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Computer Graphics
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What is computer graphics

CG is concerned with all aspects of producing images using a computer =
synthesis of images (2 Dimensional array of numbers)
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Applications

e Display of information
- Engineering data, scientific data, moleculat data

e Design
- CAD/CAM, art design

e Animation & special effects

e Simulation
- Virtual reality, training simulator, simulation

e Entertainment
- 3D game, VR game
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Radiosity

« Radiosity approximates global diffuse inter-object reflection by tessellating the
scene and considering how each pair of surface elements (patches) send and
receive light energy.

« Simulation of the real transfer of light energy in the scene

e Principle
- Everything in the scene is modeled as a ”patch”
- Each patch starts off with an initial luminance value

- We iteratively determine how much luminance travels from each patch to
each other patch until the entire system converges to stable values
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Radiosity Scene
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Radiosity example
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Classical Ray Tracing

e Ray tracing is basically a simulation using classical ray optics to make
images

Parallel Ray /

Focal Ray\&

Object Image
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Forward vs. Backward ray-tracing

"‘\T ) Backward ray tracing
7 IN from eye
t:f";}_ | 7

Forward ray tracing N
From light to objects, to eye
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Ray-tracing principle (simplified)
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Generate an eye ray

ray
Find closest object along ray patl

screen

Use illumination model to detern
light at closest surface

eye

scene
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Parametric representation of Ray

where P is origin of ray
t is distance along ray

D is the normalized direction vector /
D

Po
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Sphere

Implicit equation for sphere

where [a b c]’ is the center
r is radius
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Ray/Sphere Intersection

Substitute equation for ray into that of sphere to get

and solve for t to figure out where the ray intersect the sphere




Ray/Sphere Intersection




Solution for t




Optimizations

Check inside of sqrt(). If negative, non-real, so no intersection.

Check the t-sqgrt() first, because we want the closest intersection. If it’s
negative (intersection behind ray), check the other possibility.

Precompute as much as possible.




Plane

Implicit equation for sphere

where [A B C]’ is the planes normal vector




Ray/Plane Intersection

Substitute equation for ray into that of plane to get

and solve for t to figure out where the ray intersect the sphere




Solution for t




Triangle

How is it possible to intersect a triangle? ? ? ?




Solution

First intersection with plane defined by the three corners of the triangle

Check if the intersection point is inside the triangle




Constructive Solid Geometry (CSG)

e (CSG is the process of building complex solids from logical combinations
of simpler ones.

e There are four basic types of CSG operations:

Union
Intersection
Difference
Merge




A Simple 2D CSG Example




Union (A + C)




Intersection (A & C)




Difference (A - C)




Merge




Ray Tracing CSG Models

A+C
A&C

A-C




Light sources - four types

Four types of light sources

Ambient lighting
- Provides an uniform light level in the scene

Point light
- Emits light equally in all directions

Spot light
- A point source with limited emission angles

Distant light
- llluminate objects with parallel rays of light




Color




What is color

Color of object depends not only on object itself but also on
light source illuminating it, on color of surrounding area, and
on human visual system (the eye/brain mechanism)

Some objects reflect light (wall, desk, paper), while
others also transmit light (cellophane, glass)

Surfaces that reflects only pure blue light illuminated
with pure red light appears black

Pure green light viewed through glass that transmits
only pure red also appears black




Subtractive vs. additive mixture




Metamers

« Different light distributions that
produce the same response




Metamers - 2 receptors

Note that in principle an infinite number of frequency
distributions can simulate the effect of 12, e.g., I1




Metamers - 3 receptors

www.oso.chalmers.se/~jconway/improc/ERR041/




Observations:

« If two people have different response curves, the metamers for one
person will be different from those for the other

 Metamers are purely perceptual: scientific instruments can detect the
difference between two metameric lights

e A prism can help show how two metameric lights are different...




Color perception




Color effects

o Color affects perceived size
- red is seen as larger than green

e Colors refract differently through our lens:
- appear at different depths, e.g., red (closer) vs. blue (farther)




Phongs reflection model

e (Consists of three terms

- Ambient
- Difuse
- Specular




Diffuse reflection

« Diffuse light is scattered in all directions and is responsible for the color
of the object since it absorbs light, and reflects part of the image.

