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

patent infringement against THQ, Inc. (“THQ” 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 THQ is a corporation
operating and existing under the laws of Delaware, with its principal place of
business at 29903 Agoura Road, Agoura Hills, California 91301. Upon further
information and belief, THQ is engaged in the business of developing and
publishing 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

2

COMPLAINT FOR PATENT INFRINGEMENT




RuUss, AUGUST & KABAT

Case, 2:12-cv-10345-SVW-AJW Document 1  Filed 12/04/12 Page 3 of 38 Page ID #:9

1 || maintained continuous and systematic contacts with California, and has

2 || purposefully availed itself of the privileges of doing business in California.

3 5. Venue is proper in this judicial district as to Defendant pursuant to 28

4 || U.S.C. §§ 1391 and 1400(b), because the Defendant is subject to personal

5 || jurisdiction in this judicial district and has committed acts of infringement in this

6 || judicial district.

7 FACTUAL BACKGROUND

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

9 (“USPTQ”)-duly and lawfully issued the *576 Patent, titled “Method for
10 || Automatically Animating Lip Synchronization and Facial Expression of Animated
11 || Characters.” The *576 Patent is attached hereto as Exhibit A.
12 7. On August 26, 2003, the USPTO duly and lawfully issued the "278
13 || Patent, titled “Method for Automatically Animating Lip Synchronization and
14 || Facial Expression of Animated Characters.” The *278 Patent is attached hereto as
15 || Exhibit B.
16 8. Each of the Patents-in-Suit is valid and enforceable.
17 9. Planet Blue is the assignee of all rights, title, and interest in and to the
18 || Patents-in-Suit. Planet Blue therefore holds the right to sue and recover damages
19 || for infringement thereof, including past infringement.
20 10.  In part, the Patents-in-Suit cover a method and system for automating
21 || the lip-synchronization process for three dimensional animated characters, as used
22 || in computer and/or video games.
23‘ 11.  Upon information and belief, Defendant, directly or through
24 1t intermediaries (including distributers, retailers, and others), has acted and is acting
25 || to develop, publish, manufacture, import, ship, distribute, offer for sale, sell, and/or
26 || advertise (including the provision of an interactive web page) various con:iputer
27 || and/or video games. These computer and/or video games have been and continue
28 Il to be purchased by consumers in the United States, the State of Califomnia, and the - -

3
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Central District of California.

12.  Upon information and belief, the Defendant employs automated lip- |
synchronization methods and processes to create and develop these computer
and/or video games. Upon further information and belief, the Defendant’s uses of
these lip synchronization methods and processes to create its computer and/or
video games infringe, either literally or by equivalents, one or more ciaims 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, THQ 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 equivaiehts. Upon
information and belief, THQ actively, knowingly, and intentionally induced, and
continues to actively, knowingly, and intentionally induce, infringement of the
’576 Patent by using the methods for automatically animating lip synchronization
and facial expression of three-dimensional characters claimed in the 576 Patent
and making, using, offering to sell, selling, and/or importing the aforementioned
computer and/or video games using those methods, as well as by contracting with

others to use the methods claimed in the 576 Patent and make, use, offer to sell,

.. sell, and/or. import the aforementioned computer and/or video games using those. - - ..«
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methods, all with knowledge of the 576 Patent and its claims; with knowledge that
its customers and/or end users will use the methods claimed in the *576 Patent or
will market, sell, offer to sell, and import the aforementioned computer and/or
Vidéo games; and with the knowledge and the specific intent to encourage and
facilitate those infringing uses of the methods claimed in the *576 Patent through
the creation and dissemination of promotional and marketing materials,
instructional materials, product manuals, and technical materials. Upon
information and belief, THQ has had knowledge of the *576 Patent since at least-as
early as December 2007 as a result of correspondence and/or other |
communications between Mr. Maury Rosenfeld and emialoyees in THQ’ legal
department in or around that time and its actions constitute knowing and willful
infringement of the *576 Patent.

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.

COUNT II: INFRINGEMENTOF THE 278 PATENT

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

18.  Upon information and belief, THQ has 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,
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-ofthree-dimensional-charaeters: |+
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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. Upon
information and belief, THQ actively, knowingly, and intentionally induced, and
continues to actively, knowingly, and intentionally induce, infringement of the
’278 Patent by using the methods for automatically animating lip synchronization
and facial expression of three-dimensional characters claimed in the 278 Patent
and making, using, offering to sell, selling, and/or importing the aforementioned
computer and/or video games using those methods, as well as by contracting with
others to use the methods claimed in the *278 Patent and make, use, offer to sell,
sell, and/or import the aforementioned computer and/or video games using those
methods, all with knowledge of the *278 Patent and its claims; with knowledge that
its customers and/or end users will use the methods claimed in the *278 Patent or
will market, sell, offer to sell, and import the aforementioned computer and/or
video games; and with the knowledge and the specific intent to encourage and
facilitate those infringing uses of the methods claimed in the *278 Patent through
the creation and dissemination of promotional and marketing materials,
instructional materials, product manuals, and technical materials. Upon
information and belief, THQ has had knowledge of the "278 Patent since at least as
early as December 2007 as a result of correspondence and/or other
communications between Mr. Maury Rosenfeld and employees in THQ’ legal
department in or around that time and its actions constitute knowing and willful
infringement of the 278 Patent.

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,untess the.Defendant is enjoined from its-infringement:ofithes e
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1 1l °278 Patent, Planet Blue will suffer irreparable harm.
2 20.  Planet Blue is in compliance with the requirements of 35
3] US.C. §287.
4 PRAYER FOR RELIEFK
5 WHEREFORE, Planet Blue respectfully requests that this Court enter
6 || judgment in its favor as follows:
7 A.  Holding that the Defendant has infringed, directly and indirectly by
8 i| way of inducement and/or contributory infringement, literally and/or under the
'9 doctrine of equivalents, the claims of the *576 Patent;
10 B. Holding that the Defendant has infringed, directly and indirectly by
. 11 || way of inducement and/or contributory infringement, literally and/or under the
é 12 || doctrine of equivalents, the claims of the *278 Patent;
§ 13 C.  Permanently enjoining the Defendant and its officers, directors,
% 14 || agents, servants, employees, affiliates, divisions, branches, subsidiaries, parents
% 15 || and all others acting in concert or privity with any of them from infringing,
:33; 16 || inducing the infringement of, or contributing to the infringement of the ’576
~ 17 || Patent;
18 D.  Permanently enjoining the Defendant and its officers, directors,
19 |l agents, servants, employees, affiliates, divisions, branches, subsidiaries, parents
20 || and all others acting in concert or privity with any of them from infringing,
21 || inducing the infringement of, or contributing to the infringement of the 278
22 |t Patent;
23 E.  Permanently enjoining the sale of the computer and/or video games
24 || created using the patented methods of the Patents-in-Suit; |
25 F. Awarding to Planet Blue the damages to which it is entitled under 35
26 || U.S.C. § 284 for the Defendant’s past infringement and any continuing or future
27 || infringement up until the date the Defendant is finally and permanently enjoined
7o D T e A T L
7
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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.

DEMAND FOR JURY TRIAL
Planet Blue, under Rule 38 of the Federal Rules of Civil Procedure, requests

a trial by jury of any issues so triable by right.

Dated: December 3, 2012 Respectfully submitted,
RUSS AUGUST & KABAT

By:&%ﬁ}i«ﬂ % ol
. Fens{e#” v/
Trene Y. Lee

MISHCON DE REYA NEW YORK LLP
Mark S. Raskin,
Vincent Filardo, Jr.

Attorneys for Plaintiff
McRo, Inc., d.b.a. Planet Blue
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10 R0 L

a» United States Patent a0y Patent No.:  US 6,307,576 B1
Rosenfeld (45) Date of Patent: *()ct. 23, 2001
(54) METHOD FOR AUTOMATICALLY 5,684,902 * 111997 KIMMIZ comsnsssieerresmsiemenees 345/473
ANIMATING LIP SYNCHRONIZATION AND 5,602,117 * 11/1997 Berrend etal . 345/475
FACTAL EXPRESSION OF ANIMATED 5,717,848 = 2/1998 Watanabe ef al. 3457474
CHARACTERS 5818461 * 31999 Rouel et gl ... 345/473
5880788 * 3/1999 Bregler ... . 348/513

»
(76) Investor: Maury Rosenfeld, 1040 N. Las Palmas ggg;ggi o Chen et 2 - b
Ave, No. 25, Los Angeles, CA (US) 6108011 * 82000 Fowler .un . 34541
90038 6147602 * 11/2000 Shaw et al. . . 345/433
6032955 % 52001 SCORt el &l rsnomisnmirnnenins 707/500

(*) Notice: This patent issued on a continued pros-
ecution application fled under 37 CFR OTHER PUBLICATIONS
1.53(d), and is subject to the twenly year
1{?:&3(21;@ provisions of 35 US.C puter Graphics, 26, 2, Jal. 1992.%

’ Brooke et al; Compufer graphics apimations of talking faces
Subject to any disclaimer, the feom of this based on stochastic models; Procesdings, 1SSIPNN 1994

patent is extended or adjusted under 35 Tuternational Symposium; p. 73-76 vol. 1, Apr. 1904.%
U.5.C. 154(b) by 0 days.

Beier €1 a); Feature-Based Image Metamorphosis; Com-

* gited by examiner

(21) Appl. No.: 08/942,987 Primary Examiner~Matihew L
Ted: Assistant Examiner—Rysn Yang
(22) Filed: Oct. 2, 1997 (74) Attorney, Agent, or Firm—The Hecker Law Group

(51) Tnt CL7 GO6T 15/70
(52) ULS. Cl oo 345956; 345/951; 3450955 Sy ABSTRACT

' 345/473 A method for controlling and antomatically animating Hp
(38) Fiedd of Seartht vocsrrmsiiiriri 345/473, 951,  synchronization and facial expressions of three dimensional

345/053, 056, 957, 955 animated characlers using weighted morph targets and time
aligned phonetic transcriptions of recorded text. The method

£56) References Cited utiizes 2 set of mules that determine the sysiems owiput
ATE] CUME comptising 2 stream of worph weight sets when a sequence

U.S. PATENT DO NTS of timed phonemes and/or other timed data is encontered.

4,600,919 TILO8E SIELL wovsrrmsmemmemrssramrmsssssaneess 345/473 Other data, suck as tizned emolional state data ox cinolemes

4,884,972 * 12/1989 Gasper et al.
5111409 = 5/1992 Gasperetal .

.
* . 345/473  guch as “surprise, “disgust, “embarrassient”, “limid smile”,
-

5,416,809 * 5/1995 Poggio et ab ..
.
.
.

