- 1 1 MVERSI VE AUDI O COVWUNI CATION Field of the Invention 5 The present
invention relates generally to the field of inmersive audio comunication,
and has particular- - but by no neans - exclusive application to i mersive
audi o scenes associated with avatars of a virtual environnent. 10
Background of the Invention Traditionaldy, distributed virtual environnments
(such as nultiplayer on-line ga %% used rudinentary neans for allow ng
users to communication wit ﬁ@@%‘f&%{ eﬁ'@%rcofwéﬁﬁﬁl@lqsone di stributed
virtual environnents have enployed text-based comuni cation while other
virtual environnments have supported sinple nono voice over internet

prot ocol tedirdldoepf Hhe Hawehdeimsuggest ed t hat users' perceptions of 20
virtual environnents can be inproved by augnenting the virtual environnments
with either mediumor high quality audio conmunication. Consequently,

consi der gbl e reseateh pr*&%rﬁeﬁrhv%{triicﬁﬁ PAla el Rfed e 19} Sid idhe edianig t ual
environments wth real-tinme i mersive audi o 25 conmuni cati ons. Mich of the
resear ch hasf doussatbiore gudiva diowmurhiecalsians, wind hgmtpadtiadiar thdutconveys

a perceptiqn of direction _and djstanc%? t@gﬁ i the audio 1information
sounds |ike 9% 0% WGAHAT FFEITEHE SRR wren 3%‘% edtTor 2hd Hag T ravel led a

certain di stangfes HhIRSRALD witH GRSl P it Fi it eshwvi Féidnt .
environnments with i mrersive audi o conmuni cati on has generally assuned t hat

users of virtual environments will use conputing devices (such as a desktop
conput e&b tt@éc]ggrohl?r\l@ & rtqges%r%peln Anpunt of processing power and which are

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.

Tt 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 virtual
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 distance; that is, the audio
information sounds like it 1s emanating from a particular
direction and has travelled a certain distance.

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



connected to the virtual environnent server via a relatively high bandw dth
data link. As such, today's i mrersive audi o conmuni cation 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 wreless conputing devicesJ:fqph as the Nokia N Gage and the

Pl aystation 10 Portable, neans that a grow ng nunber of users wll

potenti al | y hearet a crescmesble ram@minteroff oo ssing oy taald evivi alelaarss

conput i ng devi ces. n ¢ ared t t hei r desktop counterparts, portable
wirel ess corﬁ%ﬂ%e\%%ﬁ Wd\?%tqar%rﬁqré‘ﬂlmi%‘b‘?ﬁ\éﬁ i will connect
to 15 virt uale IRPAVOREGh WahdwRRID A s | DMbandud ey reddss s | 1 nks.

Unfortunately, today"s inmersive audio comunication technology is unlikely
to ef fici entimmersiiproraudsior teireuvicat sy terhoelogy dssneeslor ot her,

conmputing devic t hat, have relatjvely | ow computing 20 power). because the
wi r el e;sgcorﬁﬁh‘f?e";vgesdéiﬁ%@?%ﬂf%o%mﬁ%%w%Lﬁlfcggcf it ?o%cg%%mﬁ%tlp%r to
parti ci pant ddysHstdhd e dnofd!thhtSESN & &g A DNSsers Conshsiuenee of this
is that nuch of the conputationally intensive audi o scene processing wl|

be pushed bat&visreso the virtual 25 environment server. This basically means

that nore powerf servers_ na eed to b | oved 4 f portabl.e wreless
conput i ng devi ces % r[%cebrit s'f%tp%ﬁ e%tt %%r%%?rﬁg%i%e]ﬁe%ﬁﬁﬁ #?ﬁ\%l%fsjl‘r\l/% audi o
comuni cat i deviEeSUNEBEY D6 tHe NOWENIN Oade Condli tige tOL @y dtasiomspect of

the present invention there is provided a nethod of using audio for a
virtual 18 ciertabkentmeane wWthod erpingimygieer of opseps will

potentially want to access virtual environments via
portable wireless computing devices. When compared to
their desktop counterparts, portable wireless computing
devices have limited processing power and will connect' to

15 virtual environments via reasonably low bandwidth wireless
links. Unfortunatgly, today’s immersive audio
communication technology 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 wvirtual

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 first aspect of the pregent invention

there is provided a method of using audio for a virtual



identifying a first avatar associated with the virtual environnent;
determ ni ng whether an audio reuse criterion is 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
determning that the audio reuse criteri@+4s satisfied. An advantage of
the nmethod is that, unlike existigg 10 i mmersive audi o technology, it has

the pot ent i &VHEFIHRENE 1 HRE | PR VORI - ¥b i S=2RDPF or portabl e
W rel ess conmuni cqtd#{ticg;y-irggesa (fraNYe-RINS Aedaeddiptyidiascyel atively | ow
I's

processi ng power). vantage stens fromthe fact that the method
i nvol ves r eusimmalhesrhbirontient nf or mati on where possible (that is, when the

audio reuse criterion is satisfied whi ch,.may reduce the ., process
ot ensi ve sk of QB T TR AT TP G i F eSS
i npl emenkat | b diedeih otk S HE aRXRS ULretbRYa tO16h Qb rdBES] CRAE ral  audi o

scene creation 20 servers to reduce audi o scene processing requirenents of
the central st (@)atamn asswciated ovite gheseshrtudhvenwivmmext stand

