEHbI TONLKO ASS TMOBEPXHOCTEN C
HeHynesbiMn ANd@Yy3HbIMM CBOMCTBaMWU. Ewle oAVMH TUMWUYHBIM NpUMEp - pacyeT OTKPbITbIX
MPOCTPaHCTB C wucnosb3oBaHmeMm Skylight. Bnpouyem, nocnegHuin npuMmep noadaercs
"neyeHuno" NpaBMNbLHOM HAaCTPOMKON MCTOYHUKOB CBeTa M KapT.

Tenepb HEMHOIO NOroBOPMM O NapaMeTpax caMmx KapT - irradiance un CbOTOHHbIX.

doToHHbIe KapTbl (Photon map)

Npea doToHHbIX kKapT (PK) npocta - OT WUCTOYHMKA CBeTa BO BCeX HamnpasfeHUsax
M3My4datoTcs nopumm sHeprum ceeTa - "doToHbl". Kaxagoe HanpaB/ieHME OTCNeXUBaeTcs
(Tpaccupyetcsl) 4O CTONKHOBEHUS C BAMKanwKMM O6BLEKTOM CUEHbl M 34eCb MoAennpyeTcs
"B3anmopericteue" (poTOHa C NOBEPXHOCTbK. Pe3ynbTaT B3aMMOAENCTBUA 3anUCbiBAaeTCa B
cneumanbHyo 6a3y p[aHHbIX, KOTOopas M aBnsietca cobcTBeHHO (OTOHHOM KapTtoi. [lopg
B3aMMOAENCTBMEM nMoApa3yMeBaeTcs, 4UTo (OTOH MOXeT MOrI0TUTbCA MNOBEPXHOCTLIO,
0TpPasuTbCA OT Hee 3epKasibHO Unu AnddY3HO MAN NPONTU Yepes NpOo3payHy0 MOBEPXHOCTb
B COOTBETCTBMM C 3aKOHOM npenomneHms wunm auddysHo. Kakoe uMeHHO cobbiTme
npousonaeT, 3aBUCUT, BO-NEPBbIX, OT CBOMUCTB MOBEPXHOCTU (AN PY3HbIe, oTpaxkaTenbHble U
npo3padHble CBOMCTBA W KO3 EPUUMEHTbI MaTepuanoB), BO - BTOPbIX - OT pe3ynbTaTa
"pycckoi pynetku".

Pycckast pynetka - reHepaTop CNy4YalHbIX 4ucCen, MCNOAb3YWNN CYyMMY KO3(EdUUNEHTOB
AMdA@Y3HOro OTpaxKeHusl, 3epKanbHOro OTpaXXeHus U  KoaddUuMeHTa NpPO3pPaYHOCTW.
MocKkoNbKy BEpOSITHOCTb BCeraa HOpMUMpOBaHa K eauHuue, CyMMa 3TUX KoadhdPUUMEHTOB
TOXe He J[o/KHa npeBbiwath eaunHuubl. MMeHHO 3To obecneuuBaeT napameTp Energy
preservation mode MaTepmana VRay (npu 31ToM and RGB cuutaetcda, uto 0-255
cooTBeTCcTBYeT gmanasoHy 0-1) M BO3MOXHO WMMEHHO NO03TOMY (POTOHHble KapTbl B VRay
MOXXHO CO34aTb TOJIbKO A1 MOBepXxHocTen ¢ Matepumanamm tmna VRayMtl. CyTtb "pycckon
pynetkn" - 4yem 6onblle 3HavYeHMe TOro uAM uHoro kKoadduumeHta, TeM 6onblie
BEPOSATHOCTb, 4YTO NMPOM3OMAET COOTBETCTBYlOWEee eMy cobbiTMe - MnornoweHue, oTpaxeHue
WKW npenomMneHmne.

MNocne B3ammopencTBus ¢OTOH TpaccMpyeTcsa MO HOBOMY HanpaB/ieHUK A0 CreayloLlen
NOBEPXHOCTU, rAe BCe CHoBa noeTopsieTcsa. [nybuHa TpaccupoBku 3agaetcs B VRay
napamMeTpoMm Bounces 3aknagkum VRay: Global Photon map. lNpun goctuxeHun 3agaHHOM
rnybuHbl (KonuyecTtsa B3auMOAeNCTBMA (OTOHA C obbekTamu), oTcnexusaHue ¢doToHa
npekpawaetcsa. B dOTOHHbIX KapTax BCex MOBEepXHOCTEeNW, C KOTOpPbIMM B3aMMOAEeNCTBOBas
¢doTOH, coxpaHsaeTcss MHdOopMauMs O KoopamHaTax CTOJIKHOBEHMUS, 3Heprun ¢oToHa M ero
HanpaeneHun npuneta. POTOHHAA KapTa AN MOBEPXHOCTM CO3A4aeTCs TONIbKO B TOM Cllydae,
ecnu oHa obnagaer HeHyneBbiMU AMDDY3HBIMM CBONCTBaAMMU.



