BLENDED OBJECT ATTRIBUTE KEYFRAMING MODEL

FIELD OF THE INVENTION
[0001] Thisinventionrelatesin general to the field of computer graphics. More

particularly, thisinvention relates to animation authoring tools.

BACKGROUND OF THE INVENTION

[0002] Theindustry standard for animation authoring tools uses a key frame,

which is defined as a point in time, and a set of property changes that occur at that point
intime. The properties can be anything from the color of an object to the entire contents
of the scene, for example. Some tools, such as Macromedia Flash, represent key frames
at the layer level and store the entire state of al objectsin the layer at that point in time.
Other tools, such as Adobe Live Mation, represent key frames on the attributes of an
object, so that an indicator is stored on every property of an object which tells whether or
not the property is animated. Both approaches have several drawbacks.

[0003] A drawback of representing key frames at the layer level and storing the
entire state of all objects in the layer at that point in time is that it is difficult for the user
to determine from the user interface which properties are being animated on any
particular object. Another drawback of this approach isthat it is very difficult for the
user to animate the value of a property across one of these key frames. For example, if
the user wants the value of the color of an object to change from red to blue starting at 1
second, and ending at 3 seconds, he could do this by setting up akey frame at 1 second
containing the color red and a key frame at 3 seconds containing the color blue. If the
user then wanted to start the object moving at time 2, he could do this by setting a key
frame at time 2. However, because of the key frame model, this key frame would also
contain the value of the color at time 2. If the user ever changed the time value of this
key frame, the color animation would change as well. There is no way for the user to
resolve this other than by manually resetting the color value stored in that key frame so

that a smooth interpolation from red to blue is restored.



[0004] The approach of representing key frames only on the attributes of an
object has a drawback of, that in order to animate any property on an object, the user
must search through alist of all properties on the object, and set the switch that makes
that property animated, allowing key frames to be stored for that property. Furthermore,
this approach requires the user to select or click abutton on each property that he desires
to animate. This can be cumbersome when trying to author an animation. Moreover,
using this approach it is difficult to quickly determine at what times particular properties
of an object are being animated, if the user cannot see all of the properties for the element
on screen.

[0005] Many of the 2d animation tools currently on the market (Flash, After
Effects, etc.) have animation as their primary mode of authoring. That is, most of the
time that the user is interacting with the tool, he is working on an animation. However,
as atool whose primary task is user interface design, it is more desirable to alow the user
to interact with the scene without having to think about animation. For instance, a user
may keyframe a wiggle animation on a button which he has placed on his form, and then
decide that the button is not in the correct position on the form. It would be desirable for
the user to be able to do this without modifying all of the key frames in the wiggle
animation. In other 2d tools, the user has to be constantly aware of where the current
time marker isin the timeline used in the designing or authoring (and in some tools
whether or not the property being edited can be keyframed).

[0006] Inview of the foregoing, there is a need for systems and methods that

overcome the limitations and drawbacks of the prior art.

SUMMARY OF THE INVENTION
[0007] The present invention is directed to combined object level and property

level key framing systems, methods, and user interfaces. A user can enter a mode where
any change to a property is recorded as a key framing action (e.g., creation or edit) at the
current time as indicated by the timeline. When a key frame is created in this mode, the
surrounding object level key frames are inspected to ensure that the functionality that

users expect from object level key framesis maintained. If a user explicitly creates an



animation of an attribute that spans an object level key frame, then that span for the
animation is maintained as the user edits.

[0008] Exemplary embodiments include a method of keyframing an object in
which at least one property and a time for the object are identified. As set forth further
below, e.g., with respect to Figures 1-3, an attribute key frame is akey frame at the
attribute level and a compound key frame is a key frame at the object level. A compound
key frame can be thought of as essentially a placeholder for a“virtual attribute key
frame” on all possible attributes. Other attribute key frames force this virtual attribute
key frame to manifest itself on those attributes, as set forth below.

[0009] A first compound key frame is created at afirst time, and then a second
time isreceived for the object, e.g., by moving a playhead in atimeline element. Another
compound key frame is created at the second time. Additional times for the object may be
received, followed by creation of associated compound key frames at each of the
additional times. A change to the property or properties may be received prior to creating
the second compound key frame, in which case the second compound key frame
incorporates the changes. Additionally, an attribute key frame may be created responsive
to the received property change(s) if no attribute key frame exists for the property or
properties at the time the received change isreceived. Alternately, an existing attribute
key frame may be changed responsive to the received property change(s) if the existing
attribute key frame exists at the time the received change(s) is received.

[0010] According to additional embodiments, an object may be keyframed by
receiving avalue for an attribute for the object at afirst time, and then, if an attribute key
frame corresponding to the attribute exists at the first time, amending the attribute key
frame responsive to the received value for the attribute; otherwise, populating a
neighboring object key frame (also referred to herein as a compound key frame) with an
attribute key frame if an object key frame exists.

[0011] Populating the neighboring object key frame may comprise (1) if the
neighboring object key frame exists later in time than the first time, and an attribute key
frame exigts later in time than the first time, then setting a first value to the value of the
atribute key frame that exists later in time than the first time; or (2) if the neighboring

object key frame that exists later in time than the first time, and an attribute key frame



does not exist later in time than the first time, then setting the first value to the value of
the originally received value for the attribute; and creating a new attribute key frame at
the neighboring object key frame using the first value.

