Buaoeocucrema

TeopeTnyecKkmne oCHoOBbI




Buaeocncrema coBpeMEHHOIo KOMNbLIOTEPA BKITOYAET cpeacTBa paboThl C
BuaeomnsobpaxeHnamu. ObasaTenbHbIMU KOMMNOHEHTAMW CUCTEMBI CIyXKaT
gudeoKkapma (rpadpuyeckmin agantep, BugeoakcenepaTop) u MOHUMOP, a Takxe
obcnyxumnarwLume nx nHtepdencol. [JononHUTENbHbIMM KOMMNOHEHTAMW YaCTo
BbicTynatT TV-TIOHEP, KapTa BugeosaxsarTa, NPOeKTop U T.4.

B koHue 70-x rogos
NOSIBUINCb MepBbIe
pacTpoBbIE AUCTINEN,
No3BOMsBLUNE
oTobpaxaTb LBETHOE
n3obpaxeHue.
dopmmpoBaHmneMm
KapTUHKN 3aHMManucb
cneuunarbHble
yCTpomncTBa —
BuaeoaganTtepobl.

OcHoegHasi ¢byHKUUS
gudeoadarimepa —
npeobpasoBaHne
KOMMbIOTEPHOrO CUrHana
B CMrHarnbl nogaBaeMble
Ha MOHUTOP




MpuHUMNbI BbiIBOA4A U300paXeHUn

‘pacdhnyecknn pexmnm

B rpadpnyeckom pexumme nMeeTcs BO3MOXHOCTb MHOMBUAYANBbHOMO ynpasnieHus
CBEYEHNEM KaXXOOW TOYKM 3KpaHa MOHMUTOPA HE3ABUCUMO OT COCTOSAHUS
OCTarsibHbIX. ATOT pexum obosHavatoT kKak Gr (Graphics) nunu APA (All Points
Addressable).

B rpadonyeckom pexmme Kaxkaon Touke akpaHa (MUKCENt) COOTBETCTBYET A4venKa
cneunanbHOM NaMsTh, KOTOpasa CKaHUPYETCHA cxemMamMu agantepa CUHXPOHHO C
OBWXEHNEM fnyvya MoHUTOpa. Takasa namsTb HasbiBaeTca gudeoriamsime (Video
Memory, VRAM).

MpoLecc ckaHMpoBaHUS BUAEONaMATH
Ha3blBaeTCH pereHepaLmnen n3odpaxeHus.

KonunyecTtso 6UT BugeonamaTu, A o -
OTBOAMMOW Ha KaXkabIW NUKCEnNb, AL . N . . “
onpegenaeTr BO3MOXHOE YMNCIIO COCTOAHMN
NuKcens — UBETOoB, rpagaunm ApKocTu U T.
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Tak, npu ogHOM BUTe Ha NUKCcenb
BO3MO>Hbl TOITbKO /1B COCTOSAHUS —
CBETUTbLCS U HE CBETUTLCH




[1Ba 6uTa Ha nNUKcerb No3BONANU
BbIBOAUTb Ha 9KpaH 4 LBeTa

ogHoBpemeHHo (apgantepbl CGA). = m 2 ..

UeTbipe OuTa Ha nukcenb obecnevnBatoT
nogaepxky 16 usetos (agantepol EGA),
YTO JOCTATOMHO ANA MHOMUX MPUNOXKEHUN,
Hanpumep TekcTtoBbIX pegaktopos, CYB[,
CATIP.

8 OUT Ha nuKcenb AatoT BO3MOXHOCTb
paboTtaTtb ¢ 256-10 uBeTamu (agantep
VGA)

Cenvac ncnonb3yoT peXxmnmbl (agantepsl
SVGA):

High Color — 16 6ut 65536 uBeTOB

True Color — 24 vnun 32 6ut >16,7 MnH.
LBETOB

11 0101 1001 11

Jlornyeckn BngeonamaTb MOXET ObIThb OpraHn3oBaHa rno-pa3Homy, B 3aBMCMMOCTUN OT
Konun4yecTBa OUT Ha NUKCcensb.

B cnyyae ogHoro unun ayx omut kaxabin 6anTt (8 6uTt) cooTBeTcTBYET 8 UNK 4
COCeAHMM NUKCENsIM CTPOKN. Takon cnocod HasbIBaAETCA JIUHEUHbIM.



B apnantepe EGA BugeonamsTtb
pas3buBanu Ha 4 crnosi — LIBETOBbIE
NIocKoCcTU. B kKaxxaom nnockocTu
NCNonb3yeTcsa NMMHENHas opraHM3aumus, rae
KaXkabl 6anT cogepXXuTt no ogHomy outy
BOCbMW COCEeHUX NUKCENEN.

B pexxumax 8, 16 1 24 GUT Ha nukcerb 4 01 0101 10 01 11
TOXE MCMOIb3yeTcs NnHenHas | T 07 0T 00T A3
opraHmsaums, Ho Kaxabln 6anT oTBevaeT
3a LUBET OHOro NMUKCens. 01 0101 10 01 11
OnuncaHHble BapnaHTbl opraHu3auunm 11 0101 10 01 11
BuaeonamMmaTy NpeacTasnsoT cobom
oToDpakeHne MmaTpuLbl NMUKCENen Ha DUTLI
BuaeonamaTn — Bit Mapping. PacTpoBbiv
dopmaT XxpaHeHnst N300pakeHnn, Npu
KOTOPOM OUTbI OTODpaXKatoT NUKCEnu,
Ha3bIBalOT buToBOM KapTton - Bit Map.

01 010110 TYTET &



dopmupoBaHne 6UTOBON KapTbl N306pakeHns1 B BuAeonaMmaTu rpapuyeckoro
aganTtepa MOXET NPOM3BOANTLCA NMo4 ynpaBneHNneM nporpaMmmbl BbiMOSTHAEMOM
LeHTpanbHbIM NpoueccopoM. OgHako 3To TpebyeT nepegadn 6onbLIoro obLema
aaHHbIX oT CPU k Bugeokapte n obpartHo. [Ons pewweHust aton npobrnemsl
NCNOSb3YOT HECKONBLKO NYyTEN:

*MNOBbILLEHME ObICTPOAEUCTBUA BUOEONAMSATH;
*yCKOPEHME LLUMHbI aganTepa;
‘nepegaya pyHKUMn popmmpoBaHus BUTOBOU KapTbl BUAeoadanTepy.

[na nocnegHero BaprvaHTa Ha BuaeokapTe pa3MeLlaeTcsa cneunanm3npoBaHHbIn
rpadpuyeckumn npoueccop GPU.



TeKCTOBbIU PEXUM

B cMMBOSIbHOM, 1IN TEKCTOBOM, PEXNME A4YErKa BUOEONaMATN XPaHUT
NHopmMauno 0 CMMBOSIE, 3aHUMAIOLLEM Ha 9KpaHe 3HAKOMECTO onpeaeneHHoro
dopmaTa. 3HaKOMeCTO npeacTaBnseT cobomn maTpmuy TOYEK, B KOTOPOM MOXET
ObITb OTOOpPaXXeH OAnH U3 CUMBOJIOB ornpeaenieHHoro Habopa.

B auenke BuageonamMmaTn XpaHUTbLCS KO,
cuMBOna, onpenensoLwmn ero MHAEKC B
Tabnuue cMMBOMNOB, N aTpudyTbl CMMBONA,
onpeaensaLne B ero otTobpakeHums
(uBeT poHa, LUBET cMMBOIa, UHBEPCUA,
MUraHue, nogyepkmsaHme). Takon pexum
Ha3biBatoT AN nnn TXT.

B TEKCTOBOM peXxume 3KpaH opraHn3yeTcs
B BUAE MaTPULibl 3HAKOMECT. AHaNoOrMyHo
opraHu3yeTcs BuaeonamsaTb. Agantep,
paboTaloLnii B TEKCTOBOM PEXNME UMEET
crneumanbHbIA OroK — 3HakoreHepaTop.

Bo Bpemsi ckaHMpoBaHMA 3KpaHa BblbOpKa AaHHLIX U3 04epegHON SYENKU
NpPOn3BOANTCA NMPU Noaxone K odepegHoMy 3HakoMecTy. CyMTaHHble gaHHble
nonagarT B 3HAaKOreHepaTop, KOTOPbIN BblpabaTbiBaeT MOCTOPOYHYHO pa3BePTKY
COOTBETCTBYHOLLIErO CUMBOSIa — ero n3obpakeHne Ha SKpaHe.




Heobxognmbih 06 beM namaTh 3HaKoreHepartopa
onpegensieTcss 06beMOM 3HaKOMeCTa U
KONMM4YeCTBOM OTODOpakaemMbiX CUMBOJIOB.

