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(57) ABSTRACT 

The disclosed implementations describe techniques and 
Work?oWs for a computer graphics (CG) animation system. 
In some implementations, systems and methods are dis 
closed for representing scene composition and performing 
underlying computations Within a uni?ed generalized 
expression graph With cycles. Disclosed are natural mecha 
nisms for level-of-detail control, adaptive caching, minimal 
re-compute, laZy evaluation, predictive computation and 
progressive re?nement. The disclosed implementations pro 
vide real-time guarantees for minimum graphics frame rates 
and support automatic tradeoiTs between rendering quality, 
accuracy and speed. The disclosed implementations also 
support neW Work?oW paradigms, including layered anima 
tion and motion-path manipulation of articulated bodies. 
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TECHNIQUES AND WORKFLOWS FOR 
COMPUTER GRAPHICS ANIMATION SYSTEM 

RELATED APPLICATION 

[0001] This application claims the bene?t of priority from 
US. Provisional Patent Application No. 60/672,459, entitled 
“Generalized Expression Graphs With Temporal Caching 
For Use In An Animation System, And Related Methods,” 
?led Apr. 19, 2005, Which provisional patent application is 
incorporated by reference herein in its entirety. 

TECHNICAL FIELD 

[0002] The disclosed implementations are generally 
related to computer graphics. 

BACKGROUND 

[0003] Three-dimensional (3D) Computer Graphics (CG) 
animation systems are used by a variety of industries (e.g., 
entertainment, advertising, etc.) to generate animated con 
tent for movies, video games, commercials and the like. 
Unfortunately, it can take a long time to produce animated 
content due to de?ciencies associated With conventional 3D 
CG animation systems. For example, it can take as long as 
four years to produce a tWo-hour animated movie. 

[0004] Traditional animators hold paper in hand While 
?ipping betWeen poses to get a sense of the motion before 
recording a pencil test. This gives the animator an intuitive 
“feel” for the animation they are creating. CG animators 
Would like to ?ip back and forth betWeen poses in the same 
Way, but the time it takes conventional 3D CG animation 
systems to update a neW frame does not alloW for instant 
visual feedback. Instant visual feedback can speed-up the 
animation Work?oW, resulting in less time to generate the 
?nal product. 

[0005] The tools of a traditional animator are simple: a 
pencil and eraser. These tools are easily mastered so that the 
tools become an extension of the mind of the artist. Con 
ventional 3D CG animation systems are more complex to 
master. Ideas can take a Winding path from the mind of the 
artist, through the mouse or stylus, then through the softWare 
user interface, and ?nally to the character rig itself. Con 
ventional 3D CG animation systems often provide user 
interfaces that are too complex or that are not intuitive, 
resulting in the animator spending more time learning the 
animation system than on animating. 

[0006] Animation is an experimental process. Even vet 
erans of the art form like to try something neW Without 
Worrying that it Will destroy the Work they have already 
completed. In traditional animation, draWings are easily 
erased and draWn over. Conventional CG animation systems 
often do not alloW non-destructive experimentation, forcing 
the animator to make compromises on creativity to meet 
deadlines. 

[0007] Traditionally, animation is a team effort. Commu 
nication and artWork ?oW back and forth betWeen depart 
ments, animators, assistants, supervisors, directors, manag 
ers, and even studios collaborating at great distances. 
Conventional CG animation systems often fail to provide 
features that facilitate collaboration among team members, 
resulting in unnecessary delays in the animation process. 
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SUMMARY 

[0008] The disclosed implementations describe tech 
niques and Work?oWs for a CG animation system. In some 
implementations, systems and methods are disclosed for 
representing scene composition and performing underlying 
computations Within a uni?ed generaliZed expression graph 
With cycles. Disclosed are natural mechanisms for level-of 
detail control, adaptive caching, minimal re-compute, laZy 
evaluation, predictive computation and progressive re?ne 
ment. The disclosed implementations provide real-time 
guarantees for minimum graphics frame rates and support 
automatic tradeolfs betWeen rendering quality, accuracy and 
speed. The disclosed implementations also support neW 
Work?oW paradigms, including layered animation and 
motion-path manipulation of articulated bodies. 