Ona ycnewHoro Mcnonb3oBaHUs GOTOHHbIX KapT HYXHO OCOBEHHO 4eTKO MOHUMaTb OAHY
Bellb - OANH OTAENbHbIN POTOH HE MOXET KOPPEKTHO onpeAesimTb OCBELEeHHOCTb ToUukK. Ana
onpeaeneHnst OCBELLEHHOCTU TOYKM MCnonb3yeTca cbop HEKOTOpPOro konuyecrsa (pOTOHOB,
6nmxanwmx K KoopauMHaTaM TOYKW, U CYMMWUPOBAHWE WX DHEPruin C onpeaeneHHbIMu
BecoBbiMM KO3 duumnmeHtamn. Pagmyc cbopa 3agmaetca napameTtpoMm Search distance
3aknaakun VRay: Global Photon map.
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Search dist [Z00 %] T Convex hull area estimate
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MapameTpbl HacTpoek POTOHHOM KapThbl

Yem 60nbie GOTOHOB cObMpaeTcs, TeEM TOYHEE OLEHKa OCBELWEHHOCTN Toukn. Ho aTo "nanka
0 ABYX KOHUax" - ecnm NAOTHOCTb (POTOHHOW KapTbl Mana, cbop 60sblIOro Koan4decTsa
¢dOoTOHOB NpuBEAET K pa3MbiBaHMIO OcCBeleHHOCTM. o yMmonuaHuio VRay ucnonb3lyet Auto
Search dist - cam wuwert onTuManbHbI paanyc cbopa ¢oToOHOB, Npu 3ToM Search dist
HeaoCTyneH ans pegaktupoBaHusa. Auto Search dist K npUMeHeHMI0 He peKOMeHAYEeTCs - ero
HY>XHO OTK/1H04aTb M UCMOJIb30BaTb CO6CTBEHHbIE 3Ha4YeHMs ansa Search dist.

Ewe oaHo cpeactso B 6opbbe C pa3MbiBaHMEM OCBELLEHHOCTW - napameTrp Max. photons,
onpenensieT yncno cobupaembix GOTOHOB, a He paanyc cbopa. Pasznnume Search dist. n Max.
photons cocTtouT B TOM, 4TO MpW YCTAHOBJIEHHOM 3HayeHum Search dist 6yger MeHATbCA
KOSINYECTBO peasnibHO cobmpaeMbix POTOHOB B 3aBMCMMOCTWU OT MAOTHOCTU (DOTOHHOW KapThbl.
Mpu ycTaHOBAEHHOM 3HayeHMnM Max. photons uucno cobupaembix ¢oToHOB 6yaeTr
HEN3MEHHO, a WU3MeHATbCs byaeT paguyc cbopa B 3aBMCMMOCTU OT MNIOTHOCTU (DOTOHHOW
KapTbl. [py COBMECTHOM MCMNOMb30BaHWK, 3TWU MNapaMeTpbl KOHKYPUPYIOT Mexay cobor no
npuHuMny "KTo 6biCcTpee". Ecin B 4aHHOM TOYKe MOBEPXHOCTU BbicTpee cobupaercs 4ucnio
¢doToHOB, yKkasaHHoe B Max. Photons, 3HauyeHue pagmyca cbopa wurHopupyetcsa. Ecnm B
npegenax 3adaHHOro paguyca He ypaetca cobpaTb 3adaHHoe u4ucno ¢GoToHoB, cbop
npekpawaeTtcs, 3HadeHume Max. Photons wurHopupyetcs, a 4ucio cobpaHHbIX (OTOHOB
onpeaensieTcsa NNOTHOCTbIO B 3a4aHHOM paguyce Search dist.

Ha npakTtuke 06bI4HO MCMOAb3yeTcsa OAMH M3 3TUX NapameTpoB - Search distance (Max.
Photons BbicTaBnsietca B 0, 4to 3actaBnser VRay urHopupoBatb ero). OgHako npuHUun
KOHKYPEHLINUM MOXHO MCMOfb30BaTh AN TOro, 4tobbl 3actaBuTb paboTtaTb 06e HacTporku B
3aBUCMMOCTM OT MNOTHOCTU (DOTOHHOW KapTbl. Ecnn BbiCTaBuUTb 3HadyeHne Max. photons
paBHbIM yncny GoToHOB, cobmpaembix B npegenax Search dist. B HauMMeHee NAOTHLIX YacTsax
(POTOHHBLIX KapT, To Ana obnacrei ¢ 60nee BbICOKMMW MNNOTHOCTAMM OyaeT cpabaTbiBaTb
orpaHuyeHme Max. Photons, a ansa obnacreit C HU3KMM 3HA4YEHMEM MJIOTHOCTU - OrpaHnYeHne
Search distance. 3To npuBegeT K TOMy, 4YTO paauyc cbopa ¢poTOHOB 6yaeT MU3MEHATbCA B



npegenax CueHbl B 3aBUCUMMOCTU OT MJIOTHOCTU (bOTOHHbIX KapT, YTO YMEHbLUAET pa3MbiBaHNE
CBETOTEHEBbLIX NMNepexoaos “ ocobeHHO - B obnactu cpeaHnX TOHOB.

