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

patent infringement against Shiny Entertainment, Inc. (“Shiny” 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 Shiny is a corporation

operating and existing under the laws of California, with its principal place of

" business at 350 Rhode Island Street, Suite 400, San Francisco, California 94103.

Upon further information and belief, Shiny 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 to Defendant pursuant to 28
U.S.C. §§ 1391 and 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 is 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
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to be purchased by consumers in the United States, the State of California, and the
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, Shiny has used and continues to use the
methods for 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 for 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 Defendants 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: INFRINGEMENTOF THE 278 PATENT

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

18.  Upon information and belief, Shiny hads used and continues to use the
methods for automatically animating lip synchronization and facial expression of
three-dimensional characters claimed in the *278 Patent and has made, used,
offéred 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 for 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 doctrine 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;
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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 infringemeﬁt 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 infringing,
inducing the infringement of, or contributing to the infringement of the "278
Patent;

E.  Permanently enjoining the 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.S.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

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

as this Court deems just and proper.
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1 DEMAND FOR JURY 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 & KABA
7 By: W C{; %ﬁ
: henet Lo
9 MISHCON DE REYA NEW YORK LLP
10 Vincent %ﬁﬁg’, Jr.
11 Attorneys for Plaintiff
12 MecRo, Inc., d.b.a. Planet Blue
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
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(10) Patent No.: US 6,307,576 B1

Rosenfeld (45) Date of Patent: *Qct. 23, 2601
(54) METBOD FOR AUTOMATICALLY 5,684,942 * 11/1997 Kimura 3450473
ANIMATING LIP SYNCHRONIZATION AND 5,692,117 * 11/1997 Berrend et al .. 345/475
5717,848 * 2/1998 Walapabe et al. . . 3450474
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20038 6,147,602 * 11/2000 Shaw et al. o 345/433
. 6032065 * 52001 Scotl et al e T07/500
(*)} Notice:  This patent issued on a continned pros-
scution application filed under 37 CFR OTHER PUBLICATIONS
1.53(d), and is subject to the., TWeply YEAT o jer et al; Feature-Based Image Metamorphosis; Com-
patent term provisions of 35 U.S.C. . s
154()(2) puter Graphics, 26, 2, Jul. 1992,
' Brooke et al; Computer graphics animations of talking faces
Subject to any disclaimer, the term of this based on slochastic models; Proceedings; ISSIPNN 1994
patent is extended or adjusted under. 15 International Symposium; p. 73-76 val. 1, Apr. 1994.*
US.C, 154(b) by © days.  cited by examiner
(21) Appl No.: 08/942,987 Priwnary Examiner—Matthew Luu
; Assistant Exantiner—Ryan Yang
2 . 57 g
(@2) Filed Oct. 2, 19 (74) Attorney, Agent, or Firm—The Hecker Law Group
(51} GO6T 15/70
(52) 3451956, 345/051; 3450955, O ABSTRACT
345/4T35 A method for controlling and astornatically animating lip
{58) 345/473, 951, sypchronization and facial expressions of three dimensional
345/053, 956, 057, 955  animaled characters using weighted morph targels and tme
. aligned phonetic transcriptions of recorded text. The method
(36) References Cited utilizes a sef of mles that determine the systems ouiput
U.S. PATENT DOCUMENTS comprising a stream of morph weight sets whes a sequence
- of timed phonemes and/or other timed data is encountered,
4,600,919 * /1986 Slera 345/473 Cther data, such as timed emotional stale dala or emoternes
4884972 * 12/1989 Gasper et al. 345473 such as “surprise, “disgust, “embarrassment”, “tivaid smile”,
5,111,809 = 5/1992 Gasper et al ... 345/32? ot the like, may be inputied to affect the output stream of
é’:igggg . gﬁggi: ?0‘;%?: ft 2{‘ ;igﬁ avs  morph weight sets, or creale additional streams.
5,657,426 ¢ 81997 Waters et al 7047276 )
5,663,517 % 971997 Oppenhelm .remeviissrsriecsns 84/649 26 Claims, 4 Drawing Sheets
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FOR AUTOMATICALLY ANIMATING LIP SYNCHRONIZATION AND FAGIAL
EXPRESSION OF THREE DIMENSIONAL CHARACTERS FOR FILMS, VIDEOS,

CARTOONS, AND OTHER ANIMATION PRODUCTS.

Y

CONFIGURING A SET OF DEFAULT CORRESPONDENCE RULES BETWEEN A
PLURALITY OF VISUAL PHONE&?/,IEEI gﬁpgg% AND A PLUBALITY OF MORPH

Y
SPECIFYING A 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 A STREAM OF SPECIFIED
MORPH WEIGHT SETS TO BE PROCESSED BY A COMPUTER ANIMATION
SYSTEM FOR INTEGRATION WITH ANOTHER ANIMATION.

52

FIG. 2

EXHIBIT A 000011
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10

FOR AUTOMATICALLY ANIMATING LIP SYNCHRONIZATION AND FACIAL
EXPRESSION OF THREE DIMENSIONAL CHARAGTERS FOR USE WITH
A COMPUTER ANIMATION SYSTEM.

56

DETERMINING MEANS FOR PRODUGING A STREAM OF MORPH WEIGHT
SETS WHEN A SEQUENCE OF PHONEMES OR OTHER TIMED DATA IS ENCOUNTERED

¥ ' 88
EVALUATING A PLURALITY OF TIME ALIGNED PHONETIC
TRANSCRIPTIONS AGAINST THE DETERMINING MEANS FOR PRODUGING
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
BHONETIC 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

EXHIBIT A B 000012
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METHOD FOR ADTOMATICALLY
ANIMATING LIP SYNCHRONIZATION AND
EACIAL EXPRESSION OF ANIMATED
CHARACTERS

BACKGROUND OF THE INVENTION

1. Field of Invention

‘This invention relates generally to animaticn producing
methods and apparatuses, and 1noze particularly is directed
to 2 method for automatically animating Lp synchronizalion
and Facial expression. for three dimensional characiers.

2. Description of the Related Axl

Various methods have been proposed for animating lip
synchronization and facial expressions of apimated charac-
{ers in animated products such as movies, videos, cartoons,
CIY's, and the like, Prior methods in this area bave Jong
suffered from the need of providing an cconomical means of
animaling Hp synehronization and character expression in
the production of animated products due to the extremely
laborious and lengthy protocals of such prior traditional and
computer amimation lechnigues. These shortcomings have
significantly liited afl prior lip synchronization and facial
expression methods and apparatuses used for the production
of animated products. Indeed, the #mitations of cost, time
reguired to produce an adequate lip synchronization or facial
expression in an animated product, and the inkerent Lmila-
tions of prior methods and apparatuses 10 satisfactorily
provide lip synchronizatjon or express character feclings and
emotion, leave a significant gap in the potential of animalted
gpethods and apparatuses in the current stale of the art.

Time aligned phonelic transcriptions (TAPTS) are a pho-
netic transcription of a recorded fext or soundtrack, where
the occurrence in time of each phoneme is also recorded. A
“phonemes” s defined as the smallest unit of speech, and
corresponds 1o a single sound. There are several standard
phometic “aiphabets” such as the Interpational Phonetic
Alphabet, and TIMIT created by Texas Instrumnents, inc. and
MIT. Such iranscriptions ¢an be created by band, as they
currently are in the traditionzl animation industry and are
called “x” sheets, or “gray shees” in the trade. Aliernatively
such transeriptions can be created by automatic speects
recogpition programs, or the Iike,

The carrent practice for three dimensional computer gen-
erated speech animation is by mantal techniques cozmonly
using a “morph target” approach, In this practice a reference
model of a neatral mowth position, and several other mouth
positions, each corresponding fo & different phozerse or set
of phonemes is used. These models are called “morph
targels”. Fach morph target bas the same topology as the
neutral model, the same number of vertices, and each vertex
on each model logically comesponds to a verlex o cach
other model. For example, vertex #n op all models repre-
sents the left corner of the mouth, and altbough this is the
typical case, such rigid correspondence may not be neces-
sary.

The deltas of each veriex on each morph target relative (o
{he neutral are compuled as a vector from each vertex o on
the reference to czch verlex n on each morph larget. These
are catled the delta sets. There is one deita set for each morph
fargel.

In producing animation products, a value usually from 0
to 1 is assigned to each deita set by the animator and the
value is cailed the “morph weight”. From these raorph
weights, the neuiral’s geometry is modified as follows: Each
vertex N on (he nevtral has the corresponding delta set’s

EXHIBIT A

e

v}

E20
(=]

wn
e

2

vertex multiplied by the scalar morpk weight added to it.
This is repeated for each morph targel, and the resuil
summed. For each vertex v in the newtral model:

n
resui = jnentral] + Z |elta set ]« morph welght,

wel

|deita setxl*morph weights

where the symbol |xxx] is used to indicate the corresponding
vector in each referenced set. For example, Iresult is the
corresponding rosultant vertex 1o veriex v in tbe neutral
mode). joeutral} and [delta set] is the corresponding vecior
for delta set x. : ‘

If the morph weight of the delta set corresponding to the
morph target of the character saying, for example, the “oh™
sound is set to 1, and all others are set to 0, the neutral would
be modified 1o took like the “oh target. if the siluation was
the same, except that the “oh” morph weight was 0.5, the
peutral’s geomelry is modified half way between neutral and
the *“oh™ morph target.

Similarly, if the situation was as described above, except
ok weight was 0.3 and the “ee” morph weight was at 0.7,
the neutral geometry is modified to have some of the “oh”
model characteristics and more of the “ec” model charac-
leristics. There alse are prior blending methods inciuding
averaging the delia sets according to their weighis.

Accordingly, to apimate speech, the artist needs to set all
of these weights al each frame to an appropriate value.
Usually this is assisted by using a “keyframe” approach,
where tbe arlist sets ¢he appropriaie weights at certain
important times {“keylrames”) and a progzam mterpolates
each of the chanacls at each frame. Such keyframe approach
is very tedious and tme consuming, a5 well as inaccurale
due 1o the large number of keyframes necessary 10 depict
speech,

‘The present invention OVErcomes many of the deficiencies
of tae prior art and obtaizs ils objectives by providing an
integrated method embodied in compuiter software for use
with a comyputer for the rapid, efficient lip synchronization
and manipulation of character facial expressions, thereby
allowing for rapid, creative, and expressive animation prod-
uets 1o be produced in a very cost effective manper,

Accordingly, 1t is the primary object of this invention to
provide a method for automatically animating lip synchro-
nization and facial expression of three dimensional
characlers, which is integrated with computer means for
producing accurate and realistic lip synchronizatios and
facia] expressions in animated characters. The method of the
present invention further provides an extremely rapid and
cost effective means to aulomatically create lip synchrogi-
zation and facial expression in three dimensional animated
characiers.