[0009] In some implementations, an animation method 
includes: providing a display environment for presentation 
on a display device; providing a body for display in the 
display environment; and determining a motion path for a 
?rst portion of the body relative to a second portion of the 
body. 
[0010] In some implementations, an animation includes: 
providing a display environment for presentation on a dis 
play device; providing a body for display in the display 
environment; providing a ?rst motion path for a ?rst portion 
of the body relative to a second portion of the body; 
providing a second motion path for the ?rst portion of the 
body relative to a second portion of the body; and providing 
a mechanism for animating the ?rst portion of the body to 
folloW either the ?rst or second motion path. 

[0011] In some implementations, a method of creating 
expression graphs for an animation system includes: pro 
viding a graphical user interface; receiving a ?rst node 
selection from a plurality of node types; receiving a second 
node selection from the plurality of node types; displaying 
graphical representations of the selected nodes in the graphi 
cal user interface; and providing a connection mechanism 
for enabling a user to connect at least one output of the ?rst 
node With at least one input of the second node to form a 
graphical structure that represents an expression. 

[0012] In some implementations, a method of creating an 
expression graph for an animation system includes: provid 
ing a text-based programming language for specifying 
expression graphs for an animation system; executing a 
program developed With the programming language to gen 
erate an expression graph; and animating a body in a display 
environment using the expression graph. 

[0013] In some implementations, an animation method 
includes: providing a display environment for presentation 
on a display device; providing a ?rst body for display in the 
display environment; providing a second body for display in 
the display environment; and determining a motion path for 
a portion of the ?rst body relative to the second body. 

[0014] In some implementations, an animation method 
includes: providing a display environment for presentation 
on a display device; providing a body for display in the 
display environment; and determining a motion path for a 
portion of the body relative to a coordinate system associ 
ated With the display environment. 

[0015] In some implementations, an animation method 
includes: providing a display environment for presentation 
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on a display device; providing a body for display in the 
display environment; evaluating an expression graph asso 
ciated With the body at a ?rst rate; processing body geometry 
at a second rate; and rendering the body in the display 
environment at a third rate, Where the ?rst and second rates 
are decoupled from the third rate. 

[0016] Other implementations are disclosed that are 
directed to systems, methods, apparatuses and computer 
readable mediums. 

DESCRIPTION OF DRAWINGS 

[0017] FIG. 1 illustrates an exemplary data How netWork. 

[0018] FIG. 2 illustrates an exemplary inverse-kinematics 
solver node. 

[0019] FIGS. 3a and 3b are examples of hierarchy inver 
sion via subtree re-rooting. 

[0020] FIG. 4 is a screenshot of exemplary graphical user 
interface for creating, vieWing and editing graph structure. 

[0021] FIG. 5 illustrates the interconnection of nodes 
using the graphical user interface shoWn in FIG. 4. 

[0022] FIG. 6 illustrates a pull-out draWer for changing 
internal node settings. 

[0023] FIGS. 7a-7c are screenshots of exemplary manipu 
lators for controlling dilation and tickertape. 

[0024] FIGS. 811-80 are screenshots illustrating a bend 
able-bottle model. 

[0025] FIGS. 9a-9c are screenshots illustrating a character 
Walking in place. 

[0026] FIG. 10a is a screenshot illustrating the user selec 
tion of a root joint of the character in FIGS. 9a-9c With 
tickertaping enabled. 

[0027] FIG. 10b is a screenshot illustrating a lateral shift 
of the motion path shoWn in FIG. 1011, so that frame 9 on the 
path lies at the root joint. 

[0028] FIG. 11 is a How diagram of an exemplary motion 
path manipulation process. 

[0029] FIG. 12 is a block diagram of exemplary user 
system architecture. 

