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1 COMPLAINT FOR PAT ENT INFRINGEMENT
2 McRo, Inc., d.b.a. Planet Blue (“Planet Blue”), bl‘.ings this Complaint for
3 patent infringement against Obsidian Entertainment, Inc. (“Obsidian” or
4 “Defendant”), and hereby states as follows:

5 NATURE OF THE ACTION
6 This is an action for patent infringement of United States Patent No.

7 6,307,576 (the “’576 Patent”) and United States Patent No. 6,611,278 (the “°278
8 Patent”) (collectively, the “Patents-in-Suit”) under the Patent Laws of the United
9 States, 35 U.S.C. § 1, et seq., and seekiﬁg damages and injunctive and other

10 relief under 35 U.S.C. § 281, ef seq.

11 PARTIES

12 1. Planet Blue is a corporation existing under the laws of Delaware, with

13 || its principal place of business at Santa Monica, California. Planet Blue is actively

14 |l involved in the advertising industry as a computer graphic, visual effects, and

15 || animation services company, which services utilize methods covered by the

16 || Patents-in-Suit.

17 2. Upon information and belief, Defendant Obsidian is a corporation

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

19 || business at 8105 Irvine Center Drive, Suite 200, Irvine, California 92618. Upon

20 || further information and belief, Obsidian is engaged in the business of developing

21 || computer and/or video games.
22 JURISDICTION AND VENUE
23 3. This is a complaint for patent infringement under 35 U.S.C. § 271.

24 || This Court has subject mattef jurisdiction pursﬁant to 28 U.S.C. §§ 1331 and

25 i1 1338(a).

26 4. Upon information and belief, this Court has personal jurisdiction over

27 || Defendant because Defendant is located in California, has regularly done or

28 || solicited business, or engaged in a persistent course of conduct in California, has

2
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maintained continuous and systematic contacts with California, and has
purposefully availed itself of the privileges of doing business in California.

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

FACTUAL BACKGROUND

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

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

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

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

g. Fach of the Patents-in-Suit is valid and enforceable.

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

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

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

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

3
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Central District of California.

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

COUNT I: INFRINGEMENTOF THE ’576 PATENT

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

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

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

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

U.S.C. § 287.

4
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COUNT II: INFRINGEMENTOF THE ’278 PATENT

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

18.  Upon information and belief, Obsidian 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 of three-dimensional characters
claimed in the ’278 Patent and by making, using, offering to sell, selling, and/or
importing the aforementioned computer and/or video games, the Defendant has
been and is now infringing, directly under 35 U.S.C. § 271 one or more claims of
the *278 Patent, either literally or under the doctrine of equivalents.

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

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

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

judgment in its favor as follows: .

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

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

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

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

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

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

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

G.  Declaring this to be an exceptional case and awarding Planet Blue

attorneys’ fees under 35 U.S.C. § 285;

H.  Awarding Planet Blue costs and expenses in this action;
I. Awarding Planet Blue pre- and post-judgment interest on its damages;

and

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

as this Court deems just and proper.

6
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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 T
MarcA. Fenster © 7
Irene 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

FOR AUTOMATICALLY ANIMATING LIP SYNCHRONIZATION AND FACIAL
EXPRESSION OF THREE DIMENSIONAL CHARAGTERS FOR FILMS, VIDEGS,
CARTOONS, AND OTHER ANIMATION PRODUCTS.

%

CONFIGURING A SET OF DEFAULT CORRESPONDENCE RULES BETWEEN A
PLURALITY OF VISUAL PHONEMA;IE%" GGI‘!;'?TOgg% AND A PLURALITY OF MORPH

50

¥

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

52

FIG. 2
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10

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

56

¥

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

¥ ya 58
EVALUATING A PLURALITY OF TIME ALIGNED PHONETIC
TRANSCRIPTIONS AGAINST THE DETERMINING MEANS FOR PRODUCING
A STREAM OF MORPH WEIGHT SETS.

3 /"60

APPLYING THE DETERMINING MEANS FOR PRODUCING A STREAM OF
MORPH WEIGHT SETS TO GENERATE AN OUTPUT MORPH WEIGHT SET
STREAM, ALLOWING FOR AN APPROPRIATE MORPH WEIGHT SET
CORRFSPONDENCE WITH EAGH OF A PLURALITY OF TIME ALIGNED
PHONETIC TRANSCRIPTION SUB-SEQUENCE AND CORRECT TIME
PARAMETERS APPLIED 70 A PLURALITY OF MORPH WEIGHT SET
TRANSITIONS BETWEEN A REPRESENTATION OF A PRIOR TIME ALIGNED
PHONETIC TRANSCRIPTION SUB-SEQUENCE AND A CURRENT ONE.

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

BACKGROUND OF THE INVENTION

1. Field of Invention

This invention relates generally to animation producing
methods and apparatuses, and more particularly is directed
1o a method for antomatically animating ip synchropization
anc: facial expression for three dimessional characters.

2. Description of the Related Art

- Various methods have been proposed for animating lip
synchronization and facial expressions of animated charac~
1exs in apimated products such a5 movies, videos, carioons,
CD's, and the 1ike. Prior metbods in this area have long
suffered from the need of providing an cconomical means of
animaling lip synchronization and characier expression in
the productien of animated products due to the extremely
Jaborious zad lengthy protocols of sach prior traditional and
computer apimation technigques. These shortcomings have
significantly limited all prior lip synchronization and facial
expression methods and apparatuses used for the production
of animated products. fndeed, (he limilations of cost, time
required to preduce an adequate lip syocheonization or facial
expression in an animated product, and (he inberent mita
tions of prior melbods and apparatuses [0 satisfactorily
provide lip synchronization or express character feelings and
emotion, leave a significant gap in the potential of animated
methods and apparatuses in the current state of the art.

Time aligned phonelic franscriplions {(TAPTS) are a pho-
getic transcription of a recorded text or soundirack, where
the occurrence in time of each phoneme is also recorded. A
“shonemes” is defined as the smallest upit of speech, and
corresponds to a single sound. There are several standard
phonetic “alphabets” such as the International Phopelic
Alphabet, and TIMIT ceeated by Texas Instruments, Inc, and
MIT. Such irznscriptions can be creafed by hand, as they
cucrently are in the traditiopal auimation indusiry and are
called “x” sheeis, or “gray sheets” in the trade. Alterpatively
such transcriptions can be crested by automatic speech
recogaition programs, or lhe like.

The eurrept practice for thice dimensional compuier gea-
erated speech animation is by magual technignes commoniy
using a “morph target” approach. In this practice a reference
model of a neniral mouth position, and several other mowth
posilions, each corresponding 10 2 different phoneme or set
of phopemes is used. These models are called “morph
targets”. Each morph target has the same topology as the
peutral model, (he same number of vertices, and each vertex
on each model logically corresponds 1o a vertex on each
other model. For exanple, vertex #n on all models repre-
sents the left corner of the mouth, and ‘zlthough this is the
typical case, such rigid correspondence may not be peces-
Sary.

The deltas of each vertex on each morph target relative to
the neutral are compuled as a vecior from each verlex n on
the reference o each vertex n on each morph target. These
are called the delfa sets. There is one defia set for each morph
larges.

In producing znization products, a value usually from 0
10 1 is assigned o cach delta set by the animator and the
value js called the “morph weight”. From these morph
weights, the neutral’s geomelry is modified as follows: Each
vertex N on the pentral has the cortesponding delta set’s

EXHIBIT A

2

vertex mulliplied by the scalar morph weight added 1o it
This is repeated for cach morph targei, and the result
summed. For each vertex v iz the peutral mode):

n
fresuly = jnentrel + Z ldeha sey,] » morph weight,

ES)

Idelta setx|*morph weights

where the symbol hoce] is used io indicate the corresponding
vector in cach referenced sef. For example, Iresult is the
corresponding resultant vertex lo veriex v in the neutral
model ineatral| and |della setd is the corresponding vector
for delta set x.

If the morph weight of the delta set corresponding to the
roorph target of the character saying, for example, lhe “ob”
sound is set (o 1, and all others are sl o 0, the neviral wouid
be modified 1o look like the “ob target. If the situation was
the same, except that Lhe “oh” morph weight was Q.5, the
neutral’s geometry is modified half way between neutral and
the “oh™ morph largel.

Siznilarly, if the sifuation was s described above, except
“oh™ weight was 0.3 and fhe “ee” morph weight was al 0.7,
the newtral geometry is modified 10 have some of the “oh”
model characteristics and more of the “ee” model charac-
leristics. There also are prior bleading methods including
averaging the delta sets according to their weights.

Accordingly, to apimate speech, the artist needs to set ail
of these weighis al each frame lo an appropriate value,
Ususally this is assisted by using a “keyframe” approach,
where the arlist sels the apprapriate weights al ceriain
jmportanot times (“keyframes”) and 2 program interpolates
sach of the channcls at each frame. Such keyframe approach
is very ledious and time consuming, as well as inaccurate
due [o the large number of keylrames necessary 10 depict
speech.

The present invention overcomes many of (he deficicncies
of the prior art and obtains its objectives by providing an
integrated method embodied in computer software for use
with a computer for the rapid, efficient lip synchronization
and manipulation of character facial expressions, thereby
allowiag for rapid, creative, and expressive animation prod-
ucts to be produced in. a very cost effective manner.

Accordingly, il is the primary object of this jovention 1o
provide a method for automatically animating lip synchro-
pization and facial expression of three dimensioaal
characters, which is integraled with computer meaps for
producing accurate and realistic Yip synchronization and
facial expressions in animated characters. The methed of the
present invention further provides an extremely rapid and
cost effeclive means lo automatically create lip synchroni-
zation and facial expression in three dimensional apimaled
characlers.

Additional objects and advantages of the invention wilibe
set forth iz the description which follows, and in part will be
obvious from Lhe description, or may be learned by practice
of the ipvention, The objects and advantages of the invention
may be realized and obtained Dy means of the instrumen-
{abities and combinations particularly pointed out in the
appended claims.

SUMMARY OF THE INVENTION

To achieve 1be foregoing objects, and in accordance with
the purpose of the invention as embodied and broadly
described herein, a method s provided for controfling and
automatically animating Hp synchroaization and facial

000013
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expressions of three dimensional animated characters using
weighted morph targels and time aligned phonetic 1ranscrip-
tions of recorded fext, and other time aligned data. The
method utilizes a set of nies that deicrmine the systems
ouiput comprising a stream or strears of morph weight sels
when 2 sequence of timed phopemes or other timed data is
encountered. Other limed data, such as pilch, amplilued,
poise amounts, or emotional slale data or emotemes such as
“surprise, “disgusl, “embarrassment”, “limid smile”, or the
ike, may be iaputted to affect the oulput stream of morph
weight sets.

The meshodology herein described allows for automali-
cally anirating lip synchronization and facial expression of
{hree dipnensional characters in the creation of a wide variety
of animation producis, inchiding but not limited to movies,
videos, cartoons, CD’s, software, and the fike. The method
and apparaiuses herein described are operably integrated
with computer software and hardware.

