CLAIMS
WEIAT IS5 CLAIMED IS:

1. An animation method, comprising:

providing a display enviromment for presentation on a display/device;
providing a body for display in the display environment; apti
determining a motion path for & first portion of the body/relative to a

second portion of the body.

2. The method of daim 1, where determining a motion pdih furiher comprises:
displaving a qurve in the display enviromment that defines the motion

path in space over Gme.

3. The method of claim 1, further cmmprishg: '
providing a control n the display gnvivonmaent for manipulating the
motion path; and _ '
marndpulating the motion path in respornse (0 a user interacton with the

comdrol,

4, The method of claim 1, wHere the display environment is a three-dimnensional

Space.

5. The method of clafm 1, where the display envivonment is a two-dimensional

space.

6. The methgd of claim 1, where the body is from a group of bodies inclading

arﬁculd bodies, rigid bodies and bodies with one or more deformable

~3

/The method of claim 1, further comprising:
recetving input from an input device manipulated by a user while viewing

e body in the display environment,
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8. The method of claim 2, where manipulating the motion path further comprises

deforming one or maore surfaces of the body.

9. The method of dlaim 2, where displaying & curve further comprises:

determining points along the motion path at discreet sample fhes; and

©

rendering the points 1o define the cusve through space oveplin

10, The method of claim 9, further comprising:
rendering the curve using s number of points based/t least in part on the

spead of the body along the motion path,

11, The method of claim. 9, further comprising: .
avtomatically rendering the curve to pasg through a reference point on the

body in response o user input.

12, The method of claim 9, further compri fng

improve vidibility of the curve in the display environament.

16/ The method of claim 1, further comprising:
' displaying information along the motion path to indicate rate of

fmovement of the body over a section of the motion path.
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17. The methaed of datm 1, forther comprising:
displaying information along the motion path to indicate iming and op g

or more values associated with animation key frames.

{8, The method of dlaim 2, further comprising:
rendering ghost peometry along a section of the motion pagh duting

interactive manipulation of the motion path.

19. The method of caim 1, further comprising:

animating the first portion of the body to followAhe motion path.

20, The method of claton 19, further comprising:
providing ghost images of the first portién of the body along the motion

path during anbmation.

23, The methiod of clgn, 22, further comprising:

providin

o

one or more arficulated variables for changing values within

the expression gra

24, An ang

s

wation method, comprising:

providing a display environment for presentation on a display device;
providing a body for display in the display ezwirohmmt;
providing a first motion path for a first portion, of the body relative to a

atond portion of the body;




providing a second motion path for the first portion of the body velative to
a second portion of the body; and
providing a mechanism for animating the first portion of the body fo

follow efther the first or second motion path. .

25, The method of claim 24, further comprising:
associating the first motion path with a first layer; and

associating the second motion path with a second layer.

26, The method of claim 25, further comprising
associating the first and second layers with a class fom a group of layer
classes including: kinematic, forward dynamic, nultipuoint dfnamic, procedural,

sarnpied end stochastic,

27, The method of claim 24, further comptising,

defining the frst and second laversds a laver set.

28, The method of claim 24, further comprising:
performing one or more opérations on the first and second layers in

response to user input,

29. A method of creating expression graphs for an animation system, comprising:

providing a graghical user mterface;

receiving & Hrst node selection from a plurality of node types;
receiving’h second node selection from the phurality of node types;
ving graphical representations of the selected nodes in the graphical
user misrface;
providing a connection mechanism for enabling a user to connect at jeast
% of the first node with at least one fnput of the second node to form a

graphdcal structure that represents a unified generalized expression graph with cycles,

30. The method of claim 29, where at least some of the node types are templates.
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31

32,

into an input of one or more of the first and second nodes.

33

34.

37.

38,

The method of claim 29, where the expression includas one or more condifions.

The method of claim 29, further comprising;

providing an expression language for entering mathematical expressiond

The method of claim 20, where at least one of the fivst and second nogdes is
associated with a cache structare for storing one or more values fopbarious

digerete sample times.

The method of claim 29, where at least one of the first and/second nodes is

configurable to broadcast a value on a named channel yhich can be received by

one or more recetver nodes,

The method of claim 29, where at least one of #he first and second nodes is

configurable to solve kinematic problems.

