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(57) ABSTRACT 

Various embodiments of the invention provide novel soft 
Ware, systems and methods for animation and/or ?lmmak 

ing. In a set of embodiments, for example, a client-server 

system provides the ability to control various aspects of a 
live-action and/or an animated scene, including cameras 

and/or light sources (either real and/or virtual), animated 
characters, and other objects. This can include, merely by 
Way of example, moving cameras, light and/or the like, as 
Well as rendering animated objects (e.g., based on move 
ments of the objects themselves and/or based on movements 

of cameras, lights, etc.). 
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CLIENT/SERVER-BASED ANIMATION 
SOFTWARE, SYSTEMS AND METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present disclosure may be related to the fol 
lowing commonly assigned applications/patents: 
[0002] This application claims priority from co-pending 
US. Provisional Patent Application No. 60/623,414 ?led 
Oct. 28, 2004 by Alvarez et al. and entitled “Client/Sever 
Based Animation SoftWare.” 

[0003] This application also claims priority from co-pend 
ing US. Provisional Patent Application No. 60/ 623,4 1 5 ?led 
Oct. 28, 2004 by Alvarez et al. and entitled “Control Having 
Interchangeable Coordinate Control Systems.” 

[0004] This application is also related to co-pending US. 
patent application Ser. No. , ?led on a date even 
hereWith by Alvarez et al. and entitled “Camera and Ani 
mation Controller, Systems and Methods.” 

[0005] The respective disclosures of these applications/ 
patents are incorporated herein by reference in their entirety 
for all purposes. 

COPYRIGHT STATEMENT 

[0006] A portion of the disclosure of this patent document 
contains material that is subject to copyright protection. The 
copyright oWner has no objection to the facsimile reproduc 
tion by anyone of the patent document or the patent disclo 
sure as it appears in the Patent and Trademark Of?ce patent 
?le or records, but otherWise reserves all copyright rights 
Whatsoever. 

FIELD OF THE INVENTION 

[0007] The present invention relates to the ?eld of anima 
tion and ?lmmaking in general and, in particular, to soft 
Ware, systems and methods for creating and/or editing 
animations and/or ?lms, including any type of ?lm-based 
and/or digital still and/or video image production. 

BACKGROUND OF THE INVENTION 

[0008] Animated ?lms have long been favorites of both 
children and adults. More recently, advances in computer 
animation have facilitated the process of making animated 
?lms (and in storyboarding and/or adding computer effects 
to live-action ?lms). Generally, animation softWare has been 
used on a PC With display, keyboard, mouse, animation 
softWare and rendering softWare. Each PC is a standalone 
unit that contains the animation data to be Worked on and has 
the animation softWare that Will provide to the animation 
data the added contributions and movements imparted by the 
programmer or artist at the PC. 

[0009] In some cases, especially in large organizations, 
netWorked computers have been used in the animation 
process. Referring to FIG. 1, a typical netWork might 
comprise a central server system S With version tracking 
softWare 100, Which stores the animation data ?les in bulk 
storage 101. When a user Wishes to perform an animation 
task, she accesses the server, checks out the relevant data 
?les, and alters the animation data ?les With animation 
softWare 111 and actuators 115 (here represented as a 
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keyboard and mouse) resident in the PC. In order to check 
her Work, the artist replays the altered animation data locally 
through rendering softWare 112 resident on the PC, vieWing 
the animation data movements at the PC’s local display 114. 
Finally, and at the end of a Working session, the user often 
Will check in the altered data ?les as a neW version added to 
bulk storage 101 and tracked by version tracking softWare 
100. 

[0010] Other systems perform animation and rendering at 
a server (and/or a server farm). These systems generally 
require very poWerful servers, because the server(s) have to 
render (i.e., generate an image or sequence of images for) 
animations produced by many client Workstations. More 
over, users may suffer long delays While Waiting for a scene 
to be rendered by the server(s). 

[0011] Such systems present signi?cant limitations. For 
instance, the traditional server-based animation systems fail 
to take maximum advantage of available computing 
resources. While most artists have relatively high-perfor 
mance Workstations, systems that render animations at a 
server often fail to take full advantage of the processing 
available on the Workstation. Conversely, systems that rely 
on the Workstation to perform the animation and rendering 
fail to take advantage of a principle strength of server-class 
computers: high performance ?le input/output. While ren 
dering generally is a very processor-intensive task, animat 
ing generally is less processor-intensive but involves access 
ing a large amount of data, a task at Which severs generally 
excel. 

[0012] Moreover, client-based animation systems make 
the management of data (including version control, security 
of intellectual property, etc.) quite cumbersome. Merely by 
Way of example, if tWo or more programmers or artists are 
Working upon otherWise substantially identical portions of 
animation, incompatible variations can be introduced. These 
incompatible variations are a direct result of the local 
temporary storage of the modi?ed data. When it is remem 
bered that the ?nal animation project is typically composed 
of many man years of effort, the presence of incompatible 
variations can present severe complication. 

[0013] Additionally, modern animation includes the use of 
expensive tools and processes to generate models of the 
three-dimensional shapes describing objects or characters 
used in the animation. Local unsupervised and inconsistent 
modi?cation of the models in checked out animation data 
can occur. Further, presuming that model modi?cation is 
made during the animation process, animation data previ 
ously recorded must, in the usual case, be completely 
reWorked. 

[0014] Furthermore, both animation softWare and the 
Work product of the animators is subject to a high risk of 
piracy. By storing the suite of animation softWare at the local 
PC 110 and/or alloWing a user to obtain all relevant ?les 
related to an animation, the producer of a movie exposes 
these assets to unauthorized copying. 

[0015] Hence, existing systems, Which generally concen 
trate the animation and rendering tasks together on either a 
server or a client, sulfer signi?cant draWbacks. 
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[0016] De?nition of Terms 

[0017] Certain terms, as used in this disclosure, have the 
following de?ned meanings: 

[0018] Model. A three-dimensional shape, usually 
described in terms of coordinates and mathematical data, 
describing the shape of any character or object. Examples of 
characters include actors, animals, or other beings Whose 
animation can tell or portray the story. In the usual case, the 
model is typically provided in a neutral pose (known in the 
art as a “da Vinci pose”), in Which the model is shoWn 
standing With limbs spread apart and head looking forWard. 
It is understood in the art that in, many situations, the 
generation of the model can be extraordinarily expensive. In 
some cases, the model is generated, scanned or otherWise 
digitiZed With recorded spatial coordinates of numerous 
points on its surface. A virtual representation of the model 
can occur When the data is reconstructed. Furthermore, the 
model may include connectivity data, such that the collec 
tion of points de?ning the model can be treated as the 
vertices of polygonal approximations of the surface shape of 
the model. The model may include various mathematical 
smoothing and/ or interpolation algorithms. Such models can 
include collections of spatial points ranging from hundreds 
of points to hundreds of thousands or more points. 

[0019] Render. To make a model vieWable as an image, 
such as by applying textures to a model and/or imaging the 
model using a real or virtual camera or by photographing a 
real object. 

