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(57) ABSTRACT 

An apparatus for animating a moving and speaking 
enhanced-believability, character in real time, comprising a 
plurality of behavior generators, each for de?ning a respec 
tive aspect of facial behavior, a unifying scripter, associated 
With the behavior generators, the scripter operable to combine 
the behaviors into a uni?ed animation script, and a renderer, 
associated With the unifying scripter, the renderer operable to 
render the character in accordance With the script, thereby to 
enhance believability of the character. 

. 10 

Inputs: Real time, de?ned, and -/ 
default 

. /30 20 
Y / 

<:> Behavior generation 

Behavior 40 
database 

Active behaviors pool 
with behavior elements 

50 
, _________________________________________ "4.’ 

53 
/ Unifying scripter for 

behaviorlelements 
iv /56 

Drawing for 
current frame 

Displayed animated 
character(s) 



Patent Application Publication Jul. 22, 2010 Sheet 1 0f 7 US 2010/0182325 A1 

. 10 

Inputs: Real time, de?ned, and / 
default 

. /30 - l I 20 
- / 

- <::> Behavior generation 

Behavior I I 40 
database - 

Active behaviors pool 
with behavior elements 

50 
.......................................... g '~ 53 a‘ 

E Unifying scripter for / 4 E 

' behaviorlelements ‘ i i / 56 i 

Drawing for m"——> 
current frame ' 

Displayed animated 
character(s) 

Figure 1 



Patent Application Publication Jul. 22, 2010 Sheet 2 0f 7 US 2010/0182325 A1 

Text Source Audio Source Ul ‘ 10 
30 " 102 104 106 

. 110 

_‘_ Behavior Gfenerators ‘ / 
(Speech, Gaze, Orientation, Blink, Mood, etc.) 

Behavior DB 

v 40 

Active Behavior Pool with behavior elements 

{?eometric} {Qrientationj QAppearance} 

V 

Scene Manager 
(Geometry, Orientation, Appearance) 

3D 
character 132 

V 

Renderer 

2D l character 142 
DispiayN 60 

130 

140 

Figure 2 



Patent Application Publication Jul. 22, 2010 Sheet 3 of 7 US 2010/0182325 A1 

210 
222 / 
\ 

Orientation X Weighto /215 
232 

Geometric X Weights 

24 
240 Appearance X weightA / 

Figure 3 
300 

108 . _ i iextinputw Audlomput 
V 

Text To Speech / 
312 ' 
To Audio Device for 
synchronized playback 

. . _ . _ _ . _ . . _ _ . . . . _ _ . . _ _ . . - - > 

Audio 
320 

Text : Phoneme Recognition / 

30 Phoneme & 

Behavior Map Phonemes To / 
Database Behaviors 

“ Behaviors (phoneme 
350 visual expressions) 

Figure 4 



Patent Application Publication Jul. 22, 2010 Sheet 4 of 7 US 2010/0182325 A1 

400 

410 
Mood Personality 

414 LP 1? / N I, 404 
Select Random oi Gaze direction Primary 

Threshold based on ' 516 to pfimary Point of 
input probabilities Point oflnterest lnlsmst 

6t 

TimeSinceLastMove 
- > ' No eye 

Random Thmshold RandomThreshol movement, 
EXIT 

, / 

Change gaze by ' Threshold gaze 
small amount in change to introduce 
random direction Sac/Cad‘? effect 

435 Add gaze direction to eye 
behavior for eyes to behavior pool 

Figure 5 



Patent Application Publication Jul. 22, 2010 Sheet 5 0f 7 US 2010/0182325 A1 

600 

610 Inherent_ 620 Speech 630 Mood 640 Eye 
Blink Rate behavior ' Movcm?tnl 

615 - i 625 i 635 l l / / / /645 
_ Logic Logic Logic 

P=blll1k mte/ , (e.g. vowel 9 (mg, nervous —) (elg, movement 
frame rate large p) large p) 9 large p) 

627 'S 637 M 

Random number 
(0<R< 1) 

Add Blink behavior to 
Behavior Pool 

Figure 6 



Patent Application Publication Jul. 22, 2010 Sheet 6 0f 7 US 2010/0182325 A1 

W. M w 



Patent Application Publication Jul. 22, 2010 Sheet 7 0f 7 US 2010/0182325 A1 



US 2010/0182325 A1 

APPARATUS AND METHOD FOR EFFICIENT 
ANIMATION OF BELIEVABLE SPEAKING 3D 

CHARACTERS IN REAL TIME 

REFERENCE TO RELATED APPLICATIONS 

[0001] The present invention claims priority from US. Pro 
visional Patent Application No. 60/349,350 ?led Jan. 21, 
2002, the contents of Which are hereby incorporated by ref 
erence. 

FIELD AND BACKGROUND OF THE 
INVENTION 

[0002] The present invention relates to an apparatus and 
method for ef?cient animating of a believable speaking char 
acter, preferably but not exclusively a 3-D character, in sub 
stantially real time. 
[0003] The large volume of electronic textual information 
and other forms of readable communications have begun to 
spaWn methods of delivering messages With more impact and 
believability. Without a doubt, human facial images com 
bined With speech provide a compelling Way of delivering 
messages. Video messages With or Without sound are one 
example of delivering more believable messages. HoWever, 
video messages are typically limited to a given subject chosen 
to be imaged in advance. In many cases, it may not be appro 
priate or desirable to shoWn a speci?c, “real” person to deliver 
a message. Effort has been made in recent years to develop 
animated ?gures that can effectively and ?exibly deliver 
believable messages. HoWever, animating ?gures and images 
of human faces and integrating them With human voices to 
?exibly create believable messages is not a trivial task. Some 
examples of prior art, the contents of Which are hereby incor 
porated by reference, folloW. 
[0004] US. Pat. No. 6,097,381 deals Withvideo images and 
the creation of a database of spoken phonemes associated 
With images. The database can subsequently be used to syn 
thesiZe believable animations of humans speaking. Synthe 
siZing speech or facial movements to match selected speech 
sequences, to simulate animated image of human speaking is 
disclosed. 

[0005] US. Pat. No. 5,657,426 discloses synchronizing 
facial expressions With synthetic speech. Text input is trans 
formed into a string of phonemes and timing data, Which are 
transmitted to an image generation unit. At the same time, a 
string of synthetic speech samples is transmitted to an audio 
server. Synchronization betWeen the image generation unit 
and the audio server produces facial con?gurations Which are 
displayed on a video device, along With the audio speech. 
[0006] US. Pat. No. 6,052,132 discloses a technique for 
providing a computer generated face having coordinated eye 
and head movement by providing a computer generated mov 
able head and at least one computer generated movable eye. 
The movement of the movable head and the movable eye are 
coordinated such that the movement of the movable head 
folloWs the movement of the movable eye. The prior art thus 
addresses some elements of the image-speech interface, hoW 
ever, realism is lacking Wherever real time output is required. 
That is to say the prior art produces realistic images only 
When animation of the character is carried out off line, and the 
subtleties of realism are not possible to provide in real time 
facial-head animation. In much of the prior art, output video 
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images have been concatenated from ?xed input video, leav 
ing a less than desirable effect from a standpoint of believ 
ability. 
[0007] Psychologically speaking, the human eye is very 
attuned to small and subtle nuances in facial and head move 
ment and expression, making believability much harder to 
achieve in facial-head animation than in animation of any 
other part of the body. Consequently, it is impossible to ignore 
subtleties, and numerous variables must be dealt With. The 
need to deal With numerous variables, inherent in creating a 
believable facial image having speech characteristics, has 
been a barrier to providing such facial animation in a real time 
setting. 

SUMMARY OF THE INVENTION 

[0008] The present embodiments provide a novel combina 
tion of the ?elds of 3-D animation, digital puppetry, behav 
ioral character animation, text-to-speech, and real time pho 
neme recognition. 
[0009] In particular, the preferred embodiments provide an 
animated interactive character Which speaks and behaves in a 
natural, Which is to say believable, manner and interacts With 
a user in real time. 

[0010] According to a ?rst aspect of the present invention 
there is thus provided an apparatus for animating a moving 
and speaking enhanced-believability character in real time, 
comprising: 
[0011] a plurality of behavior generators each for de?ning a 
respective aspect of facial behavior; 
[0012] a unifying scripter, associated With said behavior 
generators, said scripter operable to combine said behaviors 
into a uni?ed animation script; and 
[0013] a renderer, associated With said unifying scripter, 
said renderer operable to render said character in accordance 
With said script, thereby to enhance believability of said char 
acter. 

[0014] Preferably, said behavior generator is operable sub 
stantially off line. 
[0015] Preferably, said behavior generator is operable to 
generate said behavior over a de?ned time. 
[0016] Preferably, said behavior is maintainable in an 
active behavior pool in accordance With said de?ned time. 
[0017] Preferably, said behavior comprises a set of behav 
ior elements. 
[0018] Preferably, said behavior elements comprise at least 
one chosen from a list comprising: geometric; orientation; 
and appearance elements. 
[0019] Preferably, said behavior elements are operable 
upon a plurality of polygonal surfaces comprising a visual 
appearance of said character. 
[0020] Preferably, one of said behavior generators is a 
facial speech behavior generator operable to generate facial 
expressions for said character based upon character speech. 
[0021] Preferably, said character speech is at least one cho 
sen from a list comprising a text source and an audio signal. 

