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Cucremuble TpeOOBaHMST

VYcranoska niuarmaa g Autodesk 3ds Max

1.1  Cucremunie TpeboBanus

1. Bugeokapra ¢ nomgep:kkoit CUDA.
(a) Compute Capability 1.0 - muanmasbhas (paboraer TosbKO path tracing).
(b) Compute Capability 1.1 - Tepmumo (MenbIe cCKOPOCTh y (hOTOHMAIITMHTA, B
Tekyteii Becun He paboraer Multy-Layered).
(¢) Compute Capability 2.0 u Bbime - pekomenryemast.

2. Pekomenjyembiit 00bem naMsitu Bugeokaprsl - or 1 Gb (max kymaer MHOIO).

@ ZKenarenbua nocnenuss sepcud apaiisepa or NVIDIA. Ilpu stom CUDA Toolkit

CTaBUTb HE HY2KHO.

@ Ecan Bam e xBaraer namsitu, ucnonb3yiite saemunii gui (cm. riasy 4). Cpasy
nocJsie HadaJla penjepunra (Hanpumep B Moment npocrpenus BVH nepesa) mox-
HO OTMEHUTHh PEHJEDP U 3aKPbITb MAKC. DTO MO3BOJUT OCBODOAUTH 3aHUMAEMYIO
mMakcoM namarb. Jasee 3amycrure hydra.exe Bpyunyio (mwiu nazkmure 'Restart’)

¥ OH HNOJATrPY3UT TOJBKO YTO OTIIPABJIEHHYIO HA PEHJED CIEHY.

1.2 Vcranoska mwinaruna mig Autodesk 3ds Max

1. Cxommposath hydraRender mk3.dlr w HydraMaterial.dlt B cooTBeTcTByIOMITy 10 TTaTI-
Ky Makca. Hampumep, ecou Bol ucrorb3yere 2013 max 64 paspamnoil Bepcun, 3To
oyzner 'C:/Program Files/Autodesk/3ds Max 2013 /plugins’.

2. Cxoumposarb coorBrectByolyto (st 32 uau 64 6urHoit Bepcun) nanky '[Hydra]’

Ha juck C (arobs! noryuniocs tak: 'C:/[Hydra| ).



Hagasmo paborst
Hactpoiiku pernmepa
MeTomp! peHIEepUHTA

Omnucannre TeCTOBBLIX CIIEH

4/

2.1 Hagamno paborsr

3neck Bce crangapTHo: 'Render’ -> "Render Setup’ -> ’Common’ -> "Assign Renderer’.

Paszmounts Material Editor & Production. B "Production’ sei6pars hydraRender mk3.

B cuene goskuaa 6birh xorst 6bl OnHa (2 B TEKyLIEH BepCUU CTPOrO O/lHA) KaMepa
1 XOTs Obl OIMH UCTOYHHUK. KC/M MCTOYHUKYU CBETa OTCYTCTBYIOT, PEHIEP CO3/aCT

ceporit SkyLight.

2.2 Hacrpoiiku penjepa

B Texymeit Bepcun B Makce Bel MoxkeTe BBIOpaTh MeTOH peHaepuHra B okHe 'Methods’.
Yexk6oke "Use External Hydra Gui’ ykassiBaeT Ha TO, 9TO BBl COOMPAETECH MCIIOIB30-
BaTh BHelHUil rpadudeckuii narepdeiic. [loka 4To oCymecTBIATh TOHKYI HACTPOUKY
penmepa BbI MOXKETE TOJBKO depe3 BHemHwmil gui. Takxke BHENTHMI Ui MO3BOJISET BaM
UCIoJb30BaTh BeTpoeHHblil B Hydra Tone Mapping u paccunThiBaTh W300parKeHusi ¢
riy6unoit peskoctun (DOF). Bosee noapobro o6 sTom pacckazano B riase 4.

Janee nnyTt manbosee 1acTO M3MEHIEMbBIE TTAPAMETPHI (POTOHHBIX KAPT:

1. Pamuyc cbopa ans rmobasnbroit doronnoit kaprer ('Global Gather Radius’). 3ana-
eTcs B JOASX OT pasMepa citensl. Hanpumep 3nadenne (.01 o3madaer, 9To pagmyc
cbopa Oyzer paBen 1 cOTOM MAKCMMATBLHOTO Pa3Mepa CHEHbI (10 OCAM X,y WJIH 7).

2. Paamyc c6opa amst kaycruaeckoit horornoit kaprsl ('Caustic Gather Radius’). 3a-
JlaeTcs TakKe B J0JIAX OT pasmepa cienbl. Kak mpaswmio, paguyc cbopa s Kay-
CTUKOB JOJI?KEH OBITH CUJIbHO MEHBIE pajnyca cOopa Jijid riaobaabHoil (hpoToHHOI
KapThI.

3. Caustic multiplyer - MHOXKXHUTE/Ib, OTBEUAIOIINI 38 SIPKOCTH KAYCTUKOB.
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2.3 Meroabl penjaepunra

B Hydra ucnonb3yorcs ciieayrorme aaropuTMbl.
1. AgamruBHas TpaccupoBky myTeit - Path Tracing.
2. Ksm ocsemennocru - Irradiance Cache (IC).
3. CroxacTuueckue rnporpeccupabie poTOHHBIE KapThl - SPPM.
4

Xwurpsiii Mmaoromepssiii punbrp (pexxum Multi-Layered).

Kak npasuio, paszmrunbie pexxumbl ("Methods’) ncnonb3yor KoMOuHATIMIO aIrOPUTMOB:
1. Path Tracing - Monre-Kapio Tpaccuposka myteit. Hecmemennbiii (unbiased) me-
Toj, pergepunra. [lo yMOT9aHWIO HE pacCINTHIBaeT KayCcTuku. Tem He Menee, uc-
[OJTH3YsT BHEITHUHN gui /i HEr0 MOXKHO BKJIIOUHTH PAacCUYeT KAYCTUKOB XOTS 3TO U

ue Oyner 3pHEeKTUBHO.

