- 1 - I MVERSI VE AUDI O COMMUNI CATION Field of the Invention 5The
present invention relates generally to the field of inmmersive audio
communi cation, .and has particular - but by no nmeans - excl usive
application to i mersive audi o scenes associated with avatars of a
virtual environnent. 10 Background of the Invention

Traditionally, distributed virtual envirédnments (such as nultiplayer

on-line ganes) used rudi MenyakARdBANSYRD BblWriEa#SaFs to

comuni cation with each other. For 15 exanple, sone distributed
virtual environnents have enpl oyed text-based comruni cati on while

ot her V|rtua%.%& iren QtfHQQX . supported sinple nono voice over
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perceptlons of 20 virtual environnents can be inproved by augnenti ng
the virtu environpents with either nedi nlor i udi_Q
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i mrersi ve audi o 25 communi cations. Mich of the research has focused

on prOV|d|ngkﬂh@ouﬁéﬁgsmrtﬁx%%%ﬁiﬁﬁ appdiigatpan EQnEYST YR RaEEoi on
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it is emanating Troma ar direction and has tr
certain dlstance 30Research into providing distributed virtua

environ é%%%%EEQEEL§EX£Q%:g%§§ﬁ%EEfnlCatlOn has generally assuned
t hat use use conputing devices (such
as a desktop conputer) that -

Traditionally, distributed virtual environments (such
as multiplayer on-line games) used rudimeptary means for
allowing users to communication with each other. For

15 example, some distributed virtual environments have
employed text-based communication while other wvirtual
environments have supported simple mono voice over
internet protocol technology.

It has been suggested that users’ perceptions of

20 wvirtual environments can be improved by augmenting the
virtual environments with either medium or high quality
audio communication. Consequently, considerable research
has been carried out to provide distributed wvirtual
environments with real-time immersive audio

25 communications. Much of the research has focused on
providing the users with spatial audio that conveys a
perception of direction and digtance; that ig, the audio
information sounds like it is emanating from a particular
direction and has travelled a certain digtance.

30 Research in to providing distributed virtual
environments with immersive audio communication has
generally assumed that users of virtual environments will

use computing devices (such as a desktop computer} that



have a reasonabl e amount of processing power and which are connected
to the virtual environnent server via a relatively high bandw dth
data link. As such, today's immersive audi o comunication technol ogy
generally 5 involves distributed i nmersive audi o scene conputati ons
across one or nore central servers and users' conputing devices. The
recent uptake of portable wrel ess conpui rRg devi ces, such as the
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desktop counterparts, portable wyreless cogpuiing, devices have,
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wi rel ess conputing devices nay not have Sutficrent processi ng power
to partici parteviicesi.stri buted audi o scene conputations. A consequence

of this is that nu of the,co t ationall Lntensive audi o.scene
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be enpl oyed if portable wireless conputing devices_are to b
suppor t ed%and t@$ﬁ&edmﬁﬁpﬁ Fhﬁ%r%iQEEW%Bﬁ 8“@3?ﬁuﬂ?c%§?¥ﬁLW£;} Sunmary

of the | nventidientiadly QEULT 8 "BAbesd N8 ERE0dne 0FBGhEW Yhe Steps

of: identifying a firsf avatar associated with the virtua

envi ronnent ; Rfgtt@bdenwagehaesheenpit inglideviegse ciherreomared to
their desktop counterparts, portable wireless computing

devices have limited processing power and will connect’ to

15 wvirtual environments via reasonably low bandwidih wireless
links. Unfortunatgly, today’s immersive audio
communication technolegy is unlikely to efficiently
support portable wireless computing devices (or other:
computing devices that have relatively low computing

20 power) because the wireless computing devices may not have
sufficient processing power to participant in distributed
audio scene computations. A consequence of this is that
much of the computationally intensive audio scene
processing will be pushed back on to the virtual

25 environment server. This basically means that more
powerful servers may need to be employed if portable
wireless computing devices are to be supported and

provided with immersive audio communication.

30 Summary of the Invention

According to a f£irst aspect of the present invention

there is provided a method of using audio for a virtual



5 satisfied in respect of audio information created for a second
avatar associated with the virtual environment; and reusing the
audio information for the first avatar on determ ning that the audio
reuse criterion is satisfied. An advantage of the nethod is that,
unli ke existing 10 i nmersive audi o technglogy, it has the potenti al
to facilitate i mersive audi o communi cat Poii for portable wrel ess

comuni cat i ONrAAYIEERNtEOr +tABYMOEREd dprGeihBatnbastéss atgvely |ow
processing power). This advantage stens fromthe fact that the method
i nvol ves reusi ng t Bdensifving &nfbrsrarivehawharecpiated with e is,

when t he audiﬁft%%t ee%%%ghﬁlgﬂ s satisfied), which may reduce the
process intensive task 0O creaang I mrer si ve audi o. By way of an

exanpl e i npl enent atietrrmihiéngevheichen and abdiexeeuse debit ererorisnor e
central audi o _scene creation 20 servers toq_reduce,audi o sce
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present inverddddhd eXashirngsbBERASeY &ridtdicBeC QNHHAAT Abh @ ronment ; and
t echnol ogi es do not enploy an audio jnformation reuse aspect and
woul d thus require*REFengr BREsaNGEP rigderreEdonsteraphe yE s avatar on
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conprises the step of processing the audio informtion on a
di stance between tBa fidventageataf el methbdr deathetr asbied aadtingh

the virtug envi r onnent 0A rmn

e advant age .qf ,per the step of
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alternative audio information for the first 5 avatar on determ ni ng
that the audigFamudecsy ther faAti shabtthmmedhioddinvolves reusing the

15 audio information where possible (that is, when the audio
reuse criterion is satisfied), which may reduce the
process intensive task of creating immersive audio. By

' way of an example implementation, the method could be
executed by one or more central audio scene creation

20 gzervers to feduce audio scene processing requirements of
the central server(s). In contrast to the present
invention, existing immersive audio communication
technologies do not employ an audio information reuse
aspect and would thus require more processing resources

25 than systems employing the present invention.

