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METHOD OF CUSTOMIZING 3D
COMPUTER-GENERATED SCENES

[0001] This application claims the priority benefit of pro-
visional patent application 61/038,946 “Method of Custom-
izing 3D Computer-Generated Scenes”, filed Mar. 24, 2008.
The contents of this application are included herein by refer-
ence.

BACKGROUND

[0002] High quality Three Dimensional Computer Gener-
ated Imagery (3D-CGI) of real imaginary scenes and land-
scapes is now ubiquitous. On video games, television, and
movies, as well as many different forms of graphic images in
print media and web pages, everyone has become quite accus-
tomed to such images, and even realistic images and movies
of quite impossible scenes have become so commonplace as
to not attract much notice.

[0003] Typically 3D-CGI is constructed by a process in
which a 3D graphics artist (or a computer program) first
creates a computer model of a scene, often by creating mul-
tiple different figures or “objects” in wireframe form with
multiple vertices and surfaces. The 3D graphics artist will in
turn specify the properties of the various surfaces in the
model, typically by attaching labels to the surfaces that
describe the surface’s color, texture, specular properties (how
shiny), transparency, and other properties. The 3D artist also
specifies other elements of the image, such as bitmap textures
for the surfaces (which add a digital image, such as an image
of bricks, to a surface such as a wall where the artist wishes
such an image), bump-mapping (which can add a bumpy
3-dimensional texture to designated surfaces), and proce-
dural textures (which can add synthetic fractal images, noise,
and turbulence appearance to the surface to add realism).
These artist-defined surface properties are collectively known
as the “material” for the surface. After the 3D graphics com-
puter model is created, and the artist has placed lights and a
camera in the scene, the wireframe model is turned into a high
quality 2D representation of the 3D image by another com-
puterized process called rendering.

[0004] Typically, a technique called scanline rendering
determines the visible surfaces in the scene by considering
how surfaces will be ordered in depth at each pixel of each
line in the output image. The material (as specified by the
artist) on the front most surface is retrieved and various tech-
niques are employed to determine the behavior of lighting and
shadows on this material. A technique called ray-tracing can
be used to accurately model the way light reflects and refracts
through surfaces. This technique requires additional lookups
of surfaces and materials as the light rays are bounced around
the 3D scene, which can be very time- and memory-intensive.
Another more advanced technique called radiosity attempts
to physically model the global energy properties of light as it
radiates through the scene. The algorithms to solve these
physical simulations are even more intensive than ray-trac-
ing.

[0005] Due to the large amount of processing power
needed, high quality (motion picture grade) rendering is often
done using large numbers of sophisticated computers net-
worked together to form “rendering farms”, and these render-
ing farms slowly and expensively grind out high quality ren-
dered images on a non-real time basis. Increases in speed are
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only obtained by adding more machines to the network,
requiring significant expenditures for new hardware and addi-
tional software licenses.

[0006] Rendering programs are often written in computer
languages such as C and C++, and often run on popular
operating systems such as Linux, Unix, Microsoft Windows,
and OSX. Rendering programs usually are composed of thou-
sands of lines of highly complex code. Although this code can
be written in many alternate ways, at a fundamental level,
different rendering programs all do very similar things. That
is, rendering programs all apply known principles of physics
and optics, along with a few shortcuts, to deliver realistic
looking images of imaginary scenes. To produce images that
look good enough to be satisfying to human viewers, the
underlying physics and optics must be reasonably accurate.
As a result, the rendering process can be more easily under-
stood by understanding the underlying physics, optics, and
other motivations (i.e. various shortcuts) behind the complex
computer code.

[0007] Renderers often use a scene description language to
implement their various functions, and two popular high-end
scene description languages are Mental Ray scene descrip-
tion language (Mental Images Corporation, Berlin Germany),
and the Renderman shading language (Pixar Corporation,
California). This scene description language helps the human
programmer understand what the renderer is doing at a higher
physics and optics level, while also giving the computer ren-
derer specific instructions on how to implement the rendering
process.