- 345/302 or the like, may be ipputted to affect the culput stream of

£ 613,056 31997 Gasper et g:gﬁﬁg morph weight sels, or creale additional streams.
657426 4 B/1997 Waters et al. - 7047276 ) )
5,663,517 * 9/L997 Oppenheim .wimmmeenieen B4/640 26 Claims, 4 Drawing Sheets

EXHIBIT A 000009
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Oct. 23, 2001 Sheet 1 of 4 US 6,307,576 BL
10
TIVE ALIGIED PHONETIC |~ 12 TIME ALIGNED | - 16
TRANSCRIPTION (TAPT) FILE DATAFILE
(OPTIONAL) 14
20 TIME ALIGNED
SPECIEY A SPECIFIC EMOTIONAL
SUB-SEQUENCE ) TRANSCRIPTION
(TAET) FILE
(OPTIONAL)
22
EVALUATE
SUB-STRING TO N 18
DETERMINE JE ANY SECONDARY RULE 0 A PARALLEL METHOD
CRITERIA APPLY FOR MORPH WEIGHT, IDENTICAL TO PRIMARY
SET TARGET MORPH SYSTEMS, HOWEVER, USING
? DIEFERENT RULES AND
DIFFERENT DELTA SETS
YES
ASSIGN MOBPHWEIGHT | -24
SET ACGORDING 70
SECONDARY RULE
3
ASSIGN MORPH WEIGHT| - 26
28 SET TARGET ACCORDING
DOES 70 DEFAULT RULE
SUB-STRING MEET
INY SECONDARY RULE CRITERIA
FOR TRANSITION ;
SPECIFICATIONS
YES 1
/32 [ assion ransmon |30
ASSIGN TRANSITION START START AND END TIMES
AND END TIMES ACCORDING ACCORDING TO DEFAULT
70 SECONDARY RULF RULES e
1 FIG. 1A
CREATE INTERMEDIATE FILE | - 34
OF TRANSITION KEY FRAMES
USING TARGET WEIGHTS AND
TRANSITION RULES
Fl5. 18
Ay KEY FRAME SEQUENCES |~ %8
FIT POST PROCESS BEFORE oUEIT e 138 FIG. 1
INTERPOLATION RULES DATA (OPTIONAL)
APPLY HERE
FiG. 14
EXHIBIT A 0000610



Case 2:12-cv-10345-SVW-AJW Document 1 Filed 12/04/12 Page 12 of 38 Page ID #:18

U.S. Patent Oct. 23, 2001 Sheet 2 of 4 US 6,307,576 Bl

I

NIERPOLATEPOST V40 .
PROCESSED KEY FRAME PARALLEL
TO DESIRED FREQUENCY METHOD/SYSTEM

OF ERAMED RATE

Y

JF ANY MORPH WEIGHT
SEQUENCES GENERATED
| FiT POST PROCESSING
AFTER INTERPOLATION
CRITERIA, APPLY HERE

¥

IF PARALLEL METHOD/
SYSTEM PROCESSING
OTHER TIMED ALIGNED |+
DATA IT CAN BE
CONCENTRATED HERE

Comrr Y

FIG. 1B
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U.S. Patent Oct. 23, 2001 Sheet 3 of 4 US 6,307,576 B1

10

FOR AUTOMATICALLY ANIMATING LIP SYNCHRONIZATION AND FAGIAL
EXPRESSION OF THREE DIMENSIONAL CHARACTERS FOR FILMS, VIDEOS,
CARTOONS, AND OTHER ANIMATION PRODUCTS.

L J
EFAULT CORRESPONDENCE RULES BETWEEN A | - 50
ONEME GROUPS AND A PLURALITY OF MORPH

WEIGHT SETS.

CONFIGURING A SET OF D
PLURALITY OF VISUAL PH

1

02

TRANSITIONARY. CURVES
SETS, ALLOWING FOR THE PRODUCTION OF A STREAM OF SPECIFIED
SETS 70 BE PROCESSED BY A COMPUTER ANIMATION

MORPH WEIGHT
SYSTEM FOR INTEGRATION WITH ANGTHER ANIMATION.

FIG. 2

EXHIBIT A . 000012
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U.S. Patent Oct. 23, 2001 Sheet 4 of 4 US 6,307,576 B1

10

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

56

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

98

¥

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

i /60

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 o 000013
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US 6,307,576 Bl

1

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

BACKGROUND OF THE INVENTION

1. Field of Invention

This invention relates geperally le animation producing
methods and apparatuses, and more particularly i directed
1o & method for sulomatically animating lip synchronization
and facial expression for three dimensional characters.

2. Description of the Relaied Al

Various methods have been proposed for animaling iip
synchronization and facial expressions of animated charac-
ters ins animated products such as movies, videos, cartoons,
CD’s, and the like. Prior methods in this area have long
suffered from thie need of providing an economical means of
amimating Jip syncbronization and character expression in
the production of apimated products due to the extremely
laborious and lengthy protocols of such prior traditional and
compuier apimation fechnigues. These shortcomings have
significantly liznited all prior lip synchropization and facial
expression methods and apparafuses used for the prodnction
of znimaled products, Indeed, the Lmitations of cost, time
required to produce ap adequate ip synchronization or facizl
expression in an animaled product, and the inberent limita-
fons of pdor methods and apparafuses fo salisfactorily
provide lip synchronization or express characier feelings and
cmotion, leave a significant gap in the potentizl of animated
methods and apparatuses in the current state of the art.

“Time aligned phonetic tramscriptions (TAPTS} are a pho-
petic transcription of = recorded text or soundtrack, where
the ocenrrence in time of each phoneme is also recorded. A
*phopemes” is defined 2s the smallest unit of speach, and
corresponds o a single sound, There are several standard
phonetic “alphabets” such as the International Phonetic
Alphabet, and TIMIT created by Texas Instruments, Inc. and
MIT, Such transcriptions can be created by band, as they
currently are in the traditional animation industry and are
called “x” sheets, or “gray sheets™ in the trade. Allernatively
such trapscriptions can be created by automatic speech
recognition programs, or the like.

The curcent practice for three dimensjonal computer gen-
erated speech animation is by manual techriques commonly
using a “morph target” approach. In this practice a reference
wode] of 2 neutral mouth position, and several other mouth
positions, each corresponding 1o 2 different phoneme or set
of phonemes is used. These models are calied “morph
targets”. Each morph target has the sume topology as the
peulral model, the same number of vertices, aod each vertex
on each model logically corresponds 10 a verleX on each
other model. For example, vertex #n on 2ll models repre-

sents the et corner of the mouth, and although this is the .

typical case, such rigid correspondence may not be neces-
Sery. )

The deltas of each vertex on each morph target relative io
the neutral arc computed as & vector from each vertex n oo
the reference 1o each vertex o on each morph target. These
are called (he delta sets. There is one delia set for each morph
larget.

In producing apimation products, a value vsually from 0
to 1 is assigned fo each delta set by the amimator and the
valne i calied the “morph weight”. From these morph
weights, the peutral’s geometry is modified as follows: Each
verfex N on the neutral has the correspondiag delia set’s

SN EXHIBIT A

[

0

3
*

2

vertex multiplied by the scalar morph weight added to it.
This ic repeated for each moiph larget, and the sresult
summed. For each vertex v in the neniral model:

Jresul = Ineutrad + Z [deMa set,l s morph weight,
x=l

|detta sets]*morph weightx

where the symbol oo is used to indicate the corresponding
vector in each referenced set. For example, Iresult is the
corresponding resultant veriex to verlex v in the mevtral
mode] |neutral] and jdelta sets] is the correspoading vector
for delta set x.

If the morph weight of the delta set corresponding to the
morph target of the character saying, for exampie, the “ob”
sound is s2t 1o 1, and ail others are set 1o G, the neutsal would
be modified to look Lke the “ob targel I the situation was
the same, except that the “ob” morph weight was 0.5, the
peulral’s geometry is modified balf way between neutral and
the “oh” morph larget.

Similarly, if the situation was as described above, except
“oh” weight was 0.3 and the “ee” morph weight was at 0.7,
the peutral geometry is modified to bave some of the “ob”
motlel characteristics and more of the “es” model charac-
testics. There also are prior blending methods including
averaging the delta sets according to their weights.

Accordingly, to animate speech, the artist needs fo set all
of these weights at cach frame o an appropriate vaive.
Usually this is assisted by using a “keyframe” approach,
where the arlist sets the sppropriate weights at certain
important times (“keyframes”) and a program interpolates
each of the channels at each frame. Such keyframe approach
is very tedious and fime consuming, as well as inaccurate
due to the large number of keyframes pecessery 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 somputer software for use
with a computer for the rapid, efficient lip synchrosization
and manipulztion of character facial expressions, thereby
aliowing for rapid, creative, and expressive animation prod-
uets to be produced in a very cost effective manner,

Accordingly, it is the primary object of this invention lo
provide 2 method for automatically animating lip synchro-
pizetion 2pd facial expressicn of three dimensional
characters, whick is integrated with computer means for
producing accurate and rezlistic lip syochronization and
facial expressions to animated characters. The method of the
peesent invention further provides zn extremely rapid and
cost effective means 10 automatically create Hp synchroni-
sation and facial expression in three dimensional animated
charactess.

Additiosal objects and advantages of the invention will be
set fortk in the description which follows, and in part will be
obvicus from the description, or may be learned by practice
of the invention. The objects znd advantages of the igvention
may be realized and obtained by means of the instremen-
talities and combinations perticularly pointed out in the
appended claims.

SUMMARY OF THE INVENTION

“To achieve the foregoing objects, and in accordance with
the purpose of the imvention as ermbodied and broadly
described berein, a method is provided for contrelling and
autornatically animating lp sypchropization and facial

000014



Case 2:12-cv-10345-SVW-AJW Document 1 Filed 12/04/12 Page 16 of 38 Page ID #:22

Us 6,307,576 Bl

3

expressions of three dimensional animated characters using
weighted morph targets and tite aligned phonetic transcap-
tions of recorded text, and other time aligned data, The
method wutilizes 2 set of rules that determine the systems
output comprising & Sieam Or stieams of morph weight sels
when a sequence of timed phonemes ot ofher timed data is
encountered. Other timed data, such as pitch, amplitued,
soise amounts, or emotional stale data or emoleses such as
“surprise, “disgust, “embarrassment”, “tinid smile”, or the
like, may be inputted to affect the output slream of morph
weight sets.

The methodology herein described allows for antomati-
vally animating lip synchronization and facial expression of
three dimensional characters in the creation of a wide variety
of animation products, including but not limited fo movies,
videos, carioons, CD's, software, asd the ke, The method
apd apparatuses berein described are operably integrated
with computer soffware and hardware,

in acchrdance with the presenl invention there also is
provided a method for automatically animating Hp synchro-
nization and facial expression of lbree dmensionaf charac-
ters for films, videos, cartoons, and other animation
products, comprising configaring a set of default correspon-
dence rules between a plurality of visual phozeme groups
and = plurality of morph weight sets; and specifying a
plurality of morph weight set {ransition rules for specifying
durational date for the generation of fransilionary curves
between The plorality of morph weight sets, allowing for e
production of a stream of specified morph weight sets to be
processed by & computer amimation system for integration
with other #nimation, whereby apimaled Yip synchronization
and facia} expression of animated characiers may be auio-
tpaticaily controlled zad produced.

RRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporaled in
and constitute a part of the specification, illusirate & pre-
ferred embodiment of the ipvention and, togethes with &
genetal description given above and the detailed description
of the preferred embodiment given below, serve §o explain
the principles of the invention.

FYG. 1 is a fiow chiart showing the metbod of the invention
with an optiopal time aligned exnotional transeription file,
and apother parailel fmed data file, according 1o the inven-
tion.

FIG. 2 is a fow chart Hilustrating the principal steps of the
present method, according to the inveation.