[0022] Preferably, said character speech is transformable 
by a phoneme recogniZer, said phoneme recogniZer produc 
ing pairs of respective phonemes and phoneme Weights. 
[0023] Preferably, said phoneme Weights effect a relative 
emphasis of respective phonemes based upon at least one 
phoneme attribute. 
[0024] Preferably, said phoneme attribute is chosen from a 
list comprising: amplitude, pitch, and emphasis. 
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[0025] Preferably, text from said text source is convertible 
into a speech audio signal using a text to speech converter. 
[0026] Preferably, said audio signal is forwarded to an 
audio device for synchronized playback With facial speech 
behavior of said character. 
[0027] Preferably, one of said behavior generators is an eye 
gaZe direction behavior generator operable to determine eye 
gaZe direction on an animation frame-by-frame basis. 

[0028] Preferably, inputs for said eye gaZe direction behav 
ior generator comprise: a primary gaZe default direction, 
probabilities for eye movement, and a maximum time for 
resetting gaZe to said primary default direction. 
[0029] Preferably, said eye gaZe direction behavior genera 
tor further comprises a primary thresholder operable upon 
elapsed time since last gaZe change versus said maximum 
time, indicating a gaZe change to said primary gaZe default 
direction if elapsed time exceeds said maximum time or indi 
cating no gaZe change if said maximum time is not exceeded. 
[0030] Preferably, said eye gaZe direction behavior genera 
tor further comprises a secondary random thresholder oper 
able in association With said primary thresholder, Whereby a 
random threshold is generated based on said probabilities for 
eye movement and Whereby elapsed time since said last gaZe 
change against said random threshold is compared, said sec 
ondary random thresholder thresholding a gaZe change by a 
speci?c amount in a random direction if elapsed time exceeds 
said random threshold or no gaZe change if said random 
threshold is not exceeded. 

[0031] The apparatus may further comprise a saccade accu 
mulator to simulate a gaZe saccade operable in association 
With said amount of gaZe change, said accumulator accumu 
lating said amount of gaZe change With an accumulated gaZe 
change amount. 
[0032] The apparatus may further comprise a saccade 
thresholder operable upon said accumulated gaZe change 
amount to determine an actual eye movement equal to said 
accumulated gaZe change amount and to subsequently reset 
said accumulated gaZe change amount to Zero When a saccade 
threshold value is exceeded, and to determine an actual eye 
movement equal to Zero When said saccade threshold value is 
not exceeded. 

[0033] Preferably, said saccade threshold value is operable 
upon a maximum up-doWn and a maximum left-right actual 
eye movement. 

[0034] Preferably, said maximum up-doWn and said maxi 
mum left-right actual eye movement values are 3 degrees and 
7 degrees, respectively. 
[0035] Preferably, a mood and a personality of said char 
acter are useable to set said probabilities. 

[0036] Preferably, one of said behavior generators is an eye 
blink behavior generator, operable to effect eye blink behav 
ior. 

[0037] Preferably, inputs for eye blink behavior generator 
comprise: an inherent blink rate probability, determinable in 
association With a personality of said character, speech 
behavior, from Which a speech-related blink probability is 
generatable; mood, from Which a mood-related blink prob 
ability is generatable; and eye movement, from Which an eye 
movement related blink probability is generatable. 
[0038] Preferably, said eye blink behavior generator further 
comprises a summer, operable to sum respectively generated 
blink probabilities to yield a summed blink probability larger 
than Zero and smaller than one. 
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[0039] Preferably, said eye blink behavior generator further 
comprises a thresholder, operable in association With said 
summer, to indicate an occurrence of a blink. 

[0040] Preferably, said thresholder comprises: 
[0041] a random number generator Wherein a random num 
ber larger than Zero and smaller than one is generated; 
[0042] a random thresholder for comparing said summed 
blink probability against said random number; a blink being 
indicated if said summed blink probability is larger than said 
random number, and no blink being indicated if said summed 
blink probability is smaller than said random number; and 
[0043] an elapsed time thresholder operable in association 
With said random thresholder indicating a blink status, so that 
elapsed time since a last blink is compared against a blink 
threshold time, said elapsed time thresholder indicating a 
blink if said elapsed time is larger than saidblink threshold, or 
no blink indicated if elapsed time is smaller than said blink 
threshold. 
[0044] Preferably, one of said behavior generators is a 
mood behavior generator comprised of: 
[0045] inputs chosen from a list comprising: direct user 
input, text analysis, and audio analysis; 
[0046] a mood selector for using said inputs in the selection 
of a mood; and 
[0047] a behavior element producer for generation of at 
least one behavior element for de?ning behavior in accor 
dance With said selected mood. 
[0048] Preferably, said direct user input is effectible by 
means of a graphical input device Wherein a plurality of mood 
selectors are arrayed on a circumference of a circular dial With 
an adjustable radial hand, said adjustable radial hand being 
user operable to indicate at least one mood selector and a 
respective relative mood intensity. 
[0049] Preferably, said adjustable radial hand is user point 
able to a desired mood selector. 

[0050] Preferably, said adjustable radial hand is user point 
able betWeen tWo adjacent mood selectors, thereby indicating 
a relative combination of both moods, based on the relative 
positioning of said adjustable radial hand betWeen said tWo 
adjacent moods. 
[0051] Preferably, the length of said adjustable radial hand 
is indicative of said relative mood intensity. 
[0052] Preferably, one of said behavior generators is a head 
orientation behavior generator operable to effect head orien 
tation behavior on an animation frame-by-frame basis. 
[0053] Preferably, said head orientation generator is oper 
able to select from user input and other behavior generator 
output to use in said effecting of head orientation behavior. 
[0054] Preferably, said head orientation is chosen from a 
list comprising head turn, nod, and tilt. 
[0055] Preferably, said unifying scripter is operable to 
order said behaviors according to respective behavior ele 
ments and respective de?ned times, thereby creating said 
uni?ed animation script. 
[0056] Preferably, a behavior Weighter is operable to Weigh 
respective behavior elements using respective Weights, to 
vary respective behavior element in?uence upon said charac 
ter. 

[0057] Preferably, said respective Weight is de?ned as: 
Weight VO+f((T—TO)/D)*(Vl —VO) Where: 
[0058] T:a current time; 
[0059] To:start time, relative to other behavior elements in 
said set of behavior elements; 
[0060] D?ime duration of said behavior element; 
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[0061] Vlqveight value When said function evaluates to l; 
[0062] Voqveight value When the function evaluates to 0; 
and 
[0063] f is a function returning a value ranging from 1 to 0. 
[0064] Preferably, said function is chosen from a list of 
functions comprising: trigonometric, Wedge, and linear. 
[0065] Preferably, said geometric behavior element com 
prises changes of position of a plurality of vertices of said 
polygonal surfaces. 
[0066] Preferably, said orientation behavior element com 
prises changes to said character resulting from transforma 
tions to vertices of said polygonal surfaces. 
[0067] Preferably, said transformations comprise a rigid 
transformation applied to a plurality of vertices of said 
polygonal surfaces of at least one part of said character. 
[0068] Preferably, said transformations comprise tapered 
transformations operable upon a plurality of points of said 
character in accordance With respective stickiness factors. 
[0069] Preferably, respective stickiness factors are de?ned 
as: sv:l—kv Where: 
[0070] sv is said stickiness factor for a rotation of a given 
vertex Within a body of vertices; and 
[0071] kv is an angular coef?cient for saidvertex, kv, further 
being de?ned in: GMIkVa Where: 
[0072] a is a rotation of said body of vertices; and 
[0073] GM is a resultant rotation at said vertex. 
[0074] The apparatus may further comprise a graphics 
library rotation mechanism to effect a sticky rotation, resem 
bling a standard rigid rotation, said mechanism comprising: 
[0075] a sorter for sorting said vertices according to respec 
tive sv values; 
[0076] a rotation de?ner for de?ning a local rotation, based 
upon said rotation angle a around an axis W, using library 
commands; 
[0077] a rotation matrix computer, in association With said 
sorter and said rotation de?ner, operable to compute a rigid 
rotation matrix With angle —sva for said vertices When sv is not 
equal to Zero. 
[0078] a vertex multiplier, in association With said thresh 
older, for multiplying respective vertices With a non-Zero sv, 
value by said rigid rotation matrix, thereby yielding a nega 
tive rotation over said angle a. 
[0079] Preferably, said appearance behavior element com 
prises at least one appearance aspect chosen from a list com 
prised of: color; texture; and lighting. 
[0080] Preferably, a material is associated With a respective 
appearance aspect. 
[0081] According to a second aspect of the present inven 
tion there is provided a method for animating a moving and 
speaking enhanced-believability character in real time, com 
prising the steps of: 
[0082] de?ning respective aspects of facial behavior in 
order to generate respective facial behaviors; 
[0083] unifying said behaviors into a uni?ed animation 
script; and 
[0084] rendering said character in accordance With said 
script, thereby to enhance believability of said character. 
[0085] Preferably, said generation of respective behaviors 
is performed substantially off line. 
[0086] Preferably, said generation of respective behaviors 
is for a respective de?ned time. 
[0087] Preferably, said generation of respective behaviors 
includes generation of facial speech behavior, Whereby facial 
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expressions for said character are generated, based upon char 
acter speech, comprising the steps of: 
[0088] using a text source or audio signal as said character 
speech; and 
[0089] transforming said character speech into phonemes. 
[0090] Preferably, text from said text source is converted 
into a speech audio signal. 

