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Reading

Fequirad,
*+ Shirley 109 10.11.1
Further reading:

*+ A Glazzner, An Introduction to Ray Tracing,
Academic Prass, 1989,




Aliasing

Ray tracing is aform of sampling and can suffar from
annoying wisual artifacts.,

Consider a continuous fundion Fix). Mow sample it
at intervals Ato give Fi] = quantize[ FiA]).

Q: Howe well does f1i] approximate fi=)7

Consider sampling a sinusoid
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In this case, the sinusoidis reasonably well
approvimated by the samples,




Aliasing (con't)

Mow consider sampling ahigher fraquency sinusoid
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Wa getthe exad sam e samples, sowe seem to be

approximating the first lowear frequency sinusoid
again.

Wa say that, after sampling the higher fragquen gy
sinusoid hastalken on anew "alias”, i.e, changed its
identity to be alower fraqueancy sinusoid,




Aliasingin rendering

Cne of the most common rendering artifacts is the
"laggies”, Considear rendering awhite polygon
against ablack background:

Wewould instead like to get a smocther transition:
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Example - polygon:




Polygon anti-aliasing

Without antialiasing

With antialiasing

Magnification




Antialiasingin aray tracer

Wewould like to compute the average intensity in
the neighborhood of each pixel,

When casting oneray per pixel, we are likely to have
aliasing artifadts,

Toimprove matters, we can cast more than one ray
per pixel and average the result,

A k.a, super-sampling and averaging down,




Temporal aliasing

Supposawe arerendering a”clock” with afast
turning hand

What happensif we sample too infrequently? (Thisis
sometimes calledthe “wagon wheel" effact)

Another more common scanariois something
moving guickly acrossthe frame, e.q. afast-moving

particle:
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How might we address these tamporal aliasing
509 A

effects? Suplf oL rl'_'_"._i-'-_f"—f Ao,




Speeding it up
Brute force ray tracing is raally slow!

Consider rendering a single image with:

mEm pixels

Kk supersampling

N primitives

average ray path length of d
£ shadow ray per intersaction

* &+ &+ &+ + @&

0,1, or 2 rays cast recursively per intersection
Aoymptotic# of intersection tests = O(I{“.-'LL n 1 ({‘ ;tﬂ\

For m=1,000,k=5n=100,000, £ =10, d=8.. vary
expensivell

In practice, some acceleration technique is almost
alway s used,

Weve already [ooked at reducing dwith adaptive
(early) ray termination,

Mowwe [ool at reducing the effect ofthe K andn
terms...
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Antialiasing by adaptive sampling

Casting many rays per pixel can be unnecessarily
costhy, [fthereare norapidchangesin intensity atthe
pixel, maybe only afew samples are needead,

solution: adaptive sampling.
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Q: When do we decidea to cast mora raysin a
particular area?
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Faster ray-polyhedron intersection

Let’s say wou were intersedting aray with atriangle
meash:

straightforward meth od

* intersect the ray with each triangle
* returnthe intersection with the smallest f-value,

Q: How might vou speed this up?
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Hierarchical bounding volumes

We can generalizethe idea of boundingvolume
acceleration with hierarchical bounding volumes.
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Keyv: build balan cad trees with fight bounding
voluimes,
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Uniform spatial subdivision

Another approach is uniform spatial subdivision.

L'niform subdivion in 3D

[t

Uniform subdivion in 20

|dea:

+ Partition spaceinto calls fwoxeals)
+ fssociate each primitive with the cells it
ov arlaps

+ Traceray through woxel array wsing fast
increment al arithmeticto step from cell to call
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Non-uniform spatial subdivision

still ancther approach is non-uniform spatial
subdivision.
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Owtree in 3D
Quadtree in 20 et

Other wariantsinclude k-dtreas and BSP trees,

Various combinations of thesa ray intersaction
technigues are also possible,
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Summary

What totake home from this lecture:

* &+ * »

The meanings of all the boldfaced terms,
An intuition forwhat aliasingis,
Howe to reduce aliasing artifactsin aray tracer

Anintuition for how ray tracers can be
accelerated,
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Simulating gloss and translucency A

The mirror-like form of reflection, when use
approximate glossy surfaces, introducas a kit

aliasing, becausewe ara undear-sampling refle
fand refraction).

For exarmple:




Soft shadows

Light

0™

Occluder

Surface f Umbra
f

Penumbra

Distributing ravs over light source area givas:




Simulating depth of field, cont’d




DRT to simulate motion blur

Distributing ravs ower time gives:




