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1. Bump mapping

surface P
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height field F
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perturbed surface P’
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Pixel:

L, Np=Texure[u,v]; => (Np,L)
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Light



t d#

T - target
B - bi-normal

erx Nx Bxg
L=L*gTy Ny By
grz Nz Bzy

VertexPos, N, T, TexCoord &
B=(NxT)
VertexSader output: lg(T,N,.Bffd MiIsGjtEigtc H)d, dzOle x Coor d €
+Pos(C Oz tedets?2 MdMmilsj iz S tststeH dqdzOls) JMmdzd sy Y«
Specular bump mapping:H (for (N,H))

2. Per-pixel displacement mapping

a. Parallax mapping
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Texture Mappmg Normal Mappmg
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Parallax Mapping Para"ax Mappmg w:t Distance Functiops
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b. Parallax occlusion mapping



Height field isosurface

Polygon face
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Parallaxed Offset
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Original texture offset
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C. SelfOcclusionand Shadows




3. Displacement mapping
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4. Environment mapping

a. Cubic Environment Mapping

"~ _Camera
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Camera
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Y=R./Ry; v=0,5Y+0,5;

1 M =zmaxR«Ry,R;); =>u=0,R./R,+0,5;v=0,5R,/R,+0,5;
Vertexshadeoutput C (9 j ¢ B2@t© d3), & [f B ®©world coordinates.
Pixel shader:R=2(N,C)N-C

Reflection map, diffusion map and specular map

{ dfp



b. Environment bump mapping
Vertexshadeoutput T, N, TexCoord;
Vertex shader:

TexCoord => Nuymp

B=(NxT)

T, N, B => Nyymp (world coord)
R:2(Nbump:C) I\lbump'C

5. HDRLighting
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Lum,,, = exp(_%-z log(o + Lum(x, )_.-))J

04
Lun?.ﬁ'mfﬁf (x, J’}) - Lifﬁ?(-xn .]’})
um,,,
Color(x, y) = —=Mcuea (- V)

l + LH”?.\'L‘H-’-,’d (x’ JI)



Scene rendered to a floating-point surface

Scaled copy Measured luminance

—
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Bright-pass filtered

Star eﬂ‘ect Bloom effect

Final




{ de

6. Shadows

Sshadowmaps
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TeHeean KapTa
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Mcnonb3oBaHWe TeHeBbIX KapT
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Softshadow= > W dzi:lsteOydw




B (e dware Shadow Mags 1.0 (DX9) (ML) 3 P =1 B3| | 0 1o dware Shadom Mags 1.0 (0009) (18.52)
Depth Bias: 0000143 Depth Bias: 0.000128
Slope Scale Bias: 088 Slope Scale Bias: 084
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{4 dzHS 8cO H BOjsd) o J5R M Is Iz mxslBhader):

qwT(u+dy,v+dv)

Poisson filter

R=R(v)

Shadowvolumes

RMY sdz' L seacdediaftjj tc O



{ d.29

l sflstetsjdedj Isjdaj osets tsBi j BO



Standard Geometry with
Adjacency Information
Front Cap

N

—— Back Cap

Dynamic GS Geometry at Silhouette Edges
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Adjacent Tri 1 Adjacent Tri 3

Adjacent Tri 2
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C. Shadowbuffer



Eye’s distance < shadow depth

Object ID.

A d dz' Is tR@repdtage closer filtering.

Bilinearfiltering
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Light Plane

t d.88

Polygon
Biased Polygon



Variance Shadow Maps (VSM)
=AM,
ol =M, M}




EA0penGL Yariance Shadow Maps demo
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