[0091] Preferably, said audio signal is forWarded for syn 
chroniZed playback With said facial speech behavior. 
[0092] Preferably, said generation of respective behaviors 
includes generation of eye gaZe direction behavior to deter 
mine eye gaZe direction on an animation frame-by-frame 
basis, comprises the steps of: 
[0093] thresholding elapsed time since last gaZe change 
versus an inputted maximum time; 

[0094] indicating a gaZe change to an inputted primary gaZe 
default direction if elapsed time exceeds said maximum time; 
or, if no gaZe change is indicated: 

[0095] thresholding elapsed time since last gaZe change 
versus a randomly generated threshold value, based upon 
probabilities for eye movement; 
[0096] indicating no gaZe change if said maximum time is 
not exceeded; and 
[0097] indicating a gaZe change by a small amount in a 
random direction if said maximum time is exceeded. 

[00%] 
[0099] summing said gaZe change amount to an accumu 
lated gaZe change value; 
[0100] thresholding said accumulated gaZe change thereby 
simulating a gaZe saccade effect, so that an actual gaZe change 
is set equal to said accumulated gaZe change and said accu 
mulated gaZe change is subsequently set to Zero if said accu 
mulated gaZe change exceeds a saccade threshold value; and 

[0101] setting an actual gaZe change to Zero if said accu 
mulated gaZe change does not exceed said saccade threshold 
value. 

[0102] Preferably, said saccade threshold is de?nable for an 
up-doWn and a left-right direction gaZe change. 
[0103] Preferably, a mood and a personality of said char 
acter are used to set said probabilities. 

[0104] Preferably, said generation of respective behaviors 
includes generation of eye blink behavior comprising the 
steps of: 

[0105] 
[0106] summing said blink probabilities to yield a value 
betWeen Zero and one; 

[0107] thresholding said summed blink probability against 
a randomly generated number betWeen Zero and one; 

[0108] indicating a blink if said summed blink probability 
is larger than said number; or, if no blink is indicated; 
[0109] thresholding an elapsed time since last blink against 
a blink threshold time; 

[0110] indicating a blink if said elapsed time is larger than 
said blink threshold time. 

[0111] Preferably, said generation of respective behaviors 
includes generation of mood behavior comprising using 
inputs to select said a mood and said mood intensity. 

[0112] Preferably, said generation of respective behaviors 
includes generation of head orientation behavior on an ani 

The method may further comprise the steps of: 

generating a plurality of blink probabilities; 
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mation frame-by-frame basis, comprising selecting from user 
input and other behavior generation to effect head orientation 
behavior. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0113] For a better understanding of the invention and to 
shoW hoW the same may be carried into effect, reference Will 
noW be made, purely by Way of example, to the accompany 
ing draWings. 
[0114] With speci?c reference noW to the draWings in 
detail, it is stressed that the particulars shoWn are by Way of 
example and for purposes of illustrative discussion of the 
preferred embodiments of the present invention only, and are 
presented in the cause of providing What is believed to be the 
most useful and readily understood description of the prin 
ciples and conceptual aspects of the invention. In this regard, 
no attempt is made to shoW structural details of the invention 
in more detail than is necessary for a fundamental under 
standing of the invention, the description taken With the draW 
ings making apparent to those skilled in the art hoW the 
several forms of the invention may be embodied in practice. 
In the accompanying draWings: 
[0115] FIG. 1 is a simpli?ed block diagram indicating the 
salient elements of a character animation system, in accor 
dance With a ?rst preferred embodiment of the present inven 
tion; 
[0116] FIG. 2 is a simpli?ed block diagram outlining the 
general components of a character animation system, as 
shoWn in FIG. 1; 
[0117] FIG. 3 is a simpli?ed block diagram illustrating 
behaviors and their relationship to a character; 
[0118] FIG. 4 is a simpli?ed ?owchart of a speech genera 
tion process in accordance With a second preferred embodi 
ment of the present invention; 
[0119] FIG. 5 is a simpli?ed ?owchart of a gaZe generation 
process, in accordance With a third preferred embodiment of 
the present invention; 
[0120] FIG. 6 is a simpli?ed ?oWchart of blink generation 
process, in accordance With a fourth preferred embodiment of 
the present invention; 
[0121] FIG. 7 is a simpli?ed block diagram indicating hoW 
a mood generator is affected and hoW it affects other behav 
iors, in accordance With a ?fth preferred embodiment of the 
present invention; 
[0122] FIG. 8 is a simpli?ed screen vieW shoWing a mood 
Wheel and a sample character, in accordance With embodi 
ments of the present invention; and 
[0123] FIG. 9 is a simpli?ed diagram shoWing a vertex 
rotation, in accordance With a sixth preferred embodiment of 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0124] The present embodiments of the system display an 
animated character, designed to speak and behave in a sub 
stantially natural manner. A system maintains a model of the 
character, Which is rendered to a display every draWing cycle, 
i.e. every frame. The current state of the model, including 
geometry, orientation, and appearance are determined by 
events Which are either internal to the system or are input from 
external sources. 
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[0125] The embodiments provide an array in Which the 
subtleties of believable face, head, eye, and mouth move 
ments are generated separately and subsequently combined, 
using Weightings. 
[0126] Before explaining the embodiments of the invention 
in detail, it is to be understood that the invention is not limited 
in its application to the details of construction and the 
arrangement of the components set forth in the folloWing 
description or illustrated in the draWings. The invention is 
applicable to other embodiments or of being practiced or 
carried out in various Ways. Also, it is to be understood that 
the phraseology and terminology employed herein is for the 
purpose of description and should not be regarded as limiting. 
[0127] The present embodiments preferably utiliZe charac 
ters developed With relatively loW complexity, hence the abil 
ity to animate them in real time. Using various techniques 
from the computeriZed game industry, the characters have a 
rich appearance, on par With characters in typical animated 
feature ?lms. The developed characters are enhanced With 
behavior and personality mechanisms, as Will be described in 
detail beloW, giving them believable life-like characteristics. 
[0128] In animating a character With synchronized speech 
playback, sounds included in the speech are used amongst 
other possibilities to determine visible face-head movements. 
The speech sounds used may be selected to be non-language 
dependent so that a preferred embodiment is inherently multi 
lingual, and animation may be generated for a variety of 
languages. As an alternative to speech playback, the system 
may generate speech from text using synthetic speech tech 
nology, also knoWn as Text to Speech (TTS). When using ITS, 
a combination of behavioral animation, speech technology, 
and text processing may be used to turn plain text and emoti 
cons :-) into believable character animation, as Will be 
explained in greater detail beloW. 
[0129] In addition to real-time interaction, preferred 
embodiments may be used to generate animated messages to 
be sent to Internet users through e-mail, to mobile users via 
cellular netWorks, and through Instant Messaging programs. 
The ability for users to directly manipulate a character’s 
movements, speech, and expressions creates an experience 
Which is equally entertaining for the sender and receiver. 
[0130] Reference is noW made to FIG. 1 Which is a simpli 
?ed block diagram outlining the salient elements of a char 
acter animation system, in accordance With a ?rst preferred 
embodiment of the present invention. The system accepts 
inputs 10, Which may be in the form of real time (dynamic), 
de?ned (static), or default inputs. Behavior generation 20 
uses inputs 10 and stored behavior generators from a behavior 
database 30 to generate character behaviors. Generated 
behaviors, composed of behavior elements, are passed onto 
an active behaviors pool 40, Where generated behavior and 
respective behavior elements are available for dynamic inte 
gration into the character. Behavior elements are described in 
more detail beloW. Character animation 50 is performed in 
real time, on a frame-by-frame basis, using behaviors devel 
oped in an asynchronous, non real-time mode, available in the 
active behaviors pool 40. Character animation 50 comprises a 
unifying scripter for behavior elements 53, Wherein behavior 
elements of the different behaviors are uni?ed in a sequential 
manner to give a sequential script Which can then be used to 
generate the frame-by-frame presentation of the character. 
Character animation 50 also comprises draWing for the cur 
rent frame 56, Wherein the script for the current frame is 
transformed into a draWn character and, if applicable, back 
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ground. The sequence of frame-by-frame scripting in the 
unifying scripter for behavior elements 53 and drawing for 
current frame 56 recurses until all of the animation frames are 
processed. The output of character animation 50 is displayed 
animated character(s) 60, as vieWed by the user. Note that the 
current embodiment alloWs for more than one animated char 
acter to be displayed. 
[0131] It shouldbe reemphasiZed that although some inputs 
10 may be in real time, behavior generation 20 and mainte 
nance of behaviors in the active pool 40 are typically not 
performed in real time. As opposed to this, character anima 
tion 50 and its constituent steps, as Well as displayed animated 
character(s) 60 are essentially performed in real time. As 
previously noted, behavior generation 20 is comprised of a 
number of behavior generators, to be further described. Addi 
tional elements and details of the character animation system 
are discussed beloW. 
[0132] Reference is noW made to FIG. 2 Which is a simpli 
?ed block diagram further outlining components of a charac 
ter animation system, as previously shoWn in FIG. 1. The 
system accepts inputs 10, Which, in addition to the forms 
previously noted in FIG. 1, are divided into three types: text 
102, audio 104, and user interface inputs 106 (controls from 
the user). The behavior database 30 may provide previously 
developed behavior generators 110 to act upon the input, as 
Will be explained in more detail beloW, to produce behaviors 
for the character. Behavior generators 110, such as some of 
the generators noted in the present ?gure, generate behaviors 
Which are stored in the active behavior pool 40. The generated 
behaviors remain in the pool as long as they are still required 
for scripting. As previously noted in FIG. 1, behaviors are 
comprised of behavior elements, Which are indicated in the 
present ?gure as geometric, orientation, and appearance in 
the active behavior pool 40. More details about these three 
behavior elements are discussed beloW. Every draWing cycle 
(ie every animation frame) a scene manager 130, Which takes 
behaviors from the active behavior pool 40, acts to order 
respective behavior elements coinciding With the current 
frame, and a 3D character 132 is developed. Note that the 
unifying scripter 53 previously noted in FIG. 1 is a part of the 
scene manager 130 in the present ?gure. A renderer 140 takes 
the 3D character 132 and, on a frame-by-frame basis, trans 
forms it into a draWn 2D character 142, Which is shoWn on the 
display 60. 
[0133] Text 102 input may be any text source, either key 
boarded directly by the user or obtained from a ?le stored 
locally or from a remote source. Audio 104 input containing 
speech may be either from a live audio source (eg using a 
microphone) or from a pre-recorded audio ?le (eg an MP3 
?le), or from an audio stream from a source over the lntemet. 
Text 102 and audio 104 inputs are processed in behavior 
generators 110 (speci?cally, in a speech behavior generator 
further described beloW) to modify and synchroniZe character 
facial and mouth animation With character speech (i.e. audio). 
The user may control various aspects of character animation 
(such as gaZe, mood, and orientation) via the user interface 
106, as explained further beloW. 

