1 BLENDED OBJECT ATTRIBUTE KEYFRAMING MODEL FIELD OF THE
INVENTION [0001] This invention relates in general to the field of computer
graphics. More particularly, this inventfon relates to animation authoring
tools. BACKGROUND OF THE INVENTION [0002] The industry standard for
animation authoring tools uses a key frame, which is defined as a point in
time, and aset of roert chanes that occur at that point_in time. The
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of the scene, for example Some tools such as Macromedla Flash, represent
key frames at the layer level and store the entire state of all objects in the
layer at that point in time. Other tools, such as Adobe Live Motion, represent

key frames on the attribytgs|ab anF ajget (9 ENT gpNndicator is stored on
every roi)er% of an obéect which tells whether or_not the property is
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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 objeg admottrOUrRmaekTaf thinaaRKo|AIChNS that it is very
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only ?6'06]33 at'ngute%aCE( ? 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.



object has a drawback of, that in order to animate any property on an object,
the user must search through a list 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
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the tool, he is working on an animation. However, as a tool whose primary

OGRS s PR ARG CHERESOD RV HRERE Y LG RO LB A TR QR MPIRRYRLet

uwmﬁ@@@%&mﬁmurfh@u!iﬂﬁa tf_@utbw @%@gﬁm@i aﬁ_@ﬁm -tiﬁ‘iési plaﬁﬂagl@r fs)#ﬁéﬁi es
may Keylrame a wi € anjmation on a putton wnjc € nas placed o IS
Of BRRDIETH AT AR ARG { é"ﬁdﬁ%"@“ﬂ@t?ﬁ%& %HPS&'VBE% ?851&!‘? ement

orfeppaatt would be desirable for the user to be able to do this without
difyi Il of th f in the wiggl imation. In oth tools, th
oor [ORCHE o B s, At S e AL, e PRKEL o AT
e proer beimt ot can be Kouteamech. 10006 I e of the foraoie.
. the propert ing edited can be keyframed). 06] In view of the foregoing,
AT R S R A e e ARG S P TG o O
as:hamib&m@@bthﬁmyigamms gééMMdthh’e%EsfghlEt lill‘ﬁ\vﬁ'cl,»l’éTdd@Na{ﬂ@@? ]alﬂ'diw Itrlle user
resent invention is directed to combined object leve rty level ke
oot W SRS oM (b0 PR AT 3 ECRAPPRRER o
meyhlesgf rame ehvaiggke anaatigresty abueonardeith hahwypfeaming hictiomieapd then
creation or edit) at.the current time as indicated by the timeline. When.a ke
il e e o OB Rt e 6 (T ou LA O i e e for
thEsngteﬂetabmedb this O\lnht]?uﬁwn nﬁbdn@lilt)gtihabfuﬁemxmﬂéﬁmbi@?@@vel
<ey frames is, maintained,, If a user explicitly cregtes an 3 animation of an
VU AR TR R 2% D95 DR B, AOAT &S U et

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 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 a key frame at the attribute

arlRMEH N Bf s ARPSHE tHKE YHAS | ERIRS) 3R, ARiAaHEBhAor the

compound key frame can be thought of as essentially a placeholder for a
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attributes, as set forth below. [0009] A first compound key frame is created at
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[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



4 does not exist later in time than the first time, then setting the first value to
the value of the originally received valye 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
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neighhoring object key frame using the first value. [0013] Additional features
fralng UTFRHES BME e iR TRl Be AsaselgAdlsinEHane Yamyanger the
e acaomaming drars, BRIE DECCRIETION OE THE DRANCS

to the accompanying drawings. _ :

