Distribution Ray Tracing

Reading

Required:

¢ Shirley, section 10.11

Further reading:

* Watt, sections 10.4-10.5

* A.Glassner. An Introduction to Ray Tracing.
Academic Press, 1989. [In the lab.]

* Robert L. Cook, Thomas Porter, Loren Carpenter.
“Distributed Ray Tracing.” Computer Graphics
(Proceedings of SIGGRAPH 84). 18 (3). pp. 137-145.
1984.

+ James T. Kajiya. “The Rendering Equation.”
Computer Graphics (Proceedings of SIGGRAPH 86).
20 (4). pp. 143-150. 1986.
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Pixel anti-aliasing

BRDF, revisited

The reflection model on the previous slide assumes
that inter-reflection behaves in a mirror-like fashion.

Recall that we could view light reflection in terms of
the general Bi-directional Reflectance Distribution
Function (BRDF):
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Which we could visualize for a given oj,:




Surface reflection equation
To compute the reflection from a real surface, we would

actually need to solve the surface reflection equation:
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For a directional light with intensity L, coming from
direction direction, @4, we can view the remaining
directions as contributing zero, giving:

I(a)out) = L1fr(a)1'wour)

We can plot the reflected light as a function of viewing
angle for multiple light source contributions:

Simulating gloss and translucency

The mirror-like form of reflection, when used to
approximate glossy surfaces, introduces a kind of
aliasing, because we are undersampling reflection
(and refraction).

For example: R

T

Distributing rays over reflection directions gives:

Reflection anti-aliasing
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Reflection anti-aliasing

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

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

We'll look at ways to approximate high-
dimensional integrals...




Glossy reflection revisited

Let’ return to the glossy reflection model, and modify
it — for purposes of illustration — as follows:
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We can visualize the span of rays we want to
integrate over, within a pixel:

R
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Whitted ray tracing

Returning to the reflection example, Whitted ray
tracing replaces the glossy reflection with mirror
reflection:

R R

Thus, we render with anti-aliasing as follows:
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Monte Carlo path tracing

Let’ return to the original glossy reflection model:

R

An alternative way to follow rays is by making
random decisions along the way — a.k.a., Monte Carlo
path tracing

One pixel

Importance sampling

The problem is that lots of samples are “wasted.”
Using again the glossy reflection model:

R

Let’s now randomly choose rays, but according to a
probability that favors more important reflection
directions, i.e., use importance sampling:

One pixel
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Stratified sampling

We still have a problem that rays may be clumped
together. Let's simplify the reflection model some
and split it into zones:

Now let’s restrict our randomness to within these
zones, i.e. use stratified sampling:

One pixel
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Stratified sampling of a 2D pixel

Here we see random (pure Monte Carlo) vs. stratified
sampling over a 2D pixel (here 16 rays/pixel):

Random Stratified

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

One interesting side effect of these stochastic
sampling patterns is that they actually injects noise
into the solution (slightly grainier images). This noise
tends to be less objectionable than aliasing artifacts.
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Distribution ray tracing DRT pseudocode
Stratified, Monte Carlo importance sampling has Tracelmage() looks basically the same, except now
another name, distribution ray tracing [Cook84]: eachI pixel records the average color of jittered sub-
pixel rays.
¢ uses non-uniform (jittered) samples.
* replaces aliasing artifacts with noise. function tracelmage (scene):
. . . e
provides a‘ddltlonal effects by distributing rays for each piel (i ) in image do
to sample:
« Reflections and refractions 1(i,j) <0
- Light source area for each sub-pixel id in (i,j) do
+ Camera lens area s « pixelToWorld(jitter(i, j, id))
* Time p < COP
d < (s - p).normalize()
- o . . (i, j) < I(i, j) + traceRay(scene, p, d, id)
[Originally called “distributed ray tracing,” but we will
call it distribution ray tracing so as not to confuse end for
with parallel computing.] I(i, j) € 1(i, j)/numSubPixels
end for
end function
A typical choice is numSubPixels = 5*5.
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DRT pseudocode (cont’d)

Now consider traceRay(), modified to handle (only)
opaque glossy surfaces:

function traceRay(scene, p, d, id):
(g, N, material) <« intersect (scene, p, d)
| < shade(...)
R « jitteredReflectDirection(material, N, -d, id)
I« 1+ material.kr * traceRay(scene, q, R, id)
return |

end function

Pre-sampling glossy reflections

‘\“‘ Pre-sampled reflection
| function for object 2

Pre-sampled
reflection function
for object 1
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Distributing rays over light source area gives:

The pinhole camera, revisited

Recall the pinhole camera:

Image plane

N

/ =
pinhole

Pinhole camera

Q: How can we simulate a pinhole camera more
accurately?

Aperture

Image plane
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Lenses
Pinhole cameras in the real world require small apertures
to keep the image in focus.

Lenses focus a bundle of rays to one point => can have
larger aperture.

Lens

For a “thin” lens, we can approximately calculate where an
object point will be in focus using the the Gaussian lens
formula:

I 1 1
—_t— =

di do f

where fis the focal length of the lens.

Lenses (cont’'d)

An image is formed of the whole object by collecting
bundles of rays from every point on the object:
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Depth of field Simulating depth of field
Lenses do have some limitations. Aperture
The most noticeable is the fact that points that are not in l
the object plane will appear out of focus.
The depth of field is a measure of how far from the object
plane points can be before appearing “too blurry.”
Lens
Image plane Plane in focus
Distributing rays over a finite aperture gives:
24
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Chaining theray id’s

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

Light source
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DRT to simulate

Distributing rays over time gives:
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Summary

What to take home from this lecture:

1. The limitations of Whitted ray tracing.

2. How distribution ray tracing works and what
effects it can simulate.

27





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


