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APPARATUS FOR CONTROLLI NG A VI RTUAL ENVI RONMVENT The
present invention relates to an apparatus for

wa@oemsneshi ng a virtual environnent, and in parPCT/GIBag04/003049

an interactive virtual environnent which may be

popul APPARATUSVEOR N SOMTRONEL TG . A SITRT AL JRTEIRONMENTN
be used, for exanple, as an authoring tool for
allowing a user to create and edit ani nation
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Al ternative conputer animation systens have ther efore

en pro ed i.n which animatiqn se ces can he
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The it Fl)mes ar keyJ%ramesequence for later replay or

Alternative computer animation systems have therefore
been proposed in which animation sequences can be
produced by a user controlling a virtual environment
interactively and by extensive re-use of pre—éxisting
animations stored within the system. In such systems,
a virtual environment is created which may be populated
by avatars, props and other objects. Animations are
made available which determine the way in which the
objects move in the virtual environment. These may be
imported directly from motion capture rigs, created in
other 3D—ahimation packages or exist in the library of
motions included with the software. By controlling the
virtual environment, a user can build up an animation

sequence for later replay or editing.

Interactive virtual environments are also used in many

computer games. Such games usually display a virtual
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Interactive virtual environnents are also used in many
conputer ganes. Such ganes usually display a

wo Roosoadsedr | d popul at ed by characters and ot hePCT/GB2004/003049

obj ects. The characters may2 nove t hrough the virtua
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| B 1 O Bgiet af 1 Negha@ynd&d thectisete t0 @adpdiee t he
obj ect, nmake the choice etc. Interaction with objects

ATEF R dtREst R NPIEXGEYRS nfo 90 to each potentia
place where the object might be. The complexity of

such animations and workload involved in creating them
mean that only a small set of possible options are

normally created for a given situation. The gnimations
give the impression of free choice but, in fact, a tree

structure of options is worked through.

If an object or choice within a scene was not
considered by the designers of the scene then the
environment may crash or fail to allow the user to
continue as there is no pre-determined way for the user

to get to the object, make the choice etc.

Interaction with objects also introduces complexity in
terms of the number of potential objects. For example,
if an avatar is able to pick up and put down a prop,
then the system must be able to cope with the avatar

both with and without the prop. This is traditionally
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terms of the nunber of potential objects. For exanple,
if an avatar is able to pick up and put down a prop,

w0 b@s/ot13ses system nust be able to cope with thePEwaBag04/003049

both with and without the prop. This is
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overt ek thore ttiee avedart svhemi hdies ayvpl gsodgs TkBe up t he
prop..ln this case the appearance of_ the avatar_ i

T LE SHORRATE | 90 HDpEar Lk ARCYAR bR Fon A THaPer of
e et anghdhecst ape Theked op and the avatar novenent
need to be coordinated so that the interaction wth

the prop appears realistic, although both prop and
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separately within the system_ This arrangenent h t he
SR g TRBIATECRS HEH | LT (915 Hal el Hhe-ne
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i ncl ude provision, for renenbering the, otsj ti on'%n of
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that position. According to a first aspect of the,
ﬁggg%ﬁ%@i%%e%qqﬁggnatedgso that the f%égract{on with the
prop appears realistic, although both prop and avatar
are actually having thelr movements controlled
separately within the system. This arrangement has the
disadvantage that it is difficult to maintain_the
integrity of the environment, as the system has to
include provision for remembering the positioning of
all the props and ensuring they are only interacted
with in positions that have animations created for that

position.

According to a first aspect of the present invention
there is provided apparatus for controlling an
interactive virtual environment, the apparatus
comprising means for defining a virtual environment
populated by objects, the objects comprising at least

avatars and props, wherein:
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there is provided apparatus for controlling an
interactive virtual environnent, the apparatus

waeowsnisihg means for defining a virtual envirBOTeBR004/003049

popul at ed by objects, the objects conprising at |east
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T E T 1 orh IS B (R R rgier ghispts
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an avatar interacts with the prop, and when t, 0
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virtual environnent. This is because the ani mation

noves around the virtual environment together with the
s c it ddedref eneiidie diecessarshapral ionsHier vy
interaction between an avatar and the pr w |.l, al ways
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it could be dropped into the scene_ and inmediately all
APARRRE RO B B R 0 3T dTRAS SR 1 T BRGRRE Dhe

ROkt drH SESY e mreQid i tisord hesdwdeat nat izamtdef igfidighe
the interaction. The term "avatar" as used herein

R rEbly 3RS Hf fAHTNERT obj ect, by which is
preferably neant that

Furthermore, the association of animation to the prop
can allow major changes to take place in a scene
without affecting the integrity of the scene. For
example, if an environment were playing a scene, then a
prop with an animation associated with it could be
dropped into the scene and immediately all avétars
would be able to interact with it because the prop in
this system contains the information defining the

interaction.

The term “avatar” as used herein preferably means an
autonomous object, by which is preferably meant that
the object can move independently, either of its own
accord or under user control. An avatar is typically a
character in a scene, but may also be any vehicle or
other object that interacts with other avatars, objects
or parts of the scenery. An avatar may be given a
certain appearance and behaviour, and may be controlled

by the user.
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the object can nove independently, either of its own
accord or under user control. An avatar is typically a

we@b@sacises in a scene, but may al so be any vehPCl/€Bo#04/003049

ot her object that interactsSwith other avatars,
obj ects or parts of the scenery. An avatar may be
g%¥§n a certain appearance and behavi our, and nay be

G d BRPR heéd Ui 1 PR ey RESR sheér &7

Rrefeicl s NBRaNsce, NONAHIANOMRUS P ecte rdnyl Wiiestht tthat
is preferably neant that the object can only ve in
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own accord. 1 0 Preferably, when an object is attached

tireartdidiey b et , CannI e £ TR A fentn 6 ade ons
QRIEL Lot W dbd tof S taghethcddy al | owi ng objects to

be dynami cally attached and detached to other objects,
and arranging 15 for an object that is attached to

Nt Mera 100 eGindQ ddhsd{dctt hies nvenendq ofo tdadtiehyf ect,

it I's possible for one object to be carried by another
?ﬁ}m}tw inolrhemli g BGAYE baht eufHarioidiich
Qr thatyconhlpatimn of1 QbiRE IS dradviadase dyrepalat

20 ébordination of§$he nnvéﬁ%nt %f t he carriéﬁ ob'e_ctf.y

Fitadhedisand detaedore T1R8E P 89St ertth AP Y
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objects and pl acenents in advance. 25 The apparatu

gLt Here doppeneRt rifand #orokieft ngt ant i drt i for
SHAVENGE. for Subseqiented e an ¥ h&di dbfl:t without

having to provide separate animations for that
combination of objects in advance or separate
coordination of the movement of the carried object.
This leads to a much more flexible system in which it
is not necessary to predict all possible comb;nations

of objects and placements in advance.

The apparatus may further comprise means for storing an
animation sequence for subsequent replay or editing,
and/or the apparatus may be an apparatus for playing a

computer game.

The concept of motion inheritance within an authoring
tool for creating and editing animation sequences is an
important aspect of the present invention which may be
provided independently. Thus, according to a second
aspect of the present invention there is provided an
apparatus for controlling an interactive virtual

environment, the apparatus comprising:
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and/ or the apparatus may be an apparatus for playing a
conputer gane . 30 The concept of notion inheritance

ani mati on sequences is an iGportant aspect of the
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gﬁus ordlng to a second aspect of the present
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contrmdaﬂygﬁmrlaﬁkﬂwxﬁg\&amsdﬁlﬁd cemiddcdnren | vitdieial
p aratus onprisi ng: means f.or .defining a virtua
SEDERREE By 6B BBt O ST 2l B ng a
user &r@a@ﬁﬁtﬂdﬁ stthﬁfl\ﬁg' tahala e Ma triemmeiquiem & eatre an
ani mati on sequ nce and ans for storing an ani mation

SERFERE o %y or editing; wherein
ObjeCM&éMéﬂﬂ @Hﬂ%ﬁﬂélﬁﬂﬁﬂlnﬁmﬁdWﬂﬂﬂﬂﬁaﬂﬁﬁhdﬂionment may

m cal ed to and det ached .fr ot her,
55 Ebremighd M LS St T BACACRSE L e
@@j@’dtsi t alrﬁiﬁgdl’idlrﬁ atmhe;mwgm aa;ftatdmsfd aﬁ; eefothashi ch
it is attac e n the secon S t .o e i.nventian
ddt $TRRF s &ofen G Fropdit A
ARO[ ey Haaredssoci ated with |t an anlnatlon for use
when an avatar interacts with the prop. The concept of
associating an animation with a prop in an authoring

ROl HeS RNIMNETa IR tantt Heealniied tdfort RhPresiRIdts may
i nvention which may al so be provided i ndependent |
PR L 1 Gridi iR So W AT HSh SRS t He HhRReMaYortave

LRYR 1l o QMitded BRRArAL WS fidn U ld iWigrann avatar

I nt eractive virtual environment, the appar at us
,ngﬁ3w1th the prop.