2. Irradince Cahce + Path Tracing - MeTo1, BEIYUCJSAIONINAY BTOPUIHYEO JTudDy3HYIO

OCBEIIEHHOCTHU IIPU TIOMOIIM KA3I11a, oceereHHocTu. Paboraer B 2 srana. Cragasna
CTPOUTCH KDIIT OCBEIEHHOCTH, MOCTe 4ero (PUHATbHOE N300PaXKEHNE PACCINTHIBA-
€TCsl TPU TIOMOIM TPACCUPOBKH MyTel. XOpOomo MOAXOAUT JJIs apXUTEKTYPHBIX
cIteH ¢ OOIBITUM KOJIUIECTBOM TJIAIKAX TOBEPXHOCTEN.

3. Path Tracing + SPPM (caustics) - pe:xkum ucmonszyer SPPM nnst paccuera xay-

CTUKOB U TPaCCUPOBKY nyTeﬁ JJIA OCTaJIbHBIX KOMIIOHCHT OCBCIICHMA.

4. Path Tracing + SPPM (caustics) + IC - 1o ke 40 1 npeaplaynee, Ho BTOPUIHY O

b y3HYIO OCBEIEHHOCTD BBIYHUC/ISIET IIPU TIOMOIIM KSIITa OCBEIEHHOCTH.

5. SPPM (secondary) - ucnonnzyer SPPM nis1 Borancienus sropuanoit auddysnoii

OCBEIIEHHOCTH.

6. SPPM (all) - ucnionbzyer SPPM jiyist BIvuC/I€HNST 1 IEPBUYHOM 1 BTOPUIHOIN OCBe-
IIEHHOCTH.

7. Multi-Layered - ormesnbHo BhIaucasger n300pakeHus Mafaioneil BTOPUIHON OCBe-
MIEHHOCTH, (PUJIBTPYET [IPU IIOMOIIY MHOTOMEPHOr0 PUIbTPa U KOMOMHUDPYyeT pe-
3yJbTaT. B HACTOAIINY MOMEHT HaJ METOJOM UJIET aKTHBHasA pabora. Meron Herio-

X0 IIOKa3bIBAET ceba Ha APXUTEKTYPHbIX CIICHaAX.

2.4 Onucanme TECTOBBIX CICH

B apxuBe ’data’ HaxomdTcs HECKOJIBKO TECTOBBIX U JEMOHCTPAIMOHHBIX CIieH. B mamke
hydra lessons maxomgarcs criensl B popmare '.max’, Ha KOTOPBIX MOXKHO IIPOTECTUPOBATH
pabory prezepa B makce. Cirenbl B mog-nankax ‘standart  materials’ u ’architect standart’
JIEMOHCTPUPYIOT MPUMEHEHHE CTaHJAPTHBIX MAaKCOBCKUX MarepuajoB. CIieHbl B HalTKe
'z_hydra_materials’ gemoncrpupytor npumenenne "hydraMetarial’. Pekomenyercs uc-
noJsib30BaTh MeToabl Path Tracing, Irradince Cahce + Path Tracing u Multi-Layered na
apxurekTypHbIX crenax. Meroasr Path Tracing + SPPM (caustics) n Path Tracing +

SPPM (caustics) + IC umeer cMbIC/ BKJIIOUATH Ha CIEHAX C KAYCTUKAMMU, MTPEAMYIIE-
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Puc. 2.1: Temoncrpanusa paborsr pexkuma Path Tracing + SPPM (caustics) (coiesa) u
Irradince Cahce + Path Tracing (cupasa).

CTBEHHO HAXOJISAINMXCs B Tankax 'z _hydra materials’ (kpome criensr ‘crystal’). Pabory
meronoB SPPM (secondary) m SPPM (all) myume Bcero cmorpers Ha crene 'sponza’.

B nanke ’"demo’ naxoggarcs cuennl B hopmare COLLADA (.dae) u Buyrpennem dgpopmare
penjiepa ’.vsgf’. Ha aTux crieHax MOXKHO [MPOTECTUDOBATH PEHJIED, HE MMes Ha MaIlliHe
3ds max. Yrobs! 310 crenarh, moTpedyercsa MCIOIB30BATH BHEIIHWH rpadpudaecKuii wh-

Tepdeiic.



Wcrounuku cBera

Marepuassr Standart

Marepuassr hydraMaterial
Bxkmanka Emission

Bxaangka Diffuse

Bxuranku Specular u Reflectivity

Bkiragka Transparency

Bxknianka Displacement

3.1 HcTouynuku cpera

B macroamumit moment Hydra momnepxuBaer Bce craHJapTHble UCTOYHUKH CBETA W 1T
Area Light kBagparsaoro u cdepruaeckoro tuna. Mcnoab3yitre mocaeauil ajis peainsa-

UY IJIOIATHOIO UCTOUYHUKA CBETA.

3.2 Marepuass Standart

Hydra nomnep:kupaer crangaprabie Mmarepuasibl 3ds Max. OgHako B Tekyireil Bepcuu
HEKOTOPBIE TTAPAMETPHI MOTYT MMeTh HEOUEBHIHOE MoBemeHne. Mbl OTHITIEM TaKwWe ma-
paMeTphI HUXKE.
1. ITapamerp Soften uraopupyercst (Bo ckagke Specular).
2. Tekcrypusbiit ciaor Specular Glosiness He mogaep:kuBaeTcs. BMecTo HETO MOYKHO
TekcTypy B coT Specular Color. 9To mpuBeneT NpakTUYeCKN K TOMY 2Ke 3hdexTy.
3. Ecsn marepuas pospadnbiii (mapamrep Amt He paBeH HyJTi0), MOJIEb OTPAaKEHNUST
aBToMaTwdeckn crasutcd B fresnelDielectric mma Toro 9To6BI PEATUCTHYTHO CHMY-
JINPOBATH CTeKIsTHHbIE 00beKTHI. [Ipn aTOM npo3padHbie MaTepuaJsibl Beerga oyayT
MCTIOTB30BATH TOJBKO MOMETh (DPEHETeBCKUX OTPAKEHUN ISt TUITEeKTPHKOB.
4. Opacity 3amaercs TOJBKO TEKCTYPOil U CIYXKUT JIJIsT PEATU3AIINNA TAKUX OOBEKTOB

KaK TpaBa U JucThsa. SHaderus Opacity peH1epoM He UCIOIb3YEeTCH.