FIG. 3 is another representationzl flow chart ilfustrating
the present method, zccording 1o the invention,

DESCRIPTION OF THE FREFERRED
EMBODIMENTS

Reference will pow be made in detail to the present
prefemred embodiments of the invention as iltustrated in the
accompanying drawings.

ln accordance with the present inveation, there is pro-
vided as ifustrated in FIGS. 1-3, a method for controlling
and mulomatically animating lip synchronization and facial
expressions of three dimensional animated chiaracters using
weighted roorph targets and time aligned phonetic transcrip-
tions of recorded fext. The method utilizes a set of rules that
determine the systems output comprising a stream of morph
weight sets when a sequence of timed phonemes is encoun-
terad. Other timed data, such as timed emotional state data
o emotemes such as “surprise, “disgust, “smbarrassment”,
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“timid smilen”, pitch, amplitned, poise amounts or the Jike,
may be ieputied 1o affect the output stream of morph weight
sets.

The method comprises, in one embodiment, configuriag a
set of defaull correspondence rules between a plurality of
visual phoneme groups and a pluratity of morph weight sels;
and specifying a pharality of morph weight sct transition
rules for specifying durational data for the generation of
transitionary curves between the pherality of morph weight
sels, allowing for the proguction of a sircam of specified
morph weight sets to be processed by a computer animation
system for integration with other animation, whereby ani-
mated lip synchronization and facial expression of animated
characlers may be antompatically produced.

There is also provided, according to the invention 2
method for automatically animating lip synchronization and
facizl expression of threc dimensional characlers for use
with a compuler animation system, comprising the steps of:
determining means for producing a stream of morph weight
sets when a sequence of phonemes is encouniered; evalu-~
ating a plurality of time aligned phonetic transcriptions of
other timed daia such 25 pitch, amplitude, noise zmounts and
the Eke, agaivst the determining means for producing a
stream of morph weight sels; applying said determining
mesns for producing a stream of morph weight sels o
generate an output morph weight sel stream, allowing for an
appropriate morph weight set cotrespondence with each of
a plurality of time aligned phometic transcription sub-
sequences and correct Bme parameicrs applied 1o a phirality
of morph weight set transitions between representation of
a prior Lime aligned phonetic transcription sub-sequence and
2 current one, whereby lip synchronization and facial
expressions of animated characiers is automatically con-
trolled and produced.

The method preferably comprises a sef of rules that
Setermine what the guipul morph weight sef steam wilt be
when any sequence of phonemes and their associafed times
is encountered. As used berein, a “morph weight set” is a set
of values, ome for sach delta sef, that, when applied as
deseribed, transform the neutral model to some desired slate,
such as speaking the “oo” sound or fhe “tp”" sound.
Preferably, one model id designated as the anchor model,
which the deftas are computed in reference to. If for
example, the is a morph larget that represents all possible
ocerrences of ag “e” sound perfectly, it's morph weight set
would be all zeros for all delta sefs except for the delta set
corresponding 1o the “ee” morph target, which wonid set to
1.

Preferably, each rule comprses two paris, the rile’s
criteria and the rule’s function, Each sub-sequence of time
aligned phonetic transeription (TAFT) or other limed data
such as pitch, amplitude, noise amount or the like, is
checked against a rule’s criteriz to see if that nide is
applicable. I g0, the nude’s function is applied fo generate the
output. The primary function of the rules is to determined 1}
the appropriate morph Weight set correspondence with each
TAPT sub-sequence; and 2} the time parameters of the
motph weight set transitions between the representation of
the prior TAPT sub-sequesce or otber timed data,and the
current ome. Copditions 1) and 2) must be completely
specified for any sequence of phoneraes and times encoun-
tered, Together, such rules are used to create a continuous
stream of morph weight sets.

In the present methed, it is allowable for more than one
phoneme 1o be represented by ihe same morph target, for
exarople, “sss” and “zzz”. Visually, these phonemes appear
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similar, Through the use of such rufes, the user can group
phonemes together that have a similar visual appearance inle
visual phonemes"'that fonction the same as ope another. I is
also acceptable, through the rules, 1o ignore certain phoneme
sequences. For example, rute could specify: “If in the
TAPT, there are two or more adjacent phonemes that are in
the same “visnal phoneme” group, ail bat the first are
ignored”.

The rules of the present wethod may be categorized in
three main groupings; default nies, auxiliary rules and post
processing rales. The defenlt rules must be complete enough
1o create valid ousput for any TAPT encouniered at any poitt
in the TAPT. The secondary rnles are used ip special cases;
for example, fo substitufe allernative morph weight set
correspondences 2nd/or sransition ruies if the identified
eritenia are met. The post processing rules are used to farther
manipulate the morph weight set slream after the default or
secondary rules are applied, zpd can further medify the
members of the morph weight sets determined by the default
and secondary rules and interpolation.

£ for example, a specific TAPT sub-sequence does not fit
the criteria for any secondary niles, then the defaunit mles
take effect. If, on the other hand, the TAPT sub-sequence
does fit the criteria for a secondary rule(s) they take prace-
dence over the default rules. A TAPT sub-sequence take info
accoun! the crreat phoneme and duration, and a number of

. the preveding and foligwing phonemes and duration’s as
weli may be specified.

Preferably, the secopdary rales effect morph larget corre-
spondence and weights, of transition times, or both. Sec-
ondary rules can create wansitions and correspondences
even where no phoneme transitions exist. The secondary
rules can use as their criteria the phoneme, the duration o1
the phoneme’s context in the outpul stream, that is what
phopemes are adjacent o in the neighborhood 1o the carrert
phoneme, what the adjacent durations are, and the like.

The post processing rules are preferably applied after a
preliminary outpnt morph weight set is calcalated 50 a5 to
modify il. Post processing rules can be applied before
jnterpolation 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, and in particular circumstances contribute
more 1o the output than the default rules.

Tn FIG. 1, 2 flow chart illustrates the preferred steps of the
methadology 10 for aulomatically snimating lp synchrori-
zation and facial expression of three dimessional animated
charaeters of the present invedtion. A specific sub-sequence
20 is selected form the TAPT file 12 and is evainated 22 to
determine if any secondary rule criterfa for morph weight sel
target apply. Time aligned emotional transeription file 14
data may be inputted or data from an opticnal time aligned
data Sle 16 may be used. Also shown is 2 parallel method 18
which may be configured identical to (he primary method
described, however, using different timed data rules and
gifferent delta sets. Sub-seguepce 20 is cvaluated 22 to
determing if any secondary nule criteria apply. If yes, then a
rorph weight setis assigned 24 according to the secondary
rules, if no, then a morph weight set is assigned 26 according
to the default rules. 1 the sub-stdng mests any secondary
rule criteria for transition specification 28 then 2 transition
start and end time are assigned according fo the secondary
rules 32, if no, then assign transition start and end times 30
according to default mles. Then 20 intermediate fite of
transition keyframes using target weights and tramsition

using
riles as generaled are created 34, and if any keyframe
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sequences fit post process before interpoiation rules they are
appiied here 56. This data may be output 38 here if desired.
If not, then interpolale using any method post processed
keyframes to a desired frequency or frarne rale 40 and if any
mortph weight sequences generated fif post processing after
interpolation criteria, they are applied 42 at this point. i
paraliel methods or syslems are used to process other timed
aligned dala, they may be concatenated here 44, and the data
output 46.

I FIQ. 2, the method for auiomaticalty animating 1p
synchronization and facial eapression of three dimensional
characters for films, videos, cartoons, and other apimation
products 10 is shown according to the invention, whore box
50 show the step of configuring a setof default correspon-
dence rules between 2 plurality of visual phoneme groups or
other timed input dala and 2 ploralily of morph weight seis.
PBox 52 shows the steps of specifying a pluratity of morph
weight set trapsition rules for specifying durational data for
the generation of transitionary curves beiween the plurality
of morpk weight sets, allowing for the production of &
streamn of specified morph welght sels to be processed by a
computer animation system for integration with otber
animation, whereby animated lip gynchronization and facial
expressicn of animated characters may be automatically
produced.

With reference sow to FiG. 3, method 10 for automali-
cally animating ip synchronization and facial expression of
three dimensional characters for use with a compuier ami-
mation syslers is shown including box 56 showing the step
of determining means for producing a stream of morph
weight sefs when a sequence of phonemes is encovnlered.
Box 58, showing the step of evaluating a piurality of time
aligned phonetic transcrptions or other timed at such as
piich, amplisde, nojse azounts, and the like, against said
determining means for producing a strearm of morph weight
sets. In box 60 the steps of applying said determining meens
for producing 2 strearn of morph weight sets to generaie a0
output rorph weight set stream, allowing for an appropriate
morph weight set correspondence with each of a plurality of
time aligned phonetic transoription sub-sequences and cor-
rect time parameters applied 10 & plurality of morph weight
set transifions between a represontztion of a pror time
aligred phopetic ranscription sub-sequence and a currend
one, whereby lip synchronization and facial expressions of
animated characters s automatically controlled and pro-
duced are shown according fo the invention.

In operation and use, the user must manually set up
default correspondeace mies between all visual phoneme
groups and morph weight sets. To do this, the user preferably
specifies the morph weight sets which comespond to the
mode] speaking, for example the “og™ sound, the “th” sound,
and the like, Next, default rules must be specified. These
rules specify the durational information needed fo generale
appropriate lrapsitiopary curves between moiph weight sels,
such as transition start and end imes. Atrapsition” belween
two morph weigh ses is defined as ¢ach member of the
roorph weight set transitions fros: it’s cumrent state to iU's
target state, starting at the {ransition start time and ending at
{he transition end time. The target state is the morph weight
set defermined by a correspondence rule.

The default correspondence rules and the default morph
weight set transition rales define the default system behav-
ior, Tf ajl possible visual phoneme groups of al] members of
aiterpative data domains have morph weight set
correspondence, any phoneme stquence can be handled with
this rule set alope. However, additionsl rules are desirable
for effects, exceptions, and uniqueness of character, as
further described below.
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According to the method of the invention, other rules
tnvolving phoneme’s duration and/or coplext can be speci-
fied. Also, any other niles that do not £t easily into the above
mentioned categories can be specified. Examples of sach

8

Function: Use morph weight set (4,0,1,0,0,0) as fransiticn
target.

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

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

(ules are described in greater detail below and are termmed the 5 fargel

“secondary rules”. If a timed phoneme or sub-seguence of Criteriz: sncounter a “silence”

timed phonemes do not fit the criterda for amy of the Punction: use morph weight set {0,0,0,0,0,0) as transition
secondary rules, the default rules are applied as seen in FIG. targel.