[0012] Additionally, populating the neighboring object key frame may comprise
(2) if the object key that existsis earlier in time than the first time, and an attribute key
frame exists earlier in time than the first time, then setting a first value to the value of the
attribute key frame that exists earlier in time than the first time; or (2) if the object key
that existsis earlier in time than the first time, and an attribute key frame does not exist
earlier in time than the first time, then setting the first value to the value of the originally
received value for the attribute; and creating a new attribute key frame at the neighboring
object key frame using the first value.

[0013] Additional features and advantages of the invention will be made
apparent from the following detailed description of illustrative embodiments that

proceeds with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] Theforegoing summary, aswell as the following detailed description of

preferred embodiments, is better understood when read in conjunction with the appended
drawings. For the purpose of illustrating the invention, there is shown in the drawings
exemplary constructions of the invention; however, the invention is not limited to the
specific methods and instrumentalities disclosed. In the drawings.

[0015] Figure lisadiagram of an exemplary timeline element with playhead in
accordance with the present invention;

[0016] Figure2isadiagram of an exemplary timeline element in accordance
with the present invention;

[0017] Figure 3isadiagram of another exemplary timeline el ement showing
exemplary keyframing in accordance with the present invention;

[0018] Figure4isaflow chart of an exemplary method of keyframing in
accordance with the present invention;

[0019] Figure5isadiagram of an exemplary object in a scene with user

interface in accordance with the present invention;



[0020] Figures 6A-6F are diagrams of exemplary timeline elements useful for
illustrating a method of creating animation elements in accordance with the present
invention;

[0021] Figure7isaflow diagram of an exemplary process of creating
animation elements in accordance with the present invention;

[0022] Figures 8A-8H are diagrams of exemplary timeline elements useful for
illustrating exemplary auto-adding key frame scenarios in accordance with the present
invention;

[0023] Figures 9A and 9B are diagrams of exemplary timeline elements useful
for illustrating exemplary compound key frame scenarios in accordance with the present
invention; and

[0024] Figure 10isablock diagram showing an exemplary computing
environment in which aspects of the invention may be implemented.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
[0025] The present inventionis directed to combined object level and property

level key framing systems, methods, and user interfaces. A exemplary key framein
accordance with the present invention comprises the geometry and property values of an
object at a particular time, and can be created against an individual object. Such akey
frame can be shown when an object is animated at a particular time. A user can enter a
mode in which any change to a property (also referred to herein as an attribute) is
recorded as a keyframing action, such as creation or edit, at the current time as indicated
by, or on, atimeline element. When a key frame is created in this mode, the surrounding
object level key frames are inspected to ensure that the functionality that users expect
from object level key framesis maintained. If auser explicitly creates an animation of an
attribute that spans an object level key frame, then that span for the animation is
maintained as the user edits.

[0026] An exemplary key frame authoring user interface (Ul) is shownin
Figure 1, and comprises a compound key frame 10 and an attribute key frame 20. The
exemplary key frame authoring Ul timeline element 5 represents key frames at the object
level (called compound key frames) and at the attribute level (called attribute key



frames), and leverages both nodels of key framing to make the creation of key framed
animations more efficient. A playhead 7 is provided that can be moved to a particular
time to set properties, key frames, etc.

[0027] When anew attribute key frame 20 is created, it is represented at the
object level with compound (or object level) key frame 10 on the time line. Object level
key frames can be created explicitly which, given the behavior for adding key frames
described below, will effectively represent the entire state of the attributes on an object at
that point in time without actually creating attribute key frames for each one of those
attributes at that time. For instance, if the user selects an object in the scene, and then
sdects a“new key frame” button (or actuates or selects a substantially similar feature),
then anew object level key frame is created at the current time. As new attribute key
frames are added in the regions of time adjacent to that compound key frame, it is
populated with attribute key frames to maintain the state of the object at that time.

[0028] Asauser adds key frames to the animation, object level key frames are
used to determine the span of newly animated attributes. Consider the scenario in which
auser has authored an animation that moves an object from a position of (10,10) to a
position of (100,100) from time 1 to time 2. Such an exemplary timeline element (which
may be provided or displayed as part of a Ul) is shown in Figure 2, in which the object
“oval 1" is set to move from afirst position A (assume A corresponds to underlying
position (10,10)) to a second position B (assume position B corresponds to underlying
position (100,100)). So at time 1, an object level key frame is generated for the
beginning, and at time 2, an object level key frame is generated for the end.

[0029] Now assume the user wants the object to scale up to 150% of its original
size, and back down to its original size over the course of the movement from time 1 to
time 2. In accordance with the present invention, this can be accomplished by moving
the current time marker (i.e., the playhead 7) to time 1.5, as shown in Figure 3, making
sure that the timeline element is recording changes, and changing the value of the scale
property to 150% at that point in time. In other words, at time 1.5, the scale is changed,
and an object level snapshot is created. A population process, such as that described with
respect to Figure 4, is then used to determine the property (attribute) key frames at the



current time (time 1.5) at the adjacent object levels (the ones directly previous and after
(here, time 1 and time 2). Conventional interpolation algorithms may be used.