- Example: A green object absorbs white light and reflects the green
component of the light.

o A perfect diffuse scatters light equally in all directions, independent on
the viewer's position, that is, the surface appears equally bright from all
viewing directions




Specular Reflection

For a perfect reflector, reflected light is seen only in the direction of R.

In practice, specular reflection is not perfect and reflected light can be
seen for viewing directions close to the direction of R (and produce

highlights)

The color of the specular reflection is the color of the light source




Specular term

 n simulates the surface roughness

- perfect specular : n infinite
- very glossy surface : n large
- less glossy surface : n smaller

K is the specularreflection coefficient which depends on surface
property and 6.

- Transparent material: K (0) is 1 when 6=90 and decrease when 6
decreases.

- Opaque materials: K (0) is nearly constant for any 6




Ambient term

e For surfaces that are visible from the view point but invisible from the
point light source, should we render black? No, made visible by ambient
light since they are illuminated by other objects.

« Ambient term is the result of multiple reflection from walls and objects,
and is incident on a surface from all directions.




Phong example




Snell’s Law

where i is one material and r is
another.

air 1.00003, water 1.33, glass about
1.5

Material |




Total internal reflection

http://www.physics.nwu.edu/ugrad/vpl/optics/snell.html




Ray Tracing: Recursive

Eye ray is the primary ray
Intersect with all objects in scene
Determine nearest object
Generate secondary rays

- To light sources

- in reflection-associated directions

- in refraction-associated directions
Continue recursively for each secondary ray

Terminate after suitably many levelsRay, when ray leaving scene or
when threshold on the amount of contribution is reached.

Accumulate suitably averaged information for primary ray
Deposit information in pixel




Ray Trees

Shows reflection and refraction rays




Ray tracing exsample




Texture maping

e 2 D textures




Texture mapping

o 3D textures

n(xy,z) = Z‘; noiselal i(x, y,2))
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Bump maps




Displacement mapping




Anti-aliasing in Ray Tracing

e Super Sampling
- Take more samples and weight with lter
- If sampling pattern regular, we still get aliasing

e Stochastic Sampling
- ldea: Eye easily detects coherent errors (aliasing)
- Eye is poor at detecting incoherent errors (noise)

- Rather than regular super sampling, the samples is jittered in one of
several ways:

Choose random location within pixel
Displace small, random distances from regular grid




Pinhole vs. Real Cameras
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Motion Blur




Depth of field




Focal lengths

To focus move lens relative to
backplane




Zoom - angle of view




Zoom - angle of view




e Faster intersections
- Faster ray/object intersections
- Fewer of them

 Fewer rays

e Parrallelization




Parallelization

e Ray tracing is easy to Parallelize




Parallel Speedup




What if due to numerical error t is greater than 0, but really hit same
primitive?

- Could self-shadow.

FIX - Could recognize it’s the same primitive (used by Whitted)

or use a tolerance (if t < some small humber, count it as 0).




Rasterization

Starting in 1996 some graphics cards used the standard lighting model and
Gouraud shading to draw polygon fragments entirely in hardware

Implementing the pipeline in hardware made processing polygons much faster,
but the developer could not modify the pipeline (hence “fixed function
pipeline”)

Fixed Function Pipeline

New programmable hardware allows programmers to write vertex and pixel
programs to change the pipeline




Rasterization pipeline

« Efficient hardware implementation

« Rendering is driven by application

« Visibility determined at end







Ray-tracing vs. rasterization

Rasterization relies on approximations

Ray-Traced images are ”correct”

Ray-tracing shading happens after visibility calculation

Ray-tracing is parallel scalable

Ray-tracing allows for efficient searching




Gouraud shading

Often appears chalky

Lacks accurate specular component

If included, will be averaged over entire polygon

Can’t shade that effect!




Comparison

Flat or Faceted Shading:

Gouraud Shading:
Interpolation of intensity

Phong Shading:
Interpolation of surface
normals




Shadows

Should give impression of a global computation

Process scene’s geometry




Modified Pipeline (DirectX 8.0)




New Possiblities

Cartoon shading is a cheap and neat looking
effect.

Instead of using traditional methods to light a
vertex, use the dot product of the light vector
and the normal of the vertex to index into a 1
dimensional “texture” (A texture is simply a
lookup function for colors - nothing more and
nothing less).

Instead of a smooth transition from low
intensity light (small dot product) to high
intensity light (large dot product) make the 1
dimensional texture have sharp transitions.




