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WD 2005/ 101897 PCT/ AU2005/ 000534 - 1 APPARATUSES AND
METHODS FOR USE | N CREATI NG AN AUDI O SCENE FI ELD OF

WA RBSHNSENTI ON 5 The present invention rel at eSPCT/AU2005/000534
generally to apparatuses and nethods for use in
creating an audio scene, _apd_has particular - but by
no neans excl usive - application for use in creating
an_audio scene for a virtual environnen

ABREREREERD OF THETFRVENTPONIFTiett HE%TEQQnAN AUDIO SCENE

significant advances in creating visually imersive
£ 'Iﬂﬂﬂﬁﬁ in recent years. 15 These
——aé%a%%to uEi s &ﬁ%d in the w despread uptake of
massively multi-player role-playing ganmes, in which
,partici papt %reegn%ntt%eatq%mw telslYore \étlfl%n%nt
(such as a ttlefiel and are represente
apRFtRiats e ARY AnkdRdshyiom uRmtigy crmRteing |n Fidis |sgene,

ard) H¥e dafticfl 230 AN ipiB Ry nfelaaf@@:ﬁﬂudlrtré he case
of a virtu envi ronnent i.n the formof a battle

RRGRTHRR “RFati® dSuITeaidne 3 Sii%SCohf for a
vmmuhamneﬁninqmmdna.of visually imersive 25 virtua
environments is due in part to significant advances
in |nage proceSS|ng technology t hat enabl es highly
e ] FN VA N aphi cs virtual environnment
to be generated The proliferation of
t hree-di nensi onal sound cards provides the ability to
suppl y pdPerE Banes befra sdgrifdicadty aimRens 30 wreting
vﬁmmdnﬁa&ﬁwmﬂw&m@mﬂ@ﬂéﬁ:g high Heddrit Grdises.
of t hrge- dlne si_onal nd Qar today' s visyal
ian ARG R Bl thhat dhe o Sednad Ynshe of
matamp:re:iw dmltneazlla@terc ncd@.r@’itayﬂmg‘ @rames,t idol pdnifch t 0
agalial i Vi
CATCINERE Ml B0 Rchflon, VARG SONFRA fayon
aﬁba?sé?ﬁf&iﬁfi(ﬂl%laﬁdeaﬁ%m@mfeﬁ%nf@d/mmééha/\mlrtual

er%&%rﬂf@rﬁ:g%ypgﬂ %!4%&@,0%&% is typically in the form of

an animated character. In the case of a virtual

environment in the form of a battle field that avatar could

be of a soldier.

The widespread uptake of visually immersive
virtual environments is due in part to significant advances
in image processing technology that enables highly detailed
and realistic graphics virtual environment to be generated.
The proliferation of three-dimensional sound cards provides
the ability to supply participants in a virtual environment
with high quality sound. However, despite the prolific use
of three-dimensional sound cards today’s visually immersive
virtual environments are generally unable to provide
realistic mechanisms for participants to communicate with
each other. Many environments use non-immersive
communication mechanisms such as text based chat or walkie-

talkie style voice.
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- 2 DEFINNTIONS 5 The follow ng provides definitions
for various terns used throughout this specification:
waeioghtose? audi o stream - audi o i nformati on thaPCT/AU2005/000534
conprises one or nore pieces of audio information,
each of which 10 has an anplitude that is nodified
(i ncreased or decreased) baSed on a di stance between a
source and recipient of the audio information.
Unwei ght ed audi o stream - audio information that 15
conprises one or nore pieces of audio informtion, but
unl i ke a weighted audi o streamthe anplitude of each
udio information in an unwei ghted audi o
stream is un- nDdified fromthe original anplitude 20

Audi 0 Sc nf or matj on r|3| conbin
sounds (f e f)?g‘ Wlng\lgrgegdr?eﬁ n%t v\?é':t’é’r%g
teamt otdwet tSorguBewd Ehnﬂubnmdﬂﬁﬂcaﬁmbnn rtua
environnent) that are spatially placed and perhaps
attenuated according to a distance between a source
* afeightedcppiént sbFeame-sauddo Anformhtisvehbakngomprises

caﬁarb§em0§eU§ﬂeeééestsaﬁa§5 &ﬁ@beaseaohheeQGEUéEIﬁhlch
(o aracterlsglcs 0 envi ronnent UMMARY OF

| RRENFP-ORFP etﬂéeoF%Fﬁglﬁomadftﬁﬁati ddpereagedt HE
paeeeaaseamVBabednohhar&1ssaa&eVbdedean apaaﬁabaSaﬁar
c in nogapdio_sgene. f an avatar inavirtua
e%%?r n%%ﬁtOf Eﬂe %Bpara 58%5?| i'ng: 35 an audio
processor operable to create a wei ghted audio stream

. tﬁa&eegﬁe%assﬁa%dgergsam ag}laﬁzheghfbeaakﬁgn' Ehat
portion o heari ng range o e avatar
2995PIG§897°P€TPAUQ966/BGGSS& of gudagsdBfarmagiABanbut

opRlakbeat fedghtelabdibestyebahtad anghotaliceam whth

a datum that .represents
pgece o% aud plniormatgon in an unweighted audio stream

D

is un-modified from the original amplitude.

¢ Audio Scene - audio information comprising combined
sounds (for example, voices belonging to other avatars
and other sources of sound within the virtual
environment) that are spatially placed and perhaps
attenuated according to a distance between a source and
recipient of the sound. An audio scene may also comprise
sound effects that represent the acoustic

characteristics of the environment.

SUMMARY OF THE INVENTION

According to a first aspect of the present
invention there is provided an apparatus for creating an
audio scene for an avatar in a virtual environment, the
apparatus comprising:

an audio processor operable to create a weighted
audio stream that comprises audio from an object located in

a portion of a hearing range of the avatar; and
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| ocation of the portion of the hearing range in the

virtual environnment, wherein the weighted audio
wa@eesamsand the 5 datum represent the audi o sCRCIBFAUTI08/000534

apparatus according to the first aspect of the

present invention has severgl_advantages. One

advantage is that by dividing the hearing range in to

one 10 or nore pqQrtions, the figility of the audio

scene cafSFOC1ZY A0St BERS SPPEFOIFedO aFsrcinfe the
wegighdledl shitE o wiiefanofwitholal idansm ntHate rgafdgeghysarge,

t ni_gh he fidelit f. the audio _scene., It .is_.
1o BT s s Lo S Ralire’ RN e viwtual
enyiipgnmend g hthed edund itdhes wed gintiedr amde. ol 5 tamrani amd |the
daftRG! reldh RRRATHL Sidl L Heallee Of nultiple weighted

audi o Streans each conprising audio from an object

| ocated in other portions of the hearing range.

Anot her Tadvaphagatal bBeo2Bpagatus the tMakt BRpect of
th\éueé%hted audi 0 stream can repl.icate characteristics

egent ANVERGIAT FroFRE 2y Gy 3Rt agSSes e of
advavitget ds e by distidiine thet Mearimhe mehjoectinpan®d one

ecini R ( anather, v e . the present
or, AEreC ol End ISl AOGIINALE acllsd LRI be
adjuisitfed ttoe@arrsaa fadrheved .| et igneatBudhe muntier of

pogg:tildmé ndi L hddiaing Redgecatdnn fgHdie ahi Q‘.‘Ei.tdg%%f Qf

the right hand side of "the recipient, the audio

theo @udtige sqeiifodicdd ®EvHiFaged Shait thfARrRagtus is not
rg%tt&lfrieste@waﬁ 6’:1 Wbl v%i@lﬁi’e@{ayldtitrc]h%tﬁléﬁz@. 'ht ﬂfﬂ‘b@fesd. or

| Jurther opegr.apl € to I eat,e e | |
PortASin At FAHe T SEBRFALSs G, o Tl e
wesiighdzed tevaltic eriprdases esaath @onfprtimiagptehelicofrest an object

I ' J.s f hear r of, .t
LocHiRe 4 Dot UM of (1 Seidhg MR arlother
adygditegesafedhe upRrateisghisedhatditdes wedahtied m@valio t

stIRW 48 degBRNRd Undr@RReSANUdNG Ao {4 YR QBRiAMion of
nore ot her objects WO 2005/101897 PCT/ AU2005/ 000534 4

they fudiie 3@kt e H1eHNh &} Wadale H S IERS

bdth@&en the object and the recipient. Yet another advantage
of the present invention is that the audio stream can be
reproduced as if it emanated from the location. Thus, if
the datum indicated that the location of the object was to
the right hand side of the recipient, the audio could be
reproduced using the right channel of a stereo sound
system.

Preferably, the audio processor is further
operable to create the weighted audio stream such that it
comprises an unweighted audio stream that comprises audio
from another object located in the portion of the hearing

range of the avatar.

An advantage of including the unweighted audio
stream in the weighted audio stream is that it provides a

means for representing audio from one or more other objects
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hearing range of the avatar. An advantage of the
unwei ghted audio streamis that it can be reused for
wee@atomsg’ audi o scenes of many avatars, whi chPCEHAU2005/000534
reduce the overall 5 processing requirenents for
creating the audio scene.  JPreferably, the audio
processor is operable to create the weighted audio
stream i_n accordance with a edte m ned mi xin
thefePEEi dRCHRE Fite FttePRFHEG M i'@ FP&HTo T the
hea@iihg Tahge dENttHd @ataten.i mhonam%mragtehaif Hiee Rinwelighted
the aobject and/ rth ot he nd _weighting ..
B0 PREARh S AP At bl BT BT PR AT 57 op s Saate
sqe@e§ebfamaalyplama¢@e?sof wthhehalg:alno rgdy.cen edieg letved aduddi o
}%&&mt%d [
It%tﬁe app 31? urt her g%rr%rc:}g%tst g@mggﬁerlr%rﬁlg{ %Jc%mr%ans
oper abl e to recei ve the audi o, the unweighted audio
stream a@@etfaeamly,n@h@paﬁa&bogrusbasaorca legabiien to
netvvot#l@ the n| cation neans further ei.n
r?é‘dxibé’i GrEEGadd &CW%H%&’% a
p::daa]teltmmmdd] mmﬂm@ mpe&falﬂjbmettw brédseuegmt:hmd mixing
nicatd | u
e%a 85 tchgl%ap ar ¢ etI&q'be "&?g- 91 %'n %%laag: sotnrl
idembiifdiemevhe ncba@qn ragldt/@ra té:@cm’cdheafs pEcitecdts .t mnd
wllBRERg PN HIRRE dat RO Visded b?’; tARP AR

operable to create audi o information use in an

PIRFHSFOFc &fe &5 ah WP LdRacs ofy theiudia s iyraiahted
addi® PV U AHPMetighted ddWdist iif@ressor operabl e
to create an unwei ghted audi o streamthat conprises
audio froman object Ilocated in a portion of a
heari ng Pangenaﬂoliyhe thvabaparatdsasacthaty cpmpedses a

co\?\rﬁ&t{ﬁﬂ@ag;anto% ?rfar%‘%{% acésp Sldlfe 12 YAMRQ et%ea%%ﬁoﬁ 3m

resents an appr oxi mate | oCation

ungfeiighteshjaariia s hnrany jand dhe aiyingh aaaratian aiim @he

c BB A A YL Qi e AR AR k¥ 1\Wa tARP BB Further
PCT/ AU2005/ 000534 5
being operable to send the weighted audio stream and the

datum via the communication network.

Using the communication means is advantageous
because it enables the apparatus to be used in a

distributed environment.

According to a second aspect of the present
invention, there is provided an apparatus operable to
create audio information for use in an audio scene for an
avatar in a virtual environment, the apparatus comprising:

an audio processor operable to create an
unweighted audio stream that comprises audio from an object
located in a portion of a hearing range of the avatar; and

associating means operable to associate the
unweighted audio stream with a datum that represents an
approximate location of the object in the virtual

environment, wherein the unweighted audio stream and the
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datum represent the audio information. The apparatus

according to the second aspect of the present
w0 pooenoisen has several advantages, two of whi cPCT/BU2108/000534

simlar to the aforenentioned first and second

advant ages of the first aspect of the present

i nvention. Preferably, the audio processor is

operable to create the unweighted audio streamin
dajpEorerreseict fhg audpredatermpid@Pmi xi ng operati on,

the predeterm ned m xing operation conprising

identification information that _identifies the

obj ect . BREf BPRBFPLUrhECEREIAR0uEO! GPENEPoRBpFEBEStaot
thib preseuti davieotiseahasogeveltiad tdveateges,t twoawdi which
ardd 419 o PLAdEHEr @f%%%m%'i%%e‘&p @360 deRong

conmmuni cat i on net work, € conmuni cati on neans al so
adyeintggese ofblitiet §izend aspectupfeityie oFegeaito iameadion.

and the datum via the comunication network. 20 Using

the conmuni cati on neans i s _advant ageous  because_ it

enabl es PRELSBPRLYr uSheoaBeigsBYOLR=§OTdiL S PPEGRRAe to

crRRte MM Rinwed ghAed0 hhdlidﬁ@_ ts&::%ahhg.lhg adepadantie Hi&:fh a
resent . inventi,on there i.s _prqyide appar at.us .far
PREHEHATHG ALGT R OB AL ot 150 LISAP R T B Biiing
op&uch td os eompirdis ingn igeattdrf iicatd on rnfalrmarpdiono rahertt |

1 G 1 %%rQE%sobgggQ[ising: 30 identifying nmeans
operable to detérmne an identifier of an object
| ocated in a portion of a hearing range of the

avatar; pekght-bBiyTeane Q?ﬁb%%kﬁstQu&%h%&”b&ﬁp&ises a
wei ghting to be applie d

o audi o from.the object; an
coRNGSRTLOG MRS Wa’gal@ {t® &&%%&5’; i gind 53’6
pridi teaftined mixike \Operaaliosn i rimetinmutiierstiiod hetwork,
eSOt L el 0hling. and ! e | 00l QLIPS Ylnd e

unweighted audio stream and the datum via the communication

network.

Using the communication means is advantageous
because it enables the apparatus to be used in a

distributed environment.

According to a third aspect of the present
invention there is provided an apparatus for obtaining
information that can be used to create an audio scene for
an avatar in a virtual environment, the apparatus
comprising:

identifying means operable to determine an
identifier of an object located in a portion of a hearing
range of the avatar;

weighting means operable to determine a weighting
to be applied to audio from the object; and

locating means operable to determine a location
of the portion in the wvirtual environment, wherein the

identifier, weighting and the location represent the
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information that can be used to create the audio

scene. The ability of the third aspect of the present
WO pwenvisen to obtain the weighting and t he | ocBCT/An2G08/000534

5 advant ageous for several reasons. First, the

weighting can be used to greate a ME|ghted audi o

stream that conprises the audio fromthe object. In

this regar the wej ghtin can be used to set an
infappatige EhaFhEaﬁuﬁ?ouﬁﬁgntPngéﬁﬁéﬁ tPﬁt@“ﬁﬁ@ scene.

wei ght ed audi o stream Second, the |ocation can be 10

dt d th f it
the. | oohBRoRPLERF cRhnpre. CRE=1 aopate: S5nChnarsacaht
inveatibhetol obatinntbé weegbbpagtamdsthe Lheakiight 1Band
adéhg@aggﬁhgefoﬁegéghﬁgi’Féggoﬁgd'91999'dtﬂ% 8R6AY4AEcan

g anne a stereo soun SysS
bepneg r59|yreahe appaiahtisdf andher stsRpr §batacomprises

thSOHHHEbCQEbﬂntHEaBEJ@@Era@hethﬂssﬁggarﬁlatﬁe welﬁhtlng
conmuni cati on netwo the identifrer

cagnRet Heedo kst F6R #8 asﬁélsPda sFuFaﬁlﬁydaP §§§PeﬁBSF3Fed
J.anO&h&SWBﬂghEQdUaudgot BEréaﬁmJBEeahdontheamSCIaSlon can be

nt eou use_ i.t _enabl, p e
usBd 85 RLRPeucdr ERH: Batay Photteie VELPL ReRtHDe ipf the
logrnt&bbes Fhe eappaiauusftbhsehdcaheondendntaged that the
1096L30BL B¢ 28d LBge2R agaEbOthoragﬁxshsﬂatQaaehe% the

necessary resources rocessing ability) form
rechpiesfui tog apéeesgpﬁgd bpr gppregped Neing Rhe zight
chef8fEuNoeakl gRetBBNEoLAdS BiEReR. Operable to create
routeing information for the 30 comruni cati on network,
wherein the routeing information is such that it can
be used byefbeabbypubheadpparaetimofirtherr compribes a
audi o t e of Iu [ of e . ;
cofifsnasatish u8aRe! ptlfple; 18, pbay viK: o Sopinscat on
nertwbgiqratuh@n identddiem, afbeuveiobiivg iandathenwdociedion to

on@PRE af U3 bR 18kheck Eem%ekggtpkg%el'ﬁh in the
conmmuni Cati ons network that w | be WO 2005/ 101897

PCT/ AU2005/ 000534
Using the communication means is advantageous

because it enables the apparatus to be used in a
distributed environment. Furthermore, it enables the
apparatus to send the identifier, the weighting and the
location to a system that has the necessary resources

(processing ability) to perform the required processing.