The method of dabm 29, where a userdan specify either the first node or the

second node as a root node.

The method of claim 28, wheyt the graphical structure is a hierarchy which is

configurable to alfow data @ flow bi-directionaily through the hierarchy.

A method of creating/an exprression graph for an animation system,

comprising:

anfmating a body in a display environiment vsing the expression graph
An andmation method, comgprising:
providing a display environment for presentation on a display device;
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providing a first body for display in the display environment;
providing a second body for display in the display environment; angd
determining a motion path for a portion of the first body relative to the

second body,

40. An animation method, comprising:

providing a display environment for presentation on a displdy device;
providing a body for display in {he display environment/and
determining a motion path for a portion of the body pélative toa

coordinate systeny associated with the display enviromnment.

41, An animation method, comprising:

providing a display environment for presghtation on a display device;
providing a body for display in the dis c environment;
evaluating an expression graph asggciated with the body ata first rate;

processing body geometry at a gécond rate; and

rendering the body in the dighlay envivonment at a third rate, where the

first and secord rates are decoupled frghm the thivd rate.

42, A compater-readable wedium faving stored thereon inshructons which, when
executed by a processop causes the processor to perform the operations of:
providing a désplay envivonment for presentation on a display device;

providingA body for display in the display environment; and

pecuted by a processor, causes the processor to perform the operations of:
providing a display environment for presentation on a display device;

providing a body for display in the display environment;




providing a fizst motion path for a Brst portion of the body relative to 2
second portion of the body;

providing a second motion path for the fixst portion of the body relative 6
a second portion of the body; and

providing a mechanism for animating the first portion of the bodyto

follow either the first or second motion path.

44 A computer-readable medium having stored thereon instructighs which, when
executed by a processor, causes the processor to perform the/Operations of:
mraviding a display environment for presentationén a display device;
providing a body for display in the display eny nmer;t;
providing a first motion path for a first porf# n of the body relative to
second pordon of the hod.ﬁr; '.
providing a second motion path for e first portion of the body ralative fo
a second portion of the bodly; and '

providing a mechanism for aginating the fivst portion of the body to

deteprhining a motion path for a portion of the first body relative to the

second body,

46, A Lomputer-readable medium having stored thereon instructions which, when
Aupcwted by a processor, causes the processor to perform the operations of:
providing a display environment for presentation on a display device;

providing a body for display in the display environment; and
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determining a motion path for a portion of the body relative toa

coordinate system associated with the display environmment.

47, A computer-readable meditm having stored thereon Instructions which, when
executed by a processor, causes the processor to perform the operations of;
providing a display environment for presentation on a display dévice;
providing a body for display in the display environment;
evajuating an expression graph associated with the body at a first rate;
processing body geometry at a second rafe; and
rendering the body in the display environment at g/third rate, where the

first and second rates are decoupled from the third rate.
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CLATIMS
WHAT IS CLAIMED 185:

1. Ananimation method, comprising:
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 first portion of the body relative to a
second portion of the body, wherein determining the motion path
comprises:
displaying a curve in the display environment that defines the motion
path in space over time, wherein displaying the curve comprises:
determining points along the motion path at discreet sample
times;
rendering the points to define the curve through space over time;
and
dilating the curve about a point in space to improve visibility of

the curve in the display environment,

2. 'The method of claim 1, further comprising:
stretching the curve out in time to improve visibility of the curve in the

display environment.

3. The method of claim 1, further comprising;

rendering the points relative to a moving camera view.

4, The method of claim 1, furthey comprising:
defining the body by an expression graph with cycles.

5. The method of claim 4, further comprising:
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providing one or more articulated variables for changing values within

the expression graph.

6. A method of creating expression graphs for an animation system, comprising:
providing a graphical user interface;
receiving a first 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 graphical
user interface; and
providing a connection mechanism for enabling a user to connect at least -
one output of the first node with at least one input of the second node to form a

graphical structure that represents a unified generalized expression graph with cycles.
7. The method of claim 6, where at least some of the node types are templates.
8. The method of claim 6, where the expression includes one or more conditions.

9. The method of claim 6, further comprising;:
providing an expression language for entering mathematical expressions

into an input of one or more of the first and second nodes.

10. The method of claim 6, where at least one of the first and second nodes is
associated with a cache structure for storing one or more values for various

discrete sample times.