3.3 Marepuassl hydraMaterial

Opve u3 Hanbojiee BaXKHBIX MOMEHTOB, Ha KOTOPBIE CJIEyeT OOpaTWTh BHUMAHWE - B

Hydra marepuaisl UMEOT 8 IUTUBHYIO MOJIe/b. 10 eCTh, €CJiu MaTepruaJj UMeeT HECKOIb-
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ko napamerpos (diffuse, specular, reflection, transparency), To ocBermenne 0T HUX BCEX
OyaeT mpocTo cKAaabiBaThCst. Ilpu aroM, misa cobsomennst (PU3UIECKON KOPPEKTHOCTH
MaTepuaJia BaM He HY»KHO CAMUM CJIEIUTH 33 TeM, 4T00bl cyMMa BceX Kod(hMUIMEHTOB
[0 KayKJOMY W3 I[BETOB He TpeBbimaja 1. Pergep aBromarnyecku HajaHCupyer KOd)-
butmeHTH 1A COOI0IeHNs (PUBNIECKON KOPPEKTHOCTH.

Creayromuii HeOYeBUIHBIIT MOMEHT - IPUMeHeHHe TeKCTYphl 1 hiiaxKoK /Koddurmen
'Color mult’ (pucynok 3.1). Korna Bbr 3a7aere TeKCTypy st KOMIIOHEHTBI MATEPUAJIA,
on paboraer caemyromum obpaszom: Ecian dhjaKok He yCTAHOBJIEH, BT KOMITOHEHTHI
(na pucynke 3.1 s1o Diffuse) Gepercst 3 rekcrypel. Ilpu sToM 3amaBaeMblii Bamu et
cupasa ot Hajnucu 'Diffuse’ u kosdpduruent ciaenyromuii 3a ’Color mult’ urnopupyer-
CH. EC.HI/I (bﬂa)KOK YCTaHOBJIEH, IIBET KOMIIOHCHTBI BHIYUCIAETCH KaK IIPOU3BEACHUE BCEX
3 JeficTBYROIMKX JUIl - 3ajiaBaeMoro BaMmu 1iBeTa, 1iBeTa U3 TEKCTYpbl U Ko3hduimenTa
"Color Mult’. Taxoit mMexanu3m yJ00HO HMCIOJB30BATEH €CJAU BBl XOTUTE CAETATH BAIITy

TEKCTYDPY sIpYe/TeMHee, WJIH U3MEHHUTD €€ [BET IEJTUKOM.

Puc. 3.1: Unrepdeiic MyabTUNIHKATHBHON MOIEINA HAJIOKEHUT TEKCTYPBI.

Bxkanka Emission

Emission mcmonb3yercs TOALKO Ay Melnel, aBJIdIONnXcS WITOHUKAMM cBeTa. Keam y
MaTepuasa 3aJaH HEHyJIeBOi mapaMerp emission (MM NMPUKPEIIeHa TEKCTYPa), TO OH
ABTOMATUIECKU CTAHOBUTCS M3IydatoruM. CTOUT yUecTb, UTO CBETSIIUECS MEIH COII-
sarcs B Hydra TosibKO Py IOMOIIY HEABHON CTPATErUU COMILIUPOBAHUA. DTO O3HAUAET,
TAKON MCTOYHUK YHUTBHIBAETCH TOJIBKO TOIVIA, KOIJIA OTPAKEHHBIN Jiyd caM B HEro 10-
naJj cam, caydaitao. Takasi MoJiesib Xoporno paboTaer, ecju Melll UMEET PeaHbIil pazMep
(He cTpemsUiica K HYJII0), & €ro MOBEPXHOCTh He CAUMKOM gpkag. 11osromy Ecmu Bam
HY>KHO CMOJIEJITPOBATE SIPKWH NCTOYHUK CBETa MaJeHBLKOTO pa3Mepa, emission Jjist STOTo

UCIIOJIB30BATh HE PEKOMEHAYETCA - JIydIlle CO3JaTh NCTOIYHUK CBETaA ABHO.

Bkiragka Diffuse

JlanHnas KOMIIOHEHTA OTBevaeT 3a JiambepToBcKyio yacts BRDF monesu.

Braaaku Specular u Reflectivity

JlaHHBIE KOMIIOHEHTBI OTBEYAIOT 33 3€pKaJibHbIe OTpakaTejbHble cBoiicTBa. llpu sTom
BKJIAIKa Specular oTBedaeT 3a 3epKajbHbBIE CBOMCTBA B OTHOIIEHUH MPSIMOTO OCBEIEHUST
(6simkm), a Braajgka Reflectivity - 3a ocrambmbie oTpaykenusi. 1 Toro 9rob6b MaTepu-
an 6bl1 pusmueckn KOppekTeH, Bam HeobXoamMo mMeTh OAWHAKOBBIE TApPAMETPHI st

Specular u Reflectivity. Takoe pazjenenue ocraBieHO Ha CAyYail ecan MO KAKOU-aubHO
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Puc. 3.2: UnmrocTparms pacrpesesieHusl CBETOBOM SHEPTUH JJIA PASIUTHBIX CTereHeid

KOCHHYCA.

npwunte Bam meobxoqumo ydpars OJIMKY C OMpeie/IeHHON MOIEIN, UIN CASIATh UX APY-
UM I[BETOM.

Jlast Toro uTobBI Paz’obpaThcd B mapaMeTrpax OTpParKeHui, HaM HeoOXOAWMO 3HATH,
Kak BbIUMCAseTcs 3epkaibHasg dactb BRDF. Ha mammwrit moment B pemmepe Hydra
noagepxuBaercss b mozeneit zepkaabuoit BRDF - ato momens Pounra, Bauna, Kyxka-
Toppenca u 2 mogenu @Ppenesnesckuii orpaxkenuit. [Tapamerp ’Cos power’ - 910 CcreieHnb
kocunyca B ¢popmysax Ponra u bauna. [lapamerp roughness ucrosb3yercsi ToJBKO 1115t
mogesteit Kyka-Topperca u fresnelConductor. JIjst octaabHBIX MOf€seH OH HTHOPUPYET-

csi. Ilapamerp "Fresnel IOR’ ucrosbayercsi Tonpko mojensio fresnel Conductor’.

