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(54) AUDIO APPARATUS AND METHOD OF OPERATION THEREFOR

(57)  An audio apparatus comprises a receiver (201)
receiving an audio signal and a geometric model for an
audio source object. The geometric model may be a pol-
ygon mesh. A position circuit (203) determines a set of
point audio source positions for the audio source object
based on the geometric model such that the point audio
source positions are spatially distributed within the audio
source object. A point audio signal generator (205) gen-
erates a point audio source signal for the point audio

source positions from the audio signal. In some cases,
the pointaudio signal may be a copy of the received audio
signal. A data generator (207) generates a data repre-
sentation of the audio source object comprising the set
of point audio source positions and the at least one point
audio source signal. A renderer (301) may render the
audio source object by rendering point audio source sig-
nals from the point audio source positions.
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Description
FIELD OF THE INVENTION

[0001] Theinventionrelatestoan apparatus and meth-
od of operation therefor, and in particular, but not exclu-
sively, to an approach for generating a data representa-
tion of an audio source object in e.g. a Virtual Reality
experience application.

BACKGROUND OF THE INVENTION

[0002] The variety and range of experiences based on
audiovisual content have increased substantially in re-
cent years with new services and ways of utilizing and
consuming such content continuously being developed
andintroduced. In particular, many spatial and interactive
services, applications and experiences are being devel-
oped to give users a more involved and immersive ex-
perience.

[0003] Examples of such applications are Virtual Re-
ality (VR), Augmented Reality (AR), and Mixed Reality
(MR) applications (commonly often referred to as eX-
tended Reality (XR)), which are rapidly becoming main-
stream, with a number of solutions being aimed at the
consumer market. A number of standards are also under
development by a number of standardization bodies.
Such standardization activities are actively developing
standards for the various aspects of VR/AR/MR systems
including e.g. streaming, broadcasting, rendering, etc.
[0004] VR applicationstend to provide user experienc-
es corresponding to the user being in a different world/
environment/ scene whereas AR (including Mixed Real-
ity MR) applications tend to provide user experiences
corresponding to the user being in the current environ-
ment but with additional information or virtual objects or
information being added. Thus, VR applications tend to
provide a fully immersive synthetically generated world/
scene whereas AR applications tend to provide a partially
synthetic world/ scene which is overlaid the real scene
in which the user is physically present. However, the
terms are often used interchangeably and have a high
degree of overlap. In the following, the term eXtended
Reality/ XR will be used to denote both Virtual Reality
and Augmented/ Mixed Reality.

[0005] As an example, a service being increasingly
popular is the provision of images and audio in such a
way that a useris able to actively and dynamically interact
with the system to change parameters of the rendering
such that this will adapt to movement and changes in the
user’s position and orientation. A very appealing feature
in many applications is the ability to change the effective
viewing position and viewing direction of the viewer, such
as for example allowing the viewer to move and "look
around" in the scene being presented.

[0006] Such a feature can specifically allow a virtual
reality experience to be provided to a user. This may
allow the user to (relatively) freely move about in a virtual
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environment and dynamically change his position and
where he is looking. Typically, such virtual reality appli-
cations are based on a three-dimensional model of the
scene with the model being dynamically evaluated to pro-
vide the specific requested view. This approach is well
known from e.g. game applications, such as in the cate-
gory offirst person shooters, for computers and consoles.
[0007] Itisalsodesirable, in particular for virtual reality
applications, that the image being presented is a three-
dimensional image, typically presented using a stereo-
scopic display. Indeed, in order to optimize immersion of
the viewer, it is typically preferred for the user to experi-
ence the presented scene as athree-dimensional scene.
Indeed, a virtual reality experience should preferably al-
low a user to select his/her own position, viewpoint, and
moment in time relative to a virtual world.

[0008] In addition to the visual rendering, most XR ap-
plications further provide a corresponding audio experi-
ence. In many applications, the audio preferably provides
a spatial audio experience where audio sources are per-
ceived to arrive from positions that correspond to the po-
sitions of the corresponding objects in the visual scene.
Thus, the audio and video scenes are preferably per-
ceived to be consistent and with both providing a full spa-
tial experience.

[0009] Forexample, many immersive experiences are
provided by a virtual audio scene being generated by
headphone reproduction using binaural audio rendering
technology. In many scenarios, such headphone repro-
duction may be based on headtracking such that the ren-
dering can be made responsive to the user’s head move-
ments, which highly increases the sense of immersion.
[0010] An important feature for many applications is
that of how to generate and/or distribute audio that can
provide a natural and realistic perception of the audio
environment.

[0011] A particular challenge is to represent audio
sources that are not limited to a single point source, i.e.
which has a spatial acoustic extension/dimension.
[0012] In audio rendering the situation often occurs
where one or more audio signals are meant to represent
an object with large physical properties or a diffuse sound
source. In traditional listening environments such as cin-
emas or home theatres, this is typically achieved by first
converting the input signal into multiple output signals
with varying levels of decorrelation, and then feeding
those signals to individual loudspeakers or headphone
channels so that they produce the perception of acoustic
width, as e.g. described in US9654895B2. Varying the
level of correlation between the differing signals can af-
fect the size of the object as perceived by the listener.
This method works well in the controlled listening envi-
ronments where the listener position, the sound trans-
ducers, and the simulated object position are all known
and controlled for.

[0013] However, in XR applications, users may have
free movement in all dimensions, typically referred to as
6 Degrees of Freedom (6DoF). With 6DoF the user is
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able to move freely during playback of the content, orin
gaming during runtime of the application, and as such
the content creator and any encoding algorithms do not
know what the listening position may be at any moment
in time, and as such where they are relative to the sound
producing objects.

[0014] In a typical 6DoF, environment an audio object
with a given location is typically rendered to the listener
by first calculating the objects relative distance from the
user and the direction from the listener to the object (e.
g. as azimuth and elevation). For headphone applica-
tions, the audio signal associated with the object is then
convolved with the matching Head Related Impulse Re-
sponse (HRIR) or Head Related Transfer Function
(HRTF). The resulting (stereo) signal is presented to the
listener via headphones with the corresponding distance
related time delay and level attenuation. Using this meth-
od will accurately represent an object as a point source,
with all sound emanating from a single point in space.
[0015] Often sound should not emanate from a zero-
dimensional point in space, rather it may emanate from
a 1-dimensional (line), 2-dimensional (plane), or 3-di-
mensional (solid) audio object that should radiate energy
uniformly from all points. When an object is used in this
way, it is in the field referred to as the extent of the audio
source. An extent audio source has a spatial extension.
An extent audio source is a non- single point audio
source. When describing a virtual environment an object
may be described by using a simple geometric object
(Line, Plane, Box, Sphere, Cone, Cylinder etc) or often
by definition of a mesh consisting of vertices and faces.
In particular, for more complex objects and environ-
ments, the spatial data is often represented by complex
mesh structures which may comprise a large number of
polygons and vertices, edges, and faces.

[0016] The relative size of the extent of the audio
source with respect to the listener is constantly changing
as the listener moves within the 6DoF environment, and
as such the way in which it is rendered needs to con-
stantly be adapted. As the sound source changes with
respect to the user position, either through user motion
or animation of the sound source, the perceived width of
the source also needs to be adapted.

