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why WPF for 3D?

A Rapid prototyping of simple 3D scenes
with simple "classical” lighting effects
(non -photo -realistic!)

A Ability to generate images at three levels:
procedural (C#), XAML, and tools/apps
that emit code

A Want you to be able to experiment with
simple ideas quickly (David Sklar's lablets ,
Pat Doran's Labs)
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Classical Graphics Pipeline

A Mesh objects with 3D polygons (typically
triangles)

Apply material properties to each object
Texture map polygons as needed
Light scene

Place camera

o o o o Do

Enjoy the view
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3D Polygons (1/2)

A Drawing a rectangular pyramid as 4 faces
(triangles); do sand and sky later
I list vertices & faces; edges implicit from faces

I ourright -hand coordinate system convention:
A Xright
A Y up
A Zout
i 3D Polygons in WPF defined using
GeometryModel3D  which requires:
A geometry specification
A material specification

T  These are defined in Resources

I geometry is defined as:
<MeshGeometry3D
x:Key="RSRCmeshPyramid'
Positions='0,75,0 -50,0,50 50,0,50'
Trianglelndices ='01 2’
/> (0, 75, 0)

T clockwise order of vertices
determines outward plane
normal n

(50, 0, 50) —— 5, 50

I note: These units are
completely arbitrary!
Application must define
its own units and map to WPF coordinates
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3D Polygons (2/2)

- Material describes light reflection properties of
the surface

- in XAML defined as:

< DiffuseMaterial x:Key ='RSRCmaterialFront’  Brush ='#FFFF88'/>

«‘ | ‘«‘ | «‘
Material Type Resource Color
Name (Pale Yellow)

- Now create our first triangle using the
resources we just defined:

<GeometryModel3D
Geometry ='{ StaticResource RSRCmeshPyramid }
Material ='{ StaticResource RSRCmaterialFront }/>
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INTRODUCTION TO COMPUTER GRAPHIC S

Complexities of Light
Reflection from Surfaces

A determining the intensities and directions of |

light that strikes a point on an object's surface
(many bounces, global illumination)

A determining how an object's surface appears
depends upon the material

A typically depends on  the wavelength of the
incident light

A depends upon the location of the  eye

A lights may have geometry themselves

Lighting/illumination models address
these complexities
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INTRODUCTION TO COMPUTER GRAPHIC S

An imperfect world

Classic lighting models (also called illumination or
reflection models, and not to be confused with shading
models/rules discussed later) developed at the dawn of
raster graphics in the early 70s.

A primarily at University of Utah where Ivan Sutherland
had gone to work with David Evans

A Utah was at the epicenter, and spawned the Evans &
Sutherland flight simulator business

A also pioneers:

Gouraud

Phong (lighting models)

Newell (the teapot, meshing algorithms)

Clarke (geometry engine, Silicon Graphics, Netscape)
Warnock (Hidden Surface Elimination, Adobe), Catmull
(splines, Pixar), etc...

Back then:

To o o To I

A CPUs 3 orders of magnitude less powerful
A memory limited (measured in KB!)

Even on today's machines , a physically accurate light
simulation requires computational power beyond the
capabilities of supercomputers!

A take advantage of multiple cores
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INTRODUCTION TO COMPUTER GRAPHIC S

Lighting (lllumination) Models (1/2)

A Color of surface dependent on scene lighting and
surface material

A First approximation: model diffuse reflection from a
matte surface (light reflected equally in all directions,
viewer -independent) based on angle to light source

-

Facing light source =

. ) U to light source = Intermediate =
Maximum reflection %

No reflection Some fraction of
light reflected

A Math behind light "drop - off"

I Lambert's diffuse - reflection cosine law
i reflected light intensity I ~
— {
| =14 cOSq )
| iy = measure of directional light's intensity at 6
point of contact with surface
e = angle between surface normal ( n)

and vector from light source ( 2)

note: 1 and all the other quantities in the

lighting model are fractions between 0 and 1 -
such units are also completely arbitrary and not

physically based!
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INTRODUCTION TO COMPUTER GRAPHIC S

Lighting (lllumination) Models(2/2)

A Lambert light attenuation based on
surface's angle to light source

| = Idir COS(y

A Visualization of Lambert's law in 2D

” ” ”
E E {
8 =00° g = 450 g = 900

' n
n 3 +
5 I. ) IIII “

Maximum Intermediate No

reflectivity. (271%) reflectivity. reflectivity.

(cos 02 = 1) (cos 450 = 0.707) (cos 900 = D)
magnitude of reflectivity indicated by radius of hemi -

sphere determined by reflection vector endpoints

Note: we haven't accounted for "material properties”, i.e., the
fractions of the incident light energy absorbed vs. reflected
at each wavelength (See S18)
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Completing the Pyramid

A define 3 additional faces in mesh

A Lambert's cosine law will produce a
faceted look
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Shading Rule (1/6)

A Goal: finding color at each pixel

A First approach: Lambert's cosine law (flat/constant shading)
I faceted appearance, perfect for this rectangular pyramid.