[0020] Rig. In general, the term “rig” is used to refer to a 
deformation engine that speci?es hoW movement of the 
model should translate into animation of a character based 
on the model. This is the softWare and data used to deform 
or transform the “neutral pose” of the model into a speci?c 
“active pose” variation of the model. Taking the example of 
the human ?gure, the rig Would impart to the model the 
skeletal joint movement including shoulder, elboW, hand, 
?nger, neck, head, hip, knee, and foot movement and the 
like. By having animation softWare manipulate a rig incor 
porated to a model, animated movement of the model is 
achieved. 

[0021] Texture. In the usual modern case, one or more are 
mapped onto the surface of a model to provide a digital 
image portrayed by the model as manipulated by the rig. 

[0022] Virtual Character. The model as deformed by the 
rig and presented by the texture in animation. 

[0023] Virtual Set. The vicinity or ?ducial reference point 
and coordinate system With respect to Which the location of 
any element may be speci?ed. 

[0024] Prop. An object on the virtual set usually compris 
ing a model Without a rig. 

[0025] Scene. Avirtual set, one or more props, and one or 
more virtual characters. 

[0026] Action. Animation associated With a scene. It 
should be noted that upon editing of the ?nal animation 
story, portions of an action may be distributed Without 
regard to time for example at the beginning, middle and end 
of the animation story. 

[0027] Editing. The process by Which portions of actions 
are assembled to construct a story, narrative, or other prod 
uct. 
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[0028] Actuator. A device such as a mouse or keyboard on 
a personal computer enabling input to the animation soft 
Ware. This term includes our novel adaptation of a “game 
controller” for imparting animation to characters. 

BRIEF SUMMARY OF THE INVENTION 

[0029] Various embodiments of the invention provide 
novel softWare, systems and methods for animation and/or 
?lmmaking. In a set of embodiments, for example, a client 
server system provides the ability to control various aspects 
of a live-action and/or an animated scene, including cameras 
and/or light sources (either real and/or virtual), animated 
characters, and other objects. This can include, merely by 
Way of example, moving cameras, lights and/or the like, as 
Well as rendering animated objects (e.g., based on move 
ments of the objects themselves and/or based on movements 
of cameras, lights, etc.). 

[0030] One set of embodiments, for example, provides 
systems that can be used in the ?lmmaking process and/or 
systems for producing animated Works. An exemplary sys 
tem, in accordance With some embodiments, includes an 
animation client computer, Which may comprise a ?rst 
processor, a display device, at least one input device, and/or 
animation client softWare. The system may further include 
an animation server computer comprising a processor and 
animation server softWare. 

[0031] In certain embodiments, the animation client soft 
Ware may comprise instructions executable by the ?rst 
processor to accept a set of input data from the at least one 
input device. The set of input data may indicate a desired 
position for an animated object, Which might comprise a set 
of one or more polygons and/or a set of one or more textures 

to be applied to the set of one or more polygons. The 
animation client softWare might further comprise instruc 
tions executable by the ?rst processor to transmit the set of 
input data for reception by the animation server computer. 

[0032] The animation server softWare can comprise 
instructions executable by the second processor to receive 
the set of input data from the animation client computer 
and/or to process the input data to determine the desired 
position of the animated object. The animation server soft 
Ware may also comprise additional instructions executable 
by the second processor to calculate a set of joint rotations 
de?ning the desired position of the animated object and/or to 
transmit the set of joint rotations for reception by the 
animation client computer. 

[0033] The animation client softWare, then, may comprise 
further instructions executable by the ?rst processor to 
receive the set of joint rotations de?ning the position of the 
animated object and/or to calculate (perhaps based on the set 
of j oint rotations) a set of positions for the set of one or more 
polygons. There may also be additional instructions execut 
able by the ?rst processor to apply to the set of one or more 
polygons at least one of the textures from the set of one or 
more textures to render the animated object in the desired 
position. The rendered animated object then may be dis 
played by the animation client, and/or the set of joint 
rotations may be stored at a data store associated With the 
animation server computer. 

[0034] In a particular embodiment, the animation client 
computer may be a plurality of animation client computers 
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including a ?rst animation client computer and a second 
animation client computer. The ?rst animation client com 
puter might comprise the input device(s), While the second 
animation client computer might comprise the display 
device(s). The animation server computer then, might 
receive the set of input data from the ?rst animation client 
computer and/or transmit the set of joint rotations for 
reception by the second animation client computer, Which 
might be con?gured to receive the set of joint rotations, 
calculate a set of positions for the set of one or more 
polygons based on the set of joint rotations, apply to the set 
of one or more polygons at least one of the textures from the 
set of one or more textures to render the animated object in 
the desired position, and/ or display on the display device the 
rendered animated object. 

[0035] In another set of embodiments, the animation client 
softWare may comprise instructions executable by the ?rst 
processor to accept a set of input data (Which might indicate 
a desired position for an object) from the at least one input 
device and/or instructions executable by the ?rst processor 
to transmit the set of input data for reception by the 
animation server computer. In some embodiments, the ani 
mation server softWare comprises instructions executable by 
the second processor to receive the set of input data from the 
animation client computer and/or to transmit for reception 
by the animation client computer a set of position data, 
perhaps based on the set of input data received from the 
animation client computer. The animation client software 
might further comprise instructions executable by the ?rst 
processor to receive the set of position data from the 
animation server computer and/or to place the object in the 
desired position, based at least in part on the set of position 
data. 

[0036] In various embodiments, the object can be a virtual 
object (including Without limitation a virtual camera, a 
virtual light source, etc.) and/or a physical object (including 
Without limitation a device, such as a camera, a light source, 
etc., in communication With the animation client computer, 
and/or any other appropriate object). Merely by Way of 
example, the object may be an animated character, Which 
might comprise a set of polygons and at least one texture, 
such that placing the object in the desired position comprises 
rendering the animated character in the desired position. 

[0037] In one aspect, the set of position data might com 
prise data (such as joint rotations, joint angles, etc.) de?ning 
a position of the object and/or de?ning a deformation of a rig 
describing the object. In another aspect, the set of position 
data might comprise a position and/or orientation of a real or 
virtual camera; the position of the object in the scene may be 
a?fected by the position and/or orientation of the real or 
virtual camera, such that the placement of the object depends 
on the position and/ or orientation of the real or virtual 
camera. 

[0038] In certain embodiments, the animation server has 
an associated data store con?gured to hold a set of one or 
more object de?nition ?les for the animated object, the set 
of one or more object de?nition ?les collectively specifying 
a set of polygons and textures that de?ne the object (e. g., the 
object de?nition ?les may comprise one or more textures 
associated With the object). Hence, the animation client 
softWare may comprise instructions executable by the ?rst 
processor to doWnload from the animation server computer 
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at least a portion of the set of one or more object de?nition 
?les necessary to render the object. In some cases, hoWever, 
the doWnloaded portion of the set of one or more object 
de?nition ?les may be insu?icient to independently recreate 
the animated object Without additional data, Which might be 
resident on the animation server computer. Similarly, in 
some con?gurations, the animation client computer might be 
unable to upload to the animation server computer any 
modi?cations of the at least a portion of the set of one or 
more object de?nition ?les. 