MuHUMarnbHbIM pasmMep 3HakomecTa 8x8 ToYek.
Haunydlee kadecTBo obecrneymBaeTca npu
pa3mepe 9x16 To4ex.

TeKkCTOBbIN aganTep UMEET annapaTHble
cpeacTtBa ynpaBneHnst KypcopomM. 3HaKOMEeCTO
Ha KOTOPOE YKa3blBalOT PErncTpbl Kypcopa
odopmnaeTca ocobbim obpasom. (Muratoiad
nosiocka)

HecmoTps Ha Bosbluee KONMYeCcTBO Y3I10B,
TEKCTOBbLIN aganTtep geluesne. A nporpamMmmHbIN
KO 4S9 Hero npoLle U KoMnakTHee.

Ab BI'

100000000

00011000
00100100
01000010
0111111 0
01000010
01000010
00000000

3HakoreHe
patop




TpexmepHas (3D) rpachumka

[ToTpebHOCTb B paboTe ¢ TpeEXMEPHbIMU
N300paxxeHUsIMM NMEETCS B LLUIMPOKOM
crnekTpe npunoxenun — ot urp go CAlP

NCMNOJIb3YEMbIX B apPXUTEKTYpPE,
MaLLUMHOCTPOEHUMN.
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3D - kKoHBeuep

CoBpeMeHHble rpadunyeckne npoueccopbl paboTatoT ¢ NONUroHanbHOM rpaduKon.
To ecTb nNto6on 0OBLEKT NpeaCcTaBnAeTCs Kak Habop NNOCKUX MHOIOYroSfibHUKOB,
KOTOpbl€ paHO UM NO34HO pas3buBaloTCA Ha MPOCTENLLME TPEYIONbHUKN.
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O6beKT 3agaeTcs BepLUMHAMU, ONPeaensoWnUMKN KNoYeBble TOYKN, U NMONUroHamMmu,
KOTopble 06pasyoTcs NUHUAMN, COEANHSAOLWMMUM BEPLUNHBI. LIBET HA NONUIOHbI
HaknagblBaeTcs rno crneymarnbHbiM anroputMam 3akpacku, Kak npaBusio ¢
Mcnosib30BaHMEM 3apaHee HapMCOBaHHbIX MITOCKNX N306paXKeHun (TEKCTYP).
3agada GPU cBoantbCcA K TOMY, YTOObI HApMCOBaTb M 3aKpacuTb Kak MOXHO
Bonblle NOMIoHOB B €4MHULY BPEMEHW.

B npodeccuoHanebHbix 3D yckopuTensix Horga ucnonb3yeTcss Metoq obpaTtHom
TpaccupoBku nyyen (Ray Tracing), KoTopbin TpebyeT 60MbLUNX BbIYUCIINTENBHbIX
pecypcoB



CoBpeMeHHbIN NpoLeccop 3aTpaymBaeT Ha 06paboTky ogHoW To4vkm okono 10
TaKTOB M 3a CEKYHAOY NPOCYMUTLIBAET KOOpAMHATbLI AeCATKa MUNITMOHOB BEPLLNH.
Takum obpasom pacyeT reoMeTpun CLueHbl He NpeacTaBnsaeT Ansg COBPEMEHHOIO
npoueccopa ocoboro Tpyaa. lopasno bonee pecypcoeMKknm ABMSETCS NpoLEece
3aKpacku rnormmroHoOB 1 onpeaeneHns BUOANMbIX MOBEPXHOCTEN.

[porpamMmHoO - annapaTHoOe CpeACcTBO Npeobpasyiolliee onnucaHne oObEKTOB B
MaTpuLy SYeeK BUOEeonaMaTh HasbiBalOT 2paghuyecKuM KOHBEEepPOM.

Vosa— TpeyronbHuKn [Mpeobpa3oBaHune TpeyronbHUKu
B TPEXMEPHOU 3D koopauHart B Y,
GLIS e B> B
NpUIoXeHun OODAUHET '
PA BbluncneHve e

/i aTpnbyToB LBeTa

NHTepnonauus atpubyToB
BEPLUMH Ha MNNOCKOCTb
TpeyronbHuKa

2 ObpaboTka 3aTeHeHund "Jl> [Mukcenun
BblumncneHne BngnmMmocTu

PacTtepusauyms



HanoxeHue TeKkcTyp

bBbicTpoaencTBune rpadpmyeckoro KoOHBenepa n Konm4yecTso KOHBENEPOB
OLHOBPEMEHHY0 paboTy KOTOPbIX MOXET NoAAepKMBaTb BUAeOKapTa CUITbHO
BNUAIOT Ha ee NPOon3BOANTENBHOCTD.

PeanuctrnyHoCTb N300paXkeHns B TPEXMEPHOW CLieHe BO MHOIOM 3aBUCUT OT
Ka4yecTBa TEKCTYP — 3apaHee HapMCOBaHHbIX KAPTUHOK HANOXXEHHbIX Ha MOMUIOHBbI.

[nsa Kakgon BePLUMHBI YKa3bIBAOTCHA €€ KOOPAMHATLI B NITOCKOCTU M300paXKeHus
TeKkcTypbl. [1py pacyeTe LUBETA TOYKM MOSIUIOHA YYUTHIBAETCS €€ PacronoXeHne
OTHOCUTENbHO BEPLUNH MOSIMIOHA U TOYKE NPUCBANBAETCH LBET aHANOMMYHbIN
LIBETY COOTBETCTBYHOLLEN TOYKM TEKCTYPHI.




Ob6bekThl B cueHe, aaxxe C HaJ10OKEHHbIMW TEKCTYPaMW BbIMMAOAT HEPEaJIMCTUYHO
€CJIN HE Y4UTbIBAE€TCA UX OCBELLEHHOCTb.

[lepBble GPU paboTtaTtb ¢ MICTOYHUKaMN OCBeLLEHUA He ymenn. OCBeLLEHHOCTb
paccunTbiBanack 3abraroBpeMeHHO U co3aBarniucb COOTBETCTBYHOLIME TEKCTYPbI
ocBelleHus (Light maps). brivku ceeTa pucoBanucb Kak TEKCTYpbl. B AnHammnyecknx
cueHax, Npu ABMKXEHUN 0O0beKTa, OH CMOTpPESICS OAMHAKOBO Ha CBETY U B TEHW.

[Ona ynyyweHna peanucTMYHOCTU cTann ncnonb3oBatb metoa ['ypo. Onpenenus
OCBELLEHHOCTb BEPLLUUH NOSIMFOHOB, €€ MHTEPNONMPOBAN Ha BHYTPEHHMNE TOYKK
rpaHen.

Takon nogxon ner B OCHOBY
rpadonyeckmnx rnpoLeccopoBs C
donKCMpOBaHHbLIM KOHBENEPOM
(nokoneHnune DirectX 7 n OpenGL),
nosyumBLUMX OrnokK
reOMETPUYECKUX BbIYNCITIEHNN.

OpHako meTop ypo He mor =
npaegonogobHoO nepenaTb
JoakTypy NOBEPXHOCTU, TaK KaK He
yuYuUTbIBan pasnunyme B OTpaKeHUu
cBeTa OT HEPOBHOCTEWN
NOBEPXHOCTUN OOBbEKTA.




[nsa pewieHna aTon npobnemsl 6bin padpabdbotaH MeToq pacyeTa OCBELLEHHOCTHU C
Y4YETOM BEKTOPA HOpPManu K NOBEPXHOCTN B AAHHOWN TOYKE

3anaB elle oAHy TEKCTYPY crieumarnbHOro Buaa onpeaensoLyo HopManu 1

mMoandnumnpoBaB anropnuTM pacyeTa yaanochb pagmkanbHO yriyylnTb BHELWWHUA BUA
0b6bekToB. [NogobHbIM MeToa HasbiBaOT Bump Mapping

PN

peanbHOCTb

HopMarnb

nydy ceeta
NN

metog ['ypo
‘ / \ Bump Mapping




CocTaBnsoLme ocBeLLeHNS CocTasnsioLine ocselleHns ¢ bampmapping

ambidnt B el
specsar

diffuse avffose
ambient « diffare ambdant « aiffore ~mpeculor N2 specar specNar

LIBeT yyacTka MOBEPXHOCTU PACCUMTLIBAETCS OTAENBHO B KAXOAOM U3 LiBETOBbLIX KaHaMOB
N cKnagbiBaeTca U3 3-X KOMMNOHEHTOB: POHOBOIO OCBELLEeHUA, AN JY3HOro OTPaKeHN4,
3epKanbHOro OTPaXXeHus.

