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Reading

Requireck
* Shirlay 109, 70.11.1
Further reading:

& £ Glassner, An Intredudtion to Ray Trading.
Academic Press, 1989,

Aliasing

Ray tracing is aform of sampling and can suffer from
annaying visual artifacts...,

Consider a continuous fundtion fix). Mow sample it
atintervals Ato give F1i] = quantize[ FiA]].

@ Howe weell does f1i] approximate fix)?

Consider sampling a sinusoid:
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Inthis case, the sinuscid is reasonably well
approximated by the samples.

Aliasing (con't)

Mow consider sampling a higher frequency sinusaid

Wegat the exact sam e samples, sowe seam to be
approximating the first lower frequency sinusoid
again.

We say that, after sampling the higher frequency
sinusoidhastaken on anew "alias”, i.e, changedits
identity to be alower frequendy sinu seid,




Aliasing in rendering

One of the most cormmon rendering artifacts isthe
"jaggies’. Consider rendering awhite polygon
against ablack badkground:
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Anti-aliasing

Q: Howe do we avoid aliasing artifacts?
1, Sampling  InCrteys sam p‘-’*’) Fake
2, Prefiltering analxﬂ'-c‘»”.f I w‘r"jnmr‘*ilj Hﬂsjﬂp

3. Combination: S“f"‘"‘”“f"‘"ﬁ ﬂﬂJ 4\;6:’1?;% ko

Example - polygon:
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Polygon anti-aliasing

Without antialiasing

With antialiasing

Magnification

Antialiasing in a ray tracer

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

When casting one ray per pixel, we are likely to have
aliasing artifacts.

Toimprove matters, we can cast more than oneray
per pixel and average the result.

A k.a. supar-sampling and averaging down.




Temporal aliasing

Supposewe are rendering a"clodd” with afast
turninghand:

What happens if we sample toa infrequently? (Thisis
sometimes called the “wagon wheel” effect.)

Another more common scenariois something
maving quickly acressthe frame, e.g. afast-moving

particle:
- * *
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Trajectory Frames

How rmight we address these temporal aliasing

Speeding it up
Brute force ray tracing is really slow!

Consider rendering a single image with:

mEm pixals

kb suparsampling

N primitives

average ray path length of &
£ shadow ray per intersaction

* ¥+ &+ B

0,1, of 2rays cast recursively per intersection

Bsymptotic comﬁlexity= O (ML k*n {—{.d} D,ﬂ

Bt 0 s
For m=1000k=25n="100000, £ =10 4=8.. vary
axpansivell

In practice, some acceleration technique is almost
ahways used.

We've already |ooked at reduding d with adaptive
{aarhy) ray termination.

Mowwe look at reducing the effect ofthe kandn

effacts? S¢ ﬂph tarms...
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Antialiasing by adaptive sampling Faster ray-polyhedron intersection
Casting many rays per pixel can be unnecessarily Let's say vou wereinterseding aray with atriangle
costly, If thereare norapid changesin intensity at the rmesh: gy /_ I,
pixel, maybe only afew samples are neaded. -~ - -
Solution: adaptive sampling.
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Straightforward method
.
* intersectthe ray with each triangle
1 ¢ return the intersection with the smallest fvalue,
H Q& How might you spead thisup?
Q: When dowe decide to cast more raysin a
particular arear
1 12




Hierarchical bounding volumes

We can generalizethe idea of boundingwolume
acceleration with hierarchical bounding v olumes.

Iniersect with largest BV,
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.until you reschithe leaf nodes - the primitives.

Keay: build balan ced trees with fight bounding
volumes,

Uniform spatial subdivision

Another approach is uniform spatial subdivision.

k- . 1
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Uniform subdivion in 30

Uniform subdivion in 21

Iches;

* Partition spaceinto cells (woxels)
* Assodate each primitive with the cells it
owerlaps

* Traceray through woxel array using fast
incremental arithmeticto step from cell to cell
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Non-uniform spatial subdivision Summary
Still another approach is non-uniform spatial What totake home from this lecture:
subsdivision,
# The meanings of all the boldfaced terms.
& Anintuition forwhat aliasingis.
o *  How to reduce aliasing artifactsin aray tracer
=rH * Anintuition for how ray tracers can be
accelerated,
| BAS=25¢
- Oueadiree in 21 Oetree in 30
Other variants include k-d trees an d B3P trees,
warious combinations of these ray intersection
techniques are also possible.
15 1%
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