In accordance with the present invention there aiso.is.

provided a method for automatically animaling lip synchro-
pization and facial expression of three dimensional charac-
ters for flms, videos, catloons, apd otber anim ation
products, comprising configuring a set of default correspon-
dence nules between a plurality of visual phoneme groups
and a plurality of morph weight sets; and specifying a
plurality of morph weight set transition rules for specifying
durational data for the geveration of transitionary eurves
between the plurality of morph weight sets, allowing for the
production of a stream of specified morph weight sets to be
processed by a computer animation system for integration
wiih olher animation, whereby animated lip synchronization
and facial expression of animated characters may be aulo-
matically confrolled and produced.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illusirate a pre-
ferred embodiment of the invention and, fogether with a
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genersl description given above and the detailed description 40

of the preferred embodiment given below, serve 0 explain .

{be principies of the invention.

FIG. 1 is 2 flow chart showing the method of the invention
with an optional (ime aligned emotional transcription file,
and another paralle] limed data file, aceording o the inven-
tion.

. FIG. 2 is & fow chart ifinsirating the principal steps of the
present method, according lo the invention.

FIG. 3 is another representational flow chart illustrating
the present method, according 1o the jnvention,

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will pow be made in detail fo the present
preferred embodiments of the invention as illustrated in the
accompanying drawings.

Tn accordance with the pregent invention, there is pro-
vided as iflustrated in FIGS. 1-3, a method for controlling
and aulomatically apimating lip synchronization and facial
expressions of three dimensional animated characters using
weighted morph targets and time aligned phoneiic transcrip-
tions of recorded fexl. The method utilizes a set of rules that
deterrmine the systems ontput comprising a streatn of morph
weight sets when a sequence of timed phopemes is encoun-
tered. Other timed data, such as timed emotional state data
or emotemes such as “surprise, “disgust, “gmbarrassment”,

EXHIBIT A
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“timid smilen”, pilch, amplitued, noise amounts or the like,
may be inputied to affect the output stream of morph weight
sets.

The method comprises, in one embodirzent, configuring a
set of default correspondence rules between a plurality of
vizual phoneme groups and a plurslity of morph weight seis;
and specifying & plurality of morph weight set transition
rules for specifying durational dala for ihe generation of
trapsitionary curves between the plurality of morph weight
sets, aliowing for the production of a stream of specifizd
morph weight sets o be processed by 2 computer asimation
systex for inlegration with other animation, whereby ani-
mated iip synchronization and facial expression of znimated
characters may be antomatically produced.

There is afso provided, according fo the invention a
method for aulomatically animaling lip synchronization and
facizl expression of three dimepsional characlers for use
with a compuler asimation sysiem, comprising the steps of:
determining means for producing a stream of morph weight
sets when a sequence of phonemes is encountered; evalu-
ating a pluratity of time aligned phonetic transcriptions o
other imed data such as pitch, aplitode, noise amounts anc
the like, against the determining means for producing 2
siream of morph weight sels; applying said determining
meass for producing a stream of morph weight sets to
generate an output morph weight set stream, allowing for an
appropriate snorph weight set correspondence with each of
a plurality of time aligned phonetic frapscription sub-
sequences and corzect time parameters applied o a plurality
of morph weight set transitions between a representation of
= prior time aligned phonetic trapscription sub-sequence and
a2 current one, whereby lip syachromization and facial
expressions of animated characters is auiorzatically con-
trolled and produced.

The method preferably comprises a set of rules that
determine what the outpul morph weight sef steam will be
when any sequence of phonemes and their associated times
is encountered. As used berein, a “morph weight set” is a set
of valnes, one for each delta set, thal, when applied as
described, transform the neutral model to some desired state,
guch as speaking the “oo” sound or the “th” sound.
Preferably, one madel id designaled as the anchor model,
which the doltas are computed in reference to. If for
example, lhe 35 a morph targei that represents all possible
oceurrences of an “e” sound perfectly, it’s morph weight set
would be all zeros for ali delta sets except for the delta set
corresponding io the “ee” fnorph largel, which would set o

Preferably, each rule comprises two parts, the rule’s
crileria and the mle’s function. Fach sub-sequence of time
aligned phonetic transcription (FAPT) or other timed data
such as pifch, amplilde, noise amount or the like, is
checked against a rule’s criteria o see if that rule is
applicable. If 50, the rule’s function is applied fo generate the
output, The primesy function of the rules is to delermined 1)
the appropriate mozph weight set corsespondence with each
TAPT sub-sequence; and 2) the time parametess of the
morph weight set trapsitions between the representation of
the prior TAPT sub-sequence ot other timed data,and the
currepl ons, Conditions I) and 2) must be completely
specified for any sequence of phonemes and times epcovn-
tered. Together, such rules are used to creale a contipious
stream of morph weight sets.

In the present methed, il s allowable for more than one
phoneme 1o be represented by the same morph largel, for
example, “sss” and “zzz”. Visually, these phonemes appear
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similar. Through the use of such rules, the user can group
phonerses together that have 2 similar visual appearance inlo
visual phonemes™that function the same as one another. [tis
also acceptable, through the rules, to ignore certain phopeme
sequences. For example, a rale conid specify: “If in the
TAPT, there are two of more adjacent phonemes thal are in
the same “visual phoneme” group, all but the first are
ignored™.

The riles of the present method may be categorized in
three main groupings; defanlt rules, auxiliary rales and post
processing rules, The default rules must be complete enough
1o create valid output for any TAPT encountercd at 2ay point
in the TAPT. The secondary rales are used in special cases;
for example, to substifute alternative morph weight sel
correspondences and/or travsition rules if the identified
exiferia are met, The post processing rules are used to fusther
manipulate the morph weight set stream after the default or
secondary rules are applied, and can further modify the
members of the morph weight sets determined by the default
and secondary rules and inlerpolation.

¥f for example, 2 specific TAPT sub-sequence does not fit
the criteria for any secondary rules, then the default roles
take effect. If, on the other hand, the TAPT sub-sequence
docs it the criteria for a secondary rule(s) they take prece-
dence over the default mles. A TAPT sub-sequence take into
account the current phoneme and duration, and a number of
the preceding and following phonemes and duration’s 3§
well may be specified.

Preferably, the secondary rules cffect morph target corre-
spondence and weights, or lrapsition tmes, or beth. Sec-
ondary rules car creale tramsitions and correspondences
even where no phonesme transitions exist. The secondary
rules can use as their critera the phoneme, the duration or
the phoneme’s confext in the oulpui stream, that is what
phonemes are adjacent or in the neighborhood to the current
phoneme, what tbe adjacent durations are, and the like.

The post processing rules are preferably applied after a
preliminary output morph weight set is calenlated 50 as (o
modify it. Post processing rales can be applied before
interpolation andfer after interpolation, as described later in
this decument. Both the secondary and post processing rales
are optional, however, they may in cerlain applications be
very complex, and in particelar circumstances contribute
ore to the cutput than the default rules,

0 RIG. 1, a flow chart illustrates the prefemred steps of the
methodology 10 for automatically animating Hp synchroni-
zation and facial expression of three dimensional animated
characters of the present fnvention, A specific sub-sequence
20 is selected form the TAPT file 12 and is evaluated 22 (0
determine if any secondary mie criteria for morph weight set
target apply. Time aligned emotional transeription file 14
data may be inputted or date from an optional time aligned
data file 16 may be used. Also shown is a parzllel mothod 18

which may be configured identical to the primary method 3

described, however, using different timed data rujes and
differcnt delta sets. Sub-sequence 20 is evaluated 22 fo
determine if any secondary rule criteria apply. If yes, then 2
morph weight set js assigned 24 according to the secondary
rules, if 70, then  morph weight set is assigned 26 according
to the default rules. I the sub-string mests any secondary
rufe criteria for transition specification 28 then a transition
staxt and end time are assigned according to the secondary
rules 32, if no, then assign transition start and end Hmes 30
according 1o default rules. Thes an infermediate file of
trapsilion keyframes using larget weights and transition
riles as gemeraled are created 34, and if aay keyframe
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sequences fit post process before interpolation niles they are
applied hese 36. This date may be output 38 here if desired.
if mot, then interpolate using any method post processed
keyframes to a desired frequency or frame rate 48 and if any
morph weight sequences gencrated fit post processing after
interpolation criterfa, they are applied 42 af this point. If
paraile] methods or systems are used to process other timed
aligned data, they mazy be concatenated here 44, and the data
output 46.

In FIG, 2, the method for awomatically animating lp
synchronization and facial expression of threc dimensional
characters for films, videos, cartoons, and other apimation
products 10 is shown according to the inpveniion, where box
5Q show the step of configuring a set of default correspon-
dence rules between a plurality of visual phoneme groups or
olber Limed input deta and a plurality of morph weight sels.
Box 52 shows the steps of specifying a piurality of morpl
weight set transition rules for specifying durations] data for
the gencration of transitionary curves befween the pluratity
of morph weight sets, sliowing for the production of a’
stream of specified morph weight sels to be processed by a
computer animation system for integration with other
animation, whereby animated lip syachronization and facial
expression of anjtmaled characters may be automatically
produced. )

With reference pow to FIG, 3, method 10 for automati-
cally amimaling lip synchronization and facial expression of
three dimensional characters for use with a comnpuler ani-
maation system is shown including box 56 showing the step
of deterspining means for producing a stream of morpb
weight sels when a sequence of phonemes is encountered,
Box 58, showing the step of evaluating a plurality of time
aligned phonetic (rapscriptions or other (imed at such as
piich, amplitnde, noise amounts, and the like, against said
determining means for producing 2 stream of morph weight
sets. Inbox 60 the steps of applying said determining means
for producing a stream of morph weight sets to generate an
ocutput morph weight sef stream, allowing for an appropriale
morph weight set correspondence with each of a plarality of
time aligned phonetic transcription sub-sequences and cor-
tect time parameters apphied (o & pluralily of morph weight
set trapsitions between a representation of a prior time
aligned phonetic transcription sub-seguence apd a current
one, whereby lip synchronization and facial expressions of
animated characters is aufornatically comfrolled and pro-
duced are shown according to the invention.

In operation and use, the user musl manually set up
default correspondence rules between all visual phoneme
groups and morph weight sets. To do this, the user preferably
specifies the morph weight sets which comespoad to the
mode} speaking, for example the “oo” sound, the “th” sound,
and the like. Next, defaull rules must be specified. These
rules specify the durational information needed io generate
appropriale transitionary curves between morph weight sets,
such as transition start and end limes. A "trapsition” between
rwo morph weigh sets is defiped as each member of the
morph weight set trapsitions from it’s current state 1o ¥'s
target slate, starting at the {ransition start time and ending at
the transition end time. The target state is the morph weight
set determined by 2 correspondence rule.