11. The method of claim 6, where at least one of the first and second nodes is
configurable to broadeast a value on a named channel which can be received by

one or more receiver nodes.

12, The method of claim 6, where at least one of the first and second nodes is

configurable to solve kinematic problems.
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13. The method of claim 6, where a user can specify either the first node or the

second node as a root node.

14. The method of claim 6, where the graphical structure is a hierarchy which is
configurable to allow data to flow bi-directionally through the hierarchy.

15. An animation method, comprising;
previding a display environment for presentation on a display device;
providing a camera view of a body in the display environment, the body
including at least one point;
providing, in the camera view of the body, a motion path of the point;
associating one or more control mechanisms with the motion path, the
control mechanisms being configured to control a movement of at least a portion of the
body in space and a rate of the movement in time; and
in response to an input received through the one or more control

mechanisms, animating the body based on the motion path.

16. The method of claim 15, where animating the body comprises:
determining a shape of the motion path based on the movement of the
portion of the body in space; and
determining the rate of the movement in ime independently of the shape of
the motion path, including interpolating along at least a segment of the motion path
based on the input, where manipulating the shape of the motion patl is decoupled from

manipulating the rate of the movement in time,

17. The methed of claim 15, where animating the body comprises:
controlling the motion path relative to a user specified reference that is at
least one of a world space, another portion of the body, a moving camera, or a node in a

stene; and



providing for display the motion path relative to the reference.

18. The method of claim 15, where the point is at least one of:
a user selectable point on or relative {o a surface of the body; or
a user selectable point on or relative to a skeleton to which the surface of the

body is bound.

19. The method of claim 15, where at least one of the portion of the body or the point

is determined automatically in response (o a user interaction with the body.

20. The method of claim 15, where the body includes at least one of a forward
kinematic hierarchy, an inverse kinematic hierarchy, a rigid body, a deformable

body, or a solution to an arbitrary expression.

21. The method of claim 15, where associating the one or more control mechanisms
with the motion path comprises:
providing one or more visual markings along at least a segment of the
motion path, the visnal markings configured to control at least one of a rate of

interpolation, a motion tangent, or a rate of twist.

22. The method of claim 21, where:
providing the one or more visual markings includes providing a spacing
between two visual markings, the spacing indicating the rate of interpolation, where at
Jeast one of the visual markings is configured to recetve a slide input to adjust the

spacing and control the rate of interpolation.

23. The method of claim 15, where providing for display the motion path comprises:
determining points along the motion path at discreet sample times; and

interpolating the points to define a curve through space over time.
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24. The method of claim 23, where determining the points along the motion path
includes evaluating a movement of the portion of the body through space over

time.

25. The method of claim 15, where associaling the one or more control mechanisms
with the motion path comprises:
providing one or more visual indicalions along the motion path, each visual
indication indicating a position of the point corresponding to an animation time, where
an adjustment of the one or more visual indications changes the corresponding

animation fimes.

26. The method of claim 15, further comprising:
strefching the motion path in time to improve visibility of the motion path,
the stretching including:
mapping the time to three dimensional vectors in a three dimensional space,
each three dimensional vector having a direction and a magnitude, wherein:
the direction of the three dimensional vector controls the direction
in which the motion path is stretched; and
the magnitude of the three dimensional vector controls an amount

in which the motion path is stretched.

27. The method of claim 15, wherein animating the body comprises:
receiving an input manipulating the motion path;
determining a degree of freedom in which the portion of the body is to move
in response to the input; and

determining an amount of change in the degree of freedom.

28. The method of claim 15, where animating the body comprises:
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maintaining a manipulation mode, each manipulation mode corresponding
to one or more modalities of manipulation, the modalities of manipulations including at
least one of a translation, a rotation, a scale, a bend, a squash, a stretch, a mesh
deformation, or a global deformation, where the manipulation mode is associated with
a control mechanism: and

pmviding the manipulation mode to a user when the control mechanism is

actve.

29. The method of claim 15, where animating the body comprises inverting or

pseudo inverting at least a portion of an expression graph.

30. The method of clatm 15, where animating the body comprises performing

constrained optimization on the motion of the body.