0 St R R SR R TR s aa e
echli erl?iﬁfﬁnﬁ@drﬁn;mgdgmentﬁe,i$Héﬁt§ﬁrt;[iu@dﬁésﬁ®§d/fayltll@fbrm@d/m h@Qﬂ_ JHRCHaGinally
with the appende rawings. For the purpose of illustrating the invention, .
RV AT RIGAFRAGHLE S BEHE o HERtooring

otjew ke frihteinyagtine iissetliwited to the specific methods and
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accordance with the present invention; 5%01.7 Figure 3 is a diagram of
prgﬁﬁﬁ%\”gi' %Vﬁsﬂi%iﬁéﬁﬁécé‘%ﬂ@ﬂw% Y "@kemplary keyframing in
accordance with the present invention; [0018] Figure 4 is a flow chart of an
i nce Wi e present invention;
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[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;



interface in accordance with the present invention; 5 [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] Figure 7 is a flow diagram of an exemplary process of creating
animaiorDE I ergtSsifAGFOAFRMGHrAtE dheRIApRI RN dRfeAR ergsr
. 8A-8H are diagrams of exemplary timeline elements useful for illustratin
iyt peA e abirEaReY A2 elaRA smsstH R eertdance With thers t
inlRvfidgon; [0023] Figures 9A and 9B are diagrams of exemplary timeline
elements useful forllustrating exemplary compound key frame scenarios in
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__user interfaces. A exemplary key frame in accordance with the present
INYRAATBN comprises the geometry and property values of an object at a
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rame can be shown when an object is animated at a particular time. A user

L ilte i R e R b AT e S
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key frames is maintained. If a user explicitly creates an animation of an

attribute that spans an object level key frame, then that span for the
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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



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 6 frames), and leverages both models of key framing to
make the creation of key framed animations more efficient. A playhead 7 is

friffgdeddialcaied Bomoaeae & Rejticdiaid e iakeehe tpaibe of key frames.
etc. [0027] When a new attribute key frame 20 is created, it is represented at
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time. For instance, if the user selects an object in the scene, and then
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2, an object level key.frame is generated for.the end. [0029] No e the
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position (10,10)) 16 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



property to 150% at that point in time. In other words, at time 1.5, the scale is
changed, and an object level snapsho% 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 7 current time (time 1.5) at the
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frames for the scale of the object, then the appropriate values for scale is
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cuSngRt ‘tli%?e. 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



if there is an attribute key frame for this attribute earlier than the current time.
If there is an attribute key frame for this attribute earlier than the current time,
then the value at that key frame is mantained at that key frame, at step 455.
If there is no attribute key frame for this attribute earlier than the current time,
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035] The exemplary key frame populatjion method described gbove wit
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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.



system to specify a mode of interaction where all edits made by the user to
any property automatically generates e%nimation 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 a large number
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every edit that he does. This is preferably accomplished by providing an
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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



operations. For example, a float is a composing property value because it
can be composed with another value by addition. Non-composing properties
cannot be meaningfully composed by simple operations. For example, a
color value is not a composing value because composing it through an
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undesired behavior. [0040] A reason to distinguish between these two types
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animation (the element will now animate from its_current position). More
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changes an animated, non-composing property in layout mode, the system
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incorporated into the current animation, without creating a key frame. . .
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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.



[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 representation1 f animations, only the changes to

properties that affect animation are desirably stored, and represented in the
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add a new key frame, add a shape, change a property, or change a
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are given_ below (e.g., with respect to Figure 9). If the user desires to add a
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[0044] If the user chooses to change agroperty, then. it is determined
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frame does not exist for this property at the current time, then a new attribute
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of %i\éepgr't‘lecufgr)tval ue), and animation mode is not active. It 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



set to a particular value), and animation mode is not active. It is noted that in
a specific timeline's tab, the current time and animation mode are both
active. [0048] An exemplary system bg?&ins in the layout mode. Before any
animations are present, the user is likely going to arrange controls on the
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creation is now described, with respect to Figures 6A - 6F and Figure 7.
0248 AREREAser wishes to create a simple animation that moves an oval
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then moves the aval back to its original position. Initially, the oval is created
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aranohiztistst Foe dee Bianiete the user changes at a given time, an attribute key frameiis
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



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 frame is added."Compound key frames on the object
are also taken into account to preserve their meaning. Moreover, desirably,
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property at the current time, then that attribute key frame is edited.
SOMERNEBURRRER the user changes a property there is not an attribute key
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forth below, examples of which are described with respect to Figures 8A 8H.
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new value at the current time, as shown in Figure 8B. [0054] If the playhead
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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.



