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Jlntepatypa

1. Tomas Akenine-Moller, Eric Haines. Real-Time Rendering, Third Edition. 2008.
2. DirectX moxymeHTaIys.

1. Graphics pipeline



L 4

World

Camera

Projection

Screen

Puc.1.1

View frustum — near plane, far plane, yroa o63opa
View plane, view window, viewport
LlenTpanbHOE M apauieIbHOE TPOCIIUPOBAHUE




Puc. 1.2

Back face and hided face

Puc. 1.3

CoptupoBka (Tomosoruyeckas), Z-buffer




The color value iz stored
in the rendering surface.

Depth

X

The degpth value
iz stored in the
depth-huffer.

Depth-hutfer (same dimensions as the rendering surface)

Puc. 1.4

Clipping and culling

Puc. 1.5
Graphics pipeline



Application

Geometry

Transform and lighting

Back culling, clipping

Frojection

Rasterization(interpolation)

Pixel processing

Z-test andothers

Target buffer

Screen
Puc. 1.6
2. Geometry
a. I'paj¢uyeckne npuMUTHBBI
-1, 1 i, 1
(-1, -1 (1, -1

Puc. 2.1



Vertex Buffer

1 2
“Bindex: O | -1, -1
T -1, 1
i i
DR I O T 0
5
301, -1
4 -1, -1
L I - DA B
4 3

Puc. 2.2 Triangle List

Index Buffer Vertex Buffer
B Index: 0 0 WBIndex: 0 | -1, -1

1 1 1 10-1, 4

2 2 2001, 1

3 3 I - BB

4 0

5 2

Puc. 2.3 Indexed Triangle List
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V3 w5
VT

Puc. 2.4 Strip



V3

vy

vl

L'

Puc. 2.5 Fan
b. Vertex format

[Tpumep:

Vertex:

- Position

- Normal

- Color (diffuse)

- Color (specular)

- Texture coordinate (n)

c. Materials

3. Transforms

d. Matrix Transforms
Onnopoanas (homogeneous) crcremMa KOOPAUHAT




p=[X,y,z, W]
p =[x/w, ylw, z/w, 1]

Translate (T)

[1 0 0 0]
o1 00
[xyzl]=[xyzl][] 0 1 0
T T, T
Scale (S)
sz 0 0 0
0 s 0 0
[xyzl]=[xyzl] 0 5 0
o 0 0o 1
Rotate (Ry):
1 0 0 0
0 cosd sznd 0
[xyzl]=[xyzl]0 —and cozf 0
0 0 0 1
R=R,*Ry*R,
W=R*S*T
XT
A nupn

» X
Puc. 3.2

(f, n)<=>R
p’=pR



KBarepuuon

a=(x, Y, z, w)=(n*sin(f/2), cos(f/2))

J—E-{}r3+z‘?) 2 fx-y-wz) Z2Nxz+w-y)
2fx-y-w-z) I—E‘-fx‘?+z‘?j 2y -z-w-x)
2fxz-w-y) 2-fp=z+twzx) I—E-{IE+}?EJ

sin(l—u) 2 sin Qu

sler y Gy U) = +q
pq. @2 u) = q — e

g)° g, =cos

Puc. 3.3

gl1*(1-u) + g2*u

e. World Transform

Wiarld coordinates
+

Local coordinates

T
+o

4

+5

+

Puc. 3.4



Py=P*W

Puc. 3.5

P=C+Q
P:C+Qxi+Qyj+sz
_|X,iy,iz,0 |
jx’jyijz’o
k., k. .k 0

x1 Ny 1 Rz

1€,,Cy,C L

P=Q*W

f. View Transform

w=ca)

we | RO
~CR™1

RLR’

g. Projection Transform.



oy i
! !
! !
| | =
. ra - ra
[ > !
| : 1 |
’ P ’
! " _\ i 7
I I v
I — \ e X
. o 3% k.. . B N 53
z Z
/i\
I
I
|
i1
!
I
|
!
X I X
1
Puc. 3.6
W,0,0,0
0,H,0,0
P—
0,0,a1
0,0,b,0

X, ¥, z,w) =(x, y, z, 1)*P
x=Wx; y=Hy; z=az+b; w=z;

X=W*x/z; Y=H*y/z; Z=a + blz
1=W*tan(fy); 1=H*tan(fy)

O=a + b/N
1=a+ b/F

W=1/tan(f); H= 1/tan(fy)
a=-b/N;

1=-b(1/N-1/F) => b=-N*F/(F-N)
a=F/(F-N)

h. Viewport Transform
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/ Fendertarget (a Direct3h =
(‘_‘}{,"T’

1
‘{}’ }Heigh‘t
I
A——
Wil cith
Puc. 3.7
W/2 0 0 0
0 —-H/2 0 0
VP =
0 0 Zmax O
X+W/2 Y+H/2 0 1

X, ¥, z, w) =(X, y, z, 1)*W*V*P*VP
X=x/w; Y=ylw; Z=z/w; - s5kpaHHbIC KOOPIUHATHI

4. Lighting
I. Light Types

Directional Light

Point Light. Attenuation:
Att = 1/( att0; + attl; * d + att2; * d?)