[0017] In order to represent such effects, the existing
rendering methods require the calculation of the per-
ceived source width, adapting the correlation and poten-
tially other parameters of the audio signals associated
with the source and any metadata describing the source,
and applying these new correlation levels and parame-
ters to the audio signals. This requires the audio render-
ing technology to have detailed information relating to
the object representing the acoustic extent, and to cal-
culate relative perceived widths in real time.

[0018] However, such processing and calculations
tend to very complex and resource demanding and typ-
ically the rendering approaches will tend to be compro-
mised on complexity, resource demands and/or the re-
sulting audio quality (and specifically on the spatial per-
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ception). For example, for a complex object described
by a mesh representation, this may involve many thou-
sands of vertices and faces in the description of the object
which results in very resource demanding calculations
being required to adapt the rendering to provide an ac-
ceptable audio perception.

[0019] Hence, animproved approach for rendering au-
dio would be advantageous. In particular, an approach
that allows improved operation, increased flexibility, re-
duced complexity, facilitated implementation, an im-
proved audio experience, improved audio quality, re-
duced computational burden, improved suitability for var-
ying positions, improved performance for virtual/mixed/
augmented/ extended reality applications, improved per-
ceptual cues for spatial audio, increased and/or facilitat-
ed adaptability, increased processing flexibility, im-
proved and/or facilitated rendering of the spatial extent
of audio source and/orimproved performance and/or op-
eration would be advantageous.

SUMMARY OF THE INVENTION

[0020] Accordingly, the Invention seeks to preferably
mitigate, alleviate or eliminate one or more of the above
mentioned disadvantages singly or in any combination.
[0021] According to an aspect of the invention there is
provided an audio apparatus comprising: a receiver ar-
ranged to receive an audio signal and a geometric model
for an audio source object; a position circuit arranged to
determine a set of point audio source positions for the
audio source object in response to the geometric model,
the point audio source positions being spatially distribut-
ed within the audio source object; a point audio signal
generator arranged to generate at least one point audio
source signal for the point audio source positions from
the audio signal; and a data generator arranged to gen-
erate a data representation of the audio source object
comprising the set of point audio source positions and
the at least one point audio source signal.

[0022] The invention may allow improved and/or facil-
itated rendering of audio for audio source object having
aspatial extent. The invention may in many embodiments
and scenarios generate a more naturally perceived
acoustic spatial extent of an audio source object. The
approach may in many scenarios reduce computational
resource requirements and usage substantially. In many
embodiments, the approach may obviate the need for
evaluating a geometric model of the audio source object
for changing listening positions.

[0023] The approach may typically provide improved
and/or reduced complexity processing in applications
where listening positions may change dynamically, such
as e.g. in many XR applications.

[0024] The generated data representation may be in-
dependent of the listening position. Rendering of audio
based on the data representation may typically not re-
quire any processing /evaluation/ adaptation of a com-
plex geometric model, such as e.g. a mesh model.
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[0025] The rendering of audio output signals for the
audio source object based on the generated data repre-
sentation may often require reduced complexity and re-
duced computational resource requirements in compar-
ison to a rendering of the same quality based directly on
the audio signal and the geometric model.

[0026] The at least one point audio signal may for a
given point audio source position represent audio of a
point audio source located at the point audio source po-
sition.

[0027] The audio source object may be an audio
source of a scene or environment. The scene or environ-
ment may be a virtual or real scene. The audio source
object may represent audio for a virtual or real (scene)
object.

[0028] The pointaudio source positions may be spread
out in the audio source object, or in at least one region
of the audio source object. The position circuit 203 may
generate spatially distributed point audio source posi-
tions by determining the point audio source positions to
have a minimum distance to a closest neighbor point au-
dio source position. The minimum distance may be pre-
determined or may be determined in response to a spatial
property of the audio source object.

[0029] In accordance with an optional feature of the
invention, the position circuit is arranged to determine
the pointaudio source positions such that a distance from
any position of the set of point audio source positions to
a surface of the audio source object does not exceed a
distance threshold.

[0030] This may provide improved performance and/or
reduced complexity/ resource demand. In many scenar-
ios, it may allow fewer point audio source positions to be
required for a given perceived spatial sound quality.
[0031] The surface may be a boundary or edge of the
audio source object. The distance threshold may be a
predetermined distance, or may be dependent on a spa-
tial property of the audio source object, such as a size or
maximum dimension of the audio source object.

[0032] In some embodiments, the position circuit may
be arranged to determine the point audio source posi-
tions such that a distance from any position of the set of
point audio source positions to a nearest point on a sur-
face of the audio source object does not exceed a dis-
tance threshold.

[0033] In accordance with an optional feature of the
invention, the position circuit is arranged to determine a
set of intersect positions of a grid and to select the set of
point audio source positions from the intersect positions.
[0034] This may typically provide a low complexity yet
high quality determination of point audio source posi-
tions. It may in many scenarios allow an improved spatial
perception of the audio source object.

[0035] In accordance with an optional feature of the
invention, the position circuit is arranged to determine
the set of point audio source positions to satisfy at least
one requirement of: a requirement that a maximum dis-
tance between each position of the set of point audio
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source positions and a nearest position of the set of point
audio source positions is less than afirst distance thresh-
old; a requirement that a minimum distance between
each position of the set of point audio source positions
and a nearest position of the set of point audio source
positions is more than a second distance threshold; a
requirement that a number of points of the set of point
audio source positions does not exceed a first number;
a requirement that a number of points of the set of point
audio source positions is not below a second number;
and a requirement that a maximum distance from any
point of a surface of the audio source object to a nearest
point of the set of point audio source positions is less
than a third distance threshold.

[0036] This may provide improved performance and/or
reduced complexity/ resource demand. It may allow point
audio source positions to be determined which may en-
sure that a sufficient perception of the spatial extent of
the audio source object is provided.

[0037] In accordance with an optional feature of the
invention, the point audio signal generator is arranged to
determine at least one audio level for the set of point
audio source positions in response to an audio level for
audio source object and a number of positions in the set
of point audio source positions.

[0038] This may allow an improved and typically more
realistic spatial perception of the audio source object. It
may reduce perceived distortion to the audio source ob-
ject. The audio level for audio source object may be a
desired/ target audio level for the audio source object.
[0039] In accordance with an optional feature of the
invention, the point audio signal generator is arranged to
determine the at least one audio level in response to po-
sitions in the set of point audio source positions.

[0040] This may allow an improved and typically more
realistic spatial perception of the audio source object. It
may reduce perceived distortion to the audio source ob-
ject. The audio level for audio source object may be a
desired/ target audio level for the audio source object.
[0041] In accordance with an optional feature of the
invention, the data generator is arranged to generate the
data representation to include a relative render priority
for the set of point audio source positions.

[0042] An improved and typically more flexible opera-
tion can be achieved. Forexample, itmay allow improved
adaptation to resource availability of different renderers.
It may in many scenarios assistin reducing the perceived
impact of limited rendering resource. The relative render
priority for one point audio source position may indicate
a rendering priority relative to other point audio source
positions.

[0043] In accordance with an optional feature of the
invention, the data generator is arranged to generate the
data representation to include directional sound propa-
gation data for at least one position of the set of point
audio source positions.

[0044] This may allow improved and/or more flexible
rendering of the audio source object.
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[0045] In accordance with an optional feature of the
invention, the position circuit is arranged to determine
the set of point audio source positions in response to a
two dimensional extent of the audio source object when
viewed from a given region relative to a position of the
audio source object.

[0046] This may allow improved and/or facilitated op-
eration in many embodiments.