Preferably, the method further comprises the step of
proceséing the audio information based on a distance
between the first avatar and a third avatar associated
with the wvirtual environment.

30 An advantage of performing the step of processing the
audio is that it can be used to add a perception of
distance to the reused audio information. For example,

the processing step could involve attenuating the audio



An advantage of creating the alternative audio information is that it
provi des a mechani smfor obtaining audio for the first avatar in the
event that the reuse 10 criterion is not satisfied. Preferably,
the step of determ ning whether the audio reuse criterionis
satisfied conprises determ ning whether the first avatar would
perceive the audio information as emanati®ng from a predefined area of

the virtual 1 fﬁ?ﬂ HREERL LBpPBh&n: e audbBhat Soh 06 ed.
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Preferably, the step of determining whether the audio
reuse criterion is satisfied comprises determining whether
the first avatar would perceive the audio information as
emanating from a predefined area of the virtual
15 environment in which the third avatar is located.

An advantage of determining whether the first avatar
would perceive the audio information as emanating from the
predefined area is that it provides a technique for
ensuring reused audio information has spatial

20 characteristics that are reasonably close to the spatial
aspects of accurately created audic information, which
could be created during the aforementioned step of
creating alternative audio infbrmation.

Preferably, the audio information comprises spatial

25 audio information.

According to a second aspect of the present invention
there is provided a system for using audic for a virtual
environment, the system comprising a processing means
arranged to perform the steps of:

30 identifying a first avatar assoclated with the
virtual emvironment;

determining whether an audio reuse criterion is

satisfied in respect of audio information created for a



second avatar associated with the virtual environment; and

reusing the audio information for the first avatar on determ ning
that the audio reuse criterion is satisfied. Preferably, the
processing neans is further arranged 5 to performthe step of
processing the audio informati on based on a di stance between the
first avatar and a third avatar associated with the virtual

envi ronnent . Preferably, the processing neans is further
arranged to péﬁﬂ@ﬁ%@ﬁ@taﬁt eﬁgﬁﬂﬁCJ@ﬁiég]t wmghat]u@rwaitw?é- Sigilgongent ; and
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an embodi ment Preferably, the processing means is arranged such
that the step of determining whether the audio reuse
criterion is satisfied comprises determining whether the

15 first avatar would perceive the audio information as
emanating from a predefined area of the virtual
environment in which the third avatar is located.

Preferably, the audio information comprises spatial
audio information.

20 According to a third aspect of the present invention
there is provided a computer program comprising at least
one instruction that is arranged to cause a computing
device to perform the method according to the first aspect
of the present invention.

25 According to a fourth aspect of the present invention
there is provided a computer readable medium comprising
the computer program according to the third aspect of the

present invention.

30 Brief Description of the Drawings

Notwithstanding any other embodiments that may fall

within the scope of the present invention, an embodiment



- 6 - of the present invention will now be described, by way of
exanple only, with reference to the acconpanying figures, in which:
Figure 1 shows a systemincl udi ng an enbodi nent of 5 the present

i nvention; . Figure 2(a) illustrates a techni que used by:'exi-sting
I mrer si ve audi o techni ques; Figure 2(b) illustrates a

techni que by the systemof Figure 1 for_ c6re_ati ng imersive audio in
accordance with 10 an enbodi nent of the present invention; and

Figure 3 is af dyree penisaniconngbnbion il e beodeeotribed wibyg lwathe £

system of Fiqure IS lied. ' _An Enbodinent of the lnvention 15
Wth refer encexatnﬁ?aﬁ 6’6’3‘8{8 lf”gﬂerg%’f%‘?ﬁ’ﬁdﬁ’ i ﬁ&ggmgar\llﬁ?%aflgures’
envi ronnment systywickH)2; user conputing devices 104; and a

comuni cation system 106. The primary functions of the vjrtual

environment 20 sysFeF¥E21afBOYVS FefYilsth ACAEings sRnafPedint f

virtual enrvi rgmente ang 4ioRLEYLAe participants in the virtual
envi ronnent wi th” mrersive audi o0 comuni cation. In the present

enbodi nent of the iFigmme @dad hdllnstrateenyitcohmdavei vsad bay teuifstang

of a multipl on-line game 25 and the avatars represent

partici pant sa%/ﬁea Q}‘lvse, aglsfig' S%SFE{‘%%%%H conputing devices 104) in
the virtual enviromeaireardbar &llast herdoranteichaigoat bg shé diestsem Bfe
state informatjon nai &tai ned by the virtual enyvirqnnment sgstem 10

conprises, fof* O% FERGERTI SNBSS e ArHCarE PACSEIRRES Wit tial

envi ronmeny | dhadmbcineit |o@¢%héogr8§eﬁ@eix§\ﬁérfﬂi%§ kgt he
battlefield. It is noted that the present invention is not
restricted to virt IRy 3 §anBnrePaERERbARIMrs offop virtual environment

to which the system of Figure 1 is applied.