PaBHomMepHaga (ambient) coctaBnstowas ocBeLeHns - annpokcnumauns rnodbanbHOro
OCBELLEHMNS, "HaYanbHOe" OCBEeLLEHME AN KaXXaon TOYKU CUEHbI, NPY KOTOPOM BCe
TOYKM OCBELLaTCA OANMHAKOBO N OCBELLEHHOCTb HE 3aBUCUT OT APYrnx pakTopos.
OundopysHag (diffuse) coctaBnaoLLaa ocBeLWeHNA 3aBUCUT OT MONOXEHUS NCTOYHUKA
OCBELLEHUS N OT HOpMarin NOBEPXHOCTM.

brivkoBas (specular) coctaBnstowaa ocBeLLeHNS NPOABIISETCS B Brikax oTpaXeHud
fny4en ceeTa OT NoBepxHoCTU. [Ins ee pacyeTa, NOMUMO BEKTOPA MOSIOXKEHUA UCTOYHMKA
CBETaA MU HOpMasin, UCMNONb3YITCA eLLe ABa BEKTOPA: BEKTOP HanpasBneHus B3rnsaa v
BEKTOP OTPaKEHUS.

Specular mogenb ocselleHus Bnepsble npeanoxun ®oHr (Phong Bui-Tong). 31n 6nmnkn
CYLLIECTBEHHO YBENMMUYMBALIOT peariMcTUYHOCTb N306pakeHnsi, Beab peakne peanbHble
NOBEPXHOCTN HE OTpaxaloT CBeT. B ganbHenwem, nccnegosartenu npuaymsiBany UHbIe
cnocobbl BblYMCNEHUS 3TOW cocTaBnsoLwwen, bonee croxHole (Blinn, Cook-Torrance,
Ward).



Ntak, Specular Bump Mapping nony4aercsa Takmum odpasom

texture specular

To »xe camoe Ha npumepe urpsol, Call

of Duty 2

[lepBbi oparMeHT KapTUHKU -

peHaepuHr 6e3 bamnmannuHra

(HopmanmannuHra) BoooLue, BTopou

(cnpaBa-cBepxy) - bamnmanmnuHr

0e3 6rnMkoBOW COCTaBNSAOLLEN,

TpeTui - ¢ GnMKoBou :
COCTaBn4arLWen HopmMmasnbHoMn

BENMMYNHbBI, Kakasa UCMOoSib3yeTcs B LA Sy
urpe, n nocnegHnn, cnpaBa-cHU3Y - “ '
C MakCMMarbHO BO3MOXHbIM

3HadyeHneM specular coctaBnsaroLemn
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MnkcenbHbIE Wenaepbl

[dna nonHoueHHon peanusaunn Bump Mapping Heobxoaum nepexon ot
NHTEPNONSALNK N BLIDOPKM N3 TEKCTYP K 06paboTke hopmys pacyeTa LBeTa Kaxaoro
nnKcens obbekTa a He TOSMbKO BEPLUUH. TO eCTb NporpaMmMmupoBaHmne MUKCenbHbIX
KOHBENEepPOoBs.

KomMnnekTbl KoMaHa, No3Bonstowme nporpaMmmMmmpoBaThb MUKCENbHbIE KOHBENEPDI
rpadonyeckoro npoueccopa HasblBaloT — ruKcesibHble weldepsbl. (DirectX 8 u
crtapLue).

Kak npasuno, nporpamMmmbl-LLeNaepbI NULLYT Ha cheuuanbHbIX pasHOBUOHOCTAX
accembnepa, npues3aHHOro K KoHkpeTHomy GPU. B nocnegHee BpeMsi NOSABUNUCH

A3bIKW NMPOrpaMMMUpPOBaHNA BbICOKOIO YPOBHSA ANA co3faHua wengepos. Hanpumep
HLSL.

B uenom, ot nukcesnbHbIX LWENOepOoB 3aBUCUT KAa4eCTBO OTPUCOBKU LiBeTa, 0akTypbl,
mMartepuana n OCBeLLEeHHOCTN oObeKTa.



[puMepbl NCNONb30BaHNSA MUKCENbHbIX LLIEAAEPOB:

MynsTuTekcTypmpoBaHme. Heckonbko crioes
TekcTyp (colormap, detailmap, lightmap n 1.4.)

[TonukcenbHoe ocselleHne. Bump mapping.
Normal mapping




[puMepbl NCNONb30BaHNSA MUKCENbHbIX LLIEAAEPOB:

[MocTobpaboTka kagpa. Bloom, Depth of Field n
Motion Blur

MpoueaypHble TEKCTYPbI, TakMe, Kak TeKcTypa
nepesa UnM Mpamopa




BepLlwuHHbIe wengepbl (Vertex Shader)

EcTtecTBEeHHbIM pa3BnTMEM BrIOKa reOMETPUHECKUX BbIYUCNEHNIN CTan
nporpaMmmMmnpyemsi 610K reoMeTpruyeckmx npeobpasoBaHn, NoaaepXxneatoLmm 6ok
8EPUWUHHbIX Weloepos.

[TporpammmnpyemMbli BEPLUMHHBLIN BIOK cNOCcOB6eH UMUTUPOBATbL MUMUKY NMEPCOHaXa,
nepenuebl MEXA, Pa3BEBaOLLMECS BOSIOCHI, CTEMSALLYIOCS TPpaBy, U BbINOMHATbL Npoyne
reomeTpuyeckne npeobpasoBaHNs «Ha NETY».

[TporpammmnpoBaHmio NnogaatoTcsl NPakTUYEeCKU BCe NapaMeTpbl CBS3aHHbIE C
00paboTKON BEPLUNH: FTEOMETPUYECKME KOOPANHATLI BEPLUMHLI, TEKCTYPHbIE
KOOpAMHAaThI, LIBET BEPLUMNHLI, NApPaMETPbl CMELLNBAHUSA, MPO3PaYHOCTb.

Haunnasa c wengepos Bepcumn 3.0 (DirectX 9), nogaepxmuBaeTcs UCnorib3oBaHNe B
BbIYUCIIEHUSIX TEKCTYPbI U 3a4aBaTb YHUKaNbHbIE CBONCTBA BEPLUMH.

[Mpumepbl npumeHeHns Vertex Shader:

CkuHuHe (skinning). Matrix
pallete skinning onga

CKerneTHom aHMmMmaumnm ‘
NepcoHaxen ¢ 6onbLIMM

KonnyecTtBoM "kocten".



Legopmauyus obbekmos. Kak cambin SIBHbIW K

9P EKTHLIN NPUMEP - CO3AaHNE PeariMCTUYHbIX

BOSTH B AMHaMuKe. [Npnumepbl nogobHbIX

pewweHun Habntogatotca B urpe Pacific Fighters, /
roe NpPUMEHSTCA BeEPLUMHHBbIE Wwengepbl 3.0 n

OOCTYN K TEKCTYpaM U3 HUX.

AHumauyusi obbekmos. Hanpumep, Tpasbl K
OepeBLEB B O4HOM U3 NEPBbLIX NMPUMEHEHUN -
3DMark 2001 SE, anropntm aHnmaumm 6birn

3Ha4YUTENLHO yny4lieH B cneaywowem 3DMark
03




Toon shading/Cel shading. cnonb3yeTcs B
HEKOTOPbIX Urpax ans co3gaHus crneynanbHoro
adhbekTa "MynbTALWHOr0" n3obpaxeHus

mumauusi mkaHu (Cloth Simulation) - pna
MMUTaunMm NnoBeaeHmns nogodHbIX TKAHU
mMaTepunanos.




TexHonorum 3D rpaduku
YpoBeHb getanusaunm LOD

CoBpemMeHHble npunoxxennsa 3D rpadmku NO3BOMNAOT co3gaBaTb peanncTuyHble
0ObEKTLI C BbICOKOW CTENeHbto geTanmn3aumn. OgHako otobpa)kaTb BCE OOBLEKTDI
TPEXMEPHOU CLEHbI C MakCUMarsribHOM AeTann3aunen HepauuoHarnbHO, Tak Kak
YyerioBe4YeCcKoe 3peHne He BOCMPUHUMAET CITULLKOM ManeHbKue getanu yoaneHHbIX
00bekToB. A, 3Ha4YuT. He nmeeT cmbicna TpaTtnuTb pecypcbl Ha X pacyet. Taknum
obpasoMm, Ha Kaxablh MOMEHT BpEMEHN HEOBXOAMMO NpocunUTaTb A8 BCEX OOBbEKTOB
Heobxoaumyto cteneHb getanmsaunn — LOD ypoeeHs.