R) B rexymeii 6era-sepcnn fresnelConductor n Kyka-Toppenc paGoraior e o4uenb
xoporo. [Ijs fresnelConductor ucmons3yercs anpoxkcumanus IIanka.

B peiictBuTenbrocTH Hanbosiee BaXKHBIM sBJsgeTcs napamerp 'Cos power’, KOTOPBIit
3ajaeT MaroBocTh orpakenuit (‘glosiness’) ams Bcex tumos BRDF. [na Jlamepros-
CKUX TIOBEPXHOCTEN, OTPaXKEHNEe UMeeT KOCHHYCOUAAIbHOE PAaCIpe/ie/IeHe B HAIIPABJIe-
HUU HOpMaJid. D10 coorBercTByeT "Cos power’ = 1. HeMm BbIllle CTENEHh KOCUHYCA, TEM
0oJiee pe3KOoe TOIYIAeTCd OTPaXKeHne, T.K. OOJIbINe JIydell YXOMUT B HAIPABICHUN WS-
AJILHOTO 3€PKAJIBHOTO OoTpaskeHus. B pesysprare mkasa 'Cos power’ SKCIIOHEHITHAIbHAS
7 3HAUEHWS 3a7al0TCsT B mHTepBasie or 1 10 6eckoneanoctr. Ha mpakTuke 3a 6eckoHed-
HOCTb MBI cuuTaer | musanon. [Ipu 3uavenun 'Cos power’ paBHOE OTHOMY MUJIIUMOHY

OTpPazKeHUA CTaAaHOBUTCA IIOJTHOCTLIO 3€PKaAJILHBIM.

Bkiragka Transparency

IIpospaunocts B Hydra umeer odens cxoxkee onmcanue ¢ mpo3padaoctbio B VRay.
e Transparency - nBeT MOBEPXHOCTU ITPO3PAUHOTO 0OHEKTA.
e [OR - Index Of Refraction. Ilokazaresns npesomiieHust.
e Cos power - To xke camoe uto Cos power mma orpaxkenuit. [lozBomger genats
'glossy’ (MaTOBbIE) MPETOMIISIONINE 0ObEKTHI.
e Fog color - miBeT BHYTpHU 00beKTa. VCcmomb3yercs mpu yueTe 3aTyXaHus 10 3aKOHY

Byrepa-Jlambepra-Bapa.
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e Fog multiplyer - mrOkuTens napamerpa 'Fog color’. 3nagenue (Fog multiplyer)*(Fog
color) ecThb cremeHu SKCIMOHEHTHI B 3akoHe Byrepa-/lamGepra-Bapa.

e Exit color - 1Ber, KOTOPBIH NpUHUMAET Jy4, AOCTUTIINN NpPee/bHONR TU1yOuHbI
epeoTPaKEHUl, HO TEM HE MEHEE HE BBIIIEINN U3 TPO3PAYHOTO OObEKTA.

e Thin transparency ykasbiBaeT Ha TO, 9YTO OO'bEKTBI C STUM MATEPUAJIOM TOHKUE.
DTOT UeKOOKC MMeeT CMBIC/ BKJIIOUATH, HATPUMED, €C/IH Bbl HACTPANBAETE MATE-
puaJji OKHA, CMOJETUPOBAHHOTO TOHKUM KYCKOM ILTIOCKOCTH. OT Takux oOBLEKTOB
OyayT BoIYUCIATHLCS 1BeTHBIE Teru. Thin transparency Takke HEOOXOAUMO yKa3bI-
BaTh JJIs aThpa-TecTa, KOTIa Bbl peain3yere JUCTBY IepebBEB WK Tpasy. B aTom
cydae BaM HYXKHO B CJIOT TEKCTYDh! MPO3PAYHOCTH yKa3aTh TEKCTYPY C opacity,
ormerurs Thin transparency kak 1, a user npospaunocru ycranosuts B (0,0,0).

ITapamerp Transparency caesian jjis TOro, YTOObBI UMUTHPOBATH ITPOCTYIO MPO3PAYHOCTH
(6e3 yuera 3aryxanus BayTpu o0nekTa). [lapamerp 'Fog color’ - manporus, npegnasna-
YeH WCKJIIOYUTETBHO JJjis ydeTa 3aryxaHus. Paccmorpum opMmyity, UCIOIB3YEMYIO B
peHjiepe g yueTa 3aTyXaHus (BbIYUCIeHUs] TOBTOPSAIOTCS /st KAXKI0T0 [IBETOBOTO Ka-

Hasa -r,g,b).

opacity = max(1— fogColor,0)* fogMultiplyer (3.1)
1.0
attenuation = transparencyColor x ( - (3.2)
exp(d x opacity)

3nech d - paccrosinue, npoiifienHoe BHyTpu obbexkTa. Ilpu aToM ciieryer yyecTs 4TO ciia
3aTyXaHWd 3aBUCUT OT PEAJHHOTO Macmrada crerbl. 13 dopmynst 3.1 Bugno, aro ma-
pamerp transparencyColor(Transparency) Biusier Ha 3aTyXaHue JIMHEHHO, a MapaMeTp
fogColor (Fog color) skcnonennuansuo. Ilpudem, ncxons u3 mpuseneHHoil Boie dop-
MyYJIbI, HET CMBICJIA 3a/aBaTh 3HaueHust Fog color Beime 1 (Huke wyns Toxe). Ecan Bbi
XOTHUTE PEaJM30BaTh MPOCTYIO MPO3PAIHOCTb HE3 yuera 3aTyXaHus, CTABBTE MapaMeTp

Fog multiplyer B 0.

