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DYNAMIC WRINKLE MAPPING 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a division patent application of 
US. application Ser. No. 10/841,219 Filed May 6, 2004, 
having the same named inventors. 

COPYRIGHT NOTICE 

[0002] Aportion 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. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates to computer anima 
tion. More particularly, the present invention relates to 
techniques and apparatus for rendering of more natural 
looking Wrinkles or creases on a posed object. 

[0004] Throughout the years, movie makers have often 
tried to tell stories involving make-believe creatures, far 
aWay places, and fantastic things. To do so, they have often 
relied on animation techniques to bring the make-believe to 
“life.” TWo of the major paths in animation have tradition 
ally included, draWing-based animation techniques and stop 
motion animation techniques. 

[0005] DraWing-based animation techniques Were re?ned 
in the tWentieth century, by movie makers such as Walt 
Disney and used in movies such as “SnoW White and the 
Seven DWarfs” (1937) and “Fantasia” (1940). This anima 
tion technique typically required artists to hand-draW (or 
paint) animated images onto a transparent media or cels. 
After painting, each cel Would then be captured or recorded 
onto ?lm as one or more frames in a movie. 

[0006] Stop motion-based animation techniques typically 
required the construction of miniature sets, props, and 
characters. The ?lmmakers Would construct the sets, add 
props, and position the miniature characters in a pose. After 
the animator Was happy With hoW everything Was arranged, 
one or more frames of ?lm Would be taken of that speci?c 
arrangement. Stop motion animation techniques Were devel 
oped by movie makers such as Willis O’Brien for movies 
such as “King Kong” (1933). Subsequently, these techniques 
Were re?ned by animators such as Ray Harryhausen for 
movies including “Mighty Joe Young” (1948) and Clash Of 
The Titans (1981). 

[0007] With the Wide-spread availability of computers in 
the later part of the tWentieth century, animators began to 
rely upon computers to assist in the animation process. This 
included using computers to facilitate draWing-based ani 
mation, for example, by painting images, by generating 
in-betWeen images (“tWeening”), and the like. This also 
included using computers to augment stop motion animation 
techniques. For example, physical models could be repre 
sented by virtual models in computer memory, and manipu 
lated. 

[0008] One of the pioneering companies in the computer 
aided animation (CAA) industry Was Pixar. Pixar developed 
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both computing platforms specially designed for CAA, and 
animation softWare noW knoWn as RenderMan®. Render 
Man® Was particularly Well received in the animation 
industry and recogniZed With tWo Academy AWards®. Ren 
derMan® softWare is used to convert graphical speci?ca 
tions of objects and convert them into one or more images. 
This technique is knoWn generally in the industry as ren 
dering. 
[0009] Previously, some methods Were proposed to 
graphically specify the appearance of ?ne Wrinkles and/or 
?ne creases on objects for the rendering process. One 
method Was to fully-mathematically de?ne Where the ?ne 
Wrinkles and creases Would appear on the object and fully 
physically simulating the three dimensional microscale 
geometry of the Wrinkles. Another method Was to dynami 
cally adjust surface geometry based upon underlying object 
models, for example, skin on muscle models. 

[0010] DraWbacks to these approaches for specifying ?ne 
Wrinkles and creases included that the mathematical de?ni 
tion of such ?ne features for an object Would require a large 
number of detailed surfaces that Would be dif?cult to rep 
resent. Another draWback included that the simulation of the 
microscale geometry or performing a surface mapping based 
upon a underlying model Would be computationally prohibi 
tive. Yet another draWback Was that if rendered, the speci?ed 
features may not appear natural in the full and often extreme 
range of poses of the three-dimensional object. 

[0011] Another method that Was used to specify Wrinkles 
included mapping of a tWo-dimensional image (texture 
maps) onto a three-dimensional object surface. Using these 
techniques, the Wrinkles/creases are represented by a tWo 
dimensional map, Where the intensity of pixels in the map 
specify “peaks” and “valleys” of the surface. Another 
method, although not necessarily in the prior art, decom 
posed the texture map into directional-based texture maps. 
Next, at render time, the pose of the object is also decom 
posed into directional-based poses. Finally, the texture map 
is formed by combining the directional-based texture-maps 
and the directional-based poses. 

[0012] DraWbacks to this approach for rendering Wrinkles 
included that only one texture map Would be used to specify 
Wrinkles for all poses of the three-dimensional object. Simi 
lar to the technique described above, Wrinkles that may 
appear natural in one character pose, may be inappropriate 
and unnatural looking in another character pose. For 
example, directional components often fade visually on and 
off in unnatural Ways. Additional draWbacks include that the 
results are unintuitive and that the user cannot control the 
appearance and disappearance of Wrinkles in arbitrary poses. 

[0013] In light of the above, What is needed are improved 
techniques for users to specify Wrinkles and creases for 
objects Without the draWbacks described above. 