I mrer sive audi o communi cat.i,on _technol ogi es do not | oy, an_audi.o

i nformation reuse *A¥pdt B W Jtrffff%f"?ath’pﬁl? ep%ﬁgpepr%%%réian‘@aﬁaérso‘m ces
25 than systedfe @i DYd Nehdther Ré esedo | Fedd | @R t&F Bder abl yat 1 &L &t hod
further conprises the step of processing the audio information based on a

di stance between Atheadvantage avhrtlamdnethod ris dmatr webbes sgexbstimg h t he
vi rt ual %nvironnent. %%
0

the audib I STRHER 17 Ruhlp et Heahe e Ru e TheF CHBY BACHRE B ckance to the
reused audi ofdd i i et d OlmmELE 1 PE28BEEe EbRMBA DELSSONIE S eposabTei Nvol ve
attenuating the audio
wireless communication devices (or any other device that
has relatively low processing power). This advantage
stems from the fact that the method involves 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 sgervers 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



4 information to represent the audio information has travelled a certain
di stance. Preferably, the nmethod further conprises the step of creating
alternative audio information for the first 5 avatar on determning that the
audio reuse criterion is not satisfied. An advantage of creating the
alternative audio information is that +t4provides a nechani smfor obtaining
audio for the first avatar in the event that the reuse 10 criterion is not

satisfied. PrREQFEHIION R CERTCIF Mt mRiRy IR BRfio reuse

criterion isgsafdfd®d, COOPELSESIPSLLRHL NI ng whet her the first avatar woul d
perceive the audio Information as enmanating froma predefined area of the

virtual 15 envirorfmefierablghi cthe heethid dfunther ¢empoise®dthanstelyanf age of
determ ni ng whet

her t first.avatar., would perceive the audio information
as ermnat | no PR R P HRT Tecrarea TREERBE fon oot el B2 feknnt que 1 or
ensuring 5 eugesh a6 b9 AStOFrIBhiAG PRt SPRE | #hd 20 £Easecteitéries ihat are
reasonably close to the spatial aspects of accurately created audio

i nf or mat i on, nohi 8tiebied. be created during the aforenentioned step of
creating alternati i nf orpation. . Prefer t he.audio.information

di .
conpri ses spati al Xéﬁ‘iﬁ%ﬁ%@?\f%ﬁnﬁﬁ%‘ﬁ@%&%’? g?biw%éjf%a%lg%c%ﬂﬁl%s pect of the

present i nvephFOfmat 6 eikStRAOV degrav st e fochyaise aydi ebtQinanyi rt ual
envi ronnent, the system COI’TpI'I SINg a processi ng neans arranged to perfor m

the steps ofaudtoi tthei Agratf avetarvinakhasevenkt bBati thet heusei rt ual
enVIronqﬁpt;criterion is not satisfied.

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 audio 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 audio for a wvirtual
environment, the system comprising a processing means
arranged to perform the steps of:

30 identifying a first avatar associated with the
virtual environment;

determining whether an audio reuse criterion is

satisfied in respect of audio information created for a



determ ni ng whet her an audi o reuse criterion is satisfied in respect of
audio information created for a 5 second avatar associated with the virtual
environnment; and - reusing the audio information for the first avatar on
determning that the audio reuse criterion is satisfied. Preferably, the
processing neans is further arranged 5 to performthe step of processing
the audio information based on a distarmc® between the first avatar and a

third avatageassacixdke J:Wars@otch.%.t\é'gr LU ey ranenl. Braheraking. Lhe

processing nmeans 1s further arrange to pertormthe step of creating
alternative audi o reusihgr thei andfior inferhiatdbnafatrathen fdetsdr rivaitag tmat

the audio reuse cr.iteri s not satisfied. Preferably,, the praocessing
means is arr&gEGTSTCHI tHE" ttﬁ’@ é-”t"'g&oofre&é‘FeFr’ﬁlﬁieﬁd' é‘tahegr"’“i'g“l‘?%Q io reuse
criterion is satisphé#ceamkl Sehedehe/ bRy Waahhen o FRrkhdr Ltraavrlar

woul d perceive the audio informati on as emanating froma predefined area of
the virtual tenverdomsntthen sieipcioft peradeissd gy dber aiuslilco datfexkmafriefer abl y,

the audio information c ri ses tial udia information. 20 According to
2 third aspecst (b BB e Rt e d i SRR &

program conpragitRe dlsdRa%tePRA tHHH GAir@hadin&nvisotdeatged to cause a
conputing device to performthe nethod according to the first aspect of

t he present invent iPoefea®blgtortdiengprosessiog neanspdst fofrtler prrresaged
I nvention thereei rovi dedS a_conput er r.eadakilte ne i.uvm comprising the
conputer proditam figpdﬁ"bll t&etﬁw@rg)rﬁrre@t&%@t oefrnt‘-‘ﬂ-‘éL epraelggln?_ i nvention. 30
Brief Deseri gindformfcildie Adr@WHISirst avatar on determining that the

audio reuse criterion is not satisfied.