[0039] In other con?gurations, the animation client soft 
Ware comprises further instructions executable by the ?rst 
processor to modify the object de?nition ?les to produce a 
set of modi?ed object de?nition ?les. Optionally, the ani 
mation server softWare comprises instructions executable by 
the second processor to receive the set of modi?ed object 
de?nition ?les and/or to track changes to the set of object 
de?nition ?les. In some cases, the animation server com 
puter may be con?gured to identify a user of the animation 
client computer and/or to determine Whether to accept the 
set of modi?ed object de?nition ?les, perhaps based on an 
identity of the user of the animation client computer. In other 
cases, the animation server computer may be con?gured to 
distribute the set of modi?ed object de?nition ?les to a set 
of animation client computers comprising at least a second 
animation client computer. 

[0040] In some embodiments, the data store is con?gured 
to hold a plurality of sets of one or more object de?nition 
?les for a plurality of animated objects. Optionally, the 
animation server softWare might comprise further instruc 
tions executable by the second processor to determine 
Whether to provide to the animation client computer one or 
more of the sets of the object de?nition ?les, based on, for 
example, a set of payment or billing information and/or an 
identity of a user of the animation client computer. 

[0041] In other embodiments, the animation server soft 
Ware further comprises instructions executable by the sec 
ond processor to identify a user of the animation client 
computer and/or to determine, (e.g., based on an identi?ca 
tion of the user and/or a set of payment or billing informa 
tion) Whether to alloW the animation client computer to 
interact With the animation server softWare. 

[0042] In further embodiments, the animation server soft 
Ware comprises instructions executable by the second pro 
cessor to store the set of position data at a data store (Which 
might be associated With the animation server computer). In 
an aspect, the animation server softWare comprises instruc 
tions to store a plurality of sets of position data (each of 
Which may be, but need not be, based on a separate set of 
input data) and/or to track a series of changes to a position 
of the object, based on the plurality of sets of position data. 

[0043] In a particular set of embodiments, the animation 
client computer is a ?rst animation client computer, and the 
system comprises a second animation client computer in 
communication With the animation server computer. The 
second animation client computer may comprise a third 
processor, a second display device, a second input device, 
and/or second animation client softWare. 

[0044] The second animation softWare may comprise 
instructions executable by the third processor to accept a 
second set of input data (Which may indicate a desired 
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position for a second object) from the second input device 
and/or to transmit the second set of input data for reception 
by the animation server computer. The animation server 
software may comprise instructions executable by the sec 
ond processor to receive the second set of input data from 
the animation client computer and/or to transmit (e.g., for 
reception by the second animation client computer) a second 
set of position data, which may be based on the second set 
of input data received from the second animation client 
computer. The second animation client software may further 
comprise instructions executable by the third processor to 
receive the second set of position data from the animation 
server computer and/or to place the second object in the 
desired position, perhaps based on the second set of position 
data. 

[0045] The ?rst object and the second object may be the 
same object. Accordingly, in some cases, the animation 
server software might comprise instructions to transmit the 
second set of position data for reception by the ?rst anima 
tion client computer, and the animation client software on 
the ?rst animation client computer might further comprise 
instructions to place the object in a position de?ned by the 
second set of position data, such that the ?rst display 
displays the object in a position desired by a user of the 
second animation client computer. In other cases (e.g., if the 
?rst object and the second object are not the same object), 
the second set of position data might have no impact on a 
rendering of the ?rst object on the ?rst client computer, 
and/ or the ?rst set of position data might have no impact on 
a rendering of the second object on the second client 
computer. 

[0046] A variety of input devices may be used. Exemplary 
devices include a joystick, a game controller, a mouse, a 
keyboard, a steering wheel, an inertial control system, an 
optical control system, a full or partial body motion capture 
unit, an optical, mechanical or electromagnetic system con 
?gured to capture the position or motion of an actor, puppet 
or prop, and/or the like. 

[0047] In another set of embodiments, a system for pro 
ducing animated works comprises a ?rst animation client 
computer comprising a ?rst processor, a ?rst display device, 
at least one ?rst input device, and ?rst animation client 
software. The system further comprises an animation server 
computer in communication with the animation client com 
puter and comprising a second processor and animation 
server software. 

[0048] The ?rst animation client software comprises 
instructions executable by the ?rst processor to accept a ?rst 
set of input data from the at least one input device; the ?rst 
set of input data indicates a desired position for a ?rst object. 
The ?rst animation client software also comprises instruc 
tions to transmit the ?rst set of input data for reception by the 
animation server computer. The animation server software 
comprises instructions executable by the second processor to 
receive the ?rst set of input data from the ?rst animation 
client computer, to calculate a ?rst set of position data 
(perhaps based on the ?rst set of input data received from the 
?rst animation client computer) and to render the ?rst object, 
based at least in part on the ?rst set of position data. The ?rst 
animation client software further comprises instructions to 
display the ?rst object in the desired position. 

[0049] The system may further comprise a second anima 
tion client computer comprising a third processor, a second 
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display device, at least one second input device, and second 
animation client software. The second animation client 
software can comprise instructions executable by the third 
processor to accept a second set of input data from the input 
device, the set of input data indicating a desired position for 
a second object and/or to transmit the second set of input 
data for reception by the animation server computer. The 
animation server software may further comprise instructions 
to receive the second set of input data from the second 
animation client computer and/ or instructions to transmit for 
reception by the second animation client computer a second 
set of position data, based on the second set of input data 
received from the second animation client computer. 

[0050] In some cases, the second animation client soft 
ware comprises instructions to receive the second set of 
position data from the animation server computer. The 
second animation client software may also comprise instruc 
tions to place the second object in the desired position that 
object, based at least in part on the second set of position 
data. 

[0051] Another set of embodiments provides animation 
client computers and/or animation server computers, which 
may be similar to those described above. 

[0052] A further set of embodiments provides animation 
software, including software that can be used to operate the 
systems described above. An exemplary animation software 
package may be embodied on at least one computer readable 
medium and may comprise an animation client component 
and an animation server component. The animation client 
component might comprise instructions executable by a ?rst 
computer to accept a set of input data from at least one input 
device at the ?rst computer and/or to transmit the set of input 
data for reception by a second computer. The input data may 
indicate a desired position for an object. 

[0053] The animation server component may comprise 
instructions executable by a second computer to receive the 
set of input data from the ?rst computer and/or to transmit 
for reception by the ?rst computer a set of position data, 
based on the set of input data received from the ?rst 
computer. The animation client component, then, may com 
prise further instructions executable by the ?rst computer to 
receive the set of position data from the second computer 
and/or to place the animated object in the desired position, 
based at least in part on the set of position data. 