[0030] More particularly, when the user makes this change as shown in Figure
3, the compound key frame that exists before this newly created key frame (here, element
12 at time 1) is examined, along with the compound key frame immediately following the
newly created key frame in time (here, element 16 at time 2). If either or both of these
key frames do not have attribute key frames for the scale of the object, then the
appropriate values for scale is filled in for those key frames. In this scenario, attribute
key frames 22, 26, respectively, for avaue of 100% scale would be created under the
previous compound key frame 12, and underneath the next compound key frame 16, as
shown in Figure 3.

[0031] Logic for the above described exemplary process is described in more
detail with respect to the flow chart of Figure 4. In Figure 4, the neighboring object level
key frames are inspected and populated. When a new key frame is added, a walk
backward and forward is conducted. If an attribute key frame does not exist, nor does an
object key frame exist (both earlier in time and later in time), then a new attribute key
frame is created, which causes the creation of an object level key frame.

[0032] More particularly, at step 405, an attribute value is changed in the
animation mode. It is determined at step 410 whether an attribute key frame exists at the
current time. If so, then the key frame value is amended at step 490, and the process
completes. If, however, an attribute key frame does not exist at the current time, it is
determined whether an object key frame exists later than the current time, at step 415.

[0033] If an object key frame does not exist later in time at step 415, then it is
determined at step 420 whether an object key frame exists earlier than the current time.

If not, then a new attribute key frame is created for the current time at step 495, but if an
object key frame does exist earlier than the current time, then it is determined at step 425
if thereis an attribute key frame for this attribute earlier than the current time. If thereis
an attribute key frame for this attribute earlier than the current time, then the value at that
key frame is maintained at that key frame, at step 455. If there is no attribute key frame
for this attribute earlier than the current time, then the origina value of the property is

maintained as the value, at step 450. In either case, after step 450 or step 455, the earlier



object key frame is populated with the key frame containing the value of the held or
maintained value from step 450 or step 455, at step 460. Processing then continues at
step 495 with a new attribute key frame being created for the current time. It is noted that
in the case when the current time is time=0, then there is no need to look earlier in time,
because time =0 is taken to be the smallest possible time value.

[0034] If, from step 415, it is determined that an object key frame exists later
than the current time, then, at step 430, it is determined whether there is an attribute key
frame for this attribute that exists later than the current time. If there is an attribute key
frame for this attribute later than the current time, then the value at that key frameis
maintained at that key frame, at step 440. If there is no attribute key frame for this
attribute later then the current time, then the value used is the value of the last attribute
key frame recorded or a base value (which may be predetermined) if none exists, at step
435. In either case, after step 435 or step 440, the later object key frame is populated
with the key frame containing the value of the held or maintained value from step 435 or
step 440, at step 445. Processing then continues at step 420, as set forth above.

[0035] The exemplary key frame population method described above with
respect to Figure 4 occurs on the creation of anew key frame. When the current time
marker is over an existing attribute key frame, and that attribute is modified while
keyframing is enabled, then the value of the key frame at that time is modified. This
allows the system to maintain time spans explicitly created by the user. For example, if
the user explicitly views the attributes of an object and deletes an attribute key frame that
is between two other attribute key frames, then that time span will be maintained if either
of the attribute key frames bounding the time span is modified.

[0036] The exemplary method for recording the values at key frames allows the
system to specify a mode of interaction where all edits made by the user to any property
automatically generates animation key frames. This mode can be entered, for example,
by a user pressing a toggle button which toggles the key frame mode. This mode makes
the quick creation of alarge number of key frames possible in a short period of time. The
number of clicks or other input required by the user is significantly reduced over other

keyframing interfaces.



[0037] When in the keyframing mode, it becomes desirable to indicate to the
user that he is setting key frames with nearly every edit that he does. Thisis preferably
accomplished by providing an indicator in context with the edit to notify the user that a
key frame for the edit which he just performed has been recorded. This indicator also
gives the user a button which can be selected to cancel the key frame that had just been
set or to choose other options for interpreting the change just made. This on-object user
interface is provided in the context of the change, so, with respect to Figure 5, if the user
drags an object 510 in the scene 500 changing its position, the Ul 520 will appear in the
scene. For example, if the user changes the color of the object in the color picking Ul,
the on-object user interface is popped up over the color editor. An ontobject Ul indicates
when changes done in the rest of the authoring tool Ul are being recorded by the
animation system. When a property is changed during keyframing, there is desirably a
visual indicator that indicates that a key frame was changed. Items that can be changed
include X, y, height, width, color, rotation, skew, for example.

[0038] There are two separate ways of interacting with objects in the scene, one
which is animation focused, and one which is layout focused. In “animate’” mode, the
user is specifically focused on creating key frames for animations. Changes that the user
makes to properties will be automatically recorded as key frames in an animation of those
properties. In “layout” mode, the user’s changes will be interpreted as changes to the
non-animated values of properties where possible.

[0039] Oneexemplary way of segmenting the set of possible properties on an
element is to break them into composing and norrcomposing properties. Composing
properties are properties which can be meaningfully composed through simple
operations. For example, afloat isacomposing property value because it can be
composed with another value by addition. Norn-composing properties cannot be
meaningfully composed by simple operations. For example, a color value is not a
composing value because composing it through an operation such as addition would
cause out of gamut conditions, and other undesired behavior.