[0047] In accordance with an optional feature of the
invention, the position circuit is arranged to determine a
number of dimensions for which the audio source object
has an extent exceeding a threshold, and to generate
the set of point audio source positions as a structure hav-
ing the number of dimensions.

[0048] This may allow improved and/or facilitated op-
eration in many embodiments.

[0049] In accordance with an optional feature of the
invention, the data generator is arranged to generate the
data representation to include an indication of a propa-
gation time parameter for the set of point audio source
positions.

[0050] This may allow increased perceived audio qual-
ity in many scenarios. It may in particular in many sce-
narios allow a more consistent perception of the audio
source object.

[0051] In accordance with an optional feature of the
invention, the audio apparatus comprises a renderer ar-
ranged to render the audio source object by rendering
the at least one point audio source signal from the set of
point audio source positions.

[0052] The approach may in many scenarios allow an
improved and/or facilitated rendering of an audio source
object having a spatial extent.

[0053] In accordance with an optional feature of the
invention, the audio apparatus further comprises an en-
coder for generating an encoded bitstream comprising
the data representation of the audio source object.
[0054] The approach may in many scenarios allow an
improved encoded bitstream representing an audio
source object having a spatial extent to be generated.
[0055] According to an aspect of the invention there is
provided an audio apparatus comprising: a receiver for
receiving an audio bitstream comprising a data represen-
tation of an audio source object having a spatial extent,
the data representation comprising: a set of point audio
source positions being distributed within the audio source
object, and at least one point audio source signal for the
point audio source positions; and a renderer arranged to
render the audio source object by rendering the at least
one point audio source signal from the set of point audio
source positions.

[0056] According to an aspect of the invention there is
provided a method of operation for an audio apparatus,
the method comprising: receiving an audio signal and a
geometric model for an audio source object; determining
a set of point audio source positions for the audio source
objectinresponse to the geometric model, the point audio
source positions being spatially distributed within the au-
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dio source object; generating at least one point audio
source signal for the point audio source positions from
the audio signal; and generating a data representation
of the audio source object comprising the set of point
audio source positions and the at least one point audio
source signal.

[0057] According to an aspect of the invention there is
provided a method of operation for an audio apparatus,
the method comprising: receiving an audio bitstream
comprising a data representation of an audio source ob-
ject having a spatial extent, the data representation com-
prising: a set of point audio source positions being dis-
tributed within the audio source object, and at least one
point audio source signal for the point audio source po-
sitions; and rendering the audio source object by render-
ing the at least one point audio source signal from the
set of point audio source positions.

[0058] According to an aspect of the invention there is
provided an audio bitstream comprising a data represen-
tation of an audio source object having a spatial extent;
the data representation comprising: a set of point audio
source positions being distributed within the audio source
object; and at least one point audio source signal for the
point audio source positions from the audio signal.
[0059] These and other aspects, features and advan-
tages of the invention will be apparent from and elucidat-
ed with reference to the embodiment(s) described here-
inafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0060] Embodiments of the invention will be described,
by way of example only, with reference to the drawings,
in which

FIG. 1 illustrates an example of elements of an eX-
tended Reality system;

FIG. 2 illustrates an example of an audio apparatus
in accordance with some embodiments of the inven-
tion;

FIG. 3 illustrates an example of an encoder audio
apparatus accordance with some embodiments of
the invention;

FIG. 4 illustrates an example of a renderer audio
apparatus accordance with some embodiments of
the invention;

FIG. 5 illustrates an example an audio object and
point audio source signals;

FIG. 6 illustrates an example an audio object and
point audio source signals; and

FIG. 7 illustrates an example an audio object and
point audio source signals.

DETAILED DESCRIPTION OF SOME EMBODIMENTS
OF THE INVENTION

[0061] The following description will focus on audio
processing and rendering for an eXtended Reality (XR)
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application, such as fora Virtual Reality (VR), Augmented
Reality (AR), or Mixed Reality (MR) application. The de-
scribed approach will focus on such applications where
audio rendering is adapted to reflect acoustic variations
and changes in the audio perception as a (possibly vir-
tual) user / listener position changes. However, it will be
appreciated that the described principles and concepts
may be used in many other applications and embodi-
ments.

[0062] Semior fully virtual experiences allowing a user
to move around in a (possibly partially) virtual world are
becoming increasingly popular and services are being
developed to satisfy such a demand.

[0063] In some systems, the XR application may be
provided locally to a viewer by e.g. a stand-alone device
thatdoes notuse, oreven have any access to, any remote
XR data or processing. For example, a device such as a
games console may comprise a store for storing the
scene data, input for receiving/ generating the viewer
pose, and a processor for generating the corresponding
images from the scene data.

[0064] In other systems, the XR application may be
implemented and performed remote from the viewer. For
example, a device local to the user may detect/ receive
movement/ pose data which is transmitted to a remote
device that processes the data to generate the viewer
pose. The remote device may then generate suitable
view images and corresponding audio signals for the user
pose based on scene data describing the scene. The
view images and corresponding audio signals are then
transmitted to the device local to the viewer where they
are presented. For example, the remote device may di-
rectly generate a video stream (typically a stereo/ 3D
video stream) and corresponding audio stream which is
directly presented by the local device. Thus, in such an
example, the local device may not perform any XR
processing except for transmitting movement data and
presenting received video data.

[0065] In many systems, the functionality may be dis-
tributed across a local device and remote device. For
example, the local device may process received input
and sensor data to generate user poses that are contin-
uously transmitted to the remote XR device. The remote
XR device may then generate the corresponding view
images and corresponding audio signals and transmit
these to the local device for presentation. In other sys-
tems, the remote XR device may not directly generate
the view images and corresponding audio signals but
may select relevant scene data and transmit this to the
local device, which may then generate the view images
and corresponding audio signals that are presented. For
example, the remote XR device may identify the closest
capture point and extract the corresponding scene data
(e.g. a set of object sources and their position metadata)
and transmit this to the local device. The local device
may then process the received scene data to generate
the images and audio signals for the specific, current
user pose. The user pose will typically correspond to the
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head pose, and references to the user pose may typically
equivalently be considered to correspond to the refer-
ences to the head pose.

[0066] In many applications, especially for broadcast
services, a source may transmit or stream scene data in
the form of an image (including video) and audio repre-
sentation of the scene which is independent of the user
pose. For example, signals and metadata corresponding
to audio sources within the confines of a certain virtual
room may be transmitted or streamed to a plurality of
clients. The individual clients may then locally synthesize
audio signals corresponding to the current user pose.
Similarly, the source may transmit a general description
of the audio environment including describing audio
sources in the environment and acoustic characteristics
of the environment. An audio representation may then
be generated locally and presented to the user, for ex-
ample using binaural rendering and processing.

[0067] FIG. 1 illustrates such an example of a XR sys-
tem in which a remote XR client device 101 liaises with
a XR server 103 e.g. via a network 105, such as the
Internet. The server 103 may be arranged to simultane-
ously support a potentially large number of client devices
101.

[0068] The XR server 103 may for example support a
broadcast experience by transmitting an image signal
comprising an image representation in the form of image
data that can be used by the client devices to locally
synthesize view images corresponding to the appropriate
user poses (a pose refers to a position and/or orientation).
Similarly, the XR server 103 may transmit an audio rep-
resentation of the scene allowing the audio to be locally
synthesized for the user poses. Specifically, as the user
moves around in the virtual environment, the image and
audio synthesized and presented to the user is updated
to reflect the current (virtual) position and orientation of
the user in the (virtual) environment.