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



Not wi t hst andi ng any ot her enbodi nents that may fall wthin the scope of the
present invention, an enbodinent - 6 of the present invention wll now be
descri bed, by way of exanple only, with reference to the acconpanying
figures, in which: Figure 1 shows a systemincluding an enbodi nent of 5
the present invention; Figure 2(a) illustrates a technique used by existing
i mersive audi o techniques; Figure 2(b)-iflustrates a techni que by the
system of FegUiige lof OLcfit Cehy O 1 HEYPLY Sadl b0 A85@EEBEAANEE ko 10 an
enbodi nent of the present invention; and Figure 3 1s a representation of a
virtual enviexamehe onbywhwibththefeyshes od Ehguaecdmpanyppyi Eligurds,

Enbodi ment of the, Invention 15 Wth reference to Figure 1, the system 100
includes a V& r¥&EfRenvi ronnent system 102; user conputing devices 104; and
a communi cation sys{&md06. sHbRs P& | 8PEYeh UNGE] @EnST ah hemMbaiHaht eaFi ronment
20 system 102 are to maintain state information for a virtual environnment
and to povitdee ppresenpantgenhiohe virtual environment with i mersive audio

comruni cation. In the resent, odi ment of the inventio he virtual
oV Fonment 1 o HRSYER: £1a) of RIRLFRER a5 ehedint e uare Pucekiatife
avatars repreaebtsPeet AGaP8NESchhNgheks, Users of the user conputing
devices 104) in the virtual envi ronment and are in the form of ani mated

sol di ers. The st atBigufer2hb) ohliesbrateedabyechriquet byl thaveyshamnefsyst em
102 conprises, for ex |l e tge | ocation.of the,avatars in. 30 the, virtual
envi ronment ; R4S &, TPheCFBERL PN OFCERAve audiS’ fn"adcoldarce’ uith
10 an embodiment of the present invention; and
Figure 3 is a representation of a virtual environment

to which the system of Figure 1 is applied.

An Embodiment of the Invention

15
With reference to Figure 1, the system 100 includes a
virtual environment system 102; user computing devices
104; and a communication system 106.
The primary functions of the wvirtual environment
20 system 102 are to maintain state information for a virtual
environment and to 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 virtual environment system
102 comprises, for example, the location of the avatars in
30 the virtual environment; that is, the location of the
soldiers in the battlefield.
It is noted that the present invention is not

restricted to virtual environments and avatars for



soldiers in the battlefield. It is noted that the present invention is not
restricted to virtual environnments and avatars for 7 nulti-player online
ganes. The present invention has application to a range of virtual
environments including, for exanple, virtual environnents in a business
context (such as a virtual staff neetingy or an educational 5 context (such
as a virtual lecture). To performthe primary functions of maintaining the
stat e i nf or ¢} oh-BHRIYPE 094 ARG TRBES mefhe \Rrosenb ievARbAPEaRASN t he

virtual envi t 0 | ditd ut 1 re
i ncluding a %@QE%?%%%%%,EﬁbécéﬁﬁggPég?ggggé%%géﬁﬁ??g#mggﬁgo%ﬁg%ggég&ﬁenDry,
hard di sks, foertexakphg, haldvaat andiacpesrtssippéybusineaddcbhbaxto t he

har dware, the virtual enyironpment stem 102 includes an gperating system
(such as Linzi?cﬂm?%hadﬁhrtBéloﬁFaé e@e?FbﬂgﬁmﬁFr%Bhﬁ FEBH}OPﬁgt resi des on

t he hardé§5 dbskepf Qggcﬁyégeg1%9%tagg ybiefhirgpoperates with the hardware
e whi ch soft

to provi an environnent 1n ware applications can be executed.
In this regard, tHheoheedfotinskhefptrbmawyrfuatt boms rofimpainsyshenylORei s

| oaded with a virtual environnment seryer appl]ication (such as the 20 Quake
engi ne, whi cAt@5% b’ég%'[“a}:ﬁ@& PRENPT .?-’ago%ﬁ/ai@."’é‘é vr-oﬁuaapm aining the

state i nformetiahn;andisn LARRLSEYE.2Udh01 CORMUAL CaYERBNSEbYeEoRBRELEAL | ON
for providing participants 1n the virtual environment wth inmersive audio
conmuni cat i ohra@st Tbraliseompuhput hagdeevectsclidingeai motherboandof

portable wrel ess communi cation deyices sach as _the Noki a NbGa e and the
Pl ayst atibn PORERBE cPTPOREGAPS POLGFF| ZBRIPeaarFySapRreEYat Batinat ¢ he

present invegikRrs, i febPbrking hardware and a power supply. In
addition to the hardware, the virtual environment system
102 includes an operating system (such as Linux, which can
be obtained from www.redhat.com) that resides on the hard