[0040] A reason to distinguish between these two types of propertiesis that,
when they are animated, composing properties can be meaningfully changed in layout

mode, while non-composing properties cannot. For example, if the user has an animation
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on the top property of an element (whose value is a float) and then the user moves that
element in layout mode, then that change can be meaningfully composed with the
animation (the element will now animate from its current position). More specifically,
the animation that the user specified on the top property is relative to the current top
value on the element. This is possible because the top property has avalue that is
composing (the animation engine takes the original position of the element, and adds the
value output by the animation to get the current, animated position of the element). Thus,
when the user moves the element in layout mode, the base value for the top property is
updated, and the animation engine will automatically pick up the change, and animate
from the new position of the element.

[0041] When the user changes an animated, nortcomposing property in layout
mode, the system desirably indicates that that change cannot be meaningfully
incorporated with the property. For example, either the user forgot that he is in layout
mode, and meant to create a key frame at the current time, or the user had something else
in mind such as changing the base value of that property. In this case, the user will be
preferably warned that the new value cannot be incorporated into the current animation
without creating a key frame. Additionally, a marker is desirably added to the timeline to
indicate where this action will happen, and the value will desirably be visible in the
scene. If the user enters animate mode, then the values will be converted into key frame
values. If the user seeks the timeline, then the new values that he added will be lost, as
they will be overridden by the animation.

[0042] A compound key frame is meant to represent the state of the object to
which it belongs at the time where it is set on the timeline. However, in order to maintain
an efficient representation of animations, only the changes to properties that affect
animation are desirably stored, and represented in the user interface.

[0043] Inanimate mode, a user may select, for example, to add a new key
frame, add a shape, change a property, or change a selection. If anew key frameisto be
added, then the process set forth above with respect to Figure 4 may be implemented, and
further examples are given below (e.g., with respect to Figure 9). If the user desiresto
add a shape at atime later than O, then the base value for opacity is preferably set to O,
and a key frame is added at the current time, setting the opacity to 1.
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[0044] If the user chooses to change a property, then it is determined whether a
key frame exists for this property at the current time. If so, then the key frame value at
the current time is modified accordingly. If akey frame does not exist for this property at
the current time, then a new attribute key frame is created (see, e.g., Figure 8).

[0045] If the user chooses to change a selection, it is determined whether the
current selection has compound key frames. If so, the selection is changed accordingly.

If not, then a compound key frame is created at the current time.

[0046] According to aspects of an embodiment, in layout mode, the user may
convert temporary key frames to actual key frames or generate temporary key frames.
For example, if auser changes a property, then, if the property is composing, the base
value for the property is desirably modified such that the property value meets the edited
value at the current time. If the property is not composing, and if the property is
animated, then the temporary key frames are shown. However, if the property is not
composing, and is not animated, then the property value is desirably updated and the
process returns to the start state for layout mode.

[0047] Alternatively to the temporary key frames, a user interface could provide
a user with the option to edit base values (e.g., by selecting a“none” tab in the user
interface), or set animation key frames (e.g., by selecting atimeline tab). In such an
embodiment (when the user is on the “none”’ tab), the current time is not active (i.e., not
set to a particular value), and animation mode is not active. 1t is noted that in a specific
timeline’s tab, the current time and animation mode are both active.

[0048] Anexemplary system beginsin the layout mode. Before any animations
are present, the user is likely going to arrange controls on the form as desired for the
static layout of his Ul. When the user presses the animate button, he desirably enters
animate mode where key frames are automatically created for values that he changes. In
this mode, the add new key frame button is desirably available.

[0049] An example of animation creation is now described, with respect to
Figures 6A — 6F and Figure 7. Assume the user wishes to create a simple animation that
moves an ova from left to right over half a second, holds the oval still for half a second,
and then moves the oval back to its original position. Initially, the oval is created (step
700) and placed at a position on the screen and given a start time (step 705). The animate
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mode is entered (step 710) by clicking on an animate button or making a similar type
selection. A new compound key frame is created for the oval at the current time (step
715). For example, the start time for the animation is identified on the timeline at time =
0.5, in Figure 6A.

[0050] The playhead 600 is moved forward 0.5 seconds, as shown in Figure 6B,
to 1 second (step 720). Then, as shown in Figure 6C, the position (e.g., X,Y position) of
the oval is changed, and key frames are added at 1 second (step 725). Processing
continued at step 720. The playhead 600 is moved forward another 0.5 seconds, from 1
second to 1.5 seconds, as shown in Figure 6D, and akey frame is added (e.g., by a user
activating an*“add keyframe” button for example, on the Ul), as shown in Figure 6E, to
specify that the oval should keep its position between 1 and 1.5 seconds.

[0051] The playhead 600 is then moved forward another 0.5 seconds, to time =
2, at the position of the oval is changed back to its starting point and a key frame is added
accordingly, as shown in Figure 6F. At this point, the user has created the desired
animation, and can exit animate mode to change the layout of the scene without creating
key frames, or stay in animate mode to keyframe additional animations.

