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Application Developer Days

Npu3bie 2003 — AMb 2008

R KOMERLUS UrPYLIEK

/

JNULEH3MOHHAS KOMWSA UIrPbl OT "1C”
NWUEH3WOHHAS KONWA UIPbI OT “1C”
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3 nanbua — 0630p ANA HaYNHAKOLWKUX

Visit the Beginner Developer
Learning Center, get the free
Visual Studio Express Editions
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1) TpeyronbHUYKH
2) Wenpepol
3) CeT

4)
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KakK 3TO YCTPO€HO BHYTpMU?

e TpeyroslbHNYKK
e TpeyroslbHNYKK
e /I elle TpeyrosibHNYKHK
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3D koHBeuep, 21 Bek

e [lonHas nobena TpeyronbHbIX CETOK!

— Urpbl, xene3o (GPU)
— CAD, CAM
— KunHo

e Jlerko paboTaTb, Nerko napannennTb

e MOXHO caenaTtb BCe, YTO YyroaHo

— ECnu ucnonb3oBaTb 4OCTAaTOYHO MOJIMIOHOB
— REYES (Renders Everything You Ever Saw)
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Pucyem kybuk!!!
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YT06b!I KYNUTb YTO-TO HEHY)KHOE...

e Hy>XHO 3aaaTb 06BbeKT (KybuK)
— 8 Tovek
— 12 rpaHeu (6 kBagpaToB, 12 TpeyronbHUKOB)

e Hy>XHO 3aZaTb KaMepy
— HTYNTNBHO?
— [ ne HaxoauTcy
— Kyaa cMoTput
— FOV, Aspect Ratio, Roll
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OnpenensieM o6beKT

e BBoaAMM rnobanbHyto, “Muposyto” (world)
cuctemy koopauHaTt (CK)

e Toyka (vertex) — 3 koopanHaTtbl B MCK
— struct Vertex { float x, y, z; }

e [paHb (face) — 3 TOYKMK
— struct Face { vertex[3] verts; }

e JTO BCe, y>Xe MOXHO paboTaTb!
— Tonbko HeaddeKTUBHO (CM. Aanee)
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OnpepenseM kamepy

e IHTYUTNBHO — struct camera {
vertex from;
vertex to;
float fov, aspect, roll; }
e PaKTM4yeckn — KaMepa 3aaaet HoByto CK
— X BNneBo, Y BBepx, Z n3 To4kn from B TOYKY to
— B kope pabotaTtb yaobHee c from/to/fov ntn
— [na oTpucoBkn yaobHo 3aaaTb MaTpULIEN
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NMpocTrenwias kamepa
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NMpocTrenwian kamepa

e Haxoauntca B (0, 0, —D)

e CmMoTput B (0, 0, 0)

e FOV=90° - akpaH no X ot -D go +D

e Aspect=1 -»23kpaH no Y ot -D pgo +D

e RollI=0 - 6aluka Habok He NoBepHYyTa

e [lepcnekTMBHO NpoeumpyeM Kaxayto TOUKY...
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lpoeumpyem...
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lpoeumpyem...

e lcxoaHas To4ka P = (X,Y,2)
o Kamepa cngut B C = (0,0,-D)
e [IpoBoanM nuHuio PC
e [lepecekaeM PC c nnockocTtbto z=0
e [lonyyaem P' = (xs, ys, 0), roe
xs = XD/(D+2)
ys = yD/(D+2)
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Pucyem...

e [IpoeumpyemM 3 TOUKKN, pUCYEM TPEYronbHUK
Ha 3KpaHe

e [loBTOpsieM 8 pa3 — nobena, Kybuk B3aT!!!
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N, BHe3anHo, Kyya HOBbIX npob6nem :)

e Hy>xHO oTcekaTb 2D tri 06 akpaH (viewport)

e Hy>xHO oTcekaTb 3D tri 06 znear
— WHa4ve Bnaum Hasan

e Hy>XHO pucoBaTb B "NpaBu/IbHOM” nopsiake
— KoToporo... He cyLllecTByeT

e Hy>XHO nckniountb ABonHyto paboty (VB, IB)
e Hy>XHO yMeTb ABUraTb KaMepy
e HY>XHO UTO-TO KNieBee Tyrnow 3a5mBkun 6enbim!