An Bmbodiment of the Invention

15
With reference to Figure 1, the system 100 includes a
virtual enviromment system 102; user computing devices
104; and a communication system 106.
The primary functions of the virtual environment
20 system 102 are to maintain state information for a virtual
environment and tc provide participants in the virtual
environment with immersive audio communication. In the
present embodiment of the invention the wvirtual
environment is a battlefield of a multiplayer on-line game
25 and the avatars represent participants {(that is, users of
the user computing devices 104) in the virtual environment
and are in the form of animated soldiers. The state
information maintained by the wvirtual environment system
102 comprises, for example, the location of the avatars in
30 the virtual envirconment; that is, the location of the
soldiers in the battlefield.
It is noted that the present invention is not

restricted to virtual environmments and avatars for



- 7 - multi-player online ganmes. The present invention has
application to a range of virtual environnents including, for
exanple, virtual environnments in a business context (such as a
virtual staff meeting) or an educational 5 context (such as a vi'rtual
| ecture). To performthe primary functions of maintaining the
state information and providing the i nmerki—ve audi o conmuni cation the
vi rtual envirﬁgﬂgm C Lse iti-qnal L er
har dware inclu |ngEg§%§%ﬁg?%g§$dggﬁéébeﬁ?%%ﬁﬂ%%gggsEF%§HE%§§S?a%andom
access menor yapplrahtdicgkso retraogki of Warttwedr enaridoampoter isebpding,| n
addition to the hardware, t.he virtual environment system 102 includes
an operating Es]?/%t%’gﬁ“\(ﬂ@fdh véf%ﬁaa'u?fw%ﬁ’%erttfn Be ao%%/lﬁﬁﬁsﬁsf?%%e}{t
www. r edhat . cofdudinais restidesadn stAef hasst iy )dicak aof etiieasyshgIn 102
and which cooperates with the hardware to provi de an environnent in
whi ch sof tRnar €O cErYEh &5 8n VBETEREIRYEA TS this regard, the hard
di sk of the virtual I A FQRE S ﬁgh; |53 d i ' 4

envi ronnment server Tacﬁprb?éjizgati ogh?s%]z% as ?ghjéic;&k%%asg *gﬁéﬁﬁiﬂfﬁé t:aﬁie
can be obt ai netate cimiemmatdsgf endr providing thenilmmersivg andigt at e
information a i r Si aydi i cal | ] j..0
for providi ngg%ﬁﬁlc#gpgirﬂ%s\ﬁ%ﬁ &%'g%g%??%qxgofﬁe?%n% r#%v&"n r,E;Llﬁgi & lLS:LI Ve
audi o communi tedd i o8l emeekerC hapdivang devicdsgl 64 matkerboddrd, f orm
of portable w rel ess conmuni.cation devic%f such as the Nokia N Gage
and the ans?%‘?‘?’ﬁﬁb?qcﬁﬂsé?‘%b’%&@r , TRRARR 13CES EﬁWW’aﬁ?ﬁ%ci ated
that the pres@iékd Nvieitvwcrking MRrdwaserded ed dawaOi@blie . W 18l ess
communi cation devices. It 30_1s envisaged that in alternative

enbodi ment s ofdE¢Hel G dxxithe MPERIRER . t Hee (St usdmeRvilrgrEent cegs iy
could be, fo f%@ﬂﬂ&éiudéaﬁéHJqge:@%§5%99%£§gmn%éﬂa& aE2¢R  URC which can
e I TI Ohal C

r
conputing device 104 conpriseS tra omputer - 8 -'hardware
i ncl udi ng a nbeherionet Ixom walv.pedbatseony what nemides avckbe hard

oot (1o ntahost SN EEA b FRE Rt D Dt e, Mk b e

hard di sk of katdwarserto provide an environment in which goftware

applications can be executed. In this regard, the hard
disk of the virtual environment system 102 is loaded with
a virtual environment server application (such as the

20 OQuake engine, which can be obtained from
www.ldsoftware.com) for maintaining the gtate information
and an immersive audico communication server application
for providing participants in the virtual environment with
immersive auvdio communication.

25 The user computing devices 104 are in the form of
portable wireless communication devices such as the Nokia
N-Gage and the Playstation Portable. However, it will be
readily appreciated that the present invention is not
restricted to portable wireless communication devices. It

30 is envisaged that in alternative embodiments of the
present invention the user computing devices 104 could be,
for example, laptop or desktop computers. Each user

computing device 104 comprises traditional computer



5 conputing device 104 is |oaded with the Bl ackBerry operating
system The operating systeminteracts with the hardware of the
conmputing device 104 to provide an environnment in which software
applications can be executed. In this regard, the hard di sk of each
user 10 conputing device 104 is |loaded with a virtual environnment
client application and an i rmer si ve audi & comuni cation client. The
virtual envir mg% | 5i C r o]

receive the virtua rée:r%\ﬁit(‘)lr?%@ hsﬁ%{t:@gﬁ%éaﬁ o?r%lgl??g% %rSBtQﬁéﬂ‘?% rl%nula
envi ronnent t varden faasmssh@eroryuah !eamcir@aieantpos'@rc\/énpamlmamm
| oaded on the ' syst r u
conmuni cat i on I¥ ;{?A?xgq\grfiog%gé%ggflox g rlgt%g?\&/l?ggu i %eygogr&}

i nformati on tDnamH:‘ftrm tehoe t'mm’rhas&ht@r@u(hma (hamﬁﬂuﬁueat b@ine26h sesaner
on the virtual environngent, system,102. was . d ﬁedbgr evi ously

that each UsePORBHPNY MEVISH dQ4168 Hacii%d'@d:hw PEEY ng
system such gserdte: ey HyARmPETAL] g?%%é/ x@[néy@tehhgnmkehatb#@@e -the