[0054] Still another set of embodiments provides methods, 
including without limitation methods that can be imple 
mented by the systems and/or software described above. An 
exemplary method of creating an animated work comprises 
accepting at an animation client computer a set of input data 
(which might indicate a desired position for an object) from 
at least one input device, and/or transmitting the set of input 
data for reception by an animation server computer. In some 
cases, the method further comprises receiving at the anima 
tion server computer the set of input data from the animation 
client computer and/or transmitting for reception by the 
animation client computer a set of position data, based on 
the set of input data received from the animation client 
computer. The set of position data from the animation server 
computer may be received at the client computer. The 
method can further include placing the object in the desired 
position, based at least in part on the set of position data. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] A further understanding of the nature and advan 
tages of the present invention may be realized by reference 
to the remaining portions of the speci?cation and the draW 
ings Wherein like reference numerals are used throughout 
the several draWings to refer to similar components. In some 
instances, a sublabel is associated With a reference numeral 
to denote one of multiple similar components. When refer 
ence is made to a reference numeral Without speci?cation to 
an existing sublabel, it is intended to refer to all such 
multiple similar components. 

[0056] FIG. 1 is a block diagram of the prior art animation 
softWare design illustrating artist and/or programmer PCs 
connected to a server system for checking out animation 
data ?les, processing the animation data ?les, and returning 
the animation data ?les to bulk storage of the animation data 
at the server, the exemplary server here being shoWn With 
version tracking softWare; 

[0057] FIG. 2 is a block diagram of an animation system 
in accordance With one set of embodiments; 

[0058] FIG. 3 is a block diagram an animation system in 
accordance With another set of embodiments; 

[0059] FIG. 4A is a representation of a model that can be 
animated by various embodiments of the invention; 

[0060] FIG. 4B is a schematic representation of a rig 
suitable for deforming the model of FIG. 4A, the rig here 
having manipulation at the neck, shoulders, elboW, hand, 
hips, knees, and ankles; 

[0061] FIG. 4C is a schematic representation of texture 
for placement over the model of FIG. 4A to impart a texture 
to a portion of the exterior of the model in the form of a 
man’s suit; 

[0062] FIG. 5 is a representation of a scene; 

[0063] FIG. 6 is a generaliZed schematic draWing illus 
trating various components of a client/server animation 
system, in accordance With embodiments of the invention; 

[0064] FIG. 7 is a How diagram illustrating a method of 
creating an animated Work, in accordance With various 
embodiments of the invention; and 

[0065] FIG. 8 is a generaliZed schematic draWing of a 
computer architecture that can be used in various embodi 
ments of the invention. 

DETAILED DESCRIPTION 

[0066] Various embodiments of the invention provide 
novel softWare, systems and methods for animation and/or 
?lmmaking (the term “?lmmaking” is used broadly herein to 
connote creating and/or producing any type of ?lm-based 
and/or digital still and/or video image production, including 
Without limitation feature-length ?lms, short ?lms, televi 
sion programs, etc.). In a set of embodiments, for example, 
a client-server system provides the ability to control various 
aspects of a live-action and/or an animated scene, including 
cameras and/or light sources (either real and/or virtual), 
animated characters, and other objects. This can include, 
merely by Way of example, moving cameras, lights and/or 
the like, as Well as rendering animated objects (e.g., based on 
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movements of the objects themselves and/or based on move 
ments of cameras, lights, etc.). 

[0067] Merely by Way of example, in a set of embodi 
ments, a client animation computer accepts input (e.g., via 
one or more input devices) and provides that input to an 
animation server computer. (In some cases, the client ani 
mation may provide raW input from the input device.) The 
input indicates a desired movement and/or position of an 
animated character, relative to other objects in a virtual 
scene. The animation server computer, after receiving the 
input, calculates a set of data (including, merely by Way of 
example, data describing a deformation of a model, such as 
joint rotations and/or joint angles) that describe the desired 
movement and/ or position of the character. (The use of joint 
rotations in animation is described beloW.) After calculating 
the set of joint angles, the animation server computer 
transmits the set of joint angles to the animation client 
computer. The animation client computer then renders the 
animated character in the desired position, based on the set 
of joint angles, as Well as a set of polygons and one or more 
textures de?ning the animated character. (As used herein, 
the term “polygons” broadly refers not only to the traditional 
polygons used to form a model of an object, but also to any 
other structures that commonly are used to form a model of 
an object, including merely by Way of example, NURBS 
surfaces, subdivision surfaces, level sets, volumetric repre 
sentations, and point sets, among others.) 

[0068] In this Way, the animation client computer can store 
some of the ?les necessary to render the character, and can 
in fact render the character if provided the proper joint 
angles. This is bene?cial, in many situations, because it 
relieves the animation server of the relatively processor 
intensive task of rendering the animation. This arrangement, 
hoWever, also alloWs the server to perform the joint calcu 
lations, Which, While generally not as processor-intensive as 
the rendering process, often impose relatively high ?le 
input/output (“I/O”) requirements, due to the extensive siZe 
of the databases used to hold data for performing the 
calculation of joint angles. 

[0069] This exemplary system, then, provides a distribu 
tion of Work that takes advantage of the strength of the 
animation client (that is, the ability to provide a plurality of 
animation client computers for performing the processor 
intensive rendering tasks for various animation projects), 
While also taking advantage of the strength of typical server 
computers (that is, the ability to accommodate relatively 
high ?le I/O requirements). By contrast, in systems Where a 
central server provides rendering services, extremely poW 
erful (and therefore expensive) servers (and in many cases, 
server farms) are required to provide the rendering services. 
Ironically, such systems often also feature relatively poW 
erful Workstations as animation clients, but the processing 
poWer of the Workstations is not harnessed for the rendering. 

[0070] This exemplary system provides additional advan 
tages, especially When compared With systems on Which the 
animation (i.e., joint rotation calculation) and rendering 
processes occur on the animation client. Merely by Way of 
example, the exemplary system described above facilitates 
the maintenance of data. For instance, since the joint rota 
tions for a particular animation are calculated at the anima 
tion server, they can easily be stored there as Well, and a 
variety of version-tracking and change-management proto 
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cols may be employed. By contrast, When individual clients 
(as opposed to an animation server) calculate joint rotations 
(and/or other position data), such data must either be stored 
at the several client machines or uploaded to the server after 
calculation, and management of that data therefore becomes 
much more burdensome. 

[0071] Moreover, because, in the exemplary system 
described above, the physics engine that calculates the joint 
rotations remains on the server, the system can be con?gured 
to prevent the animation client from accessing suf?cient data 
to independently perform the animation process, preventing 
unauthoriZed copying of animations and thereby providing 
greater security for that intellectual property. 

[0072] Because various embodiments of the invention can 
be used to create animated Works, it is helpful to provide a 
brief overvieW of the animation process. Referring ?rst to 
FIG. 4A, a model 10 the form of a human ?gure is disclosed. 
Model 10 includes face 11, neck 12, arms 14 With elboW 15 
and Wrist 16 leading to hand 17. The model further includes 
hip 18 knees 19 and ankles 20. In a virtual character, the 
“model” (or “virtual model”) is a geometric description of 
the shape of the character in one speci?c pose (commonly 
called the “model pose,”“neutral pose,” or “reference pose.” 
The neutral pose used in the model is commonly a variation 
on the so called “da Vmci pose” in Which the model is shoWn 
standing With eyes and head looking forWard, arms out 
stretched, legs straight With feet approximately shoulder 
Width apart. 