The concept of associating an animation with a prop in
an authoring tool is another important feature of the
present invention which may also be provided
independently. Thus, according to a third aspect of
the invention there is provided apparatus for
controlling an interactive virtual environmenf, the
apparatus comprising:

means for defining a virtual environment populated
by objects, the objects comprising at least avatars and
props:;

means for allowing a user to control the virtual
environment to create an animation sequence; and

means for storing an animation sequence for
subsequent replay or editing;

wherein a prop has associated with it an animation

for use when an avatar interacts with the prop.

for creating and edi PCTIGB2004/003049
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w@e@pssissneans for allowng a user to control

means for defining a virtual environnment popul ated by
obj ects, the objects conprising at |east avatars and

virtual environnent to credte an ani mati on seqguence;
e feeand yf, ommrﬂm paibpamgr&tﬂmh%eﬂlmﬂ@md‘tofer
Lsébse uen repl a Cg Wherein.,a prop has
SEIEETat & tdﬁmf FrEMRdE ot adhnt ar
Iwﬁ.tt@f&(hteSp\Md;ﬂ‘] the prop. Preferably, when the prop is
attached to anot her object, the associated ani mation
remai ns associated with the prop. In any of the above

aspeetys oft ke caribbtd @rspdaj;c@f) itsqea%sﬁ_@iaattleﬂl wiHileH fi%h
prop na e an.animation defi tem)vemanto te
SRt 4 iR R GFoh ity S A Ty SBnt

FMh@E mo\ieale tapEr aprd @Ejv%%t ddhe apr %@1 mmﬂm&mfs:&mwrﬁ@d
Wi t it an ni tlon efinin t he novenent o t he prop
She R VERERGt Con TS FHGRy ¢ HES o RERERP TP Hohre CAPAtBHOP

whenhbRe avabar altfétcﬁ‘ Racihs iW i e merapn I iexanrplite

openi ng a door uires an ani rratl qQn for the prop (the
g -

(RReRing biFe tdeOkkatatheneminkativar a6f 1mte11acts with

ani mati ons provides the inpression that the avatar is
SPENPAGPE he F@So X AMR 16t IMEETENSC @nﬂ"%cé@%r}‘?saﬁn

avat@i idf Rt @Oy Y(tRAP RPN 20’ d-Drdinated
necessary; for exanple turning on a television mght

REVEaL 108 ifoF o Ve tarat @PBdL IS oxHe The

fc@n@i'n%ﬂt@.@ml b&e%fotkﬁla@ﬁ%attﬁ%ntse k2WvSides doRS iRYrd¥ien
When an avat ar interacts with the p , the avatar
[ n&gﬁ

iR L oey 2VRE 33T 45 PEHETYRG APst &°C%ni mati SFNESsoci at ed

Wﬂ&%umstances only an avatar animation or only a prop
animation is necessary; for example turning on a
television might have a motion for the avatar but not
for the television itself, since the television does

not move.

When an avatar interacts with the prop, the avatar may
query the prop for the avatar animation associated with

the prop.

The animation or animations may be defined as part of a
state machine associated with the prop. The state
machine may comprise a state transition which defines
an initial state, a final state, and at least one of a
prop animation which takes the prop from the initial
state to the final state, and an avatar animation which
takes the avatar from the initial state to the final
state, and possibly back to the initial state. In many
situations both a prop animation and an avatar

animation will be provided. However, where either the

t PET/GB2004/003049
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the prop. The animation or animati ons may be defined
as part of a state nmachine associated with the prop.
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RS At et S ot o5 Fabrih et
iFot iaxtargtlod 2 16 ccHdepfomal s sd adteg i ks gosishdat yemck
to the initial, state. lIn.nany situations both.a pro
A ot s U e e TR ok o R Rk ar
Howeverdowhettes edttdiercd drepriop: ato thwo@vat atatdioes meéd be
nove during.an interaction, then no animation heed be
PRV T orl That- B ARSI F BRAApTE19° (he BropLTsY
o BStat Jttase;artdian drie @t as £ avth 1 | daf Trey's defe neay hin
venent of the avatar or, down the staircase, but
lpﬁparérﬁvr?aﬁﬁ%r?%eejﬁa%gs pfo \3@?}9 FHe state machi ne
may -conprise a plurality of state transitions each of
whi ch defines one in which an avatar interacts
W TR FREB T AL e G ST DL Sy b ¥ocitt od
widtene dudhe sivdendcdh angy econdité ah nyatar to
req‘iy re an avatar tqb%grform ogrg act | on be.fo_re aPot hecri
£ T LR rdriftt, PHL T heP B U dt T i o ded i st PHAE
aPrape F’@hﬁéccbﬁ:_{ji%ﬁ_cﬂl cz@égr%u@s sﬁradwijfmylm hes in a
action, is carried_out. is can allow relatively
PR HP T S5 AL TP b%i"“r"i‘“iﬂpe‘%so‘ﬁwe
ﬁﬂﬂi@hﬁa@tﬂﬁamf;ﬂa}pﬁv@l@ @dtyp pizem[tdh i £1etico stlelfu ne
ow the avatar will, jnteract th the props,, a W n
SR TTER R ReheT sl O oVt T TR buT 140 et TS
S| #n ¢ oprassisd 1 thhen S tdd 1 machow e imyawatveer anidl e
state. The jdle state may be a state into which arl_l .
Eﬁﬁﬁ%ﬁa%ﬁn%ﬁéL the props, allowing sophisticated chains

of movement to be built up using simple commands.

The state machine may have an idle state. The idle
state may be a state into which an avatar enters
following a particular action. There may alsé be an
action which takes the avatar out of the idle state,
and the avatar may be required to perform this action
before any further action is performed. This
arrangement can also allow relatively complex

behaviours to be built up.

An animation sequence may be stored as a script
comprising a list of commands. Such commands may be
the same commands as may be entered by a user in order
to control the virtual environment. This may provide a
convenient way of storing complex behaviours, which is

easily understood by a user.



10

15

20

25

30

35

following a particular action. There may al so be an
action which takes the avatar out of the idle state,

war@shissoavat ar may be required to perform thi BCEGBR@A/003049

before any further action i% perforned. This
aeangergt wan bl so/mdd aw el atlivelye €pta¥gh a script

behavi ours tq be built up. .An ani matiqQn sequence nm
Be Bl e s ST SIS I 19 9tY ofe ortiiRishe
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entere a user in order, to control the virtua
S B L Sy AR Fb MR i byt
Harigigs QﬁT};plcea)QJb_eita},ézoLﬁcﬁsipmm ch Tmiiasdrhyamrcsdmpbx
a user.The script, may be typed i.n by the uyser
B S RHo R L TS TP et e
by ey diduh theauands which a user types in while
controlling the virtual environnment. Scripts may be
nested, and scripts may call other scripts. This can
gsl Iﬁaxwlwpzha%xh dlﬁ’(’@dh irDlaEl{rS itrgsﬂ&gaciuﬂdrt mc(tjlﬁiinag to be
ehavi ours that have al ready been created. A scri
w%%&w@m@ Gt VGRS T YT (8%
ehieatatiul ey \Wd tdddarRad radrethat -t Hid eapparadtisonTays

be arranged such that the instruction is onl assed
€5 Ih T Dride 4P L imil o dhi ThR Sy b f n

e edd Pti thas been ayad ol bedi arededyr Lo This
ensure that the |nte%r|ty of the environment is

T e d;© By BHuritg it S het i Wi ch is in
RIrRANeSSndrse CiTpLlrat BefDr eanatherimniyrmid em starts.
An ani mation sequence may al so . be buil

t u Si
ATYigta e g kBhti I L o PRI SRt sqommest%)%g?fqogfe

keyhaard utiansorand/arcd he nouse to control the
movenent of the

An animation sequence may also be built up using first
person control of the avatars. This uses keyboard
buttons and/or the mouse to control the movement of the
avatar in the environment and its interactionﬁwith
other avatars and props. This can be recorded and then
replayed with further motions or interactions being
overlaid on the existing motions and interactions
recorded previously. This layered animation can be
saved and called from within a script creating a hybrid

of script and first person control based animation.

An avatar may comprise at least a file defining its
appearance, and an animation defining its movements. A
plurality of avatars may share a common animation.

Such an animation may be either an animation which is
associated with the avatar, or an animation which is
associated with another object such as a prop. This

can increase the flexibility of the system and reduce
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avatar in the environnent and its interaction with
ot her avatars and props. This can be recorded and then

wo epbaywos Wi th further notions or interacti onsPOEGBI04/003049

overlaid on the existing notions and interactions
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saved and called fromwithin a script creating a
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system and reducet he anount of animation that needs to
e e dthed] PoAfe e Y HEOTHR A - et RE T Ser erfihis & pflow

wWher %Ijét%ﬁmﬂﬂMH@%ih@fa&Qﬁﬂ Woat eshd Prd@h is

avatar which is a different size, the commbn ani mati on

reypass ristSrdpetaP ¥iEy ivh il meiidamire et idteFrity

) include a file which specifies a
%%Heoﬁr}xﬁihl%rg%rp@y P

way 1 n prop may contain other props. This
can allow the systemto handle the situation where one
| Ged ddasi a@sﬁ%ch% M 18 SR AN, they
?%%gﬁ#%¥§h%§g£ﬁ%gghgfro ment. Corres o%g%ng met hod
ddpectascnnd s o pravigeth afPaeHusehddr RIRFIR- a

fy etrg:igjsrpeﬁ{e% dfg]epﬂ%H d HEHIPL£ N&SB-dS11ing an
provided a nethod of" controlling an interactive  ~
vinttayz clteirme rofinemm ] eriel rannRsY- © ST TS TP deF IR TS H1Y
ddial, LI ONERN SopulabrhDL QI RAS SPOORAH S
conprisinhg at Teast avatars and ‘props, wherein:
the objects comprising at least avatars and props,
wherein:

objects within the virtual environment may be
dynamically attached to and detached from other objects
under user control; and .

a prop has associated with it an animation for use
when the prop interacts with an avatar, and when the
prop is attached to another object the associated

animation remains associated with the prop.