The present |nvent| on is not restri he Synbian operating 25
system and ashén@Wﬁ#m@fprté@emoﬂpwénm @evins Jdydpitice proyadeoani f f er ent

operating sys QES i.ces 4. 1.ncl udi ng,
for exanple, crosrg?et ' nd(‘iv\t/\hllsl%}%ngft I nuﬁﬁlqlc%@i %\%hf:c%ﬁ a%ul d

typi cally be azecutdten tire mmmut'egagddewm:emaﬁnﬂl&ﬂqeotﬁneabh tieem of a
30 deskto ut er ni cation,system 106 enables t

oo Loor R o ER dng dewi on) IDeC SE LRR G L K VR8T BRR D Sty
devi ces 104 aaﬂléﬁr@ é@ﬁﬂl@tlﬁhwahﬂnaﬁnimrﬁﬁé&efe audo cepRuhiait fin Of
the virtual environnent system 102 to exchange data (nore
specifically, cli@n%t ate i nformati on) with each other. The

comuni cation syst efﬂel%x%kx%q %B@Qkéﬁméﬁ'@ dl@@f@'abf:l%ﬁk:@on is
conmuni cation client 5 application of each of the lGser conputing

devi ces 104 anurawged riremangde axpddirecetventiie atlininade epairappent agtadie

of the vifsgtual tgﬂma Y5 o) Q‘Pﬁﬂg ta
specifica % Y, iy E(gﬂl I 'ht or ma q]l":lrgl‘?ﬁadéac ot her itl'%os&%gg??o?hthe
exchange of daiattdle exmimﬁnnteam err¥lr sy kivaimrc dneidesiesnathebi | e

t el ephone net wor 08 for sendi n% and r cel Vi ge data fromthe, user
comput i ng devVeEgua environment System T imnersive audio

communication client is arranged to send and receive audio

information to and from the immersive audio communication

20 server on the virtual environment system 102. It was
described previously that each user computing device 104
is loaded with an operating system, such as the Symbian
operating system for the Nokia N-Gage. The present
invention is not restricted to the Symbian operating

25 system and as such the present inventlon has application
to different operating systems loaded on the user
computing devices 104 including, for example, Microsoft
Windows XP or Linux (both of which would typically be used
when the computing devices 104 are in the form of a

30 desktop computer).

The communication system 106 enables the virtual

environment client application of each of the user

computing devices 104 and the virtual environment server



104. The present invention is not restricted to being used with the
nobi | e tel ephone network 108 and an alternative enbodi nent of the
present inventjon may 15 enploy, for exanple, an 802. 11 based ,
wirel ess network. In addition to the nobile tel ephone network 108,

t he conmuni cati on system 106 conprises a public access |nternet
prot ocol based packet switched network t18 such as the Internet for
sending and r taef | Lapnent em
102. The nob.ﬁgﬁggbggﬁgﬁéﬁﬁé%%éﬂif#ﬁﬁ?i §§§ﬁghgﬁﬁﬁdilCatloéﬁz38t6ﬁ1
106 are |nter@mnhengedd@baeﬁm¢r&nﬂn§clinaaélzonhhm|@Qﬁt&nnnﬁqﬂmatizn)

which is int or f eed flb e

cormunicatioanﬁlL %Eg ena éﬁ) c%x d%%ﬂé%lénfjﬂéﬁ t he
mobi | e t el ephenableswohé ﬂﬁﬁbfﬂmbéIamdd&CKemmﬁmiéaﬁ&mhrumiunﬁ< 110.

To enabl e the vg&tual envi r.on t?ié: tem 102 and the user conputlggd

devi ces 104 t GPRtdRARIENAAE 2235 HEERi EATPYN Y A RS6 1PRe

virtual envir emeeRlmdSEYPE é’!@dﬂ@%dnﬁn&ﬁ@ﬁ%&bﬁdséﬁvéﬁ%@(‘a@tﬁw behed
network 110 via a communication link 114 in the formo speed

data |ink. FutileevisEualterevisepmeinpiiecay 469 %@se&@zarweed@é;@h (more
connected to t el 8 0] rel ess
GPR5 |inks 115%%&?9%%% %&ﬁ%ﬂ%’&?ﬁﬁ? "r%{élgn a?l‘;]‘v%t e|]')(,)Vln S
primarily concernedTmnshppémtrﬂhnnexahangé oﬁn&asatheuubmmunlcatlon
comruni cati.on such, the fpllown cr| n of the enbodi nent
ey anbh svAReR: LBE P LRSS o MR ERLCPRARS ridvaniu ipe Tl

conmmuni cati on sehhidgenly apgl +eéaéi-eind arged fQEbmt hﬁews@ér Cesmpiit ing deviees
104 and the i mrersive audi o conmuni cati on server g plication_| oaded
¥

on the virtual®%nvi FBANBRESSYS 1 B YLLOM dPhBPE BPECEVRE i TP RRESI ons
performed by thed WHE&S{:H@ MO £ GUTBHNRA! haBwSHk s appd iHAL T on.

The flrst function is to forward audi 0 i nformation (for exanple, a
user's voice) ad&gsropsdvhyerbediment cfintire pyedent cenvedt i eyt he

'nners'Vel§Ud@%ﬁi%§vU@b%aékQﬂpf§f%ﬁ{802.11 based wireless network. In
addition to the mobile telephone network 108, the

communication system 106 comprises a public access
internet protocol based packet switched network 110 such
as the Internet for sending and receiving data from the

20 wvirtual environment gystem 102. The mobile telephone
network 108 and the communication system 106 are
interconnected to each other via a communication link 112,
which is in the form of a high speed fibre optic link.
The communication link 112 enables data to be exchanged

25 between the mobile telephone network 108 and the packet
switched network 110.