[0069] In many applications, such as that of FIG. 1, it
may thus be desirable to model a scene and generate
an efficient image and audio representation that can be
efficiently included in a data signal that can then be trans-
mitted or streamed to various devices which can locally
synthesize views and audio for different poses than the
capture poses.

[0070] The audio representation may include an audio
representation for a plurality of different sound sources
in the environment. This may include some sound sourc-
es corresponding to general diffuse and non-localized
sound, such as ambient and backgrounds sounds for the
environment as a whole. It will typically also comprise a
number of audio representations for point size audio
sources to be rendered from specific positions in the
scene. However, in addition, the sound representation
may include a number of audio sources that have a spa-
tial extent (which in many cases may equivalently be re-
ferred to as having spatial extension), and which should
preferably be rendered such that a user is provided with
a perception of the spatial extent and perceived dimen-
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sion (often width) of the sound source.

[0071] Typically, such extent audio sources are repre-
sented by a geometric model that describes the spatial
properties of the audio source object. Thus, audio data
together with data describing a geometric model may pro-
vide a representation of an extent audio source object.
[0072] The geometric model may typically be a model
that may also be used to describe visual properties of
the object corresponding to the audio source object and
the same geometric model and data may be used to rep-
resent spatial properties of the object for both audio and
visual properties and rendering.

[0073] An often used approach is to represent objects,
and the scene in general, is a mesh. Specifically, a pol-
ygon mesh may be a collection of vertices, edges and
faces that defines the shape of a polyhedral object. For
visual properties, texture data, color, brightness, and
possibly other visual properties may be provided for the
polygons. The visual rendering of such an object typically
involves processing the mesh and applying the visual
properties for the given viewing pose as is well known in
the art.

[0074] When rendering audio for an audio source ob-
ject having a spatial extent, a renderer may process the
geometric model to determine spatial characteristics that
are then used to adapt properties of the rendered audio
such as diffusion, correlation etc. However, such a de-
termination of spatial properties and the associated sig-
nal properties tend to be very complex and resource de-
manding. For example, evaluating complex mesh mod-
els to determine how the perceived spatial width of an
object varies as the user moves may require millions of
operations and calculations, which may require a high
computational resource. Indeed, in many cases it may
even require dedicated hardware in order to allow real
time processing and adaptation.

[0075] In the following, an approach will be described
which may generate and use a representation of audio
source objects with spatial extent thatin many situations,
scenarios, and applications may provide improved
and/or facilitated operation. It may for example, reduce
complexity and may provide an audio representation that
does not require the complex processing of polygon
meshes or other geometric models.

[0076] FIG. 2 illustrates an audio apparatus that can
generate a data representation of an audio source object
which has a spatial extent. The audio apparatus may for
example be part of the server 103 or the client 101 of
FIG. 1.

[0077] The audio apparatus comprises a receiver 201
which is arranged to receive at least one audio signal for
an audio source object. In addition, the receiver receives
a geometric model which provides a description of the
spatial properties of the audio source object.

[0078] The geometric model may specifically be a pol-
ygon mesh description of the audio source object. Such
models are frequently used in the field to represent spatial
properties for objects in a real or virtual environment. It
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may typically allow accurate representations and is fre-
quently used in e.g. computer vision. In other embodi-
ments, other geometric models may be used. For exam-
ple, the geometric model may be defined as a simple 3D
object such as a cuboid, sphere, cylinder, etc.

[0079] The audio signal for the audio source object
may be provided as an encoded audio data signal de-
scribing the audio to be produced by the audio source
object. In some cases, only a single audio signal may be
provided to represent the audio to be produced by the
audio source object However, in some scenarios, more
than one audio signal may be provided for one audio
source object. For example, an audio signal may be pro-
vided to represent audio originating from one part (e.g.
the left part) of the audio source object and a second
audio signal may be provided to represent audio origi-
nating from a different part (e.g. the right part) of the audio
source object. Such audio signals may possibly be close-
ly correlated but differ in some aspects, such as e.g. by
having different levels, frequency spectra (filtering), in-
clude different signal components etc. In some cases,
the audio signals may be provided as completely different
audio signals and in other cases they may be provided
as a first signal and data describing the difference of the
second audio signal such as a filter or level adjustment
to be applied to the first signal.

[0080] The audio apparatus further comprises a posi-
tion circuit 203 which is arranged to determine a set of
point audio source positions for the audio source object.
The position circuit determines the point audio sources
as spatially distributed positions within the audio source
object.

[0081] The audio apparatus further comprises a point
audio signal generator 205 which is arranged to generate
at least one point audio source signal for the single point
audio positions. The point audio signal generator 205
may in some embodiments, simply generate the point
audio source signal as the first audio signal, i.e. in some
embodiments and scenarios, the point audio signal may
directly be the same as the audio signal received and
representing the audio of the audio source object. In other
embodiments, the point audio signal generator 205 may
be arranged to generate the point audio source signal by
processing the received first audio signal, such as for
example by applying a filtering or level adaptation. Each
point audio source position of the set of point audio
source positions indicates a position for a single point
audio source of a set of single point audio sources which
together form an audio source producing the audio
source object.

[0082] The audio apparatus also comprises a data
generator 207 which is coupled to the position circuit 203
and the point audio signal generator 205. The data gen-
erator 207 is arranged to generate a data representation
of the audio source object comprising the set of point
audio source positions and the (at least one) point audio
source signal. Thus, the audio apparatus may generate
a new representation of the audio source object with this
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being represented by a plurality of spatially distributed
point audio source positions and associated point audio
source signal(s). Thus, the audio apparatus of FIG. 2
may receive a representation of a spatial extent audio
source object given by an audio signal representing the
audio of the audio source object and a geometric model
for the audio source object spatial extent. It may from this
generate a different representation of the spatially ex-
tended audio source object as a plurality of spatially dis-
tributed point audio source positions and associate point
audio source signal(s). The audio apparatus may gener-
ate a new representation of the spatially extent audio
source object where the spatial extent is represented by
a plurality of point audio sources. Rather than represent-
ing the audio source object as a single distributed audio
source, the approach may represent the audio source
object as a plurality of point audio sources (each point
audio source position corresponding to a position of a
point audio source position of this plurality of audio sourc-
es).

[0083] A rendering of the audio source object may be
based on this modified data representation and specifi-
cally the rendering may be performed by rendering a point
source audio signal from each point audio source position
based on the point audio source signal. Thus, the ren-
dering may for each point audio source position generate
one rendered audio signal corresponding to a point audio
source being positioned at the point audio source posi-
tion. The individual rendering for each audio source po-
sition may thus be performed without considering any
spatial properties of the audio source object (except for
the point audio source position). The individual rendering
audio signals for the different point audio source positions
may then be combined such that the combined signal of
the different positions represent the audio source object.
[0084] Although such an approach does not generate
individual signals that reflect the spatial extent of the au-
dio source object, but rather generates multiple audio
signals that each represent a point audio source, the In-
ventor has realized that this in practice tends to provide
spatial cues that provide a perception of the spatial extent
of the audio source object. Indeed, it has been found that
the perceived spatial properties may often very closely
reflect those of the audio source object.