15 disk of the system 102 and which cooperates with the
hardware to provide an environment in which software
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 Quake engine, which can be obtained from
www.ldsoftware.com) for maintaining the state information
and an immersive audio communication server application
for providing participants in the wvirtual environment with
immersive audio 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



restricted to portable wireless comunication devices. it 30 is envisaged
that in alternative enbodi nents of the present invention the user conputing
devices 104 could be, for exanple, |aptop or desktop conputers. Each user
conputing device 104 conprises traditional conputer 8 hardware including a
mot her board, central processing unit, ragdom access nmenory, a hard di sk,
power supply, nmonitor and a user information input (for instance, a
keyboard). hardvarei baclteding hamdiaerboahd, heedatyaskpspcegshngsenis,

conput i ng deyi 04 ] o] it he ,Bl.ackBe o] I.ng The
operating syg%%ﬁ?%n?%égﬁ%sﬁgﬁgﬁyqhg hﬁ%?daé?g’oég¥ﬁ£ ggﬁgEan88§§§§gL 104 to
provide an gndi sonsent ihfovhhehofaofihpate (8ppl inatanne, cankbgboaxasuted. in
this regard, the _hard di sk of each _user 10 conputing device 104 is | oaded
with a virtudl efditéanehre thei Bardwppei chbeohasdddanki rferarbeugadi o

arranged 1o SeREC kRS, aclicK 1R e Y BT a LhET B ARREEERY O P et on

for the virtygperabyhgosyeoeml 0 ®hd bpeputhfgvieystan énvtereerenivisar vhe
application | oaded on the virtual environment system 102. The i mrersive
audi o conmubprEdrprsR eFi ERe FemRHEARgedeVdceehf4aha PECYACE 8Bdio

i nfor mati on Lo, andnfeam Hey bR Sheeyaudi 9pGauURl 6ALI Qar2Rcser ver on the

virtual environnent System S previ ously that each user
conputi ng degxkeeut8d. i 3nl ohdedreghlrdanthpehatrdndisiksbémeaghclsas t he

Symbi an operating,systenxfor t he Noki a _N-Gage, The present invention is
not rest¥d ct EAMPHTLRE SpMBrEn18fciat 1RGIST Wikheth NAGTHE s GEN IEREMERESent

inve“tion hag;2@RL! GAbh 9Bati8ndhhkeLeNt mARSERLENGuAY B! eBRmupadadien the user
client.
The virtual environment client application is

arranged to send and receive the virtual environment state

15 information for the virtual environment to and from the
virtual environment server application loaded on the
virtual environment system 102. The immersive 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 invention 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



conputing devices 104 including, for exanple, Mcrosoft Wndows XP or Linux
(both of which would typically be used when the conputing devices 104 are
in the formof a 30 desktop conputer). The communication system 106 enabl es
the virtual environnent client application of each of the user conputing
devices 104 and the virtual environment .servwer 9 application of the virtual
environment system 102 to exchange data (nore specifically, the state

i nf or mat i on) 2PRldasdon efhdhe e tuadmeavdaanmerdy Syeheme 02 §@ enabl es

the | mer si Vel c QRN GabloR 9013 3PPIHEAIOR £ FACHA e user
conputi ng devi ces 4 and ‘the r'sive audi‘o communi cat’i on server
application ofiti kach rculwr .en\Theo momiurtesitaonl X stere Xideangesaat a (nore

specifically, audio information) with each other. To support the exchange of
data the com’?ﬁﬁ’%clﬁ% dlte fFMSFSING FOHio FRTTRERL G2 ShGs Icg-lteé?tephone net wor k

108 101 - oSCM SRR RALIRE e I e I AE dia ORI P S 04

The present ifnivention 1s not restricted to b used w e nobile
t el ephone netblar K@ shinve: audiadl teeomatnivetandodiererdr afprdhiscgiriesentf

i nvention may .15 enpl oy, for, exanple, an 802.11 based w reless nefwrk. In
addition to tHé ﬁﬁﬂnﬁluéy]t QErameRs ieEtethd 0% e wmhands Aatéh % em 106

compri ses 2 MIdieR6A08° i netedpkacel) hased dackelu { ohed network

110 such as the Interne or sendin receiving data fromthe 20 virtual
envi ronnent syst emTH) Zupfoertnithid extceegrordE destavdrie @8mandl dedison
comruni Cibi on s%/stem 106 are , i nterconnected .to_each other via a

communi cali ofYER0 205 CORRTHFSS & & Frh RhRS i e 49 ¥ opti ¢
link. The cER{iifAtdRD dddkivhlg enahl es-diftthd LS LSHANBY devices