CyuwiecTBYyIOT ABa noaxoga — cratnyecknn n guHamuydeckun LOD. B nepsBom cny4vae
3apaHee co3agatoTca YNpoLEeHHbIE BapuaHTbl MakCMManbHO AeTann3npoBaHHOIoO
obbekTa. B xoge nocTpoeHusi cueHbl NpocyYnUTbIBaeTCA yaaneHne obbekta oT
HabntogaTens u BbIbupaeTcsl COOTBETCTBYHOLLUA BapUaHT.

B anHammnueckom LOD ncnonbaytoT
pasfnun4yHbIie anropuTMbl, NO3BoNAOLWLME
NnfaBHO perynmpoBaTb YMCIO NOSIMFOHOB B
00beKTe B 3aBMCUMOCTU OT PacCTOSIHUS 40
Habnogarens.

14000 polys 3600 polys 800 polys 300 polys



ypOBeHb aetanusauum He obsa3aTeribHO OTHOCUTCH TOSbKO K reoMeTpmn, metoq
MOXET NPUMEHATBCA U OIA SKOHOMUN APYTNX peCypcCcoB - MNMpu Bbl60pe TEXHUNK
ocBeLlleHnA, TEXHUK TEKCTYPUPOBAHNA.

Kpome pacctosaHus oT kamepsbl, ans LOD MmoryT MMeTb 3Ha4YeHue n gpyrue
doakTopbl - 00LLEee KoNM4ecTBO OOBLEKTOB Ha 9KpaHe (Korga oauH-ABa NepcoHaxa B
Kagpe, TO UCMOSb3YHTCA CIOXHble modenu, a korga 10-20, oHM nepeknto4yarTca Ha
Bbonee NpocTble) UM KOSIMYECTBO KagpoB B CEKyHAY (3agatoTca npeaernbl 3Ha4YeHUmn
FPS, npn KOTOpbIX U3BMEHSETCA YPOBEHDb AeTannsauum, Hanpumep, npun FPS Huxe
30 cHWXaeM CIoXXHOCTb MOENEN Ha 3KpaHe, a npu 60, HaobopPOT, NOBbILLAEM).
[pyrve Bo3MOXHble pakTopbl, BIMAKOLLNE Ha YPOBEHbL AeTanusaummn - CKOpoCTb
nepemMeLleHns obbekTa (pakeTy B ABUXEHUN Bbl paCCMOTPETb BPAL I yCrneeTe, a
BOT YNUTKY - 3arpocCT0), BaXXHOCTb NEPCOHaXa C UrPOBOWN TOYKM 3PEHUSI.

Y Kaxgoro Metoga cBov

NpeuMMyLLecTBa U HeJOCTaTKW. & nm
CTtaTu4yeckoe yrnpasreHue nHoraa S ﬂva
BbI3blBaeT appeKT aepraHbs npu = A o
CMeHe geTanusauun. | 5
[NnHamunyeckoe notpebnser
bonblliee KONMMYeCcTBO PECYPCOB,
MOXXET HabntogaTbca addeEKT
BOJTHUCTOCTM NOBEPXHOCTU




bunnHenHaa dpunesrpayms

BunuHenHasa dounneTpaumns 3To TEXHUKA YCTPaHEHUS UCKaXXeHNN n3obpaxkeHns
(ounbTpaumsa), Takux, Kak "6noyHocTn" TEKCTYp Npu nx ysenudeHuu. lNpu measieHHoM
BpaLeHUn nnu asmxkeHnn odbbekta (npubnmxeHne/yoaneHme) moryT ObiTb 3aMeTHbI
"nepeckakmBaHus" NUKCENOB C OOQHOro0 MecTa Ha apyroe, T.e. nosABnseTcs 6yI04HOCTD.
Bo nsbexaHuu atoro adpdekta NPUMEHSIOT BUNMHENHYI0 omnnbTpauuio, rnpu
NCMNOJSIb30BaHMN KOTOPOW A1 ONpeaeneHns LUBeTa KaXXaoro nukcens bepercd
B3BeLLUEeHHOe cpeaHee 3Ha4YeHne LBeETa YeTbIpex CMeXHbIX TeKCcenemn u B pesynsrarte
onpegenderca LBeT HaknagbiBaeMon TEKCTYpbl. Pe3ynsTupyoLlnm LBET NUKCENS
ornpegenderca rnocsrie oCyLWeCcTBIEHUA TPeX onepaumn CMeLlnBaHUA: cHadyana
CMeLUMBalOTCA LBETA ABYX Nap TeKcenen, a noToM cMeLLInBatoTCA ABa NosTlyYeHHbIX
LBeTa. Bnpoyem, cyulecTByeT Lenbin Knacc aptedakTtoB BM3yanunsawmu,
NOSABNSAOLWMXCH B pe3ynbrarte HanoXeHns TEKCTYP N U3BECTHbIW nofd HassBaHuem "depth
aliasing" (genT-anunacuHr, ownbKkn onpeaeneHna rmyouHbl cueHbl, Apyroe Ha3BaHue
Z-aliasing), OT KOTOpPbIX OUNMMHENHas punsTpauna He N30aBnsiET U HE MOXET n3baBnTb.
Ownbkn "depth aliasing" Bo3HMKalo B pesynbraTe Toro oakrta, 4to obbekTbl bonee
OTAasIEHHbIE OT TOYKM HAbMaeHUS, BbIrMSaaaT bonee maneHbKMMM Ha 3KpaHe. Ecnn
OOBLEKT ABUraeTcs 1 yaanseTcs OT TOYMKM HabnoaeHud, TEKCTYpHOoe n3obpakeHue,
HanoXeHHoe Ha YMEHbLUMBLUUICS B pa3Mepax obbekT cTaHOBUTCA Bce boriee u bonee
cxxatbiM. B KOHEYHOM cyeTe, TEKCTYpPHOE N3obpakeHne, HanoXXeHHoe Ha OOLEKT,
CTAHOBUTCHA HACTOSIbKO CXaTbIM, YTO MOSABIIAITCA OLLUNOKM BU3yanusauumu..






Mip-mapping

Ecnn roBopuTtb KpaTko, TO mip-mapping - HanoXXeHue TEKCTYP, UMEIOLLNX PasHYHo
CTENeHb NN ypoBEHb AeTanusaumn, Korga B 3aBUCUMOCTU OT PACCTOSAHUS 40 TOYKK
HabntogeHna BelbupaeTcda TeEKCTypa ¢ Heobxoaumonm getanusaumen.

Mip-TekcTypa (mip-map) cocTouT n3 Habopa 3apaHee oTUNBTPOBAHHbLIX U
MacLuTabnpoBaHHbIX n3obpaxeHnn. B nsobpaxeHunun, cBA3aHHOM C YPOBHEM Mip-map,
NUKCesb NPeacTaBsieTCs B BUAE CPeAHEro YeTbipex Nukcenen na npeabiaywero
YPOBHSA C bonee BbICOKMM pa3pelieHnem. OTcroga, nsobpaxeHune cBa3aHHOE C
KaXOblM YPOBHEM Mip- TeKCTypr B qublpe pa3a MeHbLUE Mo pasmepy npe,u,blp,yu_\ero
mip-map YpOBHS. < *-w ,.s.;gg?gg

CTeneHb nnm ypoBeHb y
aetanusauum - Level
of Detail nnn npocto
LOD, ncnonbaytotcs
anga onpegeneHus,
Kakon mip-map
YPOBEHb (UK KaKyto
CTeneHb
aetanusaumn)
cnenyet BblOpaTb Angd
HanoXeHnsa TEKCTYPbI
Ha OObEKT.







B TO Bpem4, Kak mip-TeKCTypupoBaHue peluaet npobnemy owmnbok "depth-aliasing”,
ero ncnosib3oBaHMe MOXET CTaTb NPUYMHON NOSBNEHNA OpYrux apTedakTos. [na
Bopbbbl C aTMMK apTedakTamu NCMNONb3YITCH pasfNYHble TEXHUKN uUnbTpauun.
[Mpun yoaneHnn obbekTa Bce garnblle OT TOYKM HabniogeHus, NponcxoanT nepexos ot
HWU3KOro mip-map ypOBHS (COOTBETCTBYIOLLENO N300pakeHMo C BbICOKOU
getanunsaumen) K BeICOKOMY mip-map YPOBHIO (COOTBETCTBYHOLLENO N306paXkeHuto C
BbICOKOM CTENEHbLIO hunbTpaumm u HU3KOW getanusaumen). B MOMEHT HaxoxaeHus
oObeKkTa B NEPEXOAHOM COCTOSIHAM OT OAHOro Mip-map YpPOBHSA K Apyromy,
NoSABSETCA 0COObIN TN OWMOOK BU3yannsaunmn, N3BECTHbIX NOA Ha3BaHNEM
"mip-banding" (MMn-6eHANHT) -- NOSI0CATOCTb UITN CNIOEHOCTD, T.€. SIBHO pasfiniynMmble
rpaHnubl Nnepexoda OT 0O4HOro Mip-map YPOBHS K ApYyromy.