Preferably, the communication means is further
operable to create routeing information for the
communication network, wherein the routeing information is
such that it can be used by the communication network to
route the audio to the one of the plurality of system for

processing.

Being able to provide the routeing information is
advantageous because it allows the apparatus to effectively

select the links in the communications network that will be
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7 wused to transfer the audio. Preferably, the
i dentifying neans, the weighting neans and the

wo owatiorsg7 neans are operable to respectively 5PCT/AU2005/000534
determne the identifier, the weighting and the
| ocation by processing a_ r.ﬁpresent ation of the virtue
environnent. Preferably, e identifying neans is

rable to deternine the portion of the hearing range
-ﬁie RshS B BY%EPof a plurality of avatars in
the vi rtual environnent; identifying a second of the

lurality _of. av that axi mate the first
Itohe avat g’r S fe&é‘%tlg'rm F5g é’t%ﬂ%r?’f’@e“?@&?ﬁd 8‘re t”ﬁéLgE"‘tlng
means arsl dde lr@mnmmemlﬂd dne apexdlsie iy oaspesrtively
déﬂ&lzrli‘iiiepg:ﬂé1%. té'}h e%.tgé}{ﬁﬂ J‘rﬂ? lZ:tc!J’]:g.on by
eter m ni ng t

cl uster upon I't™ can e |nc
PROFSSHIRG & &anERyeRtatwan @sﬁ drhe hﬁtrﬁuﬁclqmsrqm@nt
second 20 of the avatars upon determ ning that the

second of_ t atars cannot be .included in the
exi sting &’I#?F@% 3 erdFptdfyirg pegng dis cpegpble to

detletatiares; tmbetpemﬂ:mm@ﬂartwgwﬂu@ap:ahﬁe/\&qn two of
the clust ; r ng fur her cI ust
subst ant |Ssa L %c%t gg ey t°he S RGHEE té’p, rya%ars in
thien Migdiueg anw:mmeme of the avatars in the further
cluster. ;3RnAl; 1B@t'V§EEoth%f'@%@tggﬂfgil WWatars

operable to deferm ned fgortlon theharrn
thadnge Bpoxiswteiitify dretorf Haurmatarst avatars in

the vi rtiwexﬁﬂwmgnm@theﬁett%ms@cwda JfadRl akdtars can
that eat dsfromt vat ar _tothe one of the
S 9\%{1 i J'néa‘alc SH9%7g t he absol ute

angul ar d.rnsrtlalmmgt kb eacbndf ofhehel avaltians dih ahat ars

eﬂf%t Hﬂ“éﬂﬁéﬂéym&ﬂoﬂ%aétermlnlng that it can be included
therein;

creating a new cluster that includes the second
of the avatars upon determining that the second of the
avatars cannot be included in the existing cluster to
thereby create a plurality of clusters;

determining an angular gap between two of the
clusters;

creating a further cluster that is substantially
located in the angular gap; and

including at least one of the avatars in the
further cluster.

Alternatively, the identifying means is operable
to determined the portion of the hearing range by:

selecting one of a plurality of avatars in the
virtual environment;

determining a radial ray that extends from the
avatar to the one of the plurality of avatars;

calculating the absolute angular distance that

each of the plurality of avatars is from the radial ray;
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WO 2005/ 101897 PCT/ AU2005/ 000534 arrangi ng the

absol ute angul ar di stance of each of the avatars into
w@poodaewati ng ordered list; calculating a di fPer/antioaioos34

angul ar separation between successive ones of the

absol ute angul ar distance i _ 5 the ascendi ng ordered

list; selecting at |east one of the differentia

angul ar separation that has a higher val ue than
anot her 28FPPELBAL Fir ahgaldFesepariproAissagee of each

ofdeher aivaitagsangtbeanr adcahdiay bRdaeredmnatses from 10
t he avat ar

an hi ch _bi,sects t f the_avatars that
are assSergh awgpghatﬁégg?r?ﬁﬁg?goﬁggg%afhéeparaglon
begwkkoar encicalssizrgohas sépaheat rbesolAteomtigndatroddstance in
th%o%%kgngiB%CBr%Er%E¢1ﬁ %§ent 15 invention there is
ed a

provi apparatus _tor creating _information that
can be usedecsivgeatelanshuene géechbef diffmransial in

anguua&tg@ba%a%&ean%aam,hbaeaaaaghéEU%alﬁganhﬂ Blother
,|%ent|f¥|ng nmeans operable to determ ne an 2

differeptial PRIyt as,FERRTREEAPEd3PA a portion of a
heari ng degagainfinghanavhear radidll pagt thgtnmematiates from

perable to .determ ne _an, approxi e location of the
gD SRARSE, S SR Aol PARnER Coanarars natec dce
asisgenatbdewighd thike agppeesitnane 25 [theadidfereptésdnt

anbi€akNEREIBLIEQR A hat can be used to create the audio
Scene. termning the approximate | ocation of the

obj ect is advantageous because it can be used to
repr oducgccd@dangi @of LOFLLPENOREBEELASFI Ehibt p¥BEENL
, enanatlng from,the |I|qcation. Preferably, the .
1nYSBEARPUEBPER HEr PESHDAL e 804 2PRBIRTHS: APF 0 F T RBLA BT
indfpemaltlient ctha¢ndanvbe asedmioniceabiten an3auddowskknet fer
i dent L and ; Lo L ne of lLurality of
oo, S5ALAL' 5, T LAEO LI 8018 0 Aol
COmMPTAAURGR5/ 000534
identifying means operable to determine an
identifier of an object located in a portion of a hearing
range of the avatar; and
locating means operable to determine an
approximate location of the object in the virtual
environment, wherein the identifier and the approximate
location represent the information that can be used to

create the audio scene.

Determining the approximate location of the
object is advantageous because it can be used to reproduce
audio from the object as if it were emanating from the

location.

Preferably, the apparatus further comprises a
communication means operable to send, via a communication
network, the identifier and the location to one of a

plurality of systems for processing.
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- 9 Using the comunication neans i s advant ageous

because it enables the apparatus to be used in a
wale@snotsat ed environment. Furthernore, it enabPE€FAUR®S/000534

apparatus to send the identifier, the weighting and

the 5 location to a systqwbthat has the necessary

resources (processing ability) to performthe

reqU|red processin Preferably, the comrunication

neans i sUS1RY heRe gﬁ@?ﬁ%%%ano%r%%?%srbﬁt%@ﬁ@ntageous
betahsemiti efablést BhelBppafaunuscabi ba askdokk, awherein

.the.routeing.iLnfornati such tha n _be, used
abOE i RaeL S A EaRhER o Pub Rl e o it Pheblfar Eobo
apphtabne bvb sbrdpthealideptofieyst he Weughpnngeasdnghe
1oé§t§8h”9039' ggeeﬂrQﬁhqeh%FethguhébggshQ OEQBBhQBeES

advant ageous bDecause It he appar
(p§f>f=e§§iuog| gbiléf¥et tehperfak® thet ﬁéqééﬁﬁﬁnP@ﬁFP—éﬁlng-

network that will be wused to transfer the audio. 20

Preferably, _the |dentj fyln nmeans. and the | ocatin

Tanc. ar BLSEETARLE: | bhr SCPURIRLERyL 00 BE AR Ae L hEUE Eher
opeﬂabneftercaédtéheoh@e&hgomnbyrmaameﬁsEbg g8he

e tati f the virtua nviron . .
copfBhEPaReh' RReBrtn, FPeFRensasc PhegTER, spEepparion 1o
SuthGhﬂtnetthenapprUﬁedabE tbeappmnuaﬁcaheoubpecwomy to
roqt¥'@h89a£3§thBt%ﬂE 8H¥'Bﬁnﬂﬁ@tptﬂkglét9|?Eakyﬁiemgffor

ells; and determining a |locationh in one of the cel
PrSBSﬁﬁlnSG whi ch the object is located. According to a
fifth aspect of the present invention there is

For an a9atad FALE bbrPRAVLER, FPBnRRRE ot fiet nEgomation is

adapp&agboascbapausengt abilaivsi thenmepparapesalbbeetfdectively

=<f85E, Gn8 NTRH' 1 ol B RIE R pEgIRE" ERaRiin be

usP@TFAUE@@BE@@@SEhe agdio.

Preferably, the identifying means and the
locating means are operable to respectively determine the
identifier and the location by processing a representation

of the wvirtual environment.

Preferably, the identifying means is operable to
determine the approximate location of the object by:

dividing the virtual environment into a plurality
of cells; and

determining a location in one of the cells about
which the object is located.

According to a fifth aspect of the present
invention there is provided an apparatus for rendering an
audio scene for an avatar in a virtual environment, the
apparatus comprising:

obtaining means operable to obtain a weighted

audio stream that comprises audio from an object located in
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a portion of a hearing range of the avatar, and a
datum that is associated with the weighted audio
waresamsand which represents a |ocation of theCPaD2G06/00534
of the hearing range in the virtual environnent; and
5 a spatial audio renderiﬂngoqui ne that is operable
to process the vvei ghted audio stream and the datumin
to ren t.he audi o scen According to a sixth

or der,
= RFEHORDOR o BAESER TR A it AREAE 1 S G
theet hicd aﬁsdmea:tedwguam altl eigteresl faudian stedaA and avhich

t envi L Hiet ho ng the ste
eééq’ltstl nd‘ a wel g’htotéﬁg%audlporq-llroena% tsri g'br?prrlln Ipange
ing(Fdieo viigmadn eplyjiconmegdat @hd n a portion of a hear| ng

15 range nghﬁgaqvah@ﬁo Q@ﬁ&@?ﬂﬂ@ higlg et Q%aWEthE?%rable

audio streamwth_a datumthat représent | ocat

EpPHafesFo i yedoitfe Ao M- neatyendh thee datpydn order

tEeRNEnqHTRHe AMdceigedde wei ghted audi o stream and
the datumrepresent the audio 20 scene. Preferably,
the step of creating the weighted audio streamis
such t hakctbediepghved aidith sispean othI‘ll‘.ﬂ;'nbi Peresent

a n\gﬁlhngH ecg:te%dl g’at grg. et(i1 Q:[H%rd Sbefs e nég a]tnr Oauc:'izl.o

Ject |nte ortlono
sqeprgEt athavargrann By e'rleq*tamly emmtof tdweeatahigad

cdnpt-Eighted O oH.reamis carried out in
accordance with a 30 predeterm ned m xi ng operat| on,

the pred&F&ERHLASd amwﬁlﬁ&teépé‘t’-’é‘tmoﬁté"&?ﬂ’rl kg comprises
avdientfrfont aini mglemfwmmiam tiiata Podadildd oS d hRaalmet
r and/ o]y tthe QL h Jat“l%te and weighting information

e < nhBae e@ Uy audi o processor to set an

anpl i t udassbcma@lagd|theamlgﬂnmidglam@d035ta@amwittheam

ddthaf M@ MeiQhted Qudi g oo % B ol
urther corrprlsees the 3%%8‘?? 5 %8@3&@ SIO?;E(O 34
hearing range in the virtual environment, wherein the
weighted audio stream and the datum represent the audio

scene.

Preferably, the step of creating the weighted
audio stream is such that the weighted audio stream
comprises an unweighted audio stream that comprises audio
from another object located in the portion of the hearing

range of the avatar.

Preferably, the step of creating the weighted
audio stream is carried out in accordance with a
predetermined mixing operation, the predetermined mixing
operation comprising identification information that
identifies the object and/or the other objects, and
weighting information that can be used by the audio
processor to set an amplitude of the audio and unweighted

audio stream in the weighted audio stream.

Preferably, the method further comprises the
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steps of: receiving the audi o, the unwei ghted audio

stream and the m xi ng operation via a conmuni cati on
woeinrn0is97 and sending the wei ghted audi 0o st r eR@T/An2005/000534

the datum 5 via the comunicati on network. According

to a seventh aspect of the,present invention, there

is provided a nethod of creating audio information

for use in an audio scene for an avatar in a 10
StEPPt QAF environment, the nethod conprising the steps

of Cr eabtafviniguthei gaied, avHe ousive egitéfabudio stream
angogﬁgiags.audgoegg g1anvobjectn%%%%&ed Egna gg&giﬁn ng

8 “ReaMfHd Pange ar *PheVaFafar o AnE 58558 PP RGO Hé

unwei ght eendimgotbereanghted audsodatuveamhand the datum
vibCRAES 8RN, A ARREAXhERLE OCAL | on of the object in

the virtual environnent, erein the unwei ghted audio

stream and the datum represent the audi o informtion.

PreferabAMcokaﬁngtee_afséosﬁghnssbestuanEtaetﬁgesaﬁt
,_audio streamis carried._oyt in accqrdance with a ,
inSERYLEBr ntRETSiE REOSHEPS: PoRERAGr 8FnCFRETIRS audio

infioesetebnl fed uskeXinganpandiboscearpfbgean avatar in a

ldentifjcation info t] that _identifi t .
vighily, ShERrhRlehl DEIR' hREnbd  konblTding, Ehs! SEeps of:
the stepzedtingesni vingightedudidiandtraam that

coRpe4gker gLaed Fréindn BBSERL 9Bckkaqd i ROEMYBEEAbhOBE &
networ k; and sendi ng the unwei ghted audi o Stream and

heppingargpge’gvithe: A¥aESMuAPLat i on network. According

to a ei gabBoa$ﬁ3§hg?EhEhﬁpﬁ_éﬁgﬁﬁ_bdf h¥E6t sepebiiewsthsa

ovi ge a net ho 0 obt al ni n 1. N rmati,on tha can, .
aaBRRVEERY, 3RERencd of aPplondma Ry Loga iR, 0k kRS, fbfect

invitheugtirenwlr envdrbnmehe , nehkeoe inothel snwgighltedsteddo

<3t 104080 LEERREPAS, 85 00 ssccaseied.

Preferably, the step of creating the unweighted

audio stream is carried out in accordance with a
predetermined mixing operation, wherein the predetermined
mixing operation comprises identification information that

identifies the object.

Preferably, the method further comprises the
steps of:

receiving the audio and the predetermined mixing
operation via a communication network; and

sending the unweighted audio stream and the datum

via the communication network.

According to a eighth aspect of the present
invention there is provided a method of obtaining
information that can be used to create an audio scene for
an avatar in a virtual environment, the method comprising
the steps of:

determining an identifier of an object located in
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a portion of a hearing range of the avatar;
determning a weighting to be applied to audio from

wa b@somisert ; and determning a | ocation of theP@DAUR®N000534
in the 5 virtual environnent, wherein the identifier,
wei ghting and the |ocati_ogorepresent the information
that can be used to create an audi 0 scene.