According to a fifth aspect of the present invention
there is provided a method of controlling an
interactive virtual environment, the method comprising
the steps of:

defining a virtual environment populated by
objects, wherein objects may be dynamically attached to
and detached from other objects;

allowing a user to control the virtual environment

to create an animation sequence; and
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we@bjosoisounder user control;

objects within the virtual environnent may be
dynam cally attached to and detached from ot her

with it an animation for udé when the prop interacts

W th at Avalaran athherbd hequard s@at tatheddant
anot her object the associated ani mati on renains
Yated 8itH e prop. According to a fifth aspect

of :heqlkfa@ieﬂtwﬂéw%rﬁ iy dderies i tanddenh ardeitwd of
controlling an interactive virtual_envirqnnent, the .
FRIRSH donpmMRG g § H S UPEHINE i i T S {igahich
anviiron@cHepul ated by objects, wherein objects may
be dynanically attached to and detached from ot her
objects; allowng a user to control the virtual

QMHIRITRN 4 @ G Bale MMpadt Mt it0fe SeAHRNIGRIn there is
andstoring an animation sequence for suybsequent repl aLYal

Fradidachg WHERH P IR st 2 it tecHeldrs 071t

anekhenRieCted ddiesd teoridie smiement of the obj ect
to which it is attached. According to a sixth aspect
of t helaFhvema oh Tharat STHHFAEST S RRRtWGd 6t PY

ANl | nh A e Actdisr M irdialt enddon@iard hnd
nmet"hod conprising: defining a virtual environnment
FoH%t ed by objects, the objects conprising at | east

avat ars) 1aif Rf 0PSyse Al ¢ OV A USEle L ST Wndinment
virtual environnent to create an ani mation sequence,

StorduRR tn i HETIH Qe RRAIDT subsequent replay or
edi ting @y an animation sequence for subsequent
replay or editing; and

associating with a prop an animation for use when

an avatar interacts with the prop.

The invention also provides a computer program which,
when run on a computer, causes the computer to carry
out the method of any of fourth to sixth aspects, or to
become the apparatus of any of the first to third
aspects. The invention also provides a computer
readable storage medium having stored thereon a
computer program which, when run on a computer, causes
the computer to carry out the method of any of the
fourth to sixth aspects or to become the apparatus of

any of the first to third aspects.

The invention may also provide apparatus for
controlling an interactive virtual environment, the
apparatus comprising a processor, a memory, an input
device and a display device, wherein the processor is

programmed such that:

and a prop has asBOUGa2@d/003049
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© (hegiHsEessbra e Prasyr

associating with a prop an animation for use when an
avatar interacts with the prop. The invention al so

WEe@3i0tsss a conput er program whi ch, when run OPCEGB2004/003049

conmput er, causes the conputier to carry out the nethod

of any; ofi frauyt hedw AnidhrashRgsiismt 3P ernss the
apparatus_of any of the first, tao third aspects. The
iGFﬁﬂ%lﬁ_ tﬁcbnf%rl SO SRIGH R e ShpRIGY (83t ’e st or age
medi urg Rasd MGnast At Adierar b iUt v i Qadatn Wy ch,
when run_on a conputer, causes the conmputer to carry
HRR2H € Idthifo d BT ta e 0ECq He® FHRATF 138 ST dsFect s
WedrReC OB the arparat i foraMepferddie i rgde temory
third aspects. The invention may al so provide
PFarBRe T e GIRRIGHY i 4y H- 5% &9 ve virtual
envi r RN Ls L& RRPATAL Us SQIE |HVIG GhiiAC 888Pbe @
menory, "an input device and a dliflay devi ce, wherein
et % ifriqaiother

IV QYYTE NN PORHEALE] 1y QB 6 St dfid Red dither

di splay on the display device; a user may control the

ATaRl dnvinteeR By MAFRRGT (e TN IRSA de pgrich

create AnAHdmti on sequence and save an ani mation
sequence in the nmenory for subsequent replay or

editing; and objects within the virtual environnment
gi?%ee ?ﬁ()‘géﬁnﬁe:(;trBsn,C %a% d ﬁ%ﬁ%ﬁ}% cﬁ%citﬁ%ag%elgn? of o
st llobjean tintmeEdiive Hel oAtV Framerdh) edte t o
\A{}%ﬂ\:ai’gus! Satgachety The-ddventi on mRmEB0 £ omigle:
apparatus for ‘controlling an interactive Virtual

eran ket 2 (He Rippardt U Lot e iy dpRFaatior o s
PR Yoy |SHUHE that:

a virtual environment populated by objects is
defined for display on the display device, the objects
comprising at least avatars and props;

a user may control the virtual environment by
means of the input device to create an animation
sequence and save an animation sequence in the memory
for subsequent replay or editing; and

~a prop has associated with it an animation for use

when the prop interacts with an avatar.

The invention may also provide apparatus for
controlling an interactive virtual environment, the
apparatus comprising a processor, a memory, an input
device and a display device, wherein the processor is
programmed such that:

a virtual environment populated by objects is
defined for display on the display device, the objects

comprising at least avatars and props;
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device and a di splay device, wherein the processor is
progranmmed such that : a virtual environnent popul ated

whyoosiopwei s i s defined for display on the di spPEyGB2004/003049

devi ce, the objects conpridgBng at |east avatars and

Props;ok &8y WiBh iGO HHeO v itdterali rdritailr R IO EBN by
nmeans of the input device tqQ crea Séﬁgg:nina i.on

SERFPEHGR ang dhAEhEY aRhESGF St (9% Stdrory

fxﬁfdeaybﬁeaégwemnﬁr@m Lare vedd iag ];cobajrwbta 1\% Qﬁﬂzﬁﬂqed to
assoclated wth 1t an animation for us the _pro
SRR CRITT drt VL CSTHS RAATST fy s @hIect

RrPvide-rapparad usdadheedntard | ing an interactive

virtual environnent, the apparatus conprisi a
processdtLOR Wowﬁ%w%m@%ww@&%&a dhpT use
48M:C G WRAMHEIN Q@ RIAGLSEA P RPHMBE S thad

: a virtual environment popul ated by objects
RII e fartafiigst &P shathenidpest oA @e?sqq%@%c%} ects

GO 15 dW) rAdnd 19RS ta AVRI Al te ARk RIHRPSraly ects within
the virtual environnment may be dynam cally attached
and detached to other objects under user control, and

Wha g P €cin SRtdRChath+d apdey neh} ed ddplied to
inherits the novenent of the object to which it is

Ao : DRRE T T 36D 974 s RRB S § 197 §475 may be

AUABLA DN § HndISRMNRD AhAUA aind NERIAGkSr M Lh the
prop, and when the prop i's attached to anot her object

the associ ated ani mati on remai ns associated to the
B 1Pr e FE UF S5 e A Gfhd he-ahove aspefdionTayi e now be

applied to any of the other_ aspects. Apparatus

Giriedmp e Bp Y e Y P HREFRRfod Hdde AL SHRRGR &P
M S& ccompanying drawings, in which:-

Figure 1 shows an editing apparatus according to
an embodiment of the present invention:

Figure 2 shows an example of the steps which may
be taken in order to create a virtual environment;

Figure 3 shows an example of the various
components that may make up a virtual environment;

Figure 4 shows an example of the composition of an
avatar;

Figure 5 shows an example of the composition of a
prop;

Figure 6 shows an example of a graphical user
interface produced by the editing apparatus of Figure
1;

Figures 7A to 7C show examples of scene
hierarchies; and

Figure 8 shows an example of a state machine.
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Preferred features of the present invention will now
be described, purely by way of exanple, with reference

WO eoosloessex conpanyi ng drawi ngs, in which :- Fi geeBEGB2004/003049

shows an editing apparatusilaccording to an enbodi nent
WvdRei i eSEMn | SR AP apgaities 2 shows an exanpl e of

t he steps mhichﬁg%¥ be taken in order tq create a ., |,
HGUER erfvf MRt SO YU B %h 1% ko
\@pmw@?poaiwlz_ ﬁdir%atthd@h F@Kﬁ)d-ﬁﬂnsfhﬂ/ic]fﬂ uﬁie present
envi ronnent; Figure 0 an exanpl e of the ' ,
CONPRST 17 oF™ P o AT I -1 St RBRAFRA 1S
tihe COposdd | @ f & PUORb IR Prry shevsd aferexalPlgifiose
a graphical user 1nterface produced by the edjtin _
APPE S of NG ; P F G ES P t(BPTR Howt X eSS
erSCOe i &Fad S @Sinand(dPure 8 SI1ows aihexXarg e pf

a state machi ne. Overvi ew of an editing apparat us
Fiuria s oF- thel G CONPRATRY df ARDGIS Hve P oy
AP RS MSs laRCHOF 1 ith § O YL etk dient4 of ot hexesieit by
invention. In this enbodi nent the editing apparatus is

ith EnRiht B9 3RE it e SRR TSP P raanfisdt Geh érgf tronment-
B POSEn & O &l s IRef @rdil ¥k d of dul 9 W £F He r SOMRUERS s 10E
conprises central processing unit (CPU)_12, solid

stigkes memnRsL 11 ar Y Bk 1¥P, iThend e dibdRe miy

20 i) NPTy A1 SE O @S safherdng £0als mogr ame4
for execution by the CPU 12 and data re resentlnq%g 4
f ran

vianRigreentd rbArERNSSLedHe i RHI SIS Shitley
dif farant §yPese Ofé?éfé'dl&?naé‘ad“ﬂié/y%éﬁ Yardd /88 rdfuse.

floor plan files 28, _ . ,
The computer 10 is also connected to linear animation

system 34.

The binary files 26 are files which contain low level
geometric and animated data, and the floor plan files
28 are files which represent the floor plan of the
virtual environment. In the present embodimeqt, the
binary files 26 and the floor plan files 28 are created
by the linear animation system 34 and exported to the
editing apparatus 1. The binary files 26 and floor
plan files 28 are then used as building blocks by the
editing apparatus to create an interactive virtual
environment. The virtual world files 32 are text files
which are created by the editing apparatus 1 and which
define the virtual world. The behaviour files 32 are
also created by the editing apparatus 1, and are text

files that script the behaviour of the virtual world.

