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Spatial Audio Rendering Point Extension

BACKGROUND

Technical Field

The exemplary and non-limiting embodiments relate generally to audio objects and,
more particularly, to providing a spatial audio rendering point extension and
managing extension-driven audio object interactions.

Brief Description of Prior Developments

Free-viewpoint, in an audiovisual consumption, refers to a user being able to move in
the content consumption space. A non-free viewpoint virtual reality experience is
limited to changing the direction of the viewpoint (rotation), but free-viewpoint
rendering allows changing the point of rendering via moving (such as, translation for
example) as well as changing the direction of the viewpoint (rotation). Providing an
audio object in free-viewpoint rendering is known. For free-viewpoint rendering, the
geometric transformation, thus, includes 3D rotation and 2D translation or 3D
translation. Free-viewpoint audio allows for the user to move around in the audio (or
generally, audio-visual or mediated reality) space and experience it correctly
according to his/her location and orientation in the space. The spatial audio may
consist, for example, of a channel-based bed and audio objects. While moving in the
space, the user may come into contact with audio objects, he may distance himself
considerably from other objects, and new objects may also appear. Not only is the
listening/rendering point thus adapting to a user's movement, but the user may
interact with the audio objects, and the audio content may otherwise evolve due to
the changes in the rendering point.

SUMMARY

The following summary is merely intended to be exemplary. The summary is not
intended to limit the scope of the claims.

In accordance with one aspect, an example method comprises, determining, for a
user located at a location in a space that corresponds to a free-viewpoint rendering,
a spatial rendering point extension, where the spatial rendering point extension is
spaced away from the location in the free-viewpoint rendering, and while the user is



10

15

20

25

30

35

WO 2018/134475 PCT/F12018/050024

at the location, rendering to the user at least one audio object based upon the
determined spatial rendering point extension, where without the spatial rendering
point extension the at least one audio object is either: not able to be heard by the
user while the user is at the location, or is heard differently by the user while the user
is at the location, such that the rendering of the at least one audio object based upon
the determined spatial rendering point extension allows the user to hear the at least
one audio object while the user is at the location or allows the user to hear the at
least one audio object differently while the user is at the location.

In accordance with another aspect, an example apparatus comprises at least one
processor; and at least one non-transitory memory including computer program
code, the at least one memory and the computer program code configured to, with
the at least one processor, cause the apparatus to: determine, for a user located at a
location in a space that corresponds to a free-viewpoint rendering, a spatial
rendering point extension, where the spatial rendering point extension is spaced
away from the location in the free-viewpoint rendering; and while the user is at the
location, render to the user at least one audio object based upon the determined
spatial rendering point extension, where without the spatial rendering point extension
the at least one audio object is either: not able to be heard by the user while the user
is at the location, or is heard differently by the user while the user is at the location,
such that the rendering of the at least one audio object based upon the determined
spatial rendering point extension allows the user to hear the at least one audio object
while the user is at the location or allows the user to hear the at least one audio
object differently while the user is at the location.

In accordance with another aspect, an example apparatus comprises a non-
transitory program storage device readable by a machine, tangibly embodying a
program of instructions executable by the machine for performing operations, the
operations comprising: during a free-viewpoint rendering to a user, determining, for a
user located at a location in a space that corresponds to a free-viewpoint rendering,
a spatial rendering point extension, where the spatial rendering point extension is
spaced away from the location in the free-viewpoint rendering; and while the user is
at the location, rendering to the user at least one audio object based upon the
determined spatial rendering point extension, where without the spatial rendering
point extension the at least one audio object is either: not able to be heard by the
user while the user is at the location, or is heard differently by the user while the user
is at the location, such that the rendering of the at least one audio object based upon
the determined spatial rendering point extension allows the user to hear the at least
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one audio object while the user is at the location or allows the user to hear the at
least one audio object differently while the user is at the location.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and other features are explained in the following description,
taken in connection with the accompanying drawings, wherein:

Fig. 1 is a diagram illustrating a reality system comprising features of an example
embodiment;

Fig. 2 is a diagram illustrating some components of the system shown in Fig. 1;

Figs. 3a and 3b are example illustrations of a user rendering point and a spatial
rendering point extension;

Figs. 4a-4c are diagrams illustrating different spatial rendering areas based on a
spatial audio rendering point extension;

Fig. 5 illustrates an example embodiment of a area and shape control for a listener
position and an extended spatial rendering area corresponding to a spatial rendering
point extension;

Figs. 6a-6c¢ illustrate a spatial rendering extended position triggering an interaction
with an audio object;

Fig. 7 is a diagram illustrating a user interface for use with the spatial rendering point
extension;

Fig. 8 is a diagram illustrating some components of a spatial audio rendering point
extension system; and

Fig. 9 is a diagram illustrating an example method.

