Page1 CS248 Lecture 18Copyright � Pat HanrahanIllumination AlgorithmsOpenGLnOnly point/distant light sources - not areanAssumes objects are not �shadowed�nDoesn�t handle interreflection

n Basic ray tracing algorithm n Reflection and refraction n Ray-object intersections

Plane

Polygon

Sphere n Acceleration schemes

CS248 Lecture 18Copyright �

Read SceneWrite ImageCamera

Geometry- intersect- normal

TraceShade

PrimaryRaysN-aryRaysHit

Page2 CS248 Lecture 18Copyright � Pat HanrahanLaw of Reflection

θ^r = θ^iθrθiφ iφ r

φ^r = φ^i ± π r N

r

R r

I r

R +(− r

I) = 2cosθ r

N = − ( r

I • r

N) r

N r

R = r

I − ( r

I • r

N) r

N

CS248 Lecture 18Copyright � Pat HanrahanSnell�s Law

ni sinθi = nt sinθt ni rN × rT = nt rN × rI

θ_tθ_i

r N rT rI

φ^iφ^tφ^t = φ^i ± π

CS248 Lecture 18Copyright � Pat HanrahanLaw of Refractionθtθi r N

r T r I

r_{N ×} r_{T = μ}r_{N ×} r_{Iμ= ni / nt}

r

N × (

r

T − μ

r

I) = 0 r

T = μ

r

I + γ

r

N r

T

2

=1= μ

2

+ γ

2

+2μγ

r

I •

r

N γ = − μ r I • r N ± 1− μ_2(1− r I • r N ( ) 2 ) { } 1 2

= μcosθ^i ± 1− μ_2 sin_2 θ^i { } 1 2

= μcosθ^i ± cosθ^t

= μcosθ^i − cosθ^t ← γ = μ− 1 1− μ 2 (1− r I • r N ( ) 2 ) < 0

Total internal reflection:

CS248 Lecture 18Copyright

Pat HanrahanRay-Plane IntersectionRay: Plane:

rP = rO +t rD

rP • rN + d = 0 ax +by+cz+ d = 0

Ray-SlabRay-ConvexPolyhedraRay-Box?

Ray-Zonahedra?

CS248 Lecture 18Copyright � Pat HanrahanRay-Polygon Intersection1. Find intersection with plane of support2. Test whether point is inside 3D polygona. Project onto xy plane (actually use max N coord.)

b. Test whether point is inside 2D polygon

CS248 Lecture 18Copyright � Pat HanrahanRay-Sphere Intersection

r

P = r

O +t r

D

Ray:Sphere:

rP − rC ( )^2 − R^2 = 0 rO rC r D r O − t r D− r C ( )

2 − R 2 = 0 at 2 +bt +c = 0 a = r D 2 =1 b = 2( r O − r C)• r D c =( r O − r C) 2 − R 2 t = − b ± b^2 − 4ac 2a

Page 5

CS248 Lecture 18Copyright � Pat HanrahanRay Tracing Acceleration TechniquesApproachesFaster IntersectionFewer Rays

Generalized Rays

Examples:

Beam tracing

Cone tracing

Pencil tracing Examples:

Ray depth

Better samples

Examples:

Tight bounds

Fast intersect

Examples:

1. Hierarchies

2. Grids

3. Oct-trees

4. Ray search

Fewer

Fewer

CS248 Lecture 18Copyright � Pat HanrahanHierarchical Bounding Volumes

Create of tree of bounding volumesnChildren are contained within parentnCreation preprocessFrom model hierarchyAutomatically

Search

Test parent

if intersect

recurse on children

in ray order

Page 6

CS248 Lecture 18Copyright � Pat HanrahanGridsFujimoto et al.1. Preprocess scene

Place object in cell if

overlaps cell

2. Traverse grid

3D line drawing

What resolution?