Linear animation system 34 may be, for example, 3D
Studio Max (trademark) which is supplied by the company

Discreet of the United States, or any other suitable
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virtual world files 30 and behaviour files 32. The
conputer 10 is connected to an external display 22 and

wa@roosopshs devi ce 23 such as a keyboard and/ or POLIEB2004/003049

The conputer 10 is al so confiected to |inear aninmation

sYed e 3o r Theodidaty Jddmest 26 anrd fAdd 8% sl ducont algkn
l.ow | evel geonetric and ani nated data, and the fl oor
ﬂi%ﬂf?afl? | T e YT SR Th H‘E%Yfrbs]éhttl't%eal?’q 8t pl an

Afcdd@iMigipadl @wd 1 R scdib il RIRSeM s enbodiieiy .

the binary files 26 and the floor plan files 28 are
ﬂ@a){%d‘-%f%%? ihedhe dnitRiy c?ﬁl%%lé?ﬁ FW SRR e%po"f% ed
thdie £didd gy abpasatdls th thhe e i1@s 136 mhd be
floar plan files 28 are then used as buil ding bl ocks
Hynﬂll?é“eébt‘rﬂ e e Falr AR t‘”H“cCrfledtSe B icﬁ‘_t difsctGamputer
vigt uadn ednd RNt helhe ndd walimaerildd, fdJesemZ3 ar@n
text files which are create he editi_ng apparat us

d by t
- BagiRd §AE L REY etk 24 ramﬁaﬁy%rﬂld%ornfelame i5ur8

fdiec3d, e BlsnLreatadk by the editing apparatus 1,
and are text files that script the behaviour of the

virtual world. Linear animation system 34 may be, for

epanpliie, 3D o MNaeg (dAdemRy gy Mhfdhdrt SHPRiREe 1
by the conpany D screet of the United States, or any
Otsherl %al} tah| s et Fo ropnbdid fdiaje ey @ rfipigenents

A L A & o Ueh iRAR NI O SYSIETE R & kpwn
inthe art and accordingly a detail ed description

teEEgie i S (Bl WnT Eha FHilas €61 thedq impearke

Rt JRId O SYSHER 3t | SiRh QML ADS DRING XU DY rd 1€ 4
conmputer 10, 1t "nay behaiﬂgpl enented as a programwhich
r 1

iRy e i QrRd cohpite Hpk Heft- ca¥dqatheynafeat

i dJBIdOh &Y a3t £L2bave 1t he HNRRY ndd il £08P RNGised
the floor plan files 28 °directly to the hard di'sk 16.

as well as or instead of hard disk 16. While Figure 1
shows a general purpose computer configured as an
editing apparatus, embodiments of the present invention

may be implemented using a dedicated editing apparatus.

Creating a virtual environment

Figure 2 shows an example of the steps which may be
taken in order to create a virtual environment. In
step 50, binary files 26 and floor plan files 28 are
created by linear animation system 34. The binary

files 50 may contain various types of data, such as:

rigid geometry

rigid morph geometry
skinned geometry
skinned morph geometry
keyframe

animation

vertex animation
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It will be appreciated that the arrangenent of Figure
1 is given as an exanple only and that other

wa@eooangsnent s may be used to carry out the preBenGB2004/003049

i nvention. For exanple, sorme or all of the files 26 to
32 may, e stoyied dinqrenory 14, and sone or all of the
program 24 may be stored in the hard disk 16. O her
types of storage nedia such as optical storage nedi a

LS lza_db%feq)l% VBl lle A% tichst gad @f Whalth dePecnt the
Wiile Figure 1 shows a general purpose conputer

ddvhigided &£ ah @+ ng appar atus, enbodi nents of the
present invention nmay be inplenmented using a dedicated
editing %ggaratus Creatlng a virtual environment

Fing $rte L2 idest apRe TOaFs PR 1P Bee

BRI Y A& QS parattial 18NViNOonBtsy 1N o f
step 50, binary f Q%ﬁ g | oor. pl an flles fg'arg

dhém s oy |h1ﬁ@d5ry aﬁihll’t?ﬁ |2<ﬁ1 a§5¢stfém0§4p e Bilgsr w8 are
fdil s %%J’Q;M}éx@@laél@ Marious types of data, such as:
|

rg geonetry rigid norph geonetry skinned geonetry
sklnned nor ph geonetry keyframe aninmation vertex

an @Eﬁfﬂﬂé WAL L HE aftlu%orl Al IS Afic ol ext
f represent g | oor lan of a room In
ml&z detea mhmfy dqﬂné@sfaﬁ:@ef |ameamaawef iqfedhgy girtual

eﬁﬁm&to%%etnocbt hepgdi t; ngogl%oq‘;gatl ding A% deRptdlde Of

I's step, binary fi | oor plan files 28 are
Stloced drarhdrid aff A8 Bgd/or binary files 26 from the

hard disk 16 and storing them in memory 14. The scene
defined by the scenic data is displayed on the display
22, and the user can modify the scene as required

through input device 23.

In step 56 objects are created which populate the
virtual world defined by the scenic data. The objects
may be avatars, props, sounds, camera, lights or any
other objects. The objects are created by loading the
required binary files 26 from the hard disk 16.and
storing them in memory 14. As the objects are created,
the relationship between the various objects (if any)
is also defined. The relationship of all objects to
each other is known as the scene hierarchy, and this

scene hierarchy is also stored in memory 14.

Once steps 50 to 56 have been completed, a virtual
environment populated by objects such as avatars and
props has been created. In step 58 this virtual
environment is saved as a set of virtual world files 30

on the hard disk 16.
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In step 54 the editing apparatus 1 |oads and edits
sceni ¢ data which defines the appearance of the

wao 2eossdsoenvi ronment. This is done by | oadi ng PEIEGB2004/003049

required floor plan files 28 and/or binary files 26

fwromd hec iy balissk 386 ol stord ngs themdd pmm;y 14.
The scene defined by the scenic data |s dIS ayed on
tIRABE R AT A Asel? G %Oc%%%s

MOl diady tii QUGH A Hipt vdc%ﬂ.d;e_l_s?a_l]idlyst’fﬂp Hbrgbject s
are created which popul ate the V|rtual rid defined
P A s e 22 e Fhef ob St Ts JARF B iRt £HPDrigps,
soungdss xanera, |ights or any other objects The
objects are created by | oading the required binary
files 26 fromthe hard disk 16 and storing themin

MERide 13 sHisvd hen ableei s af® J@feeaiae@,odshe:omponents
relationship between the various objects (if any

dey Awke TR & o785 Wis Y ororie N tohj edt stkilog each
Q:haipls, KWy ascddie seeneotaiaren o ddH seaene

hlerarchy is also stored |n menory 14. Once ste s 50

R BB Hay & BV T dted, Ox AHESRIPTERA rhr

popM | atgt dysobj @t St 18 o B A VS Elgsy) al”(ﬂvcpr&ﬁ@eﬁk?é 71,
been created. In step 58 this V|rtual environnent is

s7a3/éendass%%thﬂfﬁramltsoacﬁa%rm f v BHo-oh e haake
diskHd. Md@ﬁt&%%xﬁ&@%@r&é hown 1as; takd g place

sequentially in Fi 2, in practice the process of
lﬂﬁm‘%ﬁ}ﬁgl‘bp WAGH t O‘WJFWPEF% fhles ¢ P§ mrstsssed

SpYRLaly 1L 4 ONsLOf alowsast rsaBr pf14 ht@a}StlQ@céafH
Figure” Figure 3 shows an exanple of the various

ATFREN RO A THR T SrelyP ridhk@ maleavantr tiidieerivi e rfiisk nlt6-
thH S5 XA ade, VESE Uatlar@ivd § ot 1605 GAHAH sS85

sceni c
rarely used, or if there is insufficient space in

memory 14.

Figure 4 shows an example of how an avatar, such as one
of the avatars 62, 63 in Figure 3, is construqted.
Referring to Figure 4, avatar 100 is made up of
geometry file 102, rest file 104, walks file 106,
directed walks file 108, idle bank 110 and animation
bank 112. BEach of these files 1s loaded from the hard
disk 16 in response to an instruction from the user, or
else a pointer to the appropriate file on the hard disk

is created.

The geometry file 102 is a binary file which defines
the geometry of the avatar. More than one geometry
file can be defined should it be required to change the
geometry of the avatar. The rest file 104 is a
keyframe of the avatar in the rest state, and is also a

binary file. The walks file 106 is a binary file
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data 61, two avatars 62, 63, three props 64,- 65, 66,
two Tights 67, 68, two sounds 69, 70, two caneras 71,

wQ@ 200af0e558tene hi erarchy data 73. The fil es whi BOT/GBR@4/003049

up the virtual environnment 180 are usually stored in

L 1L i I j ce as
TERtdiho SHEREIADE 0P dud o e AL
cdnteaitrepoiaitkey Litle 48 ragdndizants farigs fipnsamdr igihs ican

18 ﬁ@@d?tﬁ?%ﬂhﬁmﬁgﬁt sd O EXHM &1 fi9fe fld Rt JF aie

rarely used, or ere I1s insufficient space in
reTRdTar 1 Lo FiqRamp 14 ShowReas exXariilse O Sesw Cam tapdt dieys

c he gyat; B30 i QUrR 3,04 S
?&n&ﬁc%o%g'er rlléh\négl ltqugnlselzi(%aunr e3141, a':-vat ar. 106) I's made
@ iofa tgenreetwhi dh [tdel Gatagstcdn [uselodenwdlk £y |west

L dir fil el d,

;Sgc?arFa i oﬁo%ge%(a\?@f%i éac{e%%% hdgglél%f%%g% ijﬂé%%gdg(? from
telpep tvard adies KE o6 titre reesions eviten it idmstateardioy fetoml -
LS, Ut 0 Pl 2 POl NLET, (0.4 ey ARRRORNIBLE (il dhe
the hard di'sk i's created. 'Iah_e geonmetry file 102 is a
Eveerar fides Wi ge defimem timigyeorsitans .of t he avat ar.
More than one geonetry file can be defined should it

be required to change the geonetry of the avatar. The
rEstudd | % siivs s ceayiplano bfhahe atrar dueh @8 raawsg of

ate, _and i 0 | ) ' T [ 106
iscfc,hea B e yé L?’i Iaées’ts:'o nef%aiblnﬂ{] ﬁ%y%‘#lén% i olg é(’)é?l t élf dz:ldvegljt ar
Wad fld mgindThe direeoteedd wap ke f11Gk dO®WEamigepmetry file

i ti,ons whi ch ca | [ 4. er :
e PR MR EAN 2E sl & 1 328 odi qiners
neidns 10f8 t hepestd sfoirl e A G aindk espspand thiglekehddoar d. The
idle bank 110 is a set of animtions which the avatar

can use when in the rest _
The geometry file 122 is a binary file which defines

the geometry of the prop. The state machine 124
defines how the prop interacts with avatars. The
grasping file 126 is one or more keyframe consisting of
an avatar attached to the prop, frozen at the instant
in time when the avatar is picking up the prop. The
speed file 130 specifies the speed with which the prop
may move over the floor plan. The expand file 132
defines the expansion or contraction of the projection
of the prop on the flocor plan. The cyclic animation
file 134 contains animations which may be used to

animate the prop as it moves.