The defanlt correspondence rules and the default morph
weight sel wansition rules define the default system behav-
for, 1€ all possible visual phoneme groups or all members of
allersative data domains have morph weight set
correspondence, any phoneme sequence can be bandied with
this rule set alone. However, addilional rufes are desirable
for effecls, exceptions, and uniqueness of character, as
further described below.
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According 1o the metbod of the invention, other mles
involving phoneme’s duration andfor coniext can be speci-
fied. Also, any othier rules that do not fit casily jato the above
meptioned categories can be specified. Examples of such

8

Function: Use morph weight set {0,0,1,0,0,0) as iransition
target. .

Criteria: Bocounier an “oh™ as in “oid”

Function: Use morph weight set (0,6,0,1,0,0) as transition

rules are described in greater detail below and are fermed the 5 target.

“gecondary rules”. If 2 timed phoneme or sab-sequence of Criteria: encounter a “silence”

timed phonemes do nmot fil the crileria for any of the Funetion: use morph weight set {0,0,0,0,0,0) as transition
_ secondary rules, the defaull rules are appiied as seen in FIG. targel.

1. Default Transition Rule:

It is seen that through the 1se of these nales, an appropriate 30 Criteria: Encounter any phoneme
morph weight stream is produced. The uninterpolated morph Function: Trapsition start time=(the ouigoing phoneme’s
weight stream bas entries oply at transilion stari apd end end time)-90,1%(¢he outgeing phoneme’s duration);
time, however, These act 2s keyframes. A morph weight set transition end time=(the incoming phoneine’s start time)+
may be evaluated at any time by interpolating petween these {.1* (the incomiog phoneme's duration}

Jeyframes, using comventionai methods. This is how the 1%

output stream is caleulated each desired time frame. For Secondary Rules

example, Tor telévision productions, the necessary resohition Criteria: Encounter an “oh” with a duralion reaier thap 1.2
is 30 evaluations per second. scoor; s & .

The posl processing rules may be applisd either before 0f | Function: Use merph weigh set (0,0,0,0,1,0)
after the above described interpolation step, or both. Some % ~teria: Bocounter an el followed Ly an “ob" and pre-
rules may apply only o keyframes before inmerpolation, ceded by an “h”.
some fo interpolated data. If applied before the interpoletion  Punction: Use morph weigh set (0,0,0,0,0.1) as transition
step, this affects the keyframes. if applied after, it effects the targel.
interpolated data. Post processing ¢an use the morph weight Critedia: Encounter any phoneme preceded by silesce
sefs caiculated by the default and secondary rules. Post ™ pyunction: Trapsition start time=(the silence’s end tme)~
processing rules can use the morph weigh sefs or sequences 0.1*(the incoming phoneme’s duration):Transiticn end
as in box 44 of FIG. 1, caloulated by the default and time=the incoming phoneme’s start lime
secondary rules. Post processing rales can modé_fy the indi- Criteria: Encounter silence preceded by zny phoneme.
vidual members of the morph weight sets previously gen-  Eugction: Transition stast time=the silence’s start time +0.1*
erzted. Post processing rules may be applied in addition to ~ (ihe ougoing phoneme’s duration)
other rules, including other post processing rules, Once the Post ?rocessin; Rules
rule sel up IS completed as described, the method Of, he  rteria; Bncounter a phoneme duration under (.22 seconds,
present invention can take any number and length TAPT's 5 gypetion: Scale the transition target determined by the
input, and automaically ouiput the comresponding mOPh . Gegault and secondary rules by 0.8 before interpolation.
weight set stream as seen in FIGS. 1-3. Accordingly, using this exampie, if the user were fo use

For example, 2 modeled peutral geometric representation these rules for the spolken word “Hello”, at least four morph
of a character for an animaled production suck as a movies, fargets and a neutral farget would be tequired, that is, ope
video, cartoon, CD or the like, with six morph targets, and each for the sound of “h”, “e”,17,*ob™ and their associated
their delfa sets determined. Their represeatations, for . delta sets. For example, a TAPT representing the spoken
example, are as follows: word “hello™ could be configured as,

Delta Set Visua} Representation 5 Time Phoneme

2
1 B oD silence buging K
2 el 0.8 silence ends, "b" begios
3 ‘e 10 =5 ends, “eh” begins
4 “oh' 1.37 “en” ends, “1" begins
3 exnpgeraled “ob” 1.6 “1" ends, “oh™ begins
& special case “ob” wsed during a “snide langh” sequences 50 2.1 “o}" cnds, silence begins.

Tn this example, the neutral model is vsed fo represent The method, for example embodied in computet sofiware
silesce. The following is ap example of a sel of rules, for operation with a computer or computer animation system
according to the presenl method, of course 1his is only an would creale an oulput morph weight set stream as follows:
example of a set of mles which could be use for lustrative 3%
purposes, and many other rules could be specified according
1o the method of he invention.

P81 DS2 DS3  DS4 8.5 :

Defaalt Rules Time  #RN (b (1) {ob) fwxier? DSE
Defzult Correspendence Rules; 60 5o o o 5 o N o
Criteria: Epcounter 2 “b” as in “house” 0,18 2 0 & a 0 0
Function: Use morph weight set (1,0,0,0,0,0) as transition 0.8 1 9 0 g 0 0
taxget. 098 1 0 0 0 0 )
Criteria; Epcounter an “eb” as i “bet” ;giz ﬁ i g g g g
Punction: Use morph weight set (0,1,0,0.0,0) as trapsition 65 1,403 o 0 ] 0 2 G
target. 1.667 0 0 1 4 0 ¢

Criteria; Encounter a “1 as in “old”
EXHIBIT A 000016
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~continued
DS1  DPS: DS3 DSA DSs
Time B (eh) (17 {"oh™) (aw"oh) .86
1.74 0 8 o 1 0 g
21 0 8 0 1 0 o
2.34 0 o 0 0 0 0

Such morph weight sets act as keyframes, marking the
transitiopary points. A morph weight sel can be obtained for
any time within the duration of the TAPT by lnterpolating
between the morph weight sets using conventional methods
well known in the art. Accordingly, a morph weight sel can
be evalualed at every frame, However, the post processing
rules can be applied o the keyframes before inferpoiztion as
in box 36 of FIG. 1, or to the interpolated datz as in box 46
of FIG. 1. From such stream of morph weight sets, the
neutral model is deformed as described above, and then sent
1o a conventional computer animation sysiem for integration
with other animation. Allernatively, the morph weight set
streamn can be used direcily by an animafion program or
package, wither interpolaled or not.

The rules of the present invention are exiensible and
freeform in the sense Lhat they may be creafed as desired and
adapted o a wide varisty of animoation characlers, situations,
and products. As each rule comprise a criteria and fupclion,
as in an “if . ., then .. . else” construct. The following are
Hlustrative examples of other rules which may be vsed with
the present melbodology.

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

Criteria: Encounter a “o™ phoneme of any duration,
Function: Use a morph weight set {0,800 .. . 0} as a
transition target.

Another example would be creating several slightly dif-
ferent morph largets for each phboneme group, and using
them randomly each lime thal phoneme is spoken. This
would give a more random, or possibly comical or interest-
ing look to the apimation’s. This is a secondary rule.

An example of post processing rule, before interpolation
would be to add a small amoua! of random pojse fo ail
morph weight channels are all keyframes. This would
slightly alter ibe look of each phoneme to create a more
natural look.

Criteria: Encounter any keyframe
Functjon: Add 2 small random value to each member of the
morph weight set prior {o inferpolatios.

An examaple of a post processing rule, after interpolation
would be to add a component of an auxiliary morph farget
(one which does not comespond direcily to a phoneme) to
the oulput stream in a cyclical manner over time, afler
interpolation. 1f the auxiliary morph largel bad the charac-
ter’s mouth moved to the leff, for example, the output
snimation would have the characler’s mouth cycling
between center o lefl as be spoke.

Criteda: Encounler any morph weight sel geperated by
interpolation :

Fugction: Add a value calculated through a mathematical
expression to the morph weigh set’s member that corre-
"spoads 1o the awxitary morph target’s delts set weight.

The expressicn might be, for example: 0.2%sin

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

jation of the animaied character’s mouth every five sec-

onds,

Another example of a secondary rile is to use alternative
weight seis(or morph weight set sequences) for certain

- EXHIBIT A
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contexts of phonemes, for example, if an “ob” is both
preceded and followed by an “ce” then use 2n alternale “ob™.
This Lype of rule can make speech idiosypcrasies, as well as
special sequences for specHfic words (which are 2 combina-

5 tion of certain phonemes ip & certain context). This type of
rele can fake info consideration the differences in mouth
positions for similar phonemes based oo conlext. For
example, the “1” in “hello” is shaped more widely than the
“17 in “burly” due Lo it's proximity o an “eh” as opposed tp

0 oa“rt,

Criteria: Encounter an “17 preceded by an
Function: Use a specified morph weight set as trapsition
target. '
Another secondary rale could be, by way of illustration,

15 that if a phoneme is longer than a certain duration, substilute

a different morph larget. this can add expressiveness (o

extended vowel sounds, for instance, if a character says

“HELLOOOQOOCOY & more exaggerated “oh” model

wouid be used.

Criteria: Encounter an “ob” longer than 0.5 seconds and less
1kan 1 second. -

Funclion: Use a specified morph weight set as a transition
target.
1f a phoneme is Jonger than apother phoneme of even

longer duration, a secondary rule may be applied (o creale
new iransitions between allernate ssorph targets at ceriain
intervals, which may be rapdomized, during the phoneme’s
duration. This will add some animation to extremely Jong
held sounds, avoiding a rigid look. This is another example
of a secondary rule

Crileria: Encounier ap “ob” longer than 1 second long.

Function: lpsert wransitions befween a defined group of
morph weight sets at 0.5 second intervals, with transition
duration’s of .2 secopds until the pext “normal” transi-
tion start time is encountered.

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

Criteria: Encounter a phoneme duralion sborter than 0.1
seconds.

Function: Multiply all members of the trapsition target
(already determined by defaunlt and secondary rales by
duration/0.1.

As is readily apparent a wide variety of othe riles can be
created to add individualify to the different characters.

A further extension of the present method is 1o make a
paraliel method or system, a5 depicled ir box 14 of FIG. 1,
ihat uses time aligoed emotional transcriptions (TAET) that
correspond o facizl models of those emotions, Using the
same techniques as previously described additional morph
weight set streams can be crealed thal conirol oiher aspects
of the character that reflect facial display of emotional state.
Such morph weigh! set streams can be concalenated wilh the
lip synchronization stream. In addition, (ke TAET data can
be used in conjunetion with the Hip sypchronization second-
ary ruies 1o alter the lip synchronization output stream. For
exampie:

Criteria: An “L” is encountered in the TAPT and the nearest
“ecmoteme” in the TAET is a “smile”.

Function: Use a specified morph weight set as lransition
larged.