Additional oljects and advantages of the igveation willbe
set forth in the deseription which follows, and in part will be
abvious from the description, or may be leatned by practice
of the inventon, The objects and advaniages of the invention
may be realized and obtained by means of the instnunen-
talities and combinations particularly pointed out in the
appended claims.

SUMMARY OF THE INVENTION

To achieve the foregeing objects, and in accordance with
the purpose of the invention as embodied and broadly
described herein, 2 method is provided for controlling and
sutomatically animating lip synchronization and facial

000013



Case 2:12-cv-10326-GW-AGR Document 1 Filed 12/04/12 Page 15 of 37 Page ID #:20

US 6,307,576 Bl

3

expressions of three dimensional animaled characters using
weighted morph targets and Lime aligned phonelic transerip-
tions of recorded text, and other time ajigoed data. The
method utilizes a set of rules that determine the systems
output comprising a stream or streams of morph weight sets
when # sequence of timed phonemes or other timed data is
encountered. Otber timed dala, such as pifch, amplitaed,
noise amounts, or emotional state data or emotemes such as
“surprise, “disgust, “embarrassment”, “timid smile”, or the
like, may be inputted Lo affect fhe ouiput stream of morph
weight sels.

The methodology berein described allows for auiomati-
caily animating Yip synchronization and facial expression of
three dimensional characters in the creation of a wide variety
of animation products, inciuding but aot limited to maovies,
videos, cartoons, CD’s, software, and the like. The method
and apparatuses herein described are operably integrated
with conpuler software and hardware.

In accordance with the present invention there also is

provided 2 methoed for autematicatly animating lip synchro-
nization and facial expression of three dimensional charac-
ters for flms, videos, cartoons, and other animation
products, comprising configuring a sel of default correspon-
dence rules between a phurality of visual phonese groups
and a plurality of morph weight sets; and specifying 2
plurality of morph weight set transition rules for specifying
durational data for the generation of trapsitiopary curves
betwees the phurality of morph weight sets, allowing for the
production of a stream of specified morph weight sets o be
processed by a compuler apimation system for integration
willy oiher animation, whereby animated Lip synchronization
and facial expression of animated characters may be auto-
matically conirolied and produced.

BRIEF PESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate a pre-
ferred embodiment of the invention and, fogether with a
general description given above and the detailed description
of the preferred embodiment given below, serve 1o explain
the principles of the invention.

FIG. 1 is a fiow chari showing the method of the invention
with an optional time aligned emotional transcription file,
aod another parallel timed data file, according to the inven-
tioz.

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

FIG. 3 is another representational flow chart illustrating
the presen! method, according to the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made in delail to the present
preferred embodiments of the invention as illusirated in the
accompanying drawings.

In sccosdance with the present invention, there is pro-
vided as illustrated in FIGS. 1-3, 2 method for controlting
and automatically animating lip synchronizstion and facial
expressions of three dimensional animated characiers using
weighted morph targets and time aligned phonetic transcrip-
fions of recorded text. The method utilizes & set of rules that
determine the systems output comprising a stream of morph
weight sets when a sequence of Limed phonemes is encoun-
tered. Other timed dala, such as timed emotional state data
or efnotemes such as “surprise, “disgust, “embarrassment”,
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“imid smilen”, pitch, amplitued, neise amousts or the like,
rmay be inputted to affect the culput siream of morph weight
sets.

The method comprises, in one embodiment, configuring 2
set of defsult correspondence rules between a plerality of
visual phoneme groups and a phurality of morph weight sets;
and specifying a plhurality of morph weight set transition
rules for specifying durational dala for the generation of
trazsitionary curves petween Lhe plurality of morph weight
sets, allowing for the production of a stream of specified
mosph weight sets to be processed by a compuier animation
system for integration with other animation, whereby ani-
swated lip synchronization and facial expression of animated
characters may be antomatically produced.

There is also provided, according (o the invention 2
method for aulomatically animating lip synchronization and
facial expression of three dimensional characters for use
with 2 compuler amimation system, comprising the steps of:
deterrmining means for produciag a stream of morph weight
sels when 2 sequence of phonemes is encountered; eval-
aling & plurality of time aligned phonetic trenseriptions or
other timed data such as pitch, amplitude, noise amousnts and
the like, against the determining means for producing a
stream of morph weight sets; applying said deterimining
means for preducing a stream of moipk weight sels {0
generale an ontput morph weight set streans, allowing for an
appropriate morph weight set correspondence with each of
a plurality of time ealigned phonetic transcription sub-
sequences and correct time parameters applied o 2 pluralify
of morph weight set trapsitions between 2 representation of
a prior time aligned phonpetic transcriplion sub-sequence and
a current one, whereby lip syachronization and facial
expressions of animated characless is automatically con-
trolled and produced.

The method preferably comprises & set of rules that
determine what the output morph weight set sleam will be
when any sequence of phonemes and their associated times
is encountered, As used berein, a “morph weight sef” is a sot
of values, one for each delta sef, that, when epphed as
described, transform the geutral model fo some desired state,
suchk as speaking the “oo” sound or the “th” sound.
Preferably, one model id designated as the anchor model,
which the delias are computed in reference to. If for
exazople, the is a morph target that represents ail possible
accurrences of an “¢” sound perfectly, 1t's morph weight set
would be all zeros for all delta sets except for the delta set
corresponding (o Lbe “ce” morph targetl, which would set 1o
1.

Preferably, each mie comprises two parts, the rule’s
criteria and the rule’s functior., Fach sub-sequence of time
aligned phonetic transcription {TAPT) or other timed data
such as pitch, amplitude, noise amount or the like, is
checked against a rule’s oriferia to see if that rule is
applicable. If so, the rule’s function is applied 1o genexate the
output. The primary function of the rules is to determined 1)
the appropriate morph weight set correspondence with cach
TAPT sub-sequence; and 2) the time parameters of the
morph weight set transitions between the representation of
the prior TAPT sub-sequence or other timed data,and the
current ome. Conditions 1) and 2) must be completely
specified for any sequence of phonemes and imes encoun-
tezed. Together, such rules are used 1o create a contizuous
siream of morph weight sets.

In the presept method, it is allowable for more than one
phoneme to be represented by the same mworph target, for
example, “sss” and “222”. Visually, these phonemes appear
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similar. Through the use of such rules, the user can group
phonemes logether that have a sicaflar visual appearance into
visual phonemes™that function the same as one another. Iiis
also accepiable, through the rules, fo ignore certain phoneme
sequences. For example, a nile could specify: “If ia the
TAPT, there are two or more adjacent phonemes that ase in
the same “visual phoneme” group, 2ll but the first are
ignored”.

The rules of the present method may be categorized in
thres mais groupings; defauit rules, auxiliary rules and post
processing rules, The default rules must be complete enough
lo creats valid output for any TAPT encountered al any poinf
in the TAPT, The secondary rules are used in special cases,
for example, to substitute alternative roorph weight sel
correspondences and/or transition rules if the identified
crileria are met, The post processing rules are used to further
manipulate the morph weight set stream after the defauit or
* secondary rules are applied, and can further modify the
members of the morph weight sets determined by the default
and secondary rules and inlerpolation.

I for example, a specific TAPT sub-Sequence does not #
the criteria for any secondary rules, then the defauli miles
take effect. If, on the other hand, the TAPT sub-sequence
does fit the critexia for  secondary rule(s) they take prece-
dence over tbe defanlt rules, A TAPT sub-sequence take into
account the current proneme and duration, and a nnmber of
the preceding and following phonemes and duration’s as
well may be specified.

Preferably, the secondary rules effect morph farget come-
spondence and weights, or trapsition times, or both, Sec-
ondary rules can creale fransitions and correspondences
even where no phopeme transitions exist. The secondary
rules can use as their crileria the phoneme, the duration or
the phoperne’s context in the output stream, thal is what
phonemes are adjacent or in the neighborhood Lo the corrent
phoneme, what the adjacent duraticns are, and the like.

The post processing rufes are preferably applied after a
preliminary cutput morph weight set is calenlated s0 as o
modify il. Post processing rules can be applied before
interpelation and/or after interpolation, as described later in
this document. Both the secondary and post processing rules
are optional, however, they may in certain applications be
very complex, znd ia particular circumstences contribute
more fo the cutput than the defaull rales.

In FIG. 1, a flow chart illusirates the preferred steps of the
methodology 10 for zutematically apimating lip synchroni-
zation and facial expression of three dimensiopal ammated
characlers of the preseat invention, A specific sub-sequence
20 is seiecied form the TAPT file 12 and is evaluated 22 lo
determine if any secondary rule criteria for morph weight set
target apply. Time aligned emotional transeription file 14
data may be inputied or data from an optional time aligned
data file 16 may be used. Also shown is a paralie] method 18
which may be configured identical to the primary method
described, however, using different timed data rules and
different delta sels. Sub-sequence 20 is evalualed 22 to
determine if any secondary rule criteria apply. If yes, then a
morph weight set s assigned 24 according to the secondary
rules, if no, then a morph weight set is assigned 26 according
to the default rules. If the sub-string meets any secondary
rule criterfa for transition specification 28 then a transition
starl and end lime ars assigned according to the secondary
riles 32, if no, then assign transition start and end times 30
according 1o default rules, Then an iniermediate file of
transition keyframes using larget weights and trassition
rules as generaled are created 34, and if any keyframe
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sequenees fit post process before interpolation rules they are
applied here 36. This datz may be output 38 here if desired.
If pot, then interpolale using any method post processed
keyframes to 2 desired frequency or frame rate 40 and if any
morph weight sequences gencrated fit post processing after
interpolation oriteria, they are applied 42 at this point. If
paraliel methods or systems are used to process other timed
aligned data, they may be concatenated here 44, and the data
cutput 46.

In FIG. 2, the method for anfomatically animating lip
synchronization and facial expression of three dimensional
characters for films, videos, cartoons, and other animation
products 10 is shown according to the invention, where box
50 show the step of configuring 2 set of default correspon-
dence rules between a plurafity of visual phoneme groups or
other timed input data and a plurality of morph weight sets.
Box 52 shows the steps of specifying a plurality of morphk
weight set transition rules for specifying durational data for
the generation of Iransitionary curves between the plurality
of morph weight sets, allowing for the prodiction of a
stream of specified morph weight scis to be processed by a
computer animation system for integration with other
animation, whereby animated lip synchronization and facial
expression of animated characters may be automatically
produced.