Bxrragka Displacement

Jlannas BKJIaJKA CJIYKUT JJIsI HACTPOWKYM MUKpOpeabeda noBepxuocTu Ha ocaoBe NormalBump

kapt. [Tapamerp height zagaer riybumy 'npomaBiuBamust MOBEPXHOCTH BHYTPDL . Ec-
gu height pasen mymio mwau B NormalBump orcyTcTByeT KapTa BBICOT, MCTOIb3YeTCST
obbikHOBeHHBIHT bump mapping. KEcau height ne pasen mysto u 8 NormalBump npucyt-
CTBYET KapTa BBICOT, JJis UMHUTAIMU MUKpopeabeda ucromab3yerca agropurM Parallax
Occlusion Mapping’ u cosjaercss uao3usd HaIudus peajbHoil reomerpuun. [lapamerp
Invert muBepTUpyerT KapTy BBICOT. [l/is MHBEpTUPOBAHUS KAHAIOB B HOpMaJj-Malle WC-

nojk3yiiTe crranmapThble (haaxkkn BEyTpu NormalBump.
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Puc. 3.3: Hemoncrpamus Fog color u Fog multiplyer. Yem 6osibie napamtp Fog
multiplyer Tem ObicTpee 3aTyxaeT CBeT BHYTpPH Ipo3paunoro obbexra. Fog multiplyer
yBEJIUYIHUBAETCS ciaeBa Ha npaso. Caemyer yuecTs 4To mpu 3ToM Transparency Ha JaH-
HOM CKpHHITIOTE ObLT mocTasieH pasubiM (0.95, 0.95, 0.95) aist Bcex 3 Kopobok (To ecThb

UX [BeT 0OYCIOBJICH TOIBKO 3aTyXAHHEM).

Puc. 3.4: Bauaaue nmapamerpa Cos power (1000000, 4000, 500). M3-3a Toro ¥ro mpu
OPEJIOMJICHUN JIYYT TPOXOJUT HYepe3 TMOBEPXHOCTH ABAXKbI, TPU TEX-2KE 3HAYCHUAX COS

pOWer mpeoMJIeHUsT OyIyT PA3MBIBATHCS HAMHOTO CUTHEE OTPAKEHUIA.

Puc. 3.5: cepsr ¢ pasabivm nokazarersivu npeaomierns (ciaesa Hanpaso - 0.8, 1.2, 1.6).
Ha camoit yieBoit cdepe xoporno BujieH 3hheKT MOTHOT0 BHYTPEHHETO OTPAasKeHUsT [TPH

orcyTcTBUM (DPEHEIECKOT MOJIEIN OTPAYKEHMUIT TIOSIBJISIETCsT Pe3Kas TPAHNULY) ).
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Bxuagka Control
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Tracing)
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Kaxk npasunsHo nenarb Final Gathering

Hacrpoiikn kaycr. dorormbrx kapt (SPPM

4.1 IHmmopT cieHbl

CytrecTByeT 2 OCHOBHBIX CIIEHAPUS UMIIOPTA.

1. Ecnu BeI He ucnosbzyere 3ds max. 3anyckaere hydra gui.exe. File->Open Scene.
Haiitu nanky co cuenoit. Tanee soibpars tun daitna (’Collada(.dae)’ nau Internal
(.vsgf)), mocie gero BeiOparh HyKHBIH daiin. Haxars 'Restart’ wim Bpyunyio
zanycTuTh hydra.exe.

2. Ecan ucniopzyere 3ds max. 3amyckaere hydra gui.exe. B makce oTKphiBaeTe Ba-
Iy CIIeHY W B HACTPOiiKax pergepa ormedaere rajouky Use External Hydra Gui’
n naxxkumaere 'Render’. Ilocsie 3Toro penzgep 3amycrurcs ¢ COOCTBEHHBIM OKHOM, B
koTopoM Bl cmoxkere niosieraTs 10 crieHe. BaskHbI MOMEHT: ecjid XOTUTE [epeMe-
IATHLCS TI0 CIIeHe, B Pasjesie KaMepsl 3ajgatiTe i kamepwl Fuler’. Ecam xorure
SKCIIOPTUPOBATHL KaMepy u3 Makca, 3azaitre tun kamepnbl kak "UVN’. C UVN ka-
MepOoit JeTaTh He OYeHb YA00HO HO 3aTO OHA BCErJa KOPPEKTHO IKCIOPTUPYETCH.
Ecsn BB ucnosib3yere MexanusMm mnpoduseit, To nepes Haxkatuem 'Render’ B Mak-
ce, B TIATIKe CO CIEHOH (T/e JIeXKUT MaKCOBCKUit (haifr) co3maere myCToit TEKCTOBBI

daiin ¢ mmenem 'dummy.dae’. Janee File->Open Scene, ykazsiBaere 'dummy.dae’.

4.2 YmupaBieHue KaMepoit

YupasJenne Kamepoii ocytectsisgercs mpu moMorm kiaasum (W,S,AD); (Q,E); (R,F);
Barkarag kaasuia Shift ypesmausaer ckopocts nepemMertenns. Bul TakKe MOXKeTe yIIpas-
JIATH CKOPOCTBIO ITEpEMEITeHus IpH rmomortu ciaiifepa "FlySpeed’ Bo Bkajikke 'Camera’.
B roit ke sknagke FOV samaer texymmii yron o63opa). [Tapamerp 'Focal Plane Dist’

3aJIaeT paccTosinue 0 (hokamabHO mIockocTu a mapaMerp 'Lens Radius’ paauyc simH3bI



4.3

4.4

4.3 Tone Mapping 15

U BJUSIET HA CUJTy pasMbIThs npu BKaovennn 3¢ dexta raybuns peskocru (DOF).

r) WUsmenenns FOV ne pmusior na UVN kamepy mockonbky s meé FOV Gepercs
U3 MAaKCA.

