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COMPLAINT FOR PATENT INFRINGEMENT |
McRo, Inc., d.b.a. Planet Blue (“Planet Blue”), brings this Complaint for

patent infringement against Naughty Dog, Inc. (“Naughty Dog” or “Defendant”),
and hereby states as follows:
NATURE OF THE ACTION
This is an action for patent infringement of United States Patent No.

6,307,576 (the “’576 Patent”) and United States Patent No. 6,611,278 (the “’278

. Patent”) (collectively, the “Patents-in-Suit”) under the Patent Laws of the United

States, 35 U.S.C. § 1, ef seq., and seeking damages and injunctive and other
relief under 35 U.S.C. § 281, ef seq.
PARTIES

1. Planet Blue is a corporation existing under the laws of Delaware, with
its principal place of business at Santa Monica, California. Planet Blue is actively
involved in the advertising industry as a computer graphic, visual effects, and
animation services company, which services utilize methods covered by the
Patents-in-Suit.

2. Upon information and belief, Defendant Naughty Dog is a
corporation operating and existing under the laws of Delaware, with its principal
place of business at 2425 Olympic Boulevard, Suite 3000W, Santa Monica,
California 90404. Upon further information and belief, Naughty Dog is engaged
in the business of developing computer and/or video games.

JURISDICTION AND VENUE
3. This is a complaint for patent infringement under 35 U.S.C. § 271,

This Court has subject matter jurisdiction pursuant to 28 U.S.C. §§ 1331 and
1338(a).

4. Upon information and belief, this Court has personal jurisdiction over
Defendant because Defendant is located in California, has regularly done or

solicited business, or engaged in a persistent course of conduct in California, has
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maintained continuous and systematic contacts with California, and has
purposefully availed itself of the privileges of doing business in California.

5. Venue is proper in this judicial district as fo Defendant pursuant to 28
U.S.C. §§ 1391 aﬁd 1400(b), because the Defendant is subject to personal
jurisdiction in this judicial district and has committed acts of infringement in this
judicial district.

FACTUAL BACKGROUND

6. On October 23, 2001, the United States Patent and Trademark Office

(“USPTO”) duly and lawfully issued the *576 Patent, titled “Method for

Automatically Animating Lip Synchronization and Facial Expression of Animated
Characters.” The 576 Patent is attached hereto as Exhibit A.

7. On August 26, 2003, the USPTO duly and lawfully issued the "278
Patent, titled “Method for Automatically Animating Lip Synchronization and
Facial Expression of Animated Characters.” The *278 Patent is attached hereto as
Exhibit B.

8. Each of the Patents-in-Suit is valid and enforceable.

9. Planet Blue is the assignee of all rights, title, and interest in and to the
Patents-in-Suit. Planet Blue therefore holds the right to sue and recover damages
for infringement thereof, including past infringement.

10.  In part, the Patents-in-Suit cover a method and system for automating
the lip-synchronization process for three dimensional animated characters, as used
in computer and/or video games. |

11.  Upon information and belief, Defendant, directly or through
intermediaries (including distributers, retailers, and others), has acted and 1s acting
to develop, publish, manufacture, import, ship, distribute, offer for sale, sell, and/or
advertise (including the provision of an interactive web page) various computer
and/or video games. These computer and/or video games have been and continue

to be purchased by consumers in the United States, the State of California, and the

3
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Central District of California.

12.  Upon information and belief, the Defendant employs automated lip-
synchronization methods and processes to create and develop these computer
and/or video games. Upon further information and belief, the Defendant’s uses of
these lip synchronization methods and processes to create its computer and/or
video games infringe, either literally or by equivalents, one or more claims of the
Patents-in-Suit in violation of 35 U.S.C. § 271.

COUNT I: INFRINGEMENTOF THE ’576 PATENT

13.  Planet Blue realleges and incorporates by reference paragraphs 1-12.

14.  Upon information and belief, Naughty Dog has used and continues to
use the methods or automatically animating lip synchronization and facial
expression of three-dimensional characters claimed in the 576 Patent and has
made, used, offered to sell, sold, and/or imported, and continues to make, use, offer
to sell, sell, and/or import, computer and/or video games using those methods in
the United States, including this judicial district. By using the methods or
automatically animating lip synchronization and facial expression of three-
dimensional characters claimed in the *576 Patent and by making, using, offering
to sell, selling, and/or importing the aforementioned computer and/or video games,
the Defendant has been and is now infringing, directly, under 35 U.S.C. § 271 one
or more claims of the >576 Patent, either literally or under the doctrine of
equivalents.

15.  The Defendant, by way of its infringing activities, has caused and
continues to cause Planet Blue to suffer damages in an amount to be determined at
trial. Planet Blue has no adequate remedy at law against Defendant’s acts of
infringement and, unless the Defendant is enjoined from its infringement of the
’576 Patent, Planet Blue will suffer irreparable harm.

16.  Planet Blue is in compliance with the requirements of 35

U.S.C. § 287.
4
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COUNT IL: INFRINGEMENTO¥ THE *278 PATENT

17. Pianet Blue realleges and incorporates by reference paragraphs 1-16.

18.  Upon information and belief, Naughty Dog has used and continues to
use the methods or automatically animating lip synchronization and facial
expression of three-dimensional characters claimed in the *278 Patent and has
made, used, offered to sell, sold, and/or imported, and continues to make, use, offer
to sell, sell, and/or import, computer and/or video games using those methods in
the United States, including this judicial district. By using the methods or
automatically animating lip synchronization and facial expression of three-
dimensional characters claimed in the 278 Patent and by making, using, offering
to sell, selling, and/or importing the aforementioned computer and/or video games,
the Defendant has been and is now infringing, directly under 35 U.S.C. § 271 one
or more claims of the 278 Patent, either literally or under the dqctrine of
equivalents.

19.  The Defendant, by way of its infringing activities, has caused and
continues to cause Planet Blue to suffer damages in an amount to be determined at
trial. Planet Blue has no adequate remedy at law against Defendant’s acts of
infringement and, unless the Defendant is enjoined from its infringement of the
’278 Patent, Planet Blue will suffer irreparable harm.

20.  Planet Blue is in compliance with the requirements of 35
U.S.C. § 287.

PRAYER FOR RELIEF
WHEREFORE, Planet Blue respectfully requests that this Court enter

judgment in its favor as follows: ‘

A.  Holding that the Defendant has infringed directly, literally and/or
under the doctrine of equivalents, the claims of the *576 Patent;

B.  Holding that the Defendant has infringed directly, literally and/or

under the doctrine of equivalents, the claims of the *278 Patent;

5
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C.  Permanently enjoining the Defendant and its officers, directors,
agents, servants, employees, affiliates, divisions, branches, subsidiaries, parents
and all others acting in concert or privity with any of them from infringing,
inducing the infringement of, or contributing to the infringement of the 576
Patent;

D.  Permanently enjoining the Defendant and its officers, directors,
agents, servants, employees, affiliates, divisions, branches, subsidiaries, parents
and all others acting in concert or privity with any of them from miringing,
inducing the infringement of, or contributing to the infringement of the "278
Patent;

E.  Permanently enjoining thé sale of the computer and/or video games
created using the patented methods of the Patents-in-Suit;

F. Awarding to Planet Blue the damages to which it is entitled under 35
U.S.C. § 284 for the Defendant’s past infringement and any continuing or future
infringement up until the date the Defendant is finally and permanently enjoined
from further infringement, including both compensatory damages and treble
damages for willful infringement;

G.  Declaring this to be an exceptional case and awarding Planet Blue |
attorneys’ fees under 35 U.S5.C. § 285;

H.  Awarding Planet Blue costs and expenses in this action;

I. Awarding Planet Blue pre- and post-judgment interest on its damages;
and

T. Awarding Planet Blue such other and further relief in law or in equity

as this Court deems just and proper.

6
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1 DEMAND FORJURY TRIAL |
2 Planet Blue, under Rule 38 of the Federal Rules of Civil Procedure, requests
3 || atrial by jury of any issues so triable by right.
4
5 || Dated: December 3, 2012 Respectfully submitted,
6 RUSS AUGUST & KABAT
7 By:_ {_ ) wﬁ
8 bene Lo
9 MISHCON DE REYA NEW YORK LLP
10 Vicent Filardo, It
11 Attoreys for Plaintiff
0 McRo, Inc., d.b.a. Planet Blue
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
7
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FOR AUTOMATICALLY ANIMATING LIP SYNCHRONIZATION AND FACIAL
EXPRESSION OF THREE DIMENSIONAL CHARACTERS FOB FILMS, VIDEOS,
CARTOONS, AND OTHER ANIMATION PRODUCTS,

¥

CONFIGURING A SET OF DEFAULT CORRESPONDENGE RULES BETWEEN A § - 50
PLURALITY OF VISUAL PHONEV% gf?}@gg}% AND A PLURALITY OF MORPH

¥

SPECIFYING A PLURALITY OF MORPH WEIGHT SET TRANSITION BULES |52
FOR SPECIFYING DURATIONAL DATA FOR THE GENERATION OF
TRANSITIONARY CURVES BETWEEN THE PLURALITY OF MORPH WEIGHT
SETS, ALLOWING FOR THE PRODUCTION OF A STREAM OF SPECIFIED
MORPH WEIGHT SETS T0 BE PROCESSED BY A COMPUTER ANIMATION
SYSTEM FOR INTEGRATION WITH ANOTHFR ANIMATION.

FiG. 2
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FOR AUTOMATICALLY ANIMATING LiP SYNCHRONIZATION AND FACIAL
EXPRESSION OF THREE DIMENSIONAL CHARACTERS FOR USE WITH
A COMPUTER ANIMATION SYSTEM.

56

v
DETERMINING MEANS FOR PRODUGING A STREAM OF MORPH WEIGHT
SETS WHEN A SFQUENCE OF PHONEMES OR OTHER TIMED DATA 1S ENCOUNTERED

EVALUATING A PLURALITY OF TIME ALIGNED PHONETIC
TRANSCRIPTIONS AGAINST THE DETERMINING MEANS FOR PRODUCING
A STREAM OF MORPH WEIGHT SETS.
! 60

APPLYING THE DETERMINING MEANS FOR PRODUCING A STREAM OF
"MORPH WEIGHT SETS TO GENERATE AN OUTPUT MORPH WEIGHT SET
STREAM, ALLOWING FOR AN APPROPRIATE MORPH WEIGHT SET
CORRFSPONDENCE WITH EACH OF A PLURALITY OF TIME ALIGNED
PHONETIC TRANSCRIPTION SUB-SEQUENCE AND CORRECT TIME
PARAMETERS APPLIED TO A PLURALITY OF MORPH WEIGHT SET
TRANSITIONS BETWEEN A REPRESENTATION OF A PRIOR TIME ALIGNED
PHONETIC TRANSCRIPTION SUB-SEQUENCE AND A CURRENT ONE.

FiG. 3
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METHOD FOR AUTOMATICALLY
ANIMATING LIP SYNCHRONIZATION AND
FACIAL EXPRESSION OF ANIMATED
CHARACTERS

BACKGROUND OF THE INVENTION

1. Field of Invention

This ipvention relates gencrally to animation prodncing
methods and apparatuses, and more particularly is directed
to a method for automatically apimating lip synchronization
and facial expression for three dimensional characters.

2. Description of the Related Azt

Vardous methods have been proposed for animating lip
synchronization and facial expressions of animated charac-
ters in anjmated products such as movies, videos, carioons,
CD's, and the like. Prior metbods in this arez bave long
suffered from the need of providing an economical means of
animating lip synchronization and character expression in
the production of apimated products due 10 the extremely
laborious and lengthy protocols of such prior tradilional sad
computer animation technigues. These shortcomings have
significantly limited all prior lip synchronization and facial
expression methods and apparatuses used for the production
of animated products. Indeed, the limilations of cost, time
required to produce an adequate lip synchronization o1 facial
expression in ap animaled product, apd the inherent limita-
tions of prior methods and apparatuses to satisfactonly
provide lip synchronization or express characier feelings and
emotion, leave 3 significant gap in the potential of animated
methods and apparatuses in the current state of the art.