Pr ef er abl the method furth omprises the step 10
2 FEUERR T e AR G o T AR A he

i denti fi eletertiaing ghwielgharidgot e bec appdn ed tonaudfio
fx%ﬁpleﬂealcjbtgy . sSxyptems for processing. Preferably,

t he FUr't her

net ho r conprises the step 15 of creating
r out ei ng dieHesTHEITGN 3 drceltd omo mfu fheaPioaTt 1ome io the
vIMRRIAl R i Jrittrf NGrHIHOMTRIHO R deh tSUGHRe o N Rleiigh t iGN and
be used by the comruni cation network tQ route the
Ehaudicsation FERFREDI® (e gmfcamaty o Ak A fie used to
crpaicessi nphdid) d¥eafeer ably, the steps of deternining
the identifier, the weighting and the | ocation
respectively conprise determning the identifier, the
wei ght i n@rafereidy,| ¢bat method fustdssi gprprises the step
at . f A ' : s e
o R Era )V & iR R g fentitier,
theyMegwittiging aid ttheidaaatinn thee g Qb gfluynplity of
sy Forf PWPHesAlmELing a first of a plurality of
avatars in 30 the virtual environnment; identifying a
second of the plurality of avatars that is proximte
t he fi rstPreffetradlanatidies meddiod Futithg rwWekiparisdse the step

' . i ncl q i iy
off R o, AR S S il Fort Wi Tt
nedwioythi ,n grhstnssire rthep arowtetiggni imi fimgmatditorn tiscaudie that it
cdrddddd HEH@d ALY LB He Rl AUP QUAWEL audio

to the one of the plurality of system for processing.

Preferably, the steps of determining the
identifier, the weighting and the location respectively
comprise determining the identifier, the weighting and the
location by processing a representation of the virtual

environment.

Preferably, the method further comprises the
following steps to determine the portion of the hearing
range:

selecting a first of a plurality of avatars in
the virtual environment;

identifying a second of the plurality of avatars
that is proximate the first of the avatars;

determining whether the second of the avatars can
be included in an existing cluster;

including the second of the avatars in the
existing cluster upon determining that it can be included

therein:;
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-- 13 <creating a new cluster that includes the second

of the avatars upon determ ning that the second of the
wa@easassItannot be included in the existing clPSI/an2a6/000534

thereby create a plurality of clusters; 5 determ ning

an angul ar gap between two4qf the clusters; creating

a further cluster that is Iocated in the angular gap;

and including .at |east oge of th vatars |nthe 10
further CFGEEPI R P&NW&ELAFERT t?‘ﬁ SSotps S&gond
oft héhef @viadsiny u;smepﬁaﬁarndenefgnmmu |‘t&1epQ§éddrﬁi‘l of tHee

a\}lec%rxjé']%an : V| ﬁ.{déﬁg %n%h%f e@u@tli l Ictl)ﬁsq:fer to

avat ar s envi ronnent - deter i ning a
thexebal crr@;att%a Eé'-)ﬂrtﬁidéwf fmalvetensat ar to the one of

the Pl ur leitle¥midh idA R Sin uqfalxc L3 bREwWERE FROIH &he

ul ar di stance t hat eac of the plurality of avatars
cil1u§ &h the radial ray; 20 arranging the absol ute

angul ar dhrebaneg of fRdtherotlulitedVvabais iisNtidcdited in the
a %&endln ordeyed list; calculating a differenti al

ngn GrarP ion between successive ones of the

absol ut elanguldangdias:t deasti onet b€ ahecatiatgrer der ethe

fdgltfhfg,r ¢ R2.sel ecting at |east one of the

erential angul ar separation that has a higher
val ue than another differenti al angul ar separation;

and deteﬁﬂk@hﬁﬁt@%@hgerth@dhéEhBQYCb 1%@%”%E%§fEﬁQ€W1ng
the avat ar anol V\Ihlt‘(fne( bi sects two of e avatars that

P 1y oy éﬁ]i‘ﬁ fearifg FHange:
separ at | selechdngr dinky off0 ad pliufthl idyPeEt avathie in the

nt ventiqn there is provided a nmethod of
Vl(%{tgl%t%' m”'l%o rerlf%l’i on that can be used to create an

audi o scdﬁ@eﬂfmn(;@gan aediad raya thatt extteads Eoone the

avaRe RN L AR Ic¥ Mhe HiRSHARS UF avatars;

calculating the absolute angular distance that
each of the plurality of avatars is from the radial ray:;

arranging the absolute angular distance of each
of the avatars into an ascending ordered list;

calculating a differential angular separation
between successive ones of the absolute angular distance in
the ascending ordered list; and

selecting at least one of the differential
angular separation that has a higher value than another
differential angular separation; and

determining another radial ray that emanates from
the avatar and which bisects two of the avatars that are

associated with the differential angular separation.

According to a ninth aspect of the present
invention there is provided a method of creating
information that can be used to create an audio scene for
an avatar in a virtual environment, the method comprising
the steps of:

determining an identifier of an object located in
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determning an identifier of an object |ocated in WD
2005/ 101897 PCT/ AU2005/ 000534 - 14 a portion of a
wheasitogoT ange of the avatar; and det er m ni NngPEIAU2005/000534
approxi mate | ocation of the object in the virtua
environnent, wherein the_iggntifier and the
approxinate | ocation represent the information that
5 gFto create the aﬁglo scene. Preferably,
a Pﬁﬁtﬁth85 Fu REFEonBPISe ST FESSPERTEF &Bfldi ng, via
a commundeaérninhegwankapphexisiehei Loeatdnd ofhéhe object
I t 0 ra t I
1np%§geb§gﬁugl gﬁyggogththgh%%FER %¥§ ?E@n@gfléglggg the
appifoxdmape dpcacdarni ﬁgpréaﬁeitnghenﬁ@ﬁﬁma@nom ffecan be
use@MUNECakkaN theehah k. skhakei n the routeing
information is such that it 15 can be used by the
comuni cation network to route the audio to the one
of the gibgéaéi:hmpf, sha]tcﬁashsar fﬂi‘ﬂhéﬁ‘sbbﬂgrlsefs the step
Preferably e S Q egtermnl n I dent i fi,
ot cengiBg s & EpiRipdcalTnh Belublky ofe Shepstioz, 2nd
thehdoshtpoof tdebteenpdi agpllhealdéyt offi eysietst for
L by processing a representation of the virtua
pr@%&%%é%ﬁe Preferably, the nmethod further conprises
the 25 follomﬁng steps to determ ne the approxi mate

| ocati onpetret-BB19D] eﬁte meuibdl @qrtheerbhgéhses the step
enwronnent |nto a urallty

O EFERTRENGORTRIG: |16'1“F°Fﬁ‘a61’r€noff°t=hé eFP&m%(‘E'&&FtlS’G‘
neth&k thhe@bpﬁpthbSrbnmaha@ ifCoaiaditignt dsa stueht khat it
can CESOf Lg &%Te munlc Q%Epge% r% E% Q%%W d%%e audlo
o ering an au SEENE For an avatar in
tov |theU aneec i ftbnnvﬂm,ratlhsymtfh & s t@Hsc Fopr pPiosgstshiag .
steps of: obtaining a weighted audi o stream t hat

conprises audio froman object |located in a portion
of a heaPraf§erably, the steps of determining the

identifier and the approximate location respectively
comprise the step of determining the identifier and the
location by processing a representation of the virtual

environment.

Preferably, the method further comprises the
following steps to determine the approximate location of
the obiject:

dividing the virtual environment into a plurality
of cells; and

determining a location in one of the cells about

which the object is located.

According to a tenth aspect of the present
invention there is provided a method of rendering an audio
scene for an avatar in a virtual enviromment, the method
comprising the steps of:

obtaining a weighted audio stream that comprises

audio from an object located in a portion of a hearing
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WO 2005/ 101897 PCT/ AU2005/ 000534 - 15 range of the

avatar, and a datumthat is associated with the
wowrioghowe audi o stream and whi ch represents a PODAURMN000534

of the portion of the hearing range in the virtua

environment; and 5 processigg_the weighted audio

stream and the datun1|n order to render the audio

scene. Accordln to a venth ect of the presen
raPAeoRE: She RUPEATs PR PuBHCHR SREG, 4F SFSGREATed With
theow&&ghm&@ aﬁalatsteaam and whithuetpeeskatscaudorgtidon

utln e LV _out e d ing to
%ggs sev%nfﬁg h%§%§¥gn%ﬁPhgo%H$%%%hVgg%g%g of
enNh@Opmesantandventlon According to a twel fth aspect.

of the pb@é@@&s:.ﬂé EH¥EGEELQHtEBeéﬁdh.§ REQULAednd the
conput er “r eadabl e” nedi um conpr.i sing the conputer

dasigg danrexdesr Pngerdernéhel aigirn scq8Bect of the
present invention. BRI EF DESCRI PTI ON OF THE DRAW NGS
20 Notwi t hst andi ng,_any_ot epbodi nents _th na
Fal | w t ReROFAERE ERobpr SLRuepF BogRPEF y BE FBR Bigeent
1nsﬁhmdbmemhemb tilse ppogdidetl anvempiuterwplrlograw kemprising
atdﬁ b%%e 1%%t@%¥§g e%%qpb%u%q CEHF&% %ge%%%JE% to
e acconpan gures, in
cagryyioyds tdeh odi aglcemdeﬂga t9y§lh@mS|1PFthac E6VeREe
eilfhi]) bhepreediciRrh abpehe RetsR! prakeRit QRiventlon.
igure 2 provides a flow chart of various steps
performed by the system shown in figure 1; figure 3
pr ovi des A&cf:h:deghﬂbt aoﬁ:wtetnetﬁt S.B@ecitmb&l ebe preaegtti d
rls ori th i n Q ed%%ié?”h?QﬁMn
"rﬁvﬁ‘ refl uP& X J'i ?t rcgtmg £5mép Used b
cqmgnysnngotm@O@bm®m$@? PCHoAlER0 BF/c0aEE34 to:n&esﬁiamenth
aslp%cftI ¥ Q:h:g present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Notwithstanding any other embodiments that may
fall within the scope of the present invention, an
embodiment of the present invention will now be described,
by way of example only, with reference to the accompanying

figures, in which:

figure 1 provides a block diagram of a system in

accordance with the embodiment of the present invention;

figure 2 provides a flow chart of various steps

performed by the system shown in figure 1;
figure 3 provides a flow chart of the steps
involved in a grid summarisation algorithm used in the

system shown in figure 1;

figure 4 illustrates a map used by the system
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figure 5 illustrates a control table used by the

system shown in figure 1; 5 figure 6 provides a flow
web@stiosd7 t he steps involved in a cluster PCT/AU2005/000534

sunmmari sation algorithmused in the systemshown in

figure 1; 10 figure 7 is_agillustration of the

clusters formed using the algorithmof figure 6;

f%gure 8.is a fIOM/chart of the various steps

oFBediPHTEnLal ternative clustering al gorithm 15

figure 9 provides a visual depiction of the result of

running the alter terj oL ]

filour 6 sEbRuE e kL ShERACEE § SRR Iobgh Il Shed oy ene
SystEmsshQWBs1an6@bérecbntroI tabl e used by the system

shown in figure 1; figure 11 provides a flow chart of

t he steps |nvolved in_a process perforned by the

syst em sA&FRTENE EB°Y+@%?ealfl?VgﬁF%rE2°SrBde%EeBS
in¥boweahant a0t1hBeest enﬁmarmgak:yeﬁ blgdrRthfeased in the

Eerforggd bépt¥ ¥ m shown in figure 1. 30 AN
Sy \ix RVERTI ON Wth reference to figure

1, which illustrates a system 101 enbodying the

Dlapen (ERYERL 5o’ 0F 2YFLEMLI0don 8, 0B LEGAEAD

audi o scen Greation s rtu envi r onnment
fosmadeuﬁangt@h@neéggystémn9@5flan§ea6a||ent conput i ng

devi ce 107. The system 101 al so conprises a WO

2005/ 101897 PCT/ AU2005/000534 - 17 conmuni cati on

network EBgUreh8 afdRofieBnehertaPfolbey¥pEAPusostePfie
invblirdd ienwn’ anferhagt ke clokftbeingCalswstietmt05 and

the client conputing device 107 are connected to the

conmuni cati on network 109 and arranged to use the
network figure 9 provides a visual depiction of the

result of running the alternative clustering algorithm of

figure 8 on the map shown in figure 4;

figure 10 illustrates another control table used

by the system shown in figure 1;

figure 11 provides a flow chart of the steps
involved in a process performed by the system shown in

figure 1;
figure 12 provides a flow chart of the steps
involved in a process performed by the system shown in

figure 1.

AN EMBODIMENT OF THE INVENTION

With reference to figure 1, which illustrates a
system 101 embodying the present invention, the system 101
comprises: an audio scene creation system 103; a virtual
environment state maintenance system 105; and a client

computing device 107. The system 101 also comprises a
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5 109 in order to operate in a distributed manner;

that is, exchange information with each other via the
w@orenensgat i on network 109. The conmuni cat i onPEEAWRN0R/000534

109 is in the form of a public access packet sw tched

network such as the Inte[nﬁ%,_and Is therefore nmade up

of nunerous i nterconnect routers (not shown in the

figures). Generall speakln t e virtual environment

cogind caliom SeAWO JOPemt 18 PERGEd crgafdrm YR tem
1odyn&mec vigtaiagd |e|fnfvdJrasmn1eﬁr& peaﬂ:al Riaig tiehahcd fsytddlem 105

nyir nt (such 15 as .a_b Lt |eId The ani c
g PR G e R, SETad® BO 7t REC FEPRRCTTE o the
commuhu¢e$;ohome@mmmﬁ é09thadlecaam9ﬁdoto va@e ¢he network

10§V§ha5?de'}_ e o #eerxia‘é%' 1Nyl &Q%%ﬁﬁou%%ﬁ \r%{gll V:i» i t1’:@1511: is,

virtual environ relates to a

exghapges infogmasd onTwd thygpshs e&h@rc REEN |t<151ﬁ= wn@mlf@é}lon
neltwoR&s 103l ¥rel @mm&athanc h@%%rwqorya&@g a.nt hme form

real -tine audio rel ate n
of, RarpbLie, AARRT GTAE FeRRRRE Deraorl SHatpgR Lhe
Intertek;, tamd iiss trxyze&beeanddﬁan@gefamﬁbnmroﬁxseﬁmeﬂibanect

cI| ent conpy th| ssentially arranged
rofieity Jhed s‘tl"°t‘"%‘t B, tJfSL “ré%r?@. ronment state 25

mai nt enance system 105 and the audi o scene creation

system éggeEglﬁu QB KPRESORRESLEGtlRE ehiv8Rbnment state
conputing devi ce to part|C|pate in the virtua

madaHEnGRAEn Y sTe Jsoéean peERRged o Frd@iads dynamic
stlel rlQ;Ef&ﬁfata.Q)Iﬁ tp@x&:a'l&ﬂ:.&be RN %.e v&)tﬂ:ﬁ.ﬁ]] Rrilronmenth q such

for? (% fci%g:pdat er \f%;ni or ternati V?na:.nta:_ned
bys¢MmesySUEMEﬂdﬁhn&Eﬂm@eso éﬁuhenﬁimxbe,tﬂhﬁ logrgiriicge o £
V'Héﬁﬁyéléygﬂ r%pqﬂfnéﬂé g@ W%ﬁ?eﬁ%yﬂ}Jﬁhé%t @H&Peéﬁégyé’the

di sk orage an Om access nenor
vigtgiali envigarmentampi@ates fe ogameor Js&w{d%lsmlayew’

SAROY | SH AN RRY Addie DUHRNIS Wk tash W4 Phasically
M crosoft W ndows) that perforns various systen1|eve|

argERged &t R NGTHEFREIr FRPETAAULIFS Fivhsy relafed
asPeVHY &f RIMciIFiARge RN tithe WHie-tapar aetrmg:cﬁyﬁrmn @ueh as
exfd QLSS AL ENVITONIBNt fof, gxeculing anpld SAtLoN Luaio
scenes. The client computing device 107 is essentially
arranged to interact with the virtual environment state
maintenance system 105 and the audio scene creation system
103 to allow a person using the client computing device 107

to participate in the virtual environment.