Tone Mapping

Cuna oreparopa TOHUPOBAaHUS M300PAXKEHUsT PETYJIUPYETCS IPU TIOMOIIH JIBYX CJaiijie-
pos (White Point u Strenght). White Point 3agaeT mopor spkocTu, moc/ie Koroporo Hadm-
HaeTcd paboTa omeparopa TOHUpPOBaHWSA, a Strength 3amaer cuay BHIpABHUBAHUS OCBe-
MICHUA. ()6I~)ILIHO7 YTOBI H306pa)KeHI/Ie BBITJIAE/IO BU3YaJIbHO dPYE€ HY?KHO YMEHLITTATH
White Point u yseamuuBars Strength. Eciin uzobparkenue uepecayp 3aCBE4€HO, YBEJIU-
gupaitre White Point. Eciiu ocserrienne ciuikomMm paBHOMEPHOe, yMeHbIaiTe Strength.
Yro6b1 3amycTuTh tone mapping HyKHO HaxkaTh KHOMKy 'Tone Map Again’. Kwomka
nHOT/Ia paboraeT He ¢ nepBOTo paza. HykHO HaaBuTh, MO/IEP)KATEL U OTHYCTHTL. He 3a-
OyapTe BEU3Y BMecTO 'Show simple image’ Beibpars ‘Show tone mapped image’. [asouka
'Bloom’ noka He paboTtaer. Bbl Takke MOKETe MOUTPATHCS ¢ TAMMO. Y MEHbIIEHIE TaM-
MBI 00BIYHO JeiaeT n3obpaskenne 6ojee HACHIIIEHHBIM, HO CHUYKAST BUAWMBIN BKJIA OT

BTOPUYHOI'O OCBEIEHUS .

Bxiragka Control

OcHOBHOE HAa3HAYEHME ITOH BKJIAJIKKU - BEIOOD pa3pelieHns u 3aIlyCK PeHjiepunra, (KHOI-
ka 'Path Tracing’). Ilpn nazkarun kronku 'Irradiance Cache’ 3amyckaercsa paccder Kama
ocsereHHocTr. UT00bI Ho/IyunTh (huHATBHOE N300paKEeHUe MOC/e OKOHYAHUS PACUETa

Hy»KHO HaxKaTb 'Path Tracing’.

R (DOTOHHbIe KapThl HE YOPABJIAKTCA U3 3TON TIaHEJIH. OHI/I ABTOMATUYECKHU BKJIIO-
JaTCs €CJIM YCTAHOBJIEHBI COOTBETCTBYOMMEe dekOokcehl 'Enable’ u 'Progressive’.

r) Pexum Multi-layered noka mejnocrynen npu ucnosnbszosanuu saenisero ryu. B
TeKylneil Bepcuu ero paboTy MOXKHO OLIEHUTDH TOJILKO LIPH MCIIOJIb30BAHUY DEH/IEPa

B MaKce.

R) Bwecro xnonok Path Tracing u "Trradiance Cache’ moxuo ucnonb3osars Kiasu-
mwm P u I B ocHoBHOM OKHe penjepa (korza oHo 3axBaruso dokyc). Ho Gyunpre
ocropoxubt! Ecnu Ber 3anycruin Path Tracing knasuineit a moToM 9T0-TO TTOMe-
HsieTe B OCHOBHOM gui, peHzep copocutcs. UToObl 3TOrO He NMPOM3OIILIO TTEPBBIM

n3MeHeHneM JI0JIKHO ObITh Haykarne KHonku "Path Tracing’.
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Hacrpoiiku Tpaccuposku syueii (Ray Tracing)

Tny6una TpaccupoBku (BepHEE KOJMIECTBO PACCIUTHIBAEMbBIX TIEPEOTPAYKEHWI ) 33148TCS
B 'Ray Tracing’ -> 'Ray Bounce Num’. [Ipu atom nosie "Diff bounce Num’ orpanuuunsaer
KOJITIeCTBO A DY3HBIX MEPEOTPAKEHUI. DTO UMEET CMBICH JeJaTh TIOUTH BCEr/a, Mo-
CKOJIBKY Tocsie 2-3 mudDy3HBIX TepeoTparKeHnii MyTh BHOCUT OUYeHb MAJEHBKWH BKJIAT
B m3obpaxkenne. Yexkbokc 'Show Statistics’ BritouaeT orobpaskenne CTATUCTUKU B OKHE
pengepa. Jlucrboke Measure orobparkaer, /iy KaKUX TUIOB JIy4deil ITPOU3BOISATCH W3-
Mepenusi. Hactpoiika Ray reorder m pattern Bk/OYaroT COPTHPOBKY WU YILJIOTHEHUE
gyueit Ha GPU ¢ 1esibio0 TOBBIIIEHNsT TPOU3BOAUTEIBHOCTH TpaccupoBku. Ha HacTos-
MU MOMEHT SKCIEPUMEHTHI TTIOKA3BIBAIOT GECIIONE3HOCTE 9TOrO PelleHusi (COPTUPOBKA

JIA€T TPUPOCT B CKOPOCTHU, HO CJMIITKOM JIOPOTasi cama, mo cebe).

) Ilpu BKMIOYEHHOH COPTHPOBKE HEKOPPETHO CYMTAETCs OCBEIIEHHe OT KapT OKpY-

xernd. He BrrowaiiTe COPTHPOBKY JIydeil, OHa BCe-pABHO HUYETO HE JaeT.

Hacrpoiiku Tpaccuposku myteit (Path Tracing)

Chaiiep 'Min Rays Per Pixel’ orBedaer 3a MUHHUMAJIBHOE YHCJIO COIMILIOB HA TTHKCEJ.
CootsercrBentno 'Max Rays Per Pixel’ - 3a makcumasnsuoe. Relative Error 3amaer xe-
JIAEMBIH YPOBEHb OTHOCUTETHHOU OMMUOKU B MPOIEHTAX [JIsT 3HAUEHUS OCBEIEHHOCTH.
PekoMertyercs BICTaBIATH 9TO 3HaYeHUE B mHTepBaJse oT 2 10 5%.

