
- 1 - IMMERSIVE AUDIO COMMUNICATION Field of the Invention 5The
present invention relates generally to the field of immersive audio
communication, and has particular - but by no means - exclusive
application to immersive audio scenes associated with avatars of a
virtual environment. 10 Background of the Invention
Traditionally, distributed virtual environments (such as multiplayer
on-line games) used rudimentary means for allowing users to
communication with each other. For 15 example, some distributed
virtual environments have employed text-based communication while
other virtual environments have supported simple mono voice over
internet protocol technology. It has been suggested that users'
perceptions of 20 virtual 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 is emanating from a particular direction and has travelled a
certain distance. 30Research 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  - 2 - 



have a reasonable amount of processing power and which are connected
to the virtual environment server via a relatively high bandwidth
data link. As such, today's immersive audio communication technology
generally 5 involves distributed immersive audio scene computations
across one or more central servers and users' computing devices. The
recent uptake of portable wireless computing devices, such as the
Nokia N-Gage and the Playstation 10 Portable, means that a growing
number of users 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. Unfortunately, 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 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  - 3 - environment, the method comprising the steps
of: identifying a first avatar associated with the virtual
environment; determining 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 determining that the audio
reuse criterion is satisfied. An advantage of the method is that,
unlike existing 10 immersive audio technology, it has the potential
to facilitate immersive audio communication for portable 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 servers to reduce 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 processing the audio information based on a
distance between the first avatar and a third avatar associated with
the virtual environment. 30An 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 distance.
Preferably, the method further comprises the step of creating
alternative audio information for the first 5 avatar on determining
that the audio reuse criterion is not satisfied. 



An advantage of creating the alternative audio information is that it
provides a mechanism for obtaining audio for the first avatar in the
event that the reuse 10 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
information.            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 virtual environment, the system comprising a processing means
arranged to perform the steps of: 30identifying a first avatar
associated with the virtual environment;        determining whether
an audio reuse criterion is satisfied in respect of audio information
created for a  - 5 - 



second avatar associated with the virtual environment; and
reusing the audio information for the first avatar on determining
that the audio reuse criterion is satisfied. Preferably, the
processing means is further arranged 5 to perform the step of
processing the audio information based on a distance between the
first avatar and a third avatar associated with the virtual
environment.       Preferably, the processing means is further
arranged to perform the step of creating alternative audio 10
information for the first 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. 20According 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. 25According 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
example only, with reference to the accompanying figures, in which:
Figure 1 shows a system including an embodiment of 5 the present
invention;       Figure 2(a) illustrates a technique used by existing
immersive audio techniques;         Figure 2(b) illustrates a
technique by the system of Figure 1 for creating immersive audio in
accordance with 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 virtual
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 virtual 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  



- 7 - multi-player online games. The present invention has
application to a range of virtual environments including, for
example, virtual environments in a business context (such as a
virtual staff meeting) or an educational 5 context (such as a virtual
lecture).       To perform the primary functions of maintaining the
state information and providing the immersive audio communication the
virtual environment system 102 comprises traditional computer
hardware including a motherboard, 10 central processing units, random
access memory, hard disks, networking 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.idsoftware.com) for maintaining the state
information and an immersive audio communication server application
for providing participants in the virtual environment with immersive
audio communication. 25The 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, fo example, laptop or desktop computers. Each user
computing device 104 comprises traditional computer  - 8 - hardware
including a motherboard, central processing unit, random access
memory, a hard disk, power supply, monitor and a user information
input (for instance, a keyboard). In addition to the hardware, the
hard disk of each user 