More specifically, the graphical environment
state maintenance system 105 is in the form of a computer
server (or in an alternative embodiment, a plurality of
distributed computer servers interconnected to each other)
that comprises traditional computer hardware such as a
motherboard, hard disk storage, and random access memory.
In addition to the hardware the computer server also
comprises an operating system (such as Linux or Microsoft

Windows) that performs various system level operations (for
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In this regard, the conputer server conprises an

application package that is | oaded on the hard disk
war@sagsIb and which i s capabl e of mai ntai ni ngp€TYaU2005/000534

dynam c state information pertaining to the virtua

environnent. In this regad, if the virtua

envi ronnent was, for exanple, a battlefield then the

dynam c state |nfornat|on na indicate that a

exXFEP1® c FPEROEY AARTF2YTRERR) - 1 BPe RRFTF BT By RERRI 2152 10
prévidéerani sneitcimhendt i fon éﬂ@autﬂhg applightion software.

T I ronnent séﬁ%e nainﬁenance S séa£1105 essentially
ncBiLf PERE g0 HRE G P RR T 1 "SR Y S PR T RS F o of
appbitakien ghekagesthat ishkoaded| es tlié hardsdeski atdyage
an§oPRER! PhCol &ﬁ@@&ﬁ%ﬁ%§#w§ﬁﬁw§%e

tate In orrra 1 on pertal ni ng to
ingaymabheenpsrtalninm Eacthe| vhrtuahpervagomeonte Ip7this

re§Q§d§ef@ﬂ@hefvﬂpeuafseﬂaﬁrbﬁn@ﬁﬁ apg8y EOrserRdmple, a
nam c state |£éoagat|o to the audi o scene creation
baEé%?Eh?i@BF a) F?%h%dsb?Eﬁubﬁ ?ymthanamaroln icate
thseeﬂepafEﬁ&ﬁDﬂr $Y3t§ﬁ11931CB bast cakaypne| apgptlesents a
reate an nage.audi o ,scene Each. audi 0_sce
sofaf8LT F0°FERAA0CTH 2 3RR T Tne FERLAME Sndf Blfmeny
stsbemisithatancel gybbehedfl bysantiadlyrcoinprihes two
mo&hié&ailfngﬁaogﬂﬁnin LReOkdeh &8 Qéfé%éréhe @HQ'Elgét of

scenes I 0 scene creation system 103 conpri ses
thy megnies| 13%r {er eﬁsntaaéhwa?s@av%hlge#%r sending and

reéaibeﬁgaﬁhaedyﬁahﬂdlseaté Qﬁfbhﬁa@isﬁemperaaeﬂihgntaayhe

ur a di stribu
vikBiobs Svizhianth Lp2Ereh bheqbsirnb tePuEohe device
10ureaThenseeondreflﬂSdthe BD3chat aprangedetol&bndt hke

dyﬁ%{%ﬁ%@%ofﬁg%ﬂlé 7t8”9héh§ud§?!i %Qlahéyc%atm?e g

SCene creation serve connec
sysbemh&08enmmuni cati on network 109 and use the
comuni cation network 109 to cooperate wth each other
in a distributed fashion. 35 The control server 115
is in thasiBeRtbPrad BEABLPRFLEer e 2PAiCCBAPRE seEeation

sybtasli 109nak BaERELELyVOr28R86408894rRetEARA0RANEEE34udio
scenes. Each audio scene basically represents a realistic
reproduction of the sounds that would be heard by an avatar
in the virtual environment. In order to create the audio
scenes, the audio scene creation system 103 comprises a
control server 115, a summarisation server 117 (alternative
embodiments of the present invention may include a
plurality of distributed summarisation servers), and a
plurality of distributed scene creation servers 119. The
control server 115, the summarisation server 117 and the
plurality of distributed scene creation servers 119 are
connected to the communication network 109 and use the
communication network 109 to cooperate with each other in a

distributed fashion.

The control server 115 is in the form of a

computer server that comprises traditional computer



10

15

20

25

30

35

- 19 hardware such as a notherboard, hard disk

storage, and random access nenory. In addition to the
whasodmense7 t he conputer server al so conpri ses BOTI/AU2005/000534

operating system (such as Linux or Mcrosoft W ndows)

that performs various system 3 | evel operations. The

operating system al so provides an envi ronnment for

exgcuting application software. | regard t he
BTSRRI G PUSH RS S BIRReE RO 5l | o mtress F3

rarsidn adet sen nidmeriyar dndissidistiomge aié Mirdvdre the

A ed to carny o he varlous stesof the flow
o G eryrs phe” Homntd o el avaregodtuch as
Limivag qméhcapﬁquGaﬁlmosv@f)t Wi mr@rxw ive rtieuien tsgrscetm
1ewetlh Jﬂlﬁ-at‘i‘o&tsu al’I‘h%n \Sbfe‘i%@% e %%%%d%\és Lem

obt ai n dynam c staté infornmati

erWéTrPéi“l‘ﬁ% fog ﬁf@cﬁtﬂfi@mappéﬁ\ﬂarmmoftmge In this
re@aﬂld Caﬂieo%o%@ﬁlﬁ:\é&r SedRled ROmPId b2 RIPASTSAS I @oftware

namg_st te inf rrg\t#n#n order to, identify .the
agiec op 18k SHOTAGE 2nsh WG

axa:raahgehb Hoomhrgnooﬂ: tthe saatianss |sﬂ:e1pl%o\ﬂ rdhgalflow chart
n t Vigr't t a iatenance

2030 CHART £ifiEel . e BN 20 R

anniﬂmammﬁdz@weomf@r@@t aisl stoofmttieerasttamrnfthehe

v1%%%b§r%n&&%%nﬁ@ﬁ@nyﬂ§teaﬁkhﬁ%éﬂéﬂdgﬂgyéeghiﬂU% 4Qf ¥thin
of any sound barriers. To obtain the“dynam c state

the, dymamtiico s take  IRformaddiosn Restaidid st e sHttaal
ensdireinehtl | mher apbd iceitiildnt o FeeeRd obftaliie ml es

predasne d i < @5t SRR SR ST
idﬁm¢idwpmh@aWﬁanO$$fHwa@anﬂzpMaBemanumOWhesammama115
eﬂy¥§6ﬂm€%tn%QdFQﬁ i%@@ﬂio t%EGEh%f%REE%fE‘ﬂH“¥He %8§tual

the virtual environnment at e nmal ntenance syst em
en"tlrmnar@@e‘ds The pighasd teweuc;mamm: sttate mefigvhemenge

sygted 495 e Gnedl ?z%c@é@%eofdymam&g SRAA LIS 3 on
e summuari sation server 117 and

d_ b
t%e&%ﬁf%?ﬁ%& éfvéah@ SERFUS, ofr die ByadaEs d£ardi o

expimples fatitechradabativie)t R&dSAetaillynlo fe Rty QR .

baﬁ:%llers oorébftracz).rﬂ] tttlll% Idrfrlntalma:}.lc Sstte%equ%formatlon the

application software of the control server 115 interacts
with the second of the modules 113 in the wvirtual
environment state maintenance system 105 via the

communication network 109.

Once the application software of the control
server 115 has obtained the dynamic state information £rom
the virtual environment state maintenance system 105, it
proceeds to process the dynamic state information in order
to create a number of mixing operation that are processed
by the summarisation server 117 and scene creation servers
119 in order to create audio scenes for each avatar in the
virtual environment. Following on from the initial step 203
the control server 115 performs the step 205 of running a

grid summarisation algorithm. With reference to figure 3,
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the control server 115 perforns the step 205 of
running a grid sunmarisation algorithm Wth
wo edosnersee to figure 3, WO 2005/101897 PCT/AU2005/000534
PCT/ AU2005/ 000534 - 20 which shows a flow chart 301
of the grid summarisation ,algorithm the first step
303 of the grid summarisation algorithmis to use the
dynanmic state_information obtained during the initia
whig¢hpshowst g £5P¥h GhaRp 201, ofhnbke guhdpeusmasimaiion
al%bﬁﬂtﬁgﬂ,tﬁé fbﬁfui£T§§|3G?beFﬁﬁenggi&héuﬁﬁﬁrﬂﬁétibﬁ
Vi into a plu [ of .cel|s_an epicts t .
215584 R0 81 Copalay ke, S¥pAmt fesbRr e ArEERORF Shenp tained
dufimgnbhe dfOitilapi stepthe3 avat fosmas mhp 40h| | whiakkcan be
t ] theep dipent. . de a
T R R S e R T O
is4@ivédefdinoeapPbyedlihy gﬁtéﬁgéﬁi9@deﬁﬁB§¢hEnF§eof
1obheiBheSENERLNYERELSS. 1ht the $OLedalhahveashmaN 8l afhk Mmap
thg virtual , environnment is conS|derid %o have a__ .
10fedrPhgtrahife #KaF2FE 245theyvrBRYLi REBCanIPREer abRIVES
th&opeeaaftachboldgmentdizoladeshonlit ar sthgle @mape4ds, it

. _generally.considered.the secti of t hear | ran
1P BT Papte, CBAF ShEGHRES RESR, AP colif vP BppidyEa" S8
alberhgtovadembodimsntieofetheonretenheihwanthgni ange
that is |ocated around the periphery (outer limts) of
the 20 hearing range. As an exanple, the interactive
zone of At hearPhedrbhgk erchna¥shedr ipnthAowharFral
entig8hReAtassac6hEEH8re@UEHOHAGENE hBEraMgt 2AngkNthat is
,forn1ng t he nag 401, the aggllcatlon ﬁofgmare 25 of h
diyidedoAPEg| 2BerPEPTIE51ERSAPRE ARGt 3t RECEPZRUBE agRR- The
ineekhctivgr eaher ithganeratliyakoheitibeedntheastkctdononé the
of ..t he_ayat X petfo e,
nedzinhi hatys, Healdfely hutteladragl Bhs aPEsal tiniLee
theobdekgrpind aohechsr thef sephidon of shehhehrihg vahpe
thhR §8C188Rc461arSRRACERL! BePipndReS (bRLRESLERALLY) of the
et erm ned by |dent|fy|ng the point in each ce
hegrdpgdraRPeh fRe3By8¥APRlPhetBRPniRtETEERLVE]ZORReCE 2

heG@Rhbe rahgBhsg &aNabat&eNshdehednaninappyaxenat 8s a circle

| ocati.on of
surroundgng the avatar.

In forming the map 401, the application software
of the control server 115 ensures that the size of each
cell is greater than or equal to the interactive zone of

the avatars.

The next step 305 performed when carrying out the
grid summarisation algorithm is to determine a ‘centre of
mass’ of each of the cells in the map 401. The centre of
mass is basically determined by identifying the point in
each cell around which the avatars therein are centred. The
centre of mass can be considered an approximate location of
the avatars in the virtual environment. The final step 307
in the grid summarisation algorithm is to update a control

table 501 (which is shown in figure 5) used by the
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35 the avatars in the virtual environment. The fina

step 307 in the grid summarisation algorithmis to
waoip@atiersar control  table 501 (which i s shown i PCT/AU2008/000534

5) used by the WD 2005/101897 PCT/ AU2005/ 000534 - 21

summari sation server 117_baged on the map 401. The

control table 501 conprises a pIuraIity of rows, each

of which 6 represent ne of .the s in the 401,
SuBeh L Fo i aPe R L YaRt S e DR ot CPReRaBi 400ch hbapantrol

tabilet BO1r esppiticee a peulradndyt bé eewmts) e eakhnefswhich

reé?%sgg E%%ho%o h%n EE? ﬂnkkglmgﬁ 150£a%%nrow also
ective y b€ consi dered a m Xi ng

coppaiasi en. idensidaert 9fupaaheavneae:onnr the rabpectdye

celife aﬁapltheatcemreot:tfwﬁeesofchtat}eoeonbe% $8Weh thad,

interacts wt he sunmmari sation server 117 via the 10
°°€5Fﬁ&nFé§@FOﬁ°ﬂeFﬁﬁrEffGQFlEﬁ&K Pre copsidexefon

unwefiyheea eﬁ:dlhg opeirhelionsernebriby tes upaarketad thatrol

5 run |n the qgri risation algorith
cabig” 501, cBee pEPGHHE LB, FOERYSEE PR LU GrRyioL srETer
lisumiatesatitenwaltyothehsunfagisatbopr sertes 1a7f bdw the

f r s steps involved in the
co%%ﬁhécggégﬁhg%g% %?b%gglgorlthn1 The first step 603 of
the cluster summarisation algorithmis to select a

first of ohpBg tﬁ&ahgﬁilbatigﬁ gb&skuah.»eee\fl EQBNBBhtrol
Follomnng on from first step 03 the cluster

Se§8ﬁﬁaﬂl§aPP§n°8F§&PFF§ﬁFPﬁV§F@@S OSh % sF@B“G@Q &pe grid
suifhedshigon &&g@&d thin, t I&aeavlatx&r $tlepat2 0i7s itc be&e&trmtso is
the flrs# of the avatars

o RER Py B GUBRAIEETARE Saoite ML eSkya,  provides
a WéQWbeQar$eW@dt@¢ thiee velrisuer ssepsainyvatlived dngdghiet hm

cl%ét'eg.lv%h%éﬁérﬁ.l.%%tﬁ'bﬁp %9 ;rﬁfthﬂxet T HiRg M 'Sr-;?e% 8t3h%f jhe

second e avatars Its to a previ ou efi ne
clystere summpgiisalieg 64 grréirbrhd spiteyisedecét @pfe@nstt p€ the

velte&fse Hn SHETRArEAG10Rn SRR i mll\beﬁn'gh %nStf%mGQ;?le
pIaC|n% t he second of the avatars in to

flﬁlsé‘ws&&a Odethfe Flusher sUpmRTisation taégﬂ?érté‘i“h ingelves
tht«ahetebheroshaﬁd defl dctting adeleeiotidned tthat ahviadasecam@tofis

cl%%%s%Y%%a%% 1%5%9%ffkhe avatars, which was selected

during the first step 603. Once the second of the avatars

has been selected, the cluster summarisation algorithm
involves the step 607 of determining whether the second of
the avatars fits in to a previously defined cluster.
Following on from the previous step 607 the cluster
summarisation algorithm involves the step 609 of placing
the second of the avatars in to the previously defined
c¢luster if it fits therein. On the other hand if it is
determined that the second of the avatars does not f£it in
to a previously defined cluster then the cluster
summarisation algorithm involves carrying out the step 611
of establishing a new cluster that is centred around the
second of the clusters. It is noted that the preceding
steps 603 to 611 are performed until a predetermined number
of clusters M are established.
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to a previously defined cluster then the cluster

sunmari sation algorithminvolves carrying out the step
w®Gis1ef9est abl i shing a new cluster that is cePCT/at2005/000534

around the 35 second of the clusters. It is noted that

the preceding steps 603_tg,611 are perforned until a

predet erm ned nunber of clusters Mare established.