To enable the virtual environment system 102 and the
user computing devices 104 to exchange data via the
communication system 106 the virtual environment sexrver

30 102 is connected to the packet switched network 110 via a
communication link 114 in the form of a high speed data
link. ‘Furthermore, the user computing devices 104 are

each connected to the mobile telephone network 108 via



15 | oaded on the virtual environnment system 102. The second function
is to receive an audi o scene (imersive audi o conmuni cation
information) fromthe, i mersive audi o conmuni cation server | oaded on
the virtual environnent system 102, and to render the audi o scene to
a user of the 20 user conputing device 104. Rendering the audi o scene
basically involves playing the audi o sced# through speakers or
headphones. = ..; e eJQ%§$gE“¥fﬂﬁ§3fi%di° conmuni cati on server
application | oa e% on e virtual “environment system 102 al so
perforns 25 two naiThé temtadinentFiofs thet heesearty emvappliionatisoprimarily
processes audiQ inforgaii€$ received fromgthe i mersive audio

communi cat i on“EPFERERT -t % PXSVASAPB SF HEG G S 9P t he
avatars in theowiithUedtBsy] I ETRRich, Setendol 1 &k decrdpiRlioaabE Ofthe
forwards the audi Q scenes to the 30 user conputing devices 104. In
relation t? tREPPAEGeNE (FRIVHE G0 theafrRgtitrRa A Pudoresd Py Fhe
envisaged 1 halnaBysshl | AL i cBYdba O1PSES Sl MR 488488 on
enpl oyed. However, 1 n the case of the present enbodinent - 11 - the
i mrer si ve audibecugsunterpiiving elevdiceappPi cand drhe sirmersigedandigse a
Head Rel ated Transfer nction (HRTE) .al.gorit det ai l.s of _.whi are
set out in thECHUBPEERrTan Sy aronsBRteh e\ e valkhRY,
and Ml ti nedi ehvirehinefit appettared o2n Acadeni ¢ Press Prof essional ,
Canbri dge, MA, USA, 1994 and was auth%red by Durand R aul t.

In additidh to perfBRFFAPTHE R IR e HFEH“‘%‘F%%‘?’%‘CTOIF‘{%% offet he

i mrer si ve audimeeBivai 681t nGinMalca?BBhi 68100 ASpRidANgRd tenearry
out an audio scene reuse 10 algorithm The ai mof the audio scene
reuse al gorit BArEs funpbiemntisity Serverdsaudeadiniemraddian dferer
function operat,l pey f t [ j I :
application, %&?@ﬁi?h %u?%&ﬁﬁ%PﬁFégg FEEEB?%%Sggﬁ%EQH%%%ﬁ?%g?utlng_
requi red to cdestieet he4aomli oo stiendnmeriss vehaudto revmseiral goricoh set-hat

essenti al ke he present_,inventiqn suitable for porting | ow
processinggpgagFaaévPEeéﬁféﬁkﬁF \ﬂnPEFgggeBgr?%ﬁﬁ%pr£¥ iniﬂﬁf Bectid
devi ces) W thfupaelshvesatdi feddiived avi Budab etahé olimrsikke audio

foll owi ng description describes the aydi o scene reuse algorithmwth
20 reference F@mﬁwﬁaﬁét??nmh?%ﬁFW%ﬁiQQgeﬁF@matb?r%@@ﬁrﬁﬁﬂﬁrQHﬂ%QHt

including thregmakaliaheibh sé&dd RAded@bh he virtual environment

gystem 102, and to render the audio scene to a user of the

20 user computing device 104. Rendering the audio scene
basically involves playing the audio scene through
speakers or headphones.

The immersive audio communication server application
loaded on the virtual environment system 102 also performs

25 two main fuﬁctions. First, the sexver application
proceggses audio information received from the immersive
audio communication clients to create an audio scene for
each of the avatars in the virtual environment. Second,
the server application forwards the audio scenes to the

30 user computing devices 104. In relation to the first
function of creating the audio gcenes, it is envisaged
that any suitable spatial audio process algorithm can be

employed. However, in the case of the present embodiment



whi ch are facing the sanme absolute direction (say, for exanple,
north). This assunption has been nade to sinplify this description of
t he enbodi nent of the present 25 invention. In reality, however, the
avatars may be facing different directions. An exanple of the reuse
is shown in Figure 2. Figure 2(a) shows the result of how existing

i mrer si ve audi o communi cati on technol ogi s accurately place 30

real -time speggh ifrrﬁf%qlsiﬂ(,gt %Fdﬁa eI A} SEPYES 51,?55 ftf?at?i'b% A3

This requires two spatia acenent operations 1 nvolv Hb WO Separat e
head rel at ed atr@mgfedr wof uset fofead Mnritattddofyansdae Fancebeh (HRSFeéner,
Al and A3. -_12 -..Perfarm ng_acgurate placenent can b . ,
conputationajﬁ%gQHﬁF Si§8ghba?t?§LW§ﬂ$%/%ﬁﬁeﬁgﬁaﬁﬁgagﬁtgy% %ﬁQ}lcatlon
i nvol ved. | n emnifylast »3EDygeand(Boxr shmidih Rekds bt anfl Mbetimshia”
al gorithm is accurately rendered in the._audio scene 5 for A3

Al .| ,
usi ng t he ShedPicdl FPEFALRINIRACRIFRYT FresthErefigrslRahe FRPTASIRs

reused as thepaudisy saene LAl AYAtAitfed \DyaDLEEHEI RAZ Mhddyiear Al
i naccurately as if it is comng fromAl'. The reused audi o scene w ||

al so be attenuated1§iﬁééitﬁonst¢L@Qrﬁﬁrmﬂngythﬁohﬁﬂﬂ rebated tmmnsfer
The cost for | S .r.eus C [.Q:J S ' . Dl nen ration
HS LTSRS SRS Ta A BLECEIT L coe