As is evident from the above description, the automatic
5 animation Hp synchrenization and facial expression method

described may be used on a wide variety of apimation

products. The method described herein provides ap
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20

23

30

40

0

35

60

@

000017



Case 2:12-cv-10331-ABC-SH Document 1  Filed 12/04/12 Page 19 of 37 Page ID #:24

US 6,307,576 Bl

11

extremely rapid, efficient, and cost effective means 1o pro-
vide zutomatic lip syochronization and facial expression in
three dimensiopal animated characters. The method
described herein provides, for the frst thme, 2 rapid,
effective, expressive, and inexpensive means 1o antomati-
cally create animated lip synchronization and facial expres-
sion in amimated characters. The method described herein
cag create the necessary morph weight sel streams o create
speech animation when given a time aligned phonetic tran-
scription of spoken fext and a set of nser defined rules for
determining appropriale morph weight seis for a given
TAPT sequence. This method also defipes rules describing a
method of transitioning between these scis through time.
The present method is extensible by adding new rules, and
ofhér timed data may be supplied, such as time “emotemes”
that will effect the oatput data according to additional rules
that take this data into accounl. Ia this manner, several
parallel systems may be used on different types of imed data
and the results concatenaled, or used independently.
Accordingly, additiona) advantages znd modificatios will
readily ocour to those skilled in the art, The invention in its
broader aspects 3, therefore, not limited 1o the specific
methodological defails, representative apparafus and illus-
trative examples shown and described, Accordingly, depar-
tures from such details may be made without departing from
the spirit or scope of the applieant’s inventive concept.

What is claimed is:

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

obtajping a first set of rules that define output morph

weight set steeam as a fupction of phoneme sequence
and fime of said phoneme sequence;

obtaining 2 timed dala file of phonemes having a plurality

of sub-sequences;
generating an intermediate siceam of outpul morph weight
sets and a plarality of tramsition parametcrs between
two adjacent morph weight sets by evalualing said
pluratity of sub-sequences against said first set of rules;

generating a final stream of output morph weight sels at
a desired frame rate from said intermediate stream of
outpul morph weight sets and said pluraiity of transi-
tion paramelers; and

applying said final stream of output morph weight sets 1o

a sequence of animaled charactess to produce lip syu-
chronization and facial expression control of said ani-
mated characters.

2, The method of claim 1 wherein each of said first set of
rules comprises a rule’s criteria and a rule’s fupction.

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

checking each sub-sequence of said plurality of sub-

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

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

5, The method of claim 4 wherein said default set of rules
is adeguate to creale said infermediate slream of output
morph weight sets and said plurality of transition parameiers

between fwo adjacent morph weight sets for all sub-
sequences of phonemes in said Limed Gala file.

6. The method of claim 4 wherein said secondary set of
rules are used in special cases to substifute afiornate outpul
morph weight sets and/for transition parameters between two
adjacent worph weight sets.
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7. The method of claim I wherein said timed data is 2
tined aligned phonetic iranscriptions dala.

8, The method of claim 7 wherein said timed data further
comprises fitne aligned data

9. The method of claim 7 wherein said timed data farther
comprises time aligned emotional transeription data.

10. The method of claim T wherein each of said plurality
of transition paramelers comptises a lransition start time and
a transition end time; and said intermediate siream of oatput
morpk weight sets having entries at said tansition start time
and said fransition end time.

11, The method of claim 16 wherein said generating a
final streamn of oulput morph weight sets comnprises:

obtaining the outpul morph weight set at a desired ime by
interpolating between said intermediate stream of
morph weight sets at said wransition start time and said
{ransition end time, said desired time representing a
frame of said fnal stream of output.

12, The method of claim 1%, further comprising:

applying a second set of rules o said outpul maorph weight
sel for post processing.

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

comprises:

correspondence rules between a plurality of visaal pho-
neme groups and a plurality of morph weight sets; and

morph weight set fransition nzes specifying durational
datz for generaling iransitionary curves between morph
weight sets.

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

a computer syslem;

a first set of rmles in sald computer system, said first set
of rales defining output morph weight set stream a5 a
function of phopeme sequence and time of said pho-
peme Sequence;

a timed dala file readable by said computer system, said
timed datz file baving phonemes with 2 plurality of
sub-gequences;

means, in said computer system, for generating an ioter-
mediate stream of culput womph weight sets and a
pharality of trapsilion paramelers between two adjacent
motph weight sets by evaluating said plarality of
sub-sequences against said first set of tules;

means, in said computer system, for geperaling a final
stream of oulput morph weight sels at & desired frame
rate from said intermediate stream of output morph
weight seis and said plurality of transition parameters;
and

means, in said computer system, for applying said final
strears of output morph weight sets 1o a sequence of
apimated characters to produce lip synchronization and
facial expression control of said animated characters.

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

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

checking each sub-sequence of sald phurality of sub-
sequences for compliance with said rule’s criteriz; and

applying said rule’s function upon said compliance.

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

18. The apparalus of claim 17 wherein said defaull set of
rules is adequate 10 create said intermediate stream of cutput
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morph weight sets and said phurality of transition parameters obtaining the oulpat morph weight set a1 a desired time by
befween two adjacest morph weight sels for all sub- inerpolating bstween said jntermediate stzeam of
sequences of phonemes in said tmed data file. morph weight sets at sajd transition start time and said
19, The apparatus of claim 17 wherein said secondary sel trapsition cad time, said desired time representing a

of riles are used in special cases to substifute allernate $
output morph weight sets and/or trapsition parametess
between two adjacent morph weight sels.

20 The apparatus of claim 14 whercin said timed dala is means for applying & second set of rules to said outpul
2 timed aligned phoretic transcriptions data, morph weight set for post processing.

21. The apparatas of claim 20 wherein said timed data 10 ”
further comprises time aligned data.

22, The apparatus of claim 20 whersin said timed dats

frame of said Gpal stream of output.
25, The apperatus of claim 24, forther comprising:

26. The apparatus of claim 14 wherein said first sst of
rules comprises:

further comprises time aligned emotional transcription data. correspondence rules between a plurality of visual pho-
23. The apparatus of claim 14 wheremn each of said peme groups and a plurality of morph weight sets; and
plurality of transition paramelers comprises a (rapsition slart 15
time and a lransition end time; and said intercediale stream mozph weight set transition rules specifying durational
of output morph weight sets having eniries at said lransition data for generating fransitionary curves belween morph
slert time and said transition end time. weight sels.
24, The apparatus of claim 23 wherein said generating 2
final stream of output morph weight sets comprises: CEE

EXHIBIT A 006019
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A method for controlling 2nd aufornatically animating lip
synchronization and facial expressions of three dimensional
animated characters using weighted morph targets and time
aligned phonetic transcriptions of recorded 1ext. The methed
ntilizes 2 set of mles that determine the systems output
comprising & strearn of morph weight sets when a sequence
of timed phomemes and/or other tmed data is encountered.
Other data, such as timed emotional state data or emolemes
such as “surprise, “disgust, “embarrassment”, “timid smile”,
or the Hke, may be inputled to affect the output stream of
morph weight seis, or creale addilional streams.

36 Claims, 4 Drawing Sheets

10
TIME AUGNED
2 i
(OPTONEL) 34
e
hrion
TRAISCRI
TN e
[
l ]
AL HEOD
4 70 SRR
TS, MOWEVER, VNG
i ADLES AR
BIFEERENT DETA SETS
R R T
S SHING REET
o SEEORDIRY AL ERTEA
ShpATos
' YN
32 [ ASSCH RIS 130
S TSI ST ST I TINES
BB iR s ackomne | |AECoRSNG 1o periilr
15 Lo RAE Hires
___L.,........ At 14
LREATE INTERMEVANE FILE
ot |
(FSING TANGET WECHYS AND
e

POSTPROLESS BEFORE
WHTERPOLATION RINES
APPLY HERE
i

@

EXHIBIT B

R PR FReE SEUNCES |36

DAIR (OFTIONRLY

0000240




Case 2:12-cv-10331-ABC-SH Document 1  Filed 12/04/12 Page 23 of 37 Page ID #:28

.S, Patent Aug. 26, 2003 Sheet 1 of 4 US 6,611,278 B2
10
TIME ALIGNED PHONETIC 12 TIVE ALIGNED | - 16
TRANSCRIPTION (TAPT) FILE ¥~ DATA FILF
(OPTIONAL) 14
r o200 TIME ALIGNED
SPECIFY A SPECIFIC EMOTIONAL
SUB-SEQUENCE TRANSCRIPTION
(TAET) FILE
(OPTIONAL)
EVALUATE 22 18
SUB-STRING TO
DETERMINE IF ANY SECONDARY BULE ~~, 80 A PARALLEL METHOD
CRITERIA APPLY FOR MORPH WEIGHT = IDENTICAL TO PRIMARY
SETTARGET MORPH - SYSTEMS, HOWEVER, USING
DIFFERENT RULES AND
DIFFERENT DELTA SETS
ASSIGN MORPH WEIGHT | -24
SET ACCORDING TO
SECONDARY RULE
3
ASSIGN MORPH WEIBHT! ~26
8 SET TARGET ACCORDING
DOES T0 DEFAULT RULE

SUB-STRING MEET
ANY SECONDARY RULE CRI?FRIA
FOR TRANSITION ="

NO

v

ASSIGN TRANSTION | ~30
ASSIGN TRANS{HON START START AND END TIMES
AND END TIMES ACCORDING ACCORDING TO DEFAULT
TO SECONDARY RULE RULES .
r FG. 1A
CREATE INTERMEDIATE FILE | - 34
OF TRANSITION KEY FRAMES
USING TARGET WEIGHTS AND
TRANSITION RULES
FG. 18
JF ARY KEY FRAME SEQUENGES |50
FIT POST PROCESS BEFORE [TouFT s e A6 1
INTERPOLATION RULES DATA (OPTIONAL)
APPLY HERE ,
FIG. 1A

EXHIBIT B 0Ge02E



Case 2:12-cv-10331-ABC-SH Document 1  Filed 12/04/12 Page 24 of 37 Page ID #:29

U.S. Patent Aug. 26, 2003 Sheet 2 of 4 US 6,611,278 B2

INTERPOLATE POST V40

PROCESSED KEY FRAME PARALLEL
T0 DESIRED FREQUENCY METHOD/SYSTEM
OR FRAMED RATE

v

IF ANY MORPH WEIGHT V42
SEQUENCES GENERATED
FI7 POST PROCESSING
4FTER INTERPOLATION
CRITERIA, APPLY HERE

¥

\F PARALLEL METHOD) V4
SYSTEM PROCESSING
OTHER TIMED ALIGNED %
DATA IT CAN BE
CONCENTBATED HERF

FiG. 1B

EXHIBIT B ) 006022



Case 2:12-cv-10331-ABC-SH Document 1 Filed 12/04/12 Page 25 of 37 Page ID #:30

U.S. Patent Aug. 26, 2003 Sheet 3 of 4 US 6,611,278 B2

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

¥

CONFIGURING A SET OF DEFAULT CORRESPONDENCE RULES BETWEEN A § - 50
PLURALITY OF VISUAL PHON%’% (?f?]gggf% AND A PLURALITY OF MORPH

¥

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

52

FIG. 2
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FOR AUTOMATICALLY ANIMATING LIP SYNCHRONJZATION AND FACIAL
EXPRESSION OF THREE DIMENSIONAL CHARACTERS FOR USE WITH
A COMPUTER ANIMATION SYSTEM.