DETAILED DESCRIPTION OF EMBODIMENTS

Referring to Fig. 1, a diagram is shown illustrating a reality system 100 incorporating
features of an example embodiment. The reality system 100 may be used by a user
for augmented-reality (AR), virtual-reality (VR), or presence-captured (PC)
experiences and content consumption, for example, which incorporate free-viewpoint
audio. Although the features will be described with reference to the example
embodiments shown in the drawings, it should be understood that features can be
embodied in many alternate forms of embodiments.

The system 100 generally comprises a visual system 110, an audio system 120, a
relative location system 130 and a spatial audio rendering point extension system
140. The visual system 110 is configured to provide visual images to a user. For
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example, the visual system 12 may comprise a virtual reality (VR) headset, goggles
or glasses. The audio system 120 is configured to provide audio sound to the user,
such as by one or more speakers, a VR headset, or ear buds for example. The
relative location system 130 is configured to sense a location of the user, such as the
user’s head for example, and determine the location of the user in the realm of the
reality content consumption space. The movement in the reality content
consumption space may be based on actual user movement, user-controlled
movement, and/or some other externally-controlled movement or pre-determined
movement, or any combination of these. The user is able to move in the content
consumption space of the free-viewpoint. The relative location system 130 may be
able to change what the user sees and hears based upon the user’'s movement in
the real-world; that real-world movement changing what the user sees and hears in
the free-viewpoint rendering.

The movement of the user, interaction with audio objects and things seen and heard
by the user may be defined by predetermined parameters including an effective
distance parameter and a reversibility parameter. An effective distance parameter
may be a core parameter that defines the distance from which user interaction is
considered for the current audio object. In some embodiments, the effective
distance parameter may also be considered a modification adjustment parameter,
which may be applied to modification of interactions, as described in U.S. patent
application No. 15/293,607, filed October 14, 2016, which is hereby incorporated by
reference. A reversibility parameter may also be considered a core parameter, and
may define the reversibility of the interaction response. The reversibility parameter
may also be considered a modification adjustment parameter. Although particular
modes of audio-object interaction are described herein for ease of explanation,
brevity and simplicity, it should be understood that the methods described herein
may be applied to other types of audio-object interactions.

The user may be virtually located in the free-viewpoint content space, or in other
words, receive a rendering corresponding to a location in the free-viewpoint
rendering. Audio objects may be rendered to the user at this user location. The
area around a selected listening point may be defined based on user input, based on
use case or content specific settings, and/or based on particular implementations of
the audio rendering. Additionally, the area may in some embodiments be defined at
least partly based on an indirect user or system setting such as the overall output
level of the system (for example, some sounds may not be heard when the sound
pressure level at the output is reduced). In such instances the output level input to
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an application may result in particular sounds being not decoded because the sound
level associated with these audio objects may be considered imperceptible from the
listening point. In other instances, distant sounds with higher output levels (such as,
for example, an explosion or similar loud event) may be exempted from the
requirement (in other words, these sounds may be decoded). A process such as
dynamic range control may also affect the rendering, and therefore the area, if the
audio output level is considered in the area definition.

The spatial audio rendering point extension system 140 is configured to provide a
free-viewpoint audio rendering that includes a spatial audio rendering point extension
and manages extension-driven audio object interactions for a user in addition to the
rendering from the user location in the free-viewpoint content space. The spatial
rendering point extension allows a user to hear, from an extended spatial rendering
area corresponding to an extended spatial rendering point, at a higher level (or at all)
audio sources that the user otherwise would not hear as well (or at all). In other
words, the spatial rendering point extension allows a user to hear audio from
additional audio sources at a higher level or volume (or from a different direction)
than the user would otherwise hear, or allows a user to hear audio that the user
would otherwise not hear at all, while the user is at the location in the free-viewpoint
content space. The spatial rendering point extension defines at least one point and
an area around it for which a secondary spatial rendering is generated. In other
words, the extended spatial rendering point determined by the spatial rendering point
extension may correspond to any of the location of a specific audio object, a specific
area in the free-listening point audio space, or an area relative to either of these or
the user location itself. The user may therefore receive a rendering from the user
location and a secondary rendering from the spatial rendering point extension.