1 Drefanit Trapsition Rule:

{t is seen that through the use of these rules, an appropriate 10 Criteria: Encounter any phoneme
morph weight stream is produced. The uninterpolated morph Function: Trassition start t?.mem(the outgoing phoneme’s
weight stream hes entries only al transition start and end end time)-0.1*(tbe ovtgoing phoeme’s duration);
time, bowever. These act as keyframes. A morph weight set transition end time={the incoming phoneime's start timed+
may be evaluated at any time by interpolating between these £0.1* (the incoming phonerme’s duration}
keyframes, usiog conventiona] metbods. This is how the 15
output siream is caleulated each desired time frarse. For Secondary Rules
exampls, for television productions, the necessary resolution Criteria: Euc—aumar.an wh with 2 duration greater than 1.2
is 30 evaluations per second. . seocnl s & ’

The post processing rules may be‘applicd either before or 5o Fuaction: Use morph weigh set (0,0,0,0,1,0)
afler the above described interpolation step, or botb. Some ~ Crieria: Encoupter an “eh” followed by an “oh” and pre-
rules may apply only lo keyframes before inferpolation, ceded by an “k".
some to interpoiated data, If applied before the interpolation Function: Use morph weigh set (0,0,0,0,0,1) as transition
step, this affects the keyfrawes. if applied after, it effects the target,
interpolated data. Post processing can use the morph welght o CGriteria: Encounter any phonerme preceded by silence
sets calenlated by the default and secondary rules. Post ™ Fupotion: Trapsition start time=(the silence's end time)-
processing rules can use the morph weigh sets of sequences 0.1%(the incoming phoneme’s duration)Frassition end
as in box 44 of FIG. 1, calculated by the default and tizae=the incoming phoneme’s stert time
secondary rules. Post processing rules can medify the indi-  Criteria; Bocounter sitense preceded by any phoveme.
vidual members of the morph weight sels previously gen- - Function: Trapsition start time=tbe silence’s start time +0.1%
ezated. Post processing rules may be applied in addition 10 {the oigoing phoneme’s duration)
other rules, including other post processing ules. Once the Post Processing Rules
rule set up s completed as described, the method of the  Cpitera: Bncounter a phoneme duration under 0.22 seconds.
present inpvention can take any mussber and length TAPT's as Fupction: Scale the transition target Gefermined by the
input, and automatically output the comesponding OrPB - default and secondary rules by 0.8 before interpolation.
weight set stream as seen fa FIGS. 1-3. Accordingly, using this example, if the vser were 10 use

For example, 2 modeled pentral geometric representation {hese rules for the spoken word “Hello”, at least four morph
of 2 character for an anirated production such as 2 movies, {argets and a peutral tasget would be required, that is, one
video, cartoon, CD or the like, with six morph targets, and  each for the sound of “K7, g 417 “ch” and their associated
their delta sets determined. Their representations, for ,, delta sets. For example, & TAPT representing the spoken
example, are as follows: word “helic” couid be configured as,

Delta Set Visual Representation 45 Time Phopeme

1 “ur 2.0 silence begins

2 ‘o %3 silence ends, “h"” begins
2 g 10 “k" ends, “eh" begine

4 “oh™ 1.37 “eh* ends, “1” beging

5 exaggrrated “oh” 16 “1" ends, “oh'" begin

] spucial case “eh™ used during 2 “spide Jaugh” sequentes A0 2.3 “oh" ends, silence begins.

In this example, the neulral model is vsed to represent The smethod, for example embodied in compuier software
silence. The following js an oxample of 2 sel of rales, for operation with a computer or computer apimation system
aceording o fbe present method, of course this is only an would creale an oulput morph weight set siteam as follows:
example of 2 set of rules which could be nse for Hlustrative =
purposes, and many other rules could be specified according
1o the method of the invention.

DE1 DSz D53 D.54 D55
Default Rujes fime (W) (e (1) (o) (asol”) - DSS
Default Correspondence Rules; 0 oo 9 o 8 o o o
Criteria: Hncounater a “b” as in “house” 0.78 0 0 0 o o 0
Function: Use morph weight sel (1,6.0,0,0,0) as transition 0.8 1 o 0 0 0 o

farget. 0.98 i 0 0 e 0 o
Criteria: Encounter an “eb” as in “bet” ;?;; g i g 8 g g
Function: Use motph weight set {0,1,00,0,0) a5 transition 65 1403 o 1 o P 9

target. 1.667 ¢ 9 1 ] 0 9
Criteria: Fncounter 2 “1” as {n “old”
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~continued
DSl DSz D83 DSA DS.5s
Time CE)  {ewd Py (ob) (rron™ D86
174 0 0 bl 1 o 0
2.1 0 0 I 1 0 0
2.24 o o o o G 0

Such morph weight sets aci 25 keyframes, marking the
trapsitionary points. A morph weight set can be obtained for
any time within the duration of the TAPT by interpolaling
between the morph weight seis using conventional methods
well knows in the arl. Accordingly, a morph weight set can
be evaluated at gvery frame. However, the post processiog
rules can be applied 1o the keyframes before interpolation as
in box 36 of FIG. 1, of to the jnterpolated data as in box 40
of FIG. 1. From such stream of morph weight sets, the
peatral model is deformed as describéd above, and then seal
io a conventional compuler animation system for integration
with ofher ammation. Alternatively, the orph weight sel
stream can be used directly by an animation program of
package, wither interpolated or not.

The rules of the present jnvention are extensible and
freeforma in the sense {at they may be created as desired and
adapted 1o & wide variety of animation characters, situatioss,
and products. As sach ruie comprise a criteria and fanction,
as io an “if . . . then . . . else” constract. The following are
ilustrative examples of other rules which may be nsed with
the present methodology.

For example, use {0,0,0.0 . . . 0} as the morph weight set
when 2 “m” is encountered. This is a type of default e,
where:

Crileria: Encounter a “m” phoneme of azy duration.

Pupction: Use a morph weight set {0,000 . .. 0} as a
transifion target.
Another example would be creating several slighdly dif-

ferent morph targets for each phopemse group, and using
{hem randomly cach time that phomeme is spoken. This
would give a more random, o possibly cormical o interest-
ing look to the apimation’s. This is a secondary rule.

An example of post processing rule, before interpolation
would be to 2dd a small amount of randoma noise 1o all
morph weight chanpels are all keyframes. This would
siightly alter the look of each phopeme lo create 2 more
patural fock.

Criterja: Encounter any keyframe
Function: Add a small random value 1o each member of the
morph weight set prior fo interpolation.

An example of a post processing rule, afier interpolation
weonld be to add a component of an auxiliary morph targel
(one which does not correspond directly to 2 phoneme) to
the outpul stream in 2 cyclical mapney over time, after
interpolation. If the auxiliary morph target had the charac-
ter’s mouth maoved o the left, for example, the oculput

apiisation would have the characler’s mouth cycling s

between center 10 lefl as he spoke.

Criteria: Bocounter any morph weight set generated by
interpolation

Function: Add a value caloufated through 2 mathematical
expression 1o lbe motph weigh sei's metmber that corre-
sponds to (he awxiliary morph tazget’s delfa set weight.
The expression might be, for exaple: 0.2%sin
(0.2*time* 2*pi)+0.2. This mule would result in am oscil-
lation of the animzted characler’s routh every five sec-
onds.
Another exampie of 2 secondary rule is fo use aliernative

weight sels(or morph weight set sequences) for certain
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confexts of phomemes, for example, if an “ob” is both

preceded and followed by an “ee” then use an alterpate “ob™

This type of rle can make speech idiosyscrasies, as well as

special sequences for specific words (which are a combina-

{ion of certain phonemes in a certaiz context). This type of

rule can take inte consideration the differences in mouth

positions for similar phonemes based oo context. For
example, the “17 in “hello” is shaped more widely than the

17 fn “burly” due 10 it's proximity lo an “eb” as opposed tp

a e,

Criteia: Encounter an “1” preceded by an ‘1"

Punction: Use a specified motph weight set as transition
target,

Another secondary rule could be, by way of iffustration,
that if a phonerme is Jonges than a certain duration, substitute
3 different morph target. this cen add expressiveness 1o
extended vowel sounds, for instance, if a characler says
CHELLOOOODO0!” 2 more exaggerated “oh” model
would be used.

Criteria: Encounter an “ob” Jonger than 0.5 seconds 25d Jess
than 1 second.

Function: Use & specified morph weight set as 2 transition
target.

If a phoneme is Jonger than apother phopeme of even
logger duration, a secondary rule may be applied to create
pewe trapsitions between alternate morph targets al cerfain
intervals, which may be randomized, Guring the phoneme’s
duration. This will 20d some apimation to extremely long
heid sounds, avoiding a rigid took. This is another example
of a secondary rule
Criteria: Epcounter an “ob” longer than 1 second long.
Fusction: Insert transitions between a defiped group of

rmorph weight sets at 0.5 second intervals, with transition

Guration’s of 0.2 seconds until the next “normal” transi-

tion start time is encountered.

If 2 phoneme is shorter than a certain duration, its
corresponding morph weight may be scaled by a factor
smallet than 1. This would areate very short phoaermes not
appear over articulated. Such a post processing rule, applied
before interpolation would comprise:

Criterda: Encounter a phoneroe duration shorter than 0.1
seconds.

Fupction: Multiply all members of the trapsition target
{already determined by default and secopdary rules by
duration/0.1.

As is readily apparent a wide variety of otber mules can be
created to add individuality to the different characters.

A farther extension of the present method Is to make 2
parallel method or systemn, as depicled iz box 14 of FIG. 1,
that vses time afgned emolional transeriptions {TAET) that
correspond to facial models of those emotions, Using the
same techpiques as previously described agditional morph
weight set stroams can be created that control other aspecls
of the character that refiect facial display of emotional state.
Suckh worph weight sot streams caa be concalenated with the
lip Synchronization stream. In addition, the TAET data can
be used in conjunction with the lip synchronization second-
ary rules 1o alter the lip synchronization output stream. For
example:

Critesia: An “L” is encountered in the TAPT and the nearest
“grpoteme” in the TAET is a “smile”,

Funclion: Use a specified morph weight set as transition
larget.

As 55 evident from the sbove description, the 2utomatic
ardimation Hp syschronization and facial expression method
described may be used on a wide varety of apimation
ptoducts. The method deseribed herein provides an

000018



Case 2:12-cv-10345-SVW-AJW Document 1 Filed 12/04/12 Page 20 of 38 Page ID #:26

US 6,307,576 Bl

1u

extremely rapid, efficient, and cost effective means 1o pro-
vide automatic lip synchropization and facia) expression in
ihrec dimensional animated characters. The method
described herein provides, for the first fime, 2 rapid,
effective, cxpressive, and ipexpensive means 1o automati-
cally crezte anipnated lip synchropization and facial expres-
sion in animated characters. The method described herein
can create The pecessary morph weight set streams 1o create
speech apimation when given a time aligned phonetic lran-
scription of spoken text and a set of user deficed rules for
determining appropriate morph weight sels for z given
TAPT sequence. This method also defines rules describing a
method of wransitioning between these sets through tirne.
The present method is exiensible by adding new rules, and
ofber fmed data mey be supplied, such as time “emotem es”
that wilt effect the patput data according fo additiona] nules
that take this data into accounl In this mamoer, several
parallel systegas may be used on different types of timed data
and the results comcalenated, or wsed indapendently.
Accordingly, additional advanlages and modification wiil
readily oceur to those skilled in the art ‘The invention i its
broader aspects is, therefore, not limited to the specific
methodological details, representative apparatus and ifus-
trative examples shown and described. Accordingly, depar-
mres from such details may be made without departing from
the spirit or scope of the applicant’s inventive concepl.

What is claimed is: )

1. A method for automaticaily animating Hp synchroni-
zation and facial expression of three-dimensional charactezs
comprising:

obtaining 2 first set of rules that define ontput wmorph

weight sel stream as a function of phopeme sequence
and time of s2id phoneme sequence;

pbtaining a timed data file of phonemes having a plurality

of sub-sequences;
geperating an intermediate stream of output morph weight
sets and a plusality of trapsition parameters betwsen
two adjacent morph weight sels by evaluating said
plurality of sub-sequences against said first set of rules;

generating & final stream of output mosph weight sets at
= desired frame rale from said intermediate stream of
output morph weight sets and sajd plurality of transi-
tive parameters; and

applying said final stream of output morph weight sets to

2 sequence of aniroated characters 10 produce lip syn-
chronization and facial expression contrel of said ani-
mated characters.