The containers file 128 specifies the ways in which a
prop may contain other props. This file holds a list
of floor plan files. Each floor plan file represents a
surface on the prop that an avatar uses to position

other props. The prop keeps track of what it contains
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state, for exanple, a set of animtions which are
appropriate for the avatar when it is standing still.

wab@s/osssddat i on bank 112 is a set of ani mati onBCTEBEKIW4/003049

the avatar uses to performi%arious actions. Figure 5

s exangde efntow aarfd o s Stedt ascipheawdftdhe
props 64, 65, 66 in Figure 3, is constructed.

RFEITF P 0 Figure 5, prop 120 conprises geonetry
file 122, state machine 124, grasping file 126,

containers, file 128, speed file 130 and expand file
Bty ket r CHITES G CEET R EFES S athi
defdnesd tihe geonediyind tdhel pr opn JTheimwipie waghi ne

124 defines how the prop interacts with avatars. The
grasping file 126 is one or nore keyframe consisting

of1 Broyated @dd asdhesbgted henPripstdd Oz eth &t etdie
instant jn time when the avatar is picking up.the
FHRRF OBPHER 5P et ¥§ 4 eoamf%e%}?ar#%sg%)%e*sﬁg Qi t h

VU Gl D6 T 0D, dTeyn Svec &Y eF £ ttes fdiopscipd adire Tdieeated) .
expand file 132 defines the expansion, or contraction
SR BHRE 13 RAS I pRbp- Bl ¥ HeP100? pt%an. The
oyl 4161 v BL & Abetfrddn 13fo £SONIRY St Anh F@td DS hdredd .
may be used to anjmate the %rop as it nmpves. The

dot SFRIRLS I 12 9D RTITe NI NP Hyst+th WMESHFR prop
NRY: SRR b o her HPpstE dhisvdide Eoh dsariddisd Diself
fl'oor plan files. Each roongﬁlan file represents a

AT e ISR Jpehatt dit Bl ARFOTRECI LD RS 13RI O

Hhel gD OPShodher i ofpdeeaisnt Nackcef what it
contal nsand what it can contain and instructs the

avatar accordingly. Sounds, lights, caneras and other
ol eats &@&ﬁ% cigsded by 1 her edli ding 1 oaki Afdrert
simlar way. Al objects can be cggled and past ed.
Witdtees of different sizes and dirfferent t pologies all
share a common pool of animations. An animation for
one particular avatar can be retargeted to a different
avatar. For example, a plurality of different avatars
going up a set of stairs can all share the same

animation associated with the stairs.

When an avatar plays an animation, that animation is
retargeted to fit the avatar in question. This is done
by extrapolating the animation so that the nodes of the
avatar sweep out movements corresponding to those of
the original animation, but increased or decreased in
magnitude so as to fit the size of the avatar. This
technique is known as motion retargeting. If motion
retargeting was not used, it would be necessary to

provide a separate animation for each avatar.
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appropriate copi ed objects share geonetry and
animations (i.e instances of the objects are created).

wOb@s/0esspyi ng and pasting nultiple objects thePCT/GB2004/003049

rel ati onshi ps between thos@0objects are al so cl oned.
Eontecliiey £ wirgi£l haiserommyede built into an

rtment bl ock,. and if aa}a%atar can n itself
&ﬁ’c%ﬁ’d“i%%o%‘é“f%rﬁ 132 qut o%?artceaqy 33“ be'@lT® t o
@@s@atkﬁecabm&vé hﬁ aazarinwnadﬂm vitcude @dritdignent
aratus of Fi 1 di fferent avat ars, of

SR G §9 conmP 159 %t 4501 o atd W L%

GEEPINpad Hfgedbiedd DNgse A rtd B dO ol ofhdN®isplay 22
partlcular avatar can be retargeted to a diffe
4B dpepns

SfatfdrIv il 'ex‘é]rﬁalVéhl%h TS G RS e

@ NGhgi: aSetcOdf23! aits Hampld shahed he $adfhical

ani mati on associated wth the sta|r$ When an avat ar
s

PISRFs T i afe i oh, SRHSR dhi e retargeted to
fit-the avatar in question. This is done by
extrapol ating the ani mation so that_the nodes of the

%e"ﬁﬁ@é‘i&?' itShRNREEht il E51% pdrftind’ 1P RO RF Of -

e ard rf?dm@m natfione Et ivicieMseth®f Ldesieasetet n
magni tude so as to fit, the size of the avatar. This
AR Ut 3 s kiR as TN 43t Y et ﬁ??gha‘flfo%t‘?‘?ﬂﬁde

retar getHdgr ves Nodt usathow thU_LJ_CEﬂQE ELES S Yrdd in
provi de a separate anlnatlon for eac

APt AL GRS TG A AT (Ul fann%%r%ﬁk e vithtsal

UM P RVEBNt WS 1682 iRl Ld ivide Madh destid bethat is
above is an interactive virtual enV|ronnent whi ch can

BeIdshtGO el It a (e . SCRiS WiRMe 4y hpt &iFPRE

Qf}ﬁFHH Gad WiSelg | A B¥dAGh it dhspl @22 0fe i recar
1, via which commands can be entered by nmeans of i nput

FAEe 1B, the St e ISR a4 aphitalPehaviour
console 146 is used to input commands via input device
23. It will be appreciated that other windows may also
be present and that windows may be opened or closed as

required.

The editing apparatus 1 uses a scripting language which
gives the user high-level control over objects within a
scene. When creating the behaviour of the virtual

world, the user types in commands through the behaviour

console. For example, commands may be typed in which:

direct objects in the scene

add or remove objects

attach or detach objects to or from other objects
hide or unhide objects

query the scene for information.
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user interface is shown in Figure 6. In the exanple
shown in Figure 6, four wi ndows are display, nanely a

wo 2dos/0k3583 Wi ndow 140, a character wi ndow 142, PEI/eB2008/003049

wi ndow 144 and a behavi our 2tonsol e 146. The file |i st

gﬂd w 14Q 15 rteot%qe_t% Scth%r %@m@t%% P fP=Ge are

rectories on ard disk 16. The charact'er w ndow
tynaghiows aaldwcan dfe amvaxk@tdalatt RaEYy tdmgeidwging a
%q Ul‘altll d. The scene w ndow 144 shows a scene which
eing edited and which may contain the avatar shown
|n the character wi ndow 142. The behavi our consol e 146

b%c%S%% Q JaPuts %%tﬁgt dV'mﬂt'hnFE%'é %‘é‘u@ﬁ:szsbelhtav\’.’ﬂddrs

be "appreci at ed that ot her wi ndows al so be present
ame ehsepsvdddest ey m@m@meﬁoma@dés bedqivilca

Fg cedisbi g ;appanal L&h S E% Batt! Idrttslmé ANGUAGE the
which gives the “User ' evel control over objects
wixickiprt 1@ns @efnetuewwemqm@ettdslag afye aeEH@Vidsumwhgich [gan be

httalth% gﬁts tlhtée vf&@e%on%o%m&@ld%ﬂgy %gwﬂte

aV|our C exanpl e, commands may be typed
|luntwh|ach>ehadlmoem fdkijee.ct Shesd hehevdmaradd les rared so

@%t attach.ar detach objects to or from other
%bjoeglt %Shlsge %t unhi de objects query the scene for

information. All of the cormands in the scripting

%a%%ua%e arﬂH®§%Qn ’b&ce t%%récp%ltrﬁ\é‘}k% t?@#ﬂ% tjifme,

imulat i on e user 1s s Wwth

tiHestr esfuldommabeim\ntmm;h a dedrodmsy stcad iy wrelap n@r
COMIANGS I LG AU I35 33 MR A 1o ad, on
ar& k fé) e excepti on or query conmrands,
amwneownﬂm&&onﬂuﬁtaxﬁcdn§ can be recorded through 'the
use of a record button which is part of the graphical
user interface displayed on display 22. Action can be
recorded either through the scene’s view window, or
else through a camera’s view window. While record
button is activated all action that takes place in the
virtual environment is automatically saved to disk.
The thus recorded action can be converted into an
animation file such as an AVI file either immediately

or at a later stage.

Complex behaviours can be achieved by running many
behaviour files concurrently. Behaviour files can be
nested. Behaviour files can also control when other
behaviour files get invoked or discarded (so-called

meta-behaviours) .

Complex motion can be built up along the timeline by
concatenating animation clips from separate sources and

blending between them (“motion chaining”).



10

15

20

25

30

35

W p@#013885 Scri pts.