Behavior Elements 

[0134] A behavior comprises a series of visual changes of 
the character over time. Examples of behavior are shoWn in 
behavior generators 110. Visually appearing changes in every 
behavior may include the character’s geometry (vertex posi 
tions of character polygons comprising the surface appear 
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ance of a character4described beloW), the character’s orien 
tation, or its appearance (color or texture). These speci?c 
changes are called behavior elements. Three behavior ele 
ments: geometric, orientation, and appearance are indicated 
in the active behavior pool 40 in the present ?gure. 
[0135] One example of a behavior generator is a speech 
making animation generator. The speaking animation genera 
tor analyZes an audio signal for each spoken phoneme and 
produces an appropriate behavior, for example a facial 
expression or mouth movement corresponding to a respective 
phoneme. Speech behavior is composed of the three above 
mentioned behavior elements (geometry, orientation, and 
appearance) varying over time. 
[0136] As previously noted, behavior generators 110 typi 
cally do not operate in real -time. HoWever, the scene manager 
130 and subsequent renderer 140 provide for real time char 
acter generation, in 3D and in displayable 2D form, respec 
tively. Behaviors are maintained in the active behavior pool 
40 as long as behaviors are active, meaning as long as they 
have a bearing on animation of frames by the scene manager 
130 and renderer 140. An example of this is blink behavior, in 
Which an individual blink remains active for a preset duration 
only. 
[0137] Reference is noW made to FIG. 3, Which is a simpli 
?ed block diagram illustrating behavior elements and their 
relationship to a character. A behavior 210 is de?ned as a 
series of timed changes on the character 215. (Note that more 
than one behavior 210 typically operates on the character.) 
Each behavior 210 is further comprised of a number of behav 
ior elements, represented in the current ?gure by orientation 
220, as geometric 230, and appearance 240 behavior ele 
ments, each ofWhich is further described beloW. Although the 
folloWing discussion is limited to the practical application of 
three behavior elements, there essentially is no limit to the 
number of behavior elements. 
[0138] Each behavior element has a corresponding Weight, 
calculated by a Weight function. The corresponding Weights 
are respectively designated WeightO 222, WeightG 232, and 
WeightA 242. The Weight function describes a change over 
time of a speci?c Weight affecting each behavior element in 
the given behavior, as described further beloW. The time noted 
above may also be interpreted as a duration of a given behav 
ior element, Which is to say the amount of time that the 
behavior element is intended to be valid. 
[0139] The orientation 220 behavior element changes the 
orientation of the character 215 by applying a transformation 
to its vertices. The term “vertex” as used herein means the 
corners de?ning the polygons used in standard 3D animation 
techniques to make up a visual appearance of the character. A 
character’s polygonal meshes and textures are preferably cre 
ated Within standard third party applications such as Maya, 
Softimage, 3D Studio Max, or Mirai. Vertex transformations 
may be a rigid transformation applied to all vertices of a part 
of the character 215 (e. g. rotate the eyes), or a tapered trans 
formation Where the transformation affects each point 
according to a speci?ed “stickiness factor”, meaning a factor 
Which enables transformation of vertices in a non-uniform 
manner. (Details about stickiness factor are discussed further 
beloW.) An example of a tapered transformation may be the 
rotation of the head around the neckithe points on the top of 
the head move freely Whereas the points along the neck move 
less the closer they are to the stationary shoulders. 
[0140] The geometric 230 behavior element changes (i.e. 
morphs) the position of all or part of the vertices of character 
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215. Changes such as these are performed through the process 
of morphing, i.e. interpolation betWeen a base position and a 
target position over time. An example may be changing a 
mouth position from a neutral position to a smile. 
[0141] The appearance 240 behavior element changes 
aspects affecting the visual appearance of the faces of a poly 
gon of character 215. Visual appearances may include color, 
texture, lighting, etc.A speci?c example may be changing eye 
color from blue to green. 

Weight Function 

[0142] As de?ned above, a behavior 210 effects changes of 
a character 215 over time. A Weight computation for each 
behavior element in a given behavior 210 is performed every 
draWing cycle (ie every frame), returning a Weight Which 
factors the speci?c behavior element in the scene manager 
130 (as noted in FIG. 1), directly effecting the character 120. 
In this Way, a given behavior, Which may yield a change over 
a number of frames, is expressed as its constituent behavior 
elements Which are respectively Weighted to enable naturally 
appearing changes over a number of frames. 
[0143] Given a time T between T0 and TO+D, the Weight 
computation is performed as folloWs 

[0144] Where the folloWing terms are de?ned: 
[0145] To:start time, relative timing to the other behavior 
elements in the behavior; (behavior elements may be serially 
enabled one after another, With or Without overlaps) 
[0146] D:duration of the behavior element, meaning the 
time during Which a behavior element acts. 
[0147] fIfunction de?ning Weight changes over time; (this 
may be any function returning a value betWeen 0 and 1, such 
as cosine betWeen 0 and 90 degrees, sine betWeen 0 and 90 
degrees, Wedge, linear, constant, etc.) and is a function of the 
proportional part of the time duration of the behavior element. 
[0148] Voqveight value When the function evaluates to 0; 
[0149] Vlqveight value When the function evaluates to 1. 

Behavior Generators 

[0150] As noted previously in FIG. 2, behaviors are gener 
ated by a set of behavior generators. Behavior generators 
generate behaviors for one or more characters based on vari 

ous events, Which may be either external events, such as 
system inputs, or internal events, such as those derived from 
one or more behavior generators. 

[0151] Possible behavior generators preferably include: a 
speaking animation generator, responsible for visual appear 
ance of a talking character; a gaze generator, responsible for 
a direction in Which the character is looking; a blink genera 
tor, responsible for blinking behavior; a head orientation gen 
erator, responsible for a current position of the character head 
and head movement; and a mood generator, responsible for 
the character’s mood, such as happy, mad or sad. Each of the 
respective behavior generators is further described beloW. 