WO 2005/ 101897 PCT/ AU2005/ 000534 - 22 Once the M

clusters have been established, the «cluster

sumar i sahtentakgr cilhatengohaes beehoentaphlibbedst the

1§l oLididalitn 218830 ARINRIC108R DELHBERRRC HLD
er S cet ar angu
stept 6A7/i pdd findéng| @b{eeﬂaggnﬁﬁr agauﬂéﬁ gegobetween the M

clhe%gkgeSth% %h%plé&gesefaﬁahqaklaabnﬂa@ BRWnC liuekemined
| ar gest angul ar previ gus steps 613

thanglasten EURERE AT LR D aRagrighm ingpikes GEPePESRaFLS
ofb?Qﬁ?Bih@hhh§h?ﬂnehtﬁg&sﬁéke&ntth UB&ge$% &?@h&ﬁrobaﬂ.
clusters is e er clusters e fi t
Th: PEBTiPHE BR SRR 10U A PL| PER ZEPERECEN IR or S EAL
ofpKacilng telrls hawalhaay awaabﬂsshﬁﬁhlﬁtthe nb¢etl dhathéhe
nuﬁﬁ%&u%@ 1 Mieh 25e L h%ﬁ% &Lﬁbi%?f D &atclq:é:tre?%‘“ tin

| eas angular error 'S, the angular
di fference between where a sound source is rendered

from thengerspast kepobithesf khat colistbe @ﬁﬁ&nakssaeéon
the actual Il ocatiqn qof the_sound squrce if the s
o ¥ieip the

algpgitife i8yelves Riecigs adinderedaingy aprta
be@&SoEotﬁk7xob1m&&e&busmaﬁchsu&@amm&@@ @auau@ﬁQIHMmt

heen.perforned th plicati sqft e runni.-n
regfiEd B S ol e rR s R s ek RS P o
dilffeiresicep bmeenh wiieres adisoumsls spuneed disairdengieried from
th%urtt}%%g: %‘&ttlw FH %@E—:.S fq_frstth'o% S‘t@l%CI aﬁ:%.?so%.nﬂhﬁ actual

atlon of the clusters establis usi n

logiagdoar ofs iHarascsmd Gwuaicgorditt as $oamevfhom gah@nseurce
walRe N Susdkladiedd.n the art wll readily 30 appreciate

that the present invention is not limted to
Once the steps 603 to 617 of the cluster
summarisation algorithm have been performed the application
software running on the control server 115 proceeds to
carry out the last step 209, which is discussed in detail
in subsequent paragraphs of this specification. An
illustration of the clusters established using the cluster

summarisation algorithm is shown in figure 7.

Persons skilled in the art will readily
appreciate that the present invention is not limited to
being used with the aforementioned clustering algorithm.

By way of example, the following describes an alternative
clustering algorithm that can be employed in another
embodiment of the present invention. The flow chart 807 in
figure 8 shows the steps involved in the alternative

clustering algorithm.
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bei ng used with the aforenenti oned clustering
algorithm By way of exanple, the follow ng describes
wa@poodhowenati ve clustering algorithmthat canP@EAU2005/000534

enpl oyed i n another enbodi nent of the present

i nvention. The flow chart 7_in 35 figure 8 shows the
steps involved in the alternative clustering

al gorithm WD 2005/101897 PCT/ AU2005/ 000534 - 23  The
first st®he gbardt TP F2rohtFRe ¥}tryrptive cluster

suﬁﬁﬂﬂﬂéégg&ﬁO@%@bﬂﬂthﬁhﬁkiGotQeSébECannﬁfOﬁhéh&vatars in
avatars In _the virtua nvi ropnmept . next s 805
th?svfﬁé?ﬁtnenﬁ%¥%?ﬂ$% 'tﬂgetﬁ?ﬁF %gﬁ%egagflﬁva?aégggnd
degernlisenthei estsl tiranber eof oguabars nandieghidr swymanhge
engk Lbg 2¥aLgla THCngd’ hlaSHHIURLLAGe 308 PRSCAVARALY The
unwer ghted audi o streans produced by the
grsénﬁﬂmmsniééna§%r9%?eﬁi¥§1£YdéFHPFQE ede3udipt FEREBMS

prbBliSe@sBeCinef stliRasusRREI baakbphesel Y2l Aldeth18at
out i n subsequent gara raphs of this sEeC|f|cation.

desgriBFieRi A§ HHLFr BRPERE BFetPEUSUEPREIERE1oRNESRERE 117
isSkep 8Q¥ if tabssgasatwparhgraphe bAt ahinuspecification.
avatars and grid summaries in the hearing range is
| ess than or equal to K which is a nunber sel ected
based onFohkowimgnon 1§roh bhedpievhoasasteabl 805orthe next

stgﬁaﬁaviﬁ%iEsngeséggighQEﬁeﬁ-thé tbtahSnifbetnbredvhbats
the total nunber of avatars and grid sunmmaries_ is
anfegsidhgumpprréggalint §hR, hepsAngh&2ngpl Leatpgf than or

eqflit ¥8r g, r WANERJi8Nat Hamber! kalleg@edebatdd phOEREdambAnt
ot Bepabs 3o 3b281 200 bok E- LB LU O Bk aceme. e
itspecidbteaintingfl. thatt hheetertlt hambireoforahtamshendofrid
ooUELED ¢R0eth PR UTERLR ol RO LR 198 b on
sof&rmayeoyunphag? dnalkther gantrelcegsver dddmprosgedento the
fiﬁ%ﬁo%khpﬂbob”okhkﬁe Shiyuetiem (ReiRext sSuerRB3Reln ihhe

alternalive cluster sOmrarisation algorithmis to
suppraEenfc PRTBESEPES Ofe thds SPEEificadian)ray t hat

emanates fromthe avatar (sel ected

In the event that the total number of avatars

and/or grid summaries in the hearing range is greater than
K, the control server 115 continues to carry out the
alternative cluster summarisation algorithm. In this
situation the next step 809 in the altermative cluster
summarisation algorithm is to effectively plot on the map
401 a radial ray that emanates from the avatar (selected
during the previous step 803) and goes through any of the
other avatars in the hearing range of the avatar.
Subsequent to step 809, the next step 81l is to calculate
the absolute angular distance of every avatar and grid
summary in the hearing range of the avatar. Following on
from step 811 the alternative clustering algorithm involves
the step 813 of arranging the absolute angular distances in
an ascending ordered list. The next step 815 is to

calculate the differential angular separation of each two
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during the previous step 803) and goes through any of

the 30 other avatars in the hearing range of the
W@@sa01897 Subsequent to step 809, the next st epCBAL2G05/000534

to calculate the absolute angul ar distance of every

avatar and grid sunmary_if,the hearing range of the

avatar. Following on fromstep 811 the alternative

clusterin algogithn1i9volées 35 the,s

4

of
=GP PaHor R SPRE A oRIPE L ARG BF SBFSP abeL bPnaRgRRA1ng
ordeceddiLiigtor decedthespre¥heusextept 8p58h&si bebn carried

oo HE BBt T6580 3T ACTr ADB0S BRIt 0GYa Che 8, 1a8585E0CT )

diffssentdadngupuladi dighensesn The asszéngkry 8dPdépedo

dlbhaE tﬂECﬁeEQEanﬁxh Hsoﬁtﬁﬂe8$5aﬂa§ @ﬁ%B Ra Bkeﬁons by
out, the next step 817 is to identif %est

efaﬁﬁkévsﬁv.SPraﬁ§a|5Fda9%t5ﬁzésbe?wseﬁeiﬁc§te§ shg pyatars
thhe Ardi wsdectheelentithgthangehofhebe av@fakentialKangular

. ons effecitiyely f ays between
a1B8eRegR ", fbe,55Ph, botiRkr BPE ROQURLarBY v en ERETRod to
ashhgbestldnfbéreheihbaamgglaangélsFagues 9THepdrctsg the

[ r r
«£afEYTER KUBnAG The BfekRald & Eleklr, Binfrllpptitn
algprighm ag Fh@ EPPeﬂﬁétlve cluster sunmari sati on

al gorithmon the map 401. As an exanple of t he

previous_steps of the alternative cluste

sunmar i sA€i 8ft SFFBPLENRE EBﬁsPHSVlﬁuslthPFtaglthe
aleByha@aRentlaskpri SUﬁ@a&lb@.ﬁ:&bnO%.lﬂ;Br&‘thtnar gbgsider a

.S ries,. and a, K that .e uals hat .
viHfIRE, bRV rBRfeRy  coBESINE 3 foraiP it 1h AlalBte/or i
sugmamaeissatindna & gbeict kquedsukdt. Assume tbhtowheginistial

st%% a%§§ou5§6§EQUE§rthg'3&%@9&§t1%ea%§ag@qu3gh&g&agatlon

48,767, 120, 143 , 222 an
algpirdliboe sesudfodd tthepdolilewipg: d igkardr apgolyte angular

dis¢aRRkisel nAdstenfing bhaetdlsequent step 815 of the
alternative 25 cluster sunmarisation al gorithm which

i nvolves calculating the differential angular
0,sapar aii, 0’ 80f 6gach2i0yo 193¢cd99i,ve22 and 253, which

correspond respectively to avatars/grid summaries A, to Ajg.

The subsequent step 815 of the alternative
cluster summarisation algorithm which involves calculating
the differential angular separation of each two successive
absolute angular distances in the above list will result in

the following:
io0, 6, 32, 19, 53, 23, 27, 52, 31 and 107

The step 817 of the alternative cluster
summarisation algorithm which involves identifying the K
(4) largest differential angular distances will result in

the following being selected:

107, 53, 52 and 32
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absol ute angul ar distances in the above list wl|l

result in the followng: 30 10, 6, 32, 19, 53, 23,
WQ@70058@18981 and 107 The step 817 of the alter nBtT/%B2005/000534

cluster sunmarisation algorithmwhich involves

identifying the K (4) largest differential angular

di stances will result in the foll ow ng being

sel ected: 107, 53, 52 and 32 WD 2005/101897

PCT/ AU2005/ 000534 - 25 The step 819 of the

al teJr nat-li-ﬂo(rg ,c_qiégstarsh S ARy iélaiémtalxg@rdltdsrnmhi ch

i nvo] ves, di vidi ng. t.;he hear.in ' .
suggRiiagcrs +HOTHS TR o (A1 "1 g e Waring
ram@@rmmlmwnmmll IresAdlt Aln grige ABoPlovinan il )
cl ?Fé¥% é? ég$fﬁgbpﬁ Fol | owi ng on from

e previous steps ternative cluster
sunmari sation algorithminvolves the step 821 of
1: determ g ngat hgnhogati ons of the avatars in the 15
virtual environnment. The application software running
2: on thezﬁbﬁ?¥bl4server 115 does this by interacting
3:With themhsegoaddok7the modul es 113 in the virtua
4'envir_on #] mai nt enance system 105. Once the
‘Iocatlo ’avatars has be determined, the
alternat|ve cluster sunmarisation 20 al gorithm

i nvol VeSFéi‘foﬂﬁ% S23e Al USh O G 81 b 9S A £OHS, Ofne t he

avatars to det ne a distances between t avatars
algepnahitvavalustesr sWpsRLIEABLI ARt éiaaﬂwncm‘g?%ves the

stéﬁn§@1|§Et&@EeﬂhgﬁihéhﬂhéSlb@éﬁgoﬁﬂnofshhée&u&ﬁ&ré01n the
step,823 the atéernat | uste unmarijsation
vigFusl PRHIZSEPADET vEoSt ARPLIEREE9R SPEENFRG FRANINS on

théi 8bABELEE berderellbndoas wkighbingnterbetapgl wetht the
se8iia ot TBAR bR 1LOM 1 30,8V BhR! §1-kllal EnbRbRAGRERER e
6P Th T 5al'so

8- ava I'nvol ves the st ep o
maistegahbe e¥atewm bﬂ5na§3cédéherhpﬁé§1°n of the avatars

has be determined, the alternative cluster summarisation
algorithm involves the step 823 of using the locations of
the avatars to determine a distances between the avatars
and the avatar for which the alternative cluster
summarisation algorithm is being run. Subsequent to the
step 823 the alternative cluster summarisation algorithm
involves the step 825 of using the distances to determine a
weighting to be applied to audio emanating from the avatars
in the hearing range of the avatar. The step 825 also
involves the step of using the centre of mass (determined
from the grid summarisation algorithm) to determine a
weighting for each of the grid summaries in the hearing

range of the avatar.

At this stage, the altermative cluster
summarisation algorithm involves the step 827 of
determining a centre of mass for each of the portions of
the hearing range identified during the previous step 819

of dividing up the hearing range. As with the grid
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fromthe grid summarisation algorithm to determ ne a

30 weighting for each of the grid summaries in the
whemsitogo7 range of the avatar. At this stage, PEEAU2005/000534

alternative cluster sunmarisation algorithminvolves

the step 827 of 35 determ ggng a centre of nass for

each of the portions of the hearing range identified

during the preV|ous step.819_ of dIVIdIn up the
SURBRTLAG taRy @ LIRE N EHE GHEGTIREI06s FLOES
suBﬁEhAH%Q&&hO%ﬂ@&&lthmzaetsmmwaessaheomeﬂuyyﬁcﬁhmpsshby
rnativ ri.ga n_al.qaorit
segefgﬁﬁﬁhgsifhe%be re o °§ Eh% ggﬁg%ﬁngﬂyrﬂﬁag yhlch
thien ayathref atlee cpmrtiiedns around mhlch the avatars are
centred. 5 The final step 829 of the alternative
cluster sunmmari sation alaorlthn1|nvolves updat i.ng

control Fhel &ingdosternPel PE thewaltsrPrgdve féPStﬁr
sulnR rSERNE bl @Algol theL iVl vEES upbhiting\wlatkitrol table

dat th nt r ol I 1 10 t I d h
108erittie Yo ShRer e HlguEraddrs h i SARA CoREtPn
selrlverlseammg Theiieg e nviollerese uplditigs tl:dnebe:o&mqodqled:aul@s 1001

qgﬁﬁng Eﬁe'l éﬁ%ﬂ%& E’%&Sea% d th§§§”%1é%éyé qﬂf%ﬂﬁg

1 ons. 'S Nno e contr
pogdipms ofls:hmdmaégmghera@m%r é‘-lhet yeiohtdeps rFa lre applied

té%%eava%tfsornﬂh%%\b%l%% Vigad 8L QEAHL Y Ahss of
net wor k As can be seen in figure 10, the c%ptro

eaciyof %PQ%W sdénd scPeES%iF server
1160 pdats aheplddrdddly uablreowmonEaeh tafe tsl’tﬁérfeo\lﬁ:‘eatlon

corre nds. t a 20 ortlo .of th range of an
s e i e ok B Pt
avatars/grld sunmaries (Sh and Z|, respectlvely) in

each por yl00.0f NS NRAGLENG:(AN0C T oEAGhe LML fen1e

contr ol bIe al so conpri ses "t He wei ghting to be
1Qﬂ%ﬂmnuih3)%ﬂﬁﬂﬁaqnﬁﬁﬁﬁqﬂaﬁﬁnﬁﬁﬁﬁﬂ%ﬁﬂ(FQﬂHﬁﬁﬁQ%xF(Vv

plAty ¥ GRAL © HHcHTRTS tde P Udr¥Mpodddlited d S

contained .in_the "Location Coord" colum of the
pqﬁﬁﬂqqﬂoqzﬂ% hﬁfﬁ%ng range of an avatar an contalns the

identifiers of the avatars/grid summaries (S, and 7,
respectively) in each portion of the hearing range. Each
row of the control table 1001 also comprises the weighting
to be applied to audio from the avatars/grid summaries (W),
and the centre of mass of the portions, (which is contained
in the “Location Coord” column of the control table 801).