!E-g j 3 namepeHunsa Ha 3 nanbuax

Fnynbie npobnembl pellaet xeneso

e [IpoeunpoBaHme — genaet GPU

e 2D oTceuenune — penaeTt xene3o (GPU)
e 3D oTceyeHue — penaet GPU

e [lopsinok Tovek — aenaet GPU (z-buffer)
e [IpoTtnB 2x paboTtbl — GPU VB, IB

o [1IBUXXeHne kamepsbl — genaet GPU
— Kak 4acTb... NpoeumpoBaHus
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KoHsenep GPU




!E-g j 3 namepeHunsa Ha 3 nanbuax

OaHHble ana GPU — B ycTaBHOM Bupe

e 4 KOOpAUHaTbLI BMecTo 3, AobaBnseM w

e JloBkO paboTaeM c MaTpuLaMu
— MepeHocsbl 1 Tak” 3apatoTca 3x3 MaTpuuen
— MoBopoTbl 1 Tak” 3apatoTcsa 3x3 MaTpuULEen
— BHe3anHo, TeopeMa LLlans
—4x4 mMaTpula AaeT ele n MacliTabmnpoBaTtb
— 4x4 MaTpuua AaeT ewe U NpoeunpoBaThb
— WToro 4x4 matpuubl galoT genatb Balle sce!ll
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OaHHble ana GPU — B ycTaBHOM Bupe

e BepTeKkc 3TO He TO/IbKO KOOpAMHATHI
— (Heckonbko) nap UV ana tekctyp (daktypa)
— Tangent space ana kapT HopManen (CBeT)
— SH/BRDF/AQ/... KoadhduLmeHTbl (CBET)
— Hpekcbl n Beca kocten (aHMMaums)

e [ paHN 3TO UHAeKCHI (!) BepTekcoBs
e 3anueatoTcsa B naeane 1 pas (VB, IB)



!E-% \' 3 namepeHunsa Ha 3 nanbuax

OaHHble ana GPU — B ycTaBHOM Bupe

e ONnTMMK3aUKA rpaHen, lists vs strips
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Bbl B3pbiBaeTe MHe MOo3r!

e GPU npuHyXxaaeT un orpaHU4nBaeT
e Ho, BoobLe rosops, k MPABNJIbHOMY
— MaTtpuusbl, VB, IB, strips...
e CHMMaET psa rnynbiX ronoBHbIX 6onen
— bonblle He HaJo TeKCTypupoBaTb pyydkamu!ll

e [lo3BONngeT 60neTb KaYeCTBEHHO HOBbIMU
— CBeT, TeHU, aHuMaumsa — n ontuMmmnsaumsa!l!
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OauH (nepBbin) Kaap yn3 xn3sHuun GPU

e BnvBaem aaHHble u Kopa, (*)
— vertexes, faces, textures, V/P shaders

o KomaHayem 3AHUCTDb (Clear)

e Thbilly pa3 noapsa

— Bblbnpaem n 6uHamm BCskoe

— KomaHayeMm PUCYW (DrawIndexedPrimitive)
e KomaHayeM MNOKEXDb (Present)

* — nyylwe ToNbKO Ha 'nepBoM” Kagpe
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Kak BbirnsaauT Kkoa?