104. The present invention is not restricted to being
used with the mobile telephone network 108 and an
alternative embodiment of the present invention may

15 employ, for example, an 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 system 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 Dbetween 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 server

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

each connected to the mobile telephone network 108 via



25 between the nobile tel ephone network 108 and the packet sw tched network
110. To enable the virtual environment system 102 and the user conputing
devi ces 104 t'o exchange data via the communication system 106 the virtua
envi ronment server 30 102 is connected to the packet switched network 110
via a comunication link 114 in the form@f-a high speed data I|ink.
Furthernore, the user conputing devices 104 are each connected to the

mobi | e teIepWéﬁ@lﬁéﬁwﬁﬁRsldgnhsa116 wireless GPRS |inks 116. The

embodi ment of the presenhdeaki 88 LRPLLMBLELY 1 £R054H Mpggmnfggﬁly

provision of imrersive au conmuni-cat £ such, e

description ebniceenzdenieti ntrt p&@&ﬁ%&%m@ﬂ h.ﬂlmfelimt\ﬂd)mjdﬂd/ performed by
the inmmersive audi,o comunication_client application | oagded on the user
conput i ng deFPEERTEGAtANR ¢ hdS Mctsi Fhead@ld OwdaemARSCIiR e Qferthe

appl | Cat'?” aded %%tt c\Géef]é“&‘Jn t%ré‘“fﬁl%'tr_%&la% éﬁn%m orm Onggﬁ fefif & tWo

mai n functions per {5t ive | MYEer Si Ve Vol cé C | ient

appl i cation. ﬂiimersfuv@falafdﬂmctdommwﬁdatlfow wdri@rdu Gipp liinfadrimat ileadddon
exanpl e, a user's voice) captured by the user conputing _ device 104 on to
the i mrersi v&PRUHSET GARMITAY Gevdsafer 05 ain&a&év& GRS 17e yelo

envi ronment R NSRRI LodUNGIiND HRddd Sheie ARAuhe, Soene

(i nrersive au communi cation i e I mer sive audi o
conmuni cat i oremsdmoeImdntadsdtam thoe .vi r t ual enV|ronnent system 102, and to
render the audi o scene to a user of the 20 .user uti deV|ce 104.

Renderi n§0t he audi dPEEENET M HPEY | W’Glt\?-é@splpﬁﬁ' B8 scene
through speakffs-Qr SRR &S munication client appllcatlon. The

first function is to forward audio information (for
example, a user’s voice) captured by the user computing
device 104 on to the immersive audio communication server
15 loaded on the virtual environment system 102. The second
function is to receive an audio scene (immersive audio
communication information) from the immefsive audio
communication server loaded on the 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 functions. First, the server application
processes 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 scenes, it is envisaged -
that any suitable spatial audio process algorithm can be

employed. However, in the case of the present embodiment



The i mersive audi o comruni cation server application |oaded on the virtual
envi ronnment system 102 also perforns 25 two main functions. First, the
server application processes audio information received fromthe i mersive
audi o communi cation clients to create an audi o scene for each of the
avatars in the virtual environment. Second, - the server application forwards
the audi o scenes to the 30 user conputing devices 104. In relation to the
first functtle bimersivénguidhe coumenicanten ferver epbbPiigationhds any

sui tabl e spatjal_audio proce | I+ hm be _e . Ho in the
case of the %%E%%ﬁﬁ eﬁ%dﬁ%ﬁe%ngaggﬁ?%%t?%ﬁgFi?%Eegﬁ%ﬁ%ggﬁﬂﬂumﬁggf?on server
appl i cation 4BgopitRmngedetoilseos wieash Retat 88 Teansigr thenptibPictiai)
algorithm details of which are set out in the Eubllcatlon entitled "3-D

Sound for VieRtdtledal'sth SauntufernBérsual RepéhtHppedr ¥ultamadadeni c Press

egaul 1. A n WHIE BRECRERar 1B APRICHRS FEate s BFaF o LRk e P ERETFon, 1 he

i mersive audiAp USATUDDcAt 4HA WeEVEhthepeli bpt DeRahd RIraBggdule.carry out
an audi o scene reuse 10 algorithm The ai mof the audi o_scene reuse
algorithmis to pbeepddirignntai pesEoraing rehatkend r nasabeds brensbar

operations perfor iigd théhfm{n@EE%V&u&Egi83&5%%%&?1:%88'E

?ﬁ | ggyéﬁn, which in
turn mnim ses € pfocessing Tresources requ 0 Create e audi o scene.