56

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

] ya o8
EVALUATING A PLURALITY OF TIME ALIGNED PHONETIC
TRANSCRIPTIONS AGAINST THE DETERMINING MEANS FOR PRODUCING
A STREAM OF MORPH WEIGHT SETS.
¥ . /"_ 60

APPLYING THE DETERMINING MEANS FOR PRODUCING A STREAM OF
MORPH WEIGHT SETS TO GENERATE AN OUTPUT MORPH WEIGHT SET
STREAM, ALLOWING FOR AN APPROPRIATE MORPH WEIGHT SET
CORRESPONDENCE WITH EACH OF A PLURALITY OF TIME ALIGNED
PHONETIC TRANSCRIPTION SUB-SEQUENCE AND CORRECT TIME
PARAMETERS APPLIED TO A PLURALITY OF MORPH WEIGHT SET
TRANSITIONS BETWEEN A REPRESENTATION OF A PRIOR TIME ALIGNED
PHONETIC TRANSCRIPTION SUB-SEQUENCE AND A CURRENT ONE.
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METHOD FOR AUTOMATICALLY
ANIMATING LIP SYNCHRONIZATION AND
FACIAL EXPRESSION OF ANIMATED
CHARACTERS

This is a contimation of application Ser. No. 08/942,987
filed Oct. 2, 1997, now UL.S. Pat. No. 6,307,576,

BACKGROUNE OF THE INVENTION

1. Field of [nvention

This invention relates geperally to animation producing
methods and apparatuses, and more particularly is directed
to 2 method for automatically animating lip synchromization
and facial expression for three dimensional characters.

2. Description of the Related Art

Various methods have been proposed for animaling lip
synchronization and facial expressions of animated charac-
lers in animated products such as movies, videos, carloons,
CD’s, and the like. Prior methods in this area have long
suffered from the need of providing an economical means of
apimaling lip syschronization and character expression in
the production of animated products due lo the extremely
laborious and lengthy protocols of such prior traditional and
compuler animation technigues. These shoricomings have
significastly Hmited all prior lip synchsonization snd facial
expressios methods and apparatuses used for the production
of apimaled products. Indeed, the limitations of cost, time
required o produce 2n adequate lip synchronization or facial
expression in an animated product, and the inberent imita-
tions of pricr methods and spparatuses lo satisfactorily
provide lp synchronization or express character feelings and
emotion, leave a significant gap in the potential of animated
methods and apparatuses in the current state of the art..

Time aligned phonetic ranscriptions {TAPTS) are a pho-
netic trapseription of a recorded fext or soundtrack, where
the occurrence in time of each phonerme is also recorded. A
“phoneme” is defined as fhe smallest unil of speech, and
corresponds 10 a single sound. There are several standard
phonetic “alphabets” such as the Interpations] Phonetic
Alphabet, and TIMIT created by Texas instroments, Inc. and
MIT. Such (ranscriptions can be created by hand, as they
currently are in she traditional animation industry and are

called “x” sheets, or “gray sheets” in the trade. Alfernatively

such trapscriptions can be crealed by antomatic speech
recognition programs, ot the fike.

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

1

mode] of a nevtral mouth position, and several other mouth ~

positions, cach comresponding to a different phoneme or set
of phonemes is used. These models are called “morph
targets”. Bach morph target has the same fopology as the
neutral model, the same number of vertices, and each vertex
on each model logically comesponds fo a vertex oa each
other model, or example, vertex #n oz all models represeats
the left corner of the mouth, and although this is the typical
case, such rigid correspondence may not be pecessary.

The deltas of each veriex on each morph target relative to
the neutral are compuied as a vector from each vertex n on
the referesce (o each vertex o on each worph larget. These
are calied the delta sets, There is one deita set for each morph
target.

Tn producing animation products, a value nsually from 0
to 1 is assigned to each della set by the animator and the
value is called the “morph weight”. From these morph

EXHIBIT B
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weights, the neatral’s geometry is modified as follows: Each
veriex N on the nentral has the corresponding delta set’s
veriex multiplied by the scalar momph weight added to il
This is repeated for each morph target, and the result
summed. For each veriex v in the aguiral model:

Jrestltfminentralie T, "ldelts setximorph weigh

where the symbol porx] is used 1o mdicate the corresponding
vector in each referenced set. For example, |resuly iz the
corresponding resultant veriex to vertex v in the peuiral
model jnentralj and jdelta setx] is the corresponding vector
for delia sef x.

If the morph weight of the delta set corresponding to the
morph target of the characler saying, for example, the “oh”
sound is set 10 1, and all others are sef (o 0, the neutral would
be modified to Jook lke the “oh target. If the sifuation was
the same, excep! that the “oh” morph weight was 0.5, the
neutral's geometry is modified half way between neutral and

-the “oh™ morph target.

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 have sowe of the “oh”
model characteristics and moze of the “ee” model charac-
teristics. There zlso are prior blending methods inchiding
averaging the delta seis according fo their weights.

Accordingly, to animale speech, the arlist needs Lo sel gl]
of these weights af each frame {o an appropriate value.
Usually this is assisted by using a “keyframe” approach,
where the artist sefs the appropriate weights al certain
important times (“keyframes™) and a program interpoiales
each of the channels at cach frame. Such keyframe approach
is very fedious and time consuming, as wel as inacourate
due fo the large number of keyframes necessary to depict
speech.

The present invention overcomes mapy of the deficiencies
of the prior art and oblains its objectives by providing an
infegrated method embodied in computer software for use
with a computer for the rapid, efficient lip synchronization
and masipuiation of character facial expressions, thereby
allowing for rapid, creafive, and expressive animation prod-
ucts to be produced in a very cost effective manner.

Accordingly, if is the primary object of this iavention to
provide a method for automagically apimating lip synchro-
nization and -facial expression of three dimensional
characters, which is inlegrated with computer means for
producing accurafe amd realistic lip synchromization and
facial expressions iz animated characiers. The method of the
preseat nvention further provides an extremely rapid and
cost effective means to automaticaily create lp synchroni-
zation and facial expression in three dimensiopal animaled
characters, .

Additionzl objects and advantages of the invention will be
set forth in the descripticn which follows, and in part will be
cbvious from the description, o1 may be learned by practice
of the invention. The objects and advantages of the ipvention
may be realized and obtained by means of the instrumen-
falities and combinations partieunlarly poinied owt in the
appended claims.

SUMMARY OF THE INVENTION

To achieve the foregoing objects, and in accordance with
the purpose of the invenlion as embodied and broadly
described herein, a method is provided for controlling and
automatically animating lp synchronization and facial
expressions of three dimensionat animated characters using
weighted morph targets and lime aligned phonetic franscrip-
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tions of recorded text, and other time aligned data. The
method ulifizes a set of rules that determine the systems
ouipuf comprising a stream or sireams of morph weight seis
when 4 sequence of timed phonemes or other timed data is
encountered, Other timed data, such as pitch, amyplitved,
- poise amounts, or eraotional siate data or emotemes such as
“surprise, “disgust, “embarrassment”, “tisdid sroile”, or the
like, may be inputted to affect the oulput stream of morph
welghl sets,

The methodology hereis described aflows for antomati-
cally apizmating lip syachronization and facial expression of
three dimensional characters in the creation of a wide variety
of apimalion produets, including but nol limited o movies,
videos, cartoons, C's, software, and the hike. The method
and apparafuses herein described are operably infegrated
with computer software and hardwars,

In accordance with the presesl invention there also is
provided a method for automatically animating lip synckro-
nization and facial expression of three dimensional charace
ters for films, videos, cartoons, and oiber animation
products, comprising configuring a set of default correspon-
dence rules between a plurality of visual phoneme groups
apd a plurality of morph weight sets; znd specifying 2
plaralify of morph weight set transition rules for specifying
duratiopal data for the generation of trapsitiomary curves
between the plurality of morph weight sets, allowing for the
produaction of & stream of specified morph weigh sels to be
processed by a computer animation sysiem for integration
with other animation, whereby animated lip synchronization
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, illustrale a pre-
ferred embodiment of the invention and, together with a
genezal description given above and the detailed description
of the preferred embediment given below, serve to explain
the principles of the invention.

FIG. 1 is 2 flow chart showing the method of the invention
with an optional time aligned emotional iranscription file,
and another parallel timed data £le, according to the inven-
tion.

FIG. 2 15 2 flow chast illustrating the principal steps of the
present method, according lo the investion,

FIG. 3 is another representational How chart illustrating
the preseal methed, according to the invention.

DESCRIPTICN OF THE PREFERRED
EMBODIMENTS

Reference will now be made in detall to the preseni
preferred embodiments of the invention as {Hustrated in the
accompanying drawings.

e accordance with the present invention, there is pro-
vided as iBustrated in FIGS. 1-3, 2 method for controlling
and antomalically animating lip synchronizalion and facial
expressions of three dimensicoal animated characiers using
weighted mosph targets and time aligned phonetic #ranscrip-
tions of recorded text. The moethod utilizes a set of riles that
determine the systezms output comprising 2 streams of morph
weight sets when a sequence of timed pbonemoes i5 encoun-
tered. Other timed data, such as timed emotional state data
or emotemes such as “sucprise, “disgust, “cimbarrassment”,
“timid smile”, pilch, amplitued, roise amounts or the like,
may be inputted 1o affect the outpul stream of morph weight
sets.

EXHIBIT B
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The method comprises, in one embodiment, configuring a
set of default corespondence rules between a plurality of
visual phoneme groups and a plurality of morph weight sets;
and specifying a plurality of morph weight set transition

5 nrales for specifying durational data for the gemeration of
transitionary curses between the phurality of morph weight
sets, allowing for the production of a stream of specified
morph weight sets to be processed by a computer animation
system for integration with other aniroation, whereby ani-
mafed lip synchropization and facial expression of animated
characters may be antomaltically produced.

There is also provided, according to the invention a
wethod for automaticelly animating lip syachronization and
facial expression of three dimensional characters for use

35 With 2 computer animation sysiem, comprising the steps of:
determining means for producing a stream of morph weight
sets when a sequence of phosemes is encountered; evalu-
ating a plurality of time aligned phonetic transcriplions or
other timed data such as pitch, amplitade, noise amzounts and

4 Lhe like, against the detenmining means for producing a
stream of morph weight sefs; applying said determining
means for producing a stream of morph weight sets o
generate an output morph weight set stream, allowing for an

- appropriate morph weight set correspondence with each of
g5 & plurality of time aligned phonetic transcription sub-
sequences and correct time parameters applied to a plarality

of morph weight set transitions between a representation of

a prior lime aligned phonetic franscription subseguence and

a current ope, whereby lHp synchronization and facial

30 expressions of apimated characiers is aulomatically con-
trolled and produced,

The method preferably comprises a2 sel of rules that
determioe what the outpuf moiph weight set stream will be
when any sequence or phonemes and their associated times

35 Is encountered. As used herein, a “morph weight set” is a st
of vaiues, one for each delta set, that, when applied as
described, transform the reutral mode to some desired state,
such as speaking the “00” sound or the “th™ soupd.
Preferably, one model] id designated as the anchor model,

ap which the deltas are computed in reference to. If for
example, the is a morph target that represents all possible
cocurrences of aa “e” sound perfectly, it's morph weight set
would be all zeros for ali delta seis except for the delia set
corresponding to the “ee” morph farget, which would set to

as 1.