TpunuHenHaa ounsTpauug

TpununenHaa dunerpauuns (trilinear filtering) npeacrtaBnsieT cobon TEXHUKY, KoTopas
yoanset aptedaktbl "mip-banding”, BO3HMKatoLWMe Npu UCMofnb30BaHUM Mip-
TeKcTypupoBaHua. [pu TpunnHenHon punstTpayumn onga onpegeneHns LuseTta nuUKcens
bepeTca cpeaHee 3Ha4YEeHME LBETA BOCbMU TEKCENEWN, NO YETbIPE N3 ABYX COCEOHUX
TEKCTYP M B pesyrnbrate cemMn onepaunm cMewmBaHnsa onpenenseTcs LUBeT NUKCeNs.
[Tpy ncnonb3oBaHUU TPUITMHENHOW (PUNLTPaLUM BO3SMOXEH BbIBOA HA 3KpaH
TEKCTYPUPOBAHHOIO O6bEKTa C NIaBHO BbINOMHEHHLIMY NepexogamMm OT O4HOro mip
YPOBHS K CrieayloLemy, YTo gocturaetca 3a cyet onpegenenma LOD nytem
NHTEpNoNAUMK ABYX coceaHMxX mip-map ypoBHeW. Takum obpasom peluad
OONbLLWKMHCTBO NMPobriemM, CBA3AHHLIX C MIP-TEKCTYPUPOBAHMEM W OLLMDKaMu n3-3a
HenpaBuUNbLHOro pacyeTa rnyounHbl CLEHbI
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Environment Map-Bump Mapping

TexHonorua, aenswowascs gansHenwmnm passutmem Bump Mapping. B aTom cnydae,
noMnMo Ba3oBOM TEKCTYPLI OObEKTA, MPUMEHSETCA eLle ABe TEKCTYPbI:

1. TekcTypa, aBnaroLasgca oTpeHaePEHHbIM BapnaHTOM TPEXMEPHOW CLIEHbI BOKPYT
obbekTa (environment map).

2. TekcTypa - kapTta penbeda (bump map).

CamocToaTensHo 1 coBMecTHO ¢ Procedural Texturing gaHHaa TexHonorns no3sonder
Nony4YnTb Takue HatypanbHble 3deKTbl, Kak OTpaxeHne, oTpaxeHne B KpMBOM
3epkare, OpoXXaHue NoBepxXHOCTEN, UCKaXXeHNEe N3obpaxXeHusi, BbldbiIBaeMoe BOOON U
TensbIM BO34YyXOM, TpaHCopMaLuns UCKaXKEHUI MO LWYMOBbIM anroputMmam, uMmtaumd
Tyd Ha Hebe n ap.

SS83M TIVE BRI Wals -
'!('L' I

by
-




Antialiasing (anti-aliasing)

YoaneHue CTyrneH4aToCcTn OTOBpaKeHUs JIMHUMA U KOHTYPOB, Bbi3BaHHO
HeJOCTaTOMHOM pa3speLuaroLen CrnocobHOCTLIO 3KpaHa, MHOIOKpaTHbI
yBENMMYEHMEM PACTPOBOIro N306pakeHns nnmn owmbkammn npu pacyeTte
3D cueH.

CyTb aHTHUanuacuHra B Co3gaHum niaBHOro LIBETOBOrO nepexoaa Ha
rpaHuuax obbeKkTa, YTo N co3gaeT IPMEKT CrIaXKeHHOCTU JIMHUNA.
CerogHs cywecTBylOT ABa METOAA peanu3aunm aHTnanuacuHra —
cynepamnnnHr(Supersampling) u mynetucamnnnur(Multisampling).
CynepcaMmninHr ctasn camon rnepBomn U NPOCTON, a B TO Xe BpeMs U
camMoun pecypcoemMKoun peanusaumen aHtnanmacuHra. Kaxabin kagp
NPOCYUTbIBAETCA NPU paspeLLlEHU, B HECKOSTbKO pa3 NPEBbILAaWMM
HOMUHarbHoe. 3aTeM Mony4YeHHoe N3odpaxkeHne CXXMmaeTcs 4o
HOMWHAIbHOro paspeLleHus.

CyTb MyNnbTUCIMMNIMHIA 3aKo4aeTca B 00paboTke TONbKO rpaHunly,
OOBEKTOB, YTO HAMHOIO yMeHbLUaeT obbeMm Harpysku GPU un
BuaeonamMmaTn. JT1a NHTENNEKTYyanbHas TEXHOOMS aHTuanuacuHra
nosly4nna NoBCEMECTHOE pacrnpoCTpaHEHNE N UCTONb3YETCH BCEMU
coBpeMeHHbIMn 3D-yckopuTenamu.

AHTMannacuHr, Takke Kak 1 aHM30Tponusl, ObIBAET HECKONbKUX YPOBHE
— 2X, 4X, 6X, n yem Boiwe yposeHb FSAA(Full Screen Antialiasing —
MONHO3KPaHHOE CriaXusaHue — Apyroe Ha3BaHuUe aHTunanMacuHra), Tem
BblLLE MOSTy4aeTCs Ka4eCTBO Pe3ynbTUPYOLWEro n3obpaxeHus
COOTBETCTBEHHO.




AHnsotponHaga dounestpauns (Anisotropic Filtering, AF)

BunuHenHaa n TpunnHenHaa punsTpaunsa He COBCEM KOPPEKTHO pacCyUTbIBAET LBET
TEeKCersd - a TOYHee paccyMTbIBaET ero HeBepHO (OTTarknBasCb OT 3aKOHOB HaLUero
3peHUs) AN HaKMOHHbIX NfIockocTen. icnonb3oBaHne aHU30TPONMHOW punsTpaumm
OOMOSTHAET TeKyLne pexumMbl ursTpaumn, No3BOSIAA perynmpoBaTth Yrorsi
aHusoTponun. Hem borblLue yron - TeM Bbllle Ka4eCTBO U pearnMcTUYHOCTbL CaMOWn
dounsTpaunun, TemM Bbillie, B TO XXe BPEMS, 3aTpaThbl Ha 0bCYeET.

YpoBeHb aHN30TPOMNHOMN ouUnbTpaLnmM onpeaesniaeTca YMCnom Tekcenemn, Kotopble
oOpabaTbiBaloTCA NpU Bbl4MCIIEHUN KOHEYHOro nukcens. CoBpemMeHHble rpadpuyeckue
peLleHns NO3BOMAKT BbICTaBUTb YPOBEHb (punsTpaumn B gpansepe. CambiMu
pacnpoCTpaHEHHbIMN YPOBHAMN ouUIbTpaumnm aensTcda 2x (16 tekcenen), 4x (32
Tekcens), 8x (64 Tekcens) n 16x (128 tekcenen). O4yeBMOHO, YTO MPU NOBbILLIEHUY
YPOBHS aHM30TPOMHON oUNbTpaLMK Harpyska Ha nosiocy npornyckaHua namMaTy TaKkke
yBEenM4nBaeTCcs, a 3T0 HEMUHYEMO CKa3blBaeTCS Ha NMPOouU3BOOMUTESTIbHOCTH

[



Procedural Textures (['pouenypHble TekCTypbl)

[MpouenypHble TEKCTYpPbI - 3TO TEKCTYpPbI, ONUCbIBaeMble MaTeMaTUYECKUMU
dopmynamu. Takne TEKCTypbl HE 3aHUMAIOT B BUOEONaMATN MeCcTa, OHM CO34aloTCs
MUKCENbHLIM Wenaepom "Ha neTty", Kaxabli nx anemMeHT (Tekcerb) nony4vyaercs B
pesynbsraTte UCMOSIHEHUS COOTBETCTBYIOLWMX KOMaH Wwenagepa. Hanbonee yacto
BCTpeYaroLmecs npoueaypHble TEKCTYpbl: pa3Hble BUAbI Wwyma (Hanpumep, fractal
noise), AepeBo, BoAa, Nasa, AblM, MpaMop, OrOHb U T.M., TO €CTb Te, KOTopble
CpaBHUTENbHO MPOCTO MOXHO onucaTtb MatemaTmndecku. lNpouenypHbole TEKCTYpPbI
TakXXe No3BOMNAKT UCMOMb30BaTb aHUMMUPOBAHHbIE TEKCTYPbI MPU MOMOLLM BCErO NULLb
HebosnbLwon Mmoandukauum matemaTmiecknx dpopmyn. Hanpumep, obnaka, caoenaHHble
nogo6bHbIM 0Opa3oM, BbIrMSAAAT BNOSHE NPUNUYHO U B ANHAMMUKE U B CTaTUKe