XoTa poTOHHaA KapTa AaeT husmdeckn TOYHY KapTUHY pacnpeaeneHns cBeTa B CUeHe, ans
OOCTUXEHUS TOYHbIX pe3ysibTaToB TpebyeTcs BbliCOKas MNOTHOCTb (POTOHHbLIX KapT, TO eCTb -
ncnyckaHme 6onblworo mx konmyectsa. K coxaneHnuto, 32-6utHass onepaumoHHas cuctema
COBPEMEHHbIX MepCcoHasbHbIX KOMMNbIOTEPOB OrpaHM4YMBaEeT KOJIMYECTBO AOCTYMHOM namMaTtu 2
rmrabantTamMm wn ANs CUCTEMbI, M ANS 3anyWweHHbIX B HeW MNpoLeccoB, 4YTO CEPbE3HO
OrpaHuymBaeT BO3MOXXHOCTU NpuMeHeHns POTOHHbIX KapT. Koraa mbl Bce 6yaem paboTtaTb Ha
64-6uTtHbiX OC C nx 8 Tepabantamm Ha npouecc, BO3MOXHO Bce GI byaeT cumtatbCs TOAbKO
¢doToHamu :). A noka 8-10 MMANMOHOB 3anucel o0 oToHax, B 3aBMCMMOCTU OT CJTIOXKHOCTU
CcueHbl, sBnsAlTCa abcontoTHbIM npegesnioMm obbvemMa ¢doToHHOM KapThl. U onatb, B VRay
MCNONb3YEeTCA O4YeHb WHTEpPEeCHOEe pelleHne, MOo3BoNsAKLWee A0 HEeKOTOpPOoM CTeneHu
npeononeTb OrpaHMYeHns Ha NaMsaTb.

MapameTp Max. density 3aknagkm VRay: Global Photon map no3sonsiet "cxumaTtbh" AaHHbIE
¢oTOHHON KapTbl. [enaetcsa 310 cneaywowmnm obpasom. Bmecto Toro 4tobbl 3anmcbiBaTb BCHO
nHpopMaunio (aHeprusi-HanpaBJieHMe-KoopAnHaTbl, 06beM ogHol 3anucu coctasnsiet 30
6anT) 0 KaxaoM (OTOHE B KapTy CHaydana aHalM3UpPYTCS YyXe mMmerowmecs 3anucu. Ecnm
B61M3M KoopAMHaT npuneTeBwero GOToHa yXe MMeeTcs 3anucb 0 "noaxoasawem" ¢oToHe,
3Heprus HoBoro (oToHa MNPOCTO CYMMWUPYETCS C 3HEpPruen crapon 3anmcu. Takum obpasom,
aHeprna ¢oTtoHa "6ecnnaTtHoO" coxpaHseTcs B (pOTOHHOM KapTe. CreneHb 6aM30CTM WM
onpenensetcs napametrpoMm Max. Density. Yem 6onblwe 3HavyeHne napameTpa, Tem 6onblie
paanyc, B npeaenax KOTOporo npocMmatpuBaetrca OTOHHAas Kapta W TeM 6onbuwe
BEPOSATHOCTb HaxoXAeHus noaxoaswero craporo ¢ortoHa. Ecnnm Max. Density = 0, Bce
GOTOHbI COXpaHATCA B KapTe: CYMMMPOBaHME OTCYTCTBYET, MNOJSIHOCTbIO 3anucCbiBaloOTCS
KOOpAWHaTbI, HarmpaBfeHNe U 3Heprus Ans Kaxaoro ¢otoHa. Ecnn B cueHe MCNOMb3yrOTCSH
MWUNIMMETPbl B KayecTBe eaAnHUL U3MepeHus, To 3HadveHus Max. Density = 5 nam 10 BnonHe
[OCTaToyHo, 4Tobbl 0bpaboTtatb n3nydeHHble 50-100 MunanoHoB ¢oToHOB. OCTaeTcsa BCE Xe
OAMH BOMPOC - 4YTO NoApasyMeBaloT pa3paboTumkmn nog "noaxoaswmm" doTtoHOM? MMeeTcs
v B BMAY TONbKO 6/IM30CTb KOOPAMHAT, UM YUYUTBLIBAETCS TakXe CXOXeCTb HanpaBieHUN n
3Heprui HOTOHOB?