[0085] The approach may also in many cases provide
a computationally efficient process of representing spa-
tial extents of audio objects. In particular, it may require
only point source audio rendering and may obviate the
necessity for evaluating a complex geometric model with
respect to the current listening pose. Rather, the geo-
metric model may in many embodiments only be evalu-
ated when generating the point audio source positions
for the new representation of the audio source object.
Such an evaluation is typically performed only once as
it is independent of the listening position whereas a tra-
ditional approach requires the model to be evaluated for
each new listening position. Thus, whereas some addi-
tional complexity may sometimes be required for the ren-
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dering of multiple point source audio signals rather than
when rendering fewer audio signals representing distrib-
uted audio sources, the overall computational reduction
is typically very significant. This is especially the case for
complex geometric models and shapes, such as specif-
ically mesh representations of complex shapes.

[0086] Further, in many embodiments, the generation
of the modified data representation may be performed
once for multiple rendering devices and operations, such
as forexample by a central server serving multiple clients.
[0087] In many embodiments, the approach may pro-
vide improved audio quality. For example, a reduced
complexity may allow more resource to be allocated to
more accurate rendering (including potentially of other
audio sources in the environment). Further, in itself, the
perception provided by multiple point sources may often
be considered more accurate than that which is achieved
by traditional approaches.

[0088] In the approach an audio source object to be
rendered as emanating from a geometric extent object
may be rendered with the spatial extension of the audio
source object being represented using a plurality of indi-
vidual audio point sources.

[0089] In some embodiments, the audio apparatus of
FIG. 2 may for example be included in a rendering device
such as for example the client 101 of FIG. 1. Forexample,
the server 203 may generate an XR audio visual data
stream which includes a mesh model for various objects
in the environment/ scene. At least one of these objects
may correspond to an audio object with spatial extent for
which the audio visual data stream further comprises au-
dio data.

[0090] The XR audio visual data stream may be trans-
mitted to the client 101 which in the example includes
the audio apparatus 200 of FIG. 2 as illustrated in the
example of FIG. 3.

[0091] The audio apparatus 200 may perform the de-
scribed operation to generate a modified representation
of the spatial extent audio source object by a plurality of
distributed point audio sources and associated point au-
dio source data.

[0092] The client 101 may include a renderer 301
which is arranged to render audio for the scene. Specif-
ically, the renderer 301 is arranged to include function-
ality for spatially rendering audio from point sources. It
will be appreciated that many algorithms and operations
for such rendering is known to the skilled person, includ-
ing for example HRTF and BRIR based rendering for
headphones, and that these for brevity will not be de-
scribed further herein.

[0093] The renderer 301 may specifically receive a lis-
tener pose and for that pose render a point source audio
signal from each point audio source generated for the
audio source object. Thus, rather than the audio for the
spatial extent signal being rendered as a single diffuse
signal, it is rendered as a plurality of point source audio
signals from different positions within the audio source
object. The audio signal rendered for each point audio
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source signal may be rendered independently of any oth-
er audio signal rendering for any other point audio source
position. The rendering of one point source audio signal
may thus be based only on the point source audio signal
associated with the point audio source position and on
the point audio source position. Each point audio signal
may be rendered independently of other point audio
source positions and point audio signals. The generated
point audio signals may then be combined for rendering
to the user e.g. via loudspeakers or headphones.
[0094] Thus, each rendering may be performed sepa-
rately and taking into account only the point audio source
position and the listening position/ pose. No considera-
tion of the geometric extent of the audio source object is
needed for the rendering. Thus, although the approach
requires multiple audio signals to be rendered from dif-
ferent positions for each audio source object, each ren-
dering may use well-known and efficient rendering algo-
rithms and approaches. Further, no evaluation of a geo-
metric model is required for each listening position.
[0095] Not only may such an approach provide a very
efficient audio processing and rendering but it has also
been found that it provides highly advantageous and re-
alistic spatial perception of the audio in many scenarios
and embodiments. It may typically provide very accurate
perception of the spatial extent of an audio source as
perceived from the listening position.

[0096] The approach may represent an extent object
as a number of discrete points, and then the standard
object rendering method may be used to give the per-
ception of source width without the need for decorrelation
of the audio signals or for calculations of perceived width
and decorrelation metrics, or for the storage of object
surface descriptions.

[0097] In some embodiments, the audio apparatus
may be part of an audio visual bitstream generator, such
as for example an encoder or server. For example, the
audio apparatus 200 may in some embodiments be part
of the server 103 of FIG. 1.

[0098] In such a case the server 103 may receive or
generate an audio visual data that includes a mesh model
for various objects in an environment/ scene. Atleastone
of these objects may correspond to a spatial extent audio
object for which audio data is also provided/ generated.
[0099] Such data may be received by the audio appa-
ratus 200 of the server 103 which may include elements
as illustrated in FIG. 4. The audio apparatus of the server
103 may proceed to perform the described operations to
generate a representation of the audio object using a
plurality of point audio source positions and associated
audio signal(s). This representation may then be provid-
ed to an encoding unit 401 arranged to generate an en-
coded bitstream comprising the data representation of
the audio source object.

[0100] The encoder may encode the point audio
source positions and point audio signals in any suitable
form, and it will be appreciated that many approaches
for encoding audio visual signals are known and appro-
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priate. For example, the audio signals may be encoded
using a known audio encoding algorithm and format, and
the point audio source positions may be encoded as
metadata associated with the individual point audio
source signal.

[0101] Thus, the encoder, and in the specific example
the server 103, may generate a audio bitstream that com-
prises a data representation of an audio source object
having a spatial extent with the data representation com-
prising: a set of point audio source positions being dis-
tributed within the audio source object, and at least one
point audio source signal for the single point audio posi-
tions from the first audio signal.

[0102] An advantage of the approach is in many em-
bodiments that the point source based representation
can be generated without any consideration of the spe-
cific listening position, i.e. the representation can be lis-
tening position independent.

[0103] Different approaches, principles, rules, and re-
quirements may be used to generate the spatially distrib-
uted point audio source positions in different embodi-
ments and scenarios.

[0104] In many embodiments, the position circuit 203
may be arranged to determine a set of intersect positions
of a grid and to select the set of point audio source po-
sitions from the intersect positions. The grid may in many
embodiments be a regular grid but may in some embod-
iments be an irregular or unstructured grid (such as e.g.
a Ruppert’s grid).

[0105] A regular grid may be a tessellation of n-dimen-
sional space by parallelotopes and an irregular grid may
be based on other shapes than parallelotopes. The in-
tersect points may be corners/ vertices of the parallelo-
topes/ shapes. The intersect positions may be positions
where lines or curves describing or defining the tessel-
lation intersect. The grid may specifically be a Cartesian
grid. In many embodiments, the grid may be a one, two,
or three dimensional grid of Euclidian space.

[0106] In many embodiments, the point audio source
positions may be determined as equidistant positions.
The distance from a point audio source position to a near-
est neighbor point audio source position may in some
embodiments be constant for different point audio source
positions.

[0107] As an example, in some embodiments, the po-
sition circuit 203 may align a predetermined regular grid
with equidistant positions/ intersection points to the audio
source object, and then evaluate the geometric model to
identify the positions/ intersections that fall within the au-
dio source object. These positions may then be selected
as the point audio source positions for the audio source
object. The alignment between the audio source object
and the grid may in some embodiments be in accordance
with a suitable algorithm or criteria (e.g. a reference po-
sition of the grid is aligned with e.g. a lowest/ highest etc.
point of the audio source object; a reference position of
the grid is positioned within the object, such as e.g. ata
center). In most embodiments, an arbitrary alignment
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may be applied between the object and the grid (this may
in particular be useful for embodiments where the dis-
tance between grid positions is much smaller than the
spatial extent of the audio source object).