[0073] The model can be duplicated in any number of 
Ways. In one common prior art process, a clay model or 
human model is scanned or digitiZed, recording the spatial 
coordinates of a numerous points on the surface of the 
physical model so that a virtual representation of the model 
may be reconstructed from the data. It is to be understood 
that such models can be the product of great effort, taking 
man years to construct. 

[0074] The model also includes connectivity data (also 
called an “edge list”). This data is recorded at the time of 
scanning or inferred from the locations of the points, so that 
the collection of points can be treated as the vertices of a 
polygonal approximation of the surface shape of the original 
physical model. It is common, but not required, in the prior 
art for various mathematical smoothing and interpolation 
algorithms to be performed on the virtual model, so as to 
provide for a smoother surface representation than is 
achieved With a pure polygonal representation. One skilled 
in the art Will appreciate that virtual models commonly 
include collections of spatial coordinates ranging from hun 
dreds of points to hundreds of thousands or more points. 

[0075] Referring to FIG. 4B, a rig 30 is illustrated Which 
is compatible With model 10 shoWn in FIG. 4A. Rig 30 
includes head 31, neck 32, eyes 33, shoulders 34 elboWs 35 
and Wrist 36. Further, hips 38 knees 39 and ankles 40 are 
also disclosed. Simply stated rig 30 is mathematically dis 
posed on model 10 so that animation can move the rig 30 at 
neck 32, shoulders 34 elboWs 35 and Wrist 36. Further, 
movement of hips 38, knees 39, and ankles 40 can also occur 
through manipulation of the rig 30. 

[0076] The rig 30 enables the model 10 to move With 
realistic changes of shape. The rig 30 thus turns the model 
10 into a virtual character commonly required to move and 
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bend, such as at the knees or elboWs, in order to convey a 
virtual performance. The softWare and data used to deform 
(or transform) the “neutral pose” model data into a speci?c 
“active pose” variation of the model is commonly called a 
“rig” or “IK rig” Where (“IK” is a shortened form of “Inverse 
Kinematics”). 
[0077] “Inverse Kinematics” (as in “IK Rig”) is a body of 
mathematics that enables the computation of j oint angles (or 
joint rotations) from joint locations and skeletal relation 
ships. “Forward Kinematics” is the term of art for computing 
joint locations based on a collection of joint angles and 
skeletal relationships. 

[0078] To a programmer skilled in the art, a rig is a piece 
of softWare Which has as its inputs a collection of joint 
rotations, joint angles and/or joint locations (“the right 
elboW is bent 30 degrees” or “the tip of the left index ?nger 
is positioned 2 cm above the center of the light sWitch”), the 
skeletal relationships betWeen the joints (“the head bone is 
connected to the neck bone”) and a neutral pose represen 
tation of the virtual model, and has as its output a collection 
of spatial coordinates and connectivity data describing the 
shape that the virtual actor’s body takes When posed as 
described by the input date. 

[0079] To an artist skilled in the prior art, a rig is a visual 
representation of the skeleton of the virtual actor, With 
graphical or other controls Which alloW the artist to manipu 
late the virtual actor. In the case of an “Inverse Kinematics 
Rig” the artist might place a mouse on the left index ?nger 
of the virtual actor and dragging the left index ?nger across 
the screen so as to cause the virtual actor’s arm to extend in 

a pointing motion. In the case of a “Forward Kinematics 
Rig” the artist might click on the elboW of the virtual 
character and bend or straighten the rotation of the elboW 
joint by dragging the mouse across the screen or by typing 
a numeric angle on the keyboard. 

[0080] Referring to FIG. 4C, texture 50 is illustrated here 
in the form of only a man’s suit having a coat 51 and pants 
52. In actual fact, texture 50 Would include many other 
surfaces. For example, a human face, socks, shoes, hands 
(possibly With gloves) Would all be part of the illustrated 
texture 50. It is common for a virtual actor to be draWn (or 
“rendered”) to the screen With, for example, blue eyes and 
a red jacket. The virtual model described earlier contains 
purely spatial data. Additional data and/or softWare, com 
monly called “Textures,”“Maps,”“Shaders,” or “Shading” is 
employed to control the colors used to render the various 
parts of the model. 

[0081] In the earliest forms of the prior art, the color (or 
“texture”) information Was encoded directly into the model, 
in the form of a “Vertex Color.”AVertex Color is commonly 
an RGB triplet (Red 0-255, Green 0-255, Blue 0-255) 
assigned to a speci?c vertex in the virtual model. By 
assigning different RGB triplets to different vertices, the 
model may be colored in such a Way as to convey blue eyes 
and a red dress. 

[0082] While vertex colors are still used in the creation of 
virtual characters, in the current state of the art it is more 
common to make use of “texture coordinates” and “texture 
maps.”“Texture coordinates” are additional data that is 
recorded With the vertex location data and connectivity data 
in order to alloW an image (or “texture”) to be “mapped” 
onto the surface. 
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[0083] In order to provide realistic coloring to the eyes of 
the virtual character (perhaps including veins in the Whites 
of the eyes and/or color striations in the iris), a digital image 
of an eye Will be acquired (possibly via a digital camera or 
possibly by an artist Who paints such a picture using com 
puter software). The digital image of the eye is a “texture 
map” (or “texture”). The vertices in the model that comprise 
the surface of the eye Will be tagged With additional data 
(“texture coordinates”) that is analogous to latitude and 
longitude coordinates on a globe. The texture is “mapped” 
onto the surface by use of the texture coordinates. 

[0084] Referring back to FIG. 4B, the virtual character is 
instructed to look to the left (for example by rotating the 
neck controls 32 or eye controls 33 in the rig), the virtual 
model is deformed in a manner Which rotates all of the 
vertices making up the head 11 to the left. The head texture 
is then rendered in the desired location on the screen based 
upon the vertex locations and the texture coordinates of 
those vertices. 

[0085] Referring to FIG. 5, an animated scene comprises 
some or all of the folloWing: a virtual set (set 60 being 
shoWn), one or more props (?oor 69, Wall 70, chair 61 and 
table 62 being shoWn), and one or more virtual characters 
(model 10 manipulated by rig 30 having texture 50 being 
shoWn [here designated only by the 10]). 

[0086] Each of the virtual sets, props, and characters has 
a ?ducial reference point With respect to Which the location 
of the element may be speci?ed. Here the ?ducial reference 
point is shoWn at 65. The virtual set 60, props (see chair 61 
and table 62), and character 10 are assembled together by 
specifying their spatial locations using a shared coordinate 
system from ?ducial 65. The choice of coordinate system is 
arbitrary, but a common practice is to locate the virtual set 
at the origin of the coordinate system. 

[0087] Often, the background (or “virtual set”) is essen 
tially a virtual character With either no rig (in the case of a 
purely static virtual set) or What is commonly a very simple 
rig (Where the joint angles might control the opening angles 
of a door 67 or the joint locations might control the opening 
height of a WindoW 68). It is common to embellish the scene 
used in an action With a variety of props. As With the 
background, props are again essentially virtual characters 
Which are used to represent inanimate objects. 

