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Figure 1. Integration of separately rendered cloud volume and irgeting objects can be achieved without holdout mattes omaayual
intervention (left). Deep images for each render are comtiim 3d (right) and may be futher manipulated before flattgni

Abstract

At Animal Logic, we exploit the potential of images produdeyl
3d rendering rather than physical cameras to improve pipeind
workflow processes in compositing, in particular faciiibgtthe in-
tegration of stereoscopic and volumetric elements. W!ibsdi-
tional compositing happens between flat images, many dpesat
depend on the depth relationship of image elements. We ramnde
composite with “deep images”, which contain informatioroab
coverage and depth along each pixel. This enables artiathieve
standard compositing operations without manual, expliniage
segmentation or layering as well as decoupling renderircam-
positing by obviating holdout mattes. Post-render appboaof
depth-of-field may also be approximated with fewer artefact
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1 Deepimages

In contrast to a simple image that stores only the final agrear at
each pixel, a deep image records the 3d renderer’s list qioatits

in depth that contribute to the pixel. Every surface or vodusam-

ple making up the final pixel is stored with its appearancerinf
mation (colour and opacity) as well as its distance to theezam
As transparent objects may have boundary and interior ssnpl
depth extent can be represented also as shown in figure 1.

2 Workflow and Pipeline Advantages

Depth ordering requires no manual layer creation or stack®b-
jects can also be rendered separately and combined via sitmgo
without requiring holdout mattes. These advantages atepkarly
significant for stereoscopic elements where layer orderg maae
to differ for each camera and for volumetric elements whéteno
no simple layer decomposition is possible.
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Merging of scene elements doesn’t require explicit laygednhold-
out mattes, so rendering of separate objects may be coryptite
coupled and is independent of compositing requirementsl|tiMu
ple samples over pixel depth allow higher quality deptHielid ap-
proximation allowing this to be tuned without re-rendeting

3 Deep Compositing Operations

Typical compositing operations on layers [Porter and D984]
map directly to operations between deep pixel samples. émagr
cessing operations are trivally operations on all of thespsam-
ples, with an added dimension of control for parameter viara
over depth. For example, colour grading may be applied watfi v
ation though all three dimensions of scene space. We have im-
plemented node-based operations for deep images withioooo
positing software to allow artists to work as they are acoumstd.
The extra data in deep images allows a number of novel composi
ing operations: 3d clipping using primitves or planes, aataifog
and volumetric effects and high quality post-render deyjtfield.

4 Implementation

Deep images are used in several rendering and shading appsoa
for shadowing and occlusion calculation. Most promineftiiar’s
RenderMan deep shadow technigue[Lokovic and Veach 2000] in
which deep textures are rendered through a light camera\atd-e
ated at points visible to the render camera. We use the sarderre

ing approach but store deep data from the render cametaysstity
Pixar’s deep shadow map format which records an opacitytimmc
over the distance to the camera for each pixel. When workiitiyg w
deep images in compositing, we convert that data using asvean-
operation to discrete samples with depth and extent.
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