BRIEF SUMMARY OF THE INVENTION 

[0014] The present invention relates to computer anima 
tion. More particularly, the present invention relates to novel 
methods and apparatus for dynamically specifying natural 
looking ?ne Wrinkles and/or ?ne creases on an object in 
arbitrary poses. 

[0015] In various embodiments, a user typically inputs a 
series of poses for an object and a series of texture maps, 
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specifying Wrinkles, and the like, associated With each pose. 
Next, based upon the poses and texture maps, common pose 
elements and common elements from the texture map are 
identi?ed and stored as a series of base poses and associated 
base texture maps. Later, during render time, a desired pose 
for the object is received and mapped to a Weighted com 
bination of the base poses. Next, a Weighted combination of 
the base texture maps is formed as the texture map for the 
object in the desired pose. The object is then rendered using 
the formed texture map in the desired pose. 

[0016] In various embodiment, the process for specifying 
Wrinkles for an object may be an iterative process. For 
example, after vieWing the rendered results, the user may 
decide to modify the Wrinkle behavior of the object in a 
pose. To do this, the user “trains” or creates a neW texture 
map for the object in the neW pose. Next, the above process 
is repeated to de?ne a neW series of base poses and asso 
ciated base texture maps. Subsequently, When the object is 
in the neW pose, the texture map is substantially similar to 
the neW texture map. 

[0017] According to one aspect of the invention, a method 
for a computer system is disclosed. One technique includes 
retrieving a plurality of base poses for an object, and 
retrieving a plurality of base texture maps associated With 
the plurality of base poses. Processes may include receiving 
a desired pose for the object, determining a plurality of 
coef?cients associated With the plurality of base poses in 
response to the desired pose and to the plurality of base 
poses, and determining a desired texture map in response to 
the plurality of coef?cients and to the plurality of base 
texture maps. 

[0018] According to another aspect of the invention, a 
computer program product for a computer system including 
a processor is described. The computer code may include 
code that directs the processor to determine a plurality of 
base poses for an object, code that directs the processor to 
determine a plurality of base texture maps associated With 
the plurality of base poses, and code that directs the pro 
cessor to determine the desired pose for the object. The code 
may also include code that directs the processor to determine 
a Weighted combination of the plurality of base poses for the 
object to represent the desired pose for the object, Wherein 
the Weighted combination comprises a plurality of coef? 
cients, and code that directs the processor to form a desired 
texture map by forming a Weighted combination of the 
plurality of base texture maps in response to the plurality of 
coef?cients and the plurality of base texture maps. The codes 
typically reside on a tangible media such as a magnetic 
media, optical media, semiconductor media, and the like. 

[0019] According to yet aspect of the invention, a render 
ing apparatus is discussed. The apparatus may include a 
memory con?gured to store a ?rst plurality of component 
poses for a three-dimensional object, Wherein the memory is 
also con?gured to store a ?rst plurality of component 
tWo-dimensional images associated With the ?rst plurality of 
component poses. The system may also include a processor 
coupled to the memory, Wherein the processor is con?gured 
to receive a speci?cation of a desired pose for the three 
dimensional object, Wherein the processor is con?gured to 
determine a Weighted combination of a second plurality of 
component poses from the ?rst plurality of component poses 
to approximately form the desired pose, Wherein the pro 
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cessor is con?gured to form a desired tWo-dimensional 
image from a Weighted combination of a second plurality of 
tWo-dimensional images from the ?rst plurality of tWo 
dimensional images, Wherein the second plurality of tWo 
dimensional images are associated With the second plurality 
of component poses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] In order to more fully understand the present 
invention, reference is made to the accompanying draWings. 
Understanding that these draWings are not to be considered 
limitations in the scope of the invention, the presently 
described embodiments and the presently understood best 
mode of the invention are described With additional detail 
through use of the accompanying draWings in Which: 

[0021] FIG. 1 illustrates a block diagram of a rendering 
system according to one embodiment of the present inven 
tion; 

[0022] FIGS. 2A-B illustrate a block diagram of a process 
according to an embodiment of the present invention; 

[0023] FIG. 3 illustrates a block diagram of a process 
according to an embodiment of the present invention; 

[0024] FIGS. 4A-C illustrate an example of an embodi 
ment of the present invention; and 

[0025] FIGS. 5A-D illustrates examples of rendered 
Wrinkles. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] FIG. 1 is a block diagram of typical computer 
rendering system 100 according to an embodiment of the 
present invention. 

[0027] In the present embodiment, computer system 100 
typically includes a monitor 110, computer 120, a keyboard 
130, a user input device 140, a netWork interface 150, and 
the like. 

[0028] In the present embodiment, user input device 140 
is typically embodied as a computer mouse, a trackball, a 
track pad, Wireless remote, and the like. User input device 
140 typically alloWs a user to select objects, icons, text and 
the like that appear on the monitor 110. 