Preferably, each rule comprises two parts, the rule’s

~criferia and the rule’s function. Each sub-sequence of time
aligned phopetic transception (TAPT) or other timed data
such as pifch, amplitude, noise amount or the like, is
so checked against a mle’s crileria fo see if that rule-is
applicable. If so, the rule’s function is applied 10 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 fime parameters of the

55 morph weight set transitions between the representation of
the prior TAPT sub-seguence or other timed data and the
current onme, Conditions 1)} and 2) must be completely
specified for any sequence of phonemes and times epcoun-
tered. Together, such rules are used fo create a continuous

g0 siream of morph weight sets.

In the present method, it is allowable for more than one
phoneme to be represented by the same morph targe!, for
example, “ss8” and “zzz”. Visually, these phonemes appear
similar. Through the use of such rules, the user can group

55 phonemes together that have a similar visual appearance into
visual phonemes” that function the same as one another. Tt
s also zcceplable, through the mles, to ignore cerlain
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phoneme sequences. Por example, a rele could specify: “If
iz the TAPT, there are two or wore adjacent phonemes that
ate in the same “visual phoneme” group, all but the first are
ignored”.

The rules of the present method may be categerized in
three main groupings; defsult rules, suxiliary rules and post
processing riles. The default rules must be complete enough
lo ereate valid output for any TAPT encountered at any point
in the TAPF. The secondary rules are used in special cases;
for example, io substituie allerpative morph weight set
correspondences andfor fransition rules if the identified

criteria are met. The post processing rules are used to furthes-

mamipulate the morph weight sef streass after the defanlt or
secondary rules zre applied, and can farther medify the
mernbers of Ibe morph weight sets determioed by the defauit
and secondary rules and interpolation.

If for example, specific TAPT subsequence does not fit the
criteria for any secondary rules, then the defanlt rules take
effect, If, on the other hand, the TAPT sub-sequence does fit
the criteria for a secondary mle(s) they take precedence over
the default rules. A TAPT sub-sequence take into account the
currend phoneme and duration, and 2 sumber of the preced-
ing &nd Tolfowing phonemes and duration”s as well may be
specified,

Preferably, the secondary rules effect morph lergel core-

gpondence and weights, or trapsition times, or both. Sec-
ondary tules can create fransilions and correspondences
even where no phoneme iransitions exist. The secondary
rules can use as their criferia the phoneme, the duration or
the phoneme’s context in the oulpui siream, thal is what
phopemes are adjacent or in the neighborbood to the carrent
phonense, what the adiacent duration’s are, and the like.
The posi processing rules are preferably applied after a
prefiminary outpul morph weight set is calculated so as fo
modify it. Post processing miles canm be applied before
interpolation and/or after interpolation, a5 described later in
this document. Both the secondary and post processing rules
are optional, however, they may in cerfain applications be

very complex, and in parlicular circumsiances contribuie 40

more to the output than the defanlt rules.

Ia FIG. 1, a flow chart iHustrates the preferred steps of the
methodology 10 or antomatically animating Hp synchroni-
zation and faciel expression of three dimensional animated

characters of the present invention. A specific sub-sequence 45

20 is selected from the TAPT file 12 and is evalnated 22 Lo
determine if any secondary rule criteria for morph weight set
target apply. Time aligned emotional transcription file 14
data may be inputled or data from an optional time aligned
data file 16 may be used. Also shown is a parallel method 18
which may be configured identical 1o the primary method
described, however, using different timed data rules and
different delta sets. Sub-sequence 20 is evaluated 22 1o
determine if any secondary ruke criteria apply. If yes, then a

morph weight set is assigned 24 according 10 the secondary 35

rules, if no, then 2 morph weight sel is assigned 26 accordiag
to the default rules. If ike sub-siting meets any secondary
rule criteria for transition specification 28 then a transition
start and end time 2z¢ assigned according to the secondary
rules 32, if no, then assigs transition start and end times 30
according to default rules. Then an intermediate file of
ransition keyframes using target weights and transiticn
rules as generated are created 34, and if any keyframe
sequesces fil post process before interpolation rules they are
apphied hese 36, This data may be output 38 here if desired.
If not, thes interpolate using any method post processed
keyframes to a desired frequency or frame rale 40 and if any
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morph weight sequences geperated fit post processing after
interpolation crteria, they are applied 42 at this point. If
paralie! methods of systems are vsed to process other fimed
aligned data, they may be concalenated here 44, and the data

5 oulput 46.

In FIG. 2, the method for awtomatically animating lip
synchronization and facial expression of three dimesisional
characters for films, videos, carloons, zad other animation
products 10 is shown according 1o the invention, where box

10 50 show the step of configuring & sel of default correspon-

dence rules between a plurality of visual phoneme groups or
other timed oput dala apd a plurality of morph weight sets.
Box 52 shows the steps of specifying a plurality of morph
weight set transition rules for specifying durational data for

15 the generation of transitionary curves between the plurality

of morph weight sets, allowing for the production of a
stream of specified morph weight sets fo be processed by a
compuier animation system for integration with other
apimation, whereby animeated lip synchronization and facial

20 expression of animated characlers may be automatically

produced.

‘With reference now to FIG. 3, method 10 for automati-
cally anirpaling Hp synchronization and facial expression of
ihree dirensionai characters for use with a computer ani-
mation system is shown inchiding box 56 showing the step
of determining means for producing a stream of morph
weight sefs when 2 sequence of phonemes is encountered.
Box 53, showing the step of evaluating a plurality of time
aligned phonetic fransoriptions or other timed ata sucl as
pitch, amplitude, noise amounts, and the hike, against said
determining mesns for producing 2 stream of morph weight
sets, In box 60 the steps of applying said determizing means
for producing a siream of morph weight sels 1o genarate an

. cufput morph weight set siream, allowing for an appropriate
mozph weight set correspondence with each of a plurality of
time aligred phonetic transeriplion sub-sequences and cor-
rect time parameters applied fo 2 plurality of morph weight
set tramsitions between a representation of a prior time
aligned phopelic transcription sub-sequence and a current
one, whereby lip synchronization and facial expressions of
animafed characlers is avlomatically confrolled and pro-
duced are shown according to the invention.

In operation and use, ihe user must mapually set up
.- default correspondence rules between all visual phoneme
groups and morph weight sets. To do this, the user preferably
specifies the morph weight sets which correspopd fo the
model speaking, for example the “00” sound, ibe “ik” sound,
and the like. Next, defauvit rules must be specified. These
rales specify the durational information needed 1o generale
appropriaie transitionary curves between morph weight sets,
such as transition start and eod limes. “irapsition” between
two morph weigh sets is defined as each member of the
morph weight sel trapsitions from it's current state 10 it's
larget state, starting at the trapsition star! {ime and ending at
the transition end time. The targef state is the morph weight
set determined by a correspondence rule.

The default correspondence rules and the default morph
weight sel transition rales define the default system behav-

5

so lor. If all possible visual phoneme groups or afl members of

allernative data domains have morph weight set
correspondence, any phoneme sequence can be handled with
this rule set alone. However, additional rules are desirable
for effects, exceptions, and unigueness of character, as

s5 further described below.

According to the method of the invention, other rules
involving phoneme’s duration and/or context can be speci-
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fied. Also, any other rules that do not fit easily into the above
mestioned categories can be specified. Examples of such
rules are described in greater detail below and are termed the
“secondary rules”. If & timed phoneme or sub-sequence of
fimed phopemes do not it the crterla for any of the
secondary rules, the default rales are applied as seen in FIG.
1.

It is seen thaf through the use o these rules, an appropriate
morph weight stream is produced. The uninterpolated morph
weight strcam has entries cnly at transition stert and end
lime, however, These act as keyframes. A morph weight set
may be evaluated at any time by interpolaling between these
keyframes, using conventional methods. This is bow the
output stream is caloulated cech desired time frame. For
example, for television productions, the necessary resolution
is 30 evaluations per second.

The post processing rules may be applied either before or
after. the above described interpolation slep, or both. Some
rales may apply only to keyframes before interpolation,
some to interpolated data, If applied before the interpolafion
siep, this affects the keyframes. if applied after, it effects the
interpolated data. Post processing can vse the morph weight
sets calculated by the default and secondary rules. Post
processing rules can use the morph weigh sels or sequences
as in box 44 of FIG. 1, calculated by the default aod
secondary rules. Post processing rules can modify the indi-
vidual members of the morph weight sets previously gen-
erated. Post processing rules may be applied in addition to
other rules, including other post processing rules. Once the
rule set up is completed as described, the method of the
presest invention can lake any number and length TAPT'sas
input, zad awtomaticaliy output the cormresponding morph
weight set stream as seen in FIGS. 1-3.

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

Delta Set  Visual Represenlation

1 B

z “eh”

3 wyn

4 "“oh"

5 exaggenated “oh” .

[ special case “el” used dusing » “snide Jaugh™ sequences

I this example, (he peutral model is used to represent
silence. The following is an example of a set of rules,
according fo the presest method, of course this is only an
example of a set of rules which could be use for illustrative
purposes, and many other rules could be specified according
io the method of the invention. .

Defauit Rules:

Default Correspondence Rules
Criteria: Bncoanler 2 “h” as in “house”

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

8

Criteria: Eocounter an “eb™ as in “bet”
Fupction: Use morph weight set (6,1,0,0,0,0) as traasition
target,

Criteria; Egcounter a “¥” as in “old”

5 Fupction: Use morph weight set (6,0,1,0,0,0) as transifion
target.

Criteria: Encounter an “oh™ as in “old”

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

Criteria; encounter 2 “silence”

Fonction: use morph weight set (0,0,0,0,6,0) as transition
farget.