[0008] For example, the Renderman shading language
(RSL), described in “The RenderMan Interface”, Version
3.2.1, Pixar Corporation, November 2005, pages 109-111,
submitted as an IDS, shows how various renderer functions or
steps may interact in a sequential order to produce a final high
quality image. As this reference teaches:

[0009] “Conceptually, it is easiest to envision the shading
process using ray tracing . . . Inthe classic recursive ray tracer,
rays are cast from the eye through a point on the image plane.
Each ray intersects a surface which causes new rays to be
spawned and traced recursively. These rays are typically
directed towards the light sources and in the directions of
maximum reflection and transmittance. Whenever a ray trav-
els through space, its color and intensity is modulated by the
volume shader attached to that region of space. If that region
is inside a solid object, the volume shader is the one associ-
ated with the interior of that solid; otherwise, the exterior
shader of the spawning primitive is used. Whenever an inci-
dent ray intersects a surface, the surface shader attached to
that geometric primitive is invoked to control the spawning of
new rays and to determine the color and intensity of the
incoming or incident ray from the color and intensity of the
outgoing rays and the material properties of the surface.
Finally, whenever a ray is cast to a light source, the light
source shader associated with that light source is evaluated to
determine the color and intensity of the light emitted. (p
109-110, and figure 9.2).

[0010] High end renderers and shading languages allow
these various intermediate steps to be turned on and off by the
user, and to be run either individually, or in various combina-
tions as desired.

[0011] Often, the bitmaps and textures that the artist wishes
to map onto a wireframe surface are flat, but the wireframe
surface itself is often not flat, and in fact may be quite warped.
In order to have this mapped surface look and act realistically
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in various lighting situations, the bitmaps or textures are
mapped from their original coordinates into the wireframe
surface u, v coordinates. To make this process smoother and
more realistic (i.e. a wireframe surface has an inherently
faceted nature, while most real surfaces do not), the rates of
change of the wireframe surface coordinates du, dv are also
computed, and thus the mapping of intermediate points can be
calculated by linear interpolation between the nearest u, v,
coordinate using the du and dv data. This creates a smooth
mapping that is realistic enough for most commercial render-
ing purposes. (See ibid, pages 119-120 and FIG. 12.1).
[0012] Although such 3D-CGI is now commonplace, not
all 3D images are equally compelling. Scenes that are com-
putationally complex to create and render tend to look more
impressive and realistic, and scenes created on limited bud-
gets, or rendered by computer rendering systems with less
computing power, generally tend to look less impressive and
realistic. Typically a less costly 3D model will have either
fewer graphics elements, repeated graphics elements, or less
detailed graphics elements. A 3D model rendered on less
costly and sophisticated computer rendering systems (such as
a child’s video game system) will also tend to look less
realistic because in order to reduce the complexity of the
rendering process, various rendering steps will be oversim-
plified or skipped. Surface textures may be rendered less
precisely, reflection and refraction effects may be ignored,
and many other optical-physics type calculations either sim-
plified or omitted.

[0013] Because 3D graphics images are so ubiquitous,
however, the average person, having seen thousands of such
images in various contexts, has become remarkably sophis-
ticated at judging, at least on a subconscious level, if a par-
ticular 3D image has been produced on high-end equipment,
such as the equipment used to produce the 3D images in
recent successful Hollywood movies, or on low end equip-
ment, such as a child’s video game. Depending upon the
viewer’s subconscious perception of the labor and sophisti-
cation used to create a particular 3D image or scene, a viewer
may be either impressed at the level of effort used to create an
image, or alternatively be unimpressed if the scene appears to
have been created using inexpensive equipment and produc-
tion values.