[0029] Embodiments of netWork interface 150 typically 
include an Ethernet card, a modem (telephone, satellite, 
cable, ISDN), (asynchronous) digital subscriber line (DSL) 
unit, and the like. NetWork interface 150 are typically 
coupled to a computer netWork as shoWn. In other embodi 
ments, netWork interface 150 may be physically integrated 
on the motherboard of computer 120, may be a softWare 
program, such as soft DSL, or the like. 

[0030] Computer 120 typically includes familiar computer 
components such as a processor 160, and memory storage 
devices, such as a random access memory (RAM) 170, disk 
drives 180, and system bus 190 interconnecting the above 
components. 

[0031] In one embodiment, computer 120 is a PC com 
patible computer having multiple microprocessors such as 
XeonTM microprocessor from Intel Corporation. Further, in 
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the present embodiment, computer 120 typically includes a 
UNIX-based operating system. 

[0032] RAM 170 and disk drive 180 are examples of 
tangible media for storage of data, audio/video ?les, com 
puter programs, embodiments of the herein described inven 
tion including scene descriptors, object data ?les, shader 
descriptors, a rendering engine, output image ?les, texture 
maps, displacement maps, object pose data ?les, and the 
like. Other types of tangible media include ?oppy disks, 
removable hard disks, optical storage media such as CD 
ROMS and bar codes, semiconductor memories such as 
?ash memories, read-only-memories (ROMS), battery 
backed volatile memories, netWorked storage devices, and 
the like. 

[0033] In the present embodiment, computer system 100 
may also include softWare that enables communications over 
a netWork such as the HTTP, TCP/IP, RTP/RTSP protocols, 
and the like. In alternative embodiments of the present 
invention, other communications softWare and transfer pro 
tocols may also be used, for example IPX, UDP or the like. 

[0034] FIG. 1 is representative of computer rendering 
systems capable of embodying the present invention. It Will 
be readily apparent to one of ordinary skill in the art that 
many other hardWare and softWare con?gurations are suit 
able for use With the present invention. For example, the use 
of other micro processors are contemplated, such as Pen 
tiumTM or ItaniumTM microprocessors; OpteronTM or Athlo 
nXPTM microprocessors from Advanced Micro Devices, Inc; 
PoWerPC G3TM, G4TM microprocessors from Motorola, Inc.; 
and the like. Further, other types of operating systems are 
contemplated, such as Windows@ operating system such as 
WindoWsXP®, WindoWsNT®, or the like from Microsoft 
Corporation, Solaris from Sun Microsystems, LINUX, 
UNIX, MAC OS from Apple Computer Corporation, and the 
like. 

[0035] FIGS. 2A-B illustrate a block diagram of a process 
according to an embodiment of the present invention. More 
speci?cally, FIGS. 2A-B illustrate a process of de?ning and 
processing of texture maps. 

[0036] Initially, a user opens a model of a three-dimen 
sional object in a Working environment, step 200. In typical 
embodiments, the model of the object is de?ned by another 
user such as an object modeler in an object creation envi 
ronment. The model of the object is typically a geometric 
description of surfaces of the object and includes a number 
of animation variables (avars) that are used to control or 
pose the object. 

[0037] Next, the user then speci?es a pose for the object, 
step 210. In embodiments of the present invention, the user 
speci?es the pose by manually entering values for the 
animation variables or automatically via manipulation of 
keypoints associated With the animation variables. In some 
embodiments, the pose is considered an “extreme” pose, or 
a “reference” pose. 

[0038] In some embodiments, based upon this pose, one or 
more vieWs of the object are then speci?ed, step 220. In 
various embodiments, a vieW may include a speci?cation of 
a camera position and orientation relative to the object in 
space. For example, a vieW may include a default vieW such 
as a “front vieW” camera or a “top vieW” camera; a per 

spective vieW, an isometric vieW, and the like. Additionally, 
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the vieW camera characteristics may be determined by the 
user. Next, one or more tWo-dimensional images of the 
object associated With the vieWs are generated and stored, 
step 230. In the present embodiment, the tWo-dimensional 
images are images “taken” With the vieW camera(s) speci?ed 
above. 

[0039] In other embodiments of the present invention, 
default vieWs of the three-dimensional object in a default or 
“neutral” pose are speci?ed, accordingly, step 220 may not 
be performed. In various embodiments, a tWo-dimensional 
image associated With a default vieW of the object in a 
neutral pose is computed off-line, and may not be part of a 
rendering process pipeline. 

[0040] In FIGS. 2A-B, the next step includes the user 
using a conventional tWo-dimensional paint-type program, 
to “paint” a texture map, step 240. In embodiments of the 
present invention, any conventional paint program such as 
Adobe Photoshop may be used for “painting” the image. 