[0057] An exemplary 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 changgzg that the user makes to attributes are
recorded as attribute key frames. Parameters of the examples described
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are desirably set while in auto-keyframing mode. If there was not a
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If properties were not previously visible, then they are provided for the user
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an element at the current time to preserve state while creating an animation.
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[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
dimensional 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



case, in an exemplary Ul, the user would scroll the current time to the desired
time for the key frame, move the mouig] 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-
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current time. [0062] Thus, it is contemplated that an exemplary Ul can
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creation of both object level and attribute level key frames, populate attribute
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[0063] It is further contemplated that the Present invention can be used with
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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



any of the above systems or devices, and the like. [0066] The invention may
be described in the general context of computer- executable instructions,
such as program modules, being exectRed by a computer. Generally,
program modules include routines, programs, objects, components, data
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data types. The invention may also be practiced in distributed computing
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medium. In a distributed computing environment, program modules and
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exemplary system for implementing the invention includes a general purpose
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a yariety of computer readable media. Computer readgble media can be an
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way of example, and not limitation, computer readable media may comprise
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implemented | methog or technalo r storage of informatjon such as
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crapdetefisiropsteosthsrgedie dighnge mdaeseragtis 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.



not limited to, RAM, ROM, EEPROM, flash memory or other memory
technology, CD- ROM, digital versatile gisks (DVD) or other optical disk
storage, magnetic cassettes, magnetiJ: tape, magnetic disk storage or other
magnetic storage devices, or any other medium which can be used to store
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Communication media typically embodies computer readable instructions,
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information delivery media. The term "modulated data signal” means a signal
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communication media includes wired media such as a wired network or
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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



tape cassettes, flash memory cards, digital versatile disks, digital video tape,
solid state RANI, solid state ROM, and the like. The hard disk drive 841 is

typically connected to the system bus'821 through a non-removable memory
interface such as interface 840, and magnetic disk drive 851 and optical disk
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memory interface, such as interface 850. [0071] The drives and their
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computer 810. In Figure 10, for example, hard disk drive 841 is |IIustrated as
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be the same as or different from operating system 834, application pro rams
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device 861 comm onlﬁ referre o as a mouse, tr%ckball or touch d. Other
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arpptiediteradisd, scanner, or the Ilke These and other input dewces are often
h a user input interface 860 that
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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



device 881 has been illustrated in Figure 10. The logical connections
depicted include a LAN 871 and a WAN 873, but may also include other
networks. Such networking environmetits are commonplace in offices,
enterprise-wide computer networks, intranets and the internet. [0073] When
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such as the internet. The modem 872, which may be internal or external,

PrRESySE (arH AR Y QistiHe WS RoR, YRIEL e e 8Nole bt RIsmetsB b | &8t
ordheiuRiRlpraialel BechavsebUip@ teliterkew moyitpr)ah BEdeigi@mented in
modules depicted relative to the computer 810, or portions thereof, may be
aSESRY Y iMeTARIRBhBHo H, L3FShe et oy NG ARPHRRe AR ReRyGeatPIled

orlimiéatietsdiEngisdd Biustaiesiamate AaRNeatamprageEatasoed as residing
on memory device 881. It will be??%ﬁ%%? ted that the network colane tions
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exemplary embodiments of the present invention have been described in ..
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computin vice will generally include a processor, a storage medium
C%Q@@@h@%@éf@ﬁﬂéﬁing volatile and non- volatile memory
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prOI e\r/'rC e-r%}b%&rr%g%r%% 8%rérpoeu§ |%Il§arr&?| tfesdttl)nbe 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.