It is the 15applseanignr isharirhagea@ssentaalyyonokes a&haipr esene reungention
suitable for supporting | ow processing power devices (such as,wWreless
port abl & onpl@PEtERY| cEBS #imhofi kherandécaggrref spugeypLEnELtBRvifonnent .

T o Shes e BEEGALPLLY, HERLhSDEoni e AUl pesrenenpuse iR bhhm W 1 0
operationé performed by the immersive audio server
application, which in turn minimisgs the processing
resources required to create the audio scene. It ig the

15 reuse algorithm that essentially makes the present
invention suitable for supporting low processing power
devices (such as wireless portable computing devices) with
immersive audio for a virtual environment. The following
description describes the audio scene 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 immersive
audio communication technologies accurately place

30 real-time speech from avatar Al in the audio scenes for A2
and A3. This requires two spatial placement operations
involving two separate head related transform function

computations - one for each listener, Al and A3.



environment including three avatars Al, A2 and A3, all of which are facing
the sanme absolute direction (say, for exanple, north). This assunption has
been nade to. sinplify this description of the enbodi nent of the present 25
invention. In reality, however, the avatars nmay be facing different
directions. An exanple of the reuse is §h$%n_in Figure 2. Figure 2(a) shows
the result of how existing imersive audi® communi cation technol ogi es

accur at el y plme&cthirepladdutsetelednan s e Aonputidia aiylils, scenes for
A2 and A3. This requires two spatial placenment operations , involving two
separ at e head HENFIFE t PATHSHFUNC tWhan nmesnp AVALP arDie¥drvashch

listener, Al ﬁ{‘y%d%%rajsgc %%r%gﬂ%ﬁ?)gﬁ%;gﬁ]%}% JEEIBY SRS reuse

conput at i onal I ntensi’‘ve, en many avatars are 1nvolved. In

contrast, Fi gliigoZi(diim.shavs iheadastddelsf ddmiamidsein adlgoraddin sAeries
accuratelg rendered in the audio scene 5 for A3 using the head rel at ed
u

transfer PundiQo3 iscaas:T i kﬁ@&]gq]&tg@, transfigte I&Fﬁllffé?au.cﬁ'l't? scene for
avatar  A2. A§f d el A MAd i@%{?ﬂaﬁas O@%Ceﬂ@taqla/i@sse nd t£dsS o RAHNY

fromAl'. The reused audi'o scene w e attenuated since it 1s
further away A2.0mad & haasuit: iA2 WillTheanAl firaddursattelyseascihartd ald s one
spatial placenent operation (that is, one head rel ated transfer function)

and one att erfiRF4%H A% on. The i LHRATAUHA FIRNS otk AR iR m i s such
that in the | ' i ' ( oRf | /A5 render
W&&f?ﬁﬂ@% ik FngH,’I?elz 5&)31} he-&h 991 Elﬂéﬂ By i

Al inaccurate that 1s, reuse an audio scene)” for both and A3 if it
can incraase The mﬂadiomfthﬂ;%samﬁmmm e vspieci a hepYaumezhtaudi o
scenes are rK%pééé%iéﬁ“%%ﬁgéuf%, 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 way

15 render Al inaccurately (that is, reuse an audio scene) for
both A2 and A3 if it can increase the number of reused
audio scenes, 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 satisfied. 1In 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 vectors that
extend from avatar Al to avatars A2 and A3. 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



The reuse al gorithm does not sinply reuse audio 20 scenes indiscrimnately.
Before reusing an audi o scene the reuse al gorithm determ nes whet her an
audio reuse criterion is satisfied. in this regard, this enbodinment of the
present invention uses the concept of angular error as the reuse criterion.
Wth reference to Figure 2(b), 25 the angd ar error is the angle defined by
the vectors that extend fromavatar Al to avatars A2 and A3. The reuse
aIgorithn1islgﬁéﬁt@ﬁéttbﬁeréuéﬁoc§é§ﬁ§iﬂnrCAB bs béﬁ@édonfbheAQiEtaﬂﬁé angl e
defined by t o] I gua n I whi ch
is also refe?ggﬁgg% ggatéﬁg"anh& gFRé %3§i§ EF? Pﬁgﬂ% #%%g g%gcg &se
criterion ismagtnoteber fdked hadt BeupHeviceuskyanpier i bedaCQ&QaptLveflyan
angular error. In alternative enbodi nents of the present 13 invention the
reuse criter PBALeaANEELlBESBHTEN £RE AVataKseinpat GEER2ARaCcArsanae: dFatt i vel y

the angular epror aﬁ&”ﬁe%rg@ya g’ulQ& Eﬁ%@ gng goukd,.of %&r%?x@gpltﬁ be a
relatively Small “angul rvor avatars ina certaindistance say 5
10m and a Iah@erd&egahaé error for avatars further than this distance. A
nore formal dESCFIRtIOH of the_functions perfaorned _by the inmmersive audio

server application®i 8088 ferMawsdesgripiignyptt Ghe ﬁHFFHlﬂPFhPﬁr§9§W§ﬁs (A,
A2, ...An) 1§ %]é@ ‘:‘tﬂ%ﬁ:@ﬁ'v%d]al&t}ﬁﬁ‘él P43 tgéplgt%a&l cu%%'e thellge?%rml es