[0041] In some embodiments of the present image, the 
tWo-dimensional image formed in step 230 is opened in the 
paint program, and the user “paints” the image in an overlay 
layer. In other embodiments, a default vieW of the three 
dimensional object in a “neutral” pose is opened in the paint 
program, and again the user “paints” the image in an overlay 
layer. 

[0042] The values of the overlay image may represent any 
number of characteristics of the surface of the object. For 
example, the overlay image may represent a surface base 
color, a texture map or displacement map (representing 
surface roughness, surface Wrinkles, surface creases, and the 
like), or other type of surface effect. As merely an example 
of embodiments, the overlay represents Wrinkle-type data, 
With data values from 0 to 1. Speci?cally, Where the overlay 
data includes values from 0.5+ to 1, these areas indicate 
upWard protrusions from the surface; Where the overlay data 
includes values from 0 to 0.5-, these areas indicate inden 
tations into the surface; and Where the overlay data is 0.5, the 
surface is unperturbed. In other embodiments, different Ways 
to represent protrusions and indentations With a tWo-dimen 
sional overlay image from Wrinkles, cracks, or the like, are 
contemplated. 

[0043] In the present embodiment, the pose for the object, 
and the overlay image are associated and stored in memory, 
step 250. 

[0044] Next, the process described above typically repeats 
at least once for a different pose of the three-dimensional 
object, step 260. In embodiments of the present invention, 
for a full range of facial animation poses, the inventors 
believe that at least seven to eight different poses and 
associated overlay images (texture maps) are desired. To 
better capture Wrinkle behavior for a full range of facial 
poses, from eight to tWelve different poses and associated 
overlay images are believed to be more desirable. Addition 
ally, for a full range of facial poses, tWelve to ?fteen, and 
more different poses and associated overlay images are also 
desirable for embodiments of the present invention. For 
embodiments Where only a portion of facial animation poses 
are to be “Wrinkled” feWer poses and overlay images are 
required, eg adding Wrinkles to only the eyes. When an 
object is symmetric, feWer poses and overlay images may be 
used, taking into account the symmetry, e.g. Wrinkles asso 
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ciated With raising a right eyebrow can be used to specify 
Wrinkles for raising a left eyebrow. In other embodiments, 
specifying Wrinkles of non-facial animation objects may 
also require feWer poses and overlay images (texture maps). 
For example, to specify Wrinkles of elboWs, as feW as tWo 
or three poses and overlay images can be used. 

[0045] As the result of the above process, a number of 
“extreme” poses and associated texture maps are speci?ed. 
Next, in some embodiments, the speci?ed texture maps are 
reversed-mapped to the object in a “neutral” pose, step 270. 
In various embodiments, this may be done by projecting the 
tWo-dimensional texture maps back upon the respective 
associated “extreme” poses; “un-posing” the object from the 
“extreme” pose back to the “neutral” pose; and then creating 
one or more tWo-dimensional vieWs of the object in the 
neutral pose. In another embodiment, the reverse-map may 
be performed in tWo-dimensions by mapping a series of key 
points in the overlay image to key points in a similar vieW 
of the object in the neutral pose. In other embodiments of the 
present invention, step 270 is not required When the user 
paints upon a vieW of the object in the “neutral” pose, as Was 
previously described. 

[0046] In the present embodiments, a principle component 
analysis is performed on the extreme poses to determine a 
number of “base” poses for the object. In various imple 
mentations, this process includes ?rst determining the most 
common characteristic, or principle component, of the 
object from the extreme poses of the object, step 275. For 
example, for the most common feature for a face in a number 
of extreme poses may be a raised eyebroW. 

[0047] Next, the process includes de?ning a “base” pose 
as the three-dimensional object posed With the most com 
mon characteristic, step 280. The base pose is typically a 
Weighted combination of the extreme poses. Continuing the 
example above, the ?rst base pose Would be a face With a 
raised eyebroW. In this embodiment, the associated base 
texture pose is also a Weighted combination of the texture 
maps associated With the extreme poses, using the same 
Weights, step 290. For example, if a base pose is a 70% 
Weight of a ?rst extreme pose and a 30% Weight of a second 
extreme pose, the associated base texture map Would be 
approximately a 70% Weight of the ?rst extreme texture map 
and 30% Weight of the second extreme texture map. 

[0048] Finally, in this embodiment, the principle compo 
nent (base pose) is removed from the extreme poses, and the 
associated base texture map is also removed from the 
associated extreme pose texture maps, step 295. The process 
then repeats to identify the next most common characteristic 
of the poses, etc., step 300. In various embodiments, the 
number of base poses determined may be the same as the 
number of extreme poses, and in other embodiments, the 
number of base poses may be less. For example, from eight 
extreme poses, six base poses may be determined; from 
tWelve extreme poses, eight base poses may be determined; 
from ?fteen extreme poses, ten base poses may be deter 
mined; and the like. 