[MpeumyLlecTBa npoueaypHbIX TEKCTYP Takke C’ ik "%
BKMNIOYaKT B ce651 HEOrpaHUYEHHbIN YPOBEHb *
aetanusauum Kakaon TEKCTYpbI, NUKCenuaaumnm A

NpPOCTO He ByaeT, TeKCTypa Kak bbl Bceraa L

reHepupyeTtcs noa HeobxoauMbIn Ans ee -

oTobpaxeHus pasmep. BonbLuoi nHTepec ’.
npeacrasnsaeT U aHMMuUpoBaHHbIN Normal

Mapping, C ero NnoMoLLb0 MOXXHO caenaTb BOSHbI ‘ ‘

Ha Boge, 6e3 npuMeHeHns NpeanpPoCcCYUTaHHbIX | h

dHUMNPOBAHHbLIX TEKCTYP.
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Displacement Mapping

HanoxeHune kapt cmeweHus (Displacement Mapping) siBnaetca metogom aobasneHnd
aetanemn K TpeXMepHbIM obbekTamM. KapTbl CMeLLEHMA NO3BONSOT NOMYYNTb
HacTosILLne cnoXxHble 3D 00BLEKTLI U3 BEPLLUWH 1 NOSUIOHOB, 6€3 OrpaHnyYeHni,
NPUCYLLMX MOMUKCENBbHBLIM MeTodaM. OTOT METOA N3MEHSAET MNONOXeHNe BEPLUMH
TPEeyrosibHMKOB, CABUrasd Ux rno HopmMasnu Ha BENIMYNHY, UCXOOA U3 3HAaYEHNN B KapTax
cmelleHns. Kapta cmeweHus (displacement map) - aTo obbl4HO YepHO-6enad
TEKCTypa, 1 3HAYEHUS B HEN UCNOMNb3YIOTCA AN ONpeaeneHns BblCOTbl KaXaoW TOYKU
NOBEPXHOCTN OBbEKTA (3HAYEHUSI MOTYT XpPaHUTLCA Kak 8-OUTHble Unn 16-OUTHbIE
yucrna), cxoxe ¢ bumpmap. HacTto KapTbl CMELLEHNSA UCMONbL3YIOTCA (B 3TOM Criyyae
OHW Ha3bIBaOTCS N KapTaMu BbICOT) AN CO34aHNS 3€MHOM NOBEPXHOCTU C XOrIMaMn U
BnaguHamu. Tak Kak peribedd MECTHOCTWN ONUCbIBAETCA ABYXMEPHOW KapTou
CMELLEHNS, EF0 OTHOCUTENBHO NErko gedopmupoBaTb Npu HeobxoanmocTn. HarnsgHo
co3gaHue naHawadTa npy NOMOLLM HanoXeHNsa KapT CMELEHNs NpeacTaBeHo Ha
KapTuHKe. icxogHbiMuy 6binu 4 BePLUMHBI U 2 NOMAUIoHa, B UTore nosnyyumsics
NOSIHOLEHHbIN KYCOK naHawladra.

source tesselated displaced
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HanoxxeHne kapT cCMeLLeHNA MOXKHO MO CYLLECTBY CHMTATb METOLOM CXaTusi FreOMeTPUM,
MCMNOSIb30BaHNE KapT CMELLEHNA CHUXaeT 00beM NamaTu, TpebyeMbin A onpeaesieHHon
aetanusaunmn 3D mogenn. 'pomMo3gkme reoMeTpuyeCKNEe AaHHbIE 3aMeLLLaloTCAa NPOCTbIMN
OBYXMEPHbIMU TEKCTYPaAMN CMELLEHNA, OObIYHO 8-OUTHBIMU NN 16-OUTHBIMU. DTO CHUXaET
TpeboBaHus K 06bEMY NAMATU U MPOMNYCKHOW CNOCOBHOCTU, HEODXOANMOWN ANt A4OCTaBKM
reoMeTpuYeCcKmxX aHHbIX K BUOE0UMMNY, a 3TN OrpaHUYeHns SBAa0TCA OQHUMW U3 MMaBHbIX A4
CEroHsILLHNX CUCTEM.

[pyroe npenmyLlecTBo B TOM, YTO NPUMEHEHME KapT CMELLEHUS NpeBpaLLaeT CrIoXHbIe
NOSINTOHAarNbHbIE TPEXMEPHbIE CETKM B HECKOJSTbKO ABYXMEPHbLIX TEKCTYP, KOTOPbIE NPOLLE
nogaatotcs obpabotke. Hanpumep, ans opraHnsaunm Level of Detail moxxHO ncnonb3oBatb
HanoXXeHne KapT CMELLEHNSL.

Ho y KapT cMeLLeHns eCTb 1 HEKOTOpbIe OorpaHnvyenusi. Hanpumep, rnagkme o6bekThl, He
cogepkalumne 60sbLLOoro KonnyecTsBa TOHKUX AeTaneun, byayT nydile npeacrasrieHbl B BUAE
CTaHAapPTHbIX MOSIUroHasIbHbIX CETOK UMW NHBIX NOBEPXHOCTEN Donee BbICOKOro YpOBHSA, Bpoae
KpuBbix besbe. C apyron CTOPOHbI, O4EHb CIOXHbIE MOLENN, TaKNEe KaK AepeBbs UMM PacTEHUS,
Takke Henerko NpeacTaBnTb KapTaMu CMELLEHNS.




Normal Mapping

HopmanmannuHr - 3To ynyJleHHasa pa3sHOBUOHOCTb TEXHUKN BaMnMannuHra,
ONMCaHHOW paHee, pacLUMpPEHHas ee BEPCUS.

B TO Bpemsi kak GamnmManmnuHr BCEro NMuilb U3MEHSIET CYLLECTBYIOLLYIO HOpMarb ASS
TOYEK NOBEPXHOCTU, HOPMAaSIMaNMnUHI NMOSIHOCTbIO 3aMEHSAET HOPManu NPy NOMOLLN
BbIOOPKKM NX 3HAYEHUI N3 crieumarnbHO NOAroTOBNEHHOM KapTbl HOpManeun (normal
map). 3TK KapTbl 0ObIYHO ABMIATCA TEKCTYpPaMN C COXPaHEHHBbIMUN B HNX 3apaHee
NPOCYUTAHHbLIMW 3HAYEHUSMM HOPMAaren, NpeacTaBeHHbIMU B BUAE KOMMOHEHT LBETA
RGB (Bnpo4yem, ecTb 1 cneunanbHble dopmMaTthl 49 KapT HopMarneu, B TOM Yucne co
cXKaTtnem), B otnuyme ot 8-OUTHbIX YePHO-OenbIX KapT BbICOT B BamMnmannuHre.




[o HopmanmannuHra obinm paspabdoTaHbl HECKONLKO TakUX METOAO0B, HO
HWU3KOMONUroHanbHbIE MOAENN Aaxe ¢ baMnManmnMHIoM rnony4aroTcsl 3aMETHO XyXe
bonee cnoXxHblx Mogenen. HopmanmannuHr XoTb U UMEET HECKOSTbKO HEAOCTaTKOB
(cambIn ABHbIN - TaK Kak MOAeslb OCTAETCHA HU3KOMOSUIoHanbHOW, 3TO NIerko BUAHO Mo
ee yrrnoBaTbiM rpaHnuam), HO UTOrOBOE Ka4eCTBO PEHOEPUHIA 3aMETHO Yy4LLIaeTcs,
OCTaBnsAs reoMeTPUYECKYIO CITOXXHOCTbL Moaenen HU3kon. B nocnegHee Bpems
XOPOLUO BUAOHO yBenuyeHne nonyndapHoOCTn gaHHOW METOAMKU N NCMNONb30BaHUE ee
BO BCEX NOMYSSIPHbIX UFPOBbIX ABWXKaX. "BNHON" aTOMY - KOMBMHALMA OTIINYHOIO
PE3YNbLTUPYIOLLIErO KavyecTBa U OQHOBPEMEHHOE CHMXKEHNE TpeboBaHUM K
reOMETPUYECKOMN CINOXHOCTU MoAdenen. TexHmka HopmMmanmMannuHra cenyac
NPUMEHSIETCA NOYTN MOBCEMECTHO, BCE HOBbLIE UrPbl NCMOSBb3YIOT €€ MakCUMarsibHO
LLUMPOKO. BOT nuLlb KpaTknn cnncok n3BecTtHbiX K urp ¢ ncnonb3oBaHmem
Hopmanmannudra: Far Cry, Doom 3, Half-Life 2, Call of Duty 2, F.E.A.R., Quake 4.