Time aligued phonetic transcriptions {TAPTS) are a pho-
netic transcription of a recorded text or soundirack, where
the occurrence fn time of each phoneme is also recorded. A
“phonemes” is defined as the smallest unit of speech, and
corresponds to 2 single sound. There are several standard
phonetic “alphabets” such as the Islerpational Phonetic
Alphabet, and TIMIT created by Texas Instruments, inc. and
MIT. Such transcripfions can be created by band, as they
currently are in the traditional apiwation industry and are
called “x” sheets, or “gray sheets” in the trade. Allernalively

"such {ranscriptions can be created by automatic speech
recogpition programs, or lhe like.

The current practics for three dimensional compuier gen-
erated speech anjmalion is by manual techniques commonly
using a “morph target” approach. In this practice a reference
mode} of 2 neviral roouth position, and several other mouth
positions, each comesponding fo a different phoneme of set
of phopemes is used. These models are cafled “morph
targets”. Each morph target has the same lopology as the
sevlral model, the same mumber of vertices, and each vertex
on cach model logically corresponds to & veriex on each
other model. For example, vertex #o on all models repre-
senis the left corner of the mouth, and although this is the

@

-
h

typical case, such rigid correspondence may notf be neces- .

sary.

The deltas of each vertex on each morph target relative to
the neutral are corapuled as a vector from each vertex o on
the reference 1o each veriex n on cack morph tazget. These
are called the delta sets. There is one deita set for cach morph
larget.

In producing animation products, a valve usually from 0
to 1 is assigned 1o each delta set by the animator and the
value i called the “morph weight”. From these morph
weights, the neutral’s geometry is modified as follows: Each
vertex N on the peutral has the corresponding delia set’s

EXHIBIT A

2

verlex multiplied by the scalar morph weight added 10 iL.
This is repeated for each morph target, and the result
summed. For each vertex v in the neuiral model:

"
tresuld = frentrad) + E [delta set,| » morph weighs,

rel

ldeita sete]* morph weights

where the symbol frxx] is used 10 indicate the corresponding
vector in each referenced sel. For example, Iresull is the
corresponding resultant vertex to verfex v in the neutral
model |nentral} and |delta sets| is the corresponding vecior
for delta set x.

If the morph weight of the delia set corresponding (o the
morph target of the character saying, for example, (he “ob”
sound is set 1o 1, and all others are set (o 0, the neutral wouid
be modified 10 look like the “oh targel. i the sifuation was
the sarme, except thal the “oh™ morph weight was 0.5, the
pealral’s geomelry is modified balf way between neutral and
the “oh™ morph larget.

Sim#larly, if the situation was as deseribed above, excepl
“oh' weight was 0.3 and the “ee” morph weight was ai 0.7,
the neviral geomelry is modified to bave some of the “oh”
model characteristics and more of the “ec” model charac-
feristics. There also are prior blending methods including
averaging the delta sets according to their weighis.

Accordingly, 1o animate speech, [he astist needs fo set all
of these weights at cach frame to an appropriate value.
Usually this is assisted by using 2 “keyframe™ approach,
where the artist sels the appropriste weights ai certain
important times (“keyframes™) apd 2 program interpolates
each of the channels at cach frame. Such keyframe approach
is very tedious and time consuming, as well as inaceurate
due 1o the large number of keyframes pecessary to depict
speech. :

The present invention overcomes many of the deficiencies
of the prior art and oblains its objectives by providing an
integrated method embodied in computer sofiware for use
with a computer for the rapid, efficient Hp synchronization
apd manipulation of character facial expressioss, thereby
alowing for rapid, creative, and expressive animation prod-
ucts 1o be produced in a very cost effective manner.

Accordingly, it is the primary object of this invention to
provide a method for automatically animating iy synchro-
nization and facial expression of three dimensional
characters, which is inlegrated with computer means for
producing accurate and realistic lip sypchronization and
facial expressions in animated characters. The method of the
present invention further provides an exirewely rapid and
cost effective means 1o automatically create lip synchroni-
zation and facial expression in three dimensiona] apimaled
characters.

Additional obiects and advantages of the invention will be
sel forth in the description which follows, and in part will be
obvicus from the description, or may be learoed by practice
of the invention. The objects and advantages of the invention
may be realized and obiained by means of the instrumen-
talities apd combinations particularly poisted out in the
appended claims.

SUMMARY OF THE INVENTION

To achieve the foregoing objects, and in accordance with
the purpose of the inveation as embodied and broadly
described herein, 2 method is provided for controfling and
aulomatically animsating Yp synchronizaltion and facial

000013
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expressions of three dimensional animated characters using
weighted morph targets and time sligned phonelic transerip-
tions of recorded fext, and other time aligned data. The
melhod utilizes a set of rules that defermine the systems
output comprising a stream or streams of morph weight sels
when a sequence of timed phonemes or other timed dafa is
encountered. Other timed data, such as pitch, amplitued,
poise amounts, or emotional State data or emotemes such as
“surprise, “disgust, “embarrassment”, “timid smile”, or the
like, may be japutied 1o affect the outpul stream of morph
weight sels.

The methodology herein described atlows for automati-
cally animating lip synchronization and facial expression of
three dimensional characters in the creaion of a wide variety
of animation products, including bul not limited to movies,
videos, cartoons, CD’s, sofrware, and the like. The method
and apparatuses herein described are operably integrated
with compuler software and hardware.

In accordance with the present invention there also is
provided a melhod for automatically animating Hp synchro-
pization and facial expression of three dimensional charac-
ters for £lms, videos, carloons, and otber animation
products, comprising configuring a sel of default correspon-
dence rules between a plurality of visual phoneme groups
and a plurality of morph weight sets; and specifylng 2
plurality of morph weight set transition rules for specifying
durational data for the generation of transitionary curves
between the plurality of morph weight sets, allowing for the
production of 2 stream of specified morph weight sets te be
processed by a computer animation system for integration
with other apitaation, whereby animaled lip synchronization
and facial expression of animated characters may be auto-
matically controlied and produced.

BRIEF DESCRIPTION OF THE BRAWINGS

The accompanying drawings, which are incorporated in
and constitate a part of the specification, illusirale a pre-
ferred embodiment of the fnvention and, fogether with 2
general description givea above and the detailed description
of the preferred embodiment given below, serve (o explain
the principles of the invention,

FIG. 1 is 2 flow chazl showing the methed of the invention
will an optional fime aligned emotional transcription file,
and apother parallel timed data file, according to the inven-
tion,

FIG. 2 is a fliow chart illustrating the principal steps of the
present method, according fo the inveation.

FIG. 3 is another representational Sow chart Hlastrating
the present method, according to the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will pow be msde in detail to the present
preferred embodiments of the invention as ilustrated in the
accompanying drawings.

In accordance with the presenl invention, there is pro-
vided as illustrated in FIGS. 1-3, a method for controlling
and automatically animating Hp synchronization and facial
expressions of three dirsensional animated characters using
weighted morph targets and time aligned phonetic franscrip-
tions of recorded text. The method wiilizes a set of rules that
determine the systemns output comprising a stream of morph
weight seis when a sequence of timed phonemes is encoun-
tered. Other timed dala, such as timed emotionat stafe data
ar emetemes such as “surprise, “disgust, “embarrassment”,
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“tiraid smilen”, pitch, amplitued, noise amounts or the like,
may be inputted to affect the oulput stream of morph weight
sets.

The method comprises, in one enobodiment, configuring a
set of defauit correspondence rules between a plurality of
visual phoneme groups and a plurality of morph weight sets;
and specifying a plurality of morph weight sef transition
rules for specifying durational dala for the geperation of
transitionary curves between the pluralify of morph weight
sots, allowing for the production of a stream of specified
motph weight seis to be processed by a computer apimation
system for integration with other animalion, whereby ani-
mated lip synchronization and facial expression of animated
characlers may be aniomatically produced.

There is alse provided, according fo the invention a
method for automatically animating lip synchronization and
facial expression of three dimensional characters for use
with a compuler animation sysiem, comprising the steps of:

. determining means for producing z stream of motph weight

seis when 2 sequence of phonemes is encountered; evalu-
ating a piarality of time aligned phonstic transcriplions or
olher timed data such as pifch, amplifude, noise amounts and
the like, agaipst the determining means for producicg a
stream of morph weight sels; applylng said determining
means for producing a stream of momph weight sels o
generate an ovfput morph weight set stream, allowing for an
appropriate morph weight set correspondence with each of
a phurality of time aligned phonetic iranscription sub-
sequences and correct lime parameters applied 1o a plurality
of morph weight sel transitions between a representation of
a prior lime aligned phonetic franscription sub-sequence and
a currenl one, whereby lip synchronization and facial
expressions of 2pimated characters is automatically con-
trelled and produced.

The method preferably comprises a set of rules that
determine what the oufput morph weight sel sieam will be
when any sequepce of phonemes and their associafed times
is encounlered. As used hereln, & “morph weight set” js a set
of values, one for each delia set, thai, wher applied as
described, trapsform the neutral model 1o some desired state,
such as speaking the “oo” sound or the “th” sound.
Preferably, one model id designaled as the anchor model,
which the deltas are computed in refercoce to. I for
example, the is a morph larget that represents all possible
occurrepces of an “e” sound perfectly, it’s morph weight set
would be ail zeros for all delta sels except for the delfa set
corresponding lo the “ec” morph targe!, which would sel to
i

Preferably, each rule comprises two pars, the rule’s
crileris and the rule’s function. Each sub-sequence of time
aligned phonetic transcription (TAPT) or cther timed data
such as pitch, amplitude, noise amount or the ke, is
checked against a rule’s criteria to see if thai rule is
applicable. I 50, the rule’s function is applied fo generate the
putput, The primary function of tbe rules is to determined 1}
the appropriate morph weight set correspondence with each
TAPT sub-sequence; and 2) the time paramelers of the
morph weight set tzapsitions between the representation of
the prior TAPT sub-seguence or other timed dataand the
current ooe. Conditions 1) and 2) must be completely
specified for any sequence of phonemes aud times encoun-
tered. Together, such rules are used to create a continuous
stream of morph weight sets.

In the present methed, it is aliowable for mere than one
phoneme lo be represented by the same morph target, for
example, “sss” and “zzz”. Visually, these phonemes appear
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similar. Through the use of such niles, the user can group
phonemes togefter that have a similar visual appearance into
visual phonemes™that fanclion the same as one anotber. [fis
also acceptable, through the rules, to ignore cerlain phoneme
sequences. For example, 2 rule conld specify: “If i the
TAPT, there are 1wo or more adjacent phonemes thal are in
the same “visual phoneme” group, all but the first are
ignored”.

The rules of the present method may be calegorized o
three main groupings; default rules, awxiliary mles and post
processing rules. The default rules must be complete entugh
to create valid output for any TAPT encountered at apy point
in the TAPT. The secondary rules are used ip special cases;
for cxample, to substitute alternative morph weight set
correspondences and/or transition mles if the identified
criferia are met. The post processing rules are used to further
zrapipulate the morph weight set stream afler the default or
secondary rules are applied, and can farther modify the
members of the morph weight sets determized by the defaull
and secondary rules and interpolation.

If for example, 2 specific TAPT sub-sequence does not fit
the criteria for any secondary rules, then the default rules
take effect. If, on the other hand, the TAPT sub-sequence
does fit the criteriz for 2 secondary rule(s}) they take prece-
dence over the default rules. A TAPT sub-sequence iake into
account the current phoneme and duration, and 2 number of
the preceding and foliowing phonemes and duration’s as
well may be specified.

Preferably, the secondary rules effect morph target corre-
spondence and weights, or transilion times, or both. Sec-
ondary rules can create lransitions and correspopdences
even where oo phoneme fransitions exigt. The secomdary
rules can use as their crileria the phoneme, the duration o1
the phoneme's context in the oulpul stream, that is what
phonemes are adjacent of in the neighborhood to the current
phoneme, what the adjacent durations are, and the like.