I nput through the behavi our console can al so be put
into a behaviour file. These behaviour files are al so

either by typing in a |ist2f commands though a

lﬁé{?‘é\ﬂ R, :SG el se by recording the
act| or%@ml}liﬁi{%ﬁhgg P acehj?{]g'a scene. Action in a scene
) v edurdednake ol e iygaladf e rigrsrmebuthare a
' LS, t |4 ety
gyseg{ga yrgldg%ga;lfcﬂ.p her QAR ale USerMEIf RS another

_ di'splay 22. Action can be recorded either
tdiimegh thes side nigthe 14 ey Siatd ] it '@ ot ibughFer
A 'S \iew window o Wid e recand Pt o ISy A vatieth
a gi%telson% t haﬁ_gt ess p alcrl{;g in thle Vi r% ual environnment
itheamnartinded 1yt s el ek dirsket e 3t Fecor ded
action can be converted into an animation file such as

an AVl file either inmediately or at a later stage.
Cuimpimsxe Belvana walys Sain Belrat M ESEd BMAatuidl i Iedly
hehaviqur, fJ | . ]%eg@cvi rodd ca
nes&heg‘éecéu e _éa\;_yo__gr _%_ﬁ%%f?a&né/a ) conﬁoﬁﬂd\/\%ﬁr ot hry?e(?"e
reteand e i lepmmt invokesh dry distatddy s adihei,
t a-=-hehavi qur ' Nok-1y i
anﬁ%oe%lg ﬁee%fp??@el%aengo%crﬂgén{%ég%ﬂ?n%g ani@rrg? ib%nf%: i%g%atar
foroomlsepaaired sour ces and bl endi ng bet ween t hem
("nmotion chaining”) .Dynam c hierarchy swtching
(oj ects which nake up the virtual environnent have a
Stienerds éffarchylC Ishean eragies of et |l ofazeivierer
' t then | ' [t L. ' ' t
R R A
tdred prioped mhepd s tTHee myatar dfs thechraelirer Banilee

hijerar chy, switehing gegurs, when an Qi £ ass.

In Figure 7A it is assumed that the character, the
table and the chair are all located independently of
each other. These objects thus have only the
environment as their parent, and so their movement is
not dependent on the movement of any other object. It
is also assumed that the glass is located on the table.
Figure 7A therefore shows the glass with the table as
its parent. Because of this parent/child relationship,

when the table moves, the glass will move with it.

Figure 7B shows the scene hierarchy which may occur if
the character sits on the chair. This action may be
carried out, for example, in response to a “sit”
command which is issued by the user through the
behaviour console. 1In Figure 7B the character is now
the child of the chair, which means that 1f the chair

should move then the character will move with it.

Behavi our files can be creaperiGB2004/003049
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changes its parent from one object to another. For
exanple, if a prop is given by one avatar to another,

WO b@s/oi135es prop changes its parent fromthe firBCT/@B2a60a/003049

to the second. Figures 7A ©2® 7C show exanpl es of scene

fplegwechf@%hdwg tﬂ}ﬁéeséérwr@seﬂa@crgp%m M@@é@@ if

y one avatar and three props. avatar 1s

dHes attara GhiRy tFH'eﬂ‘éEhr‘ée tﬁ'_r%pi‘alaa‘%% %%bme @%1 r ®hd
AR5 £Adh FOHDLS 8 ido 158 ABSY

character, the abl e and the cha| r are aI Iocat ed
TRt V5YGt dhish Totheri.e TRy ot} et tHusl haver
QYo drhel £ HOTRIH AscH el raPaients andk 50 dheidhilg

novenent is not dependent on the novenent of any ot her

otf ddie qhaiin. alBy GAskedihatthHe PR e |Beat ed
QSRR S Rt Tihd e of Qe o dtis: Ohassoi th

e as Its parent. Because of this parent/ch| | d
RS My, mel & IeRelsl s Ma RN At e
\l;%\lﬁh Mthit. Figure 7B shows the scene hierarchy

‘may occur if the character sits on the chair.
This action nay be carried out, for exanple, in

f %hrou%@a%&i %ﬁf}{ﬂgm ést:dﬁﬁ}@gn%éntf@nts to

1 aV|our console. In F| ure 7B t
diﬂarkalﬂﬂér U,ps ervwhlm-:h ciiectsd iHedr rvl |%4ﬁhrea1?¥ser

t t hengit Il
nlor}ge :l‘\IIII (%?Ia{l}jrp%% d‘hows t eeggzle%&h?g%% y %. ch
reaytecrdmn’q flTI h@@r@r@trﬁcqﬂﬁﬁ@ U thieo gl ds SR the

Bt AGhd A NG 1 OGS OB J 0 H Ol MneddCne

ynamcaly sSWtc Its hierarchy so that it is
rmvetm‘ccmﬂ brosf qhﬂeeccma@ﬁ:tcapemﬂrtm 9% thafe|f tarother
dJEpJ f the chair. The glass wll therefore nove in
endence on the novenent of the character, which

An avatar is made up of a series of nodes which are
linked in a node hierarchy to form a skeleton. 1In a
simple case an avatar may have a node hierarchy
consisting of two hands, two feet and a head node; in
more complex cases the node hierarchy may include nodes
for shoulders, elbows, fingers, knees, hips, eyes,

eyelids, etc.

When an avatar picks up a prop, -the prop becomes
attached to one of the nodes in the avatar’s node
hierarchy. For example, if an avatar grasps a bottle
in its right hand, then the bottle becomes attached to
the right hand node. However, since the avatar will
usually occupy a certain volume around its nodes, the
prop is not attached directly to the node, but rather,
a certain distance is defined from the node to the prop
corresponding to the volume occupied by the avatar at

the point of attachment. In addition the orientation
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nmoverment may itself depend on the nmovenment of the
chair . Dynam c hierarchy switching allows conplex

WORMWSHOEIHS to be built up in which objects i ntBCEHGB2004/003049

with each other in a way wiich appears nat ur al

W ot ypaniq Attachientd bonuld %eﬂ%%%ﬁsagm 0

rovi de“separate ani mations Foal'l anticl pat e
siutsﬂ:atmoenamm@rreem@atmemtth@‘ roee olsiledtivgad-o the

%%gl%n%?%t QR hat,@fy another object . An avatar is
e

of "a’séries of nodes which are linked in a
node hlerarchy to forma skeleton. In a sinple case an

ar, h ra f
e,
tindemide mogneznecity ey tihec Inedie frodedifdr ighds dértgiched.
0 er I
I B o S e e S e e o
ttdneomveﬁnemhr@ mfd@@crhn Otﬂretrm/atoaiessmddeldﬂ' sledriclpd by
roexa I I N hght
rJrcand 1']t_ t%orrrle bot tel e%be([{noe?rg‘gsoa%tsttglehg%o e& eI rhlseg Itb%h
lai@mémﬁnh@.d Hainadodeng, isitrec e ddeeindy dihaer deItIaruaJaJ'ﬂ ythe

%%%pg&t rtarnod\éola%rgte a[ é’q%(? tt% nedes, the prop is

Ehed diTect | ut rather a
certain distance is deflned fromthe node to the prop

orres ondi q LQ.t vol tar at
éjpnct Yo atat%acr?%meen .t%l ngfrcjéﬂ{é ?‘ﬁerteg%% %atr onof
talvaa’qarxdra meldatsi;v & aro etdzenpieden ﬁrctefqlme@f e tdiigtamsy
ri_ent a |on af. Rr o el e 1
%‘? < ocrhe(g1t esgvaer%ﬁoﬁl (%ssr be?glné%a{ﬁ GE‘e t aﬁvrﬁCh
aledtiare tthhke apzradzraxi'rmerpgamm bef atftediede 4@ the
avagcarl, OSI aetxta?n% e eyes, ears oOr a nose can be

attached to the avatar in this way.

Other objects can be attached to each other in a

similar way.

Intelligent props

In the editing apparatus 1 of Figure 1, the way in
which an avatar interacts with a prop is defined by a
state machine which is associated with the prop. The
state machine contains one or more animations which are
used to take the avatar and the prop from one state to
another. When an avatar interacts with a prop, the
avatar queries the prop for the animations that the

avatar is to perform.

Figure 8 shows an example of a state machine which is
attached to a prop. In Figure 8, state machine 150
comprises prop initial state 152, state transitions
154, 156 and idle bank 158. The prop initial state 152
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waledosoesdoby t he ani mati on.

For exanple, if the avatar plays out an ani mation,
then the novenents of each of the nodes will be

then be determ ned, taking2fnto account the distance

Qfe dile PROR: fiQMiNe oA d dHsS dentald ena A prop
can be attached to any one or nore of an avatar's
RodEa t Qgys dbariice Shftar ahel ns¥ adotIfaRy gy asdative

atd aghed, 1 seveigls nedasiall s@ddi ti amhipr aps dhish o
define the avatar' appearance can be attached to the
ArEic Tt eddnpind N e A e gompaigdd cal Be the
atdachedhd@ the avatar in this way. Ot her objects can
be attached to each other in a simlar way.
Intelligent: props In the editing apparatus 1 of

QW &l e HNG R ith-aMy il Ay aval ar JtRIAGes WH
prop is defined by a state nmachine which is associ at edY

vint R g GFOPTIRE P8t @ ViR 1R diitkeith S Toie BYe fdrade
Y ARIAORS, WG (el USRE L0 aker] heravahar and Jhe

prop fromone state“to another. \ei[\hen an avatar

itrierddtiS VSR Gl fgesp 20t Hélidvialars tader isgs! théigedp for
tg%%ﬁ@@'@ﬁkiQ&ﬁﬁggfﬂé the AMatar drsi o iRef f9fdna g e 8
shows ‘an exanpl e of a state nmachine which is attached
g igapriom. Whiah gake $hestagtad aradiiché& B P rednpricsesshe

Haqwbarﬂ tdial St & nko % r3hiatd HANSiHRRS L54mel?b and
idle bank 158. The prop initial state 152defines the
ieditthiedd téﬂt@atpéfo@f Otf_néqﬁ &y atan Ch?!qs mtwﬁtqusiqr@rt%ean
%ﬁﬂkﬁxﬁﬁﬁm 1€ R JARYL e inBlaldnee 1Q the iR d!  1In
this initial state. This is done to ensure that all '
afiematd sins impd ec oysat idy @ e tar tind asadtconiiddt @ prop in
the same way every time and leaves the prop exactly as
it finds it. In this case the prop has only one state

and there is no state transition as such.

The idle bank 158 defines animations which can be
carried out by an avatar when the avatar is interacting

with the prop and is in an idle state.

When an avatar interacts with a prop it queries the
prop for the avatar animation. The avatar is then
animated with the avatar animation while the prop is

animated with the prop animation.