The centre of mass is in the form of x, y coordinates,

Upon completing the final step 829 of the
alternative cluster summarisation algorithm, the
application software running on the control server 115
proceeds to carry out its last step 209. The last step 209
involves interacting with the communication network 109 to
establish specific communication links. The communication
links are such that that they enable audio to be
transferred from the client computing device 107 to the

summarisation server 117 and/or the scene creation servers
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The centre of mass is in the formof x, y coordinates.
Upon conpl eting the final step 829 of the 30
W@bkdoenomdi ve cl uster sumrari sation al gorithm PEEAU2005/000534
application software running on the control server 115
proceeds to carry out its bast step 209. The last step
209 involves interacting wth the conmuni cati on
network 1Q9 to establish s fi,c_caqnmuni cati o
1107 R84 GRak SHATRT L85: GR98 LARHRY. APALENBHEEHIS) t hg: be
trhheyeenahlEramdmhetsuhmarﬁsansbarsedvémouuﬂheocthenscene
in vi.C 07 to the sunmarisation server 117
cr%%g?§% F%gvgceng %reatlon servers WD 2005/101897
PCT/ AU2005/ 000534 27 119, and grid summaries
(unwei 9hbﬁéeauﬂéocéﬁﬁﬁaﬂséekeebe11*5r ARsf ebh ?Qeﬁé&”\:kée

sunmar | sation _server t he scene creatl on

Prey¥iQuessteps 500nke ?Hg'cﬁﬁﬁr srmBerisption fgyver 117 is

incanpbetieéd ohheo Q&é&teuﬁnﬁbgghtéa3ahﬂl&ogtrbbms (grid
sunmmari sation server, ti.on jho.gre
SuTHABRERY oc TR REEEr AAAEL PR PRI VERMIAY! 48) 107ige Eofm of
a sonpatesatieaveserthet &érmprises thadﬁauwmaﬂ campuwpmter
r ' io C ter a e
na2Bikel it BRTH kahekhAdill PRakar QIR Shotlod HOuRLS
anda reodraC 66SS SiFe MEMPLY| n Iad edﬂp@ﬁom toh &higa b@wdivaren&he

coﬁﬁﬁﬁ@&e%e§%%!e%1§bs%oﬁ@%ﬁ%b&e%naap%E%kﬁhbnQy%&%hﬁﬁbuch as
(such as ., Linux or M crgsoft VVndo t hat rformns

Lipux gfs Migresatl Biadoypethptorsrt ?ﬁ@so f“ﬁbsg§§F@m
le®k30ope@dtdensan The epéréﬁﬂﬁgﬂ@yﬁﬁbnEEHEMimﬁ@V1des an

L L WL T
regamdng@@et@OB@NWFIO@Br&eWi#Dm@rpﬁ@@EQ@PhﬂQQtSD®p§°fGWare
tﬂ?% &@ %%%éﬂ@@&1€ nc%Q%Yquw %hﬁﬁk EO%#E Q%Fg%kﬁdskgps

er to create unwel

ofs &#5 argQ sheary jipsthet &30y ghagit tHO Y |16«Paua%>mteﬁldil

filgtirk0 110D4@ BbAde 3edice St UfyeIyhAe Ghudlitd SMirllms .
each of the avatars identified in the "Streans to be
m xed" colum of the control table 501 in the

sumar i satieofisatvatepl 110Bh@f the flow chart 1101 is to

obtain the audio streams S, associated with each of the

avatars identified in the “Streams to be mixed” column of
the control table 501 in the summarisation server 117. The
control table 501 being illustrated in figure 5. It is
noted that the summarisation server 117 obtains the audio
streams S, via the communication network 109. Imn this
regard, the previous step 209 of the control server 115
interacting with the communication network 109 established
the necessgary links in the communication network 109 to
enable the summarisation server 117 to receive the audio
streams S,. Then for each row in the control table 501, the
next step 1105 is to mix together the identified audio
streams S,, to thereby produce M mixed audio streams. Each
of the M mixed audio streams comprises the audio streams S,
identified in the “Streams to be mixed” column of each of

the M rows in the control table 501. When mixing the audio
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25 control table 501 being illustrated in figure 5. It
is noted that the summarisation server 117 obtains

W b@sauddd streans Sn via the communi cati on nBCTADR005/000534
109. In this regard, the previous step 209 of the
control server 115 interacgting with the communication
network 109 established 3% the necessary links in the

comruni cation network 109 to e th ri t|on
streane Sy BpHiag &6 TEXRG SEEP rﬁg’é é‘»&‘ﬁgl scrr
is 66dh rah ntﬁéye 1646 I ehe inbdei GlHal tineal bexed sar&mlﬂﬁmse

i 3 cRcfh, A GNP St L S pAERR 0

unwériegiht ed xgd:_l:emokw_;brsam&an?ss comdi¢aeed tprecvienol st ridies

unégi%ﬁ\g%&]t%%éf%ﬂ Lot hes é% EMB 40abs FI-SRIENE OLvaFa Rl
each of e rows In the control table 501 When

Loga e gin heheuee b\ Doble mam o0 bcTyishob in

fig@resSilreanms Sn during the mxing step 1105 each audio
Stream Sn is such that they have their origina
unal tered anplitude. The M m xed audi o streans are
thereformé:mﬂewﬁp mmeightmb afithw chaetnkloWsis to

cat ed t
ta%o Gi %ﬁggﬁ ron1 ava?%#gm@ g@a 38Q£9ﬁéﬁéﬁﬁ¥ﬁg
centréhef maps404f hhecheSBeShQMﬁ ¢ﬁ11figutbe4ma9hé°ﬁexThls

st%%efl&%OfoQc£59e1¥oﬂh99f$és11ﬂ§ek§1£§ tAd kagythe

audi o streans with the correspon
coeéﬁ%nétes faes bhet NeerkspeefiPaseePf Fhet ﬁslﬁapcab‘ims

ofThhé céﬁ@?oilgibEEfBOLLvﬁhé Eﬂﬁalve&epnsmoblmg the X,

coor |nates framthe ntre of the
prigeRanLi0n; L enEoc REVEF: BiPcuntoiothad, FuatBspEesns,
frbm the éﬁmmanmeasléﬁOﬁerserolt@rharuheheppnmgrghtedscene

cxBHES 85 SLEETHR, 1060 hIELSHITBLESAULAN 9 LY Shol Lo ©

roprrate stene Creatl on server his
comuneuaulby nekngrkha09c samtineeatrsn thet werrighbedoaudio

st&@gﬂéfEthhEthﬁﬁhﬂgkggaeﬂghose§bé§aﬁ§7fEB”EhEescene

sumari sation server 117 to the scene 20 crea
crgatien gegverThdIpr EhpoREe¥iaps268§eBr 20fe °fo PoFontrol

ses9e¥en1515nitBkratashigngivht Rhkeheonamtigatadbnohetebnhr 09
es%gglished the necessary links in the communication
network 109 to emable the unweighted audio streams to be
transferred from the summarisation server 117 to the scene

creation server 119.

Once the unweighted audio streams have been
transferred to the scene creation server 119 it is in a
position to carry out a mixing process to create weighted
audio streams. The steps involved in the mixing process are
shown in the flow chart 1201 of figure 12. Each scene
creation server 119 is in the form of a computer server
that comprises traditional computer hardware such as a
motherboard, hard disk storage means, and random access
memory. In addition to the hardware the computer server
also comprises an operating system (such as Linux or

Microsoft Window) that performs various system level
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establ i shed the necessary links in the comrunication

network 109 to enabl e the unwei ghted audio streans to
wheoostomasferred fromthe sunmari sati on serverPAIAURW®S/000534

the scene 25 creation server 119. Once the unwei ghted

audi o streams have been _tyansferred to the scene

creation server 119 it is’in a position to carry out

a mxing process to create weig ied 30 audi o streans.
opeFatieeps ThY PR FHY h%YﬂT—?IFn@ PP FRERELGER FRhown in
envDeofhéMt CHSF t est@Oit Dig f 4L Ecd iokrashf seane. Tnethisn

19 is | the form of u ser
regohri SBe CORRETbrar COhp P B Far Bvere ek oy B0Pbware
thabtherbnaadge&atd daskys@ntagben%ansouandtenﬁd©ﬁ1the flow
chigEe$sop0 mMenory. In addition to the hardware the

conmputer server also conprises an operating system
(such as Linux or Mcrosoft Wndow) that perforns

var i ougpﬂg@:@f@ﬁ@vﬁ MR 26064 wﬂﬁﬁetfﬁa&wg@o&@&eﬁ_ 8411y
ations e_opgratjng sys 0_pr
thﬁnsa@ﬁvPFoﬁhﬁnFt?BF gﬁegﬁ?i%gogpﬁ¥?f§?#ghissgfgé% ?gPﬁ by
théhBﬁmmaegaadlo?heefoapulmv , Sexgeptcbhpti $nastead of
cation soft

oo SHELLE! BRFELARC B, b 3 RRRTORE ookt o
1autethélbWOmhahar12QEOIeauéte$BeWFFHhF§d andigaftrgams
be&ﬂﬁnakggﬁeaf hBechhowechach 1A0kigatki d eub hirsgggtep

risatiron server 117, except that |nstead of
12@Bodu¥PhyeanchienrdRgeclbguandio: FELRFPReZst P B the
1dE?EEQEeH|QW'Eharboﬁfgﬁlrigbhé EEOWEbghtBé ?udne creation
strea creat e cap be seen.in
seFWSrfiﬁgf Eﬁsg %EO%SI%%d?W%%l %Y%én?ﬁ%l?he a%%moégam the
sufiinaedeatibnasdrser ld@nanfli 8d im ameawdid rotreaml e
aségg%aggdtﬁﬁgﬁc a%Egghng %%a%gEve&héﬁg fwgeﬁgcg'rb§ in

n unwel IO streamfromt sunmmari sati on
thselcwe.rcrgl? tahaesﬂODé,amhauéll@wSphéam 138dodnyedyesi the

st% %ﬁb%cgkaﬁliﬁﬁ thel BORiof Qtr@a&ld ZOVahd siN®entified
ntr ol abl e 1, the fl ow chart 1201 |nvolvesbtle 1001

mstté:s 1‘2’@95<§Prn15%?“ﬁ‘§rﬁ’h§té'&ef“§"sﬂfe§’ﬁ'€ genirelgka
td @%@&b%&eéroduce weighted audio streams. Each of the

weighted audio streams comprises the audio streams Z; and
S, identified in the corresponding row of the control table
1001. Unlike the unweighted audio streams created by the
summarisation server 117, the amplitude of the audio
streams Z; and S, in the weighted audio streams have
different amplitudes. The amplitudes are determined during
the mixing step 1205 by effectively multiplying the audio
streams Z; and S, by their associated weightings W,, which
are also contained in the “Cluster summary streams” column
of the control table 1001.

The next step 1207 in the flow chart 1201 is to
tag the weighted audio streams with the center of mass
contained in the corresponding “Location Coord” column of
the control table 1001. This effectively involves inserting

the x, y coordinates contained in the “Location Coord”
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20 in the "Cluster summary streans” of the contro

table 1001, to thereby produce wei ghted audio
wa@trsams97 Each of the weighted audi o streans PONADR®ES00534

the audio streans Zi and S" identified in the

corresponding row of the_c @trol table 1001. Unlike

t he unwei ghted audi o streams created by the 25

summari sation server 117, the anplitude of the audio
colymRanEhei fhngl FEep 12E%wefghbediLoli ehatrkehARlndgeto
fodivhtel eblaatpéi ttfieenidheiaAPhietwder 209, deher wedgHted

urin t he X e 205 b effecti ver
aullip: PEFsaRg PhetBuct bEoR, SamRusinandelon) LPReFPe
prasessnaged wei ghti ngs Wh, which 30 are al so contai ned
in the "Cluster sunmary streans” colum of the
control table 1001. The next step 1207 in the flow
chart 1208eiclient iepmphweing devede allf oist ieabe wferm of

@Qessﬁaieéoﬁﬁueaﬁscéépﬁﬂgiﬁgne9pheaih@oﬁﬁﬁes§pﬁagawgre
Location Coord" colu the control table 1

S“?hl§SeFf@€FF9§P9a¥ﬂvoF9E§ Aiskr pPAgMePAEY x, 1H 2ddition to
theohadawates theteliefti Bokpatihgcdbir8eCnOVTdisWbaded

. 2005/101897. PCT/ AU2005/ 0005 col ._The {ipal
wi R OB OB OR AT DO NP1 281 MEEmpEo L o ravsy | HRat
manhgesovauhotat spatemt hevkl10Perahéonsi ghdedrouides an
ené&%gﬂﬂgn£01£hﬁhﬁ&hegﬁgiQggﬂgbﬂgsg@¥g§§elg2nf9& executed.

processi ng nt conButlng evi ce IsIn
Thenelispih epmputiegseadiceorBit elseoRpPPELAGSE ypRcaprdio
clgefpuiet; hardﬂaﬁﬁalséﬁblﬂsnémﬂﬁtBQEEﬁETQ23haéﬁddhsﬁ?at1al

In a e.clilen
au O BEP A aeoRaEae0r o Pe FBaaBtoi0 hLRRENBheiat Higthe
fospsbEmapplitbatso sofswhie\\ehdewi} hbatngsdnageseceive
arl.gus_sy e p tiLo and pt d a
ang b BdReE hE e B oA Eh RS PERRH R RO B Pgene
creaeeeneaerV¢he tLPenTheonpatiing dudicereddinbsengine 125
1sCOPEWECEorfNo EUQhﬁloCkéﬁﬁ&n&zéofﬁwékétHﬁh EBMhHQQ%H“tOn

clitent 123; and spati al audi o rendi ng engine 12
re¢ﬁévaaa|5he|weh9higé F§dFﬁ ﬁﬁ€eaw§rﬁrew 5Bp FE€8RPON

creativar gebbat 139pr EABYAAAES EQEBLYEI2] interacts with

the spatial audio rending engine 125 to render (reproduce)

the weighted audio streams and thereby create an audio
scéne to the person using the client computing device 107.
In this regard, the spatial audio rending engine 125 is
connected to a set of speakers that are used to convey the
audio scene to the person. It is noted that the audio
client 121 extracts the location information inserted into
the weighted audio stream by a scene creation server 119
during the previous step 1207 of tagging the weighted audio
streams. The extracted location information is conveyed to
the spatial audio rending engine 125 (along with the
weighted audio streams), which in turn uses the location
information to reproduce the information as if it was
emanating from the location; that is, for example from the
right hand side.
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and process the weighted audio streans fromthe scene
creation servers 119. The spatial audi o rendi ng engi ne
wa2®5/10897n the form of audi o rendi ng sof t war eP@naU2005/000534
soundcard. On 20 receiving the weighted audi o streans
fromthe scene creation i ver 119, the audio client
121 interacts with the spatial audio rending engine
125 to render (reproduce) the weighted audio streans
and t herBiy CieEi2! freimpemene cpblent t W3 pbe shi e nferm
ftgsfe%aﬁet(sﬁagﬁérﬂgpseybﬁs éQalcaéehnlﬁQgé ﬁﬁ@§é531ng
h tge gatlal otren %ﬁ h@ i connect gg
apdeat o?nsﬁéﬁﬁﬁ?g that egbed %Btf EBﬂvéﬁ PRgICaLY o
arssegedt tot hrtprasonwith tﬁenﬁtedtthﬁtthbemaddles 111 of
ljen h ca n | n t
th& %frEF eSéiﬁﬁﬁ@é%EdSBag? nBéﬂéﬁégzéggg?%a§8§ £
or@erve¢ ngasa uh¢|ﬂgn@mscpsgateusnﬁpepangn pertagping to
th hslwehgiﬂt Efly 8HGhRen B! rsﬂnﬁeclhslﬁgt ERGt 8gnLRcat LPAte