The spatial audio rendering point extension system 140 may provide increased
depth and breadth to audio spatial audio experiences (for example, a richer spatial
audio experience) by including in the secondary rendering audio objects of interest
that otherwise would not be heard (or which would not be heard properly or at a
lower level in an unenhanced spatial audio experience) due to distance or other
factors, such as masking objects for example. The spatial audio rendering point
extension system 140 may also provide richer spatial audio interactions (via proxy-
based interactions) by allowing the user to observe audio object interactions relating
to distant objects that would otherwise not be triggered and rendered.
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Referring also to Fig. 2, the reality system 100 generally comprises one or more
controllers 210, one or more inputs 220 and one or more outputs 230. The input(s)
220 may comprise, for example, location sensors of the relative location system 130
and the spatial audio rendering point extension system 140, rendering information for
a spatial audio rendering point extension from the spatial audio rendering point
extension system 140, reality information from another device, such as over the
Internet for example, or any other suitable device for inputting information into the
system 100. The output(s) 230 may comprise, for example, a display on a VR
headset of the visual system 110, speakers of the audio system 120, and a
communications output to communication information to another device. The
controller(s) 210 may comprise one or more processors 240 and one or more
memory 250 having software 260 (or machine-readable instructions).

Referring also to Figs. 3a and 3b, this presents an illustration of a user rendering
point 305 and an extended spatial rendering point 360 and a corresponding
extended spatial rendering area 370, which may be generated by the spatial audio
rendering point extension system 140. The spatial audio rendering point extension
system 140 may be implemented in free-viewpoint audio to allow a user to have
stable control of audio objects and area-based audio rendering while on the move in
the free viewpoint audio space. The spatial audio rendering point extension system
140 may determine at least one extended spatial rendering point 360, a spatial
rendering point in addition to the free-viewpoint audio rendered at the user position,
which may be relative to user position, relative to an audio object, relative to an
absolute position in the space, or be defined as an absolute position in the space.
The user may receive audio rendered in (or from) the extended spatial rendering
area 370, an area which corresponds to the extended spatial rendering point 360. In
some instances this may correspond to duplicating the user rendering point in a
different part of the space. The spatial audio rendering point extension system 140
may allow the user to receive audio rendered from multiple different points, including
the rendering point located at the user position and at least one extended spatial
rendering point 360. There may be multiple extended spatial rendering points 360
corresponding to a single user. The additional audio sources, selected based on the
extended spatial rendering area, may consist of audio objects that relate to a location
of a specific audio object, a specific area in the free-listening point audio space (or
free-viewpoint rendering), or an area relative to either of these or the user location
itself.
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Figure 3a illustrates a user (or user rendering point) 305 who is located in a free-
viewpoint audio space 300 and a set of audio objects (shown in Fig. 3 as audio
objects 310, 320, 330 and 340). By way of illustration, audio objects that would be
perceived (or heard, observed, felt, etc.) at a similar level of loudness from the
rendering point of the user 305 are denoted in a same manner of shading. For
example, all audio objects that would be perceived at the same level from a
reference distance, such as, for example, 1 meter, are grouped according to the
relative loudness level that would be observed from user position 305 (for example,
audio objects 310, 320, 330, 340, respectively). Thus, in this instance, the user at
user position 305 will hear better the audio objects that are close (audio objects 310),
and the user’'s ability to perceive each audio object will depend largely on the
distance between the listening point and the audio object (the playback level may be
reduced in the renderer based on the distance, and there may be masking effects
due to closer, louder objects). As the distance from the user position 305 increases,
the level of perceptibility associated with the audio objects decreases. Audio objects
320 that are at an intermediate distance may be perceived (heard, felt, etc.) at a
relatively lower loudness (or playback) level than closer objects 310. Audio objects
330 may be barely perceptible while audio objects 340 may not be perceived from
user position 305 (imperceptible, i.e., the relative loudness level is zero). For
example, the spatial audio rendering engine may not include audio objects 340 in its
output at all for rendering point 305. The user may be interested in audio object X’
(audio object 350). In Fig. 3a, the user is not able to properly hear this audio object
as audio object 350 is at a lower loudness level (similar to 340) than (properly)
observable from user position 305.