[0108] An example of such an approach is illustrated
in FIG. 5. In the example, the audio source object is an
elongated object in which only one row/ column of posi-
tions falls within the object. FIG. 6 illustrates an example
for an object that has a significant extent in two directions
but not in a third direction.

[0109] In some embodiments, the position circuit 203
may be arranged to determine a number of dimensions
for which the audio source object has a perceived extent
exceeding athreshold. For example, for the audio source
object of FIG. 5, the position circuit 203 may determine
that the audio source object only has a significant extent
in only one direction, and thus that it is essentially a one
dimensional object. For the object of FIG. 6, the position
circuit 203 may determine that it is an object with signif-
icant spatial extent in two directions and thus essentially
is a two dimensional object.

[0110] The position circuit 203 may then generate the
set of point audio source positions as a structure having
the same number of dimensions as determined by the
position circuit 203. For example, a grid having the same
number of dimensions as determined by the position cir-
cuit 203 may be used to determine the point audio source
positions.

[0111] Asaspecificexample, the audio apparatus may
proceed through the following steps

1. Given any n-dimensional geometric object the au-
dio apparatus may first check whether the dimen-
sions are over a given threshold for rendering, re-
ducing the object to the minimum number of dimen-
sions required for rendering.

2. If the resulting object is 0-dimensional (i.e. a point
source) then no further processing is required.

3. For a 1-dimensional (line) object, the line is sub-
divided into a number of discrete points, and each
point is stored as a set of coordinates (e.g. corre-
sponding to the example FIG. 5). For 2 or 3 dimen-
sional objects each dimension is subdivided into a
number of discrete points and a grid of points is cre-
ated to cover the object uniformly (e.g. correspond-
ing to the example FIG. 6).

4. All points are checked to ensure that they exist
within or on the object surface and any points outside
of the object are discarded.

5. The points are stored as a set of metadata defining
the position and the corresponding audio signal to
be associated with them, as well as possibly an audio
presentation level reduction based on the number of
additional sources that have been added.

6. The metadata is presented to the audio rendering
technology which renders each object as a discrete
point source, providing a perception of acoustic
width.
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[0112] In some embodiments, the position circuit 203
is arranged to determine the point audio source positions
such that a distance from any of these positions to a
boundary or surface of the audio source object is less
than a distance. Thus, it may be required that a position
is only included if it is sufficiently close to the surface of
the object.

[0113] In such an example, the audio apparatus may
check that the point audio source positions are located
within a prescribed distance of the surface of the audio
source object, and it may remove any positions that are
in the center of the object.

[0114] This may for some objects substantially reduce
the required processing for the rendering as the number
of pointaudio sources that are rendered is reduced. How-
ever, in many scenarios, the spatial perception, and in
particular the perception of the extent of the object, will
notbe substantially affected by the internal audio sources
being excluded. Thus, an improved complexity and re-
source demand versus perceived audio quality can be
achieved.

[0115] In many embodiments, the position circuit 203
may be arranged to determine the point audio source
positions to satisfy one or more requirements.

[0116] For example, in some embodiments, point au-
dio source positions may be determined as random po-
sitions, and these may then be evaluated to see if they
meet a set of one or more requirements. For example,
an iterative operation may be performed where a new
point audio source position is randomly generated at
each iteration. The random point audio source position
is then evaluated in accordance with the set of require-
ments, and if all are met, the point audio source position
is stored as part of the data representation for the audio
source object, and otherwise it is discarded. The process
may continue until e.g. a given number of point audio
source positions have been determined (with the number
potentially being determined based on a spatial property
of the audio source object, such as based on a size or
volume of the audio source object).

[0117] The position circuit 203 may be arranged to de-
termine the set of point audio source positions to satisfy
one, more or all of the following:

¢ A requirement that a maximum distance between
each position of the set of point audio source posi-
tions and a nearest position of the set of point audio
source positions is less than a first distance. The
position circuit 203 may determine the audio source
positions such that the maximum distance between
at least two points (and possibly of two points that
meet the other requirements) is less than a given
threshold. Thus, a given density of points may be
ensured and a more homogenous perception of the
entire audio source object can often be achieved.

¢ A requirement that a minimum distance between
each position of the set of point audio source posi-
tions and a nearest position of the set of point audio
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source positions is more than a second distance.
The position circuit 203 may determine the audio
source positions such that the minimum distance be-
tween two neighboring points (and possibly of two
neighboring points that meet the other requirements)
is more than a given threshold. Thus, the position
circuit 203 may determine the point audio source po-
sitions such that the points are nottoo close together,
and thus such thatthey mayrepresentalargerregion
with fewer point audio source positions.

¢ Arequirement that a number of points of the set of
pointaudio source positions does not exceed a given
number. This may limit the total number of point au-
dio source positions and thus may ensure that the
resource requirement for the rendering is maintained
sufficiently low (with the number potentially being de-
termined based on a spatial property of the audio
source object, such as based on a size or volume of
the audio source object).

¢ Arequirement that a number of points of the set of
point audio source positions does not fall below a
given number (with the number potentially being de-
termined based on a spatial property of the audio
source object, such as based on a size or volume of
the audio source object).

* A requirement that a maximum distance from any
point of a surface of the audio source object to a
nearest point of the set of point audio source posi-
tionsislessthan adistance. As previously described,
the point audio source positions may be determined
to be close to the surface of the audio source object.

[0118] In some embodiments, the placement of point
audio source positions is not controlled using a regular
pattern, but instead the point audio source positions may
be randomly generated within a certain set of rules, for
example but not limited to, a minimum distance between
individual sources, a maximum number of sources, or a
minimum distance to the surface of the extent.

[0119] Insomeembodimentsonly asingle audio signal
is received for the audio source object. A point audio
source signal for the point audio source positions may
then be generated from this received audio signal and
indeed in some embodiments the received audio signal
may be used directly as the point audio source signal.
[0120] In other embodiments, some processing may
be included such as for example a filtering or level ad-
justment.

[0121] In some embodiments, a plurality of point audio
source signal may be generated for the point audio
source positions for the audio source object. For exam-
ple, slightly different audio signals may be generated for
different parts of the audio source object (e.g. depending
on how close they are to the surface or on which surface
is the closest). The multiple point audio source signals
may be generated from a single received audio signal or
in some cases multiple point audio source signals may
be generated from received multiple audio signals. When
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multiple point audio source signals are generated from
an audio source object, each point audio source position
is typically assigned one of the generated point audio
source signals.

[0122] The point source audio signals may specifically
be a duplication of the input audio signal, possibly with
alevel adjustment. If there is only one input audio signal,
then all point audio source positions will typically be as-
signed the same point audio signal generator 205. If there
are multiple input audio signals with associated metadata
to indicate from which part of the audio source object
they should be rendered, then the point audio source
signal for the individual point audio source position may
be determined based on audio signal that most closely
matches the point audio source position.

[0123] In many embodiments, the level of the point au-
dio source signals may typically be adapted. This adap-
tation may be included to compensate for the audio of
the audio source object being represented by multiple
audio sources. The audio levels of the point audio source
signals may thus specifically depend on the number of
point audio source positions and on their position. For
example, in order to render the audio source object with
a given audio level using a plurality of point audio sourc-
es, the level for each point audio source may be adjusted
such that the combined effect of all point audio sources
combine to provide the desired audio level.

