Page1 CS348B Lecture 3Pat HanrahanClassic Ray TracingGreeks: Do light rays proceed from the eye to the light, or from the light to the eye?Gauss: Rays through lensesAppel 1968: 1. Generate an image by sending one ray per pixel2. Check for shadows by sending a ray to the lightWhitted 1979: Generate images with mirror reflection

Pat HanrahanThree Ideas About Light1. Light rays travel in straight lines2. Light rays do not interfere with each other if they cross3.Light rays travel from the light sources to the eye, but the physics is invariant under path reversal (reciprocity).

Page2 CS348B Lecture 3Pat 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

CS348B Lecture 3Pat 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

Page 3

CS348B Lecture 3Pat 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:

CS348B Lecture 3Pat HanrahanLaw of Refraction

θ_tθ_i

r N rT rI r

N ×

r

T = μ

r

N ×

r

I μ= n i / n t

Total internal reflection:

Page 4

CS348B Lecture 3Pat HanrahanRay-Plane IntersectionRay: Plane:

rP = rO +t rD

rP • rN + d = 0 ax +by+cz+ d = 0

Ray-SlabRay-ConvexPolyhedraRay-Box?Ray-Zonahedra?

CS348B Lecture 3Pat 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

Page 5

CS348B Lecture 3Pat HanrahanPoint in Polygoninside(vert v[], int n, float x, float y){ int cross=0; float x0, y0, x1, y1; x0 = v[n-1].x - x; y0 = v[n-1].y - y; while( n-- ) {

x1 = v->x - x;

y1 = v->y - y;

if( y0 > 0 ) {

if( y1 <= 0 ) if( x1*y0 > y1*x0 ) cross++; } else {

if( y1 > 0 )

if( x0*y1 > y0*x1 ) cross++; } x0 = x1; y0 = y1; v++; } return cross & 1; } CS348B Lecture 3Pat HanrahanRay-Triangle Intersection

r P_1 r P_2

rP_3

rPs_1s_2s_3 r

P = s 1

r

P 1 + s 2

r

P 2 + s 3

r

P 3

Barycentric coordinates

s1 + s2 + s3 =1

0 ≤ s1 ≤ 1 0 ≤ s2 ≤ 1 0 ≤ s3 ≤ 1

Inside criteria

CS348B Lecture 3Pat HanrahanRay-Triangle Intersection

rP = s1rP1 + s2rP2 + s3rP3 ⇒ P1 P2 P3 [ ] s1s2s3 = P[ ] s1 = P P2 P3

P1 P2 P3 = P • P2 × P3Δ s2 = P1 P P3

P1 P2 P3 = P • P3 × P1Δ s3 = P1 P2 P

P1 P2 P3 = P • P1 × P2Δ

CS348B Lecture 3Pat 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 7

CS348B Lecture 3Pat HanrahanRay-Sphere Intersection

r

P =

r

O +t

r

D Ray:Sphere:

rP − rC ( )^2 − R^2 = 0 rO rC

r^DCS348B Lecture 3Pat HanrahanRay-Implicit Surface Intersection1. Substitute ray equation2. Find positive, real rootsUnivariate root findingnNewton�s methodnRegula-falsinInterval methodsn Heuristics

f(x,y,z) = 0

f * (t) = 0

x = x^0 + x^1t y = y^0 + y^1t z = z^0 + z^1t

Page 8

CS348B Lecture 3Pat HanrahanRay-Algebraic Surface Intersection

pn(x,y,z) = 0

p^n_*(t) = 0

x = x^0 + x^1t y = y^0 + y^1t z = z^0 + z^1t

Degree nLinear: PlaneQuadric: Spheres, Cylinders, Cones, Paraboloids, HyperboloidsQuartic: Toris18th: Bicubic patch

Polynomial root finding n

Quadratic, cubic, quartic n Descarte�s rule of signs n Sturm sequences n Madsen-Reid algorithm n Bezier/Bernoulli basis

CS348B Lecture 3Pat HanrahanHistoryPolygonsAppel �68Quadrics, CSG Goldstein and Nagel �71ToriRoth �82

Bicubic patches

Whitted �80, Kajiya �82

Superquadrics

Edwards and Barr �83

Algebraic surfaces

Hanrahan �82

Swept surfaces

Kajiya �83, van Wijk �84

Fractals

Kajiya �83

Height fields

Coquillart and Gangnet �84

Deformations Barr �86