By utilizing the spatial audio rendering point extension system 140 to determine an
extended spatial rendering point 360, as illustrated in Fig. 3b, the user at user
position 305 may be able to hear the audio object ‘X’ which is situated at that
position in the audio space. The extended spatial rendering point 360 in this
instance is at the location of audio object X' (audio object 350) and the user may
receive audio rendered corresponding to that location 360, where the rendering
includes the audio object 350. Depending on the parameters of spatial audio
rendering point extension, the perceivability of close-by audio objects may also be
improved (for example, the close-by audio objects to audio object 350 may be within
the extended spatial rendering area 370).

The spatial audio rendering point extension system 140 defines a modification of the
spatial rendering for free-viewpoint audio in the audio space by determining an
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additional rendering point, the extended spatial rendering point 360, and a
corresponding extended spatial rendering area 370. An audio object within the
extended spatial rendering area 370 may be rendered for the user at user position
305 in terms of loudness according to how the audio object would be rendered if the
actual rendering point for the user was at the location of the extended spatial
rendering point 360. The size of the rendering area may in some instances be the
same as for the user rendering area. In other instances, the size and shape of the
rendering area defined by the spatial audio rendering point extension system 140
may differ from that of the area around the user position. In some embodiments the
audio object’s directional rendering may be determined according to the direction of
arrival between the audio object 350 and the actual (or real) user location 305. The
rendering of the direction within the extended spatial rendering area 370 may be
modified in some spatial renderers. The directional parameters that may be selected
for rendering the audio by the spatial audio rendering point extension system 140
may be selected based on particular use case requirements. The falloff in sound
may be determined by separate falloff parameters for both the user rendering area
and the extended spatial rendering area 370.

According to one embodiment, the extended spatial rendering associated with the
extended spatial rendering point 360 may be altered or stopped based on a change
of predetermined magnitude in the user location. For example, in instances in which
the user 305 moves (for example, “jumps” to a different location in the free-viewpoint
audio space 300), spatial audio rendering point extension system 140 may stop
rendering the audio associated with the extended spatial rendering point 360. In
other words, the location of the user (or user rendering point) 305 may affect the
additional audio rendering from the extended spatial rendering point 360 and the
spatial audio rendering point extension system 140. For example, the extended
spatial rendering point location may be defined relative to the user rendering location
and thus “copy” the movement of the user.

A minimum set of properties or characteristics of an audio object relating to how the
object is rendered may be the audio track and the object’s location in the “rendered”
space. In one example a size property would also be used. This could be used for
indicating how many speakers in a speaker setup would be rendering the audio
object based on its current location for example. For example, an audio object
corresponding to a helicopter may be mixed to hover at a certain distance over the
user and then fly away to user's front right. In practice, the audio track
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corresponding to the helicopter may accordingly be panned through the most
appropriate speakers (or whatever is the user’s setup) during the rendering.

The audio track of an audio object may be a monophonic track, a stereo track, or a
multi-channel track. Furthermore, the audio track may include additional metadata
for spatial reproduction. Some form of spatial track is preferred for high-quality
rendering. However, a mono audio track may also be utilized. In more advanced
embodiments, there may be additional properties. Such additionally properties may
include, for example, direction and directiveness of an audio source.

Features as described herein may be used for a new spatial audio rendering point
extension for improved user experience of free-viewpoint audio. Features may be
used, for example, with augmented-reality (AR), virtual-reality (VR), and presence-
captured (PC) experiences and content consumption. In particular, the features may
be used with spatial audio, such as object-based audio, and user interactions and
user interfaces.