Information is conveyed t spati al audi o rending
ingagrabiensthy| SRPRLER Fhéenweilﬁﬁt BEOSGEF ot BE d¥RRIC

st&BéChnEBthEﬂoﬂsﬁé kbgrbaﬁaél@ﬂenﬂeéprﬂaélenetolrtual
r epr oduce the |nf

g g 1t\/va 35eg$t£

enyIBRPPRBET olat PBRELE NERS! YL 2Bl SBROFREPPEBI LR

disphayeland shdepeHEbQOGEiﬂglsﬁé BLILAL2066p000684device
1 .l i j : f

103f gggta%?ékgaLg&@Mk%ﬁgnﬁggﬁ%EBEQE ?ga'éohgriggs grm

mopisersénng ShawaharEhEngaaprﬁatP&eeeﬁbéaﬁnéﬁtg}sand

arkangeai esl b¥ov§&éaEHSdVEchaﬁ.eéﬁg'ﬁ.r%:hEnEhQtEtéSt of
t he nodul es 111 of the_virtual environnent state

maﬁﬁFﬁFéﬁﬁﬁc€Y§§§Peﬁp§081FH dypaeic: 4nEBrRRA1PRePET RAAPERI
toStReepepEohMBt ppaspatbaini et 0irthialventtigbnment .
environnent. On receiving the dynam c state
i nformati on the graphics client 123 process the
dynam c ThbaeesknipedainohheoarEpmeMCeppreQUet¢ that the
1nLEﬁt!bﬁtHaEc}9b§HVh§ EF”HS gﬁsggﬁgkﬁlgh%oVbEEHleﬁns and
envi ronnent € person usin
moéuﬁéﬁﬁtégnﬁupthgrdéhﬁ@ethyg? spreiéficadlycemparihgd. It
shgﬁilicBelgﬁdéhéQoS@nEhh%e%hé iHRRhtebn( RAE16AAWN L1 1TBECH

ics client 123 is, al so
varlaglons and modlfgcatlons which fall within the spirit

and scope of the invention.
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arranged to provide the virtual environnent state 15
mai nt enance system 105 with dynam c i nformati on
w@ersaorsdng to the person's presence in the vP€T/AER005/000534
envi ronnent. Those skilled in the art will appreciate
that the invention descrlg?d herein is susceptible to
variations and 20 nodifications other than those
ecifically described. It should be understood that
WEtE BAIMyention includes all such variations and
nodi fi cations mhlch fall within the spirit and scope
of the invention. gOSI 01897 P /AU2005/800534
VE CLAIM-1. AR &BS&F& 8F Erearing 3R 3ydis §88ﬁ8 for

anf avatar awatawirtualvenviabnmeuky; othentpptiretappar at us
Q .sing: an audio processor operable to create a
co&@?ggghg audi o streamthat conprises audio from an
obj ect | aBagudipnpracesseropretrablpehpri Ageptnge weighted

au@i@tQEreQﬁdtﬁ&%o%bﬁbk&gegeaﬁalgpﬁEgﬁlQntgbﬁéégcﬂekﬁted in
the 10 weighted audio streamw th a datum't hat

a P@EFéQQnP§ 2 hFéE&FBoﬁaﬁﬂetﬁg 5Bet A¥ARtEE it BBdheari ng

range |nabBGc!htﬁH§|me§ﬁ¥|6§éﬁﬁﬁle vbeaskBcliAte the
n1re sent .t he

di t d_t
weShigaceufl® Betsantiuthss, ARent® HoRe SRRERSRReE B
logatwber eifn thehpoattdon pEfotbesbearsinfurtnge dpethbkl gittual
en%&%éhﬁeh@e wW%E%HE?@h@UQbﬁggkéﬁaghﬁﬁshfkgégm!Bnd the

nprises an unwei ghted stream that conprises
daﬁuﬂl6ePFGﬁﬁaﬁoFH@ra@é}@cﬁcepéeated in the portion of
t he heari ng range of the avatar. 20 3. The apparatus

as clained in aim1 or greln t he aydi.o
processof-is 3%§réPP€rF5“€r€§t€ pREed,\dnyftEdMadd; Hherein
thet aadivi processdande Wu&hharpbpéebbuﬁlmedcrsaxenghe
at.i 0 t he . predeter d eration
wedBRE Rl Aflaibl g Bt LBLR WAL, K BRRRRERaE' AR, fRrpighted
aughe S@bpeutt@ad/@pmphesesheudgb|écbm,aanahME|9bUeng

1obgggﬁnﬁhi%ﬁe portion of the hearing range of the avatar.

3. The apparatus as claimed in claim 1 or 2,
wherein the audio processor is operable to create the
weighted audio stream in accordance with a predetermined
mixing operation, the predetermined mixing operation
comprising identification information that identifies the
object and/or the other objects, and weighting information
that can be used by the audio processor to set an amplitude
of the audio and unweighted audio stream in the weighted

audio stream.

4. The apparatus as claimed in claim 3, wherein
the apparatus further comprises a communication means
operable to receive the audio, the unweighted audio stream
and the mixing operation via a communication network, the
communication network also being operable to send the
weighted audio stream and the datum via the communication

network.
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that can be used by the audi o processor to set an
anplitude of the audio and unwei ghted audio streamin

wo b@sueisght ed audio stream 30 4. The appar at BGT/AB2005/000534
claimed in claim3, wherein the apparatus further
conprises a conmuni cation ggans operable to receive
t he audi o, the unwei ghted audio stream and the m xing
operation via a conmuni cation network, the 35
connunlcétlonAﬁe?ﬂ@ﬁﬁaép§oOBéFﬁélépépaﬁﬁéaﬁG s8ddot he

in¥B-gh e dnawdio ustkr Q&lﬁhﬁnauﬂﬁa dabu® ¥oz bLRCavatar in a
,CO ni cati on netwy WO 2005/ 101897
VlﬁégniU?B§3F86@§§$ En§3apgarﬂﬁu§p§8?‘§tr&§16‘§erabIe to

create aadlaudpbfpruagssarfopenablentancaadte afene
unkioRReAValas J gt%.ea}ﬁl thual csnyltaanent . the apparat, §ect
con8r|3|ng. an audl 0 processor -op erabﬁé O Create an
logaedghred mpoditdont odam hlaanriggrrmanges ofudthe fAvemran and
obj ect  Locagbedthi AgdmBOhk] eﬁeesbﬁehear LBgok30eE ehet N

avat ar; and aSSOCIatIng means opera e to associ ate
unwrdIhERE gNAde FFdEEMsFAERPWIRKUR dRefmrepsesents an

apbﬁbk&ﬁ@.lﬁbs 13katdRRl @ Fhkeobgeati an @;Elet b&z@@a@ct in

e virt nvi r onment n_the unwei

engd TP Bmepl s HHETE L BRI R AP EL FEs BHEL0nd LA the

daitafmoreptresentt théhaudppadatosmatiohai ned in cIa|n15,
wherein the audi o processor is operable to create the

unwei ghted 15 audi o streamin accordance with a
pr edet er A ned THiexiapparefusapicorl aihedpiadeiledm fedwherein

thel %LAYc0pebRLIsaRCARPbheraB1el EeNtirbiatal itdR unweighted
information that identifies the object. The

au&‘ﬁﬁa?é‘n‘-’&émaénc REeREdapsec WAL Fh 6, W&ﬂ@ﬁ&mlf’(?d mixing
ope@BRibai, Ngha @&WMe@:ﬁhh@ﬂ MR &ARgO apia&bltaotno cbﬁ@&ii%Qng

EUD eI RS T T (T T AR

al so being operable to_send the unwei ghted audio
Strea”1a9q th%h@ﬁ%ﬁ%%r&%ﬂstgg %ggH%%HPQE!%&aﬁﬁﬁﬁgr%urther

comprising a communication means operable to receive the

audio and the predetermined mixing operation wvia a
communication network, the communication network also being
operable to send the unweighted audio stream and the datum

via the communication network.

8. An apparatus for obtaining information that
can be used to create an audio scene for an avatar in a
virtual environment, the apparatus comprising:

identifying means operable to determine an
identifier of an object located in a portion of a hearing
range of the avatar;

weighting means operable to determine a weighting
to be applied to audio from the object; and

locating means operable to determine a location
of the portion in the virtual environment, wherein the
identifier, weighting and the location represent the

information that can be used to create the audio scene.
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25 8. An apparatus for obtaining information that can

be used to create an audi o scene for an avatar in a
W@ Re0s0ed89ENVI ronnent , the apparatus conpri si ngPCT/AU2005/000534

i dentifying means operable to determ ne an 30

identifier of an object Lpgﬂgqg in a portion of a

hearing range of the avatar; weighting neans operable

to determine a weighting to be applied to audio from

the obj et antPf otRRFTRLWR AR PRl el® octRinr & nbugther
comeal sy B5cHimbNEcPOLdh Qfedtis tdPevableato send, via a

environnent, wherein the Jdentifier, i ghti and
Gt TR FEErEEEn R A ITRHRE | oPET folpd Gl EEE ama
thsetbtat tomate ¢he afidk obosrki ty\V® L 09H# 168 OFor
%gg@ 5/000534 - 34 9. The apparatus as cl ai ned
pf§?% alﬁ$8, further conprising a conmunication neans
operable to send, via a conmunication network, the
identifierg, t hendehghiiduands d1@ihegalh 014 Pn09e Wherein
a plurality of systens for_5 processing.. 10. The
the PRI RCEPR  AReRF it | SHREEET \PREEANLS fie Create
rewtitd i tinf ooma e SEos e t defimnpbe bl &n t He EWSAk £ wherein

routing. i nforpati on.for.the co ni cati on network
cheorandid’ SRl of g L STTRN OFt SR "BorfEsa Ry the

chamyseeR bion re teorkube caduon Hee woudie oteothe ohe of the
p Rl D1 &P $Pesg§€§r1ﬁff$9epr&éé‘§§iﬁéy of system for

processing. 1 e apparatus as claimin any one of
claims 15 8 to 10, wherein the identifying neans, the

wei ghti ngn}:ealrmheaaﬁpaf@tthﬁéigﬁ%ama?ﬁ P ﬁﬁ@r@é"@laims
tor pectlve etetmne_the 1dentifier, the .
¢ R T TP EEF EoTa BhERie hotats Flje vofonting means
an@ptles ehdad ting chedhe atetowerednivl ¢ ctoenésp@0tivelifhe

d é@%fﬁ&sﬁﬁé.féﬁ%?fﬁiéP,aﬁﬂeqﬁéiéﬁti£%g+%§ ?%éolgéation by

erern the ide yIng neans 1S Oper
Priecesfime 2 heepoesenhabion hef hlae i nirtaegenpjronment.
selecting a first of a plurality of avatars in

12. The apparatus as claimed in any one of
claims 8 to 11, wherein the identifying means is operable
to determine the portion of the hearing range by:

selecting a first of a plurality of avatars in
the virtual environment;

identifying a second of the plurality of avatars
that is proximate the first of the avatars;

determining whether the second of the avatars can
be included in an existing cluster;

including the second of the avatars in the
existing cluster upon determining that it can be included
therein;

creating a new cluster that includes the second
of the avatars upon determining that the second of the
avatars cannot be included in the existing cluster to
thereby create a plurality of clusters;

determining an angular gap between two of the

clusters;
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the virtual environnment; 25 identifying a second of

the plurality of avatars that is proximate the first
w@boosheisavat ars; determ ni ng whet her the seconPCDAU2I08/000534

avatars can be included in an existing cluster;

including the second of thggayvatars in the 30 existing

cluster upon determning that it can be included

therein; creating a_new cluster that.includes the, .

second SFeFﬁén§v§t§P§@b65nc EFEFﬁi%Pﬁﬁ Pﬁaﬁo gsed in the
angedeand gafp ;t lkd avat ars cannot be included in the

exi sti ng,clyahehy! 039 LAer shy cEeahe a.Blucal ik ok

cl ust er s geter ning an angular gap between two o
furty@ercicdatsdres;. WO 2005/ 101897 PCT/ AU2005/ 000534 - 35

creating a further cluster that is |located in the

angul ar gap; and including at |east one of the avatars

in the fdrthdbtecaRPRgatys a5 cldmgshdm@sy goe of
clGligissd Hoh 1any wiidredn tHeaiid@ent ilfyihly meheiLiis diperable

i tifying neans is operable .to determne the
e SR (RS PRl Pl % S diies e, i ot

pl ural it pgedeciniagaone pft hepliGalityualf aveteosmémnt the
V#ﬁ?ﬁ%¥ﬁ434¥*§$ff qgal ray that extends fromthe avatar

the one of t q'pluralipy of avatars; calculatin%
t he absolgteraigdmar adreddnde relatthadc pxgendge from the
avidltdraldd H el SHes ;flﬁ:@:@ltih:gr_ AdiAlatadys; 15
arrangln%@éhe absoluggean ul ar di stance of_ .each of
t he avat el iRe e A¥PRG Uk ey Bra iFrs distance that
eazdl @f allenplarilfiftar &f iaalatanguliay Repartdid amdikal wesn
successi ve _gnes _of .the _absql ute angyl ar di stance |
t he asceﬁﬁFh693F eﬁé? F%?Paugﬁaa%d%iar dls 2tide” o each
of the avatars into an ascending ordered list;

calculating a differential angular separation
between successive ones of the absolute angular distance in
the ascending ordered list; and

selecting at least one of the differential
angular separation that has a higher value than another
differential angular separation; and

determining another radial ray that emanates from
the avatar and which bisects two of the avatars that are

associated with the differential angular separation.

14. An apparatus for creating information that
can be used to create an audio scene for an avatar in a
virtual environment, the apparatus comprising:

identifying means operable to determine an
identifier of an object located in a portion of a hearing
range of the avatar; and

locating means operable to determine an
approximate location of the object in the virtual
environment, wherein the identifier and the approximate
location represent the information that can be used to

create the audio scene.
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20 selecting at least one of the differential angular

separation that has a higher val ue than anot her
walpdobaomat i al angul ar separation; and det er m nP@IYAU2005/000534

anot her radial ray that emanates from the avatar and

whi ch bisects two of the_ayatars that are 25

associated with the differential angular separation.

14. An apparatus for creating information that can be

used to create an audio scene for an avatar in a

virtual eBvirTheeappatrheuappar alasmednpni elagm 38,

(i S_O e dat er e nt.i.fi
fukgﬁa% 0 mgc%gﬁﬁgaﬁeggﬁﬁgélcgg %nﬁgghg ggrabgg Eb Eghd,
vigf at nemuauantlandnewarkmgtheanéeeﬁeﬁaere ané the
1og§E§Bﬁ1 28 Bfe BBPROYLUIBLE 1 LYCRE 89 s@EmkNEo0b) eetce»sam

the virtual 35 environnent, "wherein the identifier
t he approxi mate | ocation represent t he |nfornat|on
tg"é‘fr, / ianlgs ug%d Ezp Se/a%gtgegtshelaagiea aﬁeeeh:aimls,

P A ) 534 , 9. The_appar at us
whEZeap, Fhed COMREFAPRCIAn TEAPENAP CORSPEL RECEEBLE to
crean&umbuaungn1mﬂammacpenaﬁbe thesenwmunﬁbataon network,

ni.cat ent. t
wh% gq# g%%tgggﬁg EMQB%OFk 9 QEf g%?tgﬁgt H? Ran be used
bypitbeesommynicagionn eeaypakattes rasltel &hge@uddoctgi fphes one
ofWRBke b utRE 1EY TN GRELRR FBRNDrbekuliliger operable to

create routing information for the comruni cation
network, 10 wherein the routing information i s such
that it aan bEhHS&@pahﬁthbea&Oﬁﬂhﬂh@ﬂIh@namgtwmkkoﬁo

Qute.the audio_to the h lLurality of
?ﬂ?ﬁe&é % rH%fog S %%? 1%ﬁ€E§pBQP %?ag% &rs B8
loicatdng meen@far@5°@b@ah§e1¢0tae5®eqﬂimeﬁwwdahsrm1ne the
meﬂ%&tf'lfe\y e&dﬂ%ms 184 £ Re bkogeu L Ifl?@”% IR %x%%%‘iﬁ:l&lt@.on

respectively determne t Irer
°fI§@§tNeﬁtHF ﬁPdéé@@ﬂﬁ@ta representation of the virtue
envi ronnent. 20 19. The apparatus as clainmed in any

one of ) )
19. The apparatus as claimed in any one of

claims 14 to 17, wherein the identifying means is operable

to determine the approximate location of the object by:

dividing the virtual environment into a plurality
of cells; and
determining a location in the one of the cells

about which the object is located.