Parallax Mapping/Offset Mapping

TexHunKa caBUraeT TEKCTYpPHble KOOpAUHAaTbI (NO3TOMY TEXHMKY MHOrAa HasbiBatoT offset
mapping) Tak, YToObl MOBEPXHOCTb BbIrNsAena donee obbemHon. aes metona
COCTOMUT B TOM, YTOObI BO3BpaLlaTb TEKCTYPHbIE KOOPANHATLI TON TOYKU, rAe BUOOBOU
BEKTOP NepeceKkaeT NOBEPXHOCTb. ITO TPEDYET npocyeTa nyyen (penTpemncuHr) ang
KapTbl BbICOT, HO €CIN OHa HE UMEET CIULLIKOM CUMNbHO U3MEHSAIOLLIMXCSA 3HAYEHUN
("rmapkas” unun "nnasHas"), TO MOXXHO 06OMTUCL annpokcuMaumen. Takon metoa
XOpOLU Ans1 MOBEPXHOCTEN C NIaBHO U3MEHSOLWNMUCS BblcOTamMn, 6e3 npocyeTa
nepecevyeHn n 60nbLUMX 3HAYEHUN CMELLIEHNS.

Ho ncnonb3oBaHne o06bI4YHOIo
napansakcMmarnmnuHra orpaHM4YeHo KapTamu
BbICOT C HEDOMbLLON Pa3HULIEN 3HAYEHUN.
"KpyTble" HepoBHOCTM 0DOpabaTtbiBatoTCS
arnropnTMoOM HEKOPPEKTHO, MOSABNAKOTCH
pasnunyHble aptedakTol, "'nnasaHue”
TEKCTyp u np. bbino paspaboTaHo
HECKOSTIbKO MOANMPULMPOBaHHbLIX METOAOB
Onsa yrnyyweHna TEXHUKU
napannakcMarnmnuHra.
MoguduumpoBaHHble METOAMKM NOYYNIn
HECKONbKO pa3sHbIX Ha3BaHun. [ns
KpaTKOCTWN OyaemM nx Bce HasblBaTb
Parallax Occlusion Mapping.
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MeTtoabl Parallax Occlusion Mapping BKno4YalT eLle U TpacCUpPOBKY Nyvyen ans
onpenerneHnsa BbICOT U y4eTa BUOAMMOCTU Tekcenen. Beab npu B3rngae nog yrriom K
NOBEPXHOCTU TEKCENU 3aropaxknearoT ApPYr Apyra, U, y4mTbiBasi 3TO, MOXHO 406aBUTb
K acpdekTy napannakca donbLie rnyouHsl. Nonyyaemoe naobpakeHne ctaHOBUTCSH
peanucTuiHee 1 Takne ynydleHHble MeTodbl MOXHO NPUMEHATL Anga bonee
rnybokoro penbeda, oH OTAINYHO NOAXOANT ANA N306paKEHUS KUPMNYHbIX U
KaMeHHbIX CTEH, MOCTOBOW U1 Mp.

MeToa no3BonsieT aPdPeKTUBHO OTOOpaxaTb AeTann3npoBaHHbIE NOBEPXHOCTU 6e3
MUINIMOHOB BEPLUMH U TPEYIoNbHUKOB, KOTOPLIE NoTpeboBanuck 6kl Npu peanusaunm
9TOro reomeTpuen. lNpn aTom coxpaHAETCS BblCcOKasa geTanmsauus (Kpome
CUNy3aTOB/rpaHEN) N 3HAYNTENBHO YNPOLLAKTCS pacyeTbl aHUMaLun.,
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Postprocessing (IloctobpaboTka)

B wmpokom cmbicne, noctobpaboTka - 3TO BCE TO, YTO NPOUCXOAUT NOCHE OCHOBHbIX
OENCTBUIN MO NOCTPOEHMIO n3obpaxeHus. MIHave rosopsi, noctobpaboTka - 310 ntodble
N3MeHeHus1 n3obpaxeHunst nocne ero peHaepuHra. NocrtobpaboTka npeacrasnsaeT
cobon Habop cpeacTB AN co3gaHust cneunanbHbiX BUdyarnbHbIX 3dEKTOB, U NX
co3gaHune nNpou3BOANTCA Y>Ke Nocne TOro, Kak OCHOBHasi paboTta no BM3yanuaauum
CLIEHbI BbIMOMHEHA, TO eCTb, NPU co3A4aHMN 3PAEKTOB NOCTOOPaABbOTKN NCNONb3yeTcs
OTOBOE pacTpoBoe u3lobpaxeHue. N3 adpdekToB NnocTobpaboTkn B urpax yatle BCero
ncnonbaytoT Bloom, Motion Blur, Depth Of Field. CywiecTByeT n MHOXeCTBO pyrmux
noctaddekToB: noise, flare, distortion, sepia n gp
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High Dynamic Range (HDR)

High Dynamic Range (HDR) B npumeHeHumn k 3D rpadoumke - 3T0 peHAEPUHT B LUMPOKOM
anHamunyeckom gnanasoHe. Cytb HDR 3akntoyaeTtcs B onMcaHnmM MHTEHCUBHOCTU U
LBeTa peanbHbiMY (OU3NYECKUMN BENTMYMHAMM.

Tak, anHammndeckun gmanasoH mogenn RGB coctaenset 256:1 nnn 100:1 cd/m2 (oBa
nopsigka). 3ta MoAderb OnMcaHus uBeta N MIHTEHCMBHOCTM ODLLENPUHATO Ha3blBaeTCS
Low Dynamic Range (LDR). Atak, auHamnyeckoro gnanasoHa mogenun onncaHmna RGB
He4oCTaTOMHO ANs nNpeacTaBneHnst n3odpaxkeHnn, KOTopble YernoBeK CrnocobeH BNOETb
B pearnbHOCTK, 3Ta MoAesb 3HAYNTENbHO YMEHbLUIAET BO3MOXHbIE 3Ha4YeHUS
MHTEHCUBHOCTN CBETa B BEPXHEN U HUXXHEW YacTu gManasoHa.

HDR peHOepuHr No3BOseT USMEHATL SKCMO3ULIUIO YXKe MOoCcsie TOro, Kak Mbl
oTpeHaepunn nsobpaxeHue. [laet BO3MOXHOCTb MMUTUPOBaTb adeKkT agantauumm
4YerT0BEYECKOro 3peHust (nepemeLLieHmne U3 SPKNX OTKPbITbIX NPOCTPAaHCTB B TEMHbIE
NoOMeLLEHUS N HA0BOPOT), NO3BONSET BbINOMHATL (PU3NYECKN MPaBUNBHOE OCBELLEHME,
a TaKkxke ABNseTca YHUMPUUMPOBAHHLIM peLleHneM Ans npumMeHeHna adoeKkToB
noctobpaboTku (glare, flares, bloom, motion blur). Anroputmel 06paboTkn
N300paXkeHnsi, LBETOKOPPEKLMIO, raMMa-Koppekuuto, motion blur, bloom u gpyrue
MeTOoAbl NOCTOOPaboTKM KadecTBEHHEN BbINOMNHATL B HDR npeacrasneHun.

B npunoxeHusax 3D peHaepuHra peanbHOro BpemeHun (urpax, B ocHosHom) HDR
PEHOEPUHI HaYanu Ncnosib3oBaTb HE Tak AaBHO, BEAb 3TO TPeOYyEeT BbIYNCIIEHUN U
nooaepXku render target B doopmarax ¢ nnasaroLLen TOYKOU, KOTOPbIE BreEpBbIe CTanm
OOCTYMHbI TOMIbKO Ha Buageodunax ¢ nogaep»xxkoun DirectX 9.






Motion Blur

CmasbiBaHue B aBwmkeHun (motion blur) nponcxogut npu ooTo- N KUHOCHEMKE U3-3a
OBWXKEHUs OObEKTOB B KaZlpe B TeYEHNE BPEMEHWN IKCNO3ULNKM Kagpa, B TO BpeMS,
Korga 3aTBOp 06beKkTMBa OTKPbIT

Mo nsobpaxeHnto 6e3 cmasbiBaHUS

Henb3d JaXe ckasaTb, ABUXYTCS

cdoepbl UM HET, B TO BPEMSA KakK no motion blur motion blur
motion blur gaeTt 4yeTkoe

npeacTaBneHne 0 CKOPOCTU U - - . -
HanpaBfieHUN OBMKEHUSA OOBbEKTOB.