“The post processing rules are preforably applied after 2
preliminary output morph weight set is caleulated so as lo
modify it. Post processing rules can be applisd before
interpolation and/or affer interpolation, s described lales in
{his document. Both the secondary and post processing nules
are optional, however, they may in cerlain applications be
very complex, and in particular circumstances contribute
more 1o the output than the defanlt mies.

In FIG. 1, a flow charl illusirales the preferred steps of the
methodelogy 10 for automatically animating Jp synchroni-
zation and facial expression of three dimensional apimated
characters of the present invention. A specific sub-sequence
20 is selected form the TAPT file 12 and is evaluated 22 to
determine if any secondary rule cateria for morph weight set
1arget apply. Time aligned emetional lranscription file 14
data may be inputted or date fram 20 optional time aligoed
data file 16 may be used. Also shown is a paralle] method 18
which may be configured identical 10 the primary method
described, however, using different timed data rules aad
differeat delia sels. Sub-sequence 20 i5 evalualed 22 to
delermine if any secondary rule criteria apply. If yes, then a
morph weight set is assigned 24 according to the secondary
rules, if 1o, then a morph weight set is assigned 26 according
to the defauit rules. If the sub-string meels any secondary
rufe criteria for transition specification 28 then a transition
start and end time are assigned according to the secondary
rules 32, if no, then assiga transition start and end times 30
according to default rufes. Then an intermediate file of
transition keyframes using largel weights and transition
rules as generaled are created 34, and if any keylrame
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sequences fit post process before inlerpolation rules they are
applied here 36. This data may be output 38 here if desired.
If pot, then interpolate using any method post processed
keyframes to a desired frequency or frame rate 40 and if apy
morph weight sequences generated fit post processing after
interpolation criteriz, they are applied 42 at this point. If
parallel methods or systems are used to process other timed
aligned dala, they may be concatenated here 44, and the data
output 46,

In FIG. 2, the method for automatically animating lip
syachronization and facial expression of threz dimensional
characters for films, videos, carloons, and other animation
products 14 is shown according to the invention, where box
50 show the step of configuring = set of defanlt correspon-
dence rules between a plurality of visval phoneme groups or
other timed put data and a plurality of morph weighi seis.
Box 52 shows the steps of specifying a plarality of morph
weight set fransition rules for specifying durational data for
the generation of transitionary curves between the plurality
of morph weight sets, allowing for the production of a
stream of specified morph weight sels to be processed by a
compuier animation system for integration with other
animaticn, whereby animated lip syrchronization and facial
expression of animated characters may be sutomatically
produced.

With refercnce now to FIG. 3, method 10 for awtomali-
cally animating lip synchronization and faclal expression of
three dimensional characters for use with a compuler ani-
mation system is shown including box 56 showing the slep
of determining means for producing a stream of morph
weight sets when 2 sequence of phonemes is encountered.
Box 58, showing the step of evaluating a plurality of time
aligned phonetic lrapscriptions or otber Umed at such as
pitch, amplitude, noise amounts, and the Iike, against said
delermining means for producing 2 stream of morph weight
sets. In box 60 the steps of applying said determining means
for producing a stream of morph weight seis to generale an
output morph weight set siream, allowing for an appropriate
morph weight set correspondence with each of a plurality of
time aligned phopetic transcription sub-sequences and coz-
rect time parameters applied to a plurality of morph weight
sl transitions between a representation of a prior time
aligned phonetic transcriplion sub-sequeace apd a current
one, whereby lip synchronization and facial expressions of
animated characters is automatically controlled and pro-
duced are shown according to the invention.

In operation and use, the user must mamuelly set up
defaull comrespondence rules between all visual phoneme
groups and morph weight sets. To do this, the user preferably
specifies the morph weight sets which comespond 1o the
mode) speaking, for example the “oo” sound, the “th" sound,
and the fike, Next, defaull rules must be specified. These
rules specify the duratiopal information peeded to generate
eppropriate iransilionary curves between morph weight sets,
such as lransition start apd end times. A “trapsition” between
two morph weigh sets is defined as cach member of the
morph weight set transitions from it's current stafe o it's
larget state, starting al the transition start time and ending at
the transition end time, The target sfate is the morph weight
sel determined by a correspondence rule,

The defanlt correspondence rules and the default morph
weight set transition rules define the default system behav-
ior. If ali possible visual phoneme groups or all mesmbers of
alternative data domains have morph weight set
correspondence, any phoneme sequence can be bandled with
this rule set alone. However, additional rules are desirable
for effects, exceptions, and unigueness of character, as
further described below.
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According 1o the method of the invention, otber niles
involving phoneme’s duration andfor context can be speci-
fied. Also, any other rules that do not fit casily into the above
mentioned categories can be specified. Examples of such
rules are described io greater detail below and are termed the
“secondary rules”. If a timed phopeme or sub-sequence of
timned phonemes do not fit the criteria for any of the

_ secondary rules, the defavll rules are applied as seen in FIG.
L

It is seen that through the use of these rules, ap appropriale
morph weight stream is produced. The uninterpolated morph
weight stream has entries cnly 2! transition slart and end
time, bowever, These act as keyframes. A morph weight set
may be evaluated at any time by interpolating between these
keyframes, using conveniiopal metbods. This is how the
output siream is calculated each desired time frame. For
example, for telévision productions, the necessary resolution
is 30 evaluations per second.

The post processing rules mey be applied either before or
after the above described interpolaiion step, or both. Some
rules may apply only lo keyframes before interpolation,
some to intorpolaled data. If applied before the interpolation
slep, this affects the keyframes, if applied after, it effects the
interpolated data. Post processing can use £he morph weight
sets caleulaied by the defsull and secondary rules. Post
processing rules can use the morph weigh sels Or sequences
as i box 44 of FIG. 1, calculated by the default and
secondary rules. Post processing rules can modify the indi-
vidual members of the morph weight sets provicusiy gen-
erated. Post processing rules may be applied in addition to
other rules, including other post processing rules. Once the
rule set up is completed as described, the method of the
present invention car: take any number and length TAPT s a3
input, and automatically. output the corresponding morph
weight set stream as seen in FIGS. 1-3.

For example, 2 modeled neutral geometric representation
of a character for an animated production such as a movies,
video, cartoon, CD or the lke, with six morph targets, and
their delta seis determined. Their representations, for
example, are as follows:

Delta et Visual Representation
1 g
2 ek
3 agn
4 “oh"
5 exaggerated “ob”
[ special case "eh” used during a “saide louph” sequences

In this cxample, the neutral model is used lo represent
silence. The following is an example of a set of rules,
according Lo the present method, of course this is only an
example of a set of rules which could be use for itustrative
purposes, and many other rules conld be specified according
to the method of the invention.

Defanit Rules

Default Correspondence Rules;

Criteria; Encounter & “h” as in “house”

Functicn: Use morph weight set (1,0,0,0,0,0) as {ransition
sarget,

Criteria: Encounter an “eb™ as in “bet”

Punction: Use morph weight set (0,1,0,0/0,0) a5 trassiticn
target.

Criteria; Encounler 2 “1” as in “old”
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Punction: Use morph weight set (0,0,1,0,0,0) as transition
target. .

Criteria; Fncounter an “oh” as in “old”

Functios: Use morph weight set 0,0,0,1,0,0) as travsition
target,

Criteria: enconnter a “silence”

Function: use morph weight set (0,0,0,0,0,0) as transition
target.

Defauit Transition Rule:

Critesia. Encounter any phoneme

Funclion: Transition start time=(the oulgoing phopems’s
end time)-0.1*(lbe cutgoing phoneme’s duration);
transition end time=(the incoming phonerme’s start time}+

0.1* (the incoming phonewme’s duration)

Secondary Rules

Criteria: Enconsler an “ob” wilh a duration greaicr than 1.2
seconds.

Function: Use morph weigh set (6,0,0,0,1,0)

Criteria; Facounler an “eh” followed by an “ob” and pre-
ceded by an “h”.

Function: Use morph weigh set (0,0.0,0,0,1) as trapsition
target.

Criteriz: Encounter any phoneme preceded by silence

Function: Transition start time=(the silence’s end time)-
0.1%(the incoming phoneme’s duration):Transition end
{ime=the incoming phoneme’s starl time

Criteria; Encounter silence preceded by apy phoneme.

Function: Transition start time=the sileace’s start time +0.1%
(the culgoing phoneme's duration)

Post Processing Rules

Criteria: Encounter & phoneme duration under 0.22 seconds,

Functiom: Scale the transition target defermined by the
defanll and secondary rules by 0.8 before interpolation.
Accordingly, using this example, if the user were 1o use

these rules for the spoken word “Hello™, at least four morph

targets and a neutral target would be required, that is, one

each for the sound of “h", “e™#1”,“ch” and their associatled

delta sets. For example, & TAPT representing the spoken

word “helle” could be configured as,

Time Phoneme

0.0 silence begins

0.8 silence ends, “h" begias
1.0 “b" ends, “ch” begins
1,37 “eh” ends, “1" begins

1.6 “1" ends, “oh” begins

24 “oh” eads, silence begios,

The wethod, for example embodied in computer software
for operation with a compuler or computer animation system
would creale an output morph weight set siream 2s follows:

Ds:r DSz DB3 D54 DEs
Time (EY (W (¥ {oh)  {aux"oh”) D.SE
2.0 9 0 0 0 0 0
0.78 i o 0 0 g o
08 i 0 0 0 9 0
0.58 1 ] G ¢ k] 0
1.037 G 1 a & ¢ 0
1.333 0 1 o G ] 0
1.402 0 ¢ I 0 o G
1.667 4] o] 1 0 o o
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-continued

el DS DSE3 D.5.4 D85
Tme (B (o) (1)

(o™ {awoh™) D56
1.74 o 0 & T i} 0
2.3 i 0 ¢ 1 [} 0
214 o 0 8 0 0 0

Such morph weight sets act as keyframes, marking the
transilionary points. A morph weight set can be oblaiged for
any lime within the duration of the TAPT by interpolfating
belween the morph weight sels using conventional methods
well known in the art, Accordingly, a morph weight set can
be evaluated at every frame. However, the post processing
rules can be applied to the keyframes before laterpolation as
in box 36 of FIG. 1, or to the interpolated data as in box 40
of FIG. 1. From such stream of morph weight sels, the
pentral model is deformed as described above, and then sent
(o a conventional compuier animation system for integraiion
with other animaticn. Alternatively, the morph weight set
stream can be used direclly by an animation program or
package, wither inlerpolated or not.

The rules of the present invention are exfensible and
frecform in the sense that they may be created as desired and
adapted to a wide variety of apimation characters, situations,
and products. As each rule cornprise a criteria and function,
as in ap “if . . . then . . . else” consiruct. The following are
ilustrative examples of other rules which may be used with
the present methodology.

For exaraple, vse §0,0,0,0 . .. 0} as the morph weight sel
when a “m” is encountered. This is a type of defaunlt mle,
where:

Criteria: Encounter 2 “m™ phoneme of any duration.
Funcfion: Use a momph weight set {0,000 ., . 0} as a
trapsition targetl.

Another example would be creating several slightly dif-
ferent morph targels for cach phoneme group, and using
them rapdomly each ilme thal phoneme is spoken. This
would give a more random, or possibly comical or interest-
ing look fo the animalion’s. This is a secondary rule,

Axn example of post processing rule, before interpoiation
would be to add a small amount of random noise 1o all
morph weight channels are all keyframes. This would
slightly aiter the look of each phoneme 1o creale a more
natural look.

Criteria: Encounter any keyframe
Function: Add a snali randogs vale to each member of the
morph weight set prior to interpolation.

An example of a post processing rule, after interpolation
would be to add a component of an auxiliary morph farget
{one which does nof correspond direcily to a phoneme) to
the oulpul stream i a cyclical mapper over time, after
interpolation. 1f the auxiliary morph target had tbe charac-
ter's mouth moved to the left, for example, the output
animation would bave the character’s mouth cycling
befween center to Jefl as ke spoke.