With reference now fo FIG. 3, method 10 for automati-
cally animating lip synchronization and facial expression of
three dimensional characters for use with a computer api-
mation system is shown including box 56 showing the step
of determining means for producing a stream of morph
weight sets when a sequence of phonemes is encountered.
Box 58, showing the step of evaluating 2 plurality of time
aligned phonetic transcriptions or other timed af such as
pitch, amplitide, noise amounts, and the like, against satd
determining means for producing a stream of morph weight
sets. Tn box 60 the steps of applying said determining means
for producing a siream of morph weight sets lo generate an
output morph weight set stream, allewing for an appropriate
morph weight set comespondence with each of a plurality of
time aligned phosefic transcription sub-sequences and cor-
rect time parameters applied to a plurality of morph weight
set iransitions beiween a representation of a prior time
aligned phonetic transcription sub-sequence and a current
one, whereby lip synchronization zad facial expressions of
animated characters is aufomatically controlled and pro-
duced are shown according to the invention.

In operation and use, the user mmust mamually set up
defaull correspondence rules between all visnal phoneme
groups and morph weight sets. To do this, the user preferably
specifies the morph weight sets which correspond Lo the
model speaking, for example the “oo” sound, the “th"” sound,
and the Hke. Next, default rules must be specified. These
rules specify the durational information needed lo geperate
appropriate ransitionary curves between morph weight sets,
such as fransition start and end times. A “Iransition” between
two morph weigh sets is defined 2s each member of the
morph weight set transitions from il’s current state 1o it's
target state, starting al Ihe (rapsition start time and ending al
the transition end time. The target state 35 the morph weight
set determined by a comrespondence rle.

The default correspondence riles and the defauit morph
weight set transition rules define the defanlt system behav-
jor. If ali possible visuat phoneme groups or all members of
allernative data domains have morph weight set
sorrespondence, any phoneme sequence can be handled with
this rule set alone. However, additional rules are desirable
for effects, exceptions, aad upiquensss of character, as
further described below,
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According to the method of the invention, otber reles
involving phopeme’s duration andfor context c2n be speci-
fied. Also, any other rules that do not fit easily into the above
mentioned categories can be specified. Examples of such
rules are described in greater detaii below and are termed the
“secopdary rules”. If a timed phoreme or sub-sequence of
limed phonemes do not fil the criteria for any of the
secondary reles, the default rules ave appiied as seen in FIG.
i

Tt is seen that through the use of these rules, an appropriate
tnorph weight stream is produced. The uninterpolated morph
weight siream has extries only at transilion start and end
time, however. These act as keyframes. A morph weight set
mzy be evaluated at any time by interpolating befween these
keyframes, using conventional methods. This is how the
output stream is calculated each desired lime frame. For
example, for television productions, the necessary resolution
is 30 evaluations per second.

The post processing rules may be applied either before or
after the above described interpolation step, or both. Some
rules maay apply only to keyframes before interpolation,
some o jnferpolated data. If applied before the interpolation
step, this affects the keyframses. if applied after, it effects the
interpolated data. Post processing can use the morph weight
sets calculated by the defauit and secondary rules. Post
processing rules can use the morph weigh sets or sequences
as in box 44 of FIG. 1, calenlated by the default and
secondary rules. Post processing rules can modify the indi-
vidual members of the morph weight sets previcusly gen-
erated. Post processing rules may be applied in addition to
otier rules, including olher post processing rules. Once the
rule set up is completed as described, the method of the
present invention can lake any pumber and length TAPT s as
input, and automatically oulput the comesponding morph
weight set stream as seen in FIGS. 1-3.

For example, a modeled neutral geometric representation
of 2 character for an animated production such as a movies,

" video, cartoon, CD or the like, with six morph fargets, and
their delta sets determined. Their representalions, for
example, are as fofiows:

Delta Set  Visual Representation
1 e
2 o
3 agh
4 ol
5 eanggerated “ob”
6 special ease "eh” used during a “snide laugh™ sequences

50
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Function: Use morph weight set (0,0,1,0,0.0) as fransition
targel.

Crileria; Fnceupter an “oh” as in “old”

Function: Use morph weight set (0,0,0,1,0,0} as Lransition
target. i

Criteria: encounter & “siience”

Funetion: use morph weight set (0,8,0,0,0,0) as transition
targel.

Defanlt Transition Rule:

Criteria: Enconpter any phoneme

Ffunction: Transition starl Hme=(the outgoing phoneme’s
end fime)-0.1*(1he outgoing phoneme’s duration);
trapsition end fime=(the incoming phoneme’s start fime)+

0.1* {the incoring phoneme’s duration)

Secondary Rules

Criteria: Encounler an “oh” with a duralion greater than 1.2
seconds.

Function: Use morph weigh set (0,00,0,1.0)

Criteria: Encounter an “eh” followed by an “of” apd pre-
ceded by an “n”.

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

Criteria: Encounter any phoneme preceded by silence

Fuaction: Transition stert time=(the silence’s end time)-
0.1*(lhe incoming phoneme’s duration): Tracsition end
{ime=the incoming phoneme’s start time

Criteria; Encounter silence preceded by any phoneme.

Function: Transition start time=the sifence’s start time +0,1%
_(the owtgoing phoneme’s duralion)

Post Processing Rules

Criteria; Encounter 2 phoneme duration usder 0.22 seconds.

Function: Scale the krapsition farget determined by the
default and secondary rales by 0.8 before interpolation.
Accordingly, using this example, if the user were 10 use

these rules for the spoken word “Hello”, 2t least four morph

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

each for the sound of “h”, “e”,%17“ok” and their associated

delta sefs. For example, a TAPT representing the spoken

word “helio” could be configured as,

Time Phoneme

ag silence begins

0.8 silance ends, “h™ begins
1.0 “§" ends, “ch” boging
1.37 “eh* ends, “17" begins

1.6 “1” ends, “ob’ begins

2.1 “ok" ends, silence begins.

In this example, the newiral model is used lo represent
silence. The following is an example of a set of rules,
according to the present method, of course this is only an

The method, for example embodied ia computer software
for operation with a cornputer or computer animation system
would creale an culput morph weight set stream as follows:

example of a set of rules which couid be use for illsteative *
purposes, and many other rules could be specified according
to the method of the invention.
ps1  DS2  DS3 D.54 D.5.5
Default Rules Time (B ey (1) (i) faustol”) DSS

Dc'fan'lt Correspondence Rules; 80 " a0 o o 5 o o o
Criteria: BEncounter 2 “b" as ia “house” 0.78 8 2 5 s S 0
Function: Use morph weight set (1,0,0,0,0,0) as transition 0.8 1 i 9 o 0 0

lazget. 0.98 1 0 0 0 o o
Criteria: Encounter an “eh” as ip “bet” igg; g i g g g g
Punction: Use morph weight set (0,1,0,0,0,0) as transition 65 1.403 0 0 1 0 o b

target. 1.667 Q 0 1 0 b 0
Criteria; Encounter a “1” as in “old”
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-conlinued
D51 DS DE3 D84 D55
Time R el {1 (oR) (atol)  DS6
174 0 0 0 1 0 o
21 8 0 0 1 0 0
214 8 0 g 0 o 0

Such morph weight sets act as keyframes, marking the
{ransitionary points. A morph weight sef can be obtained for
any time within the duration of e TAPT by inlerpoiating
between the morph weight sets using conventional methods
well known in the art. Accordingly,  morph weight set can
be evaluated at every frame. However, the post processing
rules can be applied to the keyframes before interpolation as
in box 36 of FIG. 1, or o the interpolated data as in box 40
of FIG. 1. From such stream of morph weight sels, the
neutral model is deformed as described above, and then sent
i0 a convenliosal compuler animation system for integration
with ofher animation. Alteratively, the morph weight set
siream can be used directly by an animation program or
package, wither interpolated or not.

The rules of the present invention are extensible and
freeform in the sense that they may be created as desired and
adapted to a wide variety of animation characters, situations,
and products. As each rule comprise 2 criteria and functios,
as in an “if . .. then . . . else” construct. The following are
illustrative examples of other rules which may be used with
the present methodology.

For example, use {0,0,0,0 . . . 0} as the morph weight set
when a “m’ is encountered. This is a type of default rule,
where:

Criteria: Encounter a “o” phoneme of any duration,
Funetion: Use a morph weight set {0,000 .. . 0} as a
transition target.

Another example would be creating several slightly dil-
ferent morph targets for cach phoneme group, and using
them randomly each lime that phoneme is spoken. This
would give a more random, or possibly comical or interest-
ing ook to the aniznation’s. This is a secondary rule.

‘An example of post provessing rule, before interpolation
would be to add a smalf amount of random noise to all
morph weight channels are all keyframes. This would
stightly alter the look of each phoneme i¢ create a more
natural look.

Criteria: Encounter any keyframe
Function: Add a small randozz value to each member of the
morph weight set prior te interpolation.

An exammple of a post processing rule, afler jnterpolation
would be to add a component of an auxiliary morph target
{one which does not comespond directly to a phoneme) (o
the outpul stream in 2 cyclical wanner over time, after
interpolation. If the auxiliary morph target had the charac-
ter’s mouth moved to the left, for example, the outpul
apimation would kave the character’s mouth cycling
between center to left as he spoke.

Criteria: Encounter any morph weight sel generaled by
interpolation

Punction: Adé a value caleulated througl a mathematical
expression 10 the morph weigh set’s member that corre-
sponds 1o the auxiliary morph target’s delia set weight,

The expression might be, for example: §.2%sin

(0.25time*2*piy+0.2. This rule would result in an oscil-

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

onds,

Another example of a secondary rule is to use alternalive
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 foilowed by an “ee” (hen use an alternate “ob”™.

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

special sequences for specific words (which are a combina-

tion of certain phonemes in a certain context). This type of
nile can take inlo consideration the differences in mouth
positions for similar phonemes based on context. For
example, the “17 in “hello” is shaped roore widely than the

#17 in “purly” due to it’s proximity fo an “el” as opposed tp

a“r".

Criteria; Encounter an “1” preceded by an “r”.

Function: Use a specified morph weight set as transition
target. ‘

Another secondary rule could be, by way of illusteation,
that if a phoneme is longer than a certain duration, subsiitute
a different morph farget. this can add expressiveness 1o
extended vowel sounds, for instamce, if a character says
“HELLOOOOOOO! 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 set as a transition
target. '

I a phoneme is longer than another phonewme of even
longer duration, a secondary rule may be applied to create
new transitions between aliernate morph targe!s at certain
intervals, which may be rardomized, during the phoneme’s
duration. This will add some animation o extremely long
held sounds, avoiding a rigid look. This is another example
of a secondary rule
Criteria: Eacounter an “ob” longer thar 1 second long.
Fuoction: fmserl transilions between a defined group of

morph weight sets at (L5 second intervals, with Iransition

duration’s of 6.2 seconds until the nex! “pormal” transi-
tion start me is encountersd.