// trivial HLSL vertex shader
VS OUT sampleVS ( VS _IN In )
{
VS _OUT Out;
Out.Pos = mul ( In.Pos, matWorldViewProj ) ;
Out.BaseUV = In.BaseUV;
return Out;

}

// trivial HLSL pixel shader
PS OUT samplePS ( VS _OUT In )
{

return tex2D ( smpBase, In.BaseUV.xy ),
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Kyna ero cosatb?!
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What just happened?

e BbibopouHbIn 3aber no BepLiKkam?
e P4 KKOYEBbIX C/IOB U3 MaTeMaTukn n DX?

e GPU nporpaMmMmupyetcs m HeTshkeno!!!

e [lMWEeM MaxoHbKMe nporpaMMKu, “wenaepbl”
e OHM ncnonHsoTcsa \any vertex, pixel cooTB-HO
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Knaccnuyeckue Mmoaenu ocselleHus

e Flat = (FaceNormal dot L)
e Gouraud = Lerp(VertexNormal dot L)

 Phong = (N dot L) + (R dot V)”p,
N = Lerp(VertexNormal)
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P

Ambient/Diffuse/Specular...

Ambient + Diffuse + Specular = Phong Reflection
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Diffuse




@ 3 namepenmna Ha 3 nanobuax // AHgpen Akceros // ADD 2010

Soame - b |,
Application Developer Days

Diffuse + Bump
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Diffuse + Bump + Specular
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HopMmanb 3TO ag0B0O BaXXHO, HanpuMep
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Mera-npobnema

e Moaenb ambient/diffuse/specular npoctoBaTta

o CBeT CUJIbHO cnoxHee
— HepaBHOMepHOCTb specularity, glossiness
— Henpsimoe ocsBewjeHue (indirect lighting)
— AHM30Tponus oceewenuns (no cambin BRDF)
— SubSurface Scattering (koxa, utn)
— Ky4ya MCTOYHUKOB
— TeHun
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TR
P

HepaBHOMepHOCTb spec/gloss

e Jlerko neynTcs
TEeKCTypaMu

e HO, YCNOXHAET Mera-
ypaBHeHue

o s*(R,V)p Tenepb
bepeT s, p U3 TEKCTYP
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Indirect lighting
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Indirect lighting

e be3 Hero naoxo
— XapaKkTepHasa KapTOHHAsa KapTUHKA
— YHbI/1ble YOPHbIE TEHU

e Ambient nnoxoe npunbnmxeHune
— YHbl/ble cepble TEHU

e Cuutatb ero THAXEJIO
e YecTHbin (1) pacyeT B RT — HEBO3MOXEH
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LIRS
]

Indirect lighting

e [1na cratuku, lightmaps (ewe oaHa TekcTypa)

e Cuyntatotcs 3apaHee, odbdnanH

e TONbKO CTaTUKa, HE YYUTbIBAET KapThl
HOopMarnew...
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YTO0 )Xe aenaTtb CO CBETOM...

e Ambient + Diffuse = cMOTpUTCS NNOX0
e Lightmaps — naeanbHo (!) HO CTaTUYHO

e AO (Ambient occlusion), SSAO, PRT
(Precomputed Radiance Tranfer) + SH
(Spherical harmonics), Radiosity Bump,

Diffuse cube lighting ... n elle Kyya TexHuK



!E-g j 3 namepeHunsa Ha 3 nanbuax

YTO0 )Xe aenaTtb CO CBETOM...

e Q6NN CMbIC/T BCEX TEXHUK OCBELLEHUA?
OEJIATb KPACUBO — N MNOXOXKE

e /IMeHHO B TakoM nopsake!
e /IMEHHO NMoxoXke, a He TOYHO
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e "CKOJIbKO
CBEeTa
noneTaeT
10 3TOU
TOUYKN?»
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Diffuse cube

e Yptaem Diffuse
color n3 TekcTypbl

hegd= 210, gEach=0 hi-gd=0, gEhck=0 higa=H, piach=0 hpad- 130, pich-0
dn t
|

ared edge
——— must match up

haad=, pitch=-50
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LIRS
]

“"O6beMHbIe” nctouHnkm — PRT, SH...

e XpaHuM PRT (self-shadowing, inter-refl)
e Pe3ynbTat cumtaeMm n3 PRT+cube B anHammke
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Radiosity normal mapping

e [/ elle oaHa TeXHUKA OCBEeLLEeHUs

e A 33a04HO, HakoHeL-To 6oeBou npumep!
(TexHuka n3 Half-life 2, 2004)

e lpesa: xpaHuM He 1 nantmany, a 3
— CBeT, BNETaoWMA N0 pa3HbIM HanpaBleHUAM
— Y106l YMETb KOMBMHUpPOBaTL ¢ Normal mapping
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KoHeYyHad uenb
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JaaTH -
]