(that is, one ad Tél a ion oneattentati on
oper ati on. applidatiisnndiedriaaged heo reiee augoaht Andisc scmie tdeatsel n

the scenarjo descr.ibed in. Figure 2( t he, al gorithm nma render A

i nacpura?eq y %tgfﬁft"ti - dhigediR Q d"%“j K GPebBFHS%\Za]in T 5 ¢
can increase ghediemdal0k nedHsRdsaUsk A SEaRRed RPravsded fhe-tiised
audi o scenes are not too Inaccurate. The reuse al gorithm does not

sinply reuse WRRNA-IFDSs PEXESTTRE| BErthf riFmerplivee ABAECT 88ETHY an
audi o scene tit?pfi%é&%.&’l,lg%‘ibﬂnﬁ.ﬂeﬁﬂﬁnﬂ%r&gé%%ggieﬁgréegég%r%%USe

criterion is satisfied. Inthis regard, t nt o

present i nvertésmuases Nekpicredcbpt cofatfleaarugiposcaeset helt elsdhe
criteri OMyg W}&éeefaﬁrg%r}%%hﬁotﬁgguésesgrgtbj).ally makes the present
invention suitable for supporting low processing power
devices (such as wireless portable computing devices) with
imeersive audio for a wvirtual environment. The following
description describes the audio scenhe reuse algorithm with
20 reference to Figure 2, which represents a virtual
environment including three avatars Al, A2 and A3, all of
which are facing the same absolute direction (say, for
example, north}. This assumption has been made to
simplify this description of the embodiment of the present
25 invention. In reality, however, the avatars may be facing
different directions.
An example of the reuse is shown in Figure 2.
Figure 2{a) shows the result of how existing iwmersive
audio communication technologies accurately place
30 real-time speech from avatar Al in the audio scenes for A2
and A2. This requires two spatial placement operations
involving two separate head related transform function

computations ~ one for each listener, A1 and A3.



25 the angular error is the angle defined by the vectors that extend
fromavatar Al to avatars A2 and A3. The reuse algorithmis such that
the audi o scene for A3 is reused for A2 if the angle defined by the
vectors is equal to'or less than a predefined angle (which is also
referred to as 30 "angular error"). It is noted that the reuse
criterion is not restricted to the previouysly described concept of an
angul ar error. In alternative enbqdi nents of the present , - 13 -

i nventi on theﬂﬁgﬁgéméth%ﬁ??ﬁﬁQQM?hﬁ§e@&§§dcéﬁ ??m??ﬂﬂﬁ?ﬁ%ﬁ@n@éﬂWeen
avatars. Alterpabhuely, tﬁ@r@ﬂﬂﬂlﬁlfw&%h fﬁgﬁ epfatiys NYte Benbhyed, and

could, for exanple, be arelatively s ular error for avatars
in a certain dinseantrastayFEutmR @id shovar gee vepultaroferiher hyee

avatars furthent hi s, di A re f ' j f e
functions per 3‘ ﬁggEB{‘)'t h%gi rr%TraaaTncgcﬁi\}:e&ltggvi 5%@%%‘? %gé'l%l[ catﬁldg% ?Ks:e%%
follows: 5 for A3 GEVef theilidadiraletkd vrihsfeaviimrtsidrAl , TAZ,

_An) 10 each controlled by clients (C2, C2, - . .Audi o sanpl es OWN
are received eﬁEﬁn%f¥?ﬁe%% g ireneed T?CEP%T#%Q%Pt?ﬁ?QﬁB Ogt avatar

speaking avat a5 tRat a€AEBuIt A2 wildV&dk Q) ifAFciANeBPGPIFCELT 4S
set in Si.' 152. Repeat until each set Si_is enpty or a processing
limt has beerfordagh&dgom. £#&f.i The greysed audio scene will also be

attenuated since it is further away from Al than A3 is.

10 The cost for this reuse scenario is one spatial placement
operation (that ig, one head related transfer function)
and one attenuation operation.

It is noted that the reuse algorithm is such that in
the scenario described in Figure 2(b) the algorithm may

15 render Al inaccurately (that is, reuse an audio scene) for
both A2 and A3 if it can increase the number of reused
audio sceneg, provided the reused audio scenes are not too
inaccurate.

The reuse algorithm does not simply reuse audio

20 scenes indiscriminately. Before reusing an audio scene
the reuse algorithm determines whether an audio reuse
criterion is gatisfied. In this regard, this embodiment
of the present invention uses the concept of angular error
as the reuse criterion. With reference to Figure 2(b),

25 the angular error is the angle defined by the wvectors that
extend from avatar A1 to avatars A2 and 23. The reuse
algorithm is such that the audio scene for A3 is reused
for A2 if the angle defined by the vectors is equal to or
less than a predefined angle (which is also referred to as

30 “angular error”).

It is noted that the reuse criterion is not
restricted to the previously described concept of an

angular error. In alternative embodiments of the present



i .Find the closest speaker (Ad) in the set Si 20ii.If a spatialised
versionof the audio fromPd fromthe perspective of avatar i has not
been cal cul ated previously within acceptable error then: 251.Create
Hi a spatialised version of the audio Vi fromavatar Ad accurately
rendered fromthe perspective avatar A 302. Add a wei ghted copy of

Hi to the set R which is the set of PﬁﬂdEFed objects in the audio

scene for_IiS%Epgénce éb%euégh%r 'th' 'ﬁa% B?onIBH éi§%5£ge

the relative meen e V|rtua
El se 1. Add a hetgéemch\cacq@rsof mﬂeerraaﬂfve:dy dineecatngulasmgrtmrscmdzépm

of ‘the rel ati VEY ik e IR Fomy | v SRt OF Awgrrarively |
small angular error for avatars in a certain distance (say
5 10m) and a larger angular error for avatars further than
this distance.
A more formal description of the functions performed
by the immersive audio server application is as follows:
Given a wvirtual world with N avatars (Al, A2, ..Bn)
10 each controlled by clients (C2, C2, .. CN). Audio samples

(Vi) are received from each of these clients.