2. The metbod of claim 1 wherein each of said first set of
rules 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 mle’s function upon said compiiance,

4. The method of claim 1 wherein said first set of rules
comprises a default set of rules and an optional secondary set
of rules, said secondary set of riles having priority ovet said
default set of mles.

4 The method of claim 4 wherein said default set of rules
ic adequate to create said intermediate stream of output
raorph weight sets apd said pluratity of transition paramelers
between two adjacent morph weight sels for all sub-
sequences of phonermes in said timed data file.

&. The method of claim 4 wherein said secondary sel of
riles are used in special cases 10 substitale aliemate output
morph weight sels and/or lransition parameters between WO
adjacent morph weight sets.
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7. The method of claim } wherein said timed dala is a
timed aligned phonetic iranscriptions data.

&. The method of claim 7 wherein said timed dala furiher
comprises time aligned data.

9. The method of claim 7 wherein said timed data further
comprises time aligned emotional frapscription dala,

10. The methed of claim 1 wherein each of said plurality
of transition parameters comprises a transition start time and
a (rapsifion end time; apd sajd intermediate stream of output
morph weight sets having entries at said transition start Hme
and said transition end tme.

11. The method of claim 10 wherein seid generaling a
final siream of ouiput morph weight sets comprises:

obtzining the ontput morph weight set at a desired time by
inferpolating between said intermediate strearm of
morph weight sets at said trapsition starf time and said
{ransition end time, said desired time representing a
frame of said fisal stream of output.

12, The method of claim 11, further comprising: .

applying 2 second set of rules to said outpwt morph weight
set for post processing. )

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

comprises:

correspondence rules between 2 plurality of visual pho-
neme groups and a pluraiity of morph weight sets; and

morph weight set transition rules -specifying durationzl
data for generaling trapsilionary curves between morph
weight sels.

14. An apparatus for automatically animating lip synchro-
nization and facial expression of three-dimensional charac-
lers comprising:

a computer system;

a first set of rules in s2id compuler system, said first sat
of mies defining output morph weight sef stream as 2
fmction of phoneme sequence and time of said pho-
neme SeqUence;

a timed data fie readable by said computer sysiern, said
timed daia fle having phonemes with 2 plurality of
sub-sequences;

meass, in said compuler system., for generating an inter-
mediate stream of culput morph weight sets and a
plurality of ransition parameters betweed two adjacent
morph weight sets by evaluating said plurality of
sub-gequences against said first set of miles;

means, in said computer system, for genevating 2 final
stream of output morph weight sets at a desired frame
rafe from said intermediate stredm of output morph
weight sets and said plurality of transition paramelers;
and

means, in said compuier system, for applying saic final
stream of output morph weight sets to a sequence of
animated characters to produce lip synchropization and
facial expression control of said animated characters.

15. The apparatus of claim 14 wherein each of said first
set of rales comprises a rule’s criteria and a nule’s fupetion.

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

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

applying said rele’s function upon said complance.

17. The apparatus of claim 14 wherein said first set of
rules comprises a defaull set of rules and an optional
secondary sei of rules, said secondary set of nales having
priority over said default set of rufes.

18, The apparatus of claim 17 wherein said default set of
rules is adequate lo creste said intermediate stream of output
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morph weight sets and said plurality of transilion paratoeters
between two adjacent morph weight sels for all sub-
sequences of phonemes in said timed data file,

19, The apparatus of claim 17 wherein said secondary set
of miles are used in special cases to substitufe altemate
output morph weight sets andfor trapsition parameiers
between two adjacent morph weight sels.

20, The apparatus of claim 14 wherein said timed data is
a timed aligned phonetic transcriptions data.

71. The apparatus of claim 20 wherein said timed data
further comprises time aligned data.

22. The apparates of claim 20 wherein said timed data
further comprses time aligned emotional trapscription data.

23, The apparatis of claim 14 wherein each of said
phurality of trapsition paramelers cormprises 2 iransition start
time apd a trapsition end Eime; and said infermediaie stream
of output morph weight sets baving entries at said transition
start time and said trapsition exd time.

24. The apparatus of claim 23 wherein said generating a
finzl stream of output morph weight sets COmprises:

EXHIBIT A

15

14
obtaining the cutput morph weight set ata desired tme by
interpolating between said istermediate stream of
morph weight scts at said trapsilion starl time and said
sransition end time, said desiced tme represenling a
frame of said final stream of oufput.
25, The apparatus of claim 24, further comprising:

means for applying a second set of rules to said ouiput
morph weight set for post processing,
26. The apparatus of claim 14 wherein said first set of
rules comprises:
comespondence rules between a piarality of visual pho-
nexpe groups and a plurality of morph weight sets; and
morph weight set fransition rules specifying durationsl
data for generating transitionary curves between morph
weight sets.
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FOR AUTOMATICALLY ANIMATING LIP SYNGCHRONIZATION 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 | ~ 50

PLURALITY OF VISUAL PHONEME GROUPS AND A PLURALITY OF MORPH
WEIGHT SEIS.

1

SPECIFYING A PLURALITY OF MORPH WEJGHT SET TRANSITION RULES V= 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

BE PROCESSED BY A COMPUTER ANIMATION

MORPH WEIGHT SETS TO
SYSTEM FOR INTEGRATION WITH ANOTHER ANIMATION.

FIG. 2
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D) FACIAL

FXPRESSION OF gfg?éfE DIMENSIONAL CHARACTERS FOR USE WITH

FOR AUTOMATICALLY ANIMATING LIP SYNCHRONIZATION AN,
MPLITER ANIMATION SYSTEM.

56

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

58

EVALUATING A PLURALITY OF TIME ALIGNED PHONETIC
TRANSCRIPTIONS AGAINST THE DETERMINING MEANS FOR PR ODUCING
A STREAM OF MORPH WEIGHT SETS.

60

G A STREAM OF
PH WEIGHT SET

3

APPLYING THE DETERMINING MEANS FOR PRODUCIN

MORPH WEIGHT SETS T0 GENERATE AN OUTPUT MOR
STREAM, ALLOWING FOR AN APPROPRIATE MORPH WEIGHT SET

CORRESPONDENCE WITH EACH OF A PLURALITY OF TIME ALIGNED

£ AND CORRECT TIME

PHONETIC TRANSCRIPTION SUB-SE QUENC
PARAMETERS APPLIED TO A PLURALITY OF MORPH WEIGHT SET
N OF A PRIOR TIME ALIGNED

TRANSITIONS BETWEEN A REPRESENTATIO.
PHONETIC TRANSCRIPTION S UB-GEQUENCE AND A CURRENT ONE.

FIG. 3
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METHOD FOR AUTOMATICALLY
ANIMATENG LIP SYNCHRONIZATION AND
FACIAL EXPRESSION OF ANIMATED
CHARACTERS

This is a coutimuation of application Ser. No. 08/942,957
filed OcL 2, 1897, now U.S. Pat. No. 6,307,576.

BACKGROUND OF THE INVENTION

1. Field of Invention
This invention relates generally to animation producing
* methods and apparatuses, and mors particularly is directed
1o 2 method for swtomatically animating Bip syochronization
and facial expression for three dimepsional characters.
2, Description of the Related Art
Various smethods have been proposed for animating lip
synchronization and facial expressions of animated charac-
ters in aninated products such as mpvies, videos, carteons,
€D’s, and the Lke. Prior metbods in this area have long
suffered from Lhe peed of providing an economical means of
anirating Hp synchronization and character expression in
the production of asimated producls due to the extremely
iabanious and lengthy protocols of such prior traditional and
compuier znimation technigues. These shoricomings have
significantly limited all prior lip synchrondzation and facizl
expression methods and apparatuses used for the production
of animated products. Indeed, the Hmitations of cost, lime
required to produce an adequate Tip synchropization or facial
expression in én apimated product, apd the inherent imila-
tions of prior methods and apparatuses (0 satisfactiorily
provide lip synchonization oF express character feelings and
emotion, leave a significant gap in the potential of antmated
methods and apparatuses in the cugrent state of the art.

“Titoe aligoed phonetic transcriptions (TAFTS) art: a pho-
netic trapseription of & recorded text or soundtrack, where
{h: pecurrence in time of each phoneme 3 also recorded. A
sphopeme” is defined as the smaZest unit of speech, and
corresponds to a single sound. There are several standard
phonetic “alphabets” suck as e International Phonetic
Alphabet, znd TIMIT created by Texas ipsirumerts, Inc. and
MIT. Such transcriptions can be created by bapnd, as they
cnrrently are it the traditional nimation industry and are
called “x° sheets, or “gray sheets” inthe trade. Allernztively
such lrapscriptions can be created by antomatic speech
secogaition prograzms, of the like.

The current practics for three dimensionsl compuier gen-
erated speech apimation is by manual techniques commonly
using  “morph target” approach. In this practice a reference
model of a neutral mouth position, and severzl other mouth
positions, each comesponding o @ different phoneme or sei
of phopemes is used. Thess models are celled “morph
targets”. Each morph targe! has the same topology as the
genteal model, the same numbes of vertices, and each vertex
on each model logically corresponds 1o a vertex on each
other model, or example, vertex #n on all models represents
the left corner of the mouth, and atthough this 35 the typical
case, such rigid correspondence may mot be pecessary.

The deitas of each vertex on each morph target relative 10
the neutral are compuied as a vector from each veriex B on
{he refersnce to each verlex n on cach morph target. These
are called the deltz sets. There is one delta set for cach morph
targel.

In producing amimstion products, a vajue uspally from G
to 1 is assigned to each delta set by the animator apd the
value Is called the “morph weight”. From these morph

-

aohgrde

1%

2

weights, the peutral’s geomelry is modiBed as follows: Bach
verfex N on (he peutral has the comesponding delta set’s
vertex mulliplied by the scalar momph weight added o it
This is yepeated for cach morph targetl, and the result

surnmed. For each verlex v in the neutral model: :

jresultielnentralleT,, " |delta setx]morph weigh

where the symbol rod is nsed to indicate the corresponding
vestor in each referenced set. For example, Jresult] is the
corresponding resultant veriex lo vertex ¥ in the neutral
model |nentral] and |della sett] is the corresponding vector

- for delta set x.

‘EXHIBIT B

If the znorph weight of the delia set corresponding to the
morph target of the character saying, for example, the “ob”
sonnd is Set to 1, and all others are set to 0, the neufral would
be modified 1o look like the “oh targel. If the simation was
the same, except that the “ob” morph weight was 0.5, the
peulral’s peometry is modified half way between neutral and
the “ob” morph target. .

Similarly, if the situation was as described above, except
“ob™ weight was 0.3 and the “ee” morph weight was at 0.7,
the peutral geometry is modified to have some of the “ob™
model characieristics and moze of the “ee” mode] charac-
sexistics. There also are prior blending methods includiog
averaging the delta sels according fo their weighis.

Accordingly, (o animate speech, the artist needs to set alk
of these weights at each frame 1o an appropriate value.
Usually this is assisted by using a “keyframe” approach,
where the artist sets the appropriaste weights af cerfain
fmportant times (“keyframes”} and 4 ptogram interpolaies
each of the channels 1 each frame. Such keyframe approach
is very tedious and time copsuming, a5 well as inaccurale
due to the large nember of keyframes necessary to depict
speech.

