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Handouts. Smooth Shading

Tllumination Models:
Ambient Light

Simple illumination model
I=k

Use nondirectional lights
I=Tk

I, = ambient light intensity

k, = ambient-reflection coefficient

Uniform across surface

Diffuse Light

Account for light position
Ignore viewer position
Proportional to cos©
between Nand L
I= .Z;)kd cosO© = ..Z;)kd (NL)
Model:
I=TLk+ Lk (N-L)
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Handouts. Smooth Shading

Attenuation: Distance
S—3]
f,++ models distance from light

I=ILk+ fad kg (N-L)

Realistic

farr= 1/(d?)

Hard to control, so use

Tar= 1/(cy + cpd, + ¢3d,2)

Attenuation:

Atmospheric (fog, haze) %
i

z: and z,: near/far depth-cue plane

s; and s;: scale factors

I,.: depth cue color

Given z > z,> z interpolate s; > 5, > 5,

Adjust intensity
I'= soI+ (1- 5p) 2
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Handouts. Smooth Shading

Colored Lights

Anim-¥R Viewer

O, diffuse color

(OdRI OdGl OdB)
Compute for each component
I.e. | |
Iy = Ik, Op + aﬁIkad O (N-L)
Note: single 4, use O, for
ambient and diffuse

Specular Reflection:

Phong Model L
— ¥
Account for viewer position
Create highlights N
Based on cos”a = (R- V)" L R
Larger n, smaller highlight oloys ~

k.. specular reflection coef.

I= LkOs+ oL [ KyOy(N-L) + k(R VY]
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Handouts. Smooth Shading

Multiple Light
Sources

_ %F % ;

Obvious summation over m lights:

I= LhOs+ 2§ Tl ksOs(N-L) + k (R~ VY]

<0<m

Shading Models:

Flat Shading |
—e—ili®)
Compute one color for polygon

Use polygon normal in lighting egs.
Every pixel is assigned same color

Fast and simple
Shade of polygons independent

Page 5




Handouts: Smooth Shading

Gouraud Shading

Compute vertex normals .
Average normals of abutting polygons ™
Use vertex normal in lighting egs.

Linearly interpolate vertex

intensities
Along edges
Along scan lines

V, Vs,

Gouraud Shading

——————{)
Often appears dull, chalky

Lacks accurate specular
component

If included, will be averaged
over entire polygon

Mach banding

Artifact at discontinuities in
intensity or intensity slope
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Handouts. Smooth Shading

Phong Shading .
Linearly interpolate the vertex normals
Compute lighting egs. at each pixel
Normals must be backmapped to WC
Can use specular component

Approximate by recursive subdivision
and Gouraud shading

Problems with Interpolated

Shading L
»

Polygonal silhouette

Perspective distortion
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Handouts. Smooth Shading

Problems with Interpolated
Shading

S |
Scanline/orientation dependent

Creates temporal aliasing when used to
render animation frames:

Problems with Interpolated
Shading

—e—ili®)

A

Shared vertices
C

B

Unrepresentative vertex normals
Missed specular highlights
Missed geometry
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Handouts. Smooth Shading

Lighting, in practice

-

Full lighting equation:
= LhOs * 2 Fundyl KeOs(N-L)+ ki (R, VY
Lets ignore specular

Each surface: O, A, Ay, Vi -0y N

Each llghT: ‘Z;Ol”dl fa'f'f (Cl, Gy, C3), PL
(position)

At a given point o
e
Start with ambient: I k O,
R/G/B using Iz, Iog, I, O, Ous. Oup
For each Light, compute: 7,.I, K0y (N- L)
Position (A), normal (Ap)
L vector
d
Fon= 1/(c+ o+ c3d2)
R/G/B using Ly, Is, Ly, O, Oss, O
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Handouts. Smooth Shading

Light Intensity Values -
PR

1., I
Represent intensity
Have R,G,B components

Do not need to fall in the 0..1 range!
Often need Ip1
Final computed I'<1

Specular %
e
A light might have a diffuse and
specular specification, say I
Allow slightly different colors, more control
Remember, it's a hack anyway!

I_would have RGB parts, as with I, I,
Illumination formula becomes

T= L0+ 2 fur [ LaksOs(N-L)+ o (R VY]
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Handouts. Smooth Shading

Accounting for Hierarchy
A
View as “change of coordinate systems”
wcC

To put v; in WC:
Ly e = [XA XK1Y

¢

Lighting calculations will be done

C in 1;'s local coordinate system, C,
Xk,
To put £, in Cy:

A 4 L, =[XA XR]T L
= XA XA L
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