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
WA e thatisarsmiited over some transmission medium, such as over
electrical wiring or cabling, through fiber optics, or via any other form of
transmission, wherein, when the program code is received and loaded into

1.anhexB6d Sk BYf aniaglin @bfatecampRdrigROM, a gate array, a

programmable Iogjj‘ic device (PLD), a client computer, or the like, the machine

becotABR g hAeaH QN8 PR EL AW AL R IR AREEN implemented on a

geneaRiipPase sEaeRosRt Keg Repgsamwogi;gombines with the processor
to provide a unique aé){_)aratus that operates to invoke the functionality of the
it

presdREHHBA AR RA it BIEIRY, AR PPLEE ¥ techniques used in connection

with tGediiesabiovatipiboimy Kaafiakly Aerv seorefiaten 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
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Therefore, the present invention should not be limited to any single
embodiment, but rather ghould be construed in breadth and scope in
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movetigeiphk il a0 a n aphiech thosnipes ing uske itfsfizgatheasisaiun property
and a time for the object; creating a first compound key frame at the time;

CQEERONLG E%E}behﬁéﬂé {i5P8ne object; and creating a second compound key
frame at the second time. 2. The method of claim 1, further comprising

< R AL e R e TS IR R AT it
thesfbeiviompoersekentrsinee for the object comprises

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 recelved change is received.



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

8. cgnﬁﬁ@H@@idfqg@ﬁmqagrgp t%(ghgpﬁ -of the at least one property on
the object at the assouated time. 6 The method of claim 1, further
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incorporati é?{{the changg to the at least one property. 7. The method of claim
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for the at least one property at the time the received change is received, and
It SRR K BABGERY Seribute key frame responsive to the received change
to the at least one property if the existing attribute key frame exists at the

the eceive chan e is received, 21 8. A method eyframin )
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time, then amending the attribute key frame responsive to the received value

for the attribute; otherwise, populating a neighboring object key frame with
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8, further comprising creating an attribute key frame at the first time if neither
COPEFD ute key frame nor an object key frame exists at the first time. 10. The

methifctted eégnbSri mdheipiot nxewfatn@gethgﬂe@h boting ﬂiaﬁﬂwﬁwﬂt&m and an
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later |h't¥nE9H O{HM’ Jﬁ%{ng t??ﬂﬁ‘% RIS &nd
arirattinhertthicey therfiesddi aotlerixsetting theditian the fIrSI t| me, then settl ng the first

value to the value of the last attribute key frame recorded or a base value if none exists;
ad

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 existsis 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 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 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.



value to the value of the last attribute key frame recorded or a base value if
none exists; and creating a new attribétfnkey frame at the neighboring object
key frame using the first value. 11. Thé“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
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dpe 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 or%nally
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claim 8, wherein populating the neighborin QH@% key frame comprises: if
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setting the first value to th ue of the or recejved for the
b A pe T L R e I e e TS nads
firsavarigising 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:
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the display, comprl sing:

receiving a selection signal indicative of the user interface selection device
selecting at least one property and atime 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



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 tifffitline element. 14. The method of
claim 13, further comprising receiving additional selection signals indicative

edtiin e RHires Reli GliosAmMacme Yl prijteRRd iqisal fisnemiatiainkiRtine
and disEIaying associated compound key frames at each of the additional

timgee LiifPR PRE 9B RERESRY AR [ ER §8PBRLIRIRS 13, wherein receiving
the selection signal indicative of the user interface selection device selecting
a second time for the object comprises receiving an 23 execution signal
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method of claim 13, further comprising receiving an execution signal
indicative of a user selecting an animate mode prior to displaying the first

1CoMHOHBthd@ vifEae. 18/ fUiieermerpd Pic kets vidg i Bl etreadisingdi cative of
receivjngera sele?c{tion signal indicative of the user interface selection device
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change to the at least one property on the timeline element if no attribute key
frame exists for the at Ieastg(ﬁne %rope_rty at the time the received chanﬁe is
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attribute key frame exists at the time the received change is received. 19. A
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roperty and a tjme for the object; displaying a first compound key frame at
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edaledtive tie seemrd tisdechanded Dleispiiedand displaying a second compound
key frame at the second time on the timeline element.