[0124] In some embodiments, the point audio signal
generator 205 may be arranged to determine atleastone
audio level for the set of point audio source positions in
response to an audio level of audio source object and a
number of positions in the set of point audio source po-
sitions. The level may further be determined in response
to positions in the set of point audio source positions.
[0125] Asa specificexample, the original sound source
level for the audio source object may be defined by a
reference distance, with this being the distance at which
the level of the audio signaliis known either as an absolute
reproduction level or a gain level that should be applied
at that distance from the object.

[0126] Insuch anexample, a number of measurement
positions may be determined at the reference distance
from the surface of the audio source object (see FIG. 7),
and the audio level for the point audio source positions/
point audio source signals may be adjusted such that
when all point audio source signals are rendered, the
level received across all of the measurement positions
is equal to that which would be received were a single
object rendered at the nearest point on the audio source
object surface to the measurement position. Such a de-
termination may be performed using an automated opti-
mization function or other estimation paradigm.

[0127] In some embodiments, the data generator 207
may be arranged to generate the data representation to
include a relative render priority for the set of point audio
source positions.

[0128] For example, for each point audio source posi-
tion, metadata may be generated which indicates a rel-
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ative priority of the point audio source position relative to
other point audio source positions. The priority could for
example be provided as a ranking of all of the point audio
source positions in order of importance for the rendering
in accordance with any suitable criterion. As another ex-
ample, the point audio source positions may be allocated
a rendering priority from a given set of possible rendering
priorities. For example, each point audio source position
may be indicated as being mandatory, preferred, or op-
tional.

[0129] The renderer may in such embodiments select
a set of point audio source positions from which to render
audio signals in response to the relative render priority.
The rendering for the audio source object may then be
by rendering of the selected set of point audio source
positions. The renderer may in some scenarios select a
subset of point audio source positions to render based
on the rendering priorities.

[0130] Forexample,iftherendererhaslimited resourc-
es and is only able to render a given number of audio
signals, it may, if more point audio source positions are
received than can be rendered, proceed to select a sub-
set based on the rendering priorities. In this way, the ren-
dering can be controlled to typically provide an improved
audio experience.

[0131] For example, the rendering priority may be de-
termined based on spatial relationships between the
point audio source positions and possibly relative to spa-
tial properties of the audio source object.

[0132] For example, all point audio source positions
that are closest to a part of the surface of the audio source
object may be indicated to be mandatory or have the
highest rendering priority. Subsequently, a preferred ren-
dering priority may be given to point audio source posi-
tions that have a given minimum distance to the point
audio source positions that were given the highest ren-
dering priority, and a given minimum distance to other
point audio source positions that are given a preferred
rendering priority. Finally, all other point audio source
positions may be assigned an optional rendering priority.
[0133] A constrained renderer may in this case select
which point audio source positions to render by first se-
lecting all point audio source positions that are indicated
to be mandatory, then point audio source positions that
are indicated to be preferred, and finally if sufficient re-
source is still available may select point audio source
positions that are indicated to be optional. If only some
point audio source positions of a given category can be
selected (e.g. due to resource constraints), a suitable
selection criterion may be used (including e.g. merely
randomly selecting point audio source positions within a
given category, or e.g. selecting point audio source po-
sitions to have the maximum distance between them).
[0134] Such an approach may provide improved spa-
tial audio perception for constrained rendering by e.g.
ensuring that point audio source positions contributing
most significantly to the perception of the spatial extent
are rendered.
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[0135] In some embodiments the priority indication
may be dependent on a distance between the audio
source object/ point audio source position and a listening
position.

[0136] Such a priority may be used to reduce the
number of point audio source positions that are rendered
based on the user-source distance, i.e. the distance be-
tween the listening position and the audio source ob-
ject/point audio source position. As the listening position
moves further from the audio source object, the per-
ceived relative width of the audio source object decreas-
es and as such the number of points needed to give an
adequate perceived width also decreases. Such an ap-
proach may allow a reduction in rendering complexity
with increasing source distance. The renderer may for
example determine an audio source object or point audio
source position to listening position distance and then
select the point audio source positions for rendering in
response to this distance and the relative distance de-
pendent rendering priorities.

[0137] In some embodiments, the data generator 207
may be arranged to generate the data representation to
include directional sound propagation data for at least
one position of the set of point audio source positions.
The rendering may then render the audio signal from that
point audio source position in response to the directional
sound propagation data for the position.

[0138] Insomeembodiments, directional response da-
tamay be added to the metadata for each of the additional
point audio source positions such that e.g. the reproduc-
tion when the listener is external to the audio source ob-
ject may be controlled separately to the internal repro-
duction. Such a directional response may be described
as a polar pattern, or some other representation known
to the rendering technology.

[0139] For example, a gain as a function of direction
may be provided for a point audio source position and
when rendering a point audio signal from that point audio
source position the gain of the rendered signal may be
determined in response to the gain provided for the di-
rection from the point audio source position to the listen-
ing position.

[0140] In some embodiments, the audio apparatus
may be arranged to generate the point audio source po-
sitions based on a spatial relationship between the audio
source object and a reference viewing/ listening region.
The reference viewing/ listening region may specifically
be a region to which the listener is constrained, or e.g.
within which it is likely that the listener is positioned.
[0141] In same embodiments, the position circuit 203
may be arranged to determine the set of point audio
source positions in response to a two dimensional extent
of the audio source object when viewed from a given
region relative to a position of the audio source object.
In same embodiments, the position circuit 203 may be
arranged to determine the set of point audio source po-
sitions inresponse to arepresentation ofthe audio source
object when viewed from a given listening region relative
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to a position of the audio source object.

[0142] As an example, in an application the listener
may be limited to a region of a virtual environment, and
the audio apparatus may be aware of this region. The
position circuit 203 may determine the maximum visible
angle of the audio source object with respect to one or
more positions within the listeners region and it may only
consider the dimensions where the viewable angle ex-
ceeds a given threshold. This viewable angle can also
inform the audio apparatus of the number of point audio
source positions that should be used to provide the de-
sired perceived source width.

[0143] In some embodiments, the data generator 207
may further be arranged to include anindication of a prop-
agation time parameter for the set of point audio source
positions.

[0144] The renderer may be arranged to render audio
signals from the point audio source positions in response
to the propagation time parameter. Specifically, in many
embodiments, the renderer may be arranged to render
the audio signals from all point audio source positions
with the same propagation time, and with this propaga-
tion time being determined from the propagation time pa-
rameter.

[0145] Thus, although different point audio source po-
sitions will have different path lengths to the listening po-
sition, the audio sources are generated to have the same
propagation time. The audio signals may be generated
with other spatial cues reflecting the different positions
of the point audio source positions. For example, differ-
ential delays between a right ear signal and a left ear
signal (for HRTF processing) may reflect the actual po-
sition within the audio source object etc. Indeed, such an
approach has been found to provide improved spatial
perception in many scenarios and to in particular provide
a perception of a cohesive audio source object with spa-
tial extent.

[0146] In some embodiments, the distance dependent
delay that is used by the renderer to simulate the time
taken for the audio to propagate from the audio source
object to the listener may be controlled by additional
metadata linked to point audio source positions. The
metadata may indicate that the time of flight for all sourc-
es should be considered to be the same as e.g. that of
the nearest source to the listener or some other metric.
[0147] An extent of an audio source may be a spatial
extension of an audio source. An extent audio source
may be an audio source having a spatial extent. An extent
audio source may be a spatially extended audio source.
An audio source having an extent may be referred to as
an audio source having a spatial extension.