[0052] If auser isin animate mode, the user may add and adjust the key frames
at the current point in time as he adjusts the objects attributes using the object handles
and palettes. For each attribute the user changes at a given time, an attribute key frameis
added. Compound key frames on the object are also taken into account to preserve their
meaning. Moreover, desirably, when the user changes a property and there is an attribute
key frame for that property at the current time, then that attribute key frame is edited.
Otherwise, when the user changes a property there is not an attribute key frame for that
property at the current time, there are several cases as set forth below, examples of which
are described with respect to Figures 8A-8H.

[0053] If the playhead 600 is on the only compound key frame on the element,
as shown in Figure 8A, then an attribute key frame is added for the new value at the
current time, as shown in Figure 8B.

[0054] If the playhead 600 is before all compound key frames on the element, as
shown in Figure 8C, then, in this casg, if the next compound key frame does not have an

attribute key frame for the changed property, then it is populated with the old value of the
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property. An attribute key frame is also created at current time with the new value, as
shown in Figure 8D.

[0055] If the playhead 600 is disposed after all compound key frames on the
element, as shown in Figure 8E, then, in this case, if the previous compound key frame
does not have an attribute key frame for the changed property, then it is populated with
the old value of the property. An attribute key frameis aso created at current time with
the new value, as shown in Figure 8F.

[0056] If the playhead 600 is disposed betweentwo compound key frames on
the element, as shown in Figure 8G, then in this case, both the compound key frame
before current time, and the compound key frame after current time are checked. If either
does not have an attribute key frame for the changed property, then it is populated with
the old value of the property. An attribute key frameis also created at current time with
the new value, as shown in Figure 8H. It is noted that the base value will not necessarily
be used if there are attribute key frames specified at any time beyond the compound key
frames (e.g., Similar to that set forth above with respect to step 435 in Figure 4).

[0057] Anexemplary pre-condition to the examples described with respect to
Figures 8A-8H is that the auto key frame button is desirably activated. A desirable post-
condition is that changes that the user makes to attributes are recorded as attribute key
frames. Parameters of the examples described with respect to Figures 8A-8H are as
follows. Times and values of attributes are desirably set while in auto-keyframing mode.
If there was not a compound key frame at the current time, then one is desirably created
and provided to parents of this element to represent the new attribute key frame. If
properties were not previoudy visible, then they are provided for the user to see. Itis
contemplated that this exemplary parameter can be disabled as an option.

[0058] It isdesirable that a compound key frame can be added to an element at
the current time to preserve state while creating an animation. Hold key frames can be
created with this functionality. It is contemplated that an exemplary Ul would comprise
an add key frame button that is enabled when in keyframing/animate mode. A user
would desirably select a“add compound key frame” button or selector and a new
compound key frame is added and populated at the current time. If thereisaready a

compound key frame at current time, then no change would be made.
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[0059] To populate a compound key frame, for each property that is currently
animated on the element to which the compound key frame is being added (as shown in
Figure 9A), the system desirably adds an attribute key frame comprising the current,
animated value of the property. The new exemplary compound key frame is shown in
Figure 9B. The new compound key frame is desirably populated with the current values
of al animations at current time. Note that the user did not have to change a vaue to
create this compound key frame.

[0060] An exemplary pre-condition to the compound key frame creation, is that
the user seeks to the time at which he wants to set the key frame. For example, the user
may select “Timeline->Add Key frame” on the Ul or press the add key frame button on
the timeline element.

[0061] A user may explicitly add attribute key frames. This may be desirable if
the user would like a key frame with the same value as the current key frame. In such a
case, in an exemplary Ul, the user would scroll the current time to the desired time for the
key frame, move the mouse over the timeline area for the desired time, and press the set
key frame button. Alternatively, for example, the user may be provided with an option to
select “add key frame” in a pull-down menu. A new attribute key frame is thus added to
the attribute at the current time.

[0062] Thus, it iscontemplated that an exemplary Ul can maintain user
preferences for attribute key frame times across edits to attribute key frame values.
Moreover, exemplary user interfaces allow for the creation of both object level and
attribute level key frames, populate attribute key frame values based on surrounding
object key frames, and do not require the explicit creation of key frames for a particular
object or attribute.

[0063] Itisfurther contemplated that the present invention can be used with two
dimensiona transformations as well as three dimensional transformations, but should not

be limited to just these types of transformations.

Exemplary Computing Environment
[0064] Figure 10 illustrates an example of a suitable computing system
environment 800 in which the invention may be implemented. The computing system

environment 800 is only one example of a suitable computing environment and is not
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intended to suggest any limitation as to the scope of use or functionality of the invention.
Neither should the computing environment 800 be interpreted as having any dependency
or requirement relating to any one or combination of components illustrated in the
exemplary operating environment 800.

[0065] Theinvention is operational with numerous other general purpose or
specia purpose computing system environments or configurations. Examples of well
known computing systems, environments, and/or configurations that may be suitable for
use with the invention include, but are not limited to, personal computers, server
computers, hand-held or laptop devices, multiprocessor systems, microprocessor-based
systems, set top boxes, programmable consumer electronics, network PCs,
minicomputers, mainframe computers, distributed computing environments that include
any of the above systems or devices, and the like.

[0066] Theinvention may be described in the general context of computer-
executable instructions, such as program modules, being executed by a computer.
Generally, program modules include routines, programs, objects, components, data
structures, etc. that perform particular tasks or implement particular abstract data types.
The invention may also be practiced in distributed computing environments where tasks
are performed by remote processing devices that are linked through a communications
network or other data transmission medium. In a distributed computing environment,
program modules and other data may be located in both local and remote computer
storage media including memory storage devices.