The present invention overcornes many of the deficiencies
of the prior art and obtzins its objectives by providing an
integrated method embodied in computer software for use
with a computer for the rapid, efficient lip synchronization
and mapipulation of character facial expressions, thereby
aliowing for rapid, creative, and expressive animation prod-
ucts to be produced in & very cost effective mannes.

Accordingly, it is the primary object of this invention 1o
provide a method for automatically animating lip synchro-
nization apd facial expression of three dimensiomal
characters, which is integrated with compuler means for
producing accurate and realistic lip synchronization atsd
facial expressions in animated characters. The metkod of the
present invention further provides &n extremely rapid and
cost effective means to aulomatically create Lp synchroni-
zation and facial expression in three dimensional animaled
characlers.

Additional abjects and advantages of the investion will be
set forth in the description which follows, and in part will be
obvions from the description, or may be learned by practice
of the invention. Fhe objects and advamiages of the invention
may be realized and obtained by means of the ipstrumen-
talifies and combinations particularly poiled out in the
appended claims.

SUMMARY OF THE INVENTION

o achjeve the foregoing objects, and in accordance with
the purpose of the investion as embodied and broadly
described herein, 3 method is provided for controlling and
automatically apimating lp synchronization and facial
expressions of three dimersional animated characters using
weighted morph targets and time aligned phonetic trangerip-
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tions of recorded text, and otber time aligned data. The
method utilizes a sot of rules that determine the syslems
oulput comprising a sireatn Or sireams of morph weight sets
when a sequence of timed phonsmes or ather timed data is
epcountered. Other (imed data, such as pitch, amplitned,
noise amounts, or emetional state data or emolemes such as
“surprise, “disgusl, werbarrassment”, “mid smile”, or the
fike, may be inputied to affect the output siream of morph
weieht sels.

The methodology herein described atlows for antomati-
cally animating lip synchronization and facial expression of
three dimensional characters in the creation ofa wide vasiety
of animation products, including but not limited to movies,
videos, cartoons, CD's, software, apd the ke, The method
and apparatuses berein described are operably infegrated
with compulter software and bardware.

In accordance with the present inventien there also is
provided a method for automatically apimating lip synchro-
nization and facia) expression of three dimnensional charac-
ters for £lms, videos, cartoons, and other animation
produsts, comprising confignring a set of default comespon-
Bence rules between a plurality of visual phoneme ETOUPS
and a plurality of morph weight sets; and specifying &
plurality of morph weight set trausision rules for specifying
Jurations] data for the genperation of tramsitionary tmrves
erween the plarality of morph weight sets, allowing for the
production of 2 stream of specified morph weigh sets to be
processed by a computer animation systern for integration
with ofher asimation, whereby saimated Lip syochronization
and facial expression of animated characters may be auto-
matically controlied and produced.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, iliusttate a pre-
fericd cmbodiment of the invention and, together with a

general description given sbove apd the detailed description.

of the preferred embodimest given below, serve fo explain
the principles of the invention.

FIG. 1 is a fiow charl showing the method of the invention
with an optional time aligned emotional transeription fle,
and another parallel timed data fle, according to he inven-
tion.

F1G. 2 is 3 fiow chart illustrating (he principal steps of the
present method, accosding to the invention.

6. 3 is another representational Bow eharl illustrating
the present method, according o the invention.

DESCRIPTION OF THE PREFERRED
EMBOBDIMENTS

Reference will now be made in detedl 10 the present
prefesred embodiments of the invention as illustrated in the
accompanying drawings.

In accordance with she present jovention, there is pro-
vided as iHustrated in FIGS. 1-3, & method for controlling
and automatically animating lip synchronization and facial
expressions of thiee dirpensional animated characters nsing
weighted morph targets and time aligned phonetic transcrip-
tions of recorded text. The method utilizes a set of rules that
determine the systems outpat comprising a stream of morph
weight sets when a seguence of timed pbopemes is encova-
tesed. Other Gizned data, such as Gmed emotional state data
of emotemes such 2s “surprise, “disgust, “zmbarrassment”,
“gmid stile”, pitch, amplitued, noise amounls or the like,
may be inputted 1o affect the cuiput stream of morph weight
sets.

EXHIBIT B

S0

55

6:
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Thbe method comprises, in one cmbodiment, configuring a
set of default eomespondence rules between & plurality of
visual pheneme groups and 2 plurality of morph weight seis;
and spocifying a plurality of morph weight set lransition
rules for specifying durational data for the generation of
{rapsitionary curses between the plurality of morph weight
sets, allowing for the production of & stream of specified
morph weight sels 1o be processed by a computer animation
system for integration with othet animatior, whereby ani~
mated lip synchronization and facial expression of animated
characiers miy be automatically produced.

There is also provided, according fo the invention a
method for aulomsatically animating lp synchronization and
facisl expression of three dimensional charzcters for use
with a computer animation sysiem, comprising the steps of:
determizing means for producing a stream of morph weight
sots when a sequenss of phoveres is encounlered; evaln-
ating a plurality of time aligned phonetic wranscriptions oX
other fimed data such as pitch, amplitude, poise amounts and
the like, against the determining means for producing 4

stream of morph weight sets; applying said determining

means for producing 2 stream of morph weight sets (0
generate an oulpul moiph weight set stream, allowing for an
appropriate morph weight sel comespondence with each of

. & plurality of time zligned phonetic transcription sub-

sequences and correct ime pararelers applied (o a plurality
of morph weight set transitions between 2 representation of
a prior ime afigned phonetic transcription subsequence and
2 currept ope, whereby lip synchropizatios and facial
expressions of animated characlers is zulomafically con-
trolled and produced.

The method preferably comprises a set of roles that
determine what the outpnt morph weight set stream will be
when any sequence ot phoneres and their associated times
is encountered. As nsed herein, a “morph weight set” is a sel
of vales, one for each delta set, that, when applieG 2s
described, transform the neulral mode o some desired state,
such as speaking the “oo” sound or the “th” sound.
Preferably, one mode] id designated as the anchor model,
which fhe deltas are computed in reference to. If for
example, the Is a morph target thal represents all possible
occurrences of an “2” sound perfectly, it’s moiph weight set
would be all zeros for all dells sets except for the deita sel
corresponding to the “ee” morph target, which would set to
1.

Preferably, each e comprises two paris, the nde’s
eriferia and the rule’s function. Each sub-sequence of time
aligned phonetic trapscrption (TAPT) or other tuped data
such as pitch, amplitude, pofse amounl of the like, is
checked against a rale’s criferiz fo see if that ruje is
applicable. I 5o, the rule’s function is applied to generate the
output. The priteary function of the rales is 10 determined 1)
the zppropriate morph weight set correspondence with each
TAPT sub.sequence; and 2) the lime paramelers of the
morph weight set transitions between the representation of
the prier TAPT sub-sequence of otber timed data and the
current one. Conditions 1) and 2) must be completely
specified for any sequence of phonemes and times encoun-
tered. Together, such rules are used o create a continuous
stream of morph weight seis.

In the present melbod, it is allowable for wore than one
phoneme o be represented by the same morph larget, for
example, “sse” and “zze”. Visually, these phonemnes appear
similar. Through the use of such rules, the user can group
phonemes together that have & similar visua} appeatance into
wisuz] phooermes” that function Lhe same as one another. Tt
is also acceplable, through the rules; lo igmore certain
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phoveme sequences. For examnple, 2 rale could specify! “¥f
in the TAPT, fbere are two or more sdjacent phonemes that
are in the same “visaal phoneme” group, all but the first are
jgnored”.

The rules of the present method may be categorized in
{hree main groupings; default nies, suxiliary ruies and post
processing rules. Fhe Aefaudt rules roust be complete enough
1o create valid output for any TAFT epcoualered al any poist
in the TAPT. The secondary rules are used in special cases;
for example, to substitute alterpative morph weight set
correspopdences andfor trapsition riles if the identified
criteria are met, The post processing rules are used 10 fertber
manigulate the morph weight set sireacn afler the defouit or
secondary rules are apphed, and can further modify the
mexmbers of the morph weight sels determined by the default
and secondary rules and inferpolation.

¥ for example, specific TAPT subsequence does not fit the
criteria for any secopdary rules, then the defaull rules take
effect. I, on the other band, the TAPT sub-sequence does fit
the criteriz for a secondary rule(s) they take precedence over
the default rules. A TAPTsub-sequence take inlo account the
current phoneme and duration, and 2 number of the preced-
jng and following phonemes and doration’s as well may be
specified.

Preferably, the secondary rules effect morph target corre-
spondence and weights, or transition times, or both. Sec-
oodary rules can creale trassitions and correspondences
even where no phonsme transitions exist- The secondary
riles can use as their criteria the phoneme, the duration or
the phoneme’s confext in the outpul siream, that is what
phonemes are adjacent o in the neighborhood to the current
phoneme, what the adjacent duration’s are, and the ke,

The post processing rules 2re preferably applied after a
preliminary output morph weight set is calculated so &s 1o
modify #. Post processing les can be applied before
inlerpolation and/or after interpolation, as described later in
this document. Both the secondary and post processing riles
are optional, however, they may in certain applications be
very complex, and in perticular circemstances contribuie
more to the output than the default mies.

¥o FIG. 1, 2 fiow charl illustrates the prefetred steps of the
methodology 10 or automatically enimating Yip synchroni-
pation and facial expression of three dimensional animated
charzcters of the present invention. A specific sub-sequence
20 is selected from the TAPT file 12 and 15 evaluated 22 10
determine if any secondary rule criteria for morph weight sel
farget apply. Time aligned emotional trapscription file 14
data may be ipputted o data from an optional tioe aligned
datz file 16 may be used, Also shownisa paraiie] method 18
which may be configured identical fo the primary method
described, however, nsing different timed data rules and
different deliz sels. Sub-sequence 20 is evalaated 22 lo
etermine if any secondary rule criteria apply. If yes, then 2
morph weight set is
riles, if 0o, then a morph weight sef is assigned 26 accordiog
to 1he defanlt rules. If the sub-siring meels any secondary
rule criteria for transition specification 28 then a transition
start and end tixpe are assigned according 10 the secondary
rules 32, if no, then assign trapsition start and end Himes 30
according to default rules. Then an intermediate file of
transition keyframes using target weights and transition
nsdes as generaled are creafed 34, and if any keyframe
sequences fit post process before interpolation rules they are
applied here 36. This data may be oulput 38 bere if desired.
If vot, then interpolate using any method post processed
keyframes 1o a desired frequency or frame rate 40 and if any
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morph weight sequences generated 8t post processing after
interpolation criteria, they are zpplied 42 at this pojat I
parailel methods or systems aze used to process otber tireed
aligned dalz, they may be concatenated bere 44, and the data
outpat 46.