Criterda: Encounfer apy morph weight sel generated by
mterpolation :

Functios: Add a value caloulated through a mathematical
expression to the morph weigh set’s member that corre-
sponds 1o the anxiliary morph target’s delta set weight.

The expression might be, for example: 0.2%sin

(0.2%ime*2*pi)+0.2. This rule would resulf in zn oscil-

lation of the apimated character’s mouwth every five sec-

onds.

Another example of a secondary rule is lo use alterpative
weight sets(or morph weight set sequences) for certain
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contexts of phonemes, for example, if an “ob” is both

preceded and followed by an “ee” then use an alternate “ok”.

This type of rule can make speech idiosyncrasies, as well as

special sequences for specific words (which are a combiaa-

tion of certain phonemes in a certain comlext). This fype of
rule can lake info consideration the differences in mouth
positions for similar phonemes based on context. For
example, the “1*" iz “hello™ is shaped more widely than the

“$7 in “purly” due fo it's proximity to an “eh” as opposed tp

a "’

Crileria; Encounter an “1” preceded by an “7”.

Function: Use a specified morph weight set as transition
targel, ’

Another secondary rule could be, by way of illusiration,
that if a phoneme is Jonger than a cerlain duralion, substitule
a different morph target. this can add expressiveness to
extended vowe] sounds, for instance, if 2 characler says
“HELLOOOQOQO!” a more exaggeraled “oh” roodel
would be used.

Criteria; Focounter an “oh" longer than 0.5 seconds and less
than 1 second.

Funetion: Use a specified morph weight set as a transition
farget.

If a phoneme is longer than ancther phoneme of even
longer duration, z secondary rule may be applied to create
mew lransitions between allernate morph targets at certain
intervals, which reay be randomized, duriog the phoneme’s
duration. This will add some animation to extremely Jong
held sounds, avoiding a rigid kook. This 38 another example
of a secondary nile
Criteria: Encounter an “oh™ longes than 1 second long.
Function: Inserl transitions between a deficed group of

morph weight sets at 0.5 second intervals, with iransition

duration’s of 0.2 seconds uniil the next “normal” transi-
tion stari e is encountered,

If a phogeme is shorter than a certain duration, iis
corresponding morph weight may be scaled by a factor
smaller than 1. This would create very short phonerses not
appear over articulated, Such a post processing mule, applied
before interpolation would comprise!

Criteria: Encounster 2 phoneme duration shorier than 0.1
seconds.

Function: Multiply all members of lhe transition target
{already determined by default and secondary rules by
duration/0.1.

As is readily apparent a wide variety of other rules can be
created (o add individuality to the different characters.

A further extension of the present method is o malke a
paratlel method or system, as depicted io box 14 of FIG. 1,
that uses iime aligned emotional trasscriptions (TAET) that
correspond o facial models of those emotions. Using the
same techniques as previously described additional morph
weight set streamns can be created thal conirol other aspecis
of the characier that reflect facial display of cmoficnal siate,
Such morph weighi sei streams can be concatenaied with (he
lip synchronization stream. In addition, the TAET data can
be used in conjunction with the lip synchronization second-
ary rules lo alter the lip synchronization output stream. For
example:

Criteria: An “L” is encountered in the TAPT and the nearest
“egmoteme” in the TART is a “smile”™.

Function: Use a specified morph weight set as Lransition
targel. ’

As 1s evident from the above description, the aulomalic
animation Hp synchronization and facial expression method
described may be used on a wide varety of animation
products. The method described herein provides an
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exiremely rapid, efficient, and cost effective means to pro-
vide automatic lip syncbronization and facial expression in
three dimensional animatled characlers. The method
described hercin provides, for the fust thme, a rapid,
effective, expressive, and inexpensive means fo auiomati-
cally creale animated lip synchronization and facial expres-
sion i apimated characters. The method described herein
can crezie the necessary morph weight sel streams to create
speech apimation when given a lime aligned phozetic traz-
scription of spoken fext and a set of user defined rufes for
determining appropriate morph weight sefs for 2 given
TAPT sequence. This method also defines nides describing a
method of trapsilioning between lhese seis [hrough lime,
The present method is extessible by adding new rules, and
other fimed data may be supplied, such as time “emotemes”
that will effect the outpul data according io additional rules
that iake this data into account In this manner, several
pazallel systems may be used on different types of timed dala
and fthe resulis concatepaled, or used independenily.
Accordingly, addilional advantages and modification will
readily cceur to those skilled in the art, The invention in its

broader aspects is, therefore, not limited to the. specific’

methodological details, representative zpparatus and illus-
trative examples shown and described. Accordingly, depar-
tures from such defails may be made without departing from
the spirit or scope of the applicant’s inventive concepl.

What is claimed is:

1. A method for automaticaily animating lip synchroni-
zation and facial expression of three-dimensional characters
comprising: '

obtaining a first set of rules that define oulput morph

weight set sireara as 2 function of phoneme sequence
and time of said phonerne sequence;

obtaining 2 timed data file of phonemes having a plurality

of sub-gequences;
generaling an intermediate stream of output morph weight
sels and a plerality of transition parameters betwees
wo adjacen! morph weight sets by evaluating said
phirality of sub-sequences against said first sel of rules;

generating a final sireatn of outpu! morph weight sets al
2 desired frame rate from said intesmediate stream of
cutput morph weight sets and said plurality of transt-
tion parameters; and

applying said final stream of oulput morph weight sets to

a sequence of snimated characters fo produce lip syn-
chronization and facial expression control of said ani-
mated characters.

2. The method of claim | wherein each of said first set of
rules comprises a rule’s criteriz and a rule’s function.

3. The method of claim 2 wherein said evaluating com-
prises:

checking each sub-sequence of said phirality of sub-

sequences for compliance with said rule’s ceileria; and
applying said rule’s function upon sai¢ compliance.

4, The metbod of claim 1 wherein said first set of rules
comprises 2 defauli set of rules and an optional secondary set
of rules, said secondary sel of rules having prority over said
defzult set of rules.

5. The method of claim 4 wherein said default set of rules
is adequate fo create said intermediate stiearn of output
morph weight seis and said plurality of transition parameters
between two adjacent morph weight sets for all sub-
sequences of phoaemes in said timed data file.

6. The method of claim 4 wherein said secondary set of
rules are used in special cases to substitute alterpate oulput
morph weight sets and/or transition paramelers between two
adjacent morph weight seis.
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7. The wethod of claim 1 wherein sajd timed data is a
timed aligned phonetic lranseriptions data.

8§, The method of claim 7 wherein said timed data further
comprises iime aligned dala.

9. "The method of claim 7 whersin said timed data furher
comprises time aligned emotional trapscription data.

10. The method of claim 1 wherein each of said plurality
of trapsition paramelers cotnprises a iransition start time and
a transition end Hone; and said intermediate stream of oufput
morph weight sels having entries at said trapsition starl time
and said transition end Hme.

11. The metbed of claim 10 wherein sajd generating a2
fina] stream of oufpui morph weight sets comprises:

obiaining the oufput morph weight set at a desired time by
interpolating between said infermediate stream of
morph weight sets at said transition start tisne and said
transition end time, said desired time representing a
frame of said final stream of culpul.

12. The method of claim 11, farther comprising:

applying a second set of rules to said outpul morph weight
set for post processing.

13. The method of claim 1 wherein said first set of rules

comprises:

correspondence rules between 2 plurality of visval pho-
neme groups and 2 plurality of morph weight sets; and

morph weight sel transition rules specifying durational
datz for generating transilionary curves between morph
weight sels.

14, An apparatus for aulomatically apdmating Hp synchro-
nization and facial expression of three-dimensional charac-
ters comprising:

& computer system;

a first set of rales in said computer sysiem, said first set
of rules defining oulpud morph weight sel stream as a
fonction of phoneme sequence and time of said pho-
DEmE sequence;

a timed data file readable by said computer system, said
timed data file having phonemes with a plurality of
sub-sequences;

means, i szid computer system, for generating an inter-
mediate stream of oviput morph weight sels and a
phirality of transition parameters between two adjacent
morph weightl sets by evaluating said plarality of
sub-sequences against said first sef of nules;

means, in 5aid computer system, for generaling a foal
stream of outpul morph weight sets at 2 desired frame
rate from said intermediate siream of outpul morph
weight sets and said plurality of transition parameters;

~and

means, in said compuler systerm, for applying said final
streamn 0f output morph weight sets 1o a sequence of
animated characters o produce lip synchronization and
facial expression control of szid animaled characters,

15. The spparatos of claim 14 wherein each of said first
set of rules comprises a rele’s criteria and 2 rule’s function,

16. The apparatus of claim 15 wherein said evaluating
comprises:

checking each sub-sequence of said phurality of sub-
sequences for cornpliance with said mle’s criteria; and

applying said rule’s fupction upon sazid compliance.

17. The apparatus of claim 14 wherein said first set of
rules comprises 2 defaulf set of rules and an optional
secondary set of nules, said secondary set of rules baving
priority over said default set of rules,

18. The apparatus of claim 17 wherein said defavlt set of
rules is adequate to create said intermediate stream of output
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13 ' 14
roorph weight sets and said phurality of ransition parameters obtaining the output morph weight sel at a Gesired thme by
berween two adjacent morph weight sets for all sub- inlerpolating between said intermediate sweam of
sequences of phonemes in said timed data file. morph weight sets at said transition start time and said
19. The apparatus of claim 17 wherein said secondary set transition end time, said desired Gme representing 2

of rules are used in special cases o substituie allernate 5
output morph weight sets and/or trapsition paramelers
between two adjacent morph weight sets.

20. The apparatus of claim 14 wherein said timed dala is means for applying u second set of rules to said output
& timed aligned phonetic transcriptions data. morph weight set for post processing.

. laim 20 in said 1 dat . N
Im%gerTci,];mglij:;: ﬁzlzfaiga;?d?éﬂ:bemm said timed datz 10 26. The apparaius of claim 14 wherein said first set of
22. The apparatus of claim 20 wherein said timed data mles comprises:

frame of said final stream of oufput.
25, The apparatus of claimn 24, further comprising:

further comprises lime aligned emotional ranscription data, correspendence mules betvicen 2 phurality of visual pho-
23. The apparatus of claim 14 wherein each of said peme groups and a plurality of morph weight sets; and
plurality of transition parameters comprises a lrapsifion starl 15 . X
e and a transition end Hme; and said intermediate siream morph weight set trapsition rules specifying durational
of outpul morph weight sets having entries at said iransition data for generating transitionary curves between morph
start time and said transition end time. weight sels.
24. The appazatus of claim 23 wherein said generaling a
final stream of output morph weight sets comprises: ok ow & %
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FOR AUT! OMA??CALLYAN!MAT!NG LIP SYNCHRONIZATION AND FACIAL
EXPRESSION OF THREE DIMENSIONAL CHARACTERS FOR FILMS, VIDEQS,
CARTOONS, AND OTHER ANIMATION PRODUCTS.

3

CONFIGURING A SET OF DEFAULT CORRESPONDENCE RULES BETWEEN A § - 50
PLURALITY OF VISUAL PHON% gf?f(}é}g}% AND A PLURALITY OF MORPH

¥

SPECIFYING A PLURALITY OF MORPH WEIGHT SET TRANSITION RULES |92
FOR SPECIFYING DURATIONAL DATA FOR THE GENERATION OF
TRANSITIONARY GURVES BETWEEN THE PLURALITY OF MORPH WEIGHT
SETS, ALLOWING FOR THE PRODUCTION OF A STREAM OF SPECIFIED
MORPH WEIGHT SETS T0 BE PROCESSED BY A COMPUTER ANIMATION
SYSTEM FOR INTEGRATION WITH ANOTHER ANIMATION.