1. Calculate the set of speaking avatars that each
avatar (i) can hear and place this get in Si.°
15 2. Repeat until each set 8; is empty or a

processing limit has been reached

a. For i = 1 to N
i. Find the closest speaker (A;) in
the set 8;
20 ii. If a spatialised version (Hys) of

the audio from A; from the
perspective of avatar i has not
been calculated previously within
acceptable error then:

25 1. Create Hj;i a spatialised
version of the audio Vj from
avatar Ay accurately rendered
from the persgpective avatar
Aj.

30 2. Add a weighted copy of Hj; to
the set R; which is the set
of rendered objects in the

audio scene for ligtener i.



iv. Renmove Ad fromthe set Si b.End for |oop 153.end while As an
exanpl e of how the inmersive audio server requires | ess processing
power than existing imersive audi o techniques consider the follow ng
exanpl e in which 20 the acceptable angular error is 10 degrees
between 0 and 10 nmeters fromthe |listener and 30 degrees from 10
neters to the edge of each avatars hear? ntf range. Using the virtual
worl d depicted in Figure 3 it is assunmed aple Q&é@;ﬁ;&tin@aapgﬁﬁéd%m
other and the circle around each 25 avatar_has a radius of 10m

Wor ki ng through the above formal definitichrsttichiecfetBe apdokithm
Al requires an accurate rendering of A2 (Hg LLES: a -
accurate rendering of Al (HL, 2) 30A3 reun%g%%%ﬁ%ﬁ%%ggg%g %e%%%ﬂlﬁf
of A2 (H2,3) Al requires an accurate renderhengrigfuald weiBld) A2 can
reuse FB,lssince it would intradyce gﬂ angul ar error |ess than 30
degrees -215 - .A3 can reuse Ft*2 sPnE€ it woul d introduce an

angul ar error less than 30 degrees 1, Add a weighted copy of the
rendered object Hj; which is

within acceptable error to

the set R;. The weighting
10 applied is a function of the
relative distance between i

and 3 in the wvirtual world.

iv. Remove Ay from the set S§;
b. End for loop
15 3. end while

As an example of how the immersive audio server
regquires less processing power than existing immersive
audio techniques congider the following example in which

20 the acceptable angular error is 10 degrees between 0 and
10 meters from the listener and 30 degrees from 10 meters
to the edge of each avatars hearing range. Using the
virtual world depicted in Figure 3 it is assumed all
avatars can hear each other and the circle around each

25 avatar has a radius of 10m. Working through the above

formal definition of the reuse algorithm:

Al requires an accurate rendering of A2 (H2,1)
A2 requires an accurate rendering of Al (H1,2)
30 A3 reqguires an accurate rendering of A2 (H2,3)
Al requires an accurate rendering of A3 (¥H3,1)
AZ can ieuse H3,1 since it would introduce an angular

error less than 30 degrees



Usi ng the reuse nmechani smthe nunber of rendering 5 cal cul ations
required in the server is reduced from6 (which would have occurred
usi ng existing techniques) to 4. It will be readily

appreci ated that even though the enbodi mrent of the present invention
has been described in 10 the context of being used to support a
virtual environment, the present inventi &% irs not restricted to being

used w th a virtualaeny{ QuuRal g A E!Hﬁge 5@%&{&8@&5&&8@ LR QW £
be used to provide only an 1 mersSive audi o system for use as, for
exanpl e, an audi o 1St Mesenftbaendindegyseéem Wil e the

i nvention has been described with reference to the present

enbodi nent, it will be understood by those skilled in the art that

al terations, changessaif HhH¥prevesenbshamyshemarmdee eguirvaiienisg My
be 20 substituted for the elenents thereof and steps thereof w thout
departing ¥ r oRftRelatipRS dledHgebdndBnthenserehdd fedvcefafhyom 6

modi {1 cations (YR SRAP e (R0 LOVED!d AL LRREHIEHESS to

situation or material to the teachings of e ITnvention wt
departing frofm-the 25 central scope thereof. Such alterations,

changes, nodificatipns d.i Mprowenents hough t.expres

descri bed above, argt n‘%’?&r thrs?elrg gll‘n"ﬁt 3%%%‘::% c}%aite&pr % %éxﬁ?]tjhiflﬁe
t he scope andespofiithe®f dhecHentarisenn. itheneiai dad et deendbddt vt
the invention pot be 30 limted to the particular enbodi nent

descri bed*$ier EPR SRACSKY 19F ReINGe user ERpBWPRRMR & MEH5YSG within the
scope of the bagepsndent, il B r?e\A@ 200641 359 APGHAWQR64 0008810 -

16 - CLAIMS: 1. A nethod of Usi audio for a virtual environnment,

the nmethod coRpingiweed Heltt épsristuagi gewirogment a As suckvathe
associ at ed m‘b@e@eﬂtriﬁﬁgntion could be used to provide only an

immersive audio system for use ag, for example, an audio
15 only conferencing system,

While the invention has been described with reference
to the present embodiment, it will be understood by those
skilled in the art that alterations, changes and
improvements may be made and eguivalents may be