With free-viewpoint in audiovisual consumption a user may move, for example,
continuously or in discreet steps in an area around the point corresponding to
capture (such as the position of a NOKIA OZO device) or, for example, between at
least two such capture points. The user may perceive the audiovisual scene in a
natural way at each direction at each location in the allowed area of movement.
When at least some part of the experience is simulated, such as by means of
computer-generated additional effects or modifications of the captured audiovisual
information for example, such experiences may be referred to using an umbrella
term “mediated reality experience”. The content may be captured (thus
corresponding to perceived reality), computer-generated, or combination of the two.
It may be pre-recorded or pre-generated or, for example, live footage. The captured
content and data may include, for example, spatial audio and video, point clouds,
and geo-location data which may be obtained by means of radio-frequency (RF)
tracking for example. RF tracking may be based on HAIP technology (high-accuracy
indoor positioning) for example. An audio object may be captured or generated.

Referring also to Figs. 4a to 4c, alternatives of how a spatial rendering point
extension may define the spatial rendering area (for example, an area/areas of
perceptibility for the user) are shown according to particular embodiments. Fig. 4a
presents an instance in which the area covered by the user position 305 (the user
rendering area) and the extended spatial rendering area 370 form a combined audio
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perceptibility area 410. The area around the user 305 is connected to the extended
spatial rendering area 370 around the at least one extended spatial rendering point
360, and all the content in between may also be covered by the modification in this
instance. Fig. 4b illustrates an adaptive audio perceptibility area 420, a flexible
arrangement that may adapt to the distance between the at least two locations. In
some embodiments, parameters on how the adaptive audio perceptibility area 420 is
determined out may be sent as metadata to the spatial rendering engine (e.g., from a
device associated with the user, an administrator for the VR system, etc.). The
parameters may, for example, define a narrower area for intermediate distances
between the user position 305 and the extended spatial rendering point 360. These
parameters may be sent out as metadata and allow a flexible arrangement that may
adapt to the distance between the at least two locations. For example, when the
distance between the at least two locations becomes smaller, the shape of the
adaptive audio perceptibility area 420 may begin to resemble the shape of the
combined audio perceptibility area 410. On the other hand, when the distance
between the at least two locations grows larger, the shape of the adaptive audio
perceptibility area 420 may change such that the narrow area becomes ever
narrower and ultimately goes away leaving only independent areas around the at
least two locations as seen, for example, in Fig. 4c. Fig. 4c illustrates an instance in
which the at least two areas (the actual user rendering area 440 around the user
position 305 and the extended spatial rendering area 370 around the extended
spatial rendering point 360) are independent 430.

Referring also to Fig. 5, an area and shape control 500 for a listener position 510
and the extended spatial rendering area 370 corresponding to (or covered by) a
spatial rendering extension position 520 (for example, corresponding to an extended
spatial rendering point 360) are illustrated. The extended spatial rendering area 370
may be subject to gain and focus control in multiple dimensions (for example,
dimensions 530, 540, and 550, which may correspond to a Cartesian mapping in
three dimensions). A similar gain or focus control may be implemented also for the
listener position 510 (for example, the actual rendering position which may
correspond to user location 305 and may include the actual user rendering area
440). The area size and shape may be controlled in three dimensions. The control
may be automatic, and the shape or size may change over time based on criteria
provided by/for the user. The extended spatial rendering area 370 may also be
defined in terms of relative loudness levels and distance in particular dimensions
(e.g., the relative loudness level may be determined to decrease based on
parameters associated with a particular dimension and distance). Other controls
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may be exerted for the extended spatial rendering area 370, such as a rotation
control for rotation of the extended spatial rendering area. In embodiments in which
the rendering extension includes a form of adaptation of the rendering direction (of
the extended rendering), the direction remains relative to the user rendering position.
When no direction adaptation is implemented, the rotation control may still allow for
focusing to certain parts of the audio space, etc. In addition, parameters such as a
falloff parameter may be applied to define the changes in the extended spatial
rendering area.

According to an embodiment, the extended spatial rendering point 360 may define a
spatial audio rendering via a proxy. The proxy may be located at a proxy rendering
point in space that corresponds to the the free-viewpoint rendering. The proxy
rendering point may include an extended spatial rendering point 360 that includes
additional properties of performing as a proxy for the user. The proxy rendering
point is located at a different location to the user location 305. In other words, the
proxy rendering point may be a particular instance of the extended spatial rendering
point 360 that has additional properties of proxy-based interaction. The proxy may
determine audio object interaction in a similar manner as described in U.S. patent
application No. 15/293,607, filed October 14, 2016, which is hereby incorporated by
reference. In this instance, an audio object interaction may be triggered based on a
detection of a locational conflict abnormality. In other words, when a rendering point
is considered to begin overlapping with an “interaction boundary” of an audio object,
the audio object may respond by a modification that may relate to at least one of
several parameters or playback characteristics of the audio object. A user coming in
contact with an audio object may thus affect the way the audio object is rendered. In
contrast, in the instance of the proxy rendering point determined by the spatial audio
rendering point extension system 140, the audio object may respond to an
interaction by a proxy based on parameters associated with the proxy rendering
point. The response may modify the audio object rendering in a manner that is
different than in the case of a real, direct interaction.