FIG. 2
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METHOD FOR AUTOMATICALLY
ANIMATING LIP SYNCHRONIZATION AND
FACIAL EXPRESSION OF ANIMATED
CHARACTERS

This is a continuation of appiication Ser. No. 08/942,987
filed Oct. 2, 1997, now U.8, Pat. No. 6,307,576,

BACKGROUND OF THE INVENTION

1. Field of Invention

This {avention relates generally Lo animation producing
methods and apparatuses, and more particularly is directed
to 2 method for automatically animatisg lip synchronization
and facial expression for three dimensional charactess.

2. Description of the Related Art

Various methods have been proposed for animating lip
synchronization and facial expressions of animated charac-
ters iz animated products such as movies, videos, cartoons,
CD’s, and the like. Prior methods iz this area have long
suffered from the need of providing 2n ccopomical means of
anirsaling lip synchronization and character expression in
the produclion of animated products due 10 1be extremely
laborious and lengthy protocols of such prier traditional and
compuier apimation fechniques. These shoricomings have
significantly limited all prior lip synchronization and facial
expression methods and apparatuses used for the production
of animated products. Indeed, the limitations of cost, time
required 1o produce an adequate lip synchronization or facial
expression in an amimated product, and the inherent imila-
fdons of prior methods apd apparafuses to satisfactorily
provide lip synchronization or express character feelings and
emotion, leave a significant gap ie the potential of animated
methods and apparatuses in the current stae of the art,

Time aligned phonstic Lianscriptions (TAPTS) are a pho-
netic transcription of a recorded ext or soupdirack, where
the occurrence in time of each phoveme is also recorded. A
“phoneme” is defized as the smaliest unif of speech, and
corresponds 10 a single sound. There are several standard
phonetic “alphabets” such as the Interpational Phonetic
Alphabet, and TIMIT created by Tesxas insiruments, Inc. and
MIT. Such transcriptions can be created by hand, as they
currentiy are in the fraditional animation industry and are
called “x” sheets, of “gray sheets” in the trade. Alternpatively
such trapscriptions can be created by aufomatic speech
recognition programs, or the like.

The current practice for three dimensional computer gea-
erated speech animation is by magpual techniques commoniy
using a “morph target” approach. In this practice a reference

5

15

25

35

model of a neutral mouth position, and several other mouth ~

positions, each comresponding to a different phonesme or set
of phonemoes is used. These models are cailed "morph
targeis™. Bach morph target bas the same lopology as the
neutral roodel, the same mumber of verlices, and each vertex
on each mode! Jogically comresponds to a vertex oz each
other model, or example, veriex #n on all models represents

the left corner of the mouth, and although this is the typical -

case, such rigid correspondence may pot be necessary.
The deltas of each vertex on each morpb target relative to
the peutral are computed as a vector from each vertex n on
the reference 16 each vertex » on each morph target. These
are catled the delfa sets. There is one delta set for each morpk
target. ’
In producing animation products, a value nsually from 0
to 1 is assigned 1o cach delia set by the animator and the
value is called the “morph weight”. From these morph

EXHIBIT B

60

65

2
weights, the nentral’s geometry is modified as follows: Each
vertex N on the neutral has the corresponding delta set’s
vertex multiplied by the scalar morph weight added to it
This is repeated for each morph target, apd the resulf
summed. For cach vertex v in the neutral model;

[reslt=lneutaliv 2, y"delta setalmorph weiph

where the symbol |xxx] is used to indicate the coresponding
vector in each referenced set. For example, fresult] is the
corresponding resuliant veriex 1o vertex v iz the neutral
model |nentral] and |delta setxd is the corresponding vector
for delta set x.

I the morph weight of the delia set corresponding fo the
morph farget of the character saying, for example, the “oh”
sound is set fo 1, and all others are sef {0 0, the neutral would
be modified (o Jook like the “ob target. If the situation was
the same, except that the “obh™ morph weight was 0.5, the
neutral’s geomelry is modified half way between pevtral apd
the “oh™ morph target,

Similarly, if the situation was as described above, except
“ob” weight was 0.3 and the “ee” morph weight was a1 0.7,
the neatral geomelry is modified to have some of the “oh”
model characteristics and more of the “ee” model charac-
teristics. There also are prior biending metheds including
averaging the delta sets according to their weights.

Accordingly, to apimale speech, the artist needs 1o sef all
of these weights at each fiame 1o au appropdate value.
Usvally this is assisted by using a “kevframe™ approach,
where the artist sefs the appropriate weights at certain
important times (“kevframes”} and a program interpolates
each of the channels at each frame, Such keyframe approach
is very tedious and time consuming, as well as inaccurate
due to the large number of keyframes necessary 1o depict
speech. ‘

The present invention overcomes many of the deficiencies
of the prior art and obtaiss its objectives by providing an
inlegrated method embedied in computer software for use
with a computer for the rapid, efficient Lip synchronization
and manipulation of character facial expressions, thereby
allowing for rapid, creative, and expressive animation prod-
ucts to be produced in & very cost effective meaaner.

Accordingly, it is the primary object of this invention to
provide a metbod for antomatically animating lip synchro-
nization and -facial expression of three dimensional
characlers, which is integrated with computer means for
producing accurale and realistic lip syochronization and
facial expressions in animated characters, The method of the
present invention further provides an extremely rapid and
cost effective means to avlomatically ereate lp synchroni-
zation and facial expression in three dinensional animated
characlers.

Additional objects and advantages of the invention will be
set forth in the description which follows, and in part wili be
obvicus from the description, or may be learned by practice
of the invention. The objects and advantages of the invenlion
may be realized and oblained by means of the inslrumen-
talities and combinations particularly pointed out in the
sppended claims,

SUMMARY OF THE INVENTION

o achieve the foregoing objects, and in accordance with
the purpose of the invention as embodied and broadly
described herein, a method is provided for confrolling and
automatically animating lip syonchronization and facial
expressions of three dimensional animaied characters using
weighted morph targets and lime aligned phonetic franscrip-
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tions of recorded text, and other time aligned data. The

method ulilizes a sel of rules that determine the systemas

output conprising a stream or streams of morph weight sels
when a sequence of timed phonemes or other timed data is
encousfered. Qther timed data, such as pitch, amplitued,
noise amounts, or emotional staie data or emotemes such as
“surprise, “disgust, “embarrassment”, “limid smile”, or the
like, may be imputied fo affect the outpul stream of morph
weight sets.

The methodology herein described allows for automati-
caily animating lip synchronization and facial expression of
three dimensional characters in the creation of a wide variety
of apimation preducts, including but pot limited o moviss,
videos, carteons, CD’s, sofiware, and the ke, The method
and apparafuses herein described are operably integrated
with computer software and hardware,

In accordance with the presen! ipvention there also is
provided & method for antomatically animating lip synchro-
nization and facial expression of three dimensional charac-
ters for flms, videos, cartoons, and other asimation
products, comprising configuring a set of default correspon-
dence rules between a plurality of visnal phoneme groups
apd a plerality of morph weight sets; and specifying a
phurality of morph weight set transition mles for specifying
duratiopal data for the generation of trapsitionary curves
between the plurality of morph weight sets, allowing for the
production of a stream of specified morph weigh sels o be
processed by a computer animation system for integration
with other animation, whereby asimated lip syochronization
and facial expression of animated characters may be auto-
matically controlled and produced,

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporaied in
and constitule a part of the specification, illustrale a pre-
ferred embodiment of the invention and, together with a
general description given abeve and the detailed description
of the preferred embodiment given below, serve 1o explain
the principles of the invention.

FIG. k15 2 Bow chart showiag the wethod of the invention
with an optional time aligned emolional tramseription file,
and another parallel tmed data file, according to the inven-
tion.

FIG. 2 is a flow chart illustrating the principal steps of the
present methed, according to the invention.

FIG. 3 is another representational flow chart illustrating
the presenl method, according o the invention,

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made in detail fo the present
preferred embodiments of the invention as illustrated in the
accormpanying drawings,

In accordance with the present invention, there is pro-
vided as ilustrated in FIGS. 13, a method for controlling
and automatically animating lip syachronization and facial
expressions of three dimensional animated characlers using
weighted morph targets and time aligned phonetic frapscrip-
ticns of recorded lext. The method utilizes a set of rules that
determine the syslemss cutput comprising a stream of morph
weight sets when a sequence of timed pbonemes is encoun-
tered. Other timed data, such as timed emaotional state data
or ernpolemes such as “surprise, “disgust, “embarrassment”,
“timid sraile”, pitch, amplitued, noise amounis or the like,
may be inputied to affect the oulput siream of morph weight
sets,

EXBIBIT B
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The method comprises, in one embodiment, configuring a
set of default correspondence rules between a plurality of
visual phoneme groups and a plurality of morph weight sels; -
and specifying a pluralily of morph weight set transition
rafes for specifying durational data for the geperation of
trapsitionary curses between the plurality of morph weight
sets, allowing for the preduction of a stream of specified
morph weight sefs to be processed by a computer animation
system for iplegraton with other animation, whereby ani-
mated lip synchronization and facial expression of animated
characters may be antomatically produced.

There is also provided, according to the invention a
method for aufomatically animating lip syachronization and
facia} expression of three dimessional characlers for use
willy a computer animation system, comprising the steps of:
determining means for producing a stream of morph weight
sets when a sequence of phonemes is encountered; evalu-
aling a plurafity of time aligred phonefc transcriptions or
other timed dala such as pitch, amplitude, poise amounts and
the ke, againsi the determining means for producing a
stream of morph weight sets; applying said determining
means for producing a stream of morph weight sels lo
generale an output morph weight set stream, allowing for an

- appropriate morph weight set correspondence with each of

a plurality of time aligned phonetic transcription sub-
sequences and correct time parareeters applied 1o a plurality
of morph weight set {ransitions between a representation of
a prior time alipned phonetic tracscription subsequence and
2 currenl ope, whereby lip synchronization and facial
expressions of animaled characters is aulomatically con-
trolled and produced.

The method preferably comprises a sel of rules that
determine what the cutput morph weight set stream will be
when any sequence or phonemes and thelr associated times
is encountered. As used herein, a “morph weight set” is a set
of values, one for each delta set, that, when applied as
described, transform the peutral mode 1o some desirad state,
such as speaking the “oo” sound or the *th” sound.
Preferably, one model id designated as the anchor modsl,
whick the delias are computed in reference to. If for
example, the is & morph farget that represents all possible
occurrences of an “e” sound perfectly, it’s morph weight set
would be all zeros for 21l delta sets except for the delta set
corresponding to the “ee” morph target, whick would sel to
1.

Preferably, each rule comprises two parts, the rule’s
criteria aod the nule’s fuaction, Each sub-sequence of time
aligned phonetic transcription (ZAPT) or other tied data
such as pilch, amplitude, noise amoun{ or the like, is
checked against a rele’s crileria to see if thal rle-is
applicable, If so, the rule’s function is applied 10 generate the
outpuf, The primary function of the rules is to determined 1)
the sppropriate morph weight set correspondence with each
TAPT sub-sequence; and 2) the time parameters of the
morph weight sel transitions between the representation of
the prior TAPT sub-sequence or other timed data and the
curreat one. Conditions 1} and 2) must be completely
specified for any sequence of phonemes and times encoun-
tered. Together, such rules are used to creale 2 contimacus
stream of morph weight sets.

In the present method, 11 is allowable for more than one
phoneme to be represented by the same morph target, for
examople, “sss” and “zzz”. Visually, these phonemes appear
similar. Through the use of such riles, the user cap group
phonemes logether that have a simifar visual appearance into
visual phonemes” that function the same as one another. It
is also acceptable, through the rules, 1o ignore certain
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phoneme sequences. For example, a rule could specify: “If
in the TAPT, there are two or more adjacent phonemes that
are in the same “visual phoneme” group, all but the first are
ignored”,

The rules of the present method may be categorized in
three main groupings; default rules, auxiliary rules and post
processing rules. The defanlt rules must be complete enough
1o create vahid ontput for any TAPT cocountered af any point
in the TAPY. The secondary rules are used in special cases;
for example, 1o substitwie allernative morph weight set
eorrespondences andfor frapsition rules if the idertified

crileria are roel. The post processing niles are used to further-

manipulate the morph weight sef stream afier the defauli or
secondary rules are applied, and can farther modify the
members of the morph weight sets determined by the default
and secondary mles and inlerpolation.

