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Rounding Errors

Numbers represented on a computer
can be thought of a sa grid of fixed
point fractions. Positions can only be
represented by the nearest grid point.

In the example the ray A intersects at
p which is inside the surface, whereas
the ray B intersects at q on the
otherside of the surface. This can
lead to problems such as a the surface
berng in shadow from a source that
should be visible.
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Possible solutions are to move the point of intersection outside the surface to
generate the reflected ray but inside for a refracted ray, by an amount large
compared to the rounding error. This deals with many cases but the safe approach
s to keep track of which surfaces the ray has crossed.
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Anti—-Aliag_,ing

One Ray/Pixel produces aliasing artifacts due to
undersampling.
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Cast more than one ray per pixel average the
result. ~25 rays/pixel are required.
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Findin@ An %@
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Binary search just the edge of the pixel
assummg that eclge of polygon cuts the pixel.
Just 3 extra rays locates the edge to within
1/8 of the pixel side. Estimate the two
areas as follows:

Area covered by polygon in figure: (a+bh)/2

More complicatecl situations reqmre an
estimate assuming polygons meet at the
centroid m.
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m, = 1/n ;PTX my = 1/n ;P"Y

It

Area calculated as sum of tr?angles‘
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colour space)

Time - Sample between frames for motion blur.

Depth of field - distribute rays over the camera lens.
transmissive and reflection
functions for rough objects.

Soft shadows — distribute rays over |19ht source.

cha
Pistributed Ray Tracing
Irregularly spaced samples replace aliasing by noise.
Can also sample colours (rgb are just three samples of the
Blurred Reflections ~ (and refractions) sample over
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Instancing

y A
X
1. scale
A
0 -
2. rotate 3. move

ray a+tb

b

ray M 'a+tM™'b

In this case the ray vector 1s not restricted to unit.
Note normal does not transform like this.
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Instancing - surface normal vectors

(see Shirley section 6.2.2)

Points transformed by matrix M. n - Normal
If t tangent so is Mt but Mn is not necessarily normal anymore.
We derive a transform matrix N S.t. Nn remains normal.

[ — tangent.

Note that normal and tangent are
perpendicular so:

Circle scaled by (x,y)
Mormal scaled by (x, y)

Original circle
Original normal
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Net=20
nt=0
tw = Mt
Nv= NN

----- ( 1 ) from above

where N 1is the
correct matrix for
placing n
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Instancing - surface normal vectors

T
nNt=0 --—-- (1)
To find N we require:
From (1):
nTt = nT It = nT M _lMt =0 Original circle Circle scaled by (x,y)
Original normal Mormal scaled by (x, y)

tM — Mt

T T -1 _ .
n't=(nM)tu=0 Matrix to transform
Ny’ tw =0 normal vector is:
nNT :(nTM_l) N :(M—I)T
transpose

nn=(N"M™" =M ™")'n
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Instancin
g (/3/2, %) Normal Scaled:

(/3/4,%2)

Scale 2,1 — = _ _ ____:;:;:;:ff Z

2 |
M= 8 (/314, %)
% 00 ~ /:74 2D example
(MHTII 0 10 = Y2 3x3 matrix
0 01 1




Original circle Circle scaled by (x,y) Circle scaled by (x, y)
Original normal Normal scaled by (x,y)  Normal scaled by (1/x, 1/y)
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Original sphére Sphere scaled b;-{x, y,Z) Sphere scaled by (x, v, 2)
Original normal Normal scaled by (x,y,z) Normal scaled by (1/x,1/y, 1/z)
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Refraction

Snell’s Law
usind = p , sin®

Replace sin with cos (so we can

program using dot product)
Using: sin’+cos?= 1

cos?®= 1- p?(1 - COSZO)/ b
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Refraction

Make the vectors 3D

n and b form ortho-normal 2D basis n
Transmitted vector t in terms of the basis:

t=bsin®—ncosd®

Incident ray d is in same plane (basis)
d=bsinO—-ncos6

Solve for b: b = (d+ n cos 0)/ sin 0 Y b
And this solve fort:  t=[(d+ n cos 0)/ sin 6] sin®— N cos O

But psinG = p, sin®

Yielding:
t= (Wi, (@- n (d.n)- rl/l- n?(1-(d.n))
lvtt2

(check this before using)
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