Referring also to Fig. 6a, an instance in which a user is listening to a free-viewpoint
audio experience in a virtual (or augmented) environment 600 that includes multiple
audio objects at different locations with respect to the user position 650 is illustrated.
In this particular instance the user may navigate along a river using an application
and listen to audio objects that represent various sounds of nature. The audio scene
may be rich (e.g., tens, hundreds, or thousands of audio objects), but for purposes of
simplification four audio objects (610, 620, 630 and 640) are shown in virtual
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environment 600. From his current position 650 in the audio space, as seen in Fig.
6a, the user may easily perceive audio objects A (610) and B (620). However, the
user may be unable to hear audio objects C (630) and D (640), which are out of the
range of perceptibility (for example, too far away) of the current user position 650
(audio object C 630) and largely blocked by the woods (audio object D 640),
respectively.

In Fig. 6b the user is using the extended spatial rendering point 360 and an extended
spatial rendering point 660 as a proxy implemented at a location away from the user
position 650 in the virtual or augmented environment 600. The extended area 370
around the extended spatial rendering point 360, determined by the spatial audio
rendering point extension system 140, may follow the user 650 on the opposite side
of the river, allowing the user 650 to better hear the audio from that side. For
example, the user 650 may be short of time, and this approach may allow the user
650 to experience as much as possible in a shorter time. The user can now hear the
audio object C even though the actual user location in the free-viewpoint rendering is
at 650. In other embodiments, the spatial audio rendering point extension based on
the extended spatial rendering point 360 may allow the user to determine dangers in
the virtual environment or conduct surveillance in the extended spatial rendering
area 370 that is based around the extended spatial rendering point 360.

Fig. 6c illustrates a later moment in which the user’s new proxy rendering (listening)
point 660 triggers an interaction with audio object D 640, causing audio object D to
change states (interactive state 680). The audio object in the interactive state 680
may manifest behavior corresponding to the user (or alternatively, the proxy 660)
entering the interactive area 670. For example, there may a herd of deer on the
other side of the river. An interaction with the audio object D may trigger the herd to
run away (for example, audio object D may be associated with or represent the
herd). Thus, even though the user is at the location 650, the spatial audio rendering
extension 360 and the related audio object interaction (the proxy 660 entering
interactive area 670 and triggering interactive state 680) enable a richer free-
viewpoint audio experience for the user based on providing an additional rendering
point which the user may control and interaction between the proxy located at the
proxy rendering point 660 determined by the extended spatial rendering point 360
and audio objects in the virtual environment.

In some instances, the spatial audio rendering point extension may allow interaction
detection and audio object rendering modification via the proxy 660. U.S. patent
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application No. 15/293,607 further defines a set of parameters that change the
rendering of the audio object based on an audio object interaction and that
themselves are modified according to the characteristics of the audio object
interaction. Multiple different approaches using these parameters may be applied to
determine rendering associated with the proxy 660 (including for the audio object
640 that the proxy 660 interacts with) at the proxy rendering point by the spatial
audio rendering point extension.

According to an embodiment, a non-interactive approach (or response) to the
positioning of the proxy 660 within a predetermined proximity of the audio object 640
would not cause an interaction-based modification. The audio object D 640 may not
change states to the state denoted by audio object D 680, as shown in Fig. 6¢. The
scenario of Fig. 6¢ would not happen and instead, audio object D 640 would simply
become perceivable due to the spatial audio rendering extension 360. This
approach may limit the depth of experiences in the augmented or virtual environment
and restrict or eliminate interactions such as shown by Fig. 6¢c. This approach may
be controlled by an additional parameter. In some instances, proxy-based audio-
object interaction may not correspond with what the user sees in a VR application. If
what is happening is not visible to the user, the administrators may determine to
allow more proxy-based interaction. If what is happening is visible to the user, the
administrators may determine to limit the types of proxy-based interactions that are
allowed or preclude the proxy-based interactions altogether.