If for example, specific TAPT subsequence does not fif the
criterda for auy secondary rules, then the default rules take
effect. If, on the other hand, the TAPT sub-sequence does fit
the criteria for a secondary mle(s) they fake precedence over

the defauli rujes. ATAPT sub-sequence take into account the -

current phoneme and duration, zud a number of the preced-
ing and following phovemes and duration’s as well may be
specified.

Preferably, the secondary rules effect morph target corre-
spondence and weights, or fransition times, or both, Sec-
ondary: rules can creale transilions and correspondences
even where no phoneme transitions exist. The secondary

rules can use as their criteria the phoneme, the duratios or -

the phoneme’s context in the oulput siream, thal is what
phonemes are adjacent or in the peighborhood to the carrent
phoneme, what the adjacent duration’s are, and the like.

The post processing rules are preferably applied after a
prelimizary oulput morph weight set is caloulated so as 1o
modify it. Post processing rules can be applied before
interpolation andfor affer interpolation, as described later in
this document. Both the secondary agd post processing rules
are optional, however, they may in centaip applications be
very complex, and in particular circumstances coniribute
more to the output than the default mles.

I FIG. 1, a flow chart illustrates the preferred steps of the
methodology 10 or autemalically animating lip synchroni-
zation and facial expression of three dimensional animated
characters of the present invention. A specific sub-sequence
20 is selected from the TAPT file 12 and is evaluated 22 fo
determine if any secondary rule criteria for morph weight set
target apply. Time aligned emolional transcription file 14
data may be inpatted or data from an optional time aligned
data file 16 may be used. Also shown is a parallel method 18

" which may be configured {dentical to the primary method
described, however, using different timed datz rules and
different dellz sets. Sub-seguence 20 is evalualed 22 (o
determine if any secondary rule criteria apply. if ves, then a
morph weight set is assigned 24 according to the secondary
rules, if no, then a morph weighl sel is assigned 26 accordiag
to the defauif rules. If the sub-string meets any secondary
rule criteria for trapsition specification 28 then a transition
start and end time are assigeed according t0 the secondary
rales 32, if no, then assign transition start and end times 30
according fo defanlt rules. Then an intermediate file of
transilion keyframes using target weighis apd transition
rules as geperated are created 34, and if any keyframe
sequences fit post process before interpolation rules they are
applied here 36. This data may be output 38 here if desired.
if not, then amterpolate using any metbed post processed
keyframes o a desired frequency or frame raie 40 and if any
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morph weight sequences geperated fit post processing after
interpolation criteria, they are applied 42 at this poimtl. If
parallel methods or sysierms are used to process other timed
aligned data, they may be concatenated here 44, and the data
output 46,

In FIG. 2, the method for awlomatically animating Hp
synchronization and facial expression of three dimensional
characters for £lms, videos, cartoons, and other asimation
products 10 is shown according fo the invention, where box
58 show the step of configuring 2 set of default correspon-
dence rules between a plurality of visual phopeme groups or
otber timed input data and a pluralily of morph weight sels.
Box 52 shows the steps of specifying a plurality of morph
weight set fransition rules for specifying durational data for
the generation of transitionary curves between the plurality
of morph weight sets, allowing for the production of a
stream of specified neorph weight sets to be processed by a
compufer animation system for integration with other
animation, whereby animated lip synchronization and facial
expression of apimated characlers may be automatically
produced,

With reference now to FIG. 3, method 10 for automati-
eally animating lip synchronization and facial expression of
three dimensional characters for use with a computer ani-
mation system is shown including box 56 showing the step
of determining means for producing a stream of morph
weight sefs when a sequence of phonemes is encountered.
Box 53, showing the step of evaluating a plorality of time
aligred phonetic (raoscriptions or other timed atz such as
pilck, amplitude, noise amounts, and the like, against said
determining means for producing a stream of morph weight
sets. In box 60 the steps of applying said determining means
for producing a stream of morph weight sels 16 generate an

_ output morph weight set stream, allowing for an appropriate

50

5.

n

60

morph weight set correspondence with each of a plurality of
fisme aligned phonetic transcription sub-sequences and cor-
rect time parameters applied to a plurality of morph weight
sef transitions between a represeatation of 2 prior time
aligned phonelic trapscription sub-sequence and a current
one, whereby lip synchropization and facial expressions of
apimafied characters is awtomalically controlled and pro-
duced are showsn according to the invention.

In operation and use, the user must manuaily set up
defanlt correspondesce riles between all visnal phoneme
groups and morph weight sets. To do this, the user preferably
specifies the morph weight seis which corespond to the
mmodel speaking, for example the “oo” sound, the “th” sound,
and the like. Next, default rules mast be specified. These
rules specify the durational information needed 1o generate
appropriale transitionary curves between morph weight sets,
such as transition start and end times. “irapsition™ between
two morph weigh sets is defined as each member of the
morph weight set trapsitions from it°s current stale to it's
larget stafe, starting al the frapsition start time and ending at
the trapsition: end tiwe, The target state is the morph weight
set determined by a comespondence rule.

The default correspondence rules and the default morph
welght set trassition rules define the defauit system behav-
ior. If all possible visual phoneme groups or all members of
alterpative data domxains kave morph weight set
correspondence, any phopeme sequence can be handled with
this mie set alone. However, additional rules are desirable
for effects, exceptions, and uniqueness of character, as
further described below,

According to the metbod of the invention, other rules
invelving phoneime’s duration and/or context can be speci-
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fied. Also, any otber rales that do not £t easily info the above
meptioned cafegories can be specified. Examples of such
rules are described in greater deiail beiow and 2re fermed the
“secondary rules”, If z timed phoneme or sub-sequence of
timed phonemes do pot fit the crileria for any of the
secondary rales, the defaull rules are applied as seen in FIG.
1

It is seen that through the nse o1 these riles, an appropriate
morph weight stream is produced. The vainterpolated morph
weighl strearn has enlries only al frapsition starl and end
time, however. These act as keyframes. A morph weight set
may be evaluated at any lime by inferpolating between these
keyframes, using conventional methods. This is bow the
culpul siream is calenlated each desired lime frame. For
exarmple, for television productions, the necessary resolution
is 30 evaluations per second.

The post processing rules may be applied cither before or
after the sbove described inferpolation step, or both. Some
rules may apply only 1o keyframes -before interpolation,

some to interpolated data, If applied before the interpolation .

step, this affects the keyframes, if applied after, it effects the
interpolated data. Post processing can use the moerph weight
sefs calculated by the defaull and secondary mles. Post
processing rules can use the morph weigh sets or sequences
as in box 44 of FIG. 1, calculated by the defmult and
secondary rules. Post processiaog rules can modify the indi-
vidual members of the morph weight sets previously gen-
erated. Post processing rules may be applied in addition to
other rules, including otber post processing rules. Once the
rule sef up is completed as described, the method of the
present invention can take any mumber and length TAFT s as
input, and auiomatically owtput the comesponding morph
weight set stueam as seen in FIGS. 13,

For example, a modeled neuntral geometric representation
of a character for an animated production such as a movies,
video, cartoon, CD or the like, with six morph targets, and
their della sels determined. Their represeniations, for
example, are as follows:

Della Sel Visuel Represeatation

o
aoh
g
“op
expggetated “oh”
~ special case “eb” used duriog a “snide laugh” sequences

SN D b TS

In this example, the neutral model is used to represent
silence. The following is an example of a set of nues,
according to the present method, of course this is only an
example of a set of rules whick could be use for illustrative
purposes, and many other rules could be specified according
to the method of the inveation,

Defauli Rules:

Defanlt Correspondence Rules
Crileria: Encounter 2 “h” 25 in “house”

Function: Use morph weight set {1,0,0,0,0,0) as transition
larget.

8

Criteria: Encounter an “eh” as in “bet”
Function: Use morph weight set (0,1,0,6,0,0) as transition
target.

Criteria: Encounter a “1” as in “o0ld”

5 TFunction: Use morph weight set {0,0,1,0,0,0) as transition
target.

Crileria: Encounter an “ob” as in “oid”

Fugetion: Use morph weight set {0,0,0,1,0,0) as transiticn
target.

Criteria: epcounter a “silence”

Function: use momph weight set (0,0,6,0,0,0) .as transition
target.

Defzult Transition Rule

15 Criferia: Encounter any phoneme
Fugction: Trapsition start times=(the oulgoing phoneme’s
end time)~0.1%(the ovigeing phoneme’s duration);
{rangition end times=(the incoming phoneme’s start ime)
£.1* (the incoming phoneme’s duration) ‘
Secondary Rules
Criteria: Encounter 2a “oh”™ with a duration greater than 1.2
seconds.
Fanction: Use morph weigh set (0,0,0,0,1,0)
o5 Criteria: Encounter and “eb” followed by an “h” and pre-
ceded by an ‘b
Function: Use morph weigh set (0,0,0,0,0,1) as iransition
target.
Crileria; Encounter any phoneme preceded by silence
30 Function: Transition star! lime=(the silence’s end time)-
0.1%{the. incoming phoneme’s duration) Transition ead
time=the Incoming phoneme’s start time
Criteria: Encounter silence preceded by any phopeme.
Fanction: Transition start time=the silence’s start tizpe-0.1%
35  (the outgoing phoneme’s duration)
Post Processing Rules
Criteria: Encounter a phoneme duration under 0.22 seconds.
Function: Scale the traosition targel determined by the
default and secondary rules by 0.8 before interpolation.
4 Accordingly, using this example, if the user were to use
these rules for the spoken word “Hello”, ai least four morph
targets and a neulral targe! would be required, that is, one
each for the sound of “h”, “e”, “I",“ok " and their associated
delta sets. For example, a TAPT represeating the spoken
45 word “heflo” could be configured as,

20

Thne Phopeme
56 4.0 silence begins
0.8 silence ends, “h" begins
0 “k" ends, “eh” begins
1.37 “eh™ ends, “1” begins
1.6 “1" ends, "oh" begine
s 21 “oh” ends, silence begips,

The method, for example embodied in computer software
for operation with a conpuler or computer animation system
waouid create an oatput morph weight set siream as follows:

Time

DEIER) D52 DEICT) D84l DSSwroh”) D56

00
078

0 0 0 0 g 0
0 0 0 0 9 3}
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~confinued
Time  DSICRY DSAeh) DSITY DS4wEY DSSaux-ob™) D5G
038 1 0 0 0 0 0
098 1 9 0 0 0 0
1037 0 1 0 0 o 2
1333 0 1 0 0 6 0
1403 0 0 1 0 0 0
1667 O 0 1 o 0 0
174 0 0 0 1 0 0
241 0 0 0 1 0 0
214 0 0 0 B 0 0
Such morph weight sets act as keyframes, marking the 15 Auvother example of a secondary rule is 10 use alternative

transitionary poiats. A morph weight set can be obtained for
any time within the duration of the TAPT by interpolaling
between the morph weight sets using conventional methods
well known in the art. Accordingty, 2 morph weight set can
be evaluated af every frame, However, the post processing
rules can be applied to the keyframes before interpolation as
in box 36 of FIG. 1, or to the interpolated data as in box 40
of FIG. 1. From such stream of morph weight sets, the
neutral model is deformed as described above, and then sent
1o a conventional computer apimation system for integration
with other animation. Alternatively, the morph weight set
siream can be used direclly by an animation program or
package, wither izlerpolaied or pot.

The rules of the present invention are extensible and
freeforin in the sense that they may be created as desired and
adapted fo a wide variety of apimation characters, situations,
apd products. As each rule comprise  criteria and function,
asin an “if . ., then . .. else” construct. The following are
illustrative examples of other rules which may be used with
the preseat methodology.