Radiosity Normal
Mapping Shade Tree

Cube Map
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OBbI4HbIN lightmap
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Lightmap no 1my BekTopy
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Lightmap no 2my BeKkTopy
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Lightmap no 3my BeKkTopy
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Nmap dot Lmap123 =
(Lmap1*Nmap.x + Lm
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Diffuse (peako albedo)
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Radiosity Normal
Mapping Shade Tree
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Cubemap (Kky4ya npob Ha ypoBHe...)

|\
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tex(Cubemap, Nmap)

|\
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Specmap * tex(Cubemap, Nmap)

"
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FINAL (hI2)
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boeBblie Molesin OCBellleHUs

e Phong (1975) = Ka + Kd*DiffuseTex*(N,L) +
Ks*SpecularTex*(R,V)specPower
— 1-4 Tekctypsbl: N, Diffuse, Specular, Gloss

e Q3 (1999) = DiffuseTexture * Lmap + Detall

e HL2 (2004) =
DiffuseTexture * (Lmapl1*N.x + Lmap2*N.y +
Lmap3*N.z)
+ SpecularCubeTexture(N) * SpecularTexture
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CeBeT 310 BAXXHO
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e Pan KnoveBbiX BbIOOPOB
— 3 LM BMecT0 1 LM Hanuuo

e Kyua “Menkmnx” ynydlueHum

e be3 KaXkaoro n3 KOTopbIX —
YNC, Y>XXe He TO U He TaK...
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Xene3o Kak IMMUT

e BuaeokapTbl ToNwe — pokKycos 60osbLie
e Q3, 1999 — 2-3 TeKcTyphl

e HL2, 2004 — 7 TeKcTyp

o ?7?, 2010 — cTpawHo nogymatb!!!!
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YT0 MbI cynep-KpaTko obcyannun?

e CaMble ocHOBbI 3D (TOYKN-KaMepbl)
e CaMble OCHOBbI peHaepa
e Cnerka nocMoTpenn Moaenn ocBelleHuns

e [IpenapupoBanu ogHy 13 MoAeNeN
(xopoLuyto!)
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Y10 ocTanochp?

e HeMHoOro

e Shadow, parallax, displace mapping; skin,
eye, hair, fur shading; reflection; refraction;
transparency; motion blur; compression
issues; particles; LODs; atmospheric effects;
volumetric effects; post-processing; HDR...

e Vertex animation; skeleton animation,
animation compression; inverse kinematics...
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Shadow mapping
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Parallax mapping

Virtual Displacement Standard textured
Mapping - surface

-

N




i o |, I i
o — Application Developer Days

Texture Mapped Normal Mapped
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Parallax mappmg

Parallax Mapped Steep Parallax Mapped
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Skin/eye/hair shading

51
T -
-"ﬁ. : v *
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Fur shading
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Water
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Atmospheric effects




!E-% j 3 namepeHunsa Ha 3 nanbuax

AHUMaUMA...

e [13eH-Cnana, NCNOMHSETCS KXECTUKYNSALIMEMN.
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NToro

e [ padpuka — 3TO 0YeHb NpocTo!

— Kybuk HapucoBaTb fierko!

e [[pad®duKa — 3TO CMOXKHO
— MHOI'O BcAYeckux TexHuK

— Ba)xHO BbIbpaTh NpaBU/IbHbIE

— Ba>xHO cymeTb caenatb

DU3UKOWN.

e [ TaBHOE — He yBneKaTbCA ¢
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BCE

(a 3aBTpa OyOeT CKy4YHOe 3aHyacTBO 0e3 KNeBbIX KAPTUHOK)
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Rundar Mesh 5267 polys




Ha 3 nanbuax // AHapen Akceros /[ ADD 2010