OTcyTCcTBME CMa3biBaHUA Mpu ® . . .
OBWKEHUN CITYXKUT N NPUYNHON

TOro, NoYeMy ABMXKEHME B Urpax v
npu 25-30 Kagpax B CEKyHOY

KaXkeTcsl AepraHbiM, XOTS KUHO U > » - .
BUOEO NPU 3TUX XKe NapameTpax

4acCTOTbl KaapOB CMOTPUTCH

NpeKpacHo.

[na komneHcaunm OTCYTCTBUA CMasblBaHUSA B ABWXXEHUM XKenaTerbHa Ui BblcOKasd
yacToTa kagpos (60 kagpoB B CEKYHOY VUMK BbILWE) UM UCNOSb30BaHNE METOO0B
OononHuTenbHon o0bpaboTku nsobpaxeHuns, ana amynaummn adogekra motion blur. 3To
NPUMEHSETCA U ANA YINydlWeHNs NNaBHOCTU aHMMauun u ana adpdekta poTo- n
KWHOPEanUCTUYHOCTM O4HOBPEMEHHO.



Bo3moxHble npumMmeHeHus agpdpekta motion blur B urpax: Bce roHoYHbIe Urpbl (4ns
co3gaHunsa adpdpekTa odeHb BbICOKOM CKOPOCTU ABMXKEHUA U ONA NPUMEHEHNA NpU
npocmoTpe TB-06pasHbiX MOBTOPOB), CNOPTUBHLIE UMPLI (TE XKe MOBTOPbLI, a B camMoun
Urpe cmasbiBaHMe MOXHO MPUMEHSTb AS151 O4EHb ObICTPO ABMXKYLLUMXCSA OOBLEKTOB,
BpoAe Msiva unu wamnbsl), anTuHrn (bbICTpble ABMXKXEHNA XONOLHOIO OPYXUS, PYK U
HOr), MHOIME Apyrue urpobl.




Bloom

Bloom - 310 oanH 13 knuHematorpaduvecknx adodekToB NocTtobpadboTkn, Npn NOMOLLIN
KOTOpPOro Handorsee sipkne y4acTkm nsobpaxxeHus genarorcs ewle bonee ApkMmMn. 1o
9dopeKT O4EeHb SPKOro ceeTa, NPOABMAILLNNCA B BUOE CBEYEHUS BOKPYT APKNX
NOBEPXHOCTEN, NOCNe NpuUMeHeHnsa bloom unsTpa Takme noBepxXHOCTU HE NPOCTO
Nosy4atoT AOMNOSNHUTESbHYIO APKOCTb, CBET OT HUX (OPEO0ST) YaCcTUYHO BO3OENCTBYET U
Ha Boree TeMHbIE 0DOnacTu, CoceacTByOLLME C SPKUMU MOBEPXHOCTAMN B Kadpe.

B 3D rpaduke Bloom dounetp genaetcs npyv noMoLm AonoSTHUTENLHOW
nocTobpaboTku - cmelumBaHnsa cMmasaHHoro punsTpom blur kagpa (Bcero kagpa nnm
OTAENbHbIX SAPKNX ero obnacrten, PuUnsTp 0ObIYHO NPUMEHSETCA HECKOSTbKO pas) u
ncxogHoro kagpa. OgmH n3 Hanbonee 4YacTo NPUMEHSAEMBIX B Urpax 1 Apyrnx
NPUSIOXKEHNAX peanbHOro BpeMeHU anropmntm noctgpunsrpa bloom




Depth Of Field (DOF)

Depth of field (rmybuHa peskocTtn), BKpaTue, 3TO pa3MbliBaHME OOBLEKTOB B
3aBUCUMMOCTU OT MUX NOSIOXEHNS OTHOCUTENBHO POKYyCa Kamepbl. B peanbHOW XXU3HMU,
Ha cboTorpadmax n B KNHO Mbl BUAUM OAUHAKOBO YETKO He BCe OOBLEKTbI, 3TO CBA3AHO
C OCODEHHOCTBIO CTPOEHUS IMas3a 1 YCTPOMCTBa ONTUKK POTO- N KMHOannapartos. Y
dOTO- N KMHOOMNTUKM ECTb ONpPeaeneHHOe pacCTosiHUe, 0ObEKTLI, PaCcnonoXeHHble Ha
TaKoOM PacCTOSAHMM OT KaMepbl HAaXoAATCs B OOKYCe U BbIMAOAAT Ha KAPTUHKE PE3KUMMU,
a bonee ynarneHHble OT KaMepbl UK NPUONMXEHHbIE K HEW 0OBLEKTLI BbIMMAOAT,
Haob0opPOoT, pa3MbITbIMU, PE3KOCTb CHUXAETCS MOCTEMNEHHO NPU YBEMNYEHNN NN
CHWXXEHUM pacCTOAHUS.

[Ona gocTmxkeHna oTo- N KUHOPEearIMCTUYHOCTU NPUXOANTCA MPUMEHATL cneunarnbHble
anropuTMsbl, YTOBLI caenaTtb ANs KOMMNbITEPHOM rpaduKn HEYTO NOXoXee. ATH
TEXHUKN CUMYTUPYIOT 3dEKT pa3Horo cookyca anst 06bLeKToB, HaXoAsLWLNXCS Ha
pasHOM pacCTOSAHUU .

OaHum un3 pPacripoCTpaHEHHbIX
MEeTOAOB INpn peHaepuHre B

peanbHOM BPEMEHU ABMSETCA ,‘
CMeLLMBaHUEe OpuUrnMHanbHoro >
Kagpa 1 ero cmMasaHHOW BeEpCcUm r<
(HeckonbKko npoxoaos blur .

domneTpa) Ha OCHOBE AaHHbIX O
rmyobunHe ansa nukcenemn
n3obpaxxeHus. rhinof> o AT



Global lllumination

PeannctnyHoe ocBeLLEHNE CLEHbI CMOAENMPOBATb CNOXHO, KaXXaAbIW Ny4 CBETA B
pearnbHOCTN MHOIOKPaTHO OTpaXaeTcs U NPENoMNSIETCS, YNCNO ATUX OTPaXKEHUN HE
orpaHu4yeHo. A B 3D peHOepUHre Yncrio oTpaXXeHUn CUMbHO 3aBUCUT OT PacHEeTHbIX
BO3MOXXHOCTEN, NI0OON pacyeT CUEHbI BAAETCHA YNpOoLLEeHHOW bnu3ndeckon Moaensto, a
nosly4aemMoe B ntore n3obpakeHme nuilb NpubnmxeHo K peanmcTUYHOCTH.
ANropnTMbl OCBELLIEHNSI MOXXHO pa3aennTb Ha ABe MOAENN: MPAMOE Unu rokarbHoe
ocBelleHne n rnobanbHoe ocBeweHune (direct nnum local illumination n global
illumination). JlokanbHast Mogenb OCBELLEHUS] NCNOMb3YET pacyeT NpsiMon
OCBELLEHHOCTHN, CBET OT UCTOYHMKOB CBETA [0 NEePBOro rnepeceyeHns cBeTa C
Henpo3pa4yHou NOBEPXHOCTLIO, B3auMMOAENCTBNE 0OBLEKTOB MexXay cobomn He
YUNTbIBAETCS

B rmobansHon mogenun oceelleHund, global illumination, paccunTteiBaeTcsa ocBeLlEHNE C
Y4YETOM BIIUAHMUA OOBEKTOB APYr Ha Apyra, Y4UTbIBAlOTCS MHOIOKPaTHbLIE OTPaXXEHUS U
NpenoMsieHns fy4en cBeTa OT NOBEPXHOCTEN OOBLEKTOB, KaycTuKa (caustics) u
nognoBepXHOCTHOE paccemBaHue (subsurface scattering).




Bo3moxHble npumMmeHeHus agpdpekta motion blur B urpax: Bce roHoYHbIe Urpbl (4ns
co3gaHunsa adpdpekTa odeHb BbICOKOM CKOPOCTU ABMXKEHUA U ONA NPUMEHEHNA NpU
npocmoTpe TB-06pasHbiX MOBTOPOB), CNOPTUBHLIE UMPLI (TE XKe MOBTOPbLI, a B camMoun
Urpe cmasbiBaHMe MOXHO MPUMEHSTb AS151 O4EHb ObICTPO ABMXKYLLUMXCSA OOBLEKTOB,
BpoAe Msiva unu wamnbsl), anTuHrn (bbICTpble ABMXKXEHNA XONOLHOIO OPYXUS, PYK U
HOr), MHOIME Apyrue urpobl.