If a phonewe is shorter than a cerlain duration, ifs
corresponding morph weight may be scaled by a factor
smaller than 1, Fhis would create very short phonemes not
appear over arficulated. Such a post processing rule, applied
before interpolation would comprise:

Criteria: Encounter a pheneme duration shorler than 0.1
seconds.

Function: Mulliply 2ll members of the trapsition tlarget
(afready determined by default and secondary rules by
durationf).1.

As is readily zpparent a wide variety of other rules can be
created 10 add individuality fo the different characters.

A further extension of the present method is to make a
parailel method or system, as depicted in box 14 of FG. 1,
that uses time aligned emotional transcriptions (TAET) that
correspond 10 facial models of (bose emotions. Using the
same fechnigues as previously described additional morph
weight set streams can be crealed that control other aspects
of the character that reflect facial display of emotional state.
Such morph weight sel streams can be concatenated with the
lip synchronization stream. In addition, ihe TAET data can
be used in conjunction witk the Hp synchronization second-
ary mules to alter the lip synchronization cutput stream. For
example:

Criteria; An “L7 is encountered in the TAFT and the pearest
“cmoterpe” in the TAET is a “smile”.

Fusaction: Use a specified morph welght set as teapsition
farget.

As is evident from the above description, the aulomatic
animation lip synchronization and facial expression metbod
described may be used on a wide variety of animation
products. The method described herein provides az
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extremely rapid, efficient, and cost effective means fo pro-
vide auwtomatic Hp synchronization and facial expression in
{hree dimemsional apimaled characlers. The method
described berein provides, for the frst tme, a rapid,
effective, expressive, and inexpensive means 10 automati-
cally create animated lip synchronization and faciat expres-
sicn in animafed characters. The method described herein
can create the necessary morph weight sel streams {0 creale
speech animation when given & time aligned phopetic fran-
scziption of spoken fext and a set of user defined rules for
determining appropriate morph weight sels for a given
TAPT sequence. This method also defines rules describing 2
method of transitfoning between these sets lhrough time,
The present method is extensible by adding new rulcs, and
other timed data may be supplied, such as lime “emotemes”
thiat will effect the output data according to aGditional rules
that take this dafa into accounl. Fu this manper, several
paraile] systems may be used on different types of timned data
and the resuifs concafepated, or used iodependently.
Accordingly, additional advantages and modification will
readily ocour to those skilled in the art. The javention in its
broader aspects is, therefore, not limite@ © the specific
methodological details, represeatative apparatus and illus-
irative examples shown and described. Accordingly, depar-
tures from such details may be made without departing from
the spirit or scope of the appiicant’s inventive concept.

What is claimed is:

1. A method for automatically animating Hp synchroni-
zation and facial expression of three-dimensional characters
compiising: '

cbtaining a first set of rules that define output morph

weight sel stream as a function of phoneme sequence
and time of said phoneme sequence;

abtaining a timed data file of phonemes having 2 plurality

of sub-sequences;
generating an inlermediate siream of cutput morph weight
sets and a plurality of trapsition parameters between
two adjacent morph weight sels by evaluating said
plurality of sub-sequences against said first 'set of rules;

generating & final stream of output morph weight sels al
2 desired! frame rale from said intermediale stream of
output morph weight sets and said plurality of transi-
tion parameiers; and

applying said final stream of output morph weight sets Lo

a sequence of animated characters to produce lip syn-
chromization and facial expression control of said ani-
maled characters.

2. “The meshod of claim 1 wherein each of said fisst set of
ruies comprises a rule’s criteria and a rule’s function.

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

checking each sub-sequence of said plurality of sub-

sequences for compliance with said rule’s criteria; and
applying said rule’s function upon said compliance.

4. The method of claim 1 wherein said first sel of rules
comprises a default set of rules and an optional secondary set
of rules, said secondary set of niles having priority over said
defaulf set of rules.

5. The method of claim 4 wherein said default set of rules
js adequate to create said inlermediate stream of output
morph weight sets and said plurality of iransition parameters
between twa adjacent morph weight sets for all sub-
sequences of phonemes in said timed dala file.

§. The method of claim 4 wherein sajd secondary set of
rules are used in special cases to substifute alternate outpul
morph weight sets and/for transition paramelers between two
adjacent morph weight sets.
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7 The metaed of claim 1 wherein said timed data is 2
timed aligned phonetic transcriptions data.

8. The method of claim 7 wherein said limed data furtber
comprises lime aligned data.

9 The method of claim 7 wherein said tiraed data further
comprises time aligned emotional transcription data.

10. The method of claim 1 wherein each of said plurality
of transition parameters comprises a {ransition start time and
a trapsilion end time; and said intermediate siream of output
roorph weight se1s having entries at said transition start time
and said transition end time,

11. The method of claim 10 wherein said generaling a
fina] stream of outpul morph weight sets comprises:

obtaining the output morph weight set at 2 desired time by
imferpolating between said intermediate strear of
morph weight sets at said transition start time and said
transition end time, said desired time representing a
frame of said final stream of cuiput,

12. The method of claim 11, furlber comprising:

applying a second sef of rules to said output serph weight
set for post processing.

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

comprises: ’
correspondence rules between & plurality of visunal pho-
neme groups and a phurality of morph weight sets; and
morph weight set transition rules specifying durational
data for generating lransitionary curves belween morpi
weight sets.

14. An apparatus for automalically animating lip synchro-
nizatios and lacial expression of three-dimensional charac-
lers cormnprising:

a compuler system;

a first set of rules in said computer sysiem, said first set
of rules defining owtput morph weight set stream 55 2
function of phoneme sequence and time of said pho-
Deme sequence;

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

means, in said computer systern, for generaling an inter-
mediate stream of output morph weight sets and a
plurality of transition parameters between two adiacent
morph weight sets by evaluating said plurality of
sub-sequences against said first set of rules;

means, in sai¢ computer system, for generating a final
stream of output morph weight sets af a desired frame
rate from said intermediate stream of output morph
weight sets and said plurality of transition parameters;
and

means, in sait compuler system, for applying said fizal
stream of output morph weight sets 1o a sequence of
animated characters to produce lip synchronization and
facial expression control of said animated characters.

15. The apparatus of claim 14 wherein each of said first
set of rules comprises a ruje’s criteria and a rule’s function.

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

checking cach sub-sequence of said plurality of sub-
sequences for complisnce with said le’s eriteria; and

applying said rule’s function upoen said compliance,

17, The apperatus of clzira 14 wherein said first set of
rales comprises a default set of rules and an optional
secondary set of rules, seid secondary set of rules baving
priority over said defaull set of rules.

18. The apparatus of claim 17 wherein said defauil set of
rules is adequate 1o create said intermediate stream of cutput
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13 14
morph weight sets and said plurality of transition parameters obtaining the output maorph weight set al a desired time by
between Iwo adjacent morph weight sets for all sub- interpolating between said intermediate stream af
sequences of phonemes in said timed data Ble. ~ morph weight sets at said trapsition start lime and said
19. The apparatus of claim 17 wherein said secondary set transition end time, said desired time sepresenting 2

of rules are used in special cases 1o subslitute alternate 5
output morph weight sets and/for transition paramelers
hetween two adjacent morph weight sets,

20. The apparatus of claim 14 whereiz said timed data is means for applying a second set of rules to seid oulput
a timed aligned phonetic transcriptions data. morph weight set for post processing,

21. The apparatus of claim 20 wherein said tmed data 30
further comprises time aligned data.

22. The apparatus of claim 20 wherein said timed data

frame of said final stream of outpul.
25, The apparatus of claim 24, further comprising:

26. The apparatus of claim 14 wherein said frst set of
rules comprises:

further comprises (ime alignec'i emotional t{anscription data. correspondence rules between a plurality of visual pho-
23. The apparatus of claim 14 wherein each of said neme groups and a phurality of sorph weight seis; and
plurality of transition paramelers COmMPEISES 2 transilion slarl 15
{ime and a transition end time; and said intermediate stream morph weight set transiticn rules specifying durational
of cutput morph weight seis having enlries al said transition data for generating lransitionary curves between morph
starl time and said transition end tme. weight sels.
24. The apparatus of ciaim 23 wherein said genegaling a
final stream of cutput morph weight sets comprises: B R R H
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FOR AUTOMATICALLY AN!MATING LIP SYNCHRONIZATION AND FACIAL
EXPRESSION OF THREE DIMENSIONAL CHARACTERS FOR FILMS, VIDEGS,
CARTOONS, AND OTHER ANIMATION PRODUCTS.

¥

CONFIGURING A SET OF DEFAULT CORRESPONDENCE RULES BETWEEN A | ~ 50
PLURALITY OF VISUAL PHONEV% (?f?]pgg% AND A PLURALITY OF MORPH

1

SPECIFYING A PLURALITY OF MORPH WEIGHT SET TRANSITION RULES  §~ 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 ANOTHER ANIMATION.

FIG. 2
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10

FOR AUTOMATICALLY ANIMATING LIP SYNCHRONIZATION AND FACIAL
EXPRESSION OF THRFF DIMENSIONAL CHARACTERS FOR USE WITH
A COMPUTER ANIMATION SYSTEM. ‘

56

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

] 58
EVALUATING A PLUBALITY 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 QUTPUT MORPH WEIGHT SET
STREAM, ALLOWING FOR AN APPROPRIATE MORPH WEIGHT SET
CORRESPONDENCE 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

This is 2 continuation of application Ser. No. 08/942,987
fled Oct. 2, 1997, now U.S. Pat. No. 6,307,576.

BACKGROUND OF THE INVENTION

1. Field of Evention

This invention relates generally to asimation producing
methods and apparatuses, and more particulaxly is directed
1o a method for aulomatically animating lip syachronization
and facia} expression for three dimensional characters.

2. Description of the Related Art

Various methods have been proposed for animating lip
synchronization and facial expressions of animated charac-
lers in animated products such as movies, videos, carloons,
CD’s, and the like. Prior methods in this area have long
suffered from the need of providing an economical meaus of
animating lip syachromization and character expression in
the production of animated products due 1o the extremely
laborious and lengthy protocols of such prior traditional and
computer animation techaiques. These shoricomings have
significantly limited all prior lip syachronization and facial
expression mefhods and apparatuses used for the production
of apimated products. Indeed, the limitations of cost, time
reguired to produce an adequate lip synchronization or facial
expression je en animated product, and the inherent imita-
tions of pror methods asd apparatuses lo satisfactorily
provide lip syachronization or express character feelings and
emotion, leave a significant gap in the potential of animated
methods and apparatuses in the current state of the arl.

