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[locTaHOBKa 3a1ayu

» Busyanusauma TpaBAHOro NOKpPoBa M aHMMaUMA Noa AencTBuem
BETpa

» ~10° TpaBMHOK B None 3peHns ogHOBpeMeHHO (6e3 yyeTa ypoBHen
AeTtannsaumm)

» 120-150 KagpoB B CEKYHAY Ha coBpemeHHOM 0b6opyaoBaHUM
» ObpaboTKa B3aMmoaencTemsa C AMHAMUYECKUMU OO bEKTaMM

» MPUMEHMMOCTb: KOMMbIOTEPHbIE UTPbI, TPEHAMKEPDI




CylIeCTBYIOIIME PElIeH sl BU3yaJu3allUs

[eomeTprnyeckmn metos,

Kaxaan TPaBWMHKa 3a4aeTCA MHOXKECTBOM

_\
TPEyrosibHNKOB Z

(-) Bu3yanmsauma mMaamMoHOB TPEYroNIibHUKOB 4

MpeactaBneHue 610Ka B BuAe 2D-TeKcTypbl

BNOK TPaBUHOK - MPAMOYTrONbHbIN 0OBHEKT €

TEKCTYPOWU

(-) NoTepa peannsma 61131 Kamepbl

(-) OTcyTcTBME 3 deKTa napannakca ﬁﬁ nnnnnnn LN
MpeactaBneHne 6a0Ka B Buae 3D-TeKcTypbl

3D-TekcTypa 3aaeT 610K TPAaBUHOK, V* 5 i

BM3Yya/IN3UPYyeTCA Mo CeYEHMUAM NPU NOMOLLM l" T 1 ZR 1 R
-W 0 h
NPAMOYTO/IbHbIX 06 bEKTOB Jd W

(-) MoTepsa peannsama B6AM3M Kamepbl



CyliecTBYIOIIUE pellleHHUA: aHUMallud

» TpaBWHKM 3a4at0TCA NPSAMOYrOoNbHbIMK 06 beKTaMuU

AHUMMPOBAHME NOCPEACTBOM NepeaBUKEHNA BEPXHUX
BEPLUWH

4 TpaBI/IHKI/I 3444dH0TCA MHOXeCTBOM Tpeyro/ibHMKOB
N3meHATCA KoopaMHaTbl BCEX BEPLUUH

» HepocTaToK: nepemelL,eHnA BepLUNH HanpasaeHbl BAONb
CW/1bl BETPA M NPONOPLMOHAbHbI €€ MOAY/HO

» B3ammopencresue c obbeKktamu
CtaTnyeckme ob6beKTbl
«BblTankmBaHne» BepLIUH U3 0H6beKTa
NnHamunyeckne obbeKTbI

PacyeT dopmMbl NPAMOYTo/iIbHbIX 06 bEKTOB C MCNO/1Ib30BAHUEM
MOAEeNN MacC-NPYKUH



Busyasiunsanuda

» feomeTpuyecknim metoa

» TpaBAHOW MOKPOB COCTOUT U3 NPAMOYIONbHbIX 610KOB
N*N TpaBUHOK, paCnoNOXKEHHbIX B y3/1aX PerynapHom
CETKM

» Kaxkabit 610K nmeeT 3 ypOoBHA AeTaNn3aumnm
» KarkaaA TpaBMHKA 3a4a€TCA MHOXECTBOM TPEYro/IbHUKOB

» BAoKku, BCTynmsLMe BO B3aUMoAeNCTBME C 0O beKTamm
CL.eHbl, BU3yann3NPYIOTCA MHAYeE

TaKkune 6/10KM Ha30BEeM «MaT4YU»



YpOBHU geTa/In3alUuU

» PerynapHasa ceTka 610KoB

TpaBMHKa 0603Ha4YeHa Kak O

BbicoKas aetanmsaums CpeaHaa getannlaums Hu3Kas petannsauma
o | ° © O

O |@]| © ® ®
© | ol ol@

g |O©|0O o | ©




HMHepuuanbHasg Mojeib aHUMalL MU

» Mopaenb TpaBUHKMU

» LUenb cBA3aHHbIX TBEPAbIX 3
Ten 5

I

» CoeanHeHbl LWWapHUpamu, B i
KOTOPbIX PACNOJ/IOXKEHbI ]
chepunyeckmne npyKmHol

YpoBeHb

» 0 cermeHT 3a4aeTcs TONbKO o nanawadra
MaTpuLUen NoBopoTa



HMHeprurasibHad MoaeJib: aJiITOPUTM

» T = Ry
» for (1=1;1=3; ++i) {

Jor, =—g; + 1foe

Vi =0

R; =RM(y;)
T=T R
9i =kV(R;)

J — TeH30p nHepyun
— YI/I0Bas CKOPOCTb I-ro cermeHTa

; — noBopoT CK i-ro cermeHTa
OoTHOCUTeNbHO -1

J; — MOMEHT MPYWHbI B I-OM CErMmeHTe
R;— maTpuua, nepesoaALLaA BEKTOPA 13
CKi-ro cermeHta B CKi-1(ecnm i=0 —To B
muposyto CK)