[0049] As a result of the above process, a number of base 
poses, and a corresponding number of associated base 
texture maps that are determined are stored, step 310. In 
other embodiments, the principle component analysis is also 
described as an Eigen XY analysis. Other methods for 
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performing the decomposition from extreme poses and 
texture maps into base poses and base texture maps are 
contemplated. 

[0050] In embodiments of the present invention, the prin 
ciple component analysis is performed as determined as 
folloWs: 

[0051] 
[0052] 
[0053] 

The pose inputs are de?ned as: 

Rest pose Fj,j=0, . . . ,v—1 (vEnGeomValues) and 

n Extreme poses Pij,i=0, . . . ,n-1 (nEnSamples). 

[0054] The corresponding Wrinkle maps inputs are de?ned 
as: 

[0055] Rest map W1,l=0, . . . ,d-l (dEnDispValues) and 

[0056] n Extreme maps Wu. 

[0057] Accordingly the folloWing inputs are determined: 

[0058] n Delta poses Pi]-=Pi]-—Pj 

[0059] n Delta maps Wi1=Wi1—W1 

[0060] Next, solve for Cik FJ-k for k=0, . . . ,m-l, m<n, such 
that PiJ-zZk CikFJ-k, then 

Ff = Ptjcf. 

Where C: curves/time; F: shapes/space. 

[0061] Similarly, since poses motivate Wrinkles, W?zZk 
CikDIk, therefore solve 

D’; =2 Wild, 
i 

Where D1k represent Wrinkle displacement variations. 

[0062] In the present embodiment, the above process may 
be performed “on-line” or “off-line.” That is, the above 
process may be performed in the actual rendering process 
pipeline or separately, ie before the rendering process 
pipeline. In various embodiments, the process beloW may be 
integrated into the rendering process pipeline. 

[0063] FIG. 3 illustrates a block diagram of a process 
according to an embodiment of the present invention. More 
speci?cally, FIG. 3 illustrates a process of dynamically 
determining hoW Wrinkles, creases, or the like, are to be 
rendered. 

[0064] Initially, typically Within a rendering process pipe 
line, the base poses for a three-dimensional object and base 
texture maps determined above are retrieved into memory, 
step 400. Next, the desired pose for the three-dimensional 
object is also retrieved into memory, step 410. In the present 
embodiment, the desired pose may be unique for every 
frame to be rendered. 

[0065] In embodiments of the present invention, the 
desired pose is decomposed into the base poses, and a 
Weighting for the base poses is determined, step 420. More 



US 2006/0022991 A1 

speci?cally, a Weighted combination of the base poses is 
determined in this step that approximately reproduce the 
desired pose. In various embodiments, the base poses are 
“orthogonal” from each other, thus the Weighted combina 
tion is relatively unique for each desired pose. 

[0066] Mathematically, the following is performed in vari 
ous embodiments to determine the Weights: 

[0067] Given neW pose (desired pose) Pj, determine neW 
delta pose P‘]-=P]-—Pj. 

[0068] Next, ?nd amplitudes (Weights) 

such that P‘jzZkakFkj. 

[0069] Next, in embodiments of the present invention, the 
Weights determined for the base poses are applied to the 
associated base texture maps, step 430. In particular, the 
Weighting of the base poses are typically used to form a 
Weighted combination of the base texture maps. The 
Weighted combination is the texture map associated With the 
desired pose (the desired pose texture map). In embodiments 
of the present invention, the Weighting of the base texture 
maps can be a Weighted average, a gray scale logical 
function such as an OR, NOR, AND, and the like. 

[0070] Mathematically, the folloWing is performed in vari 
ous embodiments to determine the neW (desired) texture 
map: 

[0071] Determine a neW delta map: 

[0072] Then, the corresponding neW texture map is there 
fore W1=W‘1+W1. 

[0073] In embodiments of the present invention, the 
desired pose texture map and the desired pose is passed on 
to the rendering process pipeline for rendering, step 440. In 
various embodiments, the rendering engine used is the Pixar 
brand rendering engine, Renderman®. The resulting tWo 
dimensional image (frame) formed by the rendering engine, 
step 450, thus includes the three-dimensional object posed in 
the desired pose including Wrinkles, creases, or the like, 
speci?ed by the desired pose texture map. 

[0074] In the present embodiment, the image is stored on 
media such as a hard disk, optical disk, ?lm media, printed 
media, or the like, step 460. Subsequently, the image may be 
retrieved from the media, step 470, and output to one or 
more users (e.g. audience, animator), step 480. 