A What if we want to approximate a rounded object?
i Lambert shaded, faceted appearance is no longer ideal

http://  www.sklardevelopment.com/graftext/ChapWPFE3D/PROJpyramid/

PyvramidTextbook.xbap
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http://www.sklardevelopment.com/graftext/ChapWPF3D/PROJpyramid/PyramidTextbook.xbap
http://www.sklardevelopment.com/graftext/ChapWPF3D/PROJpyramid/PyramidTextbook.xbap
http://www.sklardevelopment.com/graftext/ChapWPF3D/PROJpyramid/PyramidTextbook.xbap

Shading Rule (2/6)

A first solution: increase the number of polygons

A Dbetter approximates shape, but costlier for
efficiency 1 only as fine -grained as strictly needed

A ultimately, still looks faceted when rendered
(higher poly count = less faceted)

A can do adaptive meshing I greater polygon
density in areas of rapid change
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Shading Rule (3/6)

A get this:

.
\

- faceted shading

A want this:

» \ smooth shading
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Shading Rule (4/6)

A Gouraud smooth shading

I compute lighting equation at each vertex of face; next
we show these colors will differ

I interpolate vertex color values to get color value at
interior points

A Weighted averaging : the closer the point is to a vertex,
the more it is influenced by that vertex

How do we determine this interpolation?

The "artifice" of vertex normals ; mathematically ill  -defined since a
vertex is a discontinuity

Faceted Smooth
The normal at a vertex is the only one vertex normal per
same as the plane normal. vertex ; average of face
Therefore, each vertex has as normals of faces the vertex s
many normals as the number part of

of planes it helps define.
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Shading Rule (5/6)

A Vertex normals
I normals not specified explicitly
I if vertex is used by only one face, normal is set to face's normal
I else normal (in red) set to average of normals of all faces
sharing it
i if mesh is not too coarse, vertex normal is a decent
approximation to the normal of the underlying surface

I adaptive meshing adds more triangles in areas with rapid
changes in curvature

3D mesh approximation

Vertex normals shown in
red, face normals in green

2D curve approximation
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Shading Rule (6/6)

A WPF allows either flator ~ Gouraud shading
T to get flat shading, duplicate vertices

Non -shared vertex representation

Shared vertex representation

A Unfortunately:

I modeling choice influences rendering effect (contrary to MVC

paradigm)

i non-shared vertex model is more storage inefficient, harder,

and more error
simple pyramid

Positions Triangleq Positions Triangleq
Index intg Index into
X Y Z| Positiong X Y| Z| Positiong
0 75 0 0,1, 4% 0 75 0 0,1, 4
-50 0 50 0, 2,3 -50 0 50 3,4, 5
50 0 50 50 0 50
50 0 -50 0 75 0
50 0 50
50 0 -50

-prone to change (e.g., changing the size of our
i error will cause tearing)
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Lighting Model (1/5)

A Types of Lights:
I Ambient :crude approximation to inter -object reflection
lighting, all surfaces receive same light intensity

i Directional :illuminates all objects equally from a given
direction; like sunlight "at infinity" so that rays are parallel

i Point : Originates from single point, spreads outward
equally in all directions

I Spotlight : Originates from single point, spreads outward
in coned direction

i Area : Originates from single plane and spreads outward in
given direction from plane

I Volume : Enclosed space lighting objects within that space
A WPF supports Ambient, Directional, Point,
Spotlight

N

I TS
.

e

Directional Point Spotlight

< AmbientLight Color ="White" />

< DirectionalLight Color ="White" Direction ="-1,-3,-2"/>

< PointLight  Color ="White" Position ="3,2,1"/>

< SpotLight  Color ="White" Position ="2,2,2" Direction ="-2,-2,-2"
InnerConeAngle ="30" OuterConeAngle ="45"/>
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INTRODUCTION TO COMPUTER GRAPHIC S

Lighting Model (2/5)

A many models exist to approximate lighting equation

A WPF: Blinn -Phong reflection model

T approximates lighting by breaking down lighting into three
components: ambient, diffuse, specular

T non -global illumination model I equation does not count
reflections of objects onto other surfac
AMBIENT DIFFUSE SPECULAR s THE COMPOSITE
Effect of light that is Effect of directional Effect of directional ___ The three independent
non-directional, light on a surface with  light on a shiny surface reflectivity types are
affecting all surfaces a dull/rough finish. when the eyepoint is accumulated to
equally. sufficiently close to produce the result.
Ambient  term the light's reflected

rays (see explanation

I — I l(do below).
/ ay d,

Diffuse term Specular term

A A
e . n
+ a Idir, fatt[kdod, (COSC]) + ksos, (COSd) ]
lights
A Equation is wavelength  -dependent; approximate with separate
equations for R, G, and B
A All parameters unit  -less real numbers between 0 and 1
A Note: This lighting model generalizes to other types of light source
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Lighting Model (3/5)

A Variables
A [ =color component (e.g. R, G, and B)

I = intensity of light as measured at surface

i,= the amount of ambient light used in the scene

o o D>

k = material's efficiency at reflecting light
(attenuation coefficient)

o

k, is the ambient attenuation coefficient for this
object's material (we would expect Ko~ Kg)

A O =innate color of  object's material at specific point
on surface

A f,, = additional attenuation factor to approximate
inverse square fall - off of energy incident on surface
with distance from light source

A Ambient component

A effect on surface constant regardless of orientation,
no geometric information

A total hack (crudest possible approximation to inter -
object reflection), but makes all objects a little
visible

A no innate ambient iffuse isused ( Oy)

Ambient term
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