Pactepunsauyma. OcselleHme.
TeKcTypupoBaHue

KomnbtloTepHaa rpaduKa
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2025

KomnbtoTepHada rpaduka lemsaHeHko A.M.
mexmat oY



Pa3sHoobpa3une TekcTyp

near-stochastic stochastic

2025 KomnbloTepHas rpaduka emaneHko A.M. mexmat lODY 3



Tunbl TEKCTYP

Diffuse / Albedo Map: OcHOBHOM LBET MOBEPXHOCTH

Normal Map: KapTa Hopmanein. UMutnpyet menkmin penbed, He MEHAA FrEOMETPULO
Specular / Roughness / Metallic Map (PBR): YnpaBneHue oTpaxKeHHbIMU CBOMCTBaMM
Displacement / Height Map: HacTtosiuee nsmeHeHue reometpum (teccenaums)
Emissive (cBeyeHue)

Ambient Occlusion (3aTeHeHMe TpewmH)

Opacity (npo3pa4yHoOCTb)



[TapameTpuyeckoe npeacrasieHmne

KomnbtoTepHada rpaduka lemsaHeHko A.M.
mexmat Kooy

2025



LlnnnHapmnyeckas NnoBEpPXHOCTb
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KomnbtoTepHada rpaduka lemsaHeHko A.M.

2025 mexmat KOy




Chepa
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KomnbtoTepHada rpaduka lemsaHeHko A.M.

2025 mexmat KOy



Kyb - rpaHb
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KomnbtoTepHada rpaduka lemsaHeHko A.M.
2025
mexmat Kooy



TeKcTypupoBaHMe rpaHen

P3 a="Py
| e =P,-Py;
¥ & =P, -Py;
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KomnbtoTepHada rpaduka lemsaHeHko A.M.

2025 mexmat KoY



2025

VICKaXeHMsa Npuv NPOEKTUBHOMN NPOeKUMM

KomnbtoTepHada rpaduka lemsaHeHko A.M.
mexmat Kooy
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TeKcTypmMpoBaHMe rpaHen Npu NepcnekTUBHOM NPOEKL MM
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KomnbtoTepHada rpaduka lemsaHeHko A.M.

2025 mexmat KOy



PeweHne cnuctemsl - [NpaBmnno Kpamepa
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KomnbtoTepHada rpaduka lemsaHeHko A.M.

2025 mexmat KOy




TekcTypupoBaHhe. COMNANHT

2025

Vv Y 64x64

128x128
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Texkcenu”

Tekctypa . SKkpan

A: OJHO3HAYHOE COOTBETCTBIE MEXAY TEKCENaMK 1 NUKCENnamu
B: pixel O:texel 0; pixel 1:texel 2; pixel 2:texel 4...

KomnbtoTepHada rpaduka lemsaHeHko A.M.
mexmat Kooy
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2025

MacwTtabumpoBaHue: npamaa n obpaTtHasa npobaemsl

* HECKOJIbKO TeKceneun B OANH NMUKCENDb

* OAHOMY TeKCenk COOoTBETCTBYET HECKOJ/ZIbKO NMKceneu 9KpPaHa

KomnbtoTepHada rpaduka lemsaHeHko A.M.
mexmat Kooy
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YcTpaHeHune aToro HegocTaTka - bUAnHenHas MHTepnoaaLma
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% ; YeTbipe KpacCHble TOYKM NpeacTaBAAoT
: § cob0n U3BECTHbIE 3HAYEHUA PYHKLUN.
: : 3Ha4yeHMe B 3e/1IeHON TOUYKE A0NKHO bbITb
: ; : MHTEPNOINPOBAHO.
...... e T L. DY 1.
2 X Xz
KomnbtoTepHada rpaduka lemsaHeHko A.M. 15

2025

mexmat KoY



[Tpnmep yBeaNYEeHUs YacTn n3obparkeHuns

m Bilinear Filtering No Bilinear Filtering
NPOCTbIM MaclTabmnpoBaHmem

C NPUMeHeHnem BUNMHENHOW MHTEPNONALNN

Bilinear Interpolation

KomnbtoTepHada rpaduka lemsaHeHko A.M.

mexmat KOy 16



MHTepnonauma

.
WHTEpnonsuusa MeToaoMm
6nvxaiwero cocena

2025

.-
' 'A’ el

BMHVIHGMHaﬂ MHTepnongum 5m<y6v1'-|ecxaﬂ UHTEpPNONAUNS
YacTHble Npon3BOAHbLIE TEPNAT (ru.wikipedia.org)

pa3pbiB Ha rpaHnLax KBaapaTos

KomnbtoTepHada rpaduka lemsaHeHko A.M.
mexmat Kooy
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Tunbl aIMacuMHra