In FIG. 2, the metbod for aulomatically animating lip
sypchronization apd facial expression of three dimensional
characters for films, videos, cartoons, and other animalion
products 10 is shown according ko the igvention, whers box
50 show the step of configuring a set of default correspon-
dence rules between a plurality of visnal phoneme groups or
other timed jnput data and a plurality of morph weight sels.
Box 52 shows the steps of specifying a phurality of morph
weight set trapsition niles for specifying durational data for

5 the generation of wansitionary curves beiween the phurelity

of momph weight sets, aliowing for the production of a
strearn of specified morph weight sets 1o be processed by &
computer animation system for integration with otber
animation, whereby animated Hip sypchronization and facial
expression of animated characters may be automatically
produced,

With reference now o FIG. 3, method 10 for antomati~
sally animating lip synchronization and facial expression of
three dimensional charasters for use with a computer ani-
mation system is shown including box 56 showing the step
of determining means for producing a stream of motph
weight sels whea 2 sequence of pbopemes js encountered.
Box 53, showing the step of evaluating a plurality of time
aligned phopetic irapscriptions or other timed ata such as
piich, amplitade, noise amounts, and the hike, against said
Jetermining means for producing 2 stream of morph weight
sets. in box 60 the steps of applying said determining means
for producing a stream of morph weight sets to generate an
output morph weight set stream, allowing for an appropriate
morph weight sel correspondence with each of a plurality of
time aligned phonetic transcription sub-sequences and cor-
rect time paramelers applied 10 2 plurality of morph weighl
st ‘ransitions between a representation of a prior time
aligned phonetic transeription sub-sequence and a current
one, whereby lip synchronization and facial expressions of
amimated characters is amlomatically contolled and pro-
duced are shown accomding to the jnvention.

In operation and use, the user rousl mammally set up
default comespondence rules between all visual phoneme
groups and morph weight sets. To do this, the user preferably
specifies the morph weight sets which comespond to the
model speaking, for example the “o0™ sound, the “th” sound,
and the like. Next, default rues must be specified. These
rules specify the durationa] jnformation needed 10 generate
approprizie transitionary curves between morph weight sets,
such ag transition starl and end times. “iransition” between
two morph weigh sets is defined as each meraber of the
morph weight set transitions from it’s current state to it's
target stale, starting at the transition starl time and ending at
the trapsition end time. The tazget state is {he. orph weight
set determmined by a comespopdence rule.

The defzult correspondence mules and the default morph
weight set transition rules define the default systesn behav-
ior. 1f afl possible visual phopeme groups of all members of
alternative data domains have morph weight set
correspondence, any phoneme sequence can be handled with
this rede set alone, However, additional ruies are desitable
for effects, exceptions, and uniqueress of characler, as
further described below.

According fo the method of the invention, other rules
involving phoneme’s duration and/or context &an be speci-
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fied, Also, any other rles that do not 5t casily into the above
mentioned categoties can be specificd. Examples of such
rules are described in grealer detail below and are lermed the
“secondary rules™. I a lired phoneme OF sub-sequence of
timed phonemes do 2ot At 1he criteda for any of the
secondary mules, the default rules aze applied 25 seen in FIG.
i

Tt is seen that through the use of these nzfes, an appropriate
morph weight stream is produced. "The upinterpolated morph
weight stream has cotries only al transition start and epd
time, however, These act as keyframes. A morph weight set
may be evaluated at any time by inlerpolating between these
keyframes, using conventional methods. This is bow the
output stream is calenlated each desired time frame. For
example, for television productions, the necessary resolution
is 30 evalnations per second. :

The post processing rules may be-apphied either before or
afier the above described interpolation step, or both. Some
rules may apply oply to keyframes before interpolation,
some fo interpotated data. If applied before the interpolation
siep, this affects the keyframes. if applied aftez, it effects the
inferpolated data. Post processing can use the morph weight
sets calenlated by the default and secondary niles. Post
processiog rales cap use the morph weigh seis or ssguences
as in box 44 of FIG. 1, calenlated by the defanlt and
secondary Teles. Post processing rules can modify the indi-
vidual members of the morph weight sets previously gen-
exated. Post processing rules may be applied in addition fo
other rales, inchuding other pos! processing nues, Ounce the
rale set up is completed a5 described, the method of the
present iovention can take any number and length TAPT’s a5
input, and aworsatically output the corresponding morph
weight set strearm &s seen in FiGS. 1-3.

For example, & modeled nentral geomeiric Tepresentation
of & character for an asimated production such as a MOVies,
video, cartoon, CD or the like, with six morph largets, and
their della sets determinsd. Their represenlations, for
example, are as follows!

Delts et Visual Representation

sy

ot

-

gl

exaggerated “oh”

special case “ch” used during a “snide langh” sequences

L B W by e

In this example, the neutral model is used 0 rfepresend

sitence. The followiog is ap example of a set of rules, ;

according to the present method, of course this is only sz
example of a set of rules which could be ase for illustrative
purposes, and many other ruies could be specified according
1o the method of the invention.
Default Rules:
Defanlt Correspondence Rules
Criteria: Encounter a “h™ as iz “house”
Punction: Use morph weight set (1,0,8,0,00) as fransition
target.

8

Criteria: Encounter an “eh’™ a5 in “bet”
Function: Use morph weight set (0,1,0,0,00) as trapsition
targel.
Crileria: Encounter 2 ‘7" as io “eld”
5 Pupciion: Use momph weight set {0,0,1,0,0,0} as transition
target.
Crileriz; Encoupter an “oh” 2s in “old”
Fanction: Use morph weight set {0,0,0,1,0,0} as transition
targel.
Criteria: encounter a “silence”
Functivn: use morph weight set 0,0,0,0,0,0) as trapsition
argel. i
Default Transition Rule
15 Criteria: Encounter any phoneme
Function: Trapsitiop start time=(the oulgoing phoneme’s
end time)-0.1%{the cutgoing phoneme’s duration);
transition end Hmew(the intoming phoneme’s start time)+
0.1* (ihe incoming phonemee’s duration)
Secondary Rules
Criteriz: Epcounter an “ob” with a duzation greafer than 1.2
seconds.
Function: Use morph weigh set (0,0,0,0,1,0)
Criteriz: Epcouster and “ch” followed by an “b" and pre-
ceded by as “h". :
Fupction: Use morph weigh set (0,0,0,0,0,1) as tramsition
target,
Criteria: Eocounter any phonesne preceded by silence
s Function: Trapsition starl time={the silence’s end lime)-
0.1*(the ipcoming phonems’s duration} Transition end
fime=the incoming phoneme’s start time
Criteria: Encoumer silence preceded by any phooems.
Function: Transition start ime=the silence’s start tipe—0.1
45 (the outgoing phonsme’s duration)
Post Processing Rules
Criteria; Encounter a phopeme duration under 0.2 seconds.
Function: Scale the trapsition tmpet determined by the
defanlt and secondary rules by 0.8 before interpelation.

20

trd

40 Accordingly, uging this example, if the user were to use

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

targels and @ nentra] fasgel would be required, ihat is, one

cach for the sound of “b7, “e”, “1”,“oh ” and their associated

della sets. For example, a TAPT representing the spoken
45 word “hello” could be configured as,

Time Fhoncme
s 00 sitepce begins
0.8 silence ends, “B” btpins
1.0 “b" ends, “ek” begins
137 “h” ends, “17 beging
16 "1" cods, “oh"” begins
21 “ph™ ends, silence begine.

The method, for example embodied in computer sofiware
for operation with a computer or computer apimation system
would create an output morph weight set slream as follows:

Time

DS DSHer) DS3(T) DSA(OE) DSSmatoh) DS6

G0
0.78

5 o 0 il il v}
o 0 2 G [H [
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-continued
Time  DSICE) DSIW) DET) DEALND DS S(uror) D56
0.8 1 0 6 D b 0
0o 1 o 0 o B 0
1037 0 1 0 o 0 o
1333 O 1 9 b ) 9
1463 O o] I3 o 4] [
1667 D g 1 D o 0
1740 D o 1 0 0
21 0 ] a 1 ] b
214 O 0 o o 0 i

Such morph weight seis act as keylrames, marking the
transitionary points. A morph weight set cap be obtained for
any time within the dusaticn of the TAPT by inferpolating
hetwesn Lhe morph weight sets using conventiopal methods
well known in the art. Accordingly, 2 morph weight sel can
be evaluated at every frame. However, Lhe post processing
rules can be applied to the keyframes before interpolation as
in box 36 of FIG. 1, or to the interpolated dafa as in box 40
of FIG. 1. Fram such stream of momph weight sels, the
peatral model is deformed as Aescribed above, and thep sent
fn 2 conventional computer 2nimalicn Sysiem for integration
with other apimation. Allernatively, the morph weight set
siream can be used direclly by an animalion program of
package, wither interpolated or nol,

The mles of the presenl invention are extensible and
freeform in the sepse thal they may be created as desired and
adapicd to a wide variety of animation characters, situations,
and products. As each rule comeprise & criteria and fupctios,
s in an *if . . . then . . . else” construcl. The following are
iHlustrative examples of other rules which may be nzed with
the present metbodology.

For example, use {0,00,0 ... } as the morph weighs, set
when & “m” is encountered, This is a type of default rule,
whese: Criteria: Encounter a “m” phopeme of any duration.
Fupction: Use a morph weight set 0000 .. 0}asa
trapsition target.

Another example would be creating several shightly dif-
ferent morph targets for each phonewme growg, and using
them randomly each time that phonpeme i5 spoken. This
would give a more random, o possibly comical or interest-
jog look to the agimation’s. This is a secondary rule.

‘An example of post processing rule, before interpolation
would be 1o add 2 small amount of random noise 1o all
morph weight channels are all keyframes. This wonld
sliphtly alter the look of sach phoasme lo create a moie
patural look.

Criteria: Encounter any keyframe .
Function: Add a small random valie 10 each member of the
morph weight set prior 1o interpolation.

An example of a post processing rule, after interpolation
would be to add a component of an auxiliary mosph target
(one which does not comespond direcily fo 2 phonezme) 10
the cuiput Stream in a cyclical manner over time, after
interpolation. If the auxiliary morph larget had the charac-
ter’s mouth moved 1o the lefi, for exateple, the oulput
animation would have the character’s mouth cycling
between center to kefl as he spoke.

Criteria: Encounter any morph weight sel generated by
interpolation

Function: Add a vahe calculated through a mathematical
expression 1o the morph weigh set’s member that core-
sponds to the auxiliary morph larget’s deliz set weighL

The expression might be, for exampie: 0.2%sin

(0.2*time*2*p1)+0.2. This rule would reselt in an oscil-

fation of the apitpated character’s mouth every five sec-

onds,
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Another example of & secondary rule is to use alterpative
weight sefs (or morph weight set sequences) for cerfain
contexts of phopemes, for example, i an “ob” is both
peeceded and followed by an “ee” then use an alernate. ok”.
“This type of nie can make speech idiosyneresies, as well as
special sequences for specific words (which are 2 combina-
liom of certain phopemes i a certein context). This type of
rufe can take into consideration the differences n mouth
posilions for similar phonenses based om context. For
example, the “T* in “hello” is shaped more widely than the
“p ;1'1 “urly™ due o it's proximity 1o an “eb” &5 opposed to
a“r.

Criteria: Enconster an “” preceded by = 1.
Fugction: Use a specified morph weight sel as lransition
target,

Asother secondary rule could be, by way of llustration,
that if a phoneme is longes thag 2 certain duration, substitue
a different morph farget. this can add expressiveness {0
extended vowel sounds, for imstance, i a characler says
“HELLOOOQODO a more exaggerated “oh” model
would be used.

Criteria; Encounter an “ob” longer than 0.5 seconds and less
than 1 second.

Fapction: Use a specified morph weight set as a transition
larget.