5 computing device 104 is loaded with the BlackBerry operating
system. The operating system interacts with the hardware of the
computing device 104 to provide an environment in which software
applications can be executed. In this regard, the hard disk of each
user 10 computing device 104 is loaded with a virtual environment
client application and an immersive audio communication 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  - 9 - application of
the virtual environment system 102 to exchange data (more
specifically, the state information) with each other. The
communication system 106 also enables the immersive audio
communication client 5 application of each of the user computing
devices 104 and the immersive audio communication server application
of the virtual environment system 102 to exchange data (more
specifically, audio information) with each other. To support the
exchange of data the communication 10 system 106 comprises a mobile
telephone network 108 for sending and receiving data from the user
computing 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 virtual 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 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 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. Furthermore, the user computing devices 104 are each
connected to the mobile telephone network 108 via  - 10 -  wireless
GPR5 links 116.       The embodiment of the present invention is
primarily concerned with the provision of immersive audio
communication. As such, the following description of the 5 embodiment
focuses on the functionality performed by the immersive audio
communication client application loaded on the user computing devices
104 and the immersive audio communication server application loaded
on the virtual environment system 102. 10There are two main functions
performed by the immersive voice communication client application.
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 immersive audio communication server loaded on
the virtual environment system 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  - 11 - the
immersive audio communication server application is arranged to use a
Head Related Transfer Function (HRTF) algorithm, details of which are
set out in the publication entitled "3-D Sound for Virtual Reality
and Multimedia" 5 which appeared in Academic Press Professional,
Cambridge, MA, USA, 1994 and was authored by Durand R. Begault.
In addition to performing the head related transfer function, the
immersive audio communication server application is arranged to carry
out an audio scene reuse 10 algorithm. The aim of the audio scene
reuse algorithm is to potentially minimise head related transfer
function operations performed by the immersive audio server
application, which in turn minimises the processing resources
required to create the audio scene It is 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.  - 12 - Performing accurate placement can be
computationally intensive, particularly when many avatars are
involved. In contrast, Figure 2(b) shows the result of the reuse
algorithm. Al. is accurately rendered in the audio scene 5 for A3
using the head related transfer function. The audio scene for A3 is
reused as the audio scene for avatar A2. As a result A2 will hear Al
inaccurately as if it is coming from Al'. The reused 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 is, 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 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. 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 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  - 13 -
invention the reuse criterion can be based on the distance between
avatars. Alternatively the angular error concept may not be fixed and
could, for example, be a relatively 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 virtual world with N avatars (Al, A2,
_An) 10 each controlled by clients (C2, C2, - CN). Audio samples OW
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 Si.' 152.Repeat until each set Si is empty or a processing
limit has been reached a.For i 1 to N 



i.Find the closest speaker (Ad) in the set Si 20ii.If a spatialised
versionof the audio from Pd from the perspective of avatar i has not
been calculated previously within acceptable error then: 251.Create
Hji a spatialised version of the audio Vi from avatar Ad accurately
rendered from the perspective avatar A. 302.Add a weighted copy of
Hji to the set Ri which is the set of rendered objects in the audio
scene for listener i.  - 14 - The weighting applied is a function of
the relative distance between i and j in the virtual world. 5iii.
Else 1.Add a weighted copy of the rendered object Ir which is within
acceptable error to the set Ri. The weighting 10applied is a function
of the relative distance between i and j in the virtual world. 



iv. Remove Ad from the set Si b.End for loop 153.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) 30A3 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 H1,2 since it would introduce an
angular error less than 30 degrees 



Using the reuse mechanism the number of rendering 5 calculations
required in the server is reduced from 6 (which would have occurred
using existing techniques) to 4.          It will be readily
appreciated that even though the embodiment of the present invention
has been described in 10 the context of being used to support a
virtual 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 understood 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.  WO 2006/135979PCT/AU2006/000881 -
16 - CLAIMS:  1. A method of using audio for a virtual environment,
the method comprising the steps of: 5identifying a first avatar
associated with a virtual 



environment;    . determining 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
determining that the audio reuse criterion is satisfied.    2. The
method as claimed in Claim I, 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, further comprising 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 as 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 claimed in any one of the
preceding 30 steps, wherein the audio information comprises spatial
audio information.  WO 2006/135979PCT/AU2006/000881 - 17 - the system
comprising a processing means arranged to perform the steps of:
identifying a first avatar associated with a virtual environment; 



5determining whether an audio reuse criterion is satisfied in respect
of audio information created for a second avatar; and        reusing
the audio information for the first avatar on determining that the
audio reuse criterion is satisfied. 10  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 alternative audio
information for the first avatar on determining that the audio reuse
criterion 20 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 step of determining whether the audio reuse criterion is 25
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.  - 18 -  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 as claimed in Claim 11. 