For example, nse {0,0,0,0 . .. } as the morph weighs, sot
when 2 “m” is encouniered. This is a fype of default rule,
where: Criteria: Encouster 2 “m™ phoneme of any duration.
Function: Use 2 morph weight set {0,000 . .. 0} as a
trapsition target.

Another example would be creating several slightly dif-
ferent morph. targets for each phoneme group, and using
them randomly each time ihat phoneme is spoken. This
would give a more random, or possibly comical or interest-
ing look o the animation’s. This is a secondary rule,

An example of post processing rule, before interpolation
would be to add & small amoust of rapdom ncise o all
morph weight chanonels are all keyframes. This would
slightly alter the look of cach phoneme 10 creale a more
patural look. ‘ '

Criteria: Encounter any keyframe
Furction: Add 2 small random value 1o cach member of the
meorph weight sef prior lo inferpolation.

An example of a post processing rule, after interpolation
would be (0 add a component of an auxiliary morph target
(one which does not correspond directly 10 2 phonerne) Lo
lbe oulpul stream in a cyelical manper over fime, afler
inferpolation. If the auxiliary morph target had the charac-
ter’s mouth moved fo the left, for example, the output
apimation would have the character’s mouth cycling
between center to lefi as he spoke.

Criteria: Encounter any morph weight set gencrated by
interpolation

Function; Add a value calculated through a mathematical
expression to the morph weigh set’s member that corre-
sponds 10 the suxiliary morph larget’s delta set weight.

The expression might be, for example: 0.2*sin

(0.2 ime*2*pi)+0.2. This mule would result in an oscil-

lation of the animated character’s mouth every five sec-

cnds.

BXHIBIT B

25

30

45

60

weight sets (or morphk weight set sequences) for certain

conlexts of phonemes, for example, In an “oly” is both

preceded and followed by an “ee” then use ap alterpate “oh”.

This fype of rule can make speech Hiosyncerasies, as well as

special sequepces for specific words (which are a combina-

tion of cerfain phoneroes in a certain context). This type of
rule can take into consideration the differences in mouth
positions for similar phonemes based on comlexi. For
exampie, the “T" in “hello” is shaped more widely than the

“I” in “burly” due to i’s proximity io an “eh™ as opposed lo

2. .

Criteria: Encounter an “1” preceded by an “¢".

Function: Use a specified morph weight sef as trapsition
target. _

Anpother secondary mile could be, by way of iustration,
that i a phoneme is longer than a certain duration, substitute
a different morph targei. this can add expressiveness to
extended vowel sounds, for instavce, if a characier says
“HELLOOOOQOOO!” a more exaggerated “ob” model
would be used.

Criteria: Encounter an “oh’” longer than 0.5 seconds and less
than 1 second. :

Function: Use a specified morph weight sel as 2 transition
target.

If & phoneme is longer than apother phoneme of even
ionger duration, a secondary rule may be applied to create
new trapsitions between aliernate morph targels at certain
inlervals, which may be randommized, during ihe phoneme’s
duration. This will add some anfmation to extremmely long
heid sounds, avoiding 4 rigid look, This is another example
of 2 secondary rule
Criteria: Encounter an “ob” longer than 1 second long.
Fupction: Insert fransitions between a defined group of

morph weight sets at (.5 second iafervals, with fransition

duration’s of 0.2 seconds until the pext “normal” trznsi~
tion start time is encountered.

if a pboneme is shorter than & cerlain duration, its
corresponding morph weight may be scaled by a factor
smaller than 1. This would create very short phonemes not
appear over articulated. Such a post processing rule, applied
before interpolation would cotprise:

Criteria: Encounter a phoneme duration shorter than 0.1
seconds.

Function: Multiply all members of the transition farget
(already determined by default and secondary rules by
duration/0.1.

As is readily apparent a wide variety of other rules can be
created 1o add individuality to the differest characters.

A furiber extension of the present method is to make a
paraliel method or system, as depicted in box 14 of FIG. 1,
that uses time aligned emotional ranscriptions (TAET) that
correspond to facial models of those emotions. Using the
sime techniques as previously described additional morph
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weight set streams can be created that control other aspects
of the character that refiect facial display of emotional sfate.
Such morph weight set streams can be concalenated with the
lip syachronization strearn. In addition, the TAET data can
be used in conjunction with the lip synchrenization second-
ary nules to aller the lip synchronization output stream. For
example:

Criterfa: An “L” is encountered in the TAPT and the nearest

“emoterne” in the TAET is a “smile”.

Function; Use a specified morph weight set as transition
larget.

As is evideat from the above description, the autorpatic
animation ip synchronization and facial expression method
described may be used oo a wide varety of animation
products. The method described hercin provides an
extremely rapid, efficient, and cost effective means fo pro-
vide automatic lip synchromization and facial expression in
three dimensional snimsated characters. The method
described herein provides, for the frst time, a rapid,
effective, expressive, and inexpensive means 1o automati-
cally creale animated Jip synchronization and facial expres-
sion in apimated characters. The method described herein
can create the necessary morph weight set streams to create
speech animation when given a time aligned phovetic tran-
scription of spoken text and a set of user defined rules for
determining appropriste morph weight sets for a given
TAPT sequence. This method also defines rules describing 2
method of trapsilioning between these sets throngh time.
The present method is extensible by adding new rules, and
other timed data may be supplied, such as tire “emotemes”
that will effect the output dala according to addiionsl rujes
that take this data info accounl. In this manner, several
paralle] systerns may be used on different types of timed data

and the resulls copcatenated, or used independently.

Accordingly, additionai advantages and moedification will
readily ocour to those skilled in the art. The invention iz its
broader aspects is, therefore, not limiled to the specific
methodological details, represcatative apparaius and illus-
trative examples shown and described. Accordingly, depar-
tures from such details may be made without departing from
the spirit or scope of the applicant’s inventive concept.

What is claimed is:

1. A method for automatically animating lip synchroni-
zalion and facial expression of three-dimensional characlers
comprising:

obtajning a first set of rules that defincs a morph weight

set stream as a function of phonerne sequence and times
associaled with said phoneme sequence;

obtaining a plurality of sub-sequences of timed phopemes

corresponding 1o a desired audio sequence for said
three-gimensional characters;

generating an output morph weight set stream by applying

said first sel of rules to each sub-sequence of said
plurality of sub-sequences of timed phopemes; and -
applying said oulpul morph weight set stream o a imput
sequence of animated characiers to generale an oulpui
sequence of animated characlers with Hp and facial
expression synchronized to said andio sequence.

2. The method of claim 1, wherein said first set of rales
comprises:

correspondence rules betweean all visual phonerwe groups

and morph weight sets; and

morph weight set transition rules specifying durational

data between morph weight sets.

3, The method of claim 2, wherein said durational data
comprises transition starl and trapsition end tmes.
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4. The method of claim 1, wherein said desired audio
sequence is from a pre-recorded Live perlormance.
5, The mesthod of claim 1, wherein said desired audio
sequence is synthetically generated by a computer.
6. The methbed of ¢laim 1, wherein said piurality of
subsequences of timed phonemes is obtained from a file.
7. The method of claim 1, wherein said plurality of
subsequences of timed phonemes is generated during ani-
mation. :
8. The method of claim 1, wherein said oulput sequence
of animated characters is trapsmitied over a computer pet-
worl.
9. The method of claim 1, wherein said generating seid
output morph weight stream comprises:
generating an appropriate morph weight set comespond-
ing to each subsequence of said tmed phonemes; and

generating time paramefers for transition of said appro-
priale morph weight set from 2 morph weight set of a
prior sub-sequence of said timed data.

10. The method of claim 1, wherein each of said first set
of riles comprises a rule’s crileria and a rule’s function.

11. The method of claim 19, wherein said geverating an
cutput morph weight set strearn comprises:

checking each sub-sequence of sald plurality of sub-

sequences of timed data for compliance with said rule’s
criteria; and

generating an oulput morph weight sel and transition

paramelers by applying said rule’s function upon said
complisnce with said criteria.

12. The method of claim 1, wherein said first set of mles
comprises a defauvlt set of niles and an optional secondary set
of niles, said secondary set of ruies baving priority over said
default set of rules.

13. The metbod of claim 1, wherein said plarality of
subsequences of tirsed phonemes comprises 2 imed aligned
phonetic transcriptions sequence.

14. The wmethod of claim 1, wherein said plorality of
subsequences of timed phonemes comprises time aligned

data.

15. The method of ciaim 13, wherein said plurality of
subsequences of timed phonemes further comprises time
aligned emotional transcription data.

16. The method of claim 9, wherein said rapsition param-
eters comprises:

transition start Ume; and

transition end time.

17. The method of claim 16, further comprising:

generaling said oulput morph weight set stream by inter-

polating between morph weight sels at said zansition

start time and said fransition end time according o a

desired frame rate of said output sequence of animated

characters.

18. The methed of clalm 1, further comprising:

applying a second set of roles to said output roorph weight

sel prior to said generafing of said oulput sequence of
animated characters.

19. An apparatus for automatically animating lip syachco-
nization and facial expression of three-dimensional charac-
ters comprising:

a compuler system;

computer code in said compuler syslem, said computer

code comprising:

a method for obtaining a first sél of reles that defines a
mosph weight set stream as a function of phoneme
sequence and times associated with said phoneme
sequence;

000030



Case 2:12-cv-10335-CAS-VBK Document 1 Filed 12/04/12 Page 33 of 37 Page ID #:38

US 6,611,278 B2

13

a method for obtaining a plaralily of sub-sequences of
timed phonemes corresponding fo a desired audio
sequence for said three-dimensional characlers;

a method for generating an oufput morph weight set
siream by applying said first set of rules 10 each
sub-sequence of said plurality of subsequences of
timed phopemes;

a method for applying said output morph weight set
stream to an input sequence of animated characters
to generate an oulput sequence of animated charac-
ters with Iip and facial expression synchronized to
said audio sequence.

20. The apparaius of claim 19, wherein said first set of
rules comprises:

correspondence rules between ali visual phoneme groups

and morph weight sets; and

morph weight set transition rules specifying durational

data between morph weight sels.

2%. The apparatus of claim 20, wherein said durational
dala comprises iransition start and transition end Umes.

22. The apparatus of claim 19, wherein szid desized audic
sequence is from a pre-recorded live performance.

23. The apparatus of claim 19, wherein said desired audio
sequence is syothetically generated by a computer.

24. The apparatus of claim 19, said plurality of subse-
quences of timed phopemes is oblained from 1 file.

25. The apparatus of claim 19, wherein said plurality of
subsequences of timed phonemes is generated during ani-
MAton.

26. The apparains of claim 19, wherein said ouniput
sequence of animated characlers is transmilted over a com-
puier network.

27. The apparatus of claim 19, wherein said generating
said output morph weight stream comprises:

generating an appropriate morph weight set correspond-

ing fo each subsequence of said timed phonermes; and

generating time parameters for transition of said appro-

priate morph weight set from a morph weight set of a

prior sub-sequence of said timed data.

28. 'Fhe apparatus of claim 19, wherein sach of said first
set of rales comprises a rule’s criferia and a rule’s function.
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29. The apparatus of claim 28, wherein said generating an
ouiput morpk weight set stream comprises:

checking each sub-sequence of said plurality of sub-

sequences of imed data for compliance with said mie’s
criteria; and

geosraling an oufput morph weight sei and trapsition

parameters by applying said rule’s fupction upon said
compliance with said criteria.

30. The apparatus of claim 19, wherein said first set of
rules comprises a defaudt set of roles and an optional
secondary set of rules, said secondary set of rules having
priority over said defauli set of rules.

31. The apparatus of claim 1%, wherein said pluralily of
subsequences of timed phonemes comprises a timed aligned
‘phoznetic franscriptions sequence, .

32. The apparatus of claim 19, wherein said plurality of
subsequences of timed phonemes comprises time aligned
data.

33. The apparatus of claim 31, wherein said plurality of
subseguences of timed phonemes further comprises time
aligned emotional transcription data.

34, The apparatus of claim 27, wherein said transifion
paramelers comprises:

transition start timne; and

transition end time.