If 2 phoneme is longer than apother phopeme of even
longer duration, 2 secondary rufe may be applied 16 create
oew lrapsitions between aliermale morph targets at ceriain
intervals, which may be randomized, during the phoneme’s
duration. This will add some zaimation fo extremely long
held sounds, avoiding a Tigid look, This is another example

5 of a secopdary rule

Critedia: Encounter an “ob™ longer than 1 second long.

Function: Insert transitons between 2 defived group of
morph weight sets at 0.5 second intervals, with trapsition
duration’s of 0.2 seconds until the next “normal” transi-
lion start time is encountered.

If a phopeme is shorter than a certain duretion, s
corresponding morph weight may be scaled by a factor
smaller than 1. This would creale very short phonemes not
appear over articalated, Such a post processing rule, applied
before merpolation would comprise:

Criteriz: Encounter & phoneme duration shotler than 0.1
5eCOROS.

Fupction: Multiply 2l members of the trapsition target
(already determined by defauit and secopdary rules by
durationf.1.

As is readily apparent a wide variely of other rales can be
created to 2dd individuality to the different characters.

A further extension of the presen1 method is to make a
paralle] method of system, a8 depicted in box 14 of FIG, 1,
ihat uses time aligned emotional transcriptions (TAET) that
cosrespond to facial models of those emotions. Using the
same lechnigues as previously described edditiona]l morph
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weight set streams can be created that control other aspects
of the eharacter that reflect facial display of emntional state.
Such morph weight set streams can e concatenated with the
Hip synchronization stream. fa addition, the TAET dala can
be used in conjunction with the lip synchronization second-
ary rules to alter the lip synchronization output sirtam. For
sxample:
Criteria: &n “L” is encountered ip the TAPT and the nearest
“pmoteme” in the TAET is a “smile”.
Function: Use & specified morph weight sef 25 transition
{argel
As is evident from the above description, the awioraatic
apimation lip synchronization and facial expression method
described may be used on a wide variety of animation
products. The method described herein provides an
extremely rapid, eficient, and cogt effective means 1o pro-
vide automatic lip syochronization 2nd facial expression in
three dimensional animated characters. The method

described herein provides, for the first time, 2 rapid, .

effective, expressive, and ipexpensive means to automali-
eally ereate znimated lLip synchronization and facial expres-
sion in anjmated characters. The metbod described herein
can create the pecessary morph weight sel streams to create
speech animalion when given a time aligned phonetic iran-
scription of spoken text and a set of user defined rules for
determining appropriate morph weight sets for a given
TAPT sequence. This method also defines ruies deseribing 2
method of trapsiioning between these sels through time.
The present method s extensible by adding new rales, and
other fimed data may e suppiied, such as time “emotemes”
{hat will effect the output dala according fo additional raies
that izke this data imio account. In this manner, several
paralle] systems may be used on different types of timed data
and the resulls copcalenated, or used independently.
Accordingly, addifional advastages and modification will
readily occur to those skilled in ibe art. The invention in its
broader aspetts is, therefore, not limited to the specific
methodological delails, representative apparatus and s~
teative 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 concepl.

What is claimed is:

1. A method for automatically animating lip synchroni-
zation and fackal expression of three-dimensional characlers
cOmprising:

obtaining a first set of rules that defioes & morph weight

set stream as a fenction of phoneme sequence and times
associated with said phoneme sequence;

obtaining a phurality of sub-sequences of timed phonemes
o

corresponding 1o a desired audio sequence for said
three-dimensional characters;
geperating an oulput tmorph weight sel stream by applying
said first set of rules o each sub-sequence of said
plurality of sub-sequences of timed phopemes; and
applying said oulpul morph weight set stream 10 an input
sequence of animaled characlers to generate an outpnt
sequence of animated characters with Hp and facial
expression synchronized to said audio seguence.
2. The method of claim 1, wherein said first set of rules
comprises:
correspondence rules between all visuaj phoneme groups
and morph weight seis; and
morph weight set wansition rules specifying durational
data between morph weigh seis.
3. The method of claim 2, wherein said durational data
comptises lrapsition start and trapsition end timmes.
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4. The method of claim 1, wherein said desired andio
sequence is frem a pre-recorded live performance.

5 The method of claim 1, wherein said desired audio
sequence is synthetically generated by 2 computer,

6. The method of claim 1, wherein said plorality of
subsequences of timed phonemes is obtained from 2 file.

7. The method of claim 1, wherein said plurality of
subsequences of timed phonemes is generaied during asi-
mation.

8. The method of claim 1, wherein said output sequence
of animated characiers is transmitted over a computer nei-
work.

9. The method of claim 1, wherein said generating said
cutput morph weight stream comprises:

generating aa appropriate morph weight sst correspond-

ing to £ach subsequence of said timed phonemes; and

generaling time paramelers for trapsition of said appro-

priate morph weight set from 2 morph weight set of a

prior sub-sequence of said timed data.

10. The metbod of claim 1, wherein each of said first set
of rules compxses & mle's criteria and 2 ruls’s funciion.

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

checking each sub-sequencs of said plurality of sub-

sequences of timed data for compliance wilk said mle's

criteriz; and

generating an output morph weight set and transition

parameters by applying said rule’s function upon said

compliance with said cileriz.

12. The method of claim 1, wherein said first set of rules
comnprises a defanli setof rules and ap optional secondary set
of rules, said secondary set of rules having priority over said
default set of rules.

13. The method of claim 1, wherein said plurality of
subsequences of timed phonemes comprises 2 timed aligned
phonetic transcriptions sequence.

14. The method of claim 1, wherein said phurality of
subsequences of fimed phonemes comprises time aligned
data.

15. The method of claim 13, wherein said plarality of
subsequences of timed phopemes further comprises tme
aligned emotional transcription data.

16. The method of claizm ¥, wherein said transition param-
elers comptises:

{ransiion start time; 2nd

Lrassition end time.

17. The method of claim 16, furiher comprising

generating said oulput morph weight sel stream by infer-

polating between morph weight sols al said rapsition

efart time and said transition end time according o 8

desired frame mte of said output sequence of animated

characters.

1%, The metbod of claim 1, further comprising:

applying a second sst of rules 1o said outpul morph weight

sel prior 10 said generating of said output sequence of
animated characters.

19, An apparatus for anlomatically apimating lip synchro-
pization and facial expression of three-dimensional charac-
ters comprising:

a computer syslem;

computer code in said compuier systern, said computer

eode comprising:

a method for obtaining a frst set of miles that defines a
morgh weight set streazs as a function of phonems
sequence and times assosialed with said phoneme
SeqUEDCE;
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s method for oblaining 2 phusalily of sub-seguences of
{imed phonemes corresponding (o 2 desired audio
sequence for said thice-dimensional characlers;

2 method for generating an outpul morph weight set
stream by appiying said st st of rules to each
sub-sequence of said plurality of subsequences of
timed phonemes;

= melhod for applying seid oculput morph weight set
stream fo an ipput sequepce of apirpated characlers
to geperale an Oulput sequence of animaied charac-
tors wilh lip apd facial expression synchronized ©
said audio sequence.

20. The apparatus of elaim 19, wherein said frst set of
rules COMPTISEs:

comespondence rules between all visual phonsine groups

ané morph weight sets; and

morph weight set transition rules specifying durational

datz between morph weight sels.

21. ‘The apparatus of claim 20, whersin said durational
da1a comprises trapsition start and \ransition end Gmes.

22. The apparatus of claim 19, wherein said desired avdic
sequence is from 2 pre-tecorded five performance.

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

24. The apparatus of claira 19, satd plurality of subse-
guences of timed phonemes is obtained from a fle.

25, The apparates of claim 19, wherein said plurality of
subsequences of tmed phonemes is geperated during ani-
mation.

26. The epparatus of claim 19, wherein said output
sequence of apimated characters is trapsmitled over a Com-
puter network,

27. The apparams of claim 19, wherein said generating
said output morph weight strezm comprises:

geperating an appropriale morph weight set comrespond-

ing fo cach subsequence of said timed phonemes; and

generating time parammeters for trapsition of said appro-

priate morph weight sel from o morph weight set of a

prior sub-sequence of said timed data.

8. The apparatus of claim 1%, wherein each of said frst
set of rules compiises 2 nule's crileria and a rale’s function.

EXHIBIT B
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29, The apparatus of claim 28, wherein said geperating an
output morph weight set streain comprises:

checking cach sub-sequence of said plurality of sub-
sequesces of limed date for comnpliance with said rule’s
criteria; and

generating an outpul morph weight sel and rapsition
parameters by applying said rule’s fusction upon said
compliagce with said criterz.

40. The apparatus of claim 19, wherein said first set of
rules comprises 2 default set of rules and an optonal
secondary set of rules, said secondary set of rules having
prierity over said default set of rules.

31, The apparatus of claim 19, wherein said plurality of
subssquences of timed phoneres comprises 2 timed aligned
phonetic transcriptions seqaence. :

32, The apparatus of claim 1, whetein said plurality of
gubsequences of timed phopemes comptises time aligned
data.

33. The apparatus of claim 31, wherein sa3d phurality of
subsequences of timed phonemes further cowmprises time
aligned emotional transcription data.

34. The apparatus of claim 27, wherein said traasition
parameters COMPIIses!

\ransition start time; and

transition end Hme.

35, The appazatus of claim 34, whezein said compuisr
code further comprises:

2 method for generating said oulpul moiph weight set
stream by interpolating between morph weight sets al
said transition start fime and said fransition end time
according to a desired frame rate of said oulput
sequence of animaled characters,

36. The apparatus of claim 1%, whereln sald computer

code further comprises:

a method for applying & second set of rules 1o said output
morph weight set prior to said generating of s2id cutput
sequence of animated characters.

£ ok k ok ok

000632
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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 Stephen V. Wilson and the assigned
discovery Magistrate Judge is Andrew J. Wistrich.

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

Cv1l2- 10345 sSVw (AJWx)

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

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

NOTICE TO COUNSEL.

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

Subsequent documents must be filed at the following location:

Western Division i3 Southern Division Eastern Division
312 N. Spring St., Rm. G-8 411 West Fourth St., Rm. 1-053 3470 Twelfth St., Rm. 134
Los Angeles, CA 90012 Santa Ana, CA 92701-4516 Riverside, CA 92501

Failure 1o file at the proper lecation 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

CV12-10345 SVW (ATWXx)

PLAINTIFF(S)

THQ, 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 i), you

must serve on the plaintiff an answer to the attached E‘fcompiaint 0 amended complaint

[ counterclaim O 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: ‘(}’ \Ma\ By: \ D{/! \ A)ﬂ(w}b@

Depyty Clerk
LORI 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(10/11 SUMMONS
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L,

CIVIL COVER SHEET
ittt !
I (a) PLAYNTIFFS {Check box if you are representing yourself 1) DEFENDANTS Telet e L i
McRO, Inc., dba Planet Blue THQ, Inc. "
{(b) Attorneys (Firm Name, Address and Telephone Number. If you are representing Attorneys (If Known}
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UNITED STATES DISTRICT COURT, CENTRAL DISTRICT OF CALIFORNIA
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VIIKa). IDENTICAL CASES: Has this action been previously filed in this court and dismissed, remanded or closed? ®No O Yes
If yes, list case number(s)h

VIIEh). RELATED CASES: Have any cases been previously filed in this court that are related to the present case? E{Ne £ Yes
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Civil cases are deemed related if a previously filed case and the present case:
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