Default Transition Rule

Criteria: Encounter any phoneme
Function: Trapsition start time={the ouigoing phoneme’s
end time)-0.1*{the ouigoing phoneme’s duration);
transition end time=(the incoming phoneme’s start time)+
0.1* (the incoming phoneme’s duralion} :
Secondary Rules
Criteria: Encoanter an “ob” with 2 duration greater than 1.2
seconds.
Function: Use morph weigh set {0,0,0,0,1,0}
55 Criteria: Encounter and “eh” followed by an “h” and pre-
ceded by an “R”
Function: Use morph weigh set (0,0,0,0,0,1) as transition
targel.
Criteria: Encounter any phoneme preceded by silence
3 Function: Trapsition stert time=(the silence’s end time)-
0.1%(the incoming phoneme’s duration) Transilion end
time~the incoming phoneme’s start fime
Crileria: Bocounter silesce preceded by any phoneme.
Punction: Transition start {ime=the silence’s start ime-0.1*
35 (the oulgoing phonemns’s duration)
Post Processing Rules
Criteria: Encounter a phoneme duration under 0.22 seconds,
Function: Scale the trapsifion target determined by the
default and secondary rules by 0.8 before inferpolation.
9 Accordingly, using this example, if the user were 1o use
these rules for the spoken word “Hello™, af least four morph
targets and a neutral targel would be required, that is, one
each for the sound of “h7, “e¢”, “1",“oh ™ and their associated
delta sets. For example, 2 TAPT representing the spoken
word “hetlo” could be configured as,

[
w

20

~
e

Time Phooeme
5 0.8 silence begine
0.8 silencs ends, “h" bepins
1.0 “h" ands, “eh” beging
1.37 “ch” eads, 1" beging
16 “1" ends, “ch” begins
55 21 “oh' ends, silence begins,

The method, for example embodied ip compuier software
for operation with a computer or compuler animation system
would create an cutput morph weight set stream as follows:

Time

DSI(hY DS2("eb) DEI(T) DSAUH} DS.Sauxch”) DS6

4.0
078

o 0 0 9 0
o 0 Q ki 0 g

[
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.98
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1.74
2.3
214
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Such morph weight sets act as keyframes, maring the
iransitionary points. A morph weight sef can be obtaived for
any time within the duration of the TAPT by interpolating
between the morph weight sefs using conventional methods
well known in the art. Accordingly, a morph weight sel can
be evaluated af every frame. However, the post processing
rides can be applied to the keyframes before interpolation as
in box 36 of FIG. 1, or to the interpolated data as in box 40
of FIG. 1. From such stream of morph weight sets, the
neutral model is deformed as described above, and then seni
to a conventional compuier animation system for inlegration
with other animation. Alternatively, the morph weight set
siream can be used directly by an animation program or
package, wither interpolated or not.

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

For example, use {0,0,0,0 . . . } as the morph weighs, set
when 2 “m” is encouatered. This is a type of default rule,
where: Criteria; Encounfer a “o” phoperne of apy duration.
Function: Use a morph weight set {0,000 . .. 0} as a
iransition fargetl,

. Another example would be creating several slightly dif-

ferent morph largets for each phoneme group, and using
them rapdomly each time (bat phooeme is spoken. This
would give 2 more random, or possibly comical or interest-
ing look fo the apimation’s. This is a secondary rule.

An example of post processing rule, before intexpelation
would be 1o add a small amount of rapdom noise fo all
morph weight chaneels are ail keyframes. This would
slightly alter the look of cach phoneme lo creale a more
patural look.

Criferia: Encounter any keyframe
Function: Add a small ragdom value to each member of the
morph weight sef prior to interpolation.

An exsrople of a post processing rule, after interpolation
would be to add a component of an auxiliary morph target
{ope which does not cormrespond direcily to 2 phoneme} o
the oulput stream in a cyclical masmer over tie, after
interpolation. If the auxifiary morph target bad the charac-
ter's mouth moved to the left, for example, the output
animation would have the character’s mouth cycling
between center 1o ieft as he spoke.

Criteria: Encounter any morph weight set geperated by
mierpolation

Fupction: Add a value caleulated through a mathematical
expression (o the morph weigh set’s member that corre-
sponds to Lhe suxiliary morph larget’s delta set weight.

The expression might be, for example: 0.2%sia

(0.24ime*2*pi)+0.2. This rule would resull in an oscil-

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

onds.
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Another example of a secondary rule is to use alternative
weight sets {or morph weight set sequences) for cerfain
contexts of phonemes, for example, in an “oh” is both
preceded and foliowed by an “ee” then use an alternate #oh”.
This type of rule can make speech idiosyncrasies, as well as
special sequesces for specific words (which are & combina-
tion of certain phonemes in a certain context). This type of
vule ¢an take info considerafion the differences in mouth
positicns for similar phonemes based on context. For
example, the “1" iz “helo” is shaped more widely than the
“1 in *burly” due to if's proximity 1o an “eb” as opposed 1o
a“y”,

Criteria: Encounter an “1” preceded by ap “r.

Function: Use a specified morph weight set as {ransition
target.

Angothe.r secondary rule could be, by way of illustration,
that if a phonems is longer than a cerfain duration, substitute
a different morph target. this can add expressiveness fo
extended vowel sounds, for instance, if a character says
“HELLOOOOOOO!™ 2 more exaggerated “ob” model
would be vsed,

Criteria: Encounter ag “oh” longer than 0.5 seconds and jess
than 1 second.

Function: Use a specified momph weight set as a (ransition
lazget. .

If a phonermse is looger than ancther phoneme of even
longer duration, a secondary rule may be applied 1o create
new fransitions between alieroate morph targels at certain
inlervals, which may be randomized, during the phoneme’s
duration, This will add some animation fo exiremely long
keld sounds, avoiding a rigid look. This is another example
of a secondary rule .

Criteria. Encounter an “ob” longer than 1 second long.

Fuoction: Insert iransitions between a defined growp of
morph weight sets at 0.5 second intervals, with fransilion
duration's of 0.2 seconds until the pext “normal” transi~
tion start time is encountered. '

If & phoneme is shorfer tham a cerlain dwradon, ils
corresponding morph weight may be scaled by 2 faclor
smaller than 1, This would create very short phosemes not
appear over articulated, Such a post processing rule, applied
before interpolation would comprise:

Criteria: Encounter a phoneme duration sherler than 0.1
seconds.

Fupction: Multiply all members of the transition target
{already determined by default and secondary rules by
duration/C.1.

As is readily apparent a wide variety of other rules can be
created 1o add individualily to the different characters,

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

]
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weight set streams can be created thal control other aspects
of the character that reflect facial display of emotional state,
_ Such morph weight set streams can be concatenaled with the
Hip synchronization stream. In addition, the TAET data can
be used in conjunction with the lip synchronization second-
ary rules to aller the lip synchronizafion owiput stream. For
example:

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

“emoterne” in the TAET is a “smile”.

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

As is evident from the above description, the anlomatic
anfmation p synchronization and facial expression metbod
described may be used on a wide variety of animation
products. The method described herein provides an
exiremely rapid, efficient, and cost effective means fo pro-
vide awlomatic Mp synchronization and facial expression in
three dimensiosal animated characters. The method
described herein provides, for the first time, a rapid,
effective, expressive, and inexpensive means to awlomati-
cally create animated lip synchronization and faclal expres-
sion in animated characters. The method described herein
can create the necessary morph weight set sireams 1o create
speech animation when given a time aligned phonetic tran-
seription of spoken text and a set of user defined xules for
determining appropriste morph weight sets for & given
TAPT sequence. This method also defiges rules describing a
method of transitioning between these sets through time.
The present method is extensible by adding new rules, and
other timed data may be supplied, such as time “emotemes”
that will effect the output data according 1o additional rules
that ake this data info account. In shis manner, several
parallel systems may be used on different types of timed data

and the results concatenated, or used independently..

Accordingly, additional advantages and modification will
readily oceur to those skilled in the art. The invention in its
broader aspeets is, therefore, not limited to the specific
methodological details, representative apparatus and illus-
trative examples shown and described. Accordingly, depar-
tares from such details may be made without departing frowm
the spirit or scope of the applicant’s inventive concept.

‘What is claimed is:

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

obiaining a first set of rules that defines a morph weight

sel stream as a function of phonerpe sequence and times
associated with said phoneme sequence;

obtaining a phurality of sub-sequences of fimed phonemes

cortesponding to a desired audio sequence for said
three-dimensional characlers;

geperating an oufpul morph weight set stream by applying

said first set -of rules o each sub-sequence of said
plurality of sub-sequences of timed phonemes; and -
applying said outpul morph weight set stream 1o an inpul
sequence of znimated characters to generate an outpal
sequence of animated characters with lip and facial
expression synchronized to said andio sequence.

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

cormrespondence rules between all visual phoneme groups

and morph weight sefs; and

morph weight set transition rules specifying duratiopal

data between morph weight sets,

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

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

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

7. The method of claim 1, wherein said phurality of
subsequences of timed phonemes is generaled durieg ami-
mation. :

§. The method of claizm 1, wherein said output sequence
of apimated characters is transmitted over 2 compuler net-
work.

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

generaling 2n appropriate morph weight set correspond-

jng to each subsequence of said timed phonemes; znd

generating time paramelers for trapsition of said appro-

priate morph weight set from a morph weight set of a

prior sub-sequence of said timed data.

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

11. The mefbod of claim 10, wherein said generaling an
outpat morph weight sel stream comprises:

checking each sub-sequence of said plurality of sub-

sequences of tirmed data for compliance with said ole’s

criteria; and

generating an oufpul morph weight set and transition

paramefers by applying said rele’s function wpon said

compliance with said criteria.

12, The method of claim 1, wherein said first set of mles
comprises a defavlt set of rules and an optional secondary sct
of mles, 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 a imed aligned
phonetic transcriptions sequence.

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

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

16. The method of claim 9, wherein said transition param-
elers comprises:

transitfon starl fime; and

trapsition end time.

17. The method of claim 18, further comprising:

generating satd oritput morph weight set stream by inter-

polating between morph weight sels al said trapsilion
start time and said trapsition end time according 1o &
desired frame rate of said cutput sequence of apimated
characters.

18. The method of claim 1, further comprising:

applying a second set of rufes lo said oufput morph weight

set prior to said generating of said oulpul sequence of
animated characters.
. 19, Ap apparatus for automatically apimating lip synchro-
nization and facial expression of three-dimensional charac-
ters comprising:

a computer system;

compuler code in said computer system, said computer

code comprising:

a method for obtaining a first sét of rales that defines a
morpk weight sef stream as a function of phoseme
sequence and times associated with said phoneme
sequUence; '
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a method for obizining a plurality of sub-sequences of
timed phonemes corresponding to a desired audio
sequence for said three-dimensional characters;

a method for generating an output morph weight set
stream by applying said first set of rules fo each
sub-sequence of said plurality of subsecuences of
lised phonemes;

a method for applying seid oulput morph weight sef
stream to zn iopuf sequence of animated characiors
to generate an oufput sequence of animated charac-
ters with lip and facial expression synchronized 1o
said audio sequence.

20. The apparatus of clim 19, wherein said first set of
rules comprises:

correspondence rules between all visual phoneme groups

and morph weight seis; and

morph weight set iransition rules specifying durational

data between morph weight sels.

21. The apparasus of claim 20, wherein said durational
dala comprises transilion start and transition end Limes.

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

23, The apparatus of claim 19, wherein said desired audio
sequence is synthetically genersted by 2 computer.

