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* Robert L Cook Thomas Porter, Loren Carpenter,
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1984,
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All of this assumes thatinter-reflection behavesin a
mirror-like fashion, ..

BRDF, revisited

Recall that we couldwiew light reflection in terms of
the general Bi-directional Reflectan ce Distribution
Fundction (BRDOF):
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We can now think of the BRDF as weighting light
comingin from all directions, which can be addedup:
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O, written more generally:

'r[:mour) = _I-I(m.‘n)fr(m.‘n -2 mout)(m.‘n 'N)dm.‘n
"




Simulating gloss and tran
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The mirror-ike form of reflaction. whin
approximate glossy surfaces, intrga"kjuke
aliasing because we are under-samplin
tand refraction), JAERN

For example:
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Distributing rays cver reflection direction s gives:
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Reflection anti-aliasing
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Reflection anti-aliasing

Pixel and reflection anti-aliasing
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Pixel and reflection anti-aliasing

Full anti-aliasing
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Full anti-aliasing. . lots of nested integrals!

Computing these integrals is prohibitively
expensive, espedially after following the rays
recursively,

Well look at ways to approximate high-
dirmension al integrals. ..




Glossy reflection revisited

Let's return to the glossy reflection model, and
modify it - for purposes of illustration — as follows:

We can visualize the span of rays we want to
integrate cwer, within a pizel:

Whitted ray tracing

Returningtothe reflection example, Whitted ray
tracing replacesthe glossy reflection with mirror
refl ection:

Thus, wea randerwith anti-aliasing as follows:

One pixel

P

Monte Carlo path tracing

Let’ return to our original (simplified) glossy reflection
model:

pathtracing If we distribute rays uniformly over
pixelsand reflaction directions, we gat:

Importance sampling

Theproblem isthat lots of samples are “wasted.”
Using again our glossy reflection maodel:

probability that fawors more important refle
directions, i.e, use importance sampling:




Stratified sampling

We still have a problern that rays may be cumped
together, We can improve on this by splitting
reflection intozones:

Meowy | at’s restrict our randomness towithin these
zones, i.e use stratified sampling:

Stratified sampling of a 2D pixel

Here we see pure uniform vs, stratified sampling ower
3 20 pixel (here 16 rayvs/pixel):
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Random Stratified

The stratified pattern on the right is also sometimes
called a jittarad sampling pattern.

One interesting side effect of these stochastic
sampling patternsis that they acually injects noise
into the solution (slightly grainier images). This noise
tendsto be less objectionable than aliasing artifacts.
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Distribution raytracing DRT pseudocode
Theseideas can be combinedto give aparticular Traceimage] looks basically the same except now
method called distribution ray tracing [Cocksd): e_achl pixel records the average color of jittered sub-
pixal rays,
* uses non-uniform (jittered) samplas,
. repla;es alidajing arltif:fcts wti;ch Soiseb.' function traceimage (scen el
& provides additional effects by distributing rays ) o
to sample: for @ach pixel ,j)in image do
+ Reflectionsand refractions i Je0
+ Light sourcearea for@ach sub-pixelidin (ij] do
+ Carrera lens arma § « pieelToWor d{itter(i, | id))
+ Tirre
P« COP
d s - pl.normaliza)
[This approach was criginally called " distributed ray I0 )10 ) + traceRaviscene, pod, id)
tracing,” butwe will call it distribution ray tracing(as end for
in probability distributions) so as not to confuse it - - .
with a parallel computing approach.] 1l 1) & 101 [ um SubPiels
and for
and function
A typical choice is numSubPixels = 5#5,
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DRT pseudocode (cont’d)

Mo consider éracefi avl], modified to handle (only)
opaque glossy surfaces:

functionéraceSav(scene p. d, id):
(g, N material) « intersect (sceng, pod)
| e—shade(.. ]
R « jitteredReflectDirection(N, -d. material, id)
le—1+ material.kr * tracefav(scene g, R, id)
return |

and function

Pre-sampling glossy reflections
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Soft shadows The pinhole camera, revisited
? Recall the pinhole camera:
. Tinage plane
' . Occluder ~
- e R vinhole o2
Surface f Umbril . Pinhole camera
In' l\.‘!_-—-_.__.\
Penumbra U ) . i
4 m . We can equivalently turn this around by following
Distributing rays ever light source area gives: rays from the viewer:
Image plane e
N Yy
- pinhole
Pinhole camera
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The pinhole camera, revisited Lenses

Given this flippedyersion: Pinhole carrerms inthe realworld require small apertunes
to keep theirmage in focus,
Image plane -"’f\ Lenses focus a bundle of mys to one point == can have
— largeraperture,
_,,:-”__:—:::’ ] gerap Yf&
.=-:~"~'{:;’ - {,‘l‘b“" \(
| e pinhole ' Object

Pinhole camera

&P'er.'.l fpty

how can we simulate a pinhole cameramore

accurately?
oy i
Aperture
Fora "thir lens, we mnapproximately alailate where an
objea point will be infocus wsing the theGaussian lens
formula:
T 11
_+_= —_—
dz' do f
Image plane
whera fis the focl length of the lens,
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Depth of field Simulating depth of field
Considear how rays fl ow between theimage plane and
Lenses do hawe sorme limitations. The rast noticableis the in-focus plane:
the fact that points that are not in the objea plare will
appear out of focus, Aperture

The depth of fieldis a rmeasure of how farfrom the objec
plane points n be beforeappearing oo blurny”

Image plane Plane in focus

image object

We can madal this as simply placing cur image plane
atthe in-focuslocation, in front of the finite aperture,
and then distributing rays over the aperture (instead
of the ideal center of projection):

Apenture

[ {

Image plane
(scaled up and positioned
hatpe o combridgein colowr.comitutor il 'depeh of field Fom 22 at in-focus depth) 24




Simulating depth of field, cont’d

Chaining therayid's

In general, you can trace rays through ascene and
keep track of their id's to handle all of these effects:

s

Light searce
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DRT to simulate Aa‘*ﬁm\ blur Summary
Distributing rays cwer time gives: What totake home from this lecture:
1. The limitations of Whitted ray tracing.
2, How distribution ray tracing works andwhat
effectsit can simulate.
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