CreneHb o©xatmss @HOTOHHOM KapTbl He y4ywuM o06pa3oM CKa3biBaeTCd Ha KayecTse
n3obpaxeHus. 310 cneayeT M3 Blammoceasn Max. Density n Search dist. - yBennyenne Max.
Density HeusbexHO nNpuBOAUT K YyBeAMYEHUKO paguyca cbopa GOTOHOB, TO eCTb - K
YBENIMYEHUIO pa3MbiBaHUSA CBeToTeHU. Kpome Toro, cymMmmpoBaHue ¢HOTOHOB B npepenax
Max. Density Takxe npvBOAMT K pa3MbiBaHMIO AeTasiell ocBeweHHOCTU. [1o3ToMy, Ha
NpaKkTUKe CTPEMATCA K HAaUMEHbLUEMY M3 BO3MOXHbIX 3HauyeHn Max. Density, npu KOTOpoM
pocrturaetcs Tpebyemasn nnoTHOCTbL POTOHHOWM KapThbl.

Ewe oaHOM 3aMeyaTenbHOM BO3MOXHOCTbIO VRay SBNAKOTCA anroputMbl OTpaboTku rpaHuy
06BbeKTOB AN (POTOHHbLIX KapT. MNOCKOMbKY OAHMMWU TONBLKO (DOTOHAMM HEBO3MOXHO MOSTY4YnUTb
HENpepbIBHYK YETKYI0 JIMHUIO FpaHuLlbl 06beKkTa UM rpaHuubl CTbIKOB noBepxHocTel, VRay
npeanaraet aea crnocoba nonyyeHus 4eTkux rpaHuu. Mepsbih - Convex hull area estimate,
npubAnN3nTEeNbLHO annpoKCUMUPYET OCBELLEHHOCTb rpaHunubl no 6amxanmwmnm dotoHam. Camum
pa3paboTynkM AOBOABHO MNPOXIaAHO OTHOCATCSA K 3TOMY METOAY, TEM He MeHee, U3 MPaKTUKK
nseectHo, 4yto Convex hull pabotaet goBonbHO xopowo. Convex hull pabotaeT nydwe, ecnm
napameTtp Max. photons nMeeT HeHyneBoe 3Ha4YeHMe.



Punc.02-05d. ®oTtoHHana KapTa C BKJIlOMeHHbIM napameTpoMm Convex hull area
estimate. CpaBHuTte c puc. 02-05b - oTrcyrcTByeT nouepHeHue pebep, yrnos
M CTbIKOB.

BTopoin cnocob - ucnonb3oBaTb AN pacyeTa OCBELWEHHOCTM rpaHuubl direct computation.
[octuraetca ykasaHumeM 3HadeHuss Retrace threshold - pacctossHuMs OT rpaHuubl, OTKyAa
HayaTb pacyeT u Retrace Bounces - KONMYECTBO pacCUUTbIBAEMbIX OTCKOKOB, OHO AOJNIXKHO
ObITb paBHbIM NapaMeTpy Bounces ¢OTOHHOM KapTbl. DTOT MeTona Tpebyetr 6onblero
BPEMEHU U He BCerga AaeT nydline pedynbTatbl. KpoMe TOro, MHorga rpaHmua BCE Xe MOXET
B pe3ysbTaTe pacyeTOB HECKOJIbKO OT/MYATbCS MO LBETY OT OCTa/IbHOM MOBEPXHOCTU, 4YTO
notpebyetr koppekTMpoBkuM Retrace Bounces (MeHble - TeMHee, 6osblue - cBeT/iee) MU
OONONHUTENbHbIX pacyeTtoB. Oba crnocoba AOCTAaTOYHO LIMPOKO MCMOJb3YHOTCS.

Store direct light no3ssonser coxpaHuntb B (OTOHHOM KapTe WHQOPMAUUIO O MNPSAMOW
OCBELWEHHOCTU. B TepMMHax (OTOHHOIM KapTbl NEpPBOE CTO/NKHOBEHME Kaxaoro ¢oToHa C
MOBEPXHOCTbIO M eCTb, MO CyTWU, MpsIMOe ocBeulleHMe (He nyTaTb C MepBbiM AUPDY3HbIM
CTONNIKHOBEHUEM, KOTOpbI SBASIETCS BTOPbIM CTONKHOBEHWEM (OTOHA C MOBEPXHOCTHLIO).
O6bI4YHO, CcaMbli MepBbIA OTCKOK (OTOHA B KapTaX He COXpaHSAeTcsi, 4YTobbl UCKIUYUTb
AybnnpoBaHme pacyeToB MpPsSIMOro OCBELLEeHMS.
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Puc.02-05e. ®oToHHas KapTa C BKJIOUEeHHbIM NapaMeTpomM Store direct
light. CpaBHuTe c puc. 02-05b, paccuntaHHou 6e3 Store direct light n c
puc.02-05c, paccuMTaHHbIM C NPAMbIM OCBelleHneM U (pOTOHHOMN KapTOM.