Jamee 110 4eKOOKCaM:

e Draw Blocks orobpakaer akTuBHbIe 6JI0KH (OJIOKH HAJ/l KOTOPBIMHU €III€ UIET Pac-
ger) ma skpane. Hexkbokc 'Stupid Mode’ 3amyckaer Tpaccuposky 1myTeii 6e3 Teme-
BBIX JIyYeil.

e Stupid Mode BbikJIOUaeT TEHEBBIE JIYUU U UCIIOJIb3YeT TOJbKO HEABHYIO CTPATErUI0
COMIIJINPDOBAHMW A. B OCHOBHOM 3TOT DEXKUM HCIIOJIbB3YECTCA Jjid BepI/I(i)I/IKa]_[I/II/I.

e 'Causrtics(PT)’ Brirogaer paccyer KayCTHKOB [IPH TIOMOIIH TPACCHPOBKHU Ty TEi.

e RR - BrO9aeT pycckyio pyiaerky Ha warp. OTKIIOUNTE ITOT 9eKOOKC, €CTM Ha
n300paAKEHUH OSBJISIOTCS OCTAAETCH 3AMETHBINH TMPAMOYTOJBHBIA Ty M.

e QMC - ucmosib3yeT KOTepEeHTHBIN KBa3 MOHTE-KAPJI0. YCKOPIET TPACCUPOBKY JIy-
geil 10 3 pa3. Bee Jiyun mCHOB3YIOT OJHO COCTOSIHUE CJYJIARHOTO TeHepaTopa, B
pe3y/bTaTe Yero BMEeCTa IIyMa MOABJsgeTcd baHuHr .

e Coherent - mCoONB30BAHWE OJHOTO COCTOSHWS TEHEPATOPA CAYIAWHBIX THUCEST HA

warp. IlepemernuBaer mukcebl uTobbl yopars banding. Ho sTo cirabo momoraer.

) Ucnonssyiire QMC uiu Coherent Tosbko eciu Bbl 3apanee 3nauere, 4to Oymnere
cuuTaTh JI0 NPeIeJbHOro Kadecrsa (ckaxkem 1-2% ornocuresbhas ommnbka u 8-16
roicad "Max Rays Per Pixel). B srom ciyuyae 9Tu pexkumbl JajyT 3HAYUTEIBHOE

YCKODeHHe.



4.7

4.8

4.7 Hacrpoiiku ksuia ocgerennoctu (Irradiance Cache) 17

R) Tem me memee QMC xopomo paboraer wa outdoor crenax gaxe NMpH OOBIYHBIX

HaCTpOMKax.

Hacrpoiiku karma ocsemennoctu (Irradiance Cache)

B neitcrBuTesbHOCTH, HECMOTPST HA OOWIME TApaMeTpPOB B JAaHHON BKJaJ Ke, Bam Mo-
JKET MOHAHOOUTCS HACTPAMBATD JIMIIThL HEKOTOPBIEe 3 HuX. Jlasee stu mapamerpsl OyayT
BBLJEJIEHE] TTOTIepKIBAHNEM.

Hamnbosee paxknuprit mapamerp Max Passes Num - MakCHMaIbHOE YHCIO TMPOXOIOB.

Ero myx)HO yBeIuuuBaTh B CAydae ey Ha M300parKeHUN 0CTaIUCh HeDOJIbINe YepHbIe
0b1acTh, He TIOKPBITHIE KITEM OCBEIEHHOCTH.

Hamee WS Error (World Space Error) Hy:KHO yBem9IuBaTh €CJIH HA TIAIKAX TIOBEPX-
HOCTSIX BBI BUJIUTE UPE3MEPHO HOJIBIN0E TUCTO TOUEK.

ITpu srom SS Error (Screen Space Error) na camom gene 3ajgaer He ommbKy a MHO-
JKUTEJIb U €ro MpHU HEJIOCTATOYHOM KadeCTBE MOXKHO IONPOO0OBATH YBEJIUYUTH, B DU
IPE3MEPHO BOBITIOM YUCIe TOUEK HA0H0POT MOKHO YMEHBITATh. CHHXPOHHO BCe 3 TITY-
ku. Hudpor 1, 2 u 4 0603HA9aI0T MHOXKHUTE/Ib IPH OIEHKE PASHUILI B OCBEIICHHOCTH
Mex iy coceanmm (1), KaxK M BTopbiM (2) n KaxapiM 4-biv (4) nukceasmu.

Draw Records mo3BoJisier BaM yBUIUTE MOJOXKEHUST TOUEK (3aIruceii) KIIa OCBeIeH-
HocTH. Jisi 9TO# 1esin Takyke MOXKHO MCIOJIB30BaTh KHOMKY "B’ B OCHOBHOM OKHE DeH-
Jlepa.

IC Evaluation 3ajaer crnocob KOHTpOJsS OMUOKKA IIPU BBIYUCIEHUU OCBEIEHHOCTH
B Toukax k3ma. Fixed - dukcuposanHoe umcio Jydeir (camMo 9mMCIO 3a/a€TCs HUKE).

Progressive - BBIYHUCJICHUE Ha OCHOBaHHNH KOHTPOJIA OIHOKH.

Hacrpoiiku rio6. doronubix kapr (SPPM Diffuse)

e Yekboke Enable Brirouaer ucmosnb3oBanne hpOTOHHBIX KapT (BepHee ryiobasbHOM
dboronHOIT KapTHI).

e Yekbokc Progressive - nenaer doronnbie KapThl TporpeccuBubiMu. [Ipu aTom eciu
BbI XOTUTE HCIIOJIB30BATH HEIIPOT'PECCHUBHBIC dDOTOHHbIe KapThbl, BaM HeO6XO,ZLI/IMO
BPYUYHYIO 3aIlyCKaTh TPACCUPOBKY (DOTOHOB Tipu momornu KHOmKH 'Single Pass’.
Bwmecro aToit kHomKu MOxKHO HaxKarh 'Shift+P’ B okHe ocHOBHOIO pengepa.

e Yekbokce Visibility Tracing gobasniser mpeaBapuTe/bHBIN STAM ONPEIETEHUS BH-
JIUMOCTHU. DTOT STAI HYXKEH, €CJIU 3HAYUTETbHOE YUCIO (DOTOHOB MOI'YT 110 KaKOi-
b0 IpUYMHE U3 MCTOYHUKA CBETA MONAJATh B HEBUAMMBIE 001acTH (HAIPUMED,
CBET NPOHUKAWOIINY Yepe3 OKHO B KOMHATY; B 9TOM CJAy4ae 3HAUYUTEJLHOE YHUCJIO
doronos GyayT ocraBarhca Ha 06PATHON CTOPOHE CTeHbI). JIAHHBINA PEXKUM TTO3BO-
JIFeT He COXPaHITh (POTOHBI HA, TAKUX 'HE3HAYAINX TOBEPXHOCTIX W, TAKUM 00pa-
30M, yBesmauBaeT >PdEeKTUBHOCTD peHaepunra. Jlanubiii 9eKO0KC BINSIET TAKIKe