[0014] This subconscious perception of 3D image “qual-
ity”” has many business consequences. In many areas of life,
including commerce, the worth of an item or a product is often
judged by the amount of effort that went into packaging or
promoting the item or product. This judgment, often referred
to by anthropologists as “costly signaling”, is based on an
unspoken belief that more effort is spent on promoting and
packaging valuable products, while less effort is spent on less
valuable product. This is one of the reasons why advertisers
may spend hundreds of thousands or millions of dollars on
sophisticated graphics to promote their products—the adver-
tisers are sending a “costly signal” to the audience that their
products are valuable.

[0015] Compelling 3D graphics are also useful for many
other areas. Through millions of years of evolution, the
human mind has become extremely adept at rapidly process-
ing visual information, and compelling 3D graphics allow
new datato be quickly absorbed and understood with minimal
amounts of effort. Compelling 3D graphics have many other
excellent artistic and attention getting qualities, as well.
[0016] As computer technology advances, the increase in
available computational ability to produce more sophisti-
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cated 3D images is balanced by increased viewer expecta-
tions. Thus while the subjective impression of “high quality”
3D graphics and rendering constantly changes with time as
computer technology improves, one thing that does remain
constant is that the perception of “high quality”” 3D graphics
will always tend to favor the more expensive 3D graphics
produced by more detailed 3D models and more computa-
tionally intensive rendering processes. For example, the real-
istic effects produced by ray tracing are a form of costly
signaling because ray tracing is very computationally expen-
sive, and these effects are often omitted by cheaper systems.
[0017] Although everyone, including amateur and profes-
sional artists, web designers, and movie producers prefer high
quality but low cost 3D graphics, advertisers, and other pro-
ducers of promotional materials have a particularly strong
financial motivation in this area. This is because advertisers
wish to take advantage of “costly signals” to convince cus-
tomers that their products have high worth, yet at the same
time, due to advertising budget constraints, ironically wish to
send “low cost” “costly signals”. That is, many advertisers
would ideally like to use impressive and expensive looking
3D graphics to promote their products, yet not actually spend
the money to produce such impressive looking 3D graphics.
Thus methods to inexpensively produce 3D graphics images
that appear to have been produced by a sophisticated and
“costly” 3D production and rendering process are of high
commercial interest.

[0018] One way to reduce the cost of producing promo-
tional materials with sophisticated 3D graphics is to merge an
image of a product onto high quality “stock” 3D rendered
images. For example, a video may show an image of a high
quality 3D rendered movie, and then superimpose an image,
logo, or title over a movie. Alternatively, the new image may
be manipulated, and then superimposed over stock 3D ren-
dered images. However audiences are also used to such
simple compositing schemes, and as a result, such simple
ways to reuse expensive 3D graphics are not very compelling.
[0019] One fairly common method to merge new images
into pre-existing image or film information is the technique of
digital compositing. Here, an input pixel from the new image
is merged with an input pixel from the pre-existing image.
This merging process, called “alpha blending” is often con-
trolled by an opacity value variable a, that determines the
relative weight that the input pixel and the pre-existing image
pixel are to be given in the final pixel. Such digital compos-
iting can also take the relative positions of the new image and
the pre-existing image (i.e. foreground or background) into
account. Other compositing operations can include new-im-
age scaling, color-correction, and retouching.

[0020] A number of commercially available digital com-
positing systems exist, including the programs “Shake” pro-
duced by Apple Corporation, “Combustion” produced by
Autodesk Corporation, “After Effects” produced by Adobe
Corporation, and “Fusion” produced by Eyeon Corporation.
These programs are often used in by expensive production
houses to insert complex images into high-budget motion
pictures as part of various post-production special effects.
[0021] Digital compositing systems tend to be either node-
based or layer based. If node based, the systems produce the
composite image as a tree consisting of various objects and
procedures, which allows great flexibility, but handles anima-
tion with less realism. By contrast, layer based compositing
systems, such as Adobe “After Effects”; give each object its
own layer and its own timeline. This allows for superior



















