According to another embodiment, the proxy-based interaction may be determined in
a manner that is equivalent to an actual interaction. However, many interaction-
based modifications may make sense (for example, are consistent with the rules or
logic of the augmented or virtual environment) only when rendering a truly close-by
object. This approach of rendering in a similar manner to a user interaction with an
audio object may be disallowed in application to proxy-based interactions to avoid
issues with the logic of the rendering in the augmented or virtual environment.

Another embodiment may include a mixture of two approaches in which
predetermined types of interaction-based modifications are performed for all proxy-
based interactions and other proxy-based interactions are avoided (for example, the
non-interactive approach). The mixed response may be determined based on a
mixture of the non-interactive response and an actual user interaction. In further
embodiments, a combination of the different approaches may be used based on
factors associated with the audio objects, user selection, etc. The scenarios
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(including variables) provided may be backward compatible to allow a renderer that
does not read and understand particular secondary parameters to remain compatible
with the scenarios that are provided that use the particular secondary parameters to
determine rendering for proxy-based interaction.

The secondary parameters may be applied to improve the predictability and quality
of rendering over the backwards-compatible options discussed above. For example,
a secondary parameter set may be used for the proxy-based interactions. These
proxy-based interactions may be rendered based on secondary parameters that
define/control the proxy-based interactions in the augmented or virtual environment.
In this embodiment, in the absence of the secondary parameter, any default renderer
action may be permitted. Further, in some instances, the effective distance and
reversibility parameters may be different for the main parameters used for the user-
based interaction, and may be modified by the renderer based on the extended
spatial rendering area 370. Therefore, changes in the area shape, such as shown in
Figs 4a to 4c, may be taken into account. This approach to differentiating between
proxy-based interaction and user-based interaction with an audio object may
increase the relevance (and importance) of the direction from which the proxy-based
interaction happens. For example, the proxy-based interaction in Fig. 4c may be
triggered when the audio object is between the at least two rendering areas or on the
far side of the at least one extended spatial rendering area 370 (away from the
direction of the user position 305).

The audio objects included into the at least one secondary spatial rendering are
mixed at their respective playback level (amplification) to the spatial rendering of the
user’'s actual location in the scene. In some embodiments, the spatial direction of
the audio objects may be based on the actual direction, but this parameter may also
be modified at least for one of the additional audio objects.

According to an embodiment, the extended spatial rendering point determined by the
spatial rendering extension 360 may be determined to be in a permanent state of
proxy-based interaction. For example, if a particular audio object (such as in Fig. 3
or alternatively a point relative to an audio object) is selected as the location (or
point) of the extended spatial rendering point 360, the audio object may be
automatically and permanently determined to be in a state of proxy-based
interaction.  An additional parameter may be applied to control whether this
interaction is allowed to occur in the augmented environment. In some instances the
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user, or the content creator, may select to allow or deny this interaction based on
whether the action is a desired interaction.

Referring now to Fig. 7, a user interface 700 for use with the spatial rendering point
extension is shown. If a user is relocated (for example, “jumps”) to a completely new
location (for example, to a location in which a current relationship between the user
location and the extended spatial rendering point determined by the extended spatial
rendering point 360 is significantly altered) via control inputs 730 provided to the user
interface 300, the extended spatial rendering point 360 may or may not continue to
be applied based on predetermined settings for the augmented or virtual
environment 600. The response to the change in user location to a completely new
location may be implemented in various ways depending on the use case, the
renderer and the application.

In some embodiments, the user may have a user interface 700 that includes controls
730 to mute either the actual location rendering 710 or the proxy rendering location
720 corresponding to the extended spatial rendering area. In further embodiments,
the user interface may allow the user to switch the actual location between the at
least two locations. In this instance the proxy based interactions may be switched to
correspond to the former actual location 710 of the user and the direct interactions
may be switched to correspond to the former proxy rendering point 720 (as
illustrated on user interface 700).