[0148] It will be appreciated that the above description
for clarity has described embodiments of the invention
with reference to different functional circuits, units and
processors. However, it will be apparent that any suitable
distribution of functionality between different functional
circuits, units or processors may be used without detract-
ing from the invention. For example, functionality illus-
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trated to be performed by separate processors or con-
trollers may be performed by the same processor or con-
trollers. Hence, references to specific functional units or
circuits are only to be seen as references to suitable
means for providing the described functionality rather
than indicative of a strict logical or physical structure or
organization.

[0149] The invention can be implemented in any suit-
able form including hardware, software, firmware or any
combination of these. The invention may optionally be
implemented atleast partly as computer software running
on one or more data processors and/or digital signal proc-
essors. The elements and components of an embodi-
ment of the invention may be physically, functionally and
logically implemented in any suitable way. Indeed, the
functionality may be implemented in a single unit, in a
plurality of units or as part of other functional units. As
such, the invention may be implemented in a single unit
or may be physically and functionally distributed between
different units, circuits and processors.

[0150] Although the present invention has been de-
scribed in connection with some embodiments, it is not
intended to be limited to the specific form set forth herein.
Rather, the scope of the present invention is limited only
by the accompanying claims. Additionally, although a
feature may appear to be described in connection with
particular embodiments, one skilled in the art would rec-
ognize that various features of the described embodi-
ments may be combined in accordance with the inven-
tion. In the claims, the term comprising does not exclude
the presence of other elements or steps.

[0151] Furthermore, although individually listed, a plu-
rality of means, elements, circuits or method steps may
be implemented by e.g. a single circuit, unit or processor.
Additionally, although individual features may be includ-
ed in different claims, these may possibly be advanta-
geously combined, and the inclusion in different claims
does not imply that a combination of features is not fea-
sible and/or advantageous. Also, the inclusion of a fea-
ture in one category of claims does not imply a limitation
to this category but rather indicates that the feature is
equally applicable to other claim categories as appropri-
ate. Furthermore, the order of features in the claims do
not imply any specific order in which the features must
be worked and in particular the order of individual steps
in a method claim does not imply that the steps must be
performed in this order. Rather, the steps may be per-
formed in any suitable order. In addition, singular refer-
ences do not exclude a plurality. Thus references to "a",
"an", "first", "second" etc. do not preclude a plurality. Ref-
erence signs in the claims are provided merely as a clar-
ifying example shall not be construed as limiting the
scope of the claims in any way.

Claims

1. An audio apparatus comprising:
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a receiver (201) arranged to receive an audio
signal and a geometric model for an audio
source object;

a position circuit (203) arranged to determine a
set of point audio source positions for the audio
source object in response to the geometric mod-
el, the point audio source positions being spa-
tially distributed within the audio source object;
a point audio signal generator (205) arranged to
generate at least one point audio source signal
for the point audio source positions from the au-
dio signal; and

a data generator (207) arranged to generate a
data representation of the audio source object
comprising the set of point audio source posi-
tions and the at least one point audio source
signal.

The audio apparatus of claim 1 wherein the position
circuit (203) is arranged to determine the point audio
source positions such that a distance from any po-
sition of the set of point audio source positions to a
surface of the audio source object does not exceed
a distance threshold.

The audio apparatus of any previous claim wherein
the position circuit (203) is arranged to determine a
set of intersect positions of a grid and to select the
set of point audio source positions from the intersect
positions.

The audio apparatus of any previous claim wherein
the position circuit (203) is arranged to determine
the set of point audio source positions to satisfy at
least one requirement of:

a requirement that a maximum distance be-
tween each position of the set of point audio
source positions and a nearest position of the
set of point audio source positions is less than
a first distance threshold;

arequirement thata minimum distance between
each position of the set of point audio source
positions and a nearest position of the set of
point audio source positions is more than a sec-
ond distance threshold;

arequirement that a number of points of the set
of point audio source positions does not exceed
a first number;

arequirement that a number of points of the set
of point audio source positions is not below a
second number; and

a requirement that a maximum distance from
any point of a surface of the audio source object
to anearest point of the set of point audio source
positions is less than a third distance threshold.

The audio apparatus of any previous claim wherein
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the point audio signal generator (205) is arranged to
determine at least one audio level for the set of point
audio source positions in response to an audio level
for audio source object and a number of positions in
the set of point audio source positions.

The audio apparatus of claim 5 wherein the point
audio signal generator (205) is arranged to deter-
mine the at least one audio level in response to po-
sitions in the set of point audio source positions.

The audio apparatus of any previous claim wherein
the data generator (209) is arranged to generate the
data representation to include a relative render pri-
ority for the set of point audio source positions.

The audio apparatus of any previous claim wherein
the data generator (209) is arranged to generate the
data representation to include directional sound
propagation data for at least one position of the set
of point audio source positions.

The audio apparatus of any previous claim wherein
the position circuit (203) is arranged to determine
the set of point audio source positions in response
to a two dimensional extent of the audio source ob-
ject when viewed from a given region relative to a
position of the audio source object.

The audio apparatus of any previous claim wherein
the position circuit (203) is arranged to determine a
number of dimensions for which the audio source
object has an extent exceeding a threshold, and to
generate the set of point audio source positions as
a structure having the number of dimensions.

The audio apparatus of any previous claim wherein
the data generator (207) is arranged to generate the
datarepresentationtoinclude anindication of a prop-
agation time parameter for the set of point audio
source positions.

The audio apparatus of any previous claim further
comprising a renderer (301) arranged to render the
audio source object by rendering the at least one
point audio source signal from the set of point audio
source positions.

The audio apparatus of any previous claim further
comprising an encoder (401) for generating an en-
coded bitstream comprising the data representation
of the audio source object.

An audio apparatus comprising:
a receiver for receiving an audio bitstream com-

prising a data representation of an audio source
object having a spatial extent, the data repre-
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sentation comprising:

a set of point audio source positions being
distributed within the audio source object,
and

at least one point audio source signal for
the point audio source positions; and

a renderer arranged to render the audio source
object by rendering the at least one point audio
source signal from the set of point audio source
positions.

15. A method of operation for an audio apparatus, the
method comprising

receiving an audio signal and a geometric model
for an audio source object;

determining a set of pointaudio source positions
for the audio source object in response to the
geometric model, the point audio source posi-
tions being spatially distributed within the audio
source object;

generating at least one pointaudio source signal
for the point audio source positions from the au-
dio signal; and

generating a data representation of the audio
source object comprising the set of point audio
source positions and the at least one point audio
source signal.

16. A method of operation for an audio apparatus, the
method comprising:

receiving an audio bitstream comprising a data
representation of an audio source object having
a spatial extent, the data representation com-
prising:

a set of point audio source positions being
distributed within the audio source object,
and

at least one point audio source signal for
the point audio source positions; and

rendering the audio source object by rendering
the at least one point audio source signal from
the set of point audio source positions.

17. A computer program product comprising computer
program code means adapted to perform all the
steps of claim 15 or 16 when said program is run on
a computer.

18. Anaudio bitstream comprising a data representation
of an audio source object having a spatial extent; the
data representation comprising
asetof pointaudio source positions being distributed
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within the audio source object; and at least one point
audio source signal for the point audio source posi-
tions from the audio signal.
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