The state machine 150 is associated kinematically with
the prop. This means that the state machine is
attached to the prop and as the prop moves so does the
state machine. Associating the state machine with the
prop in this way decentralizes control of the animation
and leads to a very open architecture. For example a

user may introduce his own prop into the environment

The novenent of theP@I/GB2@an03049
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Each of the state transitions 154, 156 defines the way
in which a prop and an avatar are taken fromone state

wo eooaootsher when they interact. In general, a BCEHGB2004/003049

transition specif ies an instial state and a final

e 5 t ai v t a rop
T on Al o L aes R sy 55 P o the

iCRRLeAt 1t fed 1@ -t e PAIOPs tvatld. bﬁo@@\l@r tq/m@lt@ract

ltttPleFthtehe_’e%':to%forthteh%n%%to%he%Qes not nmove during an
interaction, one of the animations may be omtted. In

t he nost si rrple case an avatar interacts with a prop

metnh@m%ag%wé B @ rlcihie cm%gle%avez%atth%spr %e%xac%l y
as it fin In this Case the prop has only one

SPPe s¥Ed chigsr é tiss PAG egitatfa o PRS OPIRCAs touamothiee ,
k@lee hanle IRBhdekl nes AR ARY QA% IMrinGR gb%l%%r ried

out by an avatar when the avatar is int ting with
changiesp i&ed hilerpgchy ial &hst seae Waen aﬁhat\m@‘tl@;g the

%Q%%raﬁk%hWh%hsahQ%Q@rbh %%@%%% %h%lQ%QQHfOEr%.th t he

avatar ani nation. The av Is t en_ ani rmte
Q@épért@n@@&ﬂt@ﬁﬂwﬁhﬁelnﬁ@ggn@w o &hienwtled uailt h t he

RhoR r%?ﬁn%%]tt' O”ThIE %t %Te%a%%h bae 1R0ek% aﬁg/f %ﬁﬁ{a%‘i ons

Kl nemat 1 ca Thi s neans t e state
fechiane 1ng eaftapaéﬁéd bfa@wsﬁ@ pfﬂo pvat@ragndhéher pgowpowds 1

%gwg?%Sb%h%véaﬁgglgacgh@et é%%o%hﬁ a@gokgewiﬁﬂt%lways

e Wwth e prop in this way decentralize
cdewengl oof thire rappiraonshiang Ll é@@s ptropratee pyh@p,ven
ak glglctt%cture For exanple a user may introduce his own
into the environnentand, as long as the state
machl ne for the prop is correctly set up, that prop

WE'F b%l%ﬁlgta% 'Hgﬁﬁﬁﬁ%s c%ﬁ Bg%er Ecgthngns

envri ronnent S hi erar anges, that
ppplikentohetates. If an avatar is given a command

that will result in a prop transitioning to a certain
state and this state has preconditions specified, then
the avatar will attempt to satisfy the preconditions

before executing the command. 1In this way relatively
complex behaviours can be generated by combining a few

props and their state machines.

For example, a precondition might be that an avatar
cannot put a bottle into a fridge unless the fridge
door is open. In this case, i1f the avatar is asked to
perform the action of putting the bottle into the
fridge, it will first attempt to open the fridge door.

A state machine may have an idle state. State machines
with idle states are used when there is .a transition
required to start the interaction, whereupon the prop
goes into the idle state, and a transition to end the

interaction, which takes the prop out of its idle
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prop switches its parent from one object to another,
the state machi ne associated with that prop al so

webasgesoits hierarchy in the same way. Changi PQI/GBe004/003049

state machine's hierarchy tadgether with the prop's
heldts t o 1igH alvhddie iNRGdd ¥ o/ iddials aiready

environnent. This is because the necessary ani mati ons

figy e i i &F%6n "W wEESPaFtad anodde R SR hem Ithe
alysisn he javaidlle, Rnd fikose anigmld s W |1l ways
depend on_ the relationship of the prop to other

Sed& §?e®3@ps€%ﬁl<3£%1§tgattélen§@m[@é’§i-can have
preconditions applied to states. If an avatar is given
a command that will result in a prop transitioning to

& Cerra@P Sratld #id Py agtdod Hay gdvecordl Bivaiter going
$RePdd edhndeh HhE rdalR milyl heAltd1eRy tt‘?la%ats't%ﬁf}f:st he
precondi tions before executing thé command. In this

W br dihe i&)f@qt}arcmné&n@emmg@ degarne geire iEtdd 1y
Q‘?/I*?ﬂgln'ed?ﬂ thd SUPr O%ea%%att%?'oge%t@%t SvIREH NS nFAn the

exanp a precondition mg at an avatar “cannot

ﬁ@@@abfotbcel SHSRIG 18 pisdge dellesstehe -f r ildgdhdsostiage

QRN IR Wik 38 tHel A% 3V ﬂﬁta? doditas! e%fntiﬁgr%ﬁrofn%r,m
the action of putting the bottlée into the fridge, It
WO epqamgl eat tcorpe sPenepay e dfifegendosleeriswat e
TRCALRS Y gy k8 shal enonl Ak Rehipes M th
Idle states are used when there is a transition
FeGemeed vt anothies ioRTecAc Eilerhatrer edfomustie fmsk
gReS Syt &£ '%%ﬁi.d' enikal,ga1and ?etnr %ﬁ%‘oh'fa%ﬂc‘aﬁl%”‘ift he
i'nteraction, |qh_takesthegop out of its

téleast dise 2 IHragsidiararcoirsegippaniage semind dedt ing out
%hfr %%@% Wb seg ni#li§ 1SLaLe Wi 5N SL@SREC ttlt]l.teo 139Qt Rer Jpr op
then the systemw | [ attenpt to take this prop out of
its idle

Deferred message passing

Avatars can communicate with other avatars and affect
each other’s behaviours thorough message passing.
Before an avatar can communicate with another avatar,
it must connect itself to the avatar with which it
wishes to communicate. This is done through a
specified message, which can be named in any way. The

connection is viewed as a tag inside the software

When an avatar emits a message, all avatars listen to
the message, but only those avatars which are connected
to the avatar emitting the message will receive the

message and process it.

Objects in the environment are made to move by building
and linking together chains of animations that get
played out by each object individually. These

animation chains can be cut and spliced together.



state before executing the command. For exanple, if an

interaction involves an avatar going to bed, then an
wapiosmiisoh nay be played that starts with the BOBGBR004/003049

standing by the bed and end8 with it Iying on the bed.

Thes shatier Hs the, ayatdiraded e ardheaked gy, bemich

specified as an idle state. Ih this state the idle

B FUrt 1S AR drifmyoiRds S hidkisoRIggs in the

€, ORMdespendingd orlif fRreti MEeedtr the

nmovenents. |f the avatar is then instructed to__ |

iftisratckon tHhath RrrGe it dfewie®d iU hustTH S sts

gelrOrte Pfc ety Jdds Mid IndaRRAN sHEOmR] | caldfedded

there is a transition_ corresponding to It getting out

oFe FERPWRBTS I tG3  Kakde 3 @M $HEGR @ it gcene

eferigd,message passing Avatars can conmuni cate with

ot her avatars and affect each other's behaviours

t hor ough nessage passing. Before an avatar can

conmuni cate with another avatar, it nust connect

itself to the avatar with which it wishes to

communi cate. This is done through a specified nmessage,

whi ch can be naned in any way. The connection is

viewed as a tag inside the software When an avatar

emts a nessage, all avatars listen to the nessage,

but only those avatars which are connected to the

avatar emtting the nmessage will receive the nessage

and process it. Objects in the environment are nmade to

nmove by building and |inking together chains of

ani mati ons that get played out by each object

i ndi vidually. These ani mati on chai ns can be cut and

spliced together.Instructions can be placed between

the joins, which instructions can fire nessages to

ot her objects in the
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system These nessages only get fired after the
ani mati ons that precede them get played out. This is

WO edos1Bos t 0 as deferred nessage passi ng. Def eP€BAB2004/003049

nmessage passing can force addynamc switch in the
ey erarchy. CLAIM5S 1. Apparatus for controlling an
interactive virtual environnment, the apparatus
conprising nmeans for defining a virtual environnent

popul at ed by, k) 8G1sS fotrh%d%ﬁir%ﬂtlsﬂ.rfbo@?f | 1$1RG Rt jheast
avatars and props, wherein: objects wthin the virtual

SV TV iRaTIeE Ty AAYE CAIHAL At (IREP i idwd means  for
detached; T am.qther LRI6U oSl LM Qij,e&%d a

prop has associated with it an animation for use
dhavaiiacnteamptis W 12 Reasitom vadmd swren ﬂ%fé’Pﬁrrop
whAatdaehed to another object the animation renains

associated with the prop. 2 . Apparatus according to
cl ai mobigtrseivi, thilvert hen Vobjtexal e vamoasiedd MeYamst her

%ﬁ,{rﬁa‘?&lca{f nherddsd he, myven®it Hed e RPIRHe A %bj ects

attached 3 . Apparatus according to cllaim
Lingler ysgn emteedpr iagichg neans for storing an

ani matJ q}éeé“%esgf Q:&a%‘é*%is‘%&%%ﬁtltr &Rl %Xbﬁ{at%'nt IR use

4. Appara t according to claim1 or eln

aﬁm @trusax:fajxarplzagtuai@eé;smmh drhegamep,5 andApfﬂsl@mattlh@
ﬁ%g; i ralddia AR d Aehaeh VO%SHVéJe Ltgle RPN RNt |

appar atus conpri sing: nean fining a virtual
ereriaiormerEs Qomieat ed Uy this evtop- means for allowi ng a
user to control the virtual

2. Apparatus according to claim 1 wherein, when
an object is attached to another object, it inherits

the movement of the object to which it is attached.

3. Apparatus according to claim 1 or 2 further
comprising means for storing an animation sequence for

subsequent replay or editing.

4. Apparatus according to claim 1 or 2, being an

apparatus for playing a computer game.