[0075] FIGS. 4A-C illustrate an example of an embodi 
ment of the present invention. More speci?cally, FIGS. 
4A-B illustrate an example of a principle component decom 
position. 
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[0076] In FIG. 4A, a number of “extreme” poses 500 and 
a number of extreme pose texture maps 510 are illustrated. 
In this example, the most common components of extreme 
poses 500 are an enlarged right eye 515, an enlarged left eye 
525, a smile 535, etc. As can be seen these components are 
associated With a right raised eyebroW 520, left raised 
eyebroW 530, then smile lines 540, etc. in extreme pose 
texture maps 510. 

[0077] In FIG. 4B a number of base poses 550, and 
corresponding base pose texture maps 560 are illustrated. In 
this example, base poses 550 are derived from extreme poses 
500, and base pose texture maps 560 are derived from 
extreme pose texture maps 510. As illustrated, base pose 570 
is an enlarged right eye, base pose 580 is an enlarged left 
eye, base pose 590 is a smile, and the like. The correspond 
ing base pose texture maps 600, 610 and 620 formed are also 
illustrated. 

[0078] FIG. 4C illustrates the process of forming a base 
pose texture map from a desired pose 620. As can be seen, 
desired pose 620 includes raised left eye 630, raised right 
eye 640, and a smile 650. In this example, it is determined 
that desired pose 620 is formed from base poses 570, 580 
and 590, accordingly, Weights 660 are determined. As illus 
trated, Weights 660 are applied to the base pose texture maps 
to form the desired pose texture map 670. 

[0079] In the present embodiments, desired pose texture 
map 670 and desired pose 620 are sent along the rendering 
process pipeline for rendering. 

[0080] FIGS. 5A-D illustrates examples of rendered 
Wrinkles. More speci?cally, FIG. 5A illustrates a base pose 
700 of a character face, including Wrinkles 705 on a lip 710. 

[0081] In the examples in FIG. 5B and 5C, the character 
face is posed to smile, and as shoWn, the lip stretches 
accordingly. In the example in FIG. 5B, When only a single 
texture map for the Wrinkle is used, Wrinkle 720 stretches 
along With lip 730. As a result, the Wrinkle appears to Widen. 
Such a result is unexpected in real life, as Wrinkles tend to 
disappear When the skin is stretched. Accordingly, previous 
methods did not accurately simulate ?ne Wrinkles or lines. 

[0082] As can be seen in the example in FIG. 5C, When 
embodiments of the present invention are used, When in the 
smile pose, Wrinkles tend to disappear from the lip 740. 

[0083] In the example in FIG. 5D, With embodiments of 
the present invention, When the character face is placed in 
other poses, Wrinkles 750 may appear that Were not shoWn 
in base pose 700. 

[0084] What is generally disclosed in the present applica 
tion are methods, apparatus, computer program products, 
and the like that can associate dynamic textures onto a 
surface, Without deforming or otherWise animating geom 
etry, through pose-based association. Many changes or 
modi?cations are readily envisioned. In light of the above 
disclosure, one of ordinary skill in the art Would recogniZe 
that the above embodiments are useful for specifying and 
rendering microscale three-dimensional geometry such as 
cracked, Wrinkled, rusty, patterned, embossed, or the like 
materials such as skin, cloth, paint, scales, hide, and the like. 
As an example, the above embodiments may be applied to 
the seam of clothes. In one pose of the cloth, there is no 
binding or Wrinkling at the seam, hoWever in other poses of 
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the cloth, Wrinkles should appear adjacent to the seam, as the 
material stretches around the seam, but Wrinkles may not 
appear on the seam. 

[0085] In embodiments of the present invention, the gen 
eration of texture maps for Wrinkles and creases can be 
implemented into a rendering process pipeline, such as 
provided by Pixar’s Renderman® product. In the prior art, 
users such as animator Would not render ?ne Wrinkles and 
creases because of the high computational requirements. 
Alternatively, in the prior art, animators Would render ?ne 
Wrinkles and creases With a single texture map, hoWever 
With unnatural results, as illustrated in FIG. 5B, above. 
Accordingly, the inventors believe that the embodiments of 
the present invention noW provide a usable system in Which 
objects are rendered With ?ne Wrinkles in a realistic manner. 
Accordingly, the inventors believe that frames of animation 
including objects having such ?ne Wrinkles Will be notice 
ably more realistic that Was previously performed for ani 
mated features. 

[0086] It should be understood that “rendering” may refer 
to a high quality process of converting an image from a 
mathematical description of a scene using a program such as 
RenderMan®. Additionally, “rendering” may refer to any 
graphical visualiZation of the mathematical description of 
the object, or any conversion of geometry to pixels, for 
example “rendering” With a loWer quality rendering engine, 
or the like. Examples of loW-quality rendering engines 
include GL and GPU hardWare and softWare renderers, and 
the like. Additionally, the rendering may be performed for 
any purpose, such as for visualiZation purposes, for ?lm 
production purposes, for gaming purposes, and the like. 