T’; — maTpuua, nepeBoaALLan BeKTopa n3
munposoi CK B CK i-cermeHTa

M({) — maTpumua noBopoTa BoKpyr Y Ha
yron ||

fé, - cymma cun BeTpa u TaNKecTy,
NEeNCTBYIOLLNX Ha I-CEerMeHT

ki_ HKECTKOCTb NPy*XHUHbI B I-om cermeHTe



BupTyasibHO-HHepLHaJIbHAasA MOJeJb

4

HoBbI anroputm aHMmaLuum
TpaBsbl ¢ ncnonb3osaHnem GPU Tekctypa BeTpa

OcCHOBHaA naeaA:. He XpPaHUTb
YIrN0Bble CKOPOCTU U
OpUEeHTaALUUN CErMeHTOB, a
N3MEHATb CUNY BETpa

BoccTtaHaB/imMBaTb MmaTpuuy

cermeHTa Ha GPU, pewas { VpaBHeHwe ]

MHepuman bHaA
N\o,u,enb

YpaBHEHNE PaBHOBECUA paBHOBecmﬂ

kiw; =m" +1x(T._,M(y;))'G

TeKkcTypa BeTpa




BupTyanbHO-UHepLa/JbHAsA MOJieJIb: aJITOPUTM

y T = TO = - nosoporT CK.i—ro CermeHTa
_ _ _ oTHocuTenbHo 1-—1
» for (l - 1’ | < 31 ++|) { = T’ - maTpuua, nepesoaALLan
ki\l’ = m}N _|_]><(TM(\|;)) 'G BeKTopa 13 mmposoi CK B CK I-
T _-TM cermeHTa
| (W) = M({) — maTpmua nosopoTa
T= Ti BoKpyr Y Ha yron ||
} @ G -cuna tAxecT

MY, - MOMEHT cunbl BETpa

K; — ¥eCcTKOCTb NPyXWHbI B I-OM
cermeHTe
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B3aumoznencTBUe c 000beKTaMU

» MaTum
» BblumMcneHmne popmbl TPABUHKM MO UHEPLIMAIbHOM Moaenm
» ~1000 TpaBMHOK

» ObpaboTKa CTONKHOBEHMUM
» «BbITaNKnMBaHME» CErMEHTOB 3a rPaHuMLbl 06BHEKTA

-




Pacnipenenenue Boiuucaenuu no CPU u GPU

CPU

PacctaHOBKa 6/10KOB TpaBbl C
y4yeTom 06,1aCTN BUONMOCTU

OnpepeneHne n obpaboTKa
CTO/IKHOBEHWUW TPABUHOK C
obbveKkTamm

PacueTt HanpaBNEeHUN U CUNbI
BETpa

ObHoBNEHME KapTbl BETPA NO
BUPTYaNbHO-UHEPLUNANBHOW
Moaenu

12

GPU

PelleHne ypaBHeHUA
CTaTU4YeCKOoro paBHoBecua anA
onpeaeneHnsa popmbl
TPaBUHKM

[eHepauuAa reomeTpun
TPaBUHKM

PacueTt ocselleHUA



N3MepeHHUe NPOU3BOAUTENBHOCTH

»  Peanusauma c ucnonbsosaHuem DirectX 10

» ~178,000 TpaBMHOK B Kaape c y4eTOM YPOBHEN AeTan3aLmm
»  1mnH TpaBUHOK 6e3 yyeTa ypoBHeN AeTanm3aumnm

Tect A — AHMMaUuA noa AencTBUEM BETPA

Tect B — B3anmopenctesue c obbektom (BeTpa HeT)

Tect C - B3anmoaenctame c 06beKTOM U BETPOM

vV vV Vv

Intel Core i7 920 2.66GHz, 6Gb Ram, 33 34 34
GeForce 8800GT 512Mb
Intel Core 2 duo e8500 3.16GHz, 4Gb 195 150 146
Ram, ATI HD6770 1Gb
Intel Core i7 2600K 4.1GHz, 8Gb Ram, 322 339 251

ATI HD6870 1Gb
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CpaBHEHHE IPOU3BOJUTENbHOCTH

» Intel Grass Demo

Anu Kalra, 2008, “Rendering grass W|th
Instancing in DirectX 10”

YnpouweHHasa mogesib aHMMaLumu

Bnok TpaBMHOK npeactasnsaeTtca 2D TekcTypou

» KoHpurypaumsa cteHaa
Intel Core 17 2600K 4.1GHz, 8Gb Ram, ATI HD6870 1Gb

CpaBHeHMe npounssoauTenbHocTu (Kaapbl/cek)

Intel Grass Demo

JleMOoHCTpaumnoHHoe npunoxeHue, Tect A
(aHMMmauma nop, aencrTesmem BeTpa)

345 322
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3aKJIlDUeHHUe

OCHOBHble pe3ynbTaTbl paboTbl

» PaspabotaH meTon aHMMaLUUU TPABUHKMU C
MCMONb30BaHNEM TPEXMEPHbIX MaTPUL, U MOMEHTOB
MHepLUn

» PeannsoBaHa 0bpaboTKa B3anmoaemncTsms C
ANHAaMUNYECKMMU 0O beKTamm
» BblcOKas Npomn3BoAMNTENBHOCTb
Bonee 250 KagpoB B CEKYHAY Ha COBPeEMEHHOM 060pyA0BaHUM

PaboTa npoBeaeHa B paMKax UCC/1e40BaTENIbCKOro MPOeKTa
KomnaHuu Intel

[aHHbIN goKNag bbln NpeacTaBAeH Ha MeXKAyHapoaHOM
kKoHdepeHumnun GraphiCon 2011
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