Speaking Animation Generator 

[0152] Reference is noW made to FIG. 4 Which is a simpli 
?ed ?owchart of a speaking animation generation process in 
accordance With a second embodiment of the present inven 
tion. A speaking animation generation process 300 comprises 
generating a character’s talking visual appearance, synchro 
nized With audio played on an audio device. The speaking 
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animation generation process 300 may have one or tWo 
inputs: a text input 304, and an audio input 308. Both of these 
inputs are fed to a phoneme recognition 320. In the case of a 
text input 304, text is either inputted to a text-to-speech gen 
eration 310 or the text is fed directly to phoneme recognition 
320 When text is inputted to a text-to-speech generation 310, 
the output is then audio Which is fed to phoneme recognition 
320. Note that the audio signal is also fed to an audio device 
for playback 312, synchronized With speech animation. Pho 
neme recognition 320 transforms character speech, as input in 
either audio or textual form, into one or more appearance 
behaviors. The output from phoneme recognition 320 is a set 
of phonemes With associated Weights, and these are fed to a 
map phonemes to behaviors module 330, Where the Weighted 
phonemes are mapped to corresponding behaviors. It is noted 
that the mapping is not necessarily one-to-one. For example a 
phoneme based on “m” is preferably mapped to the same 
pursing of the lips behavior as a “b” based phoneme. Weights, 
noted above, re?ect a relative emphasis of each phoneme and 
Weights are discussed in more detail beloW. Mapping is per 
formed to active behaviors as Well as to behaviors from the 
behavior database 30. Output in the form of behaviors, yield 
ing (in this case) visual appearance of the character synchro 
nized With audio playback, are placed in the active behaviors 
pool 350. 
[0153] As can be seen in the present ?gure, the core of the 
speech generation process 300 is phoneme recognition 320.A 
commercially available module for use in phoneme recogni 
tion 320 is InstantSync by AST. Phoneme recognition 320 
includes analysis of audio input 308 containing speech and 
produces a list of phonemes (sounds Which make up the 
spoken language) present in a speech segment, in addition to 
relative timing of phonemes and other relevant attributes, 
such as amplitude and pitch. In parallel, a list of Weights is 
generated, With one respective Weight per phoneme, re?ect 
ing the relative emphasis of each phoneme, taking into 
account other relevant attributes noted above. 
[0154] In the case of text input 304, text may be converted 
into an audio signal using a text to speech engine (e.g. 
Microsoft SAPI or Lucent text to speech). As previously 
noted, the audio input 308 (in this case, possibly comprised of 
converted text in the form of speech) is then analyzed by 
phoneme recognition 320. 
[0155] Output from map phonemes to behaviors 330 is one 
or more behaviors comprising visual expressions 350 corre 
sponding to a current phoneme. For example, the ‘00’ pho 
neme Would be mapped to a behavior Which Would include a 
facial expression With a puckered hp formation. 
[0156] Roughly forty different sound phonemes make up 
the English language and less than sixty phonemes are sul? 
cient to cover all spoken languages throughout the World. 
HoWever, for the purpose of speech animation, not all pho 
nemes need to be recognized. Only a subset of the phonemes, 
those With distinct facial expressions also knoWn as visemes, 
need to be recognized, thus reducing the burden for phoneme 
recognition 320. The number of visemes used and the exact 
mapping of phonemes to visemes depends on the quality of 
animation desired and is left to the discretion and control of 
the animator. 

[0157] For the system to process live audio, such as in the 
case of a user speaking to a microphone, phoneme recogni 
tion preferably includes an ability to process audio in real 
time, as it is sampled, With minimal latency. When processing 
pre-recorded audio ?les, it is possible to improve the quality 
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of the phoneme recognition by looking ahead and processing 
larger chunks of data in each cycle. 
[0158] Since draWing a character is performed at a ?xed 
frame rate, Which is not necessarily correlated to the length of 
audio events, more than one phoneme event could be detected 
by phoneme recognition 320 betWeen every tWo frames. 
Therefore, a decision must be made regarding Which pho 
neme to present at every frame. Filtering phonemes generated 
by phoneme recognition 320, meaning screening less domi 
nant or less signi?cant phonemes and retaining others, is a 
preferred Way to decide Which phonemes are presented at 
every frame. Filtering phonemes at every frame is based on 
the dominance of a phoneme, that is, based on its relative 
duration. HoWever, some phonemes are more important per 
ceptually than others and thus they are not ?ltered. These 
phonemes include the labial consonants (/m/, /b/, and /p/), 
Which result from the lips closing, and phonemes requiring 
narroW, rounded lip positions (/U/, /W/, /o/, and /O/). It is 
perceptually important to vieWers that a correct lip position is 
displayed When these types of phonemes are encountered. 

GaZe Generator 

[0159] A particularly preferred embodiment of the present 
invention controls several properties related to the eyes. 
These properties include gaZe direction (Where the eyes are 
looking), blinking, and pupil dilation. The role of a gaZe 
generator, described beloW, is to determine and control the 
gaZe direction of the character at every instance. 
[0160] Gaze direction in humans is mostly voluntary With 
some involuntary re?exes. The involuntary aspect of gaZing is 
based on What is called the Vestibule Ocular Re?ex (V OR). 
This is the muscular re?ex that keeps our eyes ?xed on a point 
in space While the body is in motion. Try the folloWing: hold 
a ?nger straight in front of your face and rotate your head left 
to right While staring at your ?nger. Your eyes Will remain 
completely still and focused. NoW, With your head remaining 
?xed, move your ?nger left and right While keeping your gaZe 
?xed on your ?nger. You may not notice it, but as your eyes 
folloW your ?nger, they jump through a series of static, non 
continuous moves. This is called a gaZe saccade, and it is the 
result of the VOR. A gaZe saccade is involuntary and it is 
driven by a variety of physiological factors, most notably a 
level of intoxication. 
[0161] More intriguing, though, are voluntary aspects of 
gaZe direction. There are current research efforts to document 
aspects of gaZe direction and duration in verbal and non 
verbal aspects of conversation and expression. As discussed 
beloW, changing gaZe direction is physiologically linked to 
blinking, and the assertion is made that these events are cor 
related. There are many rules that can be made from obser 
vations, though it should be noted that gaZe direction is vol 
untary and learned and is therefore extremely subjective. 
[0162] In simulating gaZe direction in the present embodi 
ment, the assumption is made that at any given moment there 
is a single preferred point in space at Which the character Will 
look. This is called a primary point of interest. In addition, it 
is assumed that While a character may continue to maintain 
the same primary point of interest for a considerable length of 
time, it Will look aWay from time to time, for a variety of 
reasons, to What is called a tertiary point of interest. Further 
more, While a change in gaZe direction has occurred, the 
primary point of interest has remained the same, and thus the 
eyes Will naturally return to the primary point of interest in 
some amount of time. SWitching betWeen primary and ter 
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tiary points of interest during conversation is What some 
researchers call gaZe cut-off. The location of the primary 
point of interest is determined by external events such as user 
input and the primary point of interest is defaulted to looking 
straight ahead. 
[0163] The timing and patterns involved in gaZe direction 
are elements that can be generaliZed into complex sets of 
rules. Unfortunately, rules vary Widely betWeen population 
segments. An attempt has been made to assemble rules that 
are simple enough not to be observed as incorrect or strange. 
The concept is to imply perceived normal human behavior. 
The folloWing discussion outlines a process used to recreate 
believable eye behavior in real time With audio processing. 

[0164] Reference is noW made to FIG. 5, Which is a simpli 
?ed ?oWchart of a gaZe generation process, in accordance 
With a third preferred embodiment of the present invention. 
FIG. 5 shoWs hoW random eye movement around a primary 
point of interest is determined at every frame, based on a set 
of thresholds and probabilities. A gaZe generation process 
400 is shoWn, beginning With a check of the time since the 
eyes have last been ?xed on the primary point of interest. This 
is indicated as time since last move 402. If the time exceeds a 
high threshold value, then a call is made to consider setting 
the gaZe direction to the primary point of interest 404 (Which 
Was previously set by user inputs.) If the time does not exceed 
the high threshold, then a random movement is considered 
and control proceeds to the next test for gaZe movement, to be 
described beloW. Probabilities for eye movement based on 
mood 410 and personality 412 serve as input to random 
threshold generation 414. A random threshold is generated 
and it is then inputted to a test of the time since the last eye 
movement versus the random threshold 416. If the time 
exceeds the random threshold, then a gaZe change is effected. 
A change in gaZe is generated 420, based on another random 
value to determine Whether the eyes move left, right, up, 
doWn, or back to the primary point of interest. If the time does 
not pass the random threshold, no eye movement is made and 
control is exited 430 for the current frame. GaZe generation 
400 is subsequently evaluated at the next frame. 

[0165] An example of including the probability input for 
personality 412 for random threshold generation 414 is that of 
a nervous character. A nervous character input for personality 
412 Would yield a loWer random threshold, inferring a higher 
frequency of eye movement. 

[0166] In the case of positive change of gaZe, Which in the 
current ?gure is either the output of the change in gaZe 420 
“yes” or the previously noted gaZe direction back to the 
primary point of interest 404, either value of gaZe change is 
added to a previous accumulated gaZe change value. Thresh 
olding of the accumulated gaZe change value is performed to 
simulate gaZe saccade effect 425 (or VOR) and to determine 
an actual eye movement. Actual eye movement is effected 
When the accumulated gaZe change value exceeds the saccade 
threshold, Which is preferably set to 3 degrees up/doWn and 7 
degrees in left/right. If the accumulated gaZe change value 
exceeds the saccade effect threshold, a ?nal calculated gaZe 
direction is set as the accumulated eye movement and the 
accumulated gaZe change value is set to Zero, for the next 
frame. If the accumulated gaZe change value is less than the 
saccade effect threshold, a ?nal calculated gaZe direction is 
set to Zero and the accumulated gaZe change value is retained 
for the next frame. The ?nal calculated gaZe direction is added 
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to the active behavior pool 435 as part of the orientation 
behavior element for eye behavior. 