Time aligned phonetic transcriptions (TAPTS) are a pho-
netic trapscription of a recorded lext or soundtrack, where
the occurrence in time of each phoneme is also recorded. A
“phoneme” is defined as the smallest unit of speech, and
corresponds to a single sound. There are several standard
phonetic “alphabets” such as the International Phonetic
Alphabet, and TIMIT created by Texas instroments, fac. and
MIT. Such transcriptions can be created by hand, as they
currently are in the traditional animation industty and are
called “x” sheets, or “gray sheets” in the trade. Alternatively
such transcriplions can be created by automatic speech
recognition programs, or the like.

The current practice for three dimepsional coroputer gen-
erated speech animation is by manual techniques commonly
using & “morph target” approach. In this practice a reference
model of a neutral mouth position, and several other mouth
positions, each corresponding to a different phoneme or set
of phonemes is used. These models are called “morph
targets”. Bach morph target has the same lopology as the
neulral model, the same sumber of vertices, and each vertex
on each model logicaily corresponds fo a vertex on each
other model, or example, verlex #n on all models represents
the left corner of the mouth, and although this is the typical
case, such rigid correspondence may not be necessary.

The deltas of each vertex on each morph target relative to
the neutral are computed as a vector from each vertex n on
the reference 1o cach vertex n on each morph target. These
are called fhe delta sets. There is one delta set for eack morph
target.

In producing animmation products, a value usually from 0
to 1 is assigred o each delia set by the animator and the
value is called the “morph weight”. From these morph
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weights, the neutral’s geometry is modified as follows: Each
vertex N on the seutral has the corresponding delta set’s
vertex multiplied by the scalar morph weight added to it.
This is repeated for each morph target, and the result
summed. For each veriex v in the neufral model:

leesultj=ineutralls ..., "ldelta sexjmorph weigh

where the symbal jxxx] is used to indicate the corresponding
veclor in each referenced set. For example, lresul is the
corresponding resultant vertex to veriex v in the neutral
model |neutral] and |delta setx] is the corresponding vector
for delta set x.

If the morph weight of the deltla set corresponding fo the
morph target of the characler saying, for example, the “oh™
scund is set to 1, and all others are set {0, the nentral would
be modified to ook like the “oh target. If the situation was
the same, except that the “oh” morph weight was 0.5, the
peutral’s geometry is modified half way between peutral and
the “oh” morph target.

Simiarly, if the situation was as described above, excepl
“oh” weight was (.3 and the “ee” morph weight was al 0.7,
the neutral geometry is modified to have some of the “obh”
model characteristics and more of the “ee” mode] charac-
tesistics. There also are prior biending methods inchuding
averaging the delia sets according to their weighis.

Accordingly, 10 animate speech, the artist needs 10 set all
of these weights al each frame to an appropriate value.
Usually this is assisted by using a “keyframe” zpproach,
where the arlist seis the appropriate weighls at certain
importast times (“keyframes™) and 2 program jnterpolates
cach of the channels af each frame. Such keyirame approach
is very tedious and time consuming, as well as inaccurate
due to ke large number of keyframes necessary to depict
speech.

The present invention overcomes many of the deficiencies
of the prior art and obtains its objectives by providing an
integrated method embodied 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 o be produced in a very cost effective manner.

Accordingly, it is the primary object of this iuvention to
provide a method for automatically animating lip synchro-
nization and  facial expression of three dimensional
characters, which is integrated with computer means for
producing accurate and realistic lip synchronization and
facial expressions in animated characters, The method of the
present invention further provides an extremely rapid and
cost effective means to amomatically creale lip synchroni-
zation and facial expression in thiee diroensional animated
characlers.

Additional objects and advantages of the invention will be
set forth in ihe description which follows, and in part witl be
chvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumen-
talities and combinations particularly pointed out in the
appended claims.

SUMMARY OF THE INVENTION

To achieve the foregoing objects, and in accordance with
the purpose of the investion as embodied and broadly
described berein, 2 method is provided for controlling and
aulomatically animating lip synchrenization and facial
expressions of three dimensional animated characters using
weighted morph targets and time aligned phonetic franscrip-
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tions of recorded text, and other time aligned data. The
method utilizes a set of rules thai determine the syslems
output comprising a stream or streams of morph weight sels
when z sequence of timed phonemes or other timed data is
enconntered. Other timed data, such as pitch, amplitued,
noise amounts, or emotional state data or emotemes such as
“surprise, “disgust, “ernbarrassment”, “tirid smile”, or the
like, may be inputted to affect the outpuf stream of morph
weight sets.

The methodology herein described allows for antomati-
cally animating lip synchronization and facial expression of
{hree dimensional characters in the creation of a wide variety
of animation products, including but not Hmited to movies,
videos, cartoons, CE's, sofiware, and the like. The method
apd apparatuses herein described are operably integrated
with computer software and hardware.

In accordance with the present invention there also is
provided a method for automatically animating lip synchro-
nization and facial expression of three dimensional charac-
ters for films, videos, carioons, and otber animation
products, comprising configuring a set of default correspon-
dence rules between a plurality of visual phoneme groups
and a pluality of morph weight sets; and specifying a
phurality of morph weight set transition rules for specifying
durational data for the generation of transitionary curves
hetween the plurality of morph weight sets, allowing for the
production of a stream of specified morph weigh sets to be
processed by a computer animation system for integration
with other apimation, whereby animated lip synchronizatios
and facial expression of animated characters may be auto-
matically controlled ard produced,

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporaled in
and constitule a parl of the specification, illustrale a pre-
ferred embodiment of the invention and, together with a
general description given above and the detailed description
of the preferred embodiment given below, serve to explain
the principles of the invention.

FIG. 1 is a flow chari showing the method of the invention
with ap optiona} time aligned emotional transcription file,
and apother parailel timed data file, according 1o the inven-
tion.

FIG. 2 is a fiow chart illustrating the principal steps of the
present method, according to the inventios.

FIG. 3 is another representational flow charl illustrating
the present method, according 1o the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made jn detail to the present
preferred embodiments of the invention as illustrated in the
accompanying drawings.

In accordance with the present invention, there is pro-
vided as illustrated in FiGS. 1-3, a method for contzolling
20d automatically animating lip synchropization and facial
expressions of three dismessional animated characters using
weighted morph targets and time aligned phonetic transcrip-
tions of recorded text. The method utilizes a set of rules that
determine the systems oulput comprising a stream of morph
weight sets when a sequence of timed phonerees is encoun-
tered. Other timed data, such as timed emotional state data
or emotemes such as “sucprise, “disgust, “embarrassment”,
“timid smile”, pitch, amplitued, noise ameunis or the like,
may be inputted to affect the outpul stream: of morph weight
sets.

EXHIBIT B
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The method comprises, in one embodiment, configuring a
set of default correspondence rales between 2 plurality of
visual phopeme groups and a pluralify of morph weight sets;
and specifying a pluradily of morph weight set transition
rules for specifying durational data for the generation of
transifionary curses between the plurality of morph weight
sets, allowing for the production of a stream of specified
morph weight sets to be processed by a computer animation
system for integration with other animation, whareby ani-
mated lip synchronization and facial expression of animated
characters may be automatically produced.

There is also provided, according fo the invention a
method for automatically animating lip synchronization and
facial expression of three dimensional characlers for use
with 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 piurality of time aligned phonetic transcriptions or
other timed data such as piteh, amplitude, noise amounts and
the like, against the determining means for producing
strearn of morph weight sets; applying said determining
means for producing a stream of morph weight sets 1o
generate an cutput 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 parameters applied to a plurality
of morph weight set transitions between a representation of
a prior time aligned phogetic franscription subsequence and
a curtent one, whereby lip synchronization and facial
expressions of animated characters is automatically con-
trolled and produced.

The method preferably comprises a set of miles that
determine what the output morph weight set stream will be
when agy sequence or phonezes and their associated times
is enconntered, As used herein, a “morph weight set” is a set
of values, one for each delta set, that, when applied as
described, transform the seutral mode fo some desired state,
such as speaking the “oo” sound or the “th” sound.
Preferably, one model id designated as the anchor moded,
which the dellas are computed in reference to. If for
exarople, the s a morph target that represents all possible
occurrences of an “e” sound perfectly, it's morph weight set
would be all zeros for all dela sefs except for the delta set
corresponding to the “ee” morph target, which would set 1o
1

Preferably, each rule comprises two parts, the rule’s
criferia and the rule’s function. Each sub-sequence of time
aligned phopetic transcription {TAPT) or other timed data
such as pitch, ampiiude, noise amount or the like, is
checked against a rle’s criteria to sec if that mule-is
applicable. If 5o, the rule’s function is appied lo generate the
output. The primary function of the rules is to determined 1)
the appropriate morph weight sel correspondence with each
TAPT sub-sequence; znd 2) the time parameters of the
morph weight set trapsitions belween the representation of
the prior TAPT sub-sequence or other timed data and the
current ope. Conditions 1} and 2) musi be completely
specified for any sequence of phonemes and times encoun-
tered, Together, such rules are used to create a continuous
siream of morph weight sets.

Ia the present method, it is allowable for more then one
phoneme o be represeated by the same morph target, for
example, “sss” and “zzz’". Visuaily, these phonemes appear
similar. Through the use of such rules, the user cap group
phonemes together that have a similar visual appearance into
visual phonemes” that function the same as one another. It
is alse acceplable, throngh the rules, to ignore cerfain
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phoneme sequences. For example, a rale could specify: “If
i the TAPT, there are two or more adjacent phonemes that
are in the same “visual phopeme™ group, all but the first are
ignored”.

The rules of the present method may be categorized ip
three main groupings; defanlt rules, auxiliary rules and post
processing riles, The default rales must be complete encugh
to create valid output for any TAPT encountered at any point
in the TAPT. The secondary rules are used in special cases;
for example, lo substifule allernative morph weight set
correspondences and/or trapsition niles if the identified
criteria are met. The post processing rules are used fo further
macipulate the morph weight set stream afier the defzult or
secondary rules are applied, and cao further modify the
members of the morph weight sets determined by the default
and secondary rules and interpelation.

I for exampie, specific TAPT subsequence does nol fit the
criteria for any secondary rules, then the default mles take
effect. If, on the other hand, the TAPT sub-sequence does fit
the criteria for a secondary mle{s) they take precedence over
the default rules. A TAPT sub-sequence take into account the
cicrent phogeme and duration, aad a oumber of the preced-
ing and following phonemes and duration’s as well may be
specified.