35, The apparatus of claim 34, wherein said computer

code further comprises:

a method for generatiog sald owfput morph weight set
stream by interpolaling between morph weight sets at
said transition start time and said trapsition end time
according to & desired frame rate of said output
sequence of animated characters.

36. The apparatus of claimm 1%, wherein said computer

code further comprises:

a method for applying a second set of rules to said cutput
morph weight set prior {o sald generating of said output
sequence of animated characters.

L
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UNITED STATES DISTRICT COURT
CENTRAL DISTRICT OF CALIFORNIA

NOTICE OF ASSIGNMENT TO UNITED STATES MAGISTRATE JUDGE FOR DISCOVERY

This case has been assigned to District Judge Christina A. Snyder and the assigned
discovery Magistrate Judge is Victor B. Kenton.

The case number on all documents filed with the Court should read as follows:

Cvi2- 10335 CAsS (VBKx)

Pursuant to General Order 05-07 of the United States District Court for the Central
District of California, the Magistrate Judge has been designated to hear discovery related
motions.

All discovery related motions should be noticed on the calendar of the Magistrate Judge

NOTICE TO COUNSEL

A copy of this notice must be served with the surmmons and complaint on all defendants (if a removal action is
filed, a copy of this notice must be served on all plaintiffs).

Subsequent documents must be filed at the following location:

Western Division ] Southern Division Eastern Division
312 N. Spring 8t., Rm. G-8 411 West Fourth St., Rm. 1-053 3470 Twelfth St,, Rm. 134
Los Angeles, CA 90012 Santa Ana, CA 92701-4516 Riverside, CA 92501

Fallure fo fiie at the proper location will resuit in your documents being returned to you.

CV-18{03/08) NOTICE OF ASSIGNMENT TO UNITED STATES MAGISTRATE JUDGE FOR DISCOVERY



Case 2:12-cv-10335-CAS-VBK Document 1 Filed 12/04/12 Page 35 of 37 Page ID #:40

Name & Address:

RUSS AUGUST & KABAT

Irene Y. Lee, CA SB No. 213625

Email: ilee@raklaw.com

12424 Wilshire Boulevard, 12th Floor

Los Angeles, California 90025; Tele: 310.826-7474

UNITED STATES DISTRICT COURT
CENTRAL DISTRICT OF CALIFORNIA

McRO, Inc., dba Planet Blue CASE NUMBER

PLAINTIFF(S) CV12-10335 CAS (VBKx)

Naughty Dog. Inc.
SUMMONS

DEFENDANT(S).

TO: DEFENDANT(S):

A lawsuit has been filed against you.

Within __ 21 days after service of this summons on you (not counting the day you received it}, you

must serve on the plaintiff an answer to the attached E(oomplaint [ amended complaint

[3 counterclaim [ cross-claim or a motion under Rule 12 of the Federal Rules of Civil Procedure. The answer

or motion must be served on the plaintiff’s attorney, Irene Y. Lee , whose address is
Russ, August & Kabat, 12424 Wilshire Blvd, 12th Fl, Los Angeles, CA 90025 . If you fail to do so,

judgment by default will be entered against you for the relief demanded in the complaint. You also must file
your answer or motion with the court.

Dated: DELSIWSINE. of, 20\ 2 By:

[Use 60 days if the defendant is the United States or a United States agency, or is an officer or employee of the United States. Allowed
60 days by Rule 12(a)(3)]. ‘ :

CV-01A (10/%% : SUMMONS
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Attorneys {If Known)

1. BASIS OF JURISDICTION (Place ar X in one box only .}

oy

12 U.S. Government Defendant

8. Government Plaintiff

9{3 Federal Question (U.S.
CGoverament Not a Party)

of Parties in {tem III)

34 Diversity {Indicate Citizenship

11, CITIZENSHIP OF PRINCIPAL PARTIES - For Diversity Cases Only
(Place an X in one box for plaintiff and one for defendant,}

Citizen of This State

Citizen of Another State

PTF
o1

0z

Citizen or Subject of 2 Foreign Country 03

DEF
1

0z

a3

Incorporated or Principat Place

of Business in this State

incorporated and Principal

PTF DEF
04 104

IPlace 35 O35

of Business in Another State

Foreign Nation

o6 06

IV. ORIGIN (Place an X in one box only.)

W Original
Proceeding

State Court

Appetlate Court

£12 Removed from (33 Remanded from (34 Reinstated or

Reopened

015 Transferred from another district {specify):

36 Multi- a
District

Litigation

7 Appeal to District
Judge from
Magistrate Judge

Vv, REQUESTED IN COMPLAINT: JURY DEMAND: & Yes [INo (Check “Yes' only if demanded in complaint.)

CIL.ASS ACTION under F.R.C.P, 23;

[ Yes [ONo

O MONEY DEMANDED IN COMPLAINT: 8

V1. CAUSE OF ACTION (Cite the U.S, Civil Statute under which you are filing and write a brief statement of cause. Do not cite jurisdictional statutes unless diversity.)
35 U.8.C, 271 - Patent Infringement

VII. NATURE OF SUIT (Place an X in one box enly.}

State Reapportionment [nsurance ) PET] [ 780 Fair Labor Standards
3410 Antitrust 1120 Marine (1310 Azrp%ane : PRO}’ER’I'Y 1510 Motions to Act
[ 430 Banks and Banking {3130 Miller Act D315 Airplanc Product |3 370 Other Fraud Vacate Sentence {(3720 Labor/Mgmt,
31450 Cemmerce/ICC [3 140 Negotiable Instrument Liability ~|23371 Truthin Lending Habeas Corpus Relations
Rates/ete. 0150 Recovery of (1320 Assault, Libel & 111380 Other Personal |0 330 General 73730 Labor/Mgmt.
{1460 Deporiation Overpayment & Slander , Property Damage }(1 535 Death Penalty Reporting &
1470 Racketeer Influenced Enforcement of 0330 Fed Employers’ 1385 Property Damege j[J 540 Mandamus/ Disclosure Act
and Corrupt Judgment Liability Product Lizbility Other £1740 Railway Labor Act
Organizations [3 15} Medicare Act g;:g ﬁﬂ:: Droduct -BAT Civit Rights [0 79% Other Labor
[:1480 Consumer Credit 3 152 Recovery of Defaulted Lisbility 1422 Appeal 28 USC i iti ~ Litigation
(31490 Cable/Sat TV Student Loan {Exel, 3350 wotor Vehicle 158 (31791 Empl. Ret. Inc.
[1810 Selective Service Veterans) 11155 Motor Vehicle 0423 Withdrawal 28 Security Act
71850 Securities/Commodities/ |[3 153 Recovery of " Product Liability WUSC 157 griculfure . RIGH
Exchange Qverpayment of £1366 Other Personal RiGH Other Food & |0 820 Copyrights
1875 Customer Chalienge 12 Veteran's Benefiis Tnjury G441 Voting Drug 830 Patent
. USC 3410 ) {1160 Stockhotders’ Suits C1362 Porsonal Jjury- {0 442 Employment [J 625 Drug Related ) 840 Trademark
3 890 Other Statutory Actions |03 19¢ Other Contract Med Malpractice |5 443 Housing/Acco- Seizure of T
[ 891 Agricultural Act {1195 Contract Product [1365 Personal Injury- mmodations Property 21 USC |01 861 HIA (13%5ff)
[3 892 Economic Stabilization waxlzty Product Liability L1444 Welfare 881 [1862 Black Lung (923)
Act Asbestos Personal 51445 American with |11 630 Liquor Laws 3863 DIWCIHWW
[3 893 Environmental Matters 8 Enjury Product Disabiiities - 1640 R.R. & Truck {405{g))
3894 Energy Allocation Act 3210 Land Condemnation Employment 1650 Airline Regs [3 864 SSID Title XVI
3895 Freedom of Info. Act  §£1220 Foreclosure 2446 American with |73 660 Occupational
[1900 Appeal of Fee Determi- {11230 Rent Lease & Ejectment Disabilities - Safety /Health 3) y
ration Under Equal [3240 Torts to Land Apptication Other £1690 Other Taxes (U.S. Plaintiff
Access to Justice [1245 Tort Product Liabiliy 5463 Habeas Corpus- 11744 Other Civil or Defendant)
(1950 Constitutionality of [31290 All Other Real Property Alien Detzince Rights [3871 IRS-Third Party 26
State Statutes |i3 465 Other Immigration USC 7609
Aclions
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VIIk(a). IDENTICAL CASES: Has this action been previously fHled in this court and dismissed, remanded or closed? #Ne D Yes
If yes, list case number(s):

VITI(b). RELATED CASES: Have any cases been previously filed in this court that are related to the present case? ®No [1Yes
if yes, list case number(s):

Civil cates are deemed related if a previously filed case and the present case:
(Check all boxes that apply) 0 A. Arise from the same or closely related transactions, happenings, or evenls; o
[ B. Call for determination of the same or substantialiy related or similar questions of law and fact; or
[ €. For other reasons would entail substantial duplication of labor if heard by different judges; or
1D, involve the same patent, trademark or copyright, and one of the faclors identified above in 3, b or ¢ also is present.

IX. VENUE: (When completing the following information, use an additional sheet if necessasy.)

¢a) List the County in this District; California County cutside of this District; State if other than Californiz; or Foreign Country, in which EACH named plaintiff resides.
1 Check here if the government, its rgencies or employees is a named plaintiff, If this box is checked, go o item (b).

County in this District:* California County outside of this District; State, if other than California; or Foreign Country

Los Angeles

(b} List the County in this District; California County outside of this District; State if other than California; or Foreign Country, in which EACH named defendant resides.
[ Cheek here if the government, its agencies or employeesisa named defendant. If this box is checked, go to item (c).

Connty in this District:* Californiz County outside of this District; State, if other than California; or Foreign Count
gn Ty

San Francisco

(cy List the County in this District; Califormia County outside of this District; State if other than California; or Forsign Country, in which EACH claim arose.
Note: In land condemnation cases, use the Jocation of the tract of Jand tnvolved.

County in this District* California County ousside of this District; State, if other than California; oz Foreipn Country

Los Angeles

* Los Angeles, Orange, San Bernardino, Riverside, Ventura, Santa Barbara, or San Luis Ohbispo Countles
Note: In land condemnation cases, use the location of the tract of landinvolved . »

X. SIGNATURE OF ATTORNEY (OR PRO PER): . !/ Date 12/03/12
Notice to Counsel/Parties: The CV-71 (J5-44) Clvit Cover Sheet and the infbrmation contained herein neither repiace nor supplerent the filing and service of pleadings .

or other papers as required by faw. This form, approved by the Judicial Conference of the United States in September 1974, is required pursuant to Local Rule 3-1 isnot fited
but is used by the Clerk of the Court for the purpose of statistics, vente and initiating the civil docket sheet, (For more detailed instroctions, see separate instructions sheet.)

Key o Statistical codes refating to Social Security Cases:

Nature of Suit Code  Abbreviation Substantive Statement of Cause of Action

B61 HIA All claims for health insurance benefits (Medicare) under Titie 18, Part A, of the Social Security Act, as amended.
Also, include claims by hospitais, skilied nursing facilities, ete., for certification as providers of services under the
program. (42 U.S.C. 1935FF(b))

862 BL ATl olaims for “Black Lung” benefils under Title 4, Part B, of the Federal Coal Mine Health and Safety Act of 1969 "
(3O UB.LC.923)
863 DIwe All claims filed by insured workers for disability insurance penefits under Title 2 of the Social Security Act, as
amended; plus all claims filed for child's insurance benefits based on disabitity. (42 U.S.C. 405(g))
863 DIWW All claims filed for widows or widowers insurance benefits based on disability uader Title 2 of the Social Security
Act, as amended, (42 U.S.C. 405(g))
864 S8ID All caimns for supplemental secarity income payments based upon disability filed under Title 16 of the Social Security
Act, as amended,
865 RS! All claims for retisement (old age} and survivors benefits under Title 2 of the Social Security Act, s amended. (42
US.C{g)
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