Convert to irradiance map npeagHasHavyeH A9 NPOMEXYTOYHOrO  BbIYUCIIEHUSA
ocBelleHHOCTM no ¢OoToOHHOW KapTe. [lo3BonsdeTr yckopuTb pacdeT irradiance map.
Mcnonb3oBaHMe KOHBEpPTaAUUW PaBHOCUMALHO "3amnekaHuto" ¢(OTOHOB KapTbl B KOAMYECTBE
Interp. samples B cBeTOBbIe NsATHA, a napameTp Interp. samples onpeaenseTr ncnonblyemoe
A5 3TOro Koam4vectso GoToHOB B6AM3M TOUKM.



Punc.02-05f. ®doToHHaA KapTa C BKJ1lOMeHHbIM napametpomMm Convert to
irradiance map. CpaBHute c puc. 02-05b, paccuntaHHomn 6e3 Convert to
irradiance map.



Puc.02-05h. ®oTtoHHas kapTa ¢ Convex hull area estimate - on, Store direct
light - on, Convert to irradiance map - on. CpaBHuTe C... AYMalO, Bbl YXKe
3HaeTe C YeMm :)

Onsa apdhekTMBHOro ncnonb3oBaHms GOTOHHOW KapTbl CneayeT UMETb BBUAY Cneaylume ee
OCHOBHbIE CBOWCTBA:

1. ®K He 3aBUCUT OT MOJIOXKEHUS Kamepbl, OT pa3pelleHus m3obpaxxeHus m ot
HaCTpoeK aHTuanmacuHra. DTO MNO3BOJSET paccumTaTb (POTOHHYHO KapTy Tpebyemon
NAOTHOCTM OAWMH pa3, CoXpaHuTb ee B ¢al M MHOrMOKpaTHO WCMOJSb30BaTh U
HacTpauBaTb 6e3 nepecyeTa. Hanpumep, MOXHO WCMOMAb30BaTb AN HACTPONKU
($OTOHHOM KapTbl M306pakeHMe HU3KOro paspelleHns C HU3KUM aHTUaSIMACUHIOM.
MepecunTbiBaTb GOTOHHYIO KApTy HE HYXHO MpU U3MEHEHUWN MOSIOXEHUS KaMepbl Unu
Nnpu W3MEHEeHUW paspelleHus wnsobpaxeHusa. WM Hago nepecymTbiBaTb Npu Nt06bIX
APYIUX U3MEHEHUAX B CLieHe: CBOMCTB MaTepuanoB M UCTOMHWKOB CBeTa, M3MEHEHWUU
reoMeTpum Wan MONIoXeHUs O6BLEKTOB - BCEro TOr0, YTO MeHSIeT OCBELLEHHOCTb B
cueHe.

2. MapameTtpbl Search dist. n Max. photons MoxHO MeHATbL 6e3 nepecuyeTa
(OTOHHOW KapTbl. 3DTO MO3BOMSET MocyMTaTb QOTOHHYK KapTy C Tpebyemon
NJOTHOCTbIO OAMH pa3, COXpaHWTb ee B dans, NOTOM MeHATb 3TM napameTpbl U
BbINOMHATL peHAep C 3arpy3kon (OTOHHOW KapTbl M3 ¢anna. OueHb yaobHO Ansg
HacTpomkn GOTOHHOW KapTbl. [ToyeMy 3TO BO3MOXHO - MOHATHO, Search dist. n Max.
photons Bcero nuwb onpeaenstoT KOAMYeCcTBO (POTOHOB A1 OLEHKN OCBELLEHHOCTU U
HUYEro He MeHST B caMoi (DOTOHHOW KapTe.

3. KonnuectBo m3nydaembix HOTOHOB 3a[a€TCH B CBOMCTBAX MCTOYHUKOB CBETa
Ha 3aknaake VRay Systems>Lights settings BkntoueHnem ranoukm Generate diffuse u
ykaszaHuem Diffuse subdivs. MakcnmanbHoe KONMYECTBO ulny4vaemblix GOTOHOB byaeT



onpenenaTbCs KBagpaTtoM kKosmyecTtBa subdivs, a wnctnHHoe - wurpoi MNoporosbiX
napametpoB QMC. [Ons pacuyeta @(OTOHHbIX KapT HeobxoAMMO Takxe, 4Tobbl B
cBoicTBax ob6bekToB Object settings Tol ke 3aknagku 6bIIM BbICTaBEHbI FAIOUKK
ana Generate GI n Receive GI.