[0067] With reference to Figure 10, an exemplary system for implementing the
invention includes a general purpose computing device in the form of a computer 810.
Components of computer 810 may include, but are not limited to, a processing unit 820, a
system memory 830, and a system bus 821 that couples various system components
including the system memory to the processing unit 820. The system bus 821 may be
any of severa types of bus structures including a memory bus or memory controller, a
peripheral bus, and alocal bus using any of a variety of bus architectures. By way of
example, and not limitation, such architectures include Industry Standard Architecture
(ISA) bus, Micro Channel Architecture (MCA) bus, Enhanced ISA (EISA) bus, Video
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Electronics Standards Association (VESA) local bus, and Periphera Component
Interconnect (PCI) bus (also known as Mezzanine bus).

[0068] Computer 810 typically includes a variety of computer readable media.
Computer readable media can be any available mediathat can be accessed by computer
810 and includes both volatile and non-volatile media, removable and non-removable
media. By way of example, and not limitation, computer readable media may comprise
computer storage media and communication media. Computer storage media includes
both volatile and non-volatile, removable and nonremovable media implemented in any
method or technology for storage of information such as computer readable instructions,
data structures, program modules or other data. Computer storage media includes, but is
not limited to, RAM, ROM, EEPROM, flash memory or other memory technology, CD-
ROM, digital versatile disks (DVD) or other optical disk storage, magnetic cassettes,
magnetic tape, magnetic disk storage or other magnetic storage devices, or any other
medium which can be used to store the desired information and which can accessed by
computer 810. Communication media typically embodies computer readable instructions,
data structures, program modules or other datain a modulated data signal such as a
carrier wave or other transport mechanism and includes any information delivery media
The term “modulated data signal” means a signal that has one or more of its
characteristics set or changed in such a manner as to encode information in the signal.
By way of example, and not limitation, communication media includes wired media such
as awired network or direct-wired connection, and wireless media such as acoustic, RF,
infrared and other wireless media. Combinations of any of the above should also be
included within the scope of computer readable media.

[0069] The system memory 830 includes computer storage mediain the form of
volatile and/or nortvolatile memory such as ROM 831 and RAM 832. A basic
input/output system 833 (BIOS), containing the basic routines that help to transfer
information between elements within computer 810, such as during start-up, is typicaly
stored in ROM 831. RAM 832 typically contains data and/or program modules that are
immediately accessible to and/or presently being operated on by processing unit 820. By
way of example, and not limitation, Figure 10 illustrates operating system 834,
application programs 835, other program modules 836, and program data 837.
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[0070] The computer 810 may also include other removable/nonremovable,
volatile/non-volatile computer storage media. By way of example only, Figure 10
illustrates a hard disk drive 840 that reads from or writes to non-removable, nontvolatile
magnetic media, a magnetic disk drive 851 that reads from or writes to a removable, non
volatile magnetic disk 852, and an optical disk drive 855 that reads from or writesto a
removable, nonvolatile optical disk 856, such as a CD-ROM or other optical media
Other removable/norntremovable, volatile/non-volatile computer storage media that can
be used in the exemplary operating environment include, but are not limited to, magnetic
tape cassettes, flash memory cards, digital versatile disks, digital video tape, solid state
RAM, solid state ROM, and the like. The hard disk drive 841 is typically connected to
the system bus 821 through a nonremovable memory interface such as interface 840, and
magnetic disk drive 851 ard optical disk drive 855 are typically connected to the system
bus 821 by a removable memory interface, such as interface 850.

[0071] Thedrivesand their associated computer storage media provide storage
of computer readable instructions, data structures, program modules and other data for
the computer 810. In Figure 10, for example, hard disk drive 841 isillustrated as storing
operating system 844, application programs 845, other program modules 846, and
programdata 847. Note that these components can either be the same as or different from
operating system 834, application programs 835, other program modules 836, and
program data 837. Operating system 844, application programs 845, other program
modules 846, and program data 847 are given different numbers here to illustrate that, at
aminimum, they are different copies. A user may enter commands and information into
the computer 810 through input devices such as a keyboard 862 and pointing device 861,
commonly referred to as a mouse, trackball or touch pad. Other input devices (not shown)
may include a microphone, joystick, game pad, satellite dish, scanner, or the like. These
and other input devices are often connected to the processing unit 820 through a user
input interface 860 that is coupled to the system bus, but may be connected by other
interface and bus structures, such as a parallél port, game port or a universal seria bus
(USB). A monitor 891 or other type of display device is also connected to the system bus

821 via an interface, such as avideo interface 890. In addition to the monitor, computers
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may also include other peripheral output devices such as speakers 897 and printer 896,
which may be connected through an output peripheral interface 895.

[0072] The computer 810 may operate in a networked environment using
logical connections to one or more remote computers, such as aremote computer 880.
The remote computer 880 may be a personal computer, a server, arouter, a network PC, a
peer device or other common network node, and typically includes many or al of the
elements described above relative to the computer 810, although only a memory storage
device 881 has been illustrated in Figure 10. The logical connections depicted include a
LAN 871 and aWAN 873, but may also include other networks. Such networking
environments are commonplace in offices, enterprise-wide computer networks, intranets
and the internet.

