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Rendering




The Visualization Pipeline
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Fundamental Rendering Approaches

Rasterization Raytracing
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Rasterization
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Raytracing
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no lighting Phong illumination




. /

face normals vertex normal
no ambient or specular light all light components



Surface Normal

What is a surface normal?

e [angent space:

surface
e Plane approximation at a pointx € § normal
n(x) € R3
e Normal vector:
e Perpendicular to that plane S
e Oriented surfaces: XX
. . T point X
e Pointing outwards (by convention) &

e Orientation defined only for closed solids Space



Single Triangle
e Parametric equation

{p1 + A(p2 — p1) + (P3 — P4 1 ER}

e Tangent space: the plane itself

e Normal vector

(P2 — p1) X (p3 — p1)
e Qrientation convention:
P1, P2, P3 Oriented counter-clockwise

e Length: Any positive multiple works
(often ||n|| = 1)

P1

Ps3

Triangle Normal

P2



Normals for Triangle Meshes

Smooth Triangle Meshes

Store three different “vertex normals”
e.g., from original surface (if known)
or from visualization algorithm

Heuristic:
Average neighboring triangle normals




Phong Model:

= Ambient part:
C=c,o0

= Diffuse part:

C =cC,.o0

-(n, )

= “Specular” (glossy) part:

C=¢Co

(high-) light T
color

r Vv
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COSs 4r,v

= Add all terms together

p

Phong Exponents

-90 -60 -30 0 30 60 90
p=5 p=10 —p=50 —p=100

Lighting Model



Summary

e Rendering as a part of the visualization pipeline
e fast rendering means more time for interaction

e Two main approaches for rendering
e Rasterization
e Raytracing

e Convey depth in 3D scenes

e Normals
e triangle, triangle meshes

e Lighting