. J J

EAMHCTBeHHbIM BbIPOBHEHHbBIN OTHOCMTeanOU T = 21 | Samples: @ | Alpha-to-coverage: off | Sample Shading: ©.88 | FPS:
dKPaHa NpPAMOYroJsibHMK ¢ 4aCTU4HO NMPOo3pa4v4HoOun Nol AA
TEKCTYPOMN.
e «MenbHUUA», cOCTOALLAA U3 BbIPOBHEHHDbIX
OTHOCUTENIbHO 3KPaHa NepeMeHHbIX b6enbix n

YEPHbIX TPEYro/NbHUKOB.
® HeCcKoNbKOo YEPHbIX TINHWUIM PA3IUYHON LLNPUHBI,

HaynHaAa ¢ 1 nukcena ceepxy Ao 0,4 nnkcens TR
CHU3Y, U 6enasa IMHuSN TonwmHowm 0,5, Transparency Aliasing Geometry Aliasing (2D) Sub-pixel Aliasing
oTobpaxKatowasa cMHycomnay.

e Kyb, COCTOALLMN U3 LLIECTU NAOCKUX
3aKpaLIEHHbIX MPAMOYro/IbHUKOB

® HaK/IOHHaA NJI0CKOCTb, TEKCTYPUPOBAHHASA
BbICOKOYACTOTHOM TEKCTYPOW TPaBbI.

® BbIpOBHEHHbIN OTHOCUTEILHO 3KPaHa s

NPAMOYTO/IbHUK C MUKCENbHbIM LLENAEPOM, Geometry Aliasing (3D) Texture Aliasing Shader AlSasing
onpeaenstowmMm UBET Karkaoro NMKcens Ha

OCHOBE PYHKLUN CUHYCA.

o

2025 KomnbloTepHas rpaduka emaneHko A.M. mexmat lODY 19
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MnntocTpauma NnoANMKCeNbHOTo aMacuHra
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TeKCTypHbIN annNaCUHT

O6bI4HO apTedaKTbl, CO34aBaeMble TAaKUM
TUMOM anIMaCcUHra, He o4eBUAHbI Ha
HEenoABUKHbIX CKPMHLLOTAax, HO NPOABNAOTCS
B BUKEHUN KaK MepLaHMe N HEYCTOMYMBOCTb
NMKcenen.

Texture Aliasing

2025 KomnbtoTepHan rpaduka emaHeHko A.M. mexmaT HODY 21



CaMNIMHT 1 ero apTedaKThbl

Mpubnnxenune MKcenmsaums

Eweé oaMH apTedaKT COMNAMHIa — 6104HOCTL. MpPU MeaNIeHHOM BPaLLLEHUU UAU NPUBAUMKEHUU/YyaaNeHUN
o06beKTa MoryT 6bITb 3aMETHbI «NepPeCKaKMBAHMUAY» NUKCENIOB C OAHOr0 MecTa Ha Apyroe.

KomnbtoTepHada rpaduka lemsaHeHko A.M.

2025 mexmat KOy
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ApTedakTbl depth aliasing n nepcnekTMBHas KOppeKLUS

L Ko PPEKLN 21 ne PCNEKTHED bes ko PPEKLUMH NepCnekTHE

[MepcneKkTUBHaA KOppeKLUMsa — pecypcoemKas npoueaypa (oaHa onepaums AeieHUA Ha Kaxabli nnKkcen),
noatomy 3D-ycKopuTenun peannsytoT ee annapaTHo.

KomnbtoTepHada rpaduka lemsaHeHko A.M.

2025 mexmat KoY
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ApTedakTbl depth aliasing

"depth aliasing" (ownbKku rmybuHbl cueHbl naun Z-aliasing), oT KOTOpbIX bBuAnHenHaa punbTpaumna He
n36aBNAET U HE MOXKET U36aBUTb (HaNpMMepP, HECKONbKO KBaZPaTOB C/IMBAOTCA B OAMH).

KomnbtoTepHada rpaduka lemsaHeHko A.M.

2025 mexmat KoY
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[TupammaanbHoe GUAbTPOBAHMNE —
Mip-mapping (nat. multum in parvo — mMHOro B maaom)

W "
B G d
B G ¥ L’U
R { X y
R I , U , U
|| .
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|l — 4

[locTyn K NnMpamuae ocyLLLEeCTBAAETCA C MOMOLLbIO TPEX KOOPANHAT:
u, Vv, d, rae u u v— KoopanHaTbl TEKCTYpbl, a d (compression) — mepa KOMNPECCUM TEKCTYPbI, U MOXKET
ObITb pacCMOTPEHA KaK BepTUKa/ibHAs KOoOpAMHaTa NnMpamubl.