4., ®oTOHHaA KapTa MoXeT b6bITb paccuynmTaHa TONbKO ANs Matepuanos Tuna VRay
Mtl. C gpyrumum Tunammn Matepunanos ®K He paboTtaerT.
5. doTOHHaa kapTa He paboTaeT C UCTOYHMKOM cBeTa Tuna SkyLight n ¢ HDRI.

Pacuet ocBeweHna ot SkyLight n HDRI moxeT 6biTb BbIMOSHEH TOMLKO irradiance
map wnu direct computation.

6. doToHHaa kapTa B VRay npegHasHavyeHa TONbKO AN pacyeTa OCBEWEHHOCTH
OT MHOrOKpaTHbIX MNepeoTpaXeHWW CBeTa, HauyMHas Cco BTOpPOro M Bbiwe. OHa He
npeaHasHavyeHa ansa pacyeta nepsoro And@y3HOro oTCKoka, TO eCTb - OCBELLEHHOCTU
OT nepBoro amddysHoro oTpaxeHusi. Hanuuume BkoYeHUss HGOTOHHOW KapTbl Ans
pacyeTa NepBOro oTckoka 3aknaaku VRay: Indirect Illumination o6ycnoBneHo Tonbko
LensiMN HAaCTPOMKN caMoil (DOTOHHOM KapThl.

7. YanentenobHo, HO dakT - BenmymMHa Bounces OTOHHOM KapTbl HE3HAYUTENLHO
BNIMSIET Ha KOSIMYECTBO B3aMMOAEWUCTBUI (POTOHOB C MOBEPXHOCTAMM (M Ha 06bEM
(OTOHHOM KapTbl). Takas 3aBUCUMMOCTb OMpeAesieHHO AO/MKHa 6biTb CubHEE - 4yeM
Jonble npocnexunsaeTcda nNyTb ¢QoToHa, Tem 6onbwe CcobbITM Mbl  AOIKHbI
Habnoaatb. Bo3MOXHO, cka3sbiBaeTcsi BNMsSHME HacTtpoek QMC Sampler. 3aTo, Kak
MokasbiBaeT NpakTuka, Ha o6beM dUKCcMpyeMbix B GOTOHHON KapTe CobbITUI O4YeHb
cywecTBeHHO BamaeT napameTtp Multiplier ana Secondary bounces 3aknagku VRay:
Indirect illumination (GI). 3T ABa cBOWCTBa CneAyeT y4uTbiBaTb NPU MNAAHUPOBAHUMN
NJIOTHOCTM (POTOHHOM KapThbl.

8. BkntoueHne/otkntodeHme Convex hull area estimate, Store direct light wu
Convert to irradiance map TpebyeTt nepecyeta GOTOHHOM KapThl.

Irradiance Map

| - YWHay:: Advanced inadiance map parameters |

|nterpolation type: ILeast zquares fit _"J ¥ Lse cument pass samples
Sarnple lookup: IF'recaIc'l:I overlapping :_I [v Fandomize samples
Calc. pasz interpolation samples: I 15 ﬂ [~ Check sample vizibility
—Mode
~ Iradiance map has 0 zamples
Bucket mode Iradiance map takes O bytes
® Single frame (0.0'ME]

" Multiframe incremental

£ From file: Browsze

{7 Add ko current map

Save to file |

" Incremental add to curent map Reset inadiance map |

— On render end
v Don't delete

[T auto zave: [¢Mone: Browse

[T Switch to zaved map

MapamMeTpbl HacTpoek irradiance map

Interpolation type - cnoco6 nHTepnonsauum 0CBELWEHHOCTU HEPACCYUTbIBAEMbIX TOYEK MO
OCBELEHHOCTN pacCyMTaHHbIX. B caMOM npoCTOM C/fiyyae OCBELWEHHOCTb TOYKM
MHTEpPNOSINpyeTcss N0 PpacCYMTaHHOW OCBELWEHHOCTU Onmkanwmnx TOYEK B KOJIMYECTBE,