Blink Generator 

[0167] The role of the blink generator is to yield naturally 
appearing character blinking by adding blink behaviors to the 
active behavior pool at appropriate times. 
[0168] Blinking is an involuntary function that has interest 
ing interactions With other concurrent activities. In humans, 
an average duration of a blink is 250 milliseconds, While an 
average number of blinks per minute is 20. It is interesting to 
note that if this data is assumed to be a constant, it can be said 
that We blink during 8% of our Waking life. HoWever, blinking 
rate is knoWn to vary. Blinking is in?uenced by the need for 
the eyeball to moisten itself. It is for that reason that We tend 
to blink in tandem With eye movement. It has been shoWn that 
eye movement Will trigger a blink event, and that a blink Will 
trigger a move event. In addition, an increased heart rate 
correlates to a faster blink rate. 

[0169] In conversation, We tend to blink upon voWel utter 
ances. In particular, We Will blink on the ?rst voWel in a Word. 
We also tend to blink on speech pauses greater than 150 
milliseconds. These are involuntary responses to voluntary 
actions. 
[0170] Reference is noW made to FIG. 6 Which is a simpli 
?ed ?owchart of blink generation, in accordance With a fourth 
preferred embodiment of the present invention. Blink genera 
tion 600 is implemented as a summed random event generator 
Where the probability for an event is controlled by the current 
state and various character behaviors. An inherent blink rate 
610 is inputted and is transformed 615 into a probability 
P1617. Speech behavior 620 is transformed 625 into a speech 
related blink probability output P5627. The character’s mood 
630 (Which is further discussed beloW) is transformed 635 
into a mood-related blink probability output P M637. In a 
similar fashion, eye movement 620 is transformed 640 to an 
eye movement related blink probability output P E647. 
Respective transformations 615, 625, 635, and 645 are further 
described beloW. All of the previously noted probabilities, 
namely P1617, PS 627, PM637, and PE647 are summed 650 to 
yield a current blink probability (betWeen 0 and 1), Which is 
then thresholded 655. For this purpose, a threshold is gener 
ated 660, yielding a random number With a value betWeen 0 
and l . If the current blink probability is equal to or higher than 
the random number threshold, then a blink is triggered (i.e. 
“yes”). If no blink is triggered, the time since last blink versus 
the current clock 662 is thresholded against a maximum 
permitted elap sed-time since last blink value. If the time since 
last blink exceeds the maximum-permitted elapsed-time 
since last blink value, then a blink is triggered (ie “yes”). 
Output from the respective thresholds 655 and 662, “yes” or 
“no”, is used to decide Whether the blink is to be added to the 
blink behavior in the active behavior pool 665. 
[0171] An animator, responsible for ultimate subjective 
aspects of an animated character, de?nes the inherent blink 
rate 610 of a character as part of the character’s personality. 
For example, a nervous character may be assigned a high 
blink rate, Whereas a relaxed character Would be assigned a 
loWer rate. The blink rate is directly translated into a prob 
ability for a blink every time blink generation 600 is per 
formed. For example, if a blink generation 600 is performed 
every second and the blink rate is set to 20 times a minute, 
then the probability for a blink Would be set to 20/60Il/3. As 
noted, the blink probability value is summed along With other 
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probabilities including: speech behavior 620 (eg voWels); 
moods 625 (eg nervous); and eye movement 640. Blink 
probability generation (such as 615, 625, 635, and 645 in the 
current ?gure) converts behaviors into respective blink prob 
abilities. For example, a voWel event (triggered by the speech 
generator) results in an increased probability for a blink. 
LikeWise an eye movement event (triggered by the gaZe gen 
erator) results in an increased blink probability. A nervous 
mood contributes to a high probability for a blink, Whereas a 
relaxed mood yields a loWer blink probability. In addition to 
the above, and as previously noted, elapsed time since the last 
blink is tracked and if it passes a given threshold (preferably 
set to 4 seconds) a blink is triggered. 
[0172] Exact values and ratios for the probabilities of each 
blink factor may change from character to character. Empiri 
cal tuning by the animator is required to achieve natural 
looking behavior for each character. 

Head Orientation Generator 

[0173] The role of a head orientation generator is to deter 
mine the orientation of a character’s head at each frame. Head 
orientation parameters include turn, nod, and tilt. Head ori 
entation is determined either directly by the user via user 
inputs or by character internal behaviors. Character internal 
behaviors may, in turn, be triggered by events or states of the 
character such as speech, idle, listening, etc. The Way in 
Which the various events and states in?uence a character’s 
head position is de?ned completely by the animator. 

Mood Generator 

[0174] A mood generator sets the current character mood. 
Character mood, in turn, in?uences various other character 
behaviors (eg blink rate, facial appearance, etc). The mood 
generator may preferably select any linear combination of 
selected basic moods. In the present embodiment, eight such 
basic moods are included as folloWs: happy, sad, mad (angry), 
silly, surprised, scared, tired (bored), and “cool” (sexy). Basic 
mood selection is preferably ?exible and is determined by the 
animator for every character. A list of eight moods is used 
only as an example and there is essentially no limit to the 
number of moods that may be used although mood input and 
determination is preferably appropriately controlled. 
[0175] Reference is noW made to FIG. 7 Which is a simpli 
?ed block diagram indicating the factors that can be used to 
in?uence mood generation, in accordance With a further pre 
ferred embodiment of the present invention. Inputs 700 to a 
mood generator 710 are indicated as either one or a combi 

nation of the folloWing: user control 713 (such as by GUI or 
other direct inputs); text analysis 716 (based on characters, 
symbols, or text itself); and audio analysis 719 (based on tone, 
loudness, or speech itself).All three of these inputs are further 
discussed beloW. The mood generator 710 preferably sets the 
current character mood based on inputs 700 as noted above. 
Output of the mood generator 710 may be an array of param 
eters, Which may in turn be used by other behavior generators 
720. 
[0176] A preferred embodiment of user control 713 com 
prises a graphical interface device in the form of a mood 
Wheel, Which is further described beloW. In text analysis 716, 
text entered by a user is analyZed for cues for the various 
moods. Cues may range from explicit symbols in the text, 
such as the popular emoticons common in electronic commu 
nication (e.g. ©, (8‘, etc.), to a more implicit reference to mood 
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in the text (eg “I am bored”). More sophisticated analysis of 
the content and topic of text input may also be used to infer 
moods. An example is a character acting as a virtual neWs 
anchor, commentating about a collapse of the stock market. 
Text analysis of the content and topic of the commentary (ie 
the collapse of the stock market) yields a sad mood, and 
speci?c behaviors are then generated in the mood generator, 
as described above. 
[0177] In audio analysis 719, input audio is analyZed for 
cues of various moods. Such cues include monitoring 
changes in voice characteristics such as amplitude, rate, and 
pitch. More sophisticated analysis may include recognition of 
the content of a spoken segment using voice recognition 
technology and then using cues in the interpreted audio as 
noted above in the case of text. 
[0178] Reference is noW made to FIG. 8 Which is a simpli 
?ed screen vieW shoWing a mood Wheel and a sample char 
acter, in accordance With embodiments of the present inven 
tion. As mentioned above, user control for input of mood may 
be achieved via a GUI device in the form of a mood Wheel. 
The mood Wheel is an interactive circular control device 800 
With various moods indicated at points 801, 802, 803, 804, 
805, 806, 807, and 808 around its circumference. A control 
dial 810 provided on the device 800 may both be rotated 
around the dial face to point directly at a given mood (801, 
802, 803, 804, 805, 806, 807, and 808) or betWeen adjoining 
moods, to indicate a combination of tWo adjoining moods. 
The control dial 810 may also be moved radially betWeen the 
dial center and the outer circumference to indicate a relative 
intensity of a chosen mood or mood combination. 
[0179] The control device 810 shoWs eight moods 801,802, 
803, 804, 805, 806, 807, and 808, as previously noted, but 
more or feWer moods may be used. 

Scene Manager 

[0180] A scene is composed of a background image and 
one or more characters. A preferred embodiment has only one 
character in the scene, so that the terms character and scene 
are used interchangeably. HoWever, this need not be the case 
When more than one character is animated. As is traditionally 
the case in computer graphics and animation systems, a char 
acter is represented as a hierarchical tree structure. Each node 
of the tree (With a node usually corresponding to a body part) 
consists of a transformation matrix controlling relative scal 
ing, translation, and orientation of the node and its geometric 
information. A hierarchical structure alloWs for relative 
motion so that, for example, eyes inherit the orientation of the 
head. In other Words, if the head turns, the eyes turn With the 
head, in addition to possible movement of the eyes them 
selves Within the eye sockets. 
[0181] Behavior generators, as previously discussed in 
FIG. 2, produce behaviors Which are maintained in the active 
behavior pool. The process of behavior production and main 
tenance take place continuously and asynchronously of a 
draWing cycle. The scene manager determines the state of the 
character for a current draWing cycle and creates a 3D scene, 
based on active behaviors in the active behavior pool. The 
scene manager then produces the current draWing cycle 3D 
scene, Which includes geometry (positions of the character’s 
polygon vertices), orientation of the various face and body 
parts, and appearance of each polygon (textures or color). A 
resulting 3D scene is then rendered to the display. The fol 
loWing discussion describes a mechanism for controlling 
various aspects of the scene, namely geometry (by Way of 
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geometric morphing), orientation (using rigid and “sticky” 
transformations), and appearance. 