19. A display device having rendered thereon atimeline element for keyframing an
object by receiving a selection signal indicative of a selection of at least one property and
atime for the object; displaying afirst 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. Thedisplay device of claim 19, wherein the timeline element comprises a movable
playhead.



20. The display device of claim 19, wherein the timeline element is adapted
to receive additional selection signals jndicative of a selection of additional
times for the object, and display assobiated 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. 24 22. The
display device of claim 19, wherein the timeline element is adapted to receive
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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
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24. The display device of claim 23, wherein the timeline element is further
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._exists for the at least one property at the time the received change is

INCORRNANNGING oG Hgd RARIREEG attribute key frame responsive

to the received change to the at least one property if the existing displayed
tiripute key frame exists. at the time the received change is received, 25.
R RG0! B A AR O B H e i
dighl grenkiechileeyatiant casparitpirgoreraiiny andnatigatio thisemadispieof a

value for an attribute for the gbject at a first time; if an atiribute ki frame
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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

23ine method in a computer system for displaying on adisplay 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 timeif 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:



27. The method of claim 25, wherein displaying on the display device the
neighboring object key frame comprises: 25 if the neighboring object key
frame exists later in time than the first fime, and an attribute key frame exists
later in time than the first time, then setting a first value to the value of the

attribiftenkei aRoA i Vfedsielptriie Brgdhas inaifiigtimend P time, and an

neighboring object key frame that exists later in time than the first time, and
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base value if none exists; and displaying a new attribute key frame at the
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first time, and an attribute key frame exists earljer in time than the first time
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argiarlier 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 (PP RS S Ko LR G SR EPRHE ORI EPA AR

theeeeivesuelue 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

2&keyHeamerearnnpusis: A7tarciuecdiyi digg: exists is earlier in time than the

first time, and an attribute key frame exists earlier in time than the first time,

then Ll GRSV 2 H YL N TS AR ALY R PR A

kegefilipndretistedatiarthetiiret tharethié thet eiviectikeythiahg xistedacadlias 1o therea ue
ft% th@)ﬁrsmﬁ', and an attributel.ke. frame der not exist earlier in time

OG- AHHEPHIS e iR sl AME TR/ Bi%he originally

receiviethey ahjecfdeththarttsisita s aadi displasio thamniee fartétibitie, key draate adte
k th?rgr%iggggsr iPo? 8)5) 'ecéahleg 'Ernatrln rﬁel{ﬁg]r?the first time, then setting the second value
to the value of the originaly 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 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;

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 originaly received value for the attribute; and

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



the first value. 26 30. In a computer system having a graphical user interface
including a display and a user interface selection device, a method of

providing an on-object user interface APthe display, comprising: receiving a
selection signal indicative of the user interface selection device selecting an

3® blﬁQi;c{ﬁﬁFJJ(éﬁ GateRl el aapabinsicasie rﬂéﬁ&éﬁ%fdﬂﬁ%fé%@sﬁ%lﬁ%é% user
_ device selecting a property of the object to change; displaying a user
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digisajareshpisendnterface indicates when changes done in an authoring tool

user interface are being recorded by an animation system _ )
recelving a selection signal indicative of the user interface selection device

selecting an object;

receiving a selection signal indicative of the user interface selection device
selecting a property of the object to change;

displaying a user interface in proximity to the object.

31. The method of claim 30, wherein the displayed user interface indicates when changes

done in an authoring tool user interface are being recorded by an animation system