U Ha KaycTudecKne (DOTOHHBIE KAPTHI.
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e Max Photons(K) sagaer pasmep Gydepa B Thicaaax hOTOHOB (HATPUMED 3HATECHTE
1000 ozrauaer 1 Munon GOTOHOB), B KOTOPOM aKyMyJupyOTCcs GoToHBI (st 1
uTepaiyn, eciu GOTOHHBIE KAPTHI MIPOTPECCUBHBIE).

e Initial Radius - Paguyc cbopa gjsa riobaibaoil (hOTOHHON KapThl. 3aaeTCs B J10-
Jsix o7 pa3mepa cienbl. Hanpumep 3navenume 0.01 o3nadgaer, uro pajaumyc cbopa
Oyzer paBen 1 cOTOM MaKCMMATLHOTO Pa3Mepa CHEHbI (10 OCAM X,y WJIH Z).

e Store Bounce - Bayhc, HaunHasi ¢ KOTOPOTO Pa3peIIeHo COXPAHATD (POTOHBI. 3HAUE-
are 1 uCIoIB3yeTCd M0 - YMOTIAHWIO U 03HAYAET 9TO (POTOHBI OYIYT COXPAHATHCH
TOJILKO TIOCJIe TIEPBOTO TIepeoTpaykeHnud. B aTom ciyuae Bo BpeMsi cbopa, TepBUd-
Hasd OCBEIIEHHOCT WBBIYNACIIACTCA KaK PaHbIIE MTPA NOMOIIA TPACCUPOBKM JIyUeil,
a POTOHHAS KAPTa MCIIOIB3YETCS I AIPOKCUMAIIUA BTOPUIHON OCBEIEHHOCTH.
Takoe periierne M0O3BOJISET 3HAUYUTENBHO CHU3UTH YHUCJIO HEOOXOIMMBIX (DOTOHOB
JIIS JIOCTHUYKEHUS TOM »Ke TOUHOCTH.

e Gather Bounce - nucddysubiii HayHc, HaunHas ¢ KOTOPOro 3ajeiicTByerca cHop
oceerienHOCTU. e pasen 0, UCMOIB3yeTCsT TaK HA3BIBAEMAS PSMast BU3YaTH3a-
st poronuoit kKapTel. Eciu 1 - Final Gathering.

e Re-Trace Each Pass Of - wacrora neperpaccuposku ¢porornor. Hampumep 3nadenne
4 ozunagaer 4TO peHgep Oy/eT BHIMOJHATHL TPACCUPOBKY IIyTel W3 BUPTYAJIbHOM
KaMepbl 4 paza, 1Mocje 4ero BHIOJHUAT MEPETPAacCupoBKy ¢oronoB. IloToM cHoBa

4 paza Oyzmer TpacCHpoOBaAThH IMyTH W3 KAMEPHI.

4.8.1 Kak npasuasto genats Final Gathering

4.9

Nnere Bo Brmaaky SPPM (diffuse), ormewaere ranky 'Enable’; crasure gather bounce
B 0. Haxxumaere ’Single Pass’ u npubin3uTesbHO OMEHUBAETE IJIOTHOCTE MOy YUBIIIEH-
csa dorornoit kKaproel. [lockoneky FG mcmosb3yer (boToOHHYIO KapTy JHIb Kak Tpyboe
npubIMKEeHNe CBETUMOCTH, BAM He HYKHA BBICOKAS [JIOTHOCTh. JTO TOJIBKO CHUBUT CKO-
poctb. llogbupaere nmapamerpowm Initial Radius u guciom HoToHOB TO 94TO XOTHTE HOJTY-
9UTh B KA4ECTBE 3TOr0 rpy0doro npubmzkeHus CBeTUMOCTH Ha 171a3. 1locse sToro crapure
gather bounce B 1, mapamerp 'Re-Trace Each Pass Of’ crasure rie-uuby/s B paiione 20,

omeyaere rajouky 'Progressive’ u naxkumaere kunonky 'Path Tracing’.

Hacrpoiiku kayct. doronnbix kapr (SPPM Caustic)

e Yekbokc Enable Bkiiouaer paccuer KayCTUKOB IIPU HOMOIIHM (DOTOHHBIX KapT.

e UYexbokc Progressive - nemaer ¢poTonHbIE KAPTHI TPOrPECCUBHBIMU. UTOOBI MCITO/IB-
30BaTh HEIPOTPECCUBHBIE (POTOHHBIE KAPTHI J/Id KAyCTUKOB, HEOOXOUMO BPYUYHYTO
3aMTyCKATh TPACCUPOBKY (POTOHOB TIPH TTOMOIIH KoMOuHaImy Kaasuiib 'Shift+0’ B
OKHe OCHOBHOTO DeHJiepa.

e Uexboxkc Visibility Tracing B 9T0# BKJIaKe OTCYTCTBYET, HO OMPEIEIEHIE BUTIMO-

CTY UCTIOJB3YETCS U KOHTPOJUpyeTcs: dek-6okcoM Bo BKaIanke SPPM Diffuse.
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e Max Photons(K) sagaer pasmep Gydepa B Thicaaax hOTOHOB (HATPUMED 3HATECHTE
1000 ozrauaer 1 Munon GOTOHOB), B KOTOPOM aKyMyJupyOTCcs GoToHBI (st 1
uTepaiyn, eciu GOTOHHBIE KAPTHI MIPOTPECCUBHBIE).

e Initial Radius - Pagnyc cbopa ajs kayctuaeckoit (pOTOHHON KapThl. 3a/1aeTCsT TaK-
K€ B JIOJIIX OT pa3Mmepa crenbl. Kak npasuiio, paguyc cbopa Jiuisd KayCTUKOB JI0JI-
JKeH OBITh CHJIBHO MEHBITe PAaamyca cOopa s 1100anbHoi (DOTOHHOM KAPTHI.

e Caustic Power - MHOXKUTe/Ib, OTBEYAIONTHI 32 IPKOCTH KayCTUKOB.

e Re-Trace Each Pass Of - wacrora neperpaccuposu GOTOHOB. AHAJOTHTIHO TAKOMY

ke mapaMerpy B Bo Bkiaake SPPM Diffuse.
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