24. The apparatus of claim 19, said phurality of subse-
quepces of timed phopemes is oblained from a file,

25. The apparatus of claim 1%, wherein szid plurality of
subsequences of limed phonemes is generaled during ani-
mation.

26. The apparatus of claim 19, whesein said outpul
sequence of animated characiers is iransmilted over a com-
puter network.

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

generating an appropriate morph weight set correspond-

ing to each subsequence of said timed phonernes; and

generaling time parameters for lransition of said appro-

priate morph weight set from a morph weight set of 2

prior sub-sequence of said timed data.

28. The apparatus of claim 19, wherein each of said first
set of rles comprises a rule's criterda and a rule’s function.

EXHIBIT B
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29. The apparatus of claim 28, wherein said generating an
oulpuf morph weight set siream comprises:

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

generaling an oulput morph weight set and transition
parameters by applying said nule’s function upon said
complasce with said criteria.

30. The apparatus of clzim 19, wherein said first set of
fules compnses a default set of rules and an optional
secondary set of rules, said secondary set of mules having
priority over said default set of rufes.

31. The apparatus of claim 19, wherein said plurality of
subsequences of timed phonemes comprises a tirned aligned
phonetic transcriptions sequence, .

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

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

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

transition start time; and

transition end time.

33. The apparatus of claim 34, wherein sald computer
code further comprises:

2 method for generating said cutput morph weight set
strean by interpolating between rmorph weighl seis at
said fransition start time and said trapsitioa end time
according to a desired [rame rafe of said output
sequence of apimated characters.

36. The apparatus of claim 19, wherein said computer

code further comprises:

2 method for applying a second sed of rules to said ontput
morph weight set prior 1o said generating of said ontput
sequence of animated characiers,

# #* * L *
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This case has been assigned to District Judge Audrey B. Collins and the assigned
discovery Magistrate Judge is Stephen J. Hillman.
The case number on all documents filed with the Court should read as follows:

Cvi2- 10331 ABC (SHx)

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 all defendants (if a removal action is
filed, a copy of this nofice must be served on alf plaintiffs).

Subsequent documents must be filed at the following focation:

Western Division 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 to file at the proper location will resuit in your documents being returned fo you.
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Email: ilee@raklaw.com

12424 Wilshire Boulevard, 12th Floor

Los Angeles, California 90025; Tele: 310.826-7474

UNITED STATES DISTRICT COURT
CENTRAL DISTRICT OF CALIFORNIA

McRO, Inc., dba Planet Blue CASE NUMBER

PLAINTIFF(S) CV12-10331 ABC (SHX)

V.

Obsidian Entertainment, Inc.

SUMMONS

DEFENDANT(S).

TO: DEFENDANT(S):

A lawsuit has been filed against you.

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

must serve on the plaintiff an answer to the attached [?fcomplaint [ 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.

....

Dated: 1D& 7 SNWEEY2. o, 20020 By: VU%
Deputy Clerk

(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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DEFENDANTS

I (2} PLAINTIFFS (Check box if you are representing yourself [m)’
Obsidian Entertainment, fac,

MoRO, Inc., dba Planet Blue

{b) Attorneys (Firm Name, Address and Telephone Number, If you are representing Attorneys {if Known)

yourself, provide same.}
RUSS AUGUST & KABAT

irene Y. Lee, CA SB No. 213625; Email; ilec@raklaw.com
12424 Wilshire Blvd, 12tk FL, Los Angeles CA 90025; Tele: 310/826.7474

11, BASIS OF JURISDICTION {Place an X in one box only.) i1 CITIZENSHIP OF PRINCIPAL PARTIES - For Diversity Cases Only '
{Place an X in one box for plaintiff and one for defendant.) :
[ 1 U.S. Government Plaintiff ~ #3 Federal Question (U.S. ' PTF DEF PTF DEF
Government Not 2 Party) Citizen of This State Dt 1 Incorporated or Principal Place 014 04
of Business in this State
0 2 U.8. Government Defendant  [J14 Diversity (Indicate Citizenship | Citizen of Another State 2 [2 Incorporated and Principal Place 005 OS5
of Parties in Item HI) of Business in Another State
Citizen or Subject of a Foreign Country 013  [13 Foreign Nation né 06

1V, ORIGIN (Place an X in one box oniy.)

5{1 Original
Proceeding

State Court

Appellate Court

012 Removed from 33 Remanded from 34 Reinstated or

Reopened

£15 Transferred from another district (specify): D36 Multi-
District
Litigation

£17 Appeal to District
Judge from
Magistrate Judge

V. REQUESTED IN COMPLAINT: JURY DEMAND: ti(ch 3 No (Check *Yes” only if demanded in complaint.)

CLASS ACTION under FR.C.P.23: OYes ONo

0 MONEY DEMANDED IN COMFPLAINT:

Vi. CAUSE OF ACTION (Cite the U.S. Civil Statute under which you are filing and write a brief statement of cause. Do not cite jurisdictional statutes unless diversity.)
350U.8.C. 271 - Patent Infringement

VIl NATURE OF SUIT (Place an X in one box only.)

I R N A eD

‘r%—:;v(i‘!":\}?&%%r :":.‘ ro

z el
D 400 State Reappurtmnmeni Insurance REONALIN RETITICINS Fa:r Labor Stanéards
(3410 Antitrust Marine Airplane Motions to Act
[3430 Banks and Banking Miller Act 3315 Alplane Product {03370 Other Fraud Vacate Sentence |[1720 Labor/Mgmt,
[1450 Commerce/ICC Negotiable Instrument Liability 1371 Truth in Lending Habeas Corpus Relations
Ratesfetc. Recovery of 03320 Assault Libel & 117380 Other Personal |3 530 General 1730 Labor/Mgmt.
{1460 Deportation Overpaymenl & Stander , Property Damage (3 535 Death Penalty Reporting &
01470 Racketeer Influenced Enforcement of 01330 TFed. Bmployers’ |y 385 Property Damage |3 540 Mardamusf Disclosure Act
and Corrupt Judgment 340 %”;ab_lhw I, Product Liabxhty Other 1740 Railway Labor Act
Organizations {1151 Medicare Act 45 Mz::: Product RNEROPTO D 550 Civil Rights | 11790 Other Labor
[0 480 Consumer Credit [ 152 Recovery of Defaulted Liability 1422 Appeai 28 USC I35__55 Pnson Condxtaon Litigation
[1450 Cable/Sat TV Student Loan (Excl. F1358 Motor Vehicle 158 ¥ _A ] &gﬁj 0791 Empl, Ret. Inc.
810 Selective Servioe Veterans) D N e |ma2s Withdrawal 28 JHEREE »é%,yff
1850 Securities/Commodities/J3 153 Recovery of Product Lisbility USC 157 0610 Agncuilure
. Exchange Qverpayment of 1360 Other Personal R Other Food &
£3 875 Customer Chalienge 12 Veteran's Benefits Infury 3441 Voting Drag 830 Patent
USC 3410 3160 Stockhoiders' Suits 01362 Personal Injury- [0 442 Employment [J625 Dmg Related D 840 Trademark
1890 Other Statutory Actions |3 190 Other Contract Med Malpractice {0 443 Housing/Acco- Seizure of T iz
3891 Agricultural Act [3 195 Contract Product 1365 Persona) Infery- mmedations Property 21 USC (5395fﬂ
1892 Economic Stabilization Liability Product Lisbility (L] 444 Welfare 881 [J862 Black Lung (923)
Act £ 196 Franchi 7368 Asbestos Personal {445 American with [0 630 Liguor Laws 1863 DIWC/DIWW
1893 Environmental Matters it Injury Product Brisabilities - [3640 R.R. & Truck (405(g))
[1894 Energy Allocation Act 1210 Land Condemnation Employment [0 650 Airline Regs 0864 SSID Title XVI
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VIil{a). IDENTICAL CASES: Has this action been previously filed in this court and dismissed, remanded or closed? MND 1 VYes
if yes, list case number(s):

VIH(h). RELATED CASES: Have any cases been previously filed in this court that are reiated to the present case? @No [ Yes
If yes, list case number{s):

Civil cases are deemed refated if a previously filed case and the present case:
(Check all boxes that apply) [1A. Arise from the same or closely related transactions, heppenings, or events; o
] B. Calt for determination of the same or substantially related or similar questions of law and fact; or
[1C. For other reasens would entail substantisl duplication of labor if heard by different judges; or
0D, involve the same patent, trademark or copyright, and one of the factors identified above in 2, b or c also is presenl,

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

{a} List the County in this District; Califernia County outside of this District; State if other thar California; or Foreign Country, in which EACH named plaintiff resides.
O  Check here if the government, its agencies or employees is a named plaintiff, If this box is checked, g0 to itern (b}, .

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

Fos Angeles

{b) List the County in this District; Catifornia County cutside of this District; State if other than California; or Foreign Country, in which EACH named dofendant resides.
£1  Check here if the government, its agencies or employees is 2 named defendant, If this box is checked, go to iterm {c).

County in this District* Californiz County outside of this District; State, if other than Californiz; or Foreign Count
£n Ty

San Francisco

(c} List the County in this District; Celifornia County outside of this District; State if other than California; or Foreiga Country, in which EACH claim arose.
Note: In land condemnation cases, use the location of the tract of Jand involved.

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

1.0s Angeies

* Los Angeles, Orange, San Bernardine, Riverside, Ventura, Santa Barbara, or $an Luis Obispo Counties
Note: In fand condemnation cases, use the locatipn of the traot of Jand involved . ”

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

Notice to Counsel/Parties: The CV-71 (J8-44) Civil Cover Sheet and the infp rmation contained herein neither replace nor supplement the filing and service of pleadings
or other papers as regquired by faw. This form, approved by the Judicial Conference of the United Siates in September 1974, is required pursuant to Local Ruie 31 isnot filed
but is used by the Clerk of the Court for the purpose of statistics, veauve and initiating the civil docket sheet, (For more detailed instructions, see separate instructions sheet.}

Key to Statistical codes relaling to Social Security Cases:

Nature of Suit Code  Abbreviation Substantive Statement of Cruse of Action

861 HiA Al claims for health insurance benefits (Medicare) under Title 18, Part A, of the Social Security Act, as amended.
Alse, include claims by hospitels, skilted nursing facilities, etc., for certification as providers of services under the
program, {42 U.S.C. 1935FF(b)}

862 BL Al claims for “Black Lung” benefits under Title 4, Part B, of the Federal Coal Mine Heaith and Safety Act of 1969,
{30 U.8.C. 923)

863 DIWC All claims filed by insured workers for disability insurance benefits under Title 2 of the Social Security Act, as
amended; phus atl claims filed for child’s insuranee benefits based on disability. (42 U.S.C. 405(g)}

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

864 SSID All claims for supplemental security income payments based upon disability filed under Title 16 of the Social Security
Act, a5 amended,

865 RSI Afl claims for retirement (old age) and survivors benefits under Title 2 of the Social Security Act, as amended. {42
U.S.C. ()
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