[0088] For the purposes of creating a motion picture 
sequence, animation data is associated With the elements of 
a scene to create an action. A sequence of images may be 
constructed by providing the rig of character 10 With a 
sequence of input data (“animation data”) such as 24 sets of 
joint angles per second, so as to produce a 24 frame per 
second movie. In the prior art, the animation data provided 
to the rigs are commonly compressed through the use of 
various interpolation techniques. 

[0089] For example, it is common in the prior art to 
compress the animation data into “key frames.” Akey frame 
is typically associated With a speci?c point in the timeline of 
the sequence of images (“t=2.4 seconds”) and speci?es joint 
angles or joint locations for some or all of the joints in the 
rig. Any joints (or more generally input parameters) Whose 
values are not speci?ed in this key frame interpolate their 
values at t=2.4 seconds from other preceding and folloWing 
key frames that do specify values for those joints or input 
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parameters. The various families of mathematical formulas 
used to interpolate betWeen key frame values (such as 
“BeZier curves” and “b-Splines”) are Well knoWn to practi 
tioners of the art. 

[0090] Several methods are commonly used by artists to 
specify the input data provided to the rig. Merely by Way of 
example, in the “animation” method, the artist indicates a 
speci?c point in the timeline (“t=2.4 seconds”), adjusts one 
or more joint angles or locations (for example using the 
keyboard or by manipulating on-screen controls using a 
mouse), and “sets a key frame” on those joint angles or 
locations. The artist then moves to a different point on the 
timeline (“t=3.0 seconds”) and again adjusts joint angles or 
locations before “setting a key frame.” 

[0091] Once the artist has set tWo or more key frames, the 
artist can move an indicator on the timeline or press a “play” 
button to Watch the animation that she has created. By 
repeatedly adding, modifying, or moving key frames While 
repeatedly Watching the playback of the animation, the artist 
can create the desired performance. 

[0092] In the “motion capture,” method the artist performs 
the motion in some manner While the computer records the 
motion. Common input devices for use With motion capture 
include a full-body suit equipped With sensing devices to 
record the physical joint angles of a human actor and 
so-called “Waldo” devices Which alloW a skilled puppeteer 
to control a large number of sWitches and knobs With their 
hands (Waldo devices are most commonly used for record 
ing facial animations). It is common to perform multiple 
captures of the same motion, during Which sequence of 
captures the actor repeatedly reenacts the same motions until 
data is collected Which is satisfactory both artistically and 
technically. 

[0093] In the “procedural” method, custom softWare is 
developed Which generates animation data from high-level 
input data. Procedural animation is commonly used When 
animating non-human actors such as ?ocks of birds or 
falling rocks. In FIG. 5, bird 63 illustrates this technique. 

[0094] In the “hybrid” method, the motion capture and/or 
procedural method is used to specify the initial data. For 
example, the initial movement of bird 63 Would be used in 
the procedural method. The data obtained via the motion 
capture or procedural method is then compressed in a 
manner that makes it technically similar (or compatible 
With) data obtained via the animation method. For example, 
presuming that bird 63 Was going to interact With character 
10 in scene 60, modi?cation of the procedural image of bird 
63 Would occur. Once the initial data has been compressed, 
it is then in the hybrid method manipulated, re-timed, and/or 
extended through the use of the animation method. 

[0095] The animation softWare often plays back previ 
ously speci?ed animations by interpolating animation data at 
a speci?c point in time, providing the interpolated animation 
data to the rigs, making use of the rigs to deform the models, 
applying textures to the models, and presenting a rendered 
image on the display. The animation softWare then advances 
to a different point in the timeline and repeats the process. 

[0096] Based on this general description of the animation 
process, We turn noW to FIG. 2, Which illustrates a client/ 
server animation system in accordance With a set of embodi 
ments. The system comprises a plurality of animation client 
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computers 200 in communication (e.g., via a network) with 
server computer 210 as shown in FIG. 2. (The network can 
be any suitable network, including without limitation a local 
area network, wide area network, wired and/or wireless 
network, the Internet, an intranet or extranet, etc. Those 
skilled in the art will appreciate that any of a variety of 
connection facilities, including without limitation such net 
works, can provide communication between the server 210 
and the clients 200.) In accordance with some embodiments, 
models 10, rigs 30 and/or textures 50 (and/or portions 
thereof) may be stored at the client 200, e.g., at model, rig, 
and texture storage 201. In this particular embodiment, such 
storage has advantages. 

[0097] Presuming that a major studio is either subscribing 
or alternately maintaining models 10, rigs 30, and textures 
50, there can be great expense and effort in developing these 
discrete components of a character. Further, and because of 
the effort and expense required, the owner or operator of the 
client 200 may not choose to share the contents of texture 
storage 201 with anyone, including the provider of anima 
tion server 210. 

[0098] The animation client computer may, in some 
embodiments, include rendering software 203 operatively 
connected to model, rig, and texture storage 201. The 
rendering software may be part of an animation client 
application. Furthermore, a controller 202 (here shown as a 
keyboard and mouse) operates through network connection 
205. It should be noted that any suitable controller, including 
those described in Us. patent application Ser. No. , 
(attorney docket number 020071-000210), already incorpo 
rated by reference, can be used in accordance with various 
embodiments. 

[0099] The animation server computer 210 includes ani 
mation data storage 211, animation software 212, and/or 
version tracking software 214. Presuming that the artist or 
programmer has created the models 10, rigs 30, and textures 
50, manipulation of an Action on a scene 60 can either occur 
from the beginning (de novo) or, alternately, the artist and/or 
programmer may check out a previous version of the Action 
through the network connection 205 by accessing animation 
server 210 and retrieving from animation data storage 211 
the desired data to animation software 212. 

[0100] In either event, utiliZing the animation techniques 
described above, input data (e.g., based from the controller 
202 and/ or an actuator thereof) is received by the client 200. 
In some cases, the input data may be described by an 
auxiliary coordinate system, in which case the input data 
may be processed as described in Us. patent application 
Ser. No. (attorney docket number 020071-000210), 
already incorporated by reference. Other processing may be 
provided as well, as necessary to format the raw input data 
received from the controller 202. 

[0101] The animation client 200 in turn transmits the input 
(either as raw input data and/or after processing by the 
animation client computer 200), is transmitted (e.g., via 
network connection 205) to the animation server computer 
210, and, more particularly, animation software 212 (which 
might be incorporated in an animation server software). 
Processing of the selected Action will occur at animation 
software 212 within animation server 210. Such processing 
will utiliZe the techniques above described. In particular, a 

May 25, 2006 

set of joint rotations may be calculated, based on the input 
data. The joint rotations will describe the position and/or 
motion desired in the Action. 

[0102] Playback will occur by having animation software 
212 emit return animation information through network 
connection 205 and then to rendering software 203. Ren 
dering software 203 will access model, rig, and texture 
storage 201 to display at display 204 the end result of 
modi?cations introduced by the artist and or programmer at 
the client 200. 