Geometric Morphing 

[0182] Geometric morphing is the process of smoothly 
transforming scene geometry (i.e. 3D polygon vertex loca 
tions) from one state to another through an allotted time. 
Consider for example the case of animating a character smil 
ing. An original state is a base state Where the character has a 
neutral expression. A ?nal or target state consists of a trans 
formed scene so that the character has a full smile. To accom 
plish a smooth transition from the original state to the target 
state, positions of polygon vertices are linearly transformed 
over the frames displayed during the time de?ned for the 
smile, so that the character’s facial expression Will not change 
abruptly from one state to the next. 
[0183] Let vik, denote the position of a vertex i in target k. 
For a smooth transition from the base state (denoted as target 
0) to state k, over T frames, for every frame t, betWeen 0 and 
T, the position of the vertex is given by 

vt-(l) : (l — W?t)v? + [0184] Where W is an optional Weight factor. 

[0185] In a preferred embodiment, a character may exhibit 
more than one behavior simultaneously (e.g. speaking and 
smiling). Therefore many targets may be active simulta 
neously. As a result, the position of a vertex at every frame is 
given by the linear combination of positions determined by 
the above formula for every target. 

Orientation 

[0186] Character orientation and subsequent orientation of 
each of its components (i.e. tree nodes, as noted above in the 
scene manager discussion) is controlled by applying a rota 
tion transformation to all points of a given component. TWo 
types of transformations, rigid and sticky, are discussed 
beloW, although additional transformations may also be 
applied. Rigid transformations apply uniformly to all verti 
ces, such as in the case of eyeballs moving Within the eye 
sockets. (Refer to any textbook on computer graphics for a 
discussion of rigid transformations.) 
[0187] On the other hand, sticky transformations are used 
to simulate non-uniform motion due to tension of the skin 
and/ or muscles. For example, When the head moves relative to 
the shoulders, points on the loWer part of the neck closer to the 
shoulders remain stationary (“sticky”) and points closer to the 
head move most completely. The discussion beloW describes 
the concept of sticky transformations and their implementa 
tion With a focus on orientation, since character head orien 
tation is most relevant for the preferred embodiment. Trans 
lation and scaling are also applicable With sticky 
transformations and they can be applied by an animator if 
desired. 

Sticky Transformations 

[0188] In a machine constructed With joints, a joint gener 
ates rigid motion for an active side. In other Words, the active 
side of the joint moves as one unit, and eachpoint of the active 
side and joint goes through the same transformation. In con 
trast, a human body is covered With skin, and many muscles 
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contribute to one motion. The only rigid (or typically nearly 
rigid) parts of the body are bones. To visualiZe a skin-covered 
character moving its head, for example, We need to apply a 
non-rigid transformation (or deformation) to vertices com 
prising polygons modeling the character’s geometry. 
[0189] A precise deformation of human skin upon head 
movement is not deterministic. Each person may have differ 
ent deformation characteristics. More speci?cally, each per 
son’s head moving capabilities are different, as some of us are 
more ?exible than others. For example, an Indian dancer can 
translate her head Without rotating it, While an average person 
may have dif?culty in performing this task. 
[0190] The folloWing discussion focuses on head rotations 
only for purposes of simpli?cation. For most humans, there 
are three degrees of freedom for head rotation and they are 
denoted; turn (Y axis rotation); nod Qi axis rotation); and tilt 
(Z axis rotation). Head orientation deformations beloW are 
de?ned according to these rotation axes. A basic assumption 
is that When a head rotates, all the character’s vertices rotate 
around the same center of rotation. While an entire head 
performs a rigid rotation, individual vertices may differ in 
their angle of rotation, and a stickiness function for each 
vertex is de?ned to determine an individual vertex rotation 
angle. 
[0191] For simplicity, assume that stickiness is a linear 
function for each rotation axis. That is, if the head turns a 
radians to the right, and some vertex v rotates GM as a result, 
then for each a, the expression: 

is valid, Where kv, is constant for each vertex v. kv is called the 
angular coef?cient for v. Given information about the posi 
tion of each vertex v in different head orientations, the goal is 
to compute a constant kv that Will be later used for scene 
deformations resulting from head rotations. 

Computing Angular Coef?cients BetWeen Known 
Position and a Pivot 

[0192] A method to compute the angular coef?cient for a 
single vertex v, relative to one rotation axis is described 
beloW. Reference is noW made to FIG. 9 Which is a simpli?ed 
diagram shoWing a vertex rotation, in accordance With a six 
preferred embodiment of the present invention. A rotation is 
shoWn from the initial position v0 905 to a ?nal position v1 
910 around a center of rotation (or pivot point) P 915. The 
triangle AvOPvl 920 is isosceles (||vOP||:||vlP||) With head 
angle 6 925 (and side angles (rc-6)/2). 6 925 is the angle 
betWeen the vectors uTOq/FP and ITIIVI—P. To ?nd 6, use the 
formula: 

0 : arms: 
llMoll-llMrll 

[0193] Where . signi?es for the dot-product of tWo vectors. 
A signed angle can be determined if the direction of the axis 

of rotation is knoWn, and in this case the cross product of 1T0 

and ti (Which is a vector perpendicular to both) is compared 
With the direction of the axis. 
[0194] In the folloWing discussion, “model” refers to a 
character that is manipulated and created mathematically, and 
“character” is that ?nal image or group of images seen by the 
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user. The animator creating a model creates a character look 
ing to the left, right, up, doWn, and so on, for various rotation 
angles. It is assumed that the topology of the character is 
identical in all such positions, that is, every model vertex has 
exactly the same index and the same connectivity along all the 
targets. 
[0195] It is desirable to use as much information as possible 
in developing and manipulating models to enhance their cred 
ibility to vieWers. HoWever, handling larger amounts of infor 
mation typically infers larger computation complexity. As 
such, the folloWing discussion deals With hoW multiple vertex 
rotations may be e?iciently handled, in accordance With yet 
another preferred embodiment of the current invention. It is 
noted that the rotation is a sticky rotation and, in a sticky 
multiple vertex rotation the different vertices each have dif 
ferent levels of stickiness, thus for example in turning the 
head by a certain angle, the different vertebra descending 
doWnWardly in the neck, may be expected to turn but each by 
a successively smaller amount of the total rotation. 

[0196] An angular coef?cient kv may thus be de?ned for a 
vertex v around one of the model axes, as the average (mean) 
ratio betWeen a total rotation angle (eg the total head rota 
tion) and an actual rotation angle for the individual vertex as 
computed from the equation GMIkVa (as noted above). Refer 
ring to the equation GMIkVa, a value of kfl infers a com 
pletely rigid motion around an axis (e. g. a vertex on the top of 
the head), Whereas a value of kVIO indicates that a vertex 
remains ?xed irrespective of the rotation is (eg loW neck 
vertex). Values of kv such that 0<kv<l are indicative of partial 
rotation (e.g. neck vertex). (Theoretically, kv<0 means a rota 
tion opposite the direction of rotation, and kv>l means accel 
erated rotation. These values are mathematically supported 
by the preferred embodiment.) 

Ef?cient Implementation of Sticky Rotation 

[0197] Rigidrotations affect all the vertices of a node Whilst 
subject to the rendering process, as long as an active trans 
formation matrix is ?xed. Standard graphics libraries (e.g. 
OpenGL) enable a user to de?ne the current transformation 
matrix once and then render polygons or triangles ef?ciently 
using the same matrix. In the preferred embodiment, vertices 
of polygons are not equally transformed, and a different 
method is taken, as described beloW. 

[0198] Assume a triad of Euler angles (ax, ay, a2) is obtained 
as a desired orientation. Initially, it Would appear as if a neW 
rotation matrix for each vertex must be computed, as the 
angular coef?cients are different for each vertex. Yet a feW 
optimizations can generate a much faster rendering. 

[0199] First, a map of the model vertices sorted by angular 
coef?cients may be stored. A map of sets is used, Where a key 
is the angular coef?cient, and a value is a set of vertex indices 
having that coef?cient. Rotation matrices need only be cre 
ated per key, but vertices Will still have to be rotated in 
softWare. 

[0200] A second optimization is to de?ne a value of sticki 
ness for a vertex (sv), rather than an angular coef?cient for a 
vertex (kv). Whereas the angular coef?cient describes hoW 
much a vertex moves relative to the global motion, stickiness 
describes hoW much the vertex stays stationary and it is 
de?ned as: 
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[0201] At this point graphics library rotation mechanisms 
may be used according to the following steps: 

[0202] 1. Sort the model vertices by their stickiness so 
that values With stickiness:0 may be segregated. 

[0203] 2. Given a rotation angle a around an axis W: 
[0204] a. De?ne a local rotation of a around W using 

standard library commands. 
[0205] b. For all vertices With stickiness 0, make no 

changes. 
[0206] c. For each stickiness si, compute a rigid rota 

tion matrix With angle —sl-a. 
[0207] d. Multiply each vertex that has the stickiness sl 
by the rigid rotation matrix. This generates a back 
Wards or negative rotation over the current local rota 
tion from step (a) above. 