SpotLight

Outer Cane

Puc. 4.1

12



= S = spotlight

L L = spot-light direction vector
o W = wertex being lit
D' = direction to wertex
D 2 = angle between vectars
b
Coz a= LaD

Spot = f(cos(x))
j. KoMmoHeHTBI ocBeleHust

Global Illumination = Ambient Light + Diffuse Light + Specular Light + Emissive Light

Puc. 4.2

Ambient Lighting = C.*[G, + sum(Att;*Spot;*L)]

Ca Material ambient color

Ga Global ambient color

Att;  Light attenuation of the ith light..
Spot; Spotlight factor of the ith light..
L. Light ambient color of the ith light

N Light
O
L
f
Puc. 4.3
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Diffuse Lighting = Cy*sum[Ly*(N'L)*Att*Spot]

Cqy  Diffuse color.

Lqg Light diffuse color.

N Vertex normal

L Direction vector from object vertex to the light.
Att  Light attenuation.

Spot Spotlight factor..

Cos’(f) = (V,R)°

R=2(N,L)N-L .

2(N,.L)N

Puc. 4.5

H=L+N
(RV)" = (N,H)*

Specular Lighting = C, * sum[Ls * (N « H)" * Att * Spot]

14



Cs
N
H
P

Ls
Att

Spot  Spotlight factor.

Specular color.
Vertex normal.

Half way vector. See the section on the halfway vector.
Specular reflection power. Range is 0 to +infinity
Light specular color.

Light attenuation value.

k. Camera Space Transformations
v=v*WV; WV=W*V

N=N* WV
N=N* (WV™)’

L=L*V - Directional Light

L=Ly*V-v- PointLight, SpotLight
X=norm(X);

5. Textures

I. Texture mapping

(1.1,1.8)
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Puc. 5.1

Wrap Mirror Clamp
adaaaa A daaaa
| | o | |
2 daadaa ralla YW e
| | e MRAVIRA
2 dadaa 2 daadaa
-~ -~ -~ ~— — - Texture Clamped texture applied to primitive
Puc. 5.2
Texture space Object space Texture space Object space
v Tloe. vy o Flu. v)
i [
1l ] [ :f

Puc. 5.3

(u,v)=(t/(2*Pi*n), z/(h*m))
X=r*cos(t)

y=r*sin(t)

t=arctg(x/y)

m. Texture Filtering

ov: (0.0, 0.0)

uv: (0.125, 0.125)
Uv: (1.25, 0.25)

wr: (1.0, 1.0)

Puc. 5.4
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Point Sampling, Linear (Bilinear) Filtering
uv: (0.0, 0.0}

uv: (0.0, 0.0)
UvV: (0.125, 0.125)
o L
@ L
_ uv: (1.0, 1.0 uv: (1.0, 1.0)
elole ( )
e @@
Puc. 5.5
Texture Filtering with Mipmaps
? f:’l I. 1‘-. Texture
Primitive 7 ,
Surface s . i
; . i ;
Pizel
] #
0 1

Puc. 5.7

Color = t*Texturej[u,v] + (t-1)*Texture;.1[u,v]; - Trilinear Filtering



Puc. 5.8

6. Blending

Texture blending

Puc. 6.1 Color * Texture[u v]

.*a .

Puc. 6.2 Texturel[u,v] * Texture2[u,v]

DiffuseColor + SpecularColor * T

w,%“‘ﬁ Wy }

\\_ “%&y‘\\ 4

‘VA\V"““\

Puc. 6.3 Texturel[u,v] * Texture2[u,v]
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Puc. 6.4. a* Texturel[u,v] + (1-a) * Texture2[u,v],

Puc. 6.5.
Alpha Blending (c 6ydepom sxpana)

C=(R,G,B,A)
c=(R,G,B)
c=A*cl+(1-A)*c2

a= Texture3[u,v]
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Puc. 6.6

e Jlonka mox Bojoii (A B BeplIMHAX BObI, COPTHPOBKA)
e Enxu (A B TekcType)
e bykssl (A B TekcType + antialiasing )

Z-test mpobaembl

Alfa - test

Alpha Texture Blending

a* Texturel[u,v] + (1-a) * Texture2[u,v], a= Texturel[u,v].a

7. Fog and antialiasing

a. Fog
e  @DopMyibl
F=KycouHo-nuHelinas
F=Exp(-d*density)
F=Exp(-d*density)?
C=F*C + (1-F)*FogColor
e Vertex fog
Range-based (Direct3D uses the actual distance from the viewpoint to a vertex)
e Per pixel fog
Brrunciienus B npansepe

b. Antialiasing

20



1 sample °
: ®|0

2 x 2 grid ==
0000

4x4grid (oielele
|o]e]e]e]

2x2RGSS s

8. Clipping

L2

T

Puc. 8.1
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Puc. 8.2

If (p1.ClipCode & p2.ClipCode) culling

Else
{
If(p1.ClipCode | p2.ClipCode == 0) PutLine
Else
For (i=0; i<4;i++) cut
If (p1.ClipCode[i]!= p2.ClipCode[i]) cut
}
p1
p1
P1
p2
P3'
p3
p2
p3
Puc. 8.3
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A

Puc. 8.4
(X, ¥, Z, W) =(X, Y, Z, 1)*P --mmeeeeee — (2.5)
-WLX<W
-W<y<wW
O<z<w

Puc. 8.5
w>0

X=x1+t(x2-x1)
y=yl+t(y2-y1)
z=21+t(z2-21)
w=w1+t(w2-wl)

w>0: O=wl+t(w2-wl) =>t=>X,y,z
x=w: X1+t(x2-x1)= wl+t(w2-wl) =>t=>x,y,z
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