[0103] Thus, it will be seen that when an Action is 
modi?ed at a client 200, if the models, rigs and/or textures 
are only available at client 200 then replay can only occur at 
client 200. This replay is not possible with the information 
possessed by server 210 because the model, rig and/or 
texture storage 201 is not resident in or available to anima 
tion server 210. (It should be noted, however, that in various 
embodiments, some or all portions of the models, rigs, 
and/or textures may be stored at the animation server in 
addition toior instead ofiat the animation client). Alter 
natively, if the models rigs and textures are available at 
client 200 and PC 200A then replay can occur at both client 
200 and client 200A, allowing for cooperative work activi 
ties between two users. 

[0104] It should be understood that animation server 210 
(and/or another server in communication therewith) can 
provide a number of services. For example, the server 210 
can provide access control; for instance, client 200 is 
required to log in to server 210. Furthermore, subscription 
may be required as a prerequisite for access to server 210. 
In some cases, server 210 can deliver different capabilities 
for different users. By way of example, PC 200A can be 
restricted to modi?cation of character motion while PC 200 
modi?es animation of bird 68. 

[0105] Generally, the client 200 controls the time when 
playback starts and stops for any individual Action. More 
over, the client 200 may arbitrarily change the portion of the 
Action being worked on by simply referring to that Action 
at a speci?ed time period. 

[0106] It will further be realiZed that with the rendering 
software 203 and the model, rig, and/or texture software in 
storage 201, the data transmitted over the network through 
network connection 205 is maintained at a minimum. Spe 
ci?cally, just a small section of data need be transmitted. 
This data will include that which is needed to play the 
animation (e.g., a set of joint rotations, etc.). As the render 
ing software 203 and some or all of the model, rig, and/or 
texture storage 201 may be resident at PC 200, only small 
batches of data need be transmitted over the Internet. 

[0107] It will be understood that the server 210 is useful in 
serving multiple clients. Further, the server 210 can act as a 
studio, providing the artist and/or programmer at client 200 
with a full range of services including storage and delivery 
of updated model, texture, and rig data to client 200 and 
client 200A. In a set of embodiments, the server 210 will 
store all animation data. Furthermore, through version track 
ing software 214, animation data storage 211 will provide 
animation data (such as joint rotations, etc.) to the respective 
client 200A on an as needed basis. 

[0108] Referring now to FIG. 3, a system in accordance 
with another set of embodiments is illustrated. Speci?cally, 
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client 300 includes a network connection 305, a controller 
302, and a display 304. Server 310 includes animation data 
storage 211, version tracking softWare 214, and animation 
softWare 212. Additionally, server 310 includes rendering 
softWare 303. 

[0109] In this case, the manipulation of the animation 
softWare from controller 302 through netWork connection 
305 of the client 300 is identical to that shoWn in FIG. 2. As 
Well, the animation softWare for calculating joint rotations, 
etc. is resident on the server 310. In the embodiments 
illustrated by FIG. 3, hoWever, the rendering component 
also resides on the server 310. Speci?cally, rendering soft 
Ware 303 Will generate actual images (e.g., bitmaps, etc.), 
Which images Will be sent through the netWork to netWork 
connection 305 and may be displayed thereafter at display 
304. 

[0110] FIG. 6 provides a generaliZed schematic diagram 
of a client/ server system in accordance With some embodi 
ments of the invention. The system 600 includes an anima 
tion server computer 605, Which may be a PC server, 
minicomputer, mainframe, etc. running any of a variety of 
available operating systems including UNIXTM (and/or any 
of its derivatives, such as Linux, BSD, etc.), various vari 
eties of Microsoft WindoWsTM (e.g., NTTM, XPTM, 2003, 
VistaTM, MobileTM, CETM, etc.), Apple’s Macintosh OSTM 
and/or any other appropriate server operating system. The 
animation server computer also includes animation server 
softWare 610, Which provides animation services in accor 
dance With embodiments of the invention. The animation 
server computer 605 may also comprise (and/or have asso 
ciated thereWith) one or more storage media 615, Which can 
include storage for the animation server softWare 610, as 
Well as a variety of associated databases (such as a database 
of animation data 61511, a data store 6151) for model data, 
such as the polygons and textures that describe an animated 
character, a data store 6150 for scene data, and any other 
appropriate data stores). 

[0111] The system 600 further comprises one or more 
animation client computers 620, one or more of Which may 
include local storage (not shoWn), as Well as animation client 
softWare 625. (In some cases, such as a case in Which the 
animation client computer 620 is designed only to provide 
input and display a rendered image, the rendering subsystem 
may reside on the animation server 620, as described With 
respect to FIG. 3, for example. In this Way, thin clients, such 
as Wireless phones, PDAs, etc. may be used to provide input 
even if they have insuf?cient processing poWer to render the 
objects). 

[0112] The animation client computer thus 620 may be, 
inter alia, a PC, Workstation, laptop, tablet computer, PDA, 
Wireless phone, etc. running any appropriate operating sys 
tem (such as Apple’s Macintosh OSTM, UNIX and/or its 
derivatives, Microsoft WindoWsTM, etc.) Each animation 
client 620 may also include one or more display devices 630 
(such as monitors, LCD panels, projectors, etc.) and/or one 
or more input devices 635 (such as the controllers described 
above and in US. patent application Ser. No. 
(attorney docket number 020071-000210), already incorpo 
rated by reference, as Well as, to name but a feW examples, 
a telephone keypad, a stylus, etc.). 

[0113] In accordance With a set of embodiments, the 
system 600 may operate in the folloWing exemplary manner, 
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Which is described by additional reference to FIG. 7, Which 
illustrates a method 700 of creating an animated Work in 
accordance With some embodiments of the invention. (It 
should be noted that, While the method 700 of FIG. 7 is 
described in conjunction With the system 600 of FIG. 6, that 
description is provided for exemplary purposes only, and the 
methods of the invention are not limited to any particular 
hardWare or softWare implementation. LikeWise, the opera 
tion of the system 600 of FIG. 6 is not limited to the 
described methods.) 

[0114] The animation client softWare 625 comprises 
instructions executable by the animation client computer 
620 to accept a set of input data from one or more input 
devices (block 705). The input data may, for example, 
indicate a desired position of an object in a scene (Which 
may be a virtual scene, a physical set, etc.) In particular 
embodiments, the object may be an animated object, Which 
may comprise a plurality of polygons and/or textures, as 
described above. The animation client softWare optionally 
may process the input data, for example as described above. 
The animation client softWare then transmits the set of input 
data for reception by the animation server computer (block 
710). 
[0115] The animation server computer 605 (and, more 
particularly in some cases, the animation server softWare 
610) receives the input data (block 715). The animation 
server softWare 610 calculates a set of position data (block 
720), based on the received input data. In some cases, 
calculating the set of position data can include processing 
the input data to determine a desired position of an animated 
object and/ or calculating a set of joint rotations de?ning that 
desired position (and/or de?ning the deformation of a rig 
de?ning the character, in order to place the character in the 
desired position). In other cases, including merely by Way of 
example, if the object is a light or a camera on a physical set, 
there may be no need to calculate any animation dataithe 
position can be determined based solely on the input data, 
perhaps in conjunction With a current position of the object. 