5. Apparatus for controlling an interactive
virtual environment, the apparatus comprising:

means for defining a virtual environment populated
by objects;

means for allowing a user to control the virtual
environment to create an animation sequence; and

means for storing an animation sequence for
subsequent replay or editing;

wherein objects within the virtual environment may

be dynamically attached to and detached from other
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envi ronnment to create an ani mati on sequence; and neans
for storing an ani mati on sequence for subsequent

WO epbaysses editing; wherein objects within thePeT/GB2EH/003049

envi ronnment may be dynam cably attached to and

datached foomptdergb) asfsor and when iy ol eglotirier

attached to anot her object it inherits the novenent of

e b} ekt ISt teh Ghe imovaneitheaf e Aipeat o which
ageording-4a.&taim5S5 wherein the objects conprise at

| east avatars and props. 7 . Apparatus according to
claim6, wherein a prop has associated with it an

ani mate on 0S8 Whelk &Y QMR &6 | LA S, A 4 N8 e
prop. Apparat us for controlling an Interactive
\ﬂblardls FRAR R At ]teri?es’fap?é@r’@t% avh@ioding: means
for defining a virtual environnent popul ated by

obj ects the objects conprising at |east avatars and
pr ops; 7 mearfPHagatalg RRIF BN €0 Pl adghtarolvharein a
Yidgiala LU SRR 0 B SR G ANIBd D IR G ien

nmeans for stori ng an ani mat i on sequence

‘wb@mrm ngpRractor vadilt ithy ddlearein a prop has

assocrated with it an animation for use when an avatar
interacts with the prop. 9. Apparatus according to any
of cld&.ns Prmpmeters Taxr @ntwedrleing tate ipyteyaeasive

%?.L%Qﬁi eéjm}’iﬂxtcgudetnta” AU 'ES#J 8f 1y tél%&;'mve”em
e prop and an dni nat |n| ng nt of
t he avetars vimen ctelfelram ax wmteaedcteslmncmntelmé: pogplated

jog/ d%%h%tast u% en ?:Jhe avat >ﬁ.s‘?Lfeg‘r:aac' 'I%a]sth%v%t%rs and

ereln I nt acts wt
rrops;

means for allowing a user to control the virtual
environment to create an animation sequence; and

means for storing an animation sequence for
subsequent replay or editing;

wherein a prop has associated with it an animation

for use when an avatar interacts with the prop.

9. Apparatus according to any of claims 1 to 4
or 7 or 8, wherein the prop has associated with it an
animation defining the movement of the prop and an
animation defining the movement of the avatar when the

avatar interacts with the prop.

10. Apparatus according to any of claims 1 to 4
or 7 to 9 wherein, when the avatar interacts with the
prop, the avatar queries the prop for the avatar

animation associated with the prop.

11. Apparatus according to any of claims 7 to 10

wherein, when the prop 1s attached to another object,
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prop, the avatar queries the prop for the avatar
ani mati on associated with the prop. 11. Apparatus

WwWa@aews/Hnisng to any of clainms 7 to 10 wherei n, WenGBR@4/003049

prop is attached to anot heBlobject,the associ at ed
%Hém&gs%loartaﬁ'mxta%soﬂ ermi 4, BRK0CHAl eftaire{atrh the
prop. Appar atus according to any of clains 1 to 4
cﬁsqulo?ltle]d WhHetleithe Hec@ mati on or ani mations are
defined as part of a state nachine which is associated
with the prop. 13. Apparatus according to claim12
wher ei ¥ + héipamtat ym i e Eerhris enya csft atlaifsansite oh

Wy ch tfjc?flln%eqpelrp'ﬂﬂéalaﬂn@attﬁv%@ dd {dhs and at
| east one of pr ani mat1 on Ich ta es t he prop
fdedrnare asmaa Gs‘r?a etare madhing Wiighe isamesarciated

on which takes the avatar fromthe
inltlaﬁ stat to the final state, and optionally back
to the initial state . 14. Apparatus according to

cl ai mql Gi-at t
73, gtng{ 2 es ohicet zﬁorta S 1385 Gl Ateh Mt -t he

one of th us according to any of
‘ctates ntaa:h:melqumfneaes tshes sttt & nectiitieothathigh i dl e

?%ﬁ%gkﬁ%%mfﬁﬁ¥¥fgfngé§&§r%1q%ihﬁ.%Eﬁﬂg ‘Hﬁﬁ'g%:iégsé

erei'n-an animati on sequence is stored as a
sord mf compramsianinediat WOiidoeeeds thE7 pryqpairamusthe

a0 dng Lo o1l mik vherel 1 dde CURIS At dlle same

onmmandas as nm eentere byadser In order to
@mmrajilctrhevhmcrh v keenvihreommaitar RomA\dder sitndssial state

aceanding 1o ¢ ealﬁart%{ tblvat}%rﬁ a@reoottbrfeorztrﬁﬂsal

an instruction |ch t e pas to an object
tshetg rtual envi ronmsnt 19. Apparatus according to
claim 18 wherein the

14. Apparatus according to claim 13 wherein a

precondition is associated with one of the states.

15. Apparatus according to any of claims 12 to 14

wherein the state machine has an idle state.

16. Apparatus according to any of claims 3 or 5
to 15 wherein an animation sequence is stored as a

script comprising a list of commands.

17. Apparatus according to claim 16 wherein the
commands are the same commands as may be entered by a

user in order to control the virtual environment.

18. Apparatus according to claim 16 or 17 wherein
a script contains an instruction which is to be passed

to an object in the virtual environment.
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instruction is only passed to the object once an
ani mati on which precedes it in the script has been

precedi ng clains, wherein 8x avatar conprises at | east
a fil ef i ' qgﬂgﬁ;%ﬂ¥ : - ' Wolg}
defi nie'LngS' it E_Jrf}%vdégn]'gsnts . . Aptpcg:}'glt%lgn g@cﬁﬁzﬁ%% othe
dmpstofudtherpriec edilng e sdam, tahdreiabie gl wrald tan of
: : 8 Gy |t Jﬁﬁﬂ@r
ga\ég%r?dg—'lslnoght%{) c(fhai m 21 erler?nlr?hnceheggsncrm arﬁ?}ltrrélajlfbleoerﬁ1 IS
netearageta@tr to fit the size of the avatar in question.
23. Apparatus according to any of the preceding
clainms, wherein a prop includes a file which specifies
a way 40 wiingsnaterprasgpe st epritaianwtdfert g greceding
d . of rallj ' actd v [ I :
?nl\l;gﬁ trni)gr)frren e,rcetthHe a?rlet %%%gn%ﬂé{%g%de% \r%éﬁig&g ?vil?rltlueal
el indmeentt poRiesrahdy, aojedrs animmtoljrectefining its

t}‘g{{;g'esfjggg at | east avatars and props, wherein:
objects Wthin the virtual environnment nmay be

dynami cally attached to and detached from ot her

obj ectss, un s |8

with iztﬁ an gjrrﬁa%eﬁruoﬁ O%]%éooéu%ler@%eoﬁ {L\‘e %pép g%le? tefdaeﬁlgpg

wiltshimen awretrain andwhenl tthe qff gydtsrat tsdotred & ccommon
o%bj ect the associated ani mati on renai ns

assocﬁ:gt ed with the prop.25. A nethod of controlling
an interactive virtual environnment, the nethod

conpri-sj ng o{)' f | ni Vil I tysal - h
envirg%%engﬁ)gﬁﬁﬁggida %pfgiﬂé]gggéiald'éi wherein the
common animation is retargeted to fit the size of the

avatar in question.

23. Apparatus according to any of the preceding
claims, wherein a prop includes a file which specifies

a way in which the prop may contain other props.

24. A method of controlling an interactive
virtual environment, the method comprising defining a
virtual environment populated by objects, the objects
comprising at least avatars and props, wherein:

objects within the virtual environment may be
dynamically attached to and detached from other objects
under user control; and

a prop has associated with it an animation for use
when the prop interacts with an avatar, and when the
prop is attached to another object the associated

animation remains associated with the prop.

20. Apparatus according to any of P€T&B2004/003049
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obj ects, wherein objects may be dynam cally attached
to and detached from other objects; allowng a user to

wa@omsnedsots he virtual environnment to create an PBECI/GBRI03/003049

sequence; and storing an addmati on sequence for

subsequent A epl@ay,@o £didd g1 WheF el whed- A ohl ect
is attached to another object it 1nherits the novenent

ofi nta lolfretiir QrensiHE cHEie 1At KPREL 619 A Mt HerP Df
eitrolling an interactive virtual environnent, the
met hod conprising: defining a virtual envi ronrrent

popul e By1DH e‘é%%tu%heerb‘b&%l%e%rﬁﬂﬁ%]ﬁ?be%tby east

A ASs , angh HORS; O@J[é&fm NEh P B Ay LM TPl adtched to
vi rtual environnent O Cr eat e an anli matl on sequence,

ANk i 4R aehi TRAM oY URARET DT subsequent replay or

edi ti ng1 AN ASSOpd AL 1109 Mt PIep @&ﬂumam&gﬁem
use when an avatar interacts with the prop. 27.

oSt pragy rafrH k4 SFEEISH AR conput er, causes
the  camutiely to G fya Oy theBlidowd of aysduddai ms

24 to 26, or to becone the apparatus according to any
oferdlas e edicia®; 2 . A conmput er readabl e storage

medi uRpRavd g Vﬁ{é}{ ed, theyeon A CONPULIRIG YOO b ch

, Wwhen run on onput er, causes the conputer to carry
qtljadte Jr?etm@t%n’ﬁ,h%fm@r%ﬁl%t 2f theombinct o patvigh

1hce lasorglag@&%@_ccordl ng to any of clains 1 to 23.

26. A method of controlling an interactive
virtual environment, the method comprising:

defining a virtual environment populated by
objects, the objects comprising at least avatars and
props;

allowing a user to control the virtual environment
to create an animation sequence;

storing an animation sequence for subsequent
replay or editing; and

associating with a prop an animation for use when

an avatar interacts with the prop.

27. A computer program which, when run on a
computer, causes the computer to carry out the method
of any of claims 24 to 26, or to become the apparatus

according to any of claims 1 to 23.

28. A computer readable storage medium having
stored thereon a computer program which, when run on a
computer, causes the computer to carry out the method
of any of claims 24 to 26, or to become the apparatus

according to any of claims 1 to 23.