Preferably, the secondary rales effect morph target corre-
spondence and weights, o transilion times, or both. Sec-
ondary rules can creafe transifions and correspondences
even where no phoneme transitions exist. The secondary
rules can use as their criteria the phoneme, the duration or
the phoneme’s context in lhe oufpul stream, thal is what
phonemes are adjacent or in the neighborhood fo the carrent
phoneme, what the adjacent duration’s are, and the like.

The post processing rules are preferably applied after a
preliminary output morph weight set is calcnlated so as fo
modify it. Post processing rules can be applied before
interpolation and/or afier interpolation, as described later in
this document. Both the secondary and post processing rules
are optional, however, they may in certain applications be
very complex, and in particular eircumstances contribute
more to the output than the defaull rulos,

In FIG. 1, a flow chart illustrates the preferred steps of the
methodology 10 or aufomatically animating lip synchroni-
zation and facial expressien of three dimensional animated
characters of the present Invention. A specific sub-sequence
20 is selected from the TAPT fle 12 and is evaluated 22 to
determine if any secondary rule criteria for morph weight set
target apply. Time aligned emotional lranscriplion file 14
data may be inpatied or data from an optional time aligned
data file 16 may be nscd. Also shown is a parallel method 18
which may be configured identical 1o the primary method
described, however, using differeat timed data ruies and
different delta sets. Sub-sequence 20 is evaluafed 22 (o
detersnine if any secondary nule criteria apply. i yes, then a
morph weight set is assigned 24 according to the secondary
rules, if 20, then 2 morph weight set is assigned 26 according
1o the default rules. If the sub-siring meets any secondary
rule criteria for trensition specification 28 then a transition
start and end time are assigned according to the secondary
rules 32, if no, then assign transition start and end times 30
according to default rules. Then an iotermediate file of
transition Keyframes wsing target weights and transition
riles as geperafed 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 interpolate using any metbod post processed
keyframes 1o a desired frequency or frame rate 40 and if any
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morph weight sequences generated £t post processing after
inferpolation criteria, they are applied 42 at this point. If
parallel methods or systems are used 10 process other timed
ajigned dats, they may be concatenated here 44, and the data
ouipnt 46.

fn FIG. 2, the method for awtomatically apimating lip
synchronization and facial expression of three dimensional
characters for films, videos, cartoons, and other apimation
producis 16 is shown according to the invention, where box
50 show the step of configuring 2 set of defaull correspon-
dence rules between a plurality of visual phoneme groups or
other timed input data and a plaralily of morph weight sets.
Box 52 shows the sleps of specifying a pharality of morph
weight set transition rules for specifying durational data for
the generation of transitionary curves between the pluraiity
of morph weight sets, allowing for rhe production of a
stream of specified morph weight sefs to be processed by &
computer animation system for integration with other
animation, whereby animated lip synchronization and facial
expression of apimaled characters may be automatically
preduced.

With reference now fo FIG. 3, method 10 for avtomati-
cally 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 phogemes is encountered.
Box 53, showing the step of evaluating a plurality of time
aligned phonetic transcriplions or other timed ata such as
pitch, 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 delerminiag means
for producing a siream of morph weight sels to generate an
cutput morph weight set stream, allowing for an appropriate
morph weight set comrespondence with each of a pluzality of
time aligned phonetic transcription sub-sequences and cor-
rect fime parameters applied Lo a plurality of morph weight
set lransilions befween a representation of a prior time
aligned phonelic transcripiion sub-sequence and a current
one, whereby lip synchronization and facial expressions of
apimated characlers is awlomatically controlied and pro-
duced are shown according to the invention.

In operation and use, the wser must mazawally set up
default correspondence rules between aHl visual phoneme
groups and morph weight sets, To do this, the user preferably
specifies the morph weight sets which correspond to the
model speaking, for example the “oo™ sound, the “th” sovud,
and the like. Next, default rutes must be specified, These
rules specify lhe durational information needed 10 generate
appropriate transitionary curves between morph weight sets,
such as fransition slard and end times, “trapsition™ between
two morph weigh sets is defined as each member of the
morph weight set trassitions from #t's current state 10 il's
tarpet state, starting at the transition start time and ending at
the transition end time. The farget state is the morph weight
set determined by & correspondence rule,

The default correspondence rules and the default morph
weight set transition rules define the default sysiem behav-
jor. If all possible visual phoneme groups or ail members of
alternative data domains have morph weight set
correspondence, any phonerne sequence can be handled with
this rule set alone. However, additional rules are desirable
for effects, exceptions, and uniqueness of character, as
further described below.

According to the method of the invention, other rules
involvisg phoneme’s duration and/or context can be speci-
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fied. Also, any other rules that do ot fit easily into the above
mentioned categories can be specified. Examples of such
rujes are described in greater detail below and are lermed the
“secondary rules”. If a timed phopeme of sub-sequence of
timed phonemes do nol fit the criteria for any of the
secondary mles, the default rules are applied as seen in FIG.
1.

Yt is seen tbat through 1he use or these rules, an appropriate
morph weight stream s produced. The vainterpolated morph
weight stream has eniries only at transition start and end
fime, however, These act as keyframes. A morph weight set
may be evalnated at any time by interpolating between these
keyframes, using conventional methods. This is how the
output stream is caleulated each desired time frame. For
example, for elevision productions, the necessary resolation
is 30 evaluations per second.

The post processing rules may be applied either before or
after the above described interpolation step, or both, Some
rules may apply only to keyframes before interpelation,
some 1o 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 morph weight
sets calculated by the default and sccondary rules. Post
processing niles can use the morph weigh sels o sequences
as in box 44 of FIG. 1, calculated by the default and
secondary niles. Post processing rules can modily the indi-
vidnal members of the momph weight sets previously gen-
erated. Post processing rules may be applied in addition to
other rules, including other post processing rules. Once the
role set wp is completed as described, the methed of the
present invention can lake any number 2nd length TAPTs as
ioput, and automatically output the cosresponding morph
weight set siream as seen in FIGS. 1-3.

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

Delta Set  Visual Representation
1 e
2 e
3 e
2 “oh®
5 exaggerated “oh”
6 special case “eh” used during a “snide laupgh” sequences

In this example, the neutral model is used to represent

silence. The following is an example of a sel of rules, ¢

according to the present method, of course this is only an
example of a set of rules which could be use for iflustrative
purpeses, and many other riles could be specified according
to the method of the invention.
Default Rules:
Defauit Correspondence Rutes
Criteria: Encounter a “h” as in “house”
Function: Use morph weight set (1,00,0,0,0) as trapsition
farget.
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Criteria: Encounter an “el” as in “bet”

Function: Use morph weight set (0,1,0,0,0,0) as transition
farget,

Criteria: Encounter a *1” as in “old”

Function: Use morph weight set (0,0,1,0,0,0) as trapsition
larget.

Criteria: Bncounter an “oh” as in “old”

Function: Use morph weight set (0,0,0,1,0,0) as transition
farget.

Criterfa; encounter a “silence”

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

Default Transition Rule

Criteria: Encounter any phoneme

Function: Traosition statt time=(the outgoing phoneme’s
end time)-0.1%(the outgoing phoneme’s duration),
transition end time={the incoming phoneme’s start time)+

0.1* {the incoming phoneme’s duration)

Secondary Rules

Criteriz: Encounler an “ob™ with a duration greater than 1.2
seconds.

Fanction: Use morph weigh set (0,0,0,0,1,0)

Criteria: Encounter and “ch” followed by an “h” and pre-
ceded by an “h™.

Punction: Use morph weigh set (0,0,0,0,0,1) as transition
target,

Criteria: Encounter any phoneme preceded by silence

Fusction: Transition start time=(the silence’s end time)-
{.1*(the incoming phoneme’s duration) Trapsition end
time=the incoming phoneme’s start time

Criteria: Encounter silence preceded by any phoverne.

Fanction: Transition start times=the silence’s start time-~0.1*
(the outgoing phoneme’s duration)

Post Processing Rules

Criteria: Encounter a phopeme duration under (122 seconds.

Function: Scale the transition target determined by the
default and secondary riies by 0.8 before interpolation.
Accordingly, vsing this example, if the user were 10 use

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

taxgets and a neulsal targel would be required, that is, one

sach for the sound of “h”, “e”, *¥", ok * and their associated

delta sets. For example, 2 TAPT represeating the spoken

word “hello” could be configured as,

Time Fhongme
0.6 silence begins
0.8 silence ends, “h” begins
1.0 “h™ ends, “ek”™ begies
137 “elt’” ends, “17 begins
16 17 ends, “ob’ begins
21 “ol" ends, silence begins,

‘Fhe method, for example embodied ip computer software
for operation with & computer or compuler animation system
would create an output morph weight set strearn as follows:

Time

DSA¢HY DS2("h)

DSA(T) DSACoEY) DSS(ur-oh) DS6

0.0
4.78

EXHEBIT B

0
0

0 0 0 Q9 G
0 0 0 0 o]
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-confinued
Time  DSI(Y) DS2AND  DET) DS4oh) DSS(uxtoh”) DES
0.8 1 0 il 0 0 0
0se 1 0 0 0 0 [
1037 0 1 0 0 0 o
13530 1 0 0 0 ]
1403 0 0 1 0 0 ¢
1667 0 0 3 o 0 0
1% 0 0 0 1 0 8
21 0 0 0 b 0 8
214 0 0 0 0 0 8
Such morph weight sels act as keyframes, marking the 15 Awuocther example of a secondary rule is to use alternative

frapsitionary points. A morph weight set can be obtained for
any time within the duration of the TAPT by interpolating
between the morph weight sets using conventional methods
well known in the art. Accordingly, a morph weight set can
be evalnated af every frame. However, the post processing
rules can be applied to the keyframes before interpclation as
in box 36 of FIG. 1, or to the interpolated dafa as in box 40
of FIG. 1. From such stream of morph weight sefs, the
neutral model is deformed as described above, and then seni
to a conventional coraputer animation systers for infegration
with other animation. Altematively, the morph weight set
stream can be used direclly by an apimatior program or
package, wither interpolated or not.

The rules of the present invenfiod are extensible and
freeform in the sense that they may be created as desired and
adapied to a wide variety of animation characters, situations,
and products. As each rule comprise a criteria and functien,
as in an “if . . . then . . . else” construct. The following are
illustralive exampies of other rules which may be used with
the present methodology.

For example, use {0,0,0,0 . . . } as the morph weighs, set
when a “m” is encountered. This is a type of default rnule,
where: Criteria: Encounter a “m’ phoneme of any duration.
Function: Use a morph weight set {0,000 . . . 0} as a
transition farget.