20 substituted for the elements thereof and steps thereof
without departing from the scope of the invention. 1In
addition, many modifications may be made to adapt the
invention to a particular situation or material to the
teachings of the invention without departing from the

25 central scope thereof. 8Such alterations, changes,
modifications and improvements, though not expressly
described above, are nevertheless intended and implied to
be within the scope and spirit of the invention.
Therefore, it is intended that the invention not be

30 limited to the particular embodiment described herein and
will include all embodiments falling within the scope of

the independent claims.



envi ronnent ; . determ ning whether an audio reuse criterion is
satisfied in respect of audio information created for a second
avatar; and 10reusing the audio information for the first avatar on
determ ning that the audio reuse criterion is satisfied. 2. The
method as clained in Caiml, further conprising the step of

processi ng t R AWAPB™ nfor mati on based on a 15 di st an@ETHEHEENSE he
first avatar and a third avatar. 3. The nethod as clainmed in Caim1l
or Claim2, further conprising the stepisf-creating alternative audio
information fop hBgsfirst avatar on determning that the 20 audio
reuse criterion is not satisfied. 4. The nethod as clained in any
one of the preceding clains, wherein the step of determ ning whet her

the audi o reuse cCri tkic8Rod Sorsakisnf 20160 LSes-wRl eeRtRichgenbiet her
25 the first avatar V\DLcli| d perceive the audig information as emanating
froma predefi 788 BFERL POt SIPP U SERRT rrinent in which the third
avatar is |ecated. identifhengrethbttasvetat rRedocintadywbtte aofrithel
precedi ng 30 Ste%@%i‘o% rein the audio information conprises spati al
audi o i nformation. 006/ 135979PCT/ AU2006/ 000881 - 17 - the system
conprising a processiatgrniming ahedmyednt 3:dPer revsn (Hateris 16f :
identifying a fdkstrANALAT - A330€1 8 QUL T b EidAler8BVEd GRFRRL ;
second avatar; and
10 reusing the audioc informetion for the first avatar on

determining that the audio reuse criterion is satisfied.

2. The methed as claimed in Claim 1, further comprising
the step of processing the audio information based on a

15 distance between the first avatar and a third avatar.

3. The method as claimed in Claim 1 or Claim 2, Ifurther
compriging the step of creating alternative audio
information for the first avatar on determining that the

20 audio reuse criterion is not satisfied.

4, The method zs claimed in any one of the preceding
claims, wherein the step of determining whether the audio
reuse criterion is satisfied comprises determining whether

25 the first avatar would perceive the audio information as
emanating from a predefined area of the virtual

environment in which the third avatar is located.
5. The method as ¢lalmed in any one of the preceding
30 steps, wherein the audic information comprises spatial

audic information.

6. 2 gystem for using audio for a wvirtual environment,



5det erm ni ng whet her an audio reuse criterion is satisfied in respect
of audio information created for a second avatar; and reusi ng
the audio information for the first avatar on determning that the
audi o reuse criterion is satisfied. 10 7. The systemas clainmed in
Claim6, wherein the processing neans is further arranged to perform
the step of PIOEYEEPHy the audio information based onPgT"ﬂP%‘?%"ﬁ‘l?@
between the first avatar and a third avatar. 15 8. The system as
claimed in aim6 or Caim?7, wherein-the -processing neans is

further arrangedd o,peLd anm i tep of creating alternative audio
i nfornmation for the first gi\)/ait%rnaogﬁ RISt &r R ﬁ“gegf‘ﬁa?rrtaﬁ@e‘étuttﬁ 0 reuse

criterion 20 ispeﬁFéPr@a‘%l}esﬁF@%ﬁ °fg. The systemas clained in any one
of daims 6 to 8, whedditdriNigy Br 8¢ASSI NG IPAULS LS AL JRERT, %E%Euatllhat

the step of determ ning whether the audio reuse criterion Is
satisfied conpriSés°¥8t & nmi ni ng whether the first avatar woul d

percei ve the audi o | dderimbion vascesmrat bidid Hedsa anedefined area of
t he virtual env'artggﬂan in_which the third avatar is |ocated. 30 10.

The system as claimed 10 ahy rone Of BHPnEPTHEEom \GrerEed GFeaaudi o
i nformati on corgmcsdsaggratri edndaudi o information. - 18 - 11. A

conput er program conpriShogal AR5t eRe.LNSLT Yetign that, is arranged
to cause a conputing devicCe to pe?‘?ormt[ﬂe met hod as %Fﬁﬁé&'&? - diy
one of O ainms PeErBiningythat ¢hgpeedio reasabim trethumsceoapibiseag t he
conputer priagramas clainmed in Caim1l.

7. The system as claimed in Claim 6, wherein the

processing means is further arranged to perform the step

of processing the audio information based on a distance

between the first avatar and a third avatar.

15

8. The system as claimed in Claim 6 or Claim 7, wherein

the processing means is further arranged to perform the

step of creating altermative audio information Ffor the

first avatar on determining that the audio reuse criterion

20 is not satisfied.

°. The system as claimed in any one of Claims 6 to 8,
wherein the processing means is arranged such that the
step of determining whether the audio reuse criterion is
25 satisfied comprises determining whether the Ffirst avatar
would perceive the audio information as emanating from a
predefined area of the virtual enviromment in which the

third avatar is located.

30 10. The system as claimed in any one of Claims 6 to 9,
wherein the audio information comprises spatial audio

information.
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11. A computer program comprising at least one
instruction that is arranged to cause a computing device
to perform the method as claimed in any one of Claims 1 to

5.

12. A computer readable medium comprising the computer

program z2 claimed in Claim 11.