19. An apparatus for rendering an audio scene
for an avatar in a virtual environment, the apparatus
comprising:

obtaining means operable to obtain a weighted
audio stream that comprises audio from an object located in
a portion of a hearing range of the avatar, and a datum
that is associated with the weighted audio stream and which
represents a location of the portion of the hearing range

in the virtual environment; and
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clainms 14 to 17, wherein the identifying neans is

operable to determ ne the approximate | ocation of the
wobjosavishy: dividing the virtual environnment i|PCDAHE2005/000534

plurality 25 of cells; and determning a |ocation in

the one of the cells abautzwhich the object is

| ocated. 19. An apparatus for rendering an audi o scene

30 for a t.ar_ i Vit envi ronnent,, .t he .
appar at u% %\é%nt%rﬁls i%ﬁ%loobrte.gl%r%rﬁ‘gng‘rreeanr%moepet}’a% &§ gperable
tonzgtess idig mewhtadiandia atmedmtandiphe ststmudio order

td AR obledudReadLhdn a portion of a hearing
range of the avatar, and a datum 35 that is associ ated

with the weighted audio streamand which represents a
| ocati on 2af. t e opHAD B Ofcddife HAArdMN U W scddl t#8r an

ST AZO G GOORTE SPP L KPR B Ve A RPIRfg-1n Ehe

steapp et hat is operable to process the weighted audio
stream a u s . QT t,he .audi .
scene. 5%&%%&?&%&%@;%‘%& an au |otq%act2r?§ or S8

ayghio Hfizamran rokj et thedatad ijwmgnstidre ofthdearing

rdPId i ¢Kk tdhEa St eRMPT 1 creating a weighted audio
stream that conprises,  audi,o from an object |ocated in
a porti ofPH RS e yeighfebrudie ftxneam Wik 2

d=atasmcitad it rhgaﬂf&é&aﬁ%sgm ekbaami}@ ;df erte Vﬁ»d:l‘l::i;]:bn ﬁﬁﬁ Whe
that represents Qcat.ion of the portion_.of the
hqedind, SRR T & A Tt S POITR , YARRT e
wegeg e cawdih o8 tteasm mmath d-Heh alatat nrempe sseint thdheaudio
safi o 15 scene. 21. The nethod as clained in claim
20, wherein the step of creating the weighted audio
streamis such that the weighted audio stream

conpri sepan WHEinHdl A8l Lnad reaeidal £0RIMSSSin
tﬁgugéégrégné¥g§g¥ﬁé(¥ﬂéﬂﬁe£é§§géxgdéko stream is such that
the weighted audio stream comprises an unweighted audio
stream that comprises audio from another object located in

the portion of the hearing range of the avatar.

22. The method as claimed in claim 20 or 21,
wherein the step of creating the weighted audio stream is
carried out in accordance with a predetermined mixing
operation, the predetermined mixing operation comprising
identification information that identifies the object
and/or the other objects, and weighting information that
can be used by the audio processor to set an amplitude of
the audio and unweighted audio stream in the weighted audio

stream.

23. The method as claimed in claim 22, Ffurther
comprises the steps of:

receiving the audio, the unweighted audio stream
and the mixing operation via a communication network; and

sending the weighted audio stream and the datum
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the portion of the hearing range of the avatar. 22.

The nethod as clainmed in claim?20 or 21, wherein the
wGer@p/1ef89Tr eati ng t he wei ghted audi o stream i SPCRAU2005/000534

carried out in accordance with a predeterm ned m xi ng

operation, the predeterm.ngg m xi ng operation

corrpri sing identification information that identifies

abj r objects, and wei ghting
Vlan%glrena ngthuri%h t¥on can%gg}olﬁ{ed by the audi o processor
to set an anplitude of 30 the audio and unwei ghted

audi o S AAM W AN S AP P WAl for

met hod as clained in claim?22, nprises the
usg iy a3 -awh G GGENA TP 1R AVALRT tife %Jﬁméifg%ﬁled audi o
erStilraierad)d sHE MEtHOR) coRprald oy Wik &tEPENgH cation

network; and. .sendin he audi.o str and
t he dat uﬁr\fﬁWSFfO%yflﬁg%F%Uf@%‘%Po FoESAm %??é; vi a
cdm;ec:cs:enﬂaudnad |ﬁmmnnem/\mid<jec2-4 lokateididch Gf poraidmet a
heaa%n% gra el%, atd3s |aq1@n audi o scene for an
rtua

avat envi'ronnent, the nethod
conpri si @@W@@Sst@p un@neeatht@gl andionesitgiened viddi @

dﬁxﬁ:@ﬁ!ﬂéd"% fpréygifﬂss%% %&ﬂﬂwm&t&ﬁ% lacatird d¥Yect
portion o heari ng ran of, the avatar; and

maé‘éft?c."ah#w% VRSt e d s tihe e dghted audio

s toRd=hiin drih £ Hee A8 80 repde sy Gt d airid o cat ftinfiddhe
object in the virtual environnent, wherein the
unwei ghted audio stream and the datumrepresent the
audi o i nf2dr.nmatThen methodlless neltahiorbdsin |Gliated 24 otlwmein
4, e | | .ght :
€ audi o streamellagc f:r%er%dpn%{ft n ac%éd%ﬁc_e V\ntﬁanEdcarrled
oYl ddetadanidanaf Witd cpanadniprminrd aiixing operation,

wHeke afyd %ﬂﬁéﬁﬁr&@rﬂ:&ﬂ{b SHBYd $SidH comprising
c123_1ent|f| ca,tl on formation .t hat %denufl es the obj ect
matyolt Fhps fAgntihiss

conpri si ng the steps of:
26. The method as claimed in claim 25, further
comprising the steps of:
receiving the audio and the predetermined mixing
operation via a communication network; and
sending the unweighted audio stream and the datum

via the communication network.

27. A method of obtaining information that can
be used to create an audio scene for an avatar in a virtual
environment, the method comprising the steps of:

determining an identifier of an object located in
a portion of a hearing range of the avatar;

determining a weighting to be applied to audio
from the object; and

determining a location of the portion in the
virtual environment, wherein the identifier, weighting and
the location represent the information that can be used to

create an audio scene.
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recei ving the audi o and the predeterm ned m xi ng
operation via a communi cation network; and sending the
waoewsilgisved audi o stream and the datum 25 vi aP€TiaUu2005/000534
conmuni cati on network. 27. A nethod of obtaining
information that can be-uged-to create an audi o scene
for an avatar in a virtual environnent, the nethod
conprising the steps of: 30 determning an identifier
of an object located in a portion of a hearing range

of the avgt-ar Theem@thod mg #lsdimgd iing alaipe ?GVppIﬁué‘ther
o&@ﬁ@ﬂg HHO B oF0sRelG1 iy d A&l & i i@ dtAGaL | On

the portion in the 35 virtual environnent, wherein
nettl"i"(?rkderﬁhref ilgentifiar ffeaweightdngamd fie dpcaddnn to

orieh@f Bf YlEtdldityt oft syantdins UmRd drvcesdaicn an audi o
scene. WD 2005/ 101897 PCT/ AU2005/ 000534 - 39 28. The
nmethod as clainmed in claim?27, further conprising the
step of 2ondi Mhe wekhod ammalitiatddnin wdtador I28,t Hairther

t r [ t QGAL
e (e R o e iath, e REP R AN the
cogguigiahden mecqwa&rﬁﬁrzsfherrlﬂntmetrhe aewiing dgfaraaiagn is

sudh WAl 150 JRl i Giddd By TRIHO Rk dndifurdiRe: t iGRHHEHWAK Qb
network, wherein the routing information is 10 such

ke the @nfine tes & P¥h e T dihf R IR G h & Ykgtt%“ for
promdssitdye. audio to the one of the plurality of system
for processing. 30. The nmethod as clained in any one
of claims 15 27 to 29, wherein the steps of
det er mi ni3fg t The dwhidd evs clidianeseiightany cved atheslaims

2'7I Qf‘datdém WHRSRAGE Rt Bét‘éilg’rdfsedéi?éﬁfﬂ:!ﬂd‘gzﬂé‘%dentlfler,

dentifier, the weightin nd the locatiion by
tha e ahtigic a\f@prté’i?eﬁ{%ﬁ hiresReqhiMaly SeRRGfent .

deterdinithtf g Rekms MGl Mathd m@r@hﬁ&@ @nd:hﬂimoc%?tlon
to 30, further co r|S|n t he [ ovmn, st eps t
by &GRSR Ah & t?efg ; ehvironment.

31. The method as claimed in any one of claims
27 to 30, further comprising the following steps to
determine the portion of the hearing range:

selecting a first of a plurality of avatars in
the wvirtual environment;

identifying a second of the plurality of avatars
that is proximate the first of the avatars;

determining whether the second of the avatars can
be included in an existing cluster;

including the second of the avatars in the
existing cluster upon determining that it can be included
therein;

creating a new cluster that includes the second
of the avatars upon determining that the second of the
avatars cannot be included in the existing cluster to
thereby create a plurality of clusters;

determining an angular gap between two of the
clusters;
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selecting a first of a plurality of avatars in the

virtual environnent; 25 identifying a second of the
w@kwsabispy of avatars that is proximte the fPCHAU05/000534

the avatars; determ ning whether the second of the

avatars can be included_ingan existing cluster;

i ncl udi ng the second of the avatars in the 30 existing

cluster upon . determ_ning that it can.be i.ncl.ude .

t her ei n; SEPEEPRg %a THEW ruééﬂsﬁe??a&lﬁa%cl’lfdélfctag"@d in the
argpdcnd geaf; tdred avatars upon determ ning that the

second of, t . r be J u '

exi sting s dé?l%?%%sé'et%h@g%f c;%rfe&tg(? %%%el?rrkaﬁt iql%y tcl)}e
fustthawrerstusd@®er ni ni ng an angul ar gap between two of

the clusters; WO 2005/101897 PCT/ AU2005/ 000534 - 40

creating a further cluster that is located in the .

angul ar g®p; ame AfAhRE P flaieed Ghemr Wk of A is
27 red s, fﬂif:tit?fﬂxi Womidreis iy e Tﬁamaghh@ Sserd atored

in_any o of _cl.ains 7.10.30, further conprising the
SRt B AR ek S BTG GRASR of ¢ he

heari ng rsigetisg eas rf enelefrad iglyurcdl iawva tefrsaviat dilee
v:ii.::q:dathﬁ erﬂ‘%f’éfﬁﬁdé*ﬂjf envi ronnent; determ ning a radial

that™ extends

ray Is fromthe avatar to the one of the
pl ural i t gederaiaing a radiad aesmnhdghate aftfssida £xom the

avtdidt dfo i e diathL o1 {8e ¥ Wilddys of avatars
i st ance DEIALSE e SRR HREPLAT AocRey that
eauilesP e Plumwsdlicny adf nvatitd fioy eitoml tlangtadital ray;
separati on RPN ME ARklod Uk AR Yone
avatars into an ascending ordered list;
calculating a differential angular separation
between successive ones of the plurality of avatars based
on the absolute angular distance;
selecting at least one of the differential
angular separation that has a higher wvalue than another
differential angular separation; and
determining another radial ray that eminates from
the avatar and which bisects two of the avatars which are

associated with the differential angular separation.

33. A method of creating information that can be
used to create an audio scene for an avatar in a virtual
environment, the method comprising the steps of:

determining an identifier of an object located in
a portion of a hearing range of the avatar; and

determining an approximate location of the object
in the virtual environment, wherein the identifier and the
approximate location represent the information that can be

used to create the audio scene.

34. The method as claimed in claim 33, further
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on the absol ute angul ar di stance; 20 selecting at

| east one of the differential angular separation that
whamsaospyher val ue than another differenti al PENUL@E/000534

separation; and determ ning another radial ray that

em nates from the avatar grd which bisects two of the

avatars which are 25 associated with the differenti al

ngul a aration. nmet hod, _of creating
RIS GG RSP0 0F BEncl (o AR AR ™S cene
netowo i) a:ha:.t adrdentizf idrr taral tlenigcatient \td kenereithcd
qﬁ;'gglr.i ' t ning an identifier
I;)10 anlt?bj ect Iocgﬂes[)}ﬁf p130 %1‘?1%{1" of a hearing range

of the avatar; and determ n| ng an approxi mate

| ocat i on 36, t he,DhictFod hd Qela\mé&lar.n N SO HBNsurther
wherein the identifier and t appr oxi mate | ocati on

comphissiae R %trﬂ%ﬂwfat‘%’?ﬁ?‘%m oty infqruatiqp for the
c ol it d i W a3k N vhebin haBidii S il RiMRekich is

cI ai g ﬁ 1_;Iurt h?’r?e %eecﬁq%% ]fgve%gw PCT/ AU2‘%\105/ 01,9601:5"&304rk to
rcnnmnnhecaa:uctnb teetbhs lond ek |1Ihmtplfu:a1:and dheystems for

to one of a plurality of systems for
llpc?c'gézgésg{%g 5 35. The nethod as clainmed in claim 34,

further conprising the step of creating routing

i nformat izgn f arhd b eHeMa Cadinedy et vm;k,ory@ecmlénams
the routing information is such that jt c be. used

33!3th e rc HARS Thtitsh HeaRHAE (9Pt nh g didpnti fier
arideclon eapgrdaignagdeiridddtiond sysdeamiFally dcﬁnprlses the

rocess 36 T cl al one .of
S80S R A Ve, SRS B AR Y e
proiears frigera mqmmmrmumt@e oCiatiuwmn eresipepmeret v
conprises the 15 step of determne the identifier and
the location b processing a representation of the
virtue edi-ro methpd ahee kaiprdl s %Rl o5 akains

3PN 056 Claieneds3 dcﬁnﬁﬁs:‘fz&g t e mw:ﬁiélgsﬂeﬂ@s to
foll ow ngtsteap

determine pprox1mate location of the object:

selecting at least once of the differential
angular separation that has a higher value than another
differential angular separation; and

determining another radial ray that eminates from
the avatar and which bisects two of the avatars that are

associated with the differential angular separation.

38. A method of rendering an audio scene for an
avatar in a virtual environment, the method comprising the
steps of:

obtaining a weighted audio stream that comprises
audio from an object located in a portion of a hearing
range of the avatar, and a datum that is associated with
the weighted audio stream and which represents a location
of the portion of the hearing range in the virtual
environment; and

processing the weighted audio stream and the



20 determ ne the approxi mate | ocation of the object:

sel ecting at | east once of the differential angular
wae@anetspon t hat has a hi gher val ue than anot hB€T/AU2005/000534

di fferential angular separation; and determ ning

anot her radial ray that enypates from 25 the avatar

and which bisects two of the avatars that are

ssociated with the differential anqul ar separation.
daggm An,OrAgy %P FERGEF F§af 838 §°ER&ne for an

avatar in a virtual environnent, the nethod conprising

the 30 eps ,of.; LNi [ I Q. Str

t hat con%%Fseé cgﬂgggg rg%%g%agﬁfg%?%ﬁggggg%ﬁ %%?yp one
insdructionf farhcanisigo pasgmpyltinge dgvicsr toaggraydeufmthe
et W F338QCHAl 8yl olehe1WRahbed taudigy stream and

whi ch represents alocation 35 of the portion of the

hearing range in the virtual environnment; and

processi ag.t ha wonrphited addidabll sed@iand ddipr\M@ing the

2005/101897 PCT/ 5200 Q00534 ., - 42 datumin order to
COBNTEF PREIAGH §OCAFE. B9 SR ®orfput er program

conprising at |east one instruction for causing a

conmputing device to carry out the 5 method defined in

any one of clainms 20 to 38. 40. A conputer readable

medi um conpri sing the conputer programdefined in

cl ai m 39.