Anofher example would be creating several slightly dif-
ferent morph targets for cach phoneme group, and using
thems randomly each time that phoneme is spoken. This
would give a more random, or possibly comical or inlerest-
ing lock to the animation’s. This is a secondary rule,

An example of post processing rule, before interpolation
would be 10 add a small amoual of random noise io all
morph weight chanaels are all keyfrarnes. This would
slightly alier the look of each phoneme {0 create z mor
natura] look. ‘
Criteria: Bncounter any keyframe
Function: Add a small random vaiue 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 target
{one which dees not correspond directly 10 a phoneme) to
‘the output stream in a cyclical manger over lime, afler
interpolation. If the avxiliary morph farget had the charac-
ter’s mouth moved fc the left, for exampie, the output
animatior would have the character’s mouth cyeling
betweea center to lefl as he spoke.

Criterfa: Encounter any morph weight set generated by
interpolaticn

Function: Add a value calculated through a mathematical
expression 1o the morph weigh set’s member that corre-
spoads to the auxiliary morph target’s della set weight.

The expression might be, for example: 0.2%sin

(0.2*time*2*pi)+0.2. This rule would result in an oscil-

lation of the a2aimated character’s mounth every five sec-

onds.
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weight sets (or morph weight set sequences) for certain

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

preceded and followed by an “ee” then use an alternate “oh”,

This type of rule can meale speech idiosyncrasies, as wel as

special sequences for specific words (which are a combina-

tion of cerfain phonemes in a certzin context). This type of
rule can take into consideration the differences in mouth
pesilions for similar phonemes based oa comtext. For
example, the “I” in “hello” is shaped more widely than the

“1” in “burly” due to it’s proximity to an “¢h” as opposed fo

a 17,

Criteria: Encounter an “1” preceded by an “1”,

Function: Use a specified morph weight set as iransition
targed.

Another secondary rule could be, by way of ilustration,
that if a phoneme is longer than a certain Juration, substitute
a different morph target. this can add expressivencss to
extended vowel sounds, for imstance, if a characler says
“HELLOOQOQOOQO” 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 set as 4 transition
target. )

If a phoneme is longer than another phoneme of even
longer duration, a secondary rule may be applied to create
new trapsitions between allernale morph targels at certain
intervals, which may be randomized, during the phoneme’s
duration. This will add some animation to extremely long
beid sounds, avoiding a rigid look. This is another example
of a secondary rule
Criteria: Encounter an “ob” longer than 1 second long.
Function: Insert transitions between a defined group of

morph weight sets at 0.5 second intervals, with transition

duration’s of 0.2 seconds wntll the vext “normal” trapsi-
tion slart time is encountered.

If a phoneme is shorter than a cerlain duration, its
corresponding morph weight may be scaled by a factor
smaller than 1. This would create. very short phonemes not
appear over artictlated, Such a post processing rule, applied
before interpolation weould comprise:

Criteria: Encounter a phonemse duration shorter than 0.1
seconds.

Fupction; Multipiy ali members of the transition target
(already determpined by defanlt and secondary mules by
duration/0.1.

As is readily apparent a wide variety of other rdles can be
created to add individuality o the different characters,

A farther extension of the present method is to make 2
paraliel method or system, as depicted in box 14 of FiG. 1,
that uses time aligned emotional transcriptions (TAET) that
correspond to facial models of those emotions. Using the
same techniques as previously described additional morph

40029



Case 2:12-cv-10326-GW-AGR Document 1 Filed 12/04/12 Page 32 of 37 Page ID #:37

US 6,611,278 B2

11

weight set streams can be created that control other aspecis
of the character that refiect facial display of emotional state.
Such morph weight set streams can be concalepated with the
lip synchronization stream. In addition, the TAET data can
be used in conjunction witk the Ep synchronization second-
ary rules o alter the lip synchropization output steeam. Foz
example:

Criteria: An "L is encovatered in the TAPT and the nearest

“emoterne” in the TAET is a “smile”,

Function: Use a specified morph weight set as iransition
target.

As is evident from the above description, the automaltic
apimation Hp synchronization and facial expression method
described may be used op a wide variety of animation
products. The method described herein provides am
extremely rapid, efficient, aad cost effective means 10 pro-
vide autematic lip synchronization and facial cxpression in
three dimensional aaimated characters. The method
described herein provides, for the first time, a rapid,
effective, expressive, and inexpensive means to automati-
caily creale animated kp synchronization and facial expres-
sion in animated characters. The method described herein
can create the necessary morph weight set sireams 1o create
speech animation when given a time aligned phonetic tran-
seription of spoken fext and a set of user defined rules for
determining appropriate morph weight sets for a given
TAFT sequence. This method also defines rules describing 2
metbod of ansitioning between these sets through time.
The present method is extensible by adding new rules, and
other timed data may be supplied, such as time “emotemes”
that will effect the output data according to additional rules
that take this dafa into account, In this masnes, several
parallel systems may be used on different types of timed data
and the resulis concatenated, or used independestly.
Accordingly, additional advantages and modification will
readily occur {o those skilled in the art. The invention in its
broader aspects is, therefore, not lmited to the specific
methodological details, representative apparatus and ilus-
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-
zation and facial expression of three-dimensional characlers
comprising:

obtafning a frst set of rules thal defines a morph weight

set stream as 2 function of phoneme sequence and times
associaled with said phoneme sequence;

cbtaining a phurality of sub-sequences of timed phonermes

corzesponding to a desired audio sequence for said
three-dimensiona} characters;

generating an oulput morph weight set stream by applyiag

said &rst set of reles to each sub-sequence of said
plurality of sub-sequences of timed phonemes; and
applying said oulpul morph weight set stream Lo an input
sequence of animated characlers to genefate ap outpul
sequence of animated characters with Hp and facial
expression synchronized (o said audio sequence.

2. The method of claim 1, wherein said first sei of niles
comprises:

comrespondence rules between all visual phoneme groups

and morph weight sets; and

morph weight set transition rules specifying durational

datz between morph weight sets.

3, The method of claim 2, wherein said durational dala
comprises transition start and transition end times.
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4. The method of claine 1, wherein said desired audio
sequence is from a pre-recorded live performance.

5. The method of claim 1, wherein said desired audio
sequence is synthetically generated by a computer.

6. The method of claim 1, wherein said plurality of
subsequences of timed phonemes is obtained from a file.

7, The method of claim 1, wherein said phrality of
subsequences of timed phonenses is generaled during ani-
mation. :

8. The method of claim 1, wherein said oufput sequence
of animaled characters is transmitled over a conputer et
work.

9. Fhe method of claim 1, wherein said generating said
culput morph weight stream comprises:

generating an appropriaie morph weight set corsespond-

ing to each subsequence of said timed phonemes; 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.

10. Tee method of claim 1, wherein each of said first set
of rules comprises a rule’s criteria and a rule’s functon.

11. The method of claim 10, wherein said generating an
output morph weight set siream comprises:

checking each sub-sequence of said plurality of sub-

sequences of timed data for compliance with said rle’s

criteria; and

generating an oulpuf morph weight set apd trassilion

parameters by applying said nile’s function upon said

compliance with said criteria.

12. The method of claim I, wherein said first set of rules
comprises a defavlt set of reles and an oplional secondary set
of rules, said secondary set of reles having priority over said
default set of rules.

13. The method of claim 1, wherein said plurality of
subsequences of timed phonemes comprises a timed aligned
phonetic transcriplions sequence.

14. The method of claim 1, wherein said plurality of
subsequences of timed phonemes comprises limme aligned
data,

15. The method of elaim 13, wherein said plugality of
subsequences of timed phonemes further comprises time
aligned emotional transcriptior data.

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

lransition stagt time; and

trapsifion end time.

17. The metbod of claims 16, further comprising:

generating said output morph weight set stream by inter-

polating between morph weight sels at said trassition

start time and said frapsition end time according fo a

desired frame rate of said output sequence of animated

characters.

18. The method of claim 1, further comprising:

applying a second set of rules 1o said output morph weight

set prier to said generating of said oulput sequence of
animated characters.

19. An apparatus for automaltically animating lip syochro-
pization and facial expression of three~dixaensional charac-
ie1s cOmprising:

& computer system,

computer code in said computer sysiem, said compuier

code comprising:

a method for obtaining a first set of mles that defines a
morpk weight set stream as a function of phoneme
sequence and times associated with said phoneme
sequence;
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a method for obtaining a pinralily of sub-sequences of
timed phonemes corresponding to a desired aundio
sequence for said three-dimensional characters;

a method for generating an oulpui morph weight set
stream by applying said first set of rules 10 each
sub-sequence of said plurality of subsequences of
timed phonemes;

2 method for applying said oculput morph weight set

stream to an inpul sequence of animated characters
1o generate an output sequence of animated charac-
ters with lip and facial expression synchronized 1o
said audio sequence,

20. The apparatus of claim 19, wherein said Srst set of
rules comprises:

correspondence niles between all visual phanemme groups

and morph weight seis; and

morph weighl set transition rules specifying durational

data between morph weight sets.

21. FThe apparatus of claim 20, wherein said durational
dala eomprises transition start and trapsition end Umes.

22. The apparatus of clair 19, wherein said desired audio
sequence is from a pre-recorded five performance.

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

24. The apparatus of claim 19, said plurality of subse-
quences of timed phonemes is obtained from a file.

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

26. The apparatus of claim 19, wherein said cutput
sequence of animated characlers is transmitted over a cora-
puter network,

27. The apparatus of claim 19, wherein s2id geserating
said output morph weight stream comprises:

generating an appropriate morph weight set correspond-

ing to each subsequence of said limed phonemes; and
generating tizoe parameters for (ransition of said appro-
priale morph weight set from 2 morph weight set of 2

0
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29, The apparatus of claimn 28, wherein said generating an
output morph weight set stream comprises:

checking each sub-sequence of said plurality of sub-
sequences of timed data for compliance with said rule’s
criteria; and

generaling an outpul morph weight sel and iransition
parameters by applying said rule’s function upon said
compliance with said criteria.

30. The apparatus of claim 19, wherein said first set of
rules comprises a default set of rules and 2n optional
secondary set of rules, said secondary set of rules having
priority over said default set of rules,

31. The apparalvs of claim 19, wherein said piurality of
subsequences of timed phonemes comprises a limed aligned
phenetic transcriptions sequence.

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

33. The apparatus of claim 31, wherein said plerality of
subsequences of timed phonemes farther comprises time
aligned emotional transcziption data.

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

trapsition start time; and

{ransition end time.