31. A system, comprising:
one or more processors configured to perform operations comprising:
providing a display environment for presentation on a display device;
providing a camera view of a body in the display environment, the body
including at least one point;
providing, in the camera view of the body, a motion path of the point;
associating one or more control mechanisms with the motion path, the
control mechanisms being configured to control a movement of at least a portion of the
body in space and a rate of the movement in time; and
in response to an input received through the one or more control

mechanisms, animating the body based on the motion path.

32. The system of claim 31, where providing for display the motion path comprises:

bleeding the motion path through an obscuring object.
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33. The system of ciaim 31, where providing for display the motion path comprises:
providing for display the motion path using one or more color modes that
include at least one of: |

a colorstriping mode, where the motion path is to be displayed in multiple
alternating colots, where the multiple alternating colors change based on a time
interval, at each of the controls, or at user specified markers;

a color shift mode, where a portion of the motion path preceding a specified
time is to be displayed in a first color, and a portion of the motion path following the
specified time is to be displayed in a second color that is different from the first colox;
and

a fade out mode, where the motion path fades out at points progressively

farther in time from the specified time.

34. A computer program product, stored on a non-transitory storage device,
operable to cause one or more processors coupled to the storage device to
perform operations comprising:

providing a display environment for presentation on a display device;

providing a camera view of a body for display in the display environment,
the body including at least one first point;

providing, in the camera view, a first motion path of the first point;

associating one or more control mechanisms with the first motion path, the
contrel mechanisms being configured to control a movement of at least a portion of the
body in space and a rafe of the movement in time; and

in response to an input received through the one or more control

mechanisms, animating the body based on the first motion path.

35. The product of claim 34, the operations further comprising providing for display
a second motion path, where the second motion path is at least one of:

a motion path of a second point of the body;
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a motion path of another body; or :
a motion path based on which the body is animated differently from

animation based on the first motion path.

- 36. The method of claim 15, where providing for display the motion path comprises:
receiving a specification of a time rarnge, the specification including at least
one of:
a beginning time and an ending time;
a time interval relative to a specified time; or
a count of control points relative to a specified time; and
providing for display a portion of the motion path according to the

specification of the time range.

37. The method of claim 15, where providing for display the motion path comprises
dilating the motion path around a specified reference point, where:
dilating the motion path includes scaling points on the motion path around

the specified reference point by a scaling factor.

38. The method of claim 15, where the display environment is one of a two

dimensional virtual environment or a three dimensional virtual environment.

39. The method of claim 27, where determining the degree of freedom includes

receiving a specified degree of freedom.
40. The method of claim 27, where determining the amount of change includes

mapping changes from input manipulating the motion path to an amount of

change in the degree of freedom.
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41. The method of claim 15, where associating the one or more control mechanisms
with the motion path comprises:
providing for display one or more knots along at Ieast a section of the motion
path, each of the knois configured to control a position of the portion of the body in
space; and
providing for display one or more tangent handles, each tangent handle
being associated with one of the one or more knots and being configured to control a

tangency of the motion path.

42. The method of claim 41, where providing for display the one or more knots and
the one or more tangent handles comprises:
detecting a user interaction with the display environment; and
providing for display at least one of the one or more knots or the one or more

tangent handles in response to the detected user interaction.

43. The method of claim 41, where at least one of the knots or at least one of the
tangent handles is displayed in differentiated fashion to indicate that a tangent

handle is broken.

44. The method of claim 21, where the one or more visual markings are configured
to receive a selection input operable to select animation shot times upon which a
subsequent program command involving time will operate, the animation shot

times corresponding to the one or more visual markings.

45. The method of claim 21, further comprising: providing for display in assodation
with the one or more visual markings at least one of:
a time of an animation key; or

a value of the animation key.
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46. The method of claim 21, further comprising: hiding from display a visual

marking that corresponds to a locked degree of freedom.

47. The method of claim 15, where associating the one or more control mechanisms
with the motion path comprises:

providing one or more visual markings along at least a segment of

the motion path, the visual markings configured to conirol at least one of a rate of
interpolation, a motion tangent, or a rate of twist;

receiving a slide input on a first visual marking of the one of more visual
markings, the slide input operable to cause the first visual marking to slide along the
motion path; and

upon receiving the slide input, adjusting a spacing between at least two
second visual markings of the one of more visual markings, each of the at least two

second visual markings being different from the first visual marking.
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