[0073] When used in aLAN networking environment, the computer 810 is
connected to the LAN 871 through a network interface or adapter 870. When used in a
WAN networking environment, the computer 810 typically includes a modem 872 or
other means for establishing communications over the WAN 873, such as the internet.
The modem 872, which may be interna or external, may be connected to the system bus
821 viathe user input interface 860, or other appropriate mechanism. In a networked
environment, program modules depicted relative to the computer 810, or portions thereof,
may be stored in the remote memory storage device. By way of example, and not
limitation, Figure 10 illustrates remote application programs 885 as residing on memory
device 881. It will be appreciated that the network connections shown are exemplary and
other means of establishing a communications link between the computers may be used.

[0074] As mentioned above, while exemplary embodiments of the present
invention have been described in connection with various computing devices, the
underlying concepts may be applied to any computing device or system.

[0075] The various techniques described herein may be implemented in
connection with hardware or software or, where appropriate, with a combination of both.
Thus, the methods and apparatus of the present invention, or certain aspects or portions
thereof, may take the form of program code (i.e., instructions) embodied in tangible
media, such as floppy diskettes, CD-ROMSs, hard drives, or any other machine-readable

storage medium, wherein, when the program code is loaded into and executed by a
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machine, such as a computer, the machine becomes an apparatus for practicing the
invention. In the case of program code execution on programmable computers, the
computing device will generaly include a processor, a storage medium readable by the
processor (including volatile and non-volatile memory and/or storage elements), at least
one input device, and at least one output device. The program(s) can be implemented in
assembly or machine language, if desired. In any case, the language may be a compiled
or interpreted language, and combined with hardware implementations.

[0076] The methods and apparatus of the present invention may also be
practiced via communications embodied in the form of program code that is transmitted
over some transmission medium, such as over electrical wiring or cabling, through fiber
optics, or viaany other form of transmission, wherein, when the program code is received
and loaded into and executed by a machine, such as an EPROM, a gate array, a
programmable logic device (PLD), a client computer, or the like, the machine becomes
an apparatus for practicing the invention. When implemented on a general-purpose
processor, the program code combines with the processor to provide a unique apparatus
that operates to invoke the functionality of the present invention Additionally, any
storage techniques used in connection with the present invention may invariably be a
combination of hardware and software.

[0077] While the present invention has been described in connection with the
preferred embodiments of the various figures, it is to be understood that other similar
embodiments may be used or modifications and additions may be made to the described
embodiments for performing the same function of the present invention without deviating
therefrom. Therefore, the present invention should not be limited to any single
embodiment, but rather should be construed in breadth and scope in accordance with the

appended claims.
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What is claimed is:

1. A method of keyframing an object, comprising:
identifying at least one property and a time for the object;
creating a first compound key frame at the time;
receiving a second time for the object; and

creating a second compound key frame at the second time.

2. The method of claim 1, further comprising receiving additional times for
the object and creating associated compound key frames at each of the

additional times.

3. The method of claim 1, wherein receiving the second time for the object
comprises moving a playhead to a position on a timeline in a user interface, the

position corresponding to the second time.

4, The method of claim 1, further comprising entering an animate mode prior
to creating the first compound key frame.

5. The method of claim 1, wherein each of the first and second compound
key frames represents the state of the at least one property on the object at the

associated time.

6. The method of claim 1, further comprising receiving a change to the at
least one property prior to creating the second compound key frame, the second

compound key frame incorporating the change to the at least one property.

7. The method of claim 6, further comprising creating an attribute key frame
responsive to the received change to the at least one property if no attribute key
frame exists for the at least one property at the time the received change is
received, and changing an existing attribute key frame responsive to the received
change to the at least one property if the existing attribute key frame exists at the

time the received change is received.
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8. A method of keyframing an object, comprising:

receiving a value for an attribute for the object at a first time;

if an attribute key frame corresponding to the attribute exists at the first
time, then amending the attribute key frame responsive to the received value for
the attribute;

otherwise, populating a neighboring object key frame with an attribute key

frame if an object key frame exists.

9. The method of claim 8, further comprising creating an attribute key frame
at the first time if neither an attribute key frame nor an object key frame exists at

the first time.

10. The method of claim 8, wherein populating the neighboring object key
frame comprises:

if the neighboring object key frame exists later in time than the first time,
and an attribute key frame exists later in time than the first time, then setting a
first value to the value of the attribute key frame that exists later in time than the
first time;

if the neighboring object key frame that exists later in time than the first
time, and an attribute key frame does not exist later in time than the first time,
then setting the first value to the value of the last attribute key frame recorded or
a base value if none exists; and

creating a new attribute key frame at the neighboring object key frame

using the first value.