35. The apparatus of claim 34, wherein said computer
code forther comprises:

a method for generating said oulput morph weight set
stream by interpolating between morph weight sels at
said trapsition start time and said trapsitior end time
according to a desired frame rate of said output
sequence of animated characters.

36. The apparatus of claim 19, wherein said computer

code further comprises:

a method for applying a second set of rules to said oufput
morph weight set prior to said generating of said output

prior sub-sequence of said timed dafa. 40 sequence of animated characters.
28. The apparatus of claim 19, wherein each of said first
set of rules comprises a rule’s criteria and a rule’s function. LI B B
EXHIBIT B 400031
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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 George H. Wu and the assigned discovery
Magistrate Judge is Alicia G. Rosenberg.

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

CvV12- 10326 GW (AGRx)

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.

Al 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 summons and complaint on alf defendants (if a removal action is
filed, a copy of this notice must be served on all plaintiffs).

Subseguent documents must be filed at the following location:

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

Failure to file at the proper focation will result in your documents being returned to you.

CV-18 (03/06) NOTICE OF ASSIGNMENT TO UNITED STATES MAGISTRATE JUDGE FOR DISCOVERY
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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
CV12-10326 GW (AGRx)

PLAINTIFF(S)
V.

Shiny Entertainment, 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 Il?fcomplaint O amended complaint

[ counterclaim I 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.

Clerk, U.S. District Court

Dated: a-Y-10 By: \DM \)\’)QQUI\

Depg'ty Clerk

LOR! WAGERS
(Seal of the Court)

[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{i0/11 SUMMONS
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UNITED STATES iISTRICT COURT; CENTRAL DISTRICT Ok . ALIFORN 1A

-

CIVIL COVER SHEET
1 (a) PLAINTIFFS (Check box if you are representing yourself {1} DEFF_JNDANTS.
McRQ, Inc., dba Planet Biue Shiny Entertainment, Inc.

(b} Attomeys (Firm Name, Address and Telephone Number, If you are representing Attommeys (If Known)
yourself, provide same.)

RUSS AUGUST & KABAT

Frene Y. Lee, CA SB No. 213625; Email: ilee@railaw.com
12424 Wilshire Blvd, 12th Fl,, Los Angeles CA 90025; Tele: 3 t0/826.7474

L. BASIS OF JURISDICTION (Place an X in one box only.) 1. CITIZENSHIP OF PRINCIPAL PARTIES - For Diversity Cases Oaly
(Piace an X in one box for plaintiff and one for defendant.)
{1t U.8. Government Plaintiff 3 Federal Question (U.S. PYF DEF PTF DEF
Governmenl Not a Party) Citizen of This State [3} 31 Incorporated or Principal Place (34 [34
of Business in this State
(312 US. Government Defendant U3 4 Diversity (Indicate Citizenship | Citizen of Another State 2 £12 Incorporated and Principal Place 015 05
of Parties in Item JIE) of Business in Another State
Citizen or Subject of 2 Foreign Country (33 3 Foreign Nation e 6

JV. ORIGIN {Place an X in ong box only.}

o1 Original [32 Removed from [13 Remandedfrom [14 Reinstated or [15 Transferred from another district (specify):  [16 Multi- 37 Appeal fo District

Proceeding State Courl Appeliate Coust Reopened District Judge from
Litigation Magistrate Judge

V. REQUESTED IN COMPLAINT: JURY DEMAND: ®Yes 0No {Check *Yes® only if demanded in compiaint.)
CLASS ACTION under FRC.P.23: [ Yes [ No [3 MONEY DEMANDED IN COMPLAINT: §

VI. CAUSE OF ACTION (Cite the U.S. Civil Statute under which you are filing and write a brief statemsent of cause. Do not cite jurisdictional statutes unless diversity.)
351J.5.C. 271 - Patent Infringement
VE. NATURE OF SUIT (Place an X in one box only.)

State Reapportionment Iy NS {1710 Fair Labor Standards
Antitrust Airplane ROPER Motions to Act
Banks and Banking [ 130 Miller Act 3315 Airplane Product Other Fraud Vacate Sentence |[1720 Labor/Mgmt.
Commerce/ICC 7140 Negotiable Instrument Liability 3371 Truth in Lending Habeas Corpus Relations
Ratesfatc. [1150 Recovery of 01320 Assault, Libel &  §r1380 Other Personal  |01530 General [3173¢ Labor/Mgmt.
1460 Deportation COverpayment & . Slender s Property Damage {7 535 Death Penalty Reporting &
[ 470 Racketeer Influenced Enforcement of [1330 Fed. Employers 1385 Property Damage {3 540 Mandamus/ Disclosure Act
and Comrupt Judgment £ 340 ;:ab.']iw iabili Other [1740 Railway Labor Act
) Orgenizations 3151 Medicare Act 0345 M:iizz Prodact Civil Rights [3790 Other Labor
{3480 Consumer Credit 71152 Recovery of Defaulted Lisbility pp Prison Condition Litigation
3490 Cable/Sat TV Student Loan (Excl. 1350 Motor Vehicle 158 £3791 Empl. Ret. Inc.
D BI0 Selective Service Veterans) (1355 Motor Vehicte 3423 Withdrawal 28 1 i
£1850 Securities’/Commodities/ |[J 153 Recovery of Product Lisbility UJSC 157 Agriculture T
Exchange Overpayment of 13606 Other Personal : Other Foed &  |[0,82¢ Copyrights
7875 Customer Chailenge 12 Veteran's Benefits Injury 44] Voting Drug 83C Patent
USC 3410 [ 160 Stockholders’ Suits (1362 Personal Injury-  J& 442 Employment [1625 Drug Related
{71890 Other Statutory Actions {173 190 Other Contract Med Malpractice {4 443 Housing/Acco- Seizure of A SOCTATISEC
0891 Agricuitural Act [J 195 Contract Product £1365 Personal Injary- mmodations Property 21 USC jJ 861 HIA (1395f)
{1892 Economic Stabilization Liability Product Liabitity |[01444 Welfare 881 [3 862 Black Lang {923)
Act 1186 Franchise 1368 Asbestos Personal |[1445 American with  [[3630 Liquor Laws [3 863 DIWC/DIWW
[3 893 Environmental Matters Injury Product Disabilities - 0640 R.R. & Truck {405(g)
894 Energy Allocation Act |01 210 Land Condemnation § Liabili Enmployment [) 650 Airline Regs [3 864 SSID Title XVI
1895 Freedom of Info, Act {11220 Foreclosure k ab 7100446 American with  {[J 660 Occupational 0
£1900 Appeal of Fee Determi- (1230 Rent Lease & Ejectment {£1462  Natwalization Disabilities - Safety /Health 13)
nation Under Bqual 1240 Torts to Land Application Other 3690 Other £1870 Taxes (U8, Plaintiff
Access to Justice 0245 Tort Product Linbility |D463 Habeas Corpus- 113440 Other Civil or Defendant}
00950 Constitutienality of 0290 Al Other Real Property Atjer Detaince Rights £187) IRS-Third Party 26
State Statutes L1465 2”’,” Immigration USC 7609
ctions
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~ Case 2:12-cv-10326-GW-AGR Document 1  Filed 12/04/12 Page 37 of 37 Page ID #:42

e UNTTED STATES wISTRICT COURT; CENTRAL DISTRICT OF <A LIFORNIA
CIVIL COVER SHEET :

VE{a), IDENTICAL CASES: Has this action been previously filed in this court and dismissed, remanded or closed? [S!fNo 1 Yes
if yes, list case number(s):

VIN(b). RELATED CASES: Have any cases been previously filed in this court that are related to the present case? ®No [3Ves
If yes, list case number{s):

Civil cases are deemed related il a previously filed case and the present case:
{Check all boxes that apply) [3 A, Arise from the same or closely related transactions, happenings, or events; or
018, Call for determination of the same or substantially related or similar qrestions of law and fact; or
£IC. For other reasons would entail substantial duplication of kabor if heard by different judges; or
[1D. Involve the same patent, trademark or copyright, and one of the factors identified above in 8, b or ¢ also is present.

EX. VENUE: (When compteting the following information, use an additional sheet if necessary.)

{(a) List the County in this District; Catifornia County outside of this District; State if other than California; or Foreign Country, in which EACH named plaintiff resides.
£3  Check here if the government, its agencies or employees is a named plaintiff, If this box is checked, go to item (b).

County in this Distriet:* California County owside 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.
{1 Check here if the goverpment, its agencies pr employees is a named defendant. T£ this box is checked, go to item (¢).

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

San Franeisco

{¢) List the County in this District; California County outside of this District; State if other than California; or Foreigr Country, in which EACH claim arose.
Note: In land condemnation cases, use the location of the tract of 1and invelved,

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

1.0s Angeles

* 1,05 Angeles, Orange, San Bernardino, Riverside, Ventura, Santa Barbara, or San Luis Obispo Counties
Note: In land condemnation cages, use the focatfon of the tract of landyinvoived . 2

X. SIGNATURE OF ATTORNEY {OR PRO PER): 1 Date 12/03/312

Notice to Counsel/Parties: The CV-71 (7S-44) Civil Cover Sheet and the infhrmation contained herein neither replace nor supplement the filing and service of pleadings
or other papers as requized by law. This form, approved by the Judicial Conference of the United States in Septernber 1974, is required pursuant to Loval Rule 3-1 isnot filed
but isused by the Clerk of the Court for the purpose of statistics, venue and initiating the civil docket sheet. {For more detailed instructions, sece separate instructions sheet.)

Key to Statistical codes relating to Secial Security Cases:

Nature of Suit Code  Abbreviation Substantive Statement of Cause of Action

861 HIA All claims for heaith insusance benefits (Medicare) under Title 18, Part A, of the Social Security Act, as amended,
Also, include claims by hospitals, skilied nursing facilities, etc., for certification as providers of gervices under the
program, (42 U.8.C. 1935FF(b))

862 BL At claims for *Black Lung” benefits under Title 4, Part B, of the Federal Coal Mine Health and Safety Act of 1969
(30 U.8.C. 923)

863 DIWC All claims filed by insured workers for disability insurance benefits under Title 2 of the Social Security Act, a8
amended; plus all claims filed for child's insurance benefits based on disability. (42 U.5.C. 405(g))

863 DIWW All claims filed for widows or widowers insurance benefits based on disability under Title 2 of the Sccial Security
Act, as amended. (42 U.8.C. 405(g))

864 581D All claims for supplemental security income payments based upon disabitity filed under Title 16 of the Social Security
Act, as amended,

865 RS&E All claims for retirement (old age) and survivors benefits under Title 2 of the Social Security Act, as amended. {42
US.C. (gD
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