[0116] In yet other cases, the object may be an animated 
character (or other object in a virtual scene), and the position 
of the object in the scene may be affected by the position of 
a virtual camera and/or light source. In these cases, the 
position data might comprise data about the position and/or 
orientation of the virtual camera/light. 

[0117] The animation server computer 605 (perhaps based 
on instructions from the server softWare 610) then transmits 
the set of position data (e.g., joint rotations, etc.) for recep 
tion by the animation client 620 (block 725). When the 
animation client computer receives the set of position data 
(block 730), the animation client softWare 625 is responsible 
for placing the object in the desired position (block 735). 
This procedure necessarily Will vary according to the nature 
of the object. Merely by Way of example, if the object is an 
animated character, placing the object in the desired position 
generally Will comprise rendering the animated character in 
the desired position, for example by calculating a set of 
positions for the polygons that describe the character and/or 
by applying any necessary textures to the model. If the 
object is a physical object, such as a light, placing the object 
in the desired position may require interfacing With a 
movement system, Which is not illustrated on FIG. 6 but 
examples of Which are described in detail in US. patent 



US 2006/0109274 A1 

application Ser. No. (attorney docket number 
020071-000210), already incorporated by reference). 
[0118] In some cases, the object (for instance, if the object 
is a virtual object) may be displayed on a display device 630 
(block 740). In particular, the object may be displayed in the 
desired position. In other cases, the client 620 may be 
con?gured to upload the rendered object to the animation 
server 605 for storage and/or distribution to other computers 
(Which might be, inter alia, other animation servers and/or 
clients). 
[0119] The system 600 may provide a number of other 
features, some of Which are described above. In some cases, 
the animation server 605 can provide animation services to 
a plurality of animation client computers (e.g., 620a, 6201)). 
In an exemplary embodiment, input may be received at a 
?rst client 620a, and the position data may be transmitted to 
a second client 62019 for rendering and/or display. (Option 
ally, the plurality of client computers 620 may perform 
rendering tasks in parallel for a given scene). In another 
embodiment, each client 620a, 6201) accepts input and 
receives position data, such that tWo artists may collaborate 
on a given character and/or scene, each being able to vieW 
changes made by the other. In yet another embodiment, each 
client 620a, 6201) may interact individually With the server 
605, With each client 620 providing its oWn input and 
receiving position data based on that input. (That is, the 
position data received by one client has no impact on the 
rendering of an object on another client.) 

[0120] As noted above, in some cases, the animation 
server softWare 610 may be con?gured not only to calculate 
the position data, but also to render the object (Which can 
include, merely by Way of example, not only applying one 
or more textures to a model of the object, but also to 
calculating the positions of the polygons that make up the 
model, based on the position data). Hence, in such cases, the 
rendered object may be provided to an animation client 
computer 620 (Which may or may not be the same client 
computer that provided the input on Which the position data 
is based), Which then can display the object in the desired 
position. In some cases, the animation server 605 might 
render a ?rst object for a ?rst client 620 and might merely 
provide to a second client a set of position data describing 
a desired position of a second object. 

[0121] In some embodiments, one or more of the data 
stores (e.g., data store 6150) may be used to store object 
de?nition ?les, Which can include some or all of the infor 
mation necessary for rending a given object, such as the 
model, rig, polygons, textures, etc. describing that object. An 
animation client 620 then can be con?gured to doWnload 
from the server 605 the object de?nition ?les (and/or a 
subset therefore) to perform the rendering of the object in 
accordance With embodiments of the invention. It should be 
noted, hoWever, that for security, the doWnloaded object 
de?nition ?les (and/or portions thereof) may be insufficient 
to alloW a user of the client 620 to independently recreate the 
object Without additional data resident on the server. 

[0122] The system 600 may be con?gured such that a user 
of the client 620 is not alloWed to modify these object 
de?nition ?les locally at the client 620 and/or, if local 
modi?cation is alloWed, the client 620 may not be alloWed 
to upload modi?ed object de?nition ?les. In this Way, the 
system 600 can prevent the unauthorized modi?cation of a 
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“master copy” of the object de?nition ?les. Alternatively, the 
server softWare 610 may be con?gured to alloW modi?ed 
object de?nition ?les to be uploaded (and thus to receive 
such ?les), perhaps based on an identi?cation of the user of 
the animation client computerithat is, the server 620 may 
be con?gured to identify the user and determine Whether the 
user has suf?cient privileges to upload modi?ed ?les. (It 
should be noted that the identi?cation, authentication and/or 
authoriZation of users may be performed either by the 
animation server 605 and/ or by another server, Which might 
communicate such identi?cation, authoriZation and/or 
authentication data to the animation server 605.) 

[0123] Similarly, in other embodiments, the animation 
server softWare 610 may be con?gured to determine Whether 
to alloW an animation client 620 to interact With the server 
softWare 610. Merely by Way of example, the animation 
server softWare 620 may control access to rendered objects, 
object de?nition ?les, the position data, and/or the softWare 
components used to create either of these, based on any 
number of factors. For instance, the server softWare 610 
(and/ or another component) may be con?gured to identify, 
authenticate and/or authoriZe a user of the animation client 
620. Based on an identity of the user of a client computer 
620 (as Well, in some cases, as the authentication status of 
the user and/or the user’ s authorization) the animation server 
softWare 610 may determine Whether it Will receive input 
from the client computer 620, Whether it Will provide 
position data to the animation client computer 620 and/or 
Whether it Will alloW the animation client computer 620 to 
access ?les and/or animation services on the animation 
server 605. 

[0124] Alternatively and/or in addition, the animation 
server 605 may be con?gured to provide for-fee services. 
Hence, the animation server softWare (and/or another com 
ponent) may be con?gured to evaluate a set of payment 
and/or billing information (Which may be, but is not neces 
sarily, associated With an identity of a user of the animation 
client computer 620), and based on the set of payment and/or 
billing information, determine Whether to alloW the client 
620 to interact With the server softWare 610 (including, as 
mentioned above, Whether it Will accept/provide data and/or 
alloW access to ?les and/or services). The set of billing 
and/or payment data can include, Without limitation, infor 
mation about Whether a user has a subscription for animation 
services and/ or ?les, Whether the user has paid a per-use fee, 
Whether the user’s account is current, and/or any other 
relevant information. 

[0125] In some cases, various levels of interaction With the 
server softWare 610 may be alloWed. Merely by Way of 
example, if the animation server computer 605 stores a 
plurality of sets of rendered objects and/or object de?nition 
?les (Wherein, for example, each set of ?les comprises 
information describing a different animated character), the 
animation server 605 may alloW an unregistered user to 
doWnload ?les for a feW “free” characters, While paid 
subscribers have access to ?les an entire library of characters 
(it should be appreciated that there may be various levels of 
subscription, With access to ?les for corresponding various 
numbers of characters). Similarly, a user may be alloWed to 
pay a per-character fee for a particular character, upon Which 
the user is alloWed to doWnload the set of ?les for that 
character. (Such commerce functionality may be provided 
by a separate server, third-party service, etc.) In some cases, 