DETAILED DESCRIPTION 

1.0 Generalized Expression Graphs With Temporal Caching 

[0030] It is common practice in computer graphics to 
represent the geometry in a scene With directed acyclic 
graphs (DAG’s) While possibly maintaining a separate 
expression graph for update of the scene geometry. We 
describe a method of representing scene composition and 
underlying computations Within a uni?ed generaliZed 
expression graph With cycles. Our system provides natural 
mechanisms for level-of-detail control, adaptive caching, 
minimal recompute, laZy evaluation, predictive computation 
and progressive re?nement. It provides real-time guarantees 
for minimum graphics frame rates and supports automatic 
tradeolfs betWeen rendering quality, accuracy and speed. It 
supports neW Work paradigms described herein, including 
layered animation and motion-path manipulation of articu 
lated bodies. 
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1.1 Terminology 

[0031] At the core of our system lies an expression graph 
that generaliZes the scene tree data structure traditional to 
computer graphics. The terms “graph” and “tree” here come 
from the mathematical ?eld of graph theory. A graph is a set 
of nodes and a set of edges, or lines, that interconnect the 
nodes. The edges connecting to a given node are incident to 
that node. If, starting from one node A, you can folloW a 
series of incident edges and get to a second node B, then 
there is a path betWeen A and B; the number of edges you 
traversed in getting from A to B is the path length. If there 
is a path from each node in a graph to every other node, then 
the graph is connected. If there is a non-empty (length>0) 
path from some node A back to A, then this loop is called a 
cycle and the graph is cyclic. A graph With no cycles is 
acyclic. 
[0032] Throughout the discussion that folloWs, When 
referring to graphs We Will mean directed graphs or 
digraphs, that is, graphs in Which the edges have direction. 
Typically When draWing a digraph We shoW the nodes as 
circles or rectangles, and the edges as arroWs betWeen nodes. 
If an incident directed edge points to node A, it is an 
incoming edge of A. If it points aWay from A, it is an 
outgoing edge. If an edge e is from A to B, We say A is the 
origin of e, and B is the destination of e. 

[0033] Digraphs may be used to denote mathematical 
expressions. For example, the expression “(3+4)*6” may be 
represented as a digraph in Which “3”, “+”, “4”, “*”, “6”, are 
denoted by nodes, and the steps of combining these elements 
are edges betWeen the nodes. Thus there are edges from “3” 
to “+” and from “4” to “+”; and from “+”, to “*” and from 
“6” to “*”. Such an expression graph provides a compact 
representation alloWing evaluation of the mathematical 
expression. Moreover, the graph illustrates dependencies in 
the expression; for example, in the expression above, that 
the addition occurs before the multiplication, i.e., that the 
result of the multiplication depends on the addition, but not 
vice versa. 

[0034] A tree is an acyclic, connected graph. We can 
designate a unique node of a tree to be the root; then the tree 
is a rooted tree, and there is an implicit direction given to all 
edges in the tree pointing aWay from the root. All nodes in 
a rooted tree have Zero or one incoming edges and Zero or 
more outgoing edges. Only the root node has Zero incoming 
edges. Nodes With Zero outgoing edges are leaves. 

[0035] Trees are traditionally used in computer graphics to 
represent the contents of a 3-dimensional (3-D) scene. 
Individual nodes in the tree may denote objects that are 
rendered to the screen, for example, geometry (e.g., a group 
of polygons describing the surface of an object), or geomet 
ric transformations (e.g., a rotation), lights providing virtual 
illumination of the scene, virtual cameras, etc. Such a 
structure is referred to as a scene tree. 

1.2 GeneraliZed Scene Graph 

[0036] As is common in graphics systems, We use a graph 
for representing dependencies in a 3-D scene. We describe 
a construction on graphs used for representing our 3-D scene 
data and the computational dependencies that underlie that 
data. In contrast With traditional scene trees, our graph is a 
generaliZed directed graph that may contain cycles. This 
graph represents not only our scene geometry in the Way a 










































