[0087] Further embodiments can be envisioned to one of 
ordinary skill in the art after reading this disclosure. In other 
embodiments, combinations or sub-combinations of the 
above disclosed invention can be advantageously made. The 
block diagrams of the architecture and How charts are 
grouped for ease of understanding. HoWever it should be 
understood that combinations of blocks, additions of neW 
blocks, re-arrangement of blocks, and the like are contem 
plated in alternative embodiments of the present invention. 

[0088] The speci?cation and draWings are, accordingly, to 
be regarded in an illustrative rather than a restrictive sense. 
It Will, hoWever, be evident that various modi?cations and 
changes may be made thereunto Without departing from the 
broader spirit and scope of the invention as set forth in the 
claims. 

1-15. (canceled) 
16. A rendering apparatus comprises: 

a memory con?gured to store a ?rst plurality of compo 
nent poses for a three-dimensional object, Wherein the 
memory is also con?gured to store a ?rst plurality of 
component tWo-dimensional images associated With 
the ?rst plurality of component poses; and 

a processor coupled to the memory, Wherein the processor 
is con?gured to receive a speci?cation of a desired pose 
for the three-dimensional object, Wherein the processor 
is con?gured to determine a Weighted combination of a 
second plurality of component poses from the ?rst 
plurality of component poses to approximately form the 
desired pose, Wherein the processor is con?gured to 
form a desired tWo-dimensional image from a Weighted 
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combination of a second plurality of tWo-dimensional 
images from the ?rst plurality of tWo-dimensional 
images, Wherein the second plurality of tWo-dimen 
sional images are associated With the second plurality 
of component poses. 

17. The rendering apparatus of claim 16 

Wherein the Weighted combination of the second plurality 
of component poses comprises a ?rst coef?cient asso 
ciated With a ?rst component pose, and a second 
coef?cient associated With a second component pose; 
and 

Wherein the Weighted combination of the second plurality 
of tWo-dimensional images comprises the ?rst coef? 
cient associated With a ?rst tWo-dimensional image, 
and the second coef?cient associated With the second 
tWo-dimensional image. 

18. The rendering apparatus of claim 16 Wherein each of 
the second plurality of tWo-dimensional images comprises 
data selected from the group: texture map, displacement 
map. 

19. The rendering apparatus of claim 16 

Wherein the processor is also con?gured to initiate a 
rendering pipeline process to determine a plurality of 
shading values of surfaces of the three-dimensional 
object in the desired pose in response to the desired 
tWo-dimensional image; and 

Wherein the processor is con?gured to create an output 
image in response to the plurality of shading values of 
the surfaces of the three-dimensional object. 

20. The rendering apparatus of claim 19 Wherein the 
processor is con?gured to determine the Weighted combi 
nation of the second plurality of component poses from the 
?rst plurality of component poses to approximately form the 
desired pose Within the rendering pipeline process. 

21. The rendering apparatus of claim 16 Wherein the ?rst 
plurality of component poses comprise from 6 to 10 poses. 

22. The rendering apparatus of claim 16 Wherein the ?rst 
plurality of tWo-dimensional images comprises more than 2 
tWo-dimensional images. 

23. The rendering apparatus of claim 16 Wherein the 
memory comprises random-access memory. 

24. A computer system comprises: 

a memory con?gured to store a geometric representation 
of an object, a speci?cation of a ?rst pose for the object, 
and a ?rst texture map associated With the object in the 
?rst pose; and 

a processor coupled to the memory, Wherein the processor 
is con?gured to form a ?rst image including a rendering 
of at least a portion of the object in the ?rst pose, in 
response to the geometric representation of the object, 
the speci?cation of the ?rst pose, and the ?rst texture 
map; 

Wherein the ?rst texture map associated With the object in 
the ?rst pose comprises a Weighted combination of a 
?rst texture map associated With a ?rst base pose for the 
object and a second texture map associated With a 
second base pose for the object, Wherein the Weighted 
combination of the ?rst texture map and the second 
texture map are determined in response to the a ?rst 
Weight and a second Weight; 
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wherein the ?rst Weight and the second Weight are deter 
mined in response to decomposing the ?rst pose for the 
object to a Weighted combination of the ?rst base pose 
for the object and the second base pose for the object, 
Wherein the Weighted combination comprises the ?rst 
Weight associated With the ?rst base pose and the 
second Weight associated With the second base pose; 
and 

Wherein the memory is also con?gured to store the ?rst 
image 

25. The computer system of claim 24 

Wherein the memory is also con?gured to store a speci 
?cation of a second pose for the object, and a second 
texture map associated With the object in the second 
pose; 

Wherein the processor is also con?gured to form a second 
image including a rendering of at least another portion 
of the object in the second pose, in response to the 
geometric representation of the object, the speci?cation 
of the second pose, and the second texture map; 

Wherein the second texture map associated With the object 
in the second pose comprises a Weighted combination 
of a third texture map associated With a third base pose 
for the object and a fourth texture map associated With 
a fourth base pose for the object, Wherein the Weighted 
combination of the third texture map and the fourth 
texture map are determined in response to the a third 
Weight and a fourth Weight; 

Wherein the third Weight and the fourth Weight are deter 
mined in response to decomposing the second pose for 
the object to a Weighted combination of the third base 
pose for the object and the fourth base pose for the 
object, Wherein the Weighted combination comprises 
the third Weight associated With the third base pose and 
the fourth Weight associated With the fourth base pose; 
and 

Wherein the memory is also con?gured to store the second 
image. 