[0208] This solution is ef?cient because it uses a standard 
graphics library rotation, Which may be optimiZed by hard 
Ware. This solution also enables a scene node, typically a 
body part, to control its descendant’s local transformations in 
a simple manner, that is, in a manner resembling a standard 
rotation. The method described above essentially makes a 
sticky rotation a special case of standard rigid rotation, and 
requires less software overhead. 

Appearance 

[0209] In addition to geometric morphing and transforma 
tions, Which are mechanisms for controlling model geometry 
as de?ned by the position of vertices, the appearance of an 
object may be controlled by controlling its color and tex 
tureias previously noted. 
[0210] In another preferred embodiment, each polygon of 
the model has an associated material. The material de?nes 
visual attributes of the polygon. These attributes include its 
diffuse, specular, ambient, and emissive colors, as supported 
by an available rendering library. If the polygon is textured, 
the material Will indicate a relevant texture. To support tex 
turing, each polygon vertex has texture coordinates (other 
Wise knoWn as uv coordinates) Which map betWeen the vertex 
and its position in a texture map. 

[0211] Various effects may be created by modifying mate 
rials during an animation sequence. As one example, causing 
the character to blush may be performed by modifying colors 
or texture accordingly. 

[0212] Lighting is another controlled aspect of character 
animation in the present embodiment. The number and posi 
tion of lights dramatically affects the character appearance. 
Lighting is determined by the animator, Within the limits of 
the support of the hardWare device running the application. 

Rendering 

[0213] Rendering of a 3D scene into a 2D display is per 
formed using standard graphics libraries, such as OpenGL or 
DirectX. Libraries such as these make use of graphics accel 
eration hardWare, if such exists on the hardWare device. As 
noted in the previous discussion on appearance, a user and an 
animator creating the character may also control all rendering 
attributes, such as lighting, textures, background, and camera 
position. 
[0214] To avoid ?ickering, rendering is preferably per 
formed in a double buffer mode Where rendering is actually 
done into a buffer, Which is not visible to the user. Once 
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rendering is complete, buffers are sWapped and a neW ren 
dered image becomes visible to the user. 

Making a Character 

Examples 

[0215] The folloWing discussion provides an overvieW of 
requirements to produce a functioning animated character, in 
accordance With embodiments of the present invention. A 
character’s polygonal meshes and textures are created Within 
standard applications such as Maya, SoftImage, 3D Studio 
Max, or Mirai. Character models are brought to life by mor 
phing betWeen various displacements of the basic models, as 
discussed previously. 
[0216] There are ?ve basic categories of displacement data 
that are created: (1) visemes for phonetic events; (2) face 
muscles for involuntary and automatic behaviors; (3) moods 
for behaviors; (4) head rotations; and (5) eye direction related 
for eye movement. 

[0217] The example audio processing library has 40 pref 
erable phonemes. A duration of a phoneme varies from 30 to 
300 milliseconds. An animator preferably makes an entry for 
each phoneme. This does not mean that the animator makes 
40 individual displacements; rather the animator may use the 
same displacement for groups of phonemes that are similar. 
That is because similar phonemes yield the same visual result 
(i.e. visemes). 
[0218] Reference is noW made to the table beloW Which 
shoWs preferable phoneme groupings for animated characters 
according to yet another embodiment of the present inven 
tion. 

Phone 
3D Label Label Description 

bump B 100 
m 100 

p 95 
b 100 

fave F 100 Bottom lip under top 
v 90 teeth 

size Z 100 Rounded fricative 
Z 90 

s 80 

church I 100 
j 90 

Lips closed 

Rounded fricative 

though T 100 
D 90 
l 70 

though d 70 
but could G 70 
be told t70 

k 70 
neW N 100 

n 60 

if 1 100 
“100 
e 80 

i 60 
eat A 100 

I 100 
a 80 

H 70 
W 70 

cage E 100 
y 80 

Tongue on top teeth 

Dental consonant 

Velar consonant 

Neutral voWel 

Front high voWel 

Front mid voWel 
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-continued 

Phone 
3D Label Label Description 

oat O 100 Narrow rounded 
o 80 vowel 

U 60 
wet W 100 Narrow rounded 

vowel 
roar R 100 Rounded vowel 

u 80 

r 50 

ox c 100 Wide rounded back 

C 90 vowel 

[0219] “3d Label” in the table above is the simple term used 
to describe a viseme. Saying the word indicated in the 3d 
Label column gives the animator an idea of what the viseme 
looks like, in terms of a character’s facial appearance. “Phone 
Label” is the label for an actual phoneme event, indicated by 
a letter such as m, D, and A, for example. The number next to 
the Phone Label is relative weighting used to blend a viseme 
in conjunction with the energy reported by the phoneme 
recognition model 320. The last column, designated 
“Description”, indicates the proper linguistic description of a 
group of phonemes. Groups of phonemes are indicated by 
bolded boxes. Each group represents phonemes that are so 
similar that they could be combined into a single viseme if 
desired. Note that grouping indicated above is only a guide 
line. Different characters may warrant varying levels of com 
plexity with regard to phoneme-to-viseme transformations. 
[0220] Each of the following facial muscle behaviors is 
preferably integrated as individual displacements for left and 
right side of the face: brow raise/frontalis inner; brow lower 
(frown)/frontalis major; brow lower (sad)/frontalis minor; 
nose scrunch/labii nasi superior; eye blink; eye wink; eye 
squint; lips smile/Zygomatic; lips sneer/labii nasi minor; lips 
grown/angular depressor; and lips pout/mentalis; and lips 
open/risorius. 
[0221] Eight basic emotion types are preferably used. The 
animator may make as many or as few displacements within 
each category as desired: silly; scared; surprised; mad; sad; 
sleepy; cool; happy; and head rotations. 
[0222] To support a sticky rotation of the head as previously 
discussed, an animator makes at least one displacement for 
each extreme in each axis of rotation. Therefore, to support 
head rotations, the animator makes a minimum of six rotation 
displacements, two for each axis, and one in each extreme 
direction. Rotations all are made around a node’s local origin. 
The animator supplies a transform to move the node to its 
desired location. The degree of the rotation chosen only needs 
to be accurate; its value is left to the animator’s discretion. So, 
for example, if the animator makes a rotation of 15 degrees, 
the rotation should be as close to 15 degrees as possible. 
Automatic stickiness calculation use rotations with an 
amount speci?ed by the animator, and the amount that the 
animator is not accurate adversely affects runtime sticky rota 
tions. The animator may create as many rotations on an axis as 
he prefers. Multiple axis rotations help the stickiness calcu 
lations to be more correct. 

Eye Direction 

[0223] To support a best possible animation of eyes, the 
animator may create displacements related to a direction in 
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which the character’s eyes are looking. Displacements may 
be used to make soft tissue around the eyes change to re?ect 
the direction in which eyes are looking. Alternatively, the 
animator may set displacements on eyes themselves to trigger 
displacements when eyes are looking in a certain direction. 
For example, the animator may have the character’s eyes 
squash when they look in a certain direction. Note that for 
simple characters, the animator may completely ignore this 
feature, and a character will function satisfactorily. The 
present embodiment preferably supports as many directions 
as the animator wants, and directions are placed evenly 
around a 360-degree distribution. Four or eight directions are 
recommended. 

Applications 

[0224] There are many applications of the present embodi 
ments in a wide array of interactions between humans and a 
computer. The following discussion outlines a small sample 
of possible applications. 

Sending Animated Messages to Internet Users 

[0225] A user may record an animated message and send it 
to a friend’s email address. For example. John could choose a 
character and compose a birthday greeting by animating the 
character speaking a personal message to Mary such as 
“Happy Birthday Mary”. John may type the text to be spoken 
by a text to speech engine, or he may actually speak the text 
himself; thus the character will speak with John’s voice. John 
may puppeteer the character to perform certain acts or expres 
sions, such as a kiss. Finally, John may send the resulting 
animation to Mary’s email account using one of several stan 
dard video formats or 3dME’s proprietary format. 

Sending Animated Messages to Mobile devices 

[0226] The current application is similar to the application 
described above, only a message is sent to a mobile device 
(eg cellular phone). This is typically performed using the 
Multimedia Messaging Service (MMS) standard. After the 
message is composed, it is converted to the MMS standard 
and sent via the MMS center to a recipient’s mobile device. 
Details and protocols of this process are detailed in the MMS 
standard documentation. 

Instant Messaging Client 

[0227] Animated characters may be used as a front end for 
instant messaging (chat) services. These services may include 
software such as ICQ, AOL Messenger or Microsoft Messen 
ger, or a 3dME proprietary service. Each user taking part in a 
chat chooses a character. The other parties see and hear the 
chosen character relating everything spoken or typed by the 
?rst user. This application could be thought of as virtual video 
conferencing where users see animated stand-ins of one 
another. In fact, in this application and others above, one or 
more speci?c animated characters could be chosen to repre 
sent a person when communicating with others. Note that this 
application is possible for both ?xed and mobile users and 
devices. 

Agents 

[0228] A 3dMe character is connected to a knowledge base 
of some kind. A user may then query a character for informa 
tion on a speci?ed topic and an agent will interpret the ques 