KomnbroTepHas rpadpuka demanenko A.M.

2025 mexmat KoY
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Ob6béM Mip-TeKcTypbil
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KomnbtoTepHada rpaduka lemsaHeHko A.M.

2025 mexmat KOy
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Mip-mapping v ypoBHu getanm3aumm (LOD)

CTeneHb UM ypoBeEHb AeTannsaumm -
Level of Detail (LOD), ncnonb3sytotca ans
onpeaenieHns, KaKon mip-map ypoBeHb
(cTteneHb geTanmsaumun) cnenyet BblbpaTh
ONA HANNOXKEeHUA TEKCTYPbl Ha 0ObEKT.

2025 KomnbloTepHas rpadpuka emsiHeHko A.M.

mexmat KOy 27



Mip-TEKCTYPUPOBAHME MO KaxKJOMY NOJAUTOHY

CteneHb nnun yposeHb aetanusauum - Level of Detail nam npocto LOD, ncnonb3sytotca ana onpeaeneHus,
KaKoM mip-map ypoBeHb (MM KaKylo CTENEHb AeTann3aumn) cneayet BbibpaTb ANA HA/IOKEHMUS
TEKCTYPbl Ha 0O BEKT.

LOD BbluMCASIETCA NINLWb Pa3 AJ18 BCEro TPEeYyro/ibHMKa,
CNeacTBMEM MUCMNOJIb30BAaHUA 3TOTO 3HAYEHMA ANA BCEX
MUKCENI0B TPEeYrosibHNUKA CTAaHOBUTCA 3PPEeKT
PAaCTPEeCKMBAHUA, KOTAa HEKOTOPbIe TPEYro/ibHUKN, U3
KOTOPbIX COCTOUT aHMMMPOBAHHbIN 0OBEKT, BAPYT
BHE3aMnHO CTAHOBATCA YPEe3MEPHO PA3MbITbIMM NI C
HEPOBHOCTAMMW.

2025 KomnbtoTepHada rpaduka lemsaHeHko A.M. 08
mexmat Kooy



Per-pixel mip-mapping

MonuKkcenbHoOe Mip-TeKCTypupoBaHue

2025

3HavyeHune LOD BbluncnaeTca AnA KaxXaoro
nunKkcena. B pe3ynbrate npegoTspallaeTca
nosBAeHue oWwnboK BU3yanmsaumm u
N3ILLHEN Pa3MbITOCTMU.

KomnbtoTepHada rpaduka lemsaHeHko A.M.
mexmat oY

29



MIP-mapping u yposHu aetanmnsaumm (LOD)

Per-polygon mip-mapping Per-pixel mip-mapping

KomnbtoTepHada rpaduka lemsaHeHko A.M.

2025 mexmat KOy
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MIP-TeKkcTypurpoBaHMe u mip-banding (moaocaTocTb)

2025

B nepexogHOM COCTOAHUWM OT OAHOro Mip-Mmap YPOBHA K Apyromy, NosiBASETCA
0CobObIM TN OWMOOK BM3yann3aumm, N3BECTHbIX NoA Ha3dBaHMem "mip-banding”
(MMN-6eHANHT) — NON0CAaTOCTb MU CIOEHOCTb, T.€. AIBHO Pa3/IM4MMble FPAHULbI
nepexoga oT 04HOro Mip-map YPOBHSA K Apyromy

KomnbtoTepHada rpaduka lemsaHeHko A.M. 31
mexmat Kooy



MIP-banding n TpnanHenHaa ¢unbTpaLms

\’

AR

Mpn TpunnHenHon eunbrpaumm bepetca 610K M3 4YeTblipex TeKCenem U HaxoauTcsA
MHTEPNONMPOBAHHOE 3HAYeHMe LBEeTa, Kak nNpu bunmHemHomn, 3atem HepeTca TaKon ke
YyeTbIPeXTEKCe/IbHbIM 610K N3 coceHero mip-map YPOBHA U TaK e ycpeaHsaeTcs.

N nocne BCcero aToro HaxoAuTCA cpeAHee 3HayYeHue MeXAay ABYMS MONAYYEHHbIMU, KOTopoe W
byaeT uBeTom 0bpabaTbiBaEMOro NMUKCens.