(V') are recefved fiom each o ese clien of
speaki ng avatars tGaVenaahv1auabarw@rldcamtheuraaadapbadﬂlnhns sefnjn Si.
15 2. Re eat un£| each iet i n% Qr a Brocessing lLimg,t has heen
reached earh; congrpdly clien (cz2, , = 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 set in S;.°
15 2. Repeat until each set S$; is empty or a

processing limit has been reached

a. For i =1 to N
i. Find the closest speaker (A;) in
the set S;
20 ii. If a spatialised Version (Hji) of

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

25 1. Create H;; a spatialised
version of the audio V3 from
avatar A; accurately rendered
from the perspective avatar
A;.

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

audio scene for listener i.



I . Find the cl osest speaker (Aj) in the set Si 20 ii. If a spatialised
version (Hi) of the audio fromA fromthe perspective of avatar i has
not been cal cul ated previously within acceptable error then: 25 1. Create
Hi a spatialised version of the audio Vj from avatar A accurately
rendered fromthe perspective avatar Ai1430 2. Add a weighted copy of Hi
to the set R which is the set of rendered objects,in the  audio scene for
listener i. 14 The weighting applied is aTh?uW€%935169 eReliedaifva

di stance between i-and j in the virtual [ S

wei ghted copy of the rendered object H ﬁtlén bf 5% g%%%%ta%le error
to the set RL. The weighting 10 applied |dlatannetbebweéntheandebaﬂnve

.gistance between i and j in the virtual moLe v1rtua1R$g¥¥8.Aj fromthe set
i b. End for loop 15 3. end while
5 : iii. Else
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 j in the virtual world.
iv. Remove A; from the set S;
b. End for loop
15 3. end while

As an example of how the immersive audio server
requires less processing power than existing immersive
audio techniques consider 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 requires an accurate rendering of A2 (H2,3)
Al requires an accurate rendering of A3 (H3,1)
A2 can reuse H3,1 since it would introduce an angular

error less than 30 degrees



As an exanple of how the i mersive audio server requires |ess processing
power than existing imersive audio techniques consider the foll ow ng
exanple in which 20 the acceptable angular error is 10 degrees between 0 and
10 neters fromthe listener and 30 degrees from 10 neters to the edge of
each avatars hearing range. Using the viygdual world depicted in Figure 3 it
is assuned all avatars can hear each other and the circle around each 25
avatar has a radi uB3ofanoxeuper Kilng shnoeghtt HeudBoiatrpdugel agebPaAPLAsN of

t he reuse algorithgkrék %gggiEﬁgPagpagﬁggg%g rendering of A2 (H2,1) A2
e :

requi res an accura rendering o 30 A3 requires an accurate
rendering of A2 (H2,3) Al requires an accurate rendering of A3 (H3,1) A2 can

reuse H3,1 since it would introduce an angular error less than 30 degrees -
15 A3 can reuse H¥S20gi hEE FEURGUMECRARLSRUEBSaRVAREY &F repdsringss t han

30 degrees U%hﬂguﬁgﬁibﬁgs?eggﬁQ% '?%!EE% 2%%9%& 9k &%gﬁﬁ%un&ro% gal cul ati ons
required 1 n the server 1s reduce rom whi ch woul ave occurred using
exi sting techwhdetswondd Aavkt owichirree neddpl gxdppiee aeehntikmesdver t hough
the enbodiment of the present invention has been described in 10 the

cont ext of bérng used to support a virtual environment, the present

w5 o P GATERl dechgugOatpstattt han el UsheRkaTER
audi o syst emeimbodisenas off aheeyarpleat davendion hasobleprncde=senrdbedngnsyst em
hile the, Inyeat Lanenat BEPRed0s a2 v Lhphoit &R rtual

environment, the present invention is not restricted to

being used with a virtual environment. As such, the

present invention could be used to provide only an

immersive audio system for use as, for example, an audio

15 only conferencing system.