11. The method of claim 10, further comprising:

if the object key that exists is earlier in time than the first time, and an
attribute key frame exists earlier in time than the first time, then setting a second
value to the value of the attribute key frame that exists earlier in time than the first
time;

if the object key that exists is earlier in time than the first time, and an
attribute key frame does not exist earlier in time than the first time, then setting
the second value to the value of the originally received value for the attribute; and

creating a new attribute key frame at the neighboring object key frame

using the second value.
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12. The method of claim 8, wherein populating the neighboring object key
frame comprises:

if the object key that exists is earlier in time than the first time, and an
attribute key frame exists earlier in time than the first time, then setting a first
value to the value of the attribute key frame that exists earlier in time than the first
time;

if the object key that exists is earlier in time than the first time, and an
attribute key frame does not exist earlier in time than the first time, then setting
the first value to the value of the originally received value for the attribute; and

creating a new attribute key frame at the neighboring object key frame

using the first value.

13. In a computer system having a graphical user interface including a display
and a user interface selection device, a method of keyframing an object via a
timeline element on the display, comprising:

receiving a selection signal indicative of the user interface selection device
selecting at least one property and a time for the object;

displaying a first compound key frame at the time on the timeline element;

receiving a selection signal indicative of the user interface selection device
selecting a second time for the object; and

displaying a second compound key frame at the second time on the

timeline element.

14. The method of claim 13, further comprising receiving additional selection
signals indicative of the user interface selection device selecting additional times
for the object, and displaying associated compound key frames at each of the

additional times on the timeline element.

15. The method of claim 13, wherein receiving the selection signal indicative
of the user interface selection device selecting a second time for the object
comprises receiving an execution signal indicative of a user moving a playhead to
a position on a timeline in the timeline element, the position corresponding to the

second time.
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16. The method of claim 13, further comprising receiving an execution signal
indicative of a user selecting an animate mode prior to displaying the first

compound key frame.

17. The method of claim 13, further comprising receiving a selection signal
indicative of the user interface selection device selecting a change to the at least
one property prior to displaying the second compound key frame, the second
compound key frame incorporating the change to the at least one property.

18. The method of claim 17, further comprising displaying an attribute key
frame responsive to the received change to the at least one property on the
timeline element if no attribute key frame exists for the at least one property at
the time the received change is received, and changing an existing displayed
attribute key frame responsive to the received change to the at least one property
if the existing displayed attribute key frame exists at the time the received change

is received.

19. A display device having rendered thereon a timeline element for
keyframing an object by receiving a selection signal indicative of a selection of at
least one property and a time for the object; displaying a first compound key
frame at the time on the timeline element; receiving a selection signal indicative a
selection of a second time for the object; and displaying a second compound key

frame at the second time on the timeline element.

20. The display device of claim 19, wherein the timeline element is adapted to
receive additional selection signals indicative of a selection of additional times for
the object, and display associated compound key frames at each of the additional

times on the timeline element.

21. The display device of claim 19, wherein the timeline element comprises a

movable playhead.
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22. The display device of claim 19, wherein the timeline element is adapted to

receive an execution signal indicative of a user selecting an animate mode.

23. The display device of claim 19, wherein the timeline element is adapted to
receive a selection signal indicative of a selection of a change to the at least one
property prior to displaying the second compound key frame, the second

compound key frame incorporating the change to the at least one property.

24, The display device of claim 23, wherein the timeline element is further
adapted to display an attribute key frame responsive to the received change to
the at least one property on the timeline element if no attribute key frame exists
for the at least one property at the time the received change is received, and to
change an existing displayed attribute key frame responsive to the received
change to the at least one property if the existing displayed attribute key frame

exists at the time the received change is received.

25. A method in a computer system for displaying on a display device a
keyframing of an object, the method comprising:

receiving an indication from a user of a value for an attribute for the object
at a first time;

if an attribute key frame corresponding to the attribute, in accordance with
the received user indication, exists at the first time, then displaying on the display
device the attribute key frame responsive to the received value for the attribute;

otherwise, displaying on the display device a neighboring object key frame

with an attribute key frame if an object key frame exists.

26. The method of claim 25, further comprising displaying an attribute key
frame at the first time if neither an attribute key frame nor an object key frame

exists at the first time.

27. The method of claim 25, wherein displaying on the display device the
neighboring object key frame comprises:
if the neighboring object key frame exists later in time than the first time,

and an attribute key frame exists later in time than the first time, then setting a
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first value to the value of the attribute key frame that exists later in time than the
first time;

if the neighboring object key frame that exists later in time than the first
time, and an attribute key frame does not exist later in time than the first time,
then setting the first value to the value of the last attribute key frame recorded or
a base value if none exists; and

displaying a new attribute key frame at the neighboring object key frame
using the first value.

28. The method of claim 27, further comprising:

if the object key that exists is earlier in time than the first time, and an
attribute key frame exists earlier in time than the first time, then setting a second
value to the value of the attribute key frame that exists earlier in time than the first
time;

if the object key that exists is earlier in time than the first time, and an
attribute key frame does not exist earlier in time than the first time, then setting
the second value to the value of the originally received value for the attribute; and

displaying a new attribute key frame at the neighboring object key frame
using the second value.

29. The method of claim 25, wherein displaying on the display device the
neighboring object key frame comprises:

if the object key that exists is earlier in time than the first time, and an
attribute key frame exists earlier in time than the first time, then setting a first
value to the value of the attribute key frame that exists earlier in time than the first
time;

if the object key that exists is earlier in time than the first time, and an
attribute key frame does not exist earlier in time than the first time, then setting
the first value to the value of the originally received value for the attribute; and

displaying a new attribute key frame at the neighboring object key frame

using the first value.