KomnbtoTepHada rpaduka lemsaHeHko A.M.
2025
mexmat Kooy
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AHN30TPONHAA PUAbTPALUA
(Anisotropic filtering)

| b Imlftmmu,ﬁ_ Ibellc\elh:r 81
Comabout e bl Coem abouts bl

fo search’ Ll 10 SWCh}.‘mi‘]
b !

TpunuHenHan AHWUIOTPONHAaA

N3-3a NPOEKLUMOHHbIX UCKAXKEHNN HEODXOAMMO NCMNONb30BaTb aHU3OTPOMHbINM TMN GUNBTPALLUNK

AHM30TpONHaA PunbTPaLma obbIYHO onepupyeT C He MeHee Yyem 8 TeKcenamm, ANA NoayYeHus
OZlHOTO NMKcena obpabartbiBaeT A0 32 TEKCENOB

KomnbtoTepHada rpaduka lemsaHeHko A.M.
2025
mexmat Kooy



AHTUA/IMACUHT: KPAaeBOW M NOJIHbIN

AnvacuHr — pesynbTaTt npeobpa3oBaHUA HENPEPLIBHOTO M306parkeHUA B AUCKPETHOE.

ANTMACUHT yXyALAaeT Ka4yecTBO M30bparkeHnsA, Bbi3biBaA pa3HOObpa3Hbie apTedaKTbl: TAKUE, KaK
NNECTHUYHbIN 3PPEKT.

AHTMANNACUHT — Npoueaypa CrAa*KUBAHMUA MOMKET MOMOYb YAYYLINUTL (MU, KaAK MUHUMYM, He yXYALNTb)
KauyecTBo rpadunyeckoro nsobpaxeHus.

o npegHasHa4yeHMio aHTUA/TIMAaCUHT OAENTNTCA Ha KpBEBOIZ N MOJIHbIWN.

2025 KomnbtoTepHada rpaduka lemsaHeHko A.M. 34
mexmat oY



ANMACUHT BO3HMKaeT npu ApumxkeHun (1280x720)

2025 KomnbtoTepHaa rpadpuka demsaHeHko A.M. mexmat HODY 35



Ta »ke cueHa (3840x2160)

2025 KomnbtoTepHaa rpadpuka demsaHeHko A.M. mexmat HODY 36



Crna*kmBaHue (anti-aliasing). KpaeBon aHTUAANACUHT

-

dHTHANWACHHIa

C aHTHANWACHHTOM

40% Covered
by A

Nukcen

KpaeBoi aHTUannacuHr (KAA) — mexaHmnam 60pbbbi ¢ 1ecTHUYHbIM 3pdekTom. KAA crnaxknsaeT Kpas
NOJINFOHOB N AMAroHa/ibHble JIMHUMN,

na peannsaynm KpaeBoro aHTUaIMaCUHra Yaule BCero NCnoib3yroT TEXHUKY yCpeaHeHnA no
naowaan (area averaging).

KomnbtoTepHada rpaduka lemsaHeHko A.M. 37

2025 mexmat KOy



Anti-aliasing. [MTONHbIN aHTUANMACUHT

[MONHbIN @HTMANMACUHT, B OT/INYME OT KPAaeBOro, HanpaBaAEH Ha MNOIHYIO HENTPaAAU3aLULO
annacuHra, B Tom ymcne bleeding-a (npocaumsaHmsa upetoB dboHa).

MpeacTtaBUTENEM NOHOTO aHTUA/IMACUHIA ABNAETCA CYONMUKCENbHbIA aHTUANIMACUHT, KOTOPbIN
peannsosaH B 3D-yckopuTensi.

CybnuKcenbHbIN aHTUANMACUHT Ba3npyeTca Ha TEXHUKE CYyNnepCcaMNINHIa.

KomnbtoTepHada rpaduka lemsaHeHko A.M.
2025
mexmat oY
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CynepcamnamnHr

HeT aHTHanuMacuHra

MonHeIW cyBNUKCenbHBIM AHTUANUACKUHN

CynepcamnnMHr O3Ha4aeT, YTO BCA CUeHa peHaAepUnTCA B KAKOM-TO 6onboOM BUPTYA/IbHOM
paspeweHnn, a 3atem CXnMmaeTca 40 (I)aI-(TI/I‘-IeCI-(OI'O paspeleHnd.

B o6wem cnyyae BupTyasnbHoe U paKTUYecKoe paspelleHms MoryT bObiTb HEKPATHbIMW.

KomnbtoTepHada rpaduka lemsaHeHko A.M.

2025 mexmat KOy
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