ykasbiBaeMoM B Calc. Pass interpolation samples. OcBelleHHOCTN CYMMUPYIOTCH C BECOBbIMU
KoaddpunumeHTamm, 3aBUCALWMMM OT PacCTOSSHUS U HanpasiieHns HopMmanen. Nmeetca Bcero 4
TUNa nHTepnonsauum (4 pasHblx crnocoba BbIYNCIEHNS BECOBbIX KOI(PUUNEHTOB), U3 HUX TpU
Tuna ceBs3aHbl C pa3MmbiBaHMeM - Weighted average, Least squares fit, Least squares with
Voronoi weights n oauH tnn 6e3 pasmbiBaHua - Delone triangulation. Mo ymonuaHuio VRay
ncnonb3yer Least squares fit, ecnn HyxeH Tun wHTepnonaunmm 6e3 pasMbiBaHUS -
npuMmeHsietca Delone triangulation, u4To o06ecneuynBaeTr 6o0nee TOYHOE U 4eTKoe
ns3obpaxxeHmne. OgHakKo 3TOT TUN UHTepnonsaumm TpebyeT yBenmnmyeHms kKonumuecTtBa subdivs
irradiance map, nNOCKONbKY W3-3a OTCYTCTBUSA pasMblBaHUS LWYM B W306paxeHMn He
CrnaxuBaeTcs.

Sample lookup - cnoco6 BbibOopa TO4YEeK C pacCYMTaAHHOM OCBELLEHHOCTbI AN
MHTEPMNONSUMN OCBELEHHOCTU AaHHOM Touku. [peacrtaBneHO TpuM TuMNa, CaMbli MPOCTON -
Nearest, nogbupaet noapsa, Bce, YTO O6NM3KO NEXUT K AaHHOW Touyke. BTopoi cnocob -
Nearest quad-balanced, genut obnactb B6/IM3N TOUYKM Ha YETbIPE YACTU U MbITAETCSA B3STb U3
KaXXAoW 4acTu oAMHAKOBOE KOJSIMYECTBO CIMIMJIOB, YTO YacTO MPUBOAUT K MUCMOJIb30BAHUIO HE
CaMbIX NyYLWNX AN8 UHTEpPNnonsuum camnaosB (CINMWKOM yaaneHHbix). Tpetnii cnocob Tpebyer
OONOSIHUTENBLHOIO Wwara 4nas npegsaputenbHon 06paboTkun, HO paboTaeT uyTb i He BbicTpee
BCex ocTanbHbiX - Precalculated overlapping. TpebyeT [OMONAHUTENBHOrO pacyeTa Tak
Ha3blBaeMbIX "paanyCcoB BAUSHMA" ANS KaXAOW pacCUMTaHHOM OCBELWEHHOCTU. Takue
pagnycbl BnmsaHUSa 6yayT 6onblwe Tam, rae nNOTHOCTb irradiance map MeHbwe u HaobopoT.
3aTteM, Npu peHAepe OCBELEHHOCTb TOYKM WHTEPMONIMPYETCS TOAbKO MO TeM TO4YKaM, B
cnuckax "pagmycoB BAMSHMA" KOTOPbIX WMeeTcsa 3Ta Touka. Metoa obecneumsaer
HaumBbICLLEe Ka4yecTBo.

Randomize samples - napameTp, AOMOJHUTENBHO BAUSIOWMIA Ha BbIBOP TOYeK Ha 3Tane
pacyeTa ocBelleHHOCTM direct computation. Ecnu ranodka yctaHOBNeHa, AenaeT Bblbop He
PErynsapHO pacnosioXeHHble OTHOCUTENIbHO APYr Apyra TOYKKW, a Tak, 4Tobbl obecrneunTb
HEKOTOPYH CMy4YalHOCTb MX B3aMMHOIro MONOXeHUs. BnaroTBOpHO BAMSIET Ha MNoAaB/EHME
HEKOTOpbIX BUAOB afinacnHra, B HYacTHOCTM - Myapa.

Check sample Vvisibility - npu BkAlOYeHMM 3TOro nNapaMeTpa WHTEpPNoOASUNS
OCYLLECTBNSETC C YYeTOM B3auMMHOM  BMAMMOCTM  TouyeKk. [lo3BonsieT m3bexaTb
"npocaumBaHmna" cBeTa Yepes TOHKME CTEHbI.

B pykoBoacTBe nonb3oBatensa K VRay MMmeeTcs ranepes nNpMMepoB, HarnsaHoO U A0CTAaTO4YHO
MOJSIHO AEMOHCTPUPYIOLLAa BAUSHUE KaXAO0ro M3 BbilIEONMCaHHbIX NapaMeTpoB Ha irradiance
map M KOHeYHoe n3ob6paxkeHne. PekoMeHaylto.