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

20 substituted for the elements thereof and steps thereof
without departing from the scope of the invention. In
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. Such 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.



to st he present enbodinent, it will be understood by those skilled in the . .
art that alterations, changes and inprovenents may be made and equival ents
may be 20 substituted for the el enents thereof and steps thereof wthout
departing fromthe scope of the invention. In addition, many nodifications
may be made to adapt the invention td éGpérticuIar situation or material to
the teachi . the invention w thout departing fromthe 25 central scope
thereof. Such alterations, changes, nodifications and inprovenents, though
not expressly  descri bed above, are nevertheless intended and inplied to be

ithin th d.spirit_of the inyvention. Theref it is intended
that the | riventidn Hoiidse oo 19THE GPALP (1F ar Frcuiar SABLERHBREE tescr | bed

herei n andtﬁgldegHEaL%§?§§1 iﬁqxgﬂéngﬁépgaéfgng within the scope of the

i ndependent clains. - éi 1. A nethod of using audio for a virtua
‘environfient, thdduetthiotyirmnpriisisty avratar epssetiatteddbbhi dyvhgteatirst.
avatar associated with a virtual environment; determ ning whether an audio
reuse crit&ri'oF eG4 i sfied i-n respect of rendered audio .information

created for a seantAMALRS widtthd® dreUSidib theusengdei edrapdi Osi nformation
for the first avatar on determning that the audio reuse criterion is

sati sfied. satiffeekttvdrespethi pedrendered mudie uinfiermebipri sragteds the
step of prq§%§siqg3Q%§ aqgig infg gation based on a distance between the
first avatar ant &% ic}aaa atal .23 The nethod as clained in aim1l or

G aim2p further reusing the rendered audio information for the first
avatar on determining that the audio reuse criterion is

satisfied.

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

distance between the first avatar and a third avatar.

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

audio reuse criterion is not satisfied.

4. The method as claimed in any one of the preceding
claims, wherein the step of determining whether the audio

25 reuse criterion is satisfied comprises determining whether
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.
30 5. The method as claimed in any one of the preceding
steps, wherein the audio information comprises spatial

audio information.

6. A system for using audio for a virtual environment,



conprising the step of creating alternative audio 20 information for the
first avatar on determning that the audio reuse criterion is not
satisfied. 4. The nethod as clained in any one of the preceding clains,
wherein the step of determ ning whether the audio 25 reuse criterion is
satisfied conprises deternining whether lf/lhe first avatar woul d perceive the
audi o infoqﬂ?tion as enanathﬁg fron1a.£redefined area_of éﬁg virtua
envi ronment™15 S T ( FER H F U AV A RO TR T TRA B M 30 B 28 B hod  as
clai med i ngaprame e tdreeps eseding steps, wherein the audio information
conprises spatial _audio information. 6. A systemfor'using audio for a
virtual environnmgientifiying e Sisstens colrdr i 39 srchabpedcesthng wbak8ahr r anged
to performtJ¥%é%ﬁ§§%pf: identifying a first avatar associated with a
ronment;

. aen .. . . . .
virtual envi 5 determ ning whether an audi o reuse criterion is

" satisfigd in respreie9iinBiglasiesh et on | Nidi oetd wse cEeitediofiofsa second
avatar; and reusing the rendered audio information for the first avatar on
det er mi ni nFataf ke’ Budrespetisecfrremderndiaudip spfesppegonycrepkedyst em

as clainmed Ms}i gpeg%%&dvg\%@éﬂ,t d processing neans is further arranged. to

performthe pr ocessi ng € audio information based on a distance 15
between the firstreysimy sl Lehdéred avedps . iBfodhet Syst Eorashel ained in
Claim6 or Caim7, wherein the processing neans is further arranged to

per f or m t héVaiap it Qﬁ%%ﬁmhﬁﬁ%gtghﬁ%tt@% 24 © Fﬁ?%?nﬁ?ﬂ&ﬁr+8ﬂ the 20 first
avatar 1@n depherdginipg that the audio reuse criterion :

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

15 between the first avatar and a third avatar.

8. - The system as claimed in Claim 6 or Claim 7, wherein
the processing means is further arranged to perform.the
step of creating alterﬁative audio information for the

20 first avatar on determining that the audio reuse criterion

is not satisfied.

9. The system as claimed in any one of Claims 6 to 8,
wherein the processing means is arranged such that the
25 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 environment 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.



is not satisfied. 9. The systemas clainmed in any one of Clains 6 to 8,
wherein the processing neans is arranged such that the 25 step of

det erm ni ng whether the audio reuse criterion is satisfied conprises
determ ning whether the first avatar would perceive the audio information
as emanating froma predefined.area of the virtual environment in which
the, third avatar is located. 30 10. The System as clained in any one of
Clains 6 to 941. wher eiompulte ragdicyrad Gomidieimeomr ilsesstspaid al audi o
information. - 18 11. A conputer programconprising at |east one ,

i nstruction CHEETSTHT tie G E SHHTIE de TP PDETEIGR t he
met hod as cl adé%r‘%ﬁﬂ%l‘@"?néﬁhcﬁ aé.émcl]aitn%c} Sn k2 orfe GO LI eadabl e

medi um conprising the conputer programas claimed™in Claim1ll.
5.

12. A computer readable medium comprising the computer

program as claimed in Claim 11.