26. The computer system of claim 25 Wherein the ?rst 
texture map associated With the object in the ?rst pose 
include representations of microscale geometry not repre 
sented in the second texture map associated With the object 
in the second pose. 

27. The computer system of claim 25 

Wherein the second texture map comprises a Weighted 
combination of the third texture map associated With 
the third base pose for the object, the fourth texture map 
associated With the fourth base pose for the object, and 
the ?rst texture map associated With the ?rst base pose 
for the object, Wherein the Weighted combination of the 
third texture map, the fourth texture map, and the ?rst 
texture map are determined in response to the third 
Weight, a fourth Weight, and a ?fth Weight; and 

Wherein the third Weight, the fourth Weight, and ?fth 
Weight are determined in response to decomposing the 
second pose for the object to a Weighted combination of 
the third base pose for the object, the fourth base pose 
for the object, and the ?rst base pose for the object, 
Wherein the Weighted combination comprises the third 
Weight associated With the third base pose, the fourth 
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Weight associated With the fourth base pose, and the 
?fth Weight associated With the ?rst base pose. 

28. The computer system of claim 24 

Wherein the processor is also con?gured to store a repre 
sentation of the ?rst image on a removable media; 

Wherein the removable media is selected from a group 
consisting of: ?lm stock, DVD, magnetic media, print 
media, optical storage media. 

29. The computer system of claim 24 further comprising 

Wherein the Weighted combination of the ?rst texture map 
and the second texture map comprises the ?rst texture 
map Weighted by the ?rst Weight and the second texture 
map Weighted by the second Weight, and 

Wherein the Weighted combination of the ?rst base pose 
and the second base pose comprises the ?rst base pose 
Weighted by the ?rst Weight and the second base pose 
Weighted by the second Weight. 

30. A computer system comprises: 

a memory con?gured to store a ?rst texture map and an 
associated ?rst base pose for an object, a second texture 
map and an associated second base pose for the object, 
a speci?cation of a ?rst desired pose for the object, and 
a speci?cation of the object; and 

a processor coupled to the memory; 

Wherein the memory also comprises: 

code that directs the processor to decompose the ?rst 
desired pose for the object into a Weighted combi 
nation of the ?rst base pose and the second base 
pose, Wherein the Weighted combination comprises a 
?rst Weight for the ?rst base pose and a second 
Weight for the second base pose; and 

code that directs the processor to determine the texture 
map associated With the object in the ?rst desired 
pose in response to a Weighted combination of the 
?rst texture map and the second texture map, 
Wherein the Weighted combination of the ?rst texture 
map and the second texture map are determined in 
response to the ?rst Weight and the second Weight. 

31. The computer system of claim 30 

Wherein the memory is also con?gured to store the texture 
map associated With the ?rst desired pose for the object. 

32. The computer system of claim 31 

Wherein the memory is also con?gured to store code that 
directs the processor to render an image including the 
object in the ?rst desired pose in response to the texture 
map associated With the object in the ?rst desired pose. 

33. The computer system of claim 30 

Wherein the memory is also con?gured to store a third 
texture map and an associated third base pose for an 
object, and a speci?cation of a second desired pose for 
the object; and 

Wherein the memory also comprises: 

code that directs the processor to decompose the second 
pose for the object into a Weighted combination of 
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the ?rst base pose and the third base pose, Wherein 
the Weighted combination comprises a third Weight 
for the third base pose and a fourth Weight for the 
?rst base pose; and 

code that directs the processor to determine the texture 
map associated With the object in the second desired 
pose in response to a Weighted combination of the 
?rst texture map and the third teXture map, Wherein 
the Weighted combination of the ?rst teXture map 
and the third teXture map are determined in response 
to the third Weight and the fourth Weight. 
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34. The computer system of claim 33 

Wherein the memory is also con?gured to store code that 
directs the processor to render an image at least a 
portion of the object in the second desired pose in 
response to the teXture map associated With the object 
in the second desired pose. 

35. The computer system of claim 34 Wherein the teXture 
map associated With the object in the ?rst desired pose 
includes representations of geometry not represented in the 
teXture map associated With the object in the second desired 
pose. 