Mode - pa3snuyHble pexunMbl ncnonb3oBaHms irradiance map. Bucket noneseH npu ceTteBom
peHAepuHre, MOCKOMbKy ans Kaxaoro bucket cospaetcs cBos irradiance map. Tpebyet
AONONHUTENbHbIX pacyeToB (BpeMeHW) ans rpaHuy bucket, ogmH 3 cnoco6oB yckopuTb
pacyeT - yBenuumeaTb pa3Mep bucket. Single frame - kapTa paccumTbiBaeTcss ropasgo
6bicTpee n cpasy Ans Bcero nsobpa)keHus, HO TOSIbKO NMpM MNOMOLWM OO4HOro KOMMbioTepa.
OcTanbHble pexXwuMbl MnpegHasHadeHbl A8 MNOBTOPHOrO MCMONb30BaHMA pacCYMTaHHOWN
irradiance map npu n3meHeHun nonoxeHus kamepbl (Incremental add to current map) vnam
Aaxe pnsa aHumaumm (Multiframe incremental) - kapta 6yaeTr cuuTaTbCs He LEIWKOM, a
AOCUNTBbIBATb TO/IbKO HefOCTatoWmne TOUKMN.

HecMmoTps Ha TO, uTO irradiance map MeHee rmbka, 4yem photon map mn npaktundeckm nwoboe
M3MeHeHMe HaCTpoeK WM napaMeTpoB CueHbl TpebyeT ee nepecyeTa, 3aTtpaTbl MOryT 6biTb
MUHUMMU3NPOBAHbLI 3@ CYEeT pasnyHbiXx pexnmoB Mode. Irradiance map He HyXHO
nepecuymTbiBaTb NpU M3MeHeHMN HacTpoek antialiasing n npu HacTporike Color mapping.

YTOo KacaeTcs HaACTPOEK MOPOroBbiX BeNUMYUH Ans napameTpoB otbopa Touek - Clr. thresh,
Nrm. Thresh un Dist. thresh, To nockonbky VRay wucnonb3yeTr HeKoTOpble abCTpaKTHble
BennuuHbl (Generic units) nx 3Ha4yeHMs AOBOJILHO TPYAHO CBSA3aTb C peasibHbIMKM eAMHULAMN
W3MEHeHUs LUBeTa, YrnoB HOpManenh mnum pacctosHuin. CnacaeT Tonbko Hanuume Irradiance



map preset AnNs peHAEpPOB C pas/IMUHbIMW CTEMEHSIMM KadecTBa. BbibpaB M3 cnucka
noaxoAswWwmini Habop HACTpoeK, MX MOXHO MCMOJIb30BaTb KaK OTMPaBHYH TOYKY ANs
CO6CTBEHHbIX HAaCTPOEK MOPOroBbIX BENUUH.

YuntbiBass BCE BbILIECKA3aHHOE, MOXHO MNpPeasoXuTb Cleaylwmii  MeTo pacyeTa
OCBELLIEHHOCTU TPEXMEPHOW CLIEHbI NMpy nomolun VRay.

1. MocTaHOBKA MNpsSIMOro OCBeWleHus. BbibupalTca Takme Tunbl U KOJIMYECTBO
WCTOYHWUKOB CBeTa, 4TOb6bl OHM MaKCUMMasbHO COOTBETCTBOBA/IM MOCTaBMEHHbIM
YCNOBUSIM, B 4YaCTHOCTM - TpebOoBaHMIO PearMCTUYHOCTU OCBelleHus. 3aTteMm, Ans
cBeTa HacTpavBaeTCsa TONbKO MpsiMOe OCBelleHne peryampoBaHMeM HacTpoek
NCTOYHMKOB cBeTa - multiplier, color n apyrux. Ha aTom sTane Bce Apyrve Tunbl
oceweHns (GI) oTkntoyatoTcs. MNpaBUIbHO HAaCTPOEHHOE NpsiMOe OCBEeLUeHMe - 3asnor
XOpowlero peHzepa, MOCKOJSIbKY WMMEHHO MpsiMOe OCBeLleHMe SBASIETCS OCHOBHbIM,

onpeaensowmmM.
2. HacTtpoinka n pacyeT POTOHHOWM KapTbl C cOXpaHeHuneM B dann.
3. HacTtpoinka u pacdet irradiance map pns first diffuse bounce coBmecTHO C

noarpyxaemori u3 danna ©GOTOHHON KapToh pans secondary bounces. Tllocne
HaCTPOMKM - COXpaHeHMEe paccunuTaHHOM irradiance map B dann.

4, @OUHaNbHbIN PEHAEPUHI C TOHKOW HAaCTPOMKOW CBeTOBOro 6anaHca npu noMoLmn
VRay: Color mapping n BblIbOpoM HeO6X0AMMOro YpOBHSI aHTWanuacuHra. Ha 3Tom
3Tane UCnosib3yeTcs HacTpoeHHas irradiance map m3 gaiina.

B cnepyowen cratbe ©6yaer noapobHO paccMOTpeH MNpuMep HACTPOMKM  pacyeTa
OCBELLEHHOCTM KOHKPETHOW CLEHbl B COOTBETCTBUM C MPUBELEHHON CXEMOMN.

[o BcTpeun!