In Fig. 8, a block diagram of some features of an example embodiment of a reality
system with a spatial rendering extension 800 is shown. ‘Rendering position
tracking’ 810 refers to tracking of the user position or viewpoint. ‘Extended spatial
position tracking’ 820 refers to tracking of the at least one extended spatial rendering
point. These may be combined with the headtracking 830 functionality.
Conventional tracking system(s) may be used for the tracking 810, 820, and 830.
Interaction detection 840 defines when audio object rendering should be modified.
In some embodiments, the rendering position tracking 810, extended spatial position
tracking 820 and headtracking 830 may be implemented based on a combination of
software and hardware with some functionality performed by software (for example,
extended spatial position tracking 820). In addition, the audio object spatial
modification engine 850 may define the extent to which modification should be
performed based on the user position or extended spatial rendering point (which may
in some instances comprise a proxy rendering point).
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Audio object spatial modification engine 850 may include an enhanced spatial
renderer, or a modifier block prior to a spatial renderer 860, which may modify the
audio object or audio objects according to a detected user interaction and/or
extended spatial rendering point interaction with the audio object or audio objects. In
some embodiments, the modification based on interaction with the extended spatial
rendering point may be determined based on a proxy and a secondary set of
parameters may be applied to determine the rendering. Interaction may be detected
based on the position of the rendering, the position of the extended spatial rendering
point, the location of the audio object, the secondary parameter set and an umbrella
parameter referred to as an ‘Effective distance’ parameter.

The system 800 may provide free view spatial rendering in which hearing resolution
is expanded in such a way that the spatial audio user experience becomes richer
(more detailed, interactive) in terms of simultaneous perceivable content of an audio
scene where sounds which are normally inaudible (due to distance or masked by
other objects) are perceived.

The system 800 may provide richer spatial audio experiences by including in the
rendering audio objects of interest that otherwise would not be heard properly due to
distance or, for example, masking objects. The system 800 may provide richer
spatial audio interactions by allowing user to observe audio object interactions
relating to distant objects that would otherwise not be triggered and rendered.

The system 800 may provide control of the extent of spatial audio rendering. The
system 800 may also provide tools for free-viewpoint audio content creator to
incorporate the extended spatial rendering point and, in some instances, proxy
interactions. Aspects of the spatial audio rendering point extension system 140 (for
example, including spatial rendering extension 800) may be implemented in
encoding and transport, including metadata used to communicate information, such
as content creator settings, preferences for individual audio objects and audio space
to the spatial renderer 860.

Fig. 9 presents an example of a process of implementing the spatial rendering point
extension.

At block 910, for a user located at a location in a free-viewpoint content space, a
spatial rendering point extension (SRPE) based on an extended spatial rendering
point 360, where the extended spatial rendering point 360 is spaced away from the
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location in the free-viewpoint content space (or the location of the user in it). The
spatial rendering point extension may cover an extended spatial rendering area 370
that includes (or is based on/around) the extended spatial rendering point 360.

At block 920, while the user is at the location, the process includes rendering to the
user at least one audio object based upon the determined spatial rendering point
extension. Without the spatial rendering point extension the at least one audio
object is either not able to be heard by the user while the user is at the location, or is
heard differently by the user while the user is at the location.

At block 930, the rendering of the at least one audio object based upon the
determined spatial rendering point extension may allow the user to hear the at least
one audio object while the user is at the location or allow the user to hear the at least
one audio object differently while the user is at the location.

In some instances, the spatial rendering point extension may be provided via a
proxy. The proxy may be a particular instance of the extended spatial rendering
point 360, which performs proxy-based interactions with audio objects in the free-
viewpoint rendering. The rendering of the at least one audio object based on the
proxy may be based on a secondary parameter set. The secondary parameter set
may also define proxy-based interaction between the proxy, which is located away
from the user location, and the at least one audio object, which may be
unperceivable from the user location.

The rendering of the at least one audio object may include determining that the proxy
rendering point and the at least one audio object are within an interactive area, and
determining a proxy-based interaction between the proxy rendering point and the at
least one audio object.

The rendering of the at least one audio object may further include determining a
rendering modification based on the proxy-based interaction.

In accordance with an example, a method may include determining, for a user
located at a location corresponding to a free-viewpoint rendering, a spatial rendering
point extension, where the spatial rendering point extension is spaced away from the
location in the free-viewpoint rendering. While the user is at the location, the method
may include rendering to the user at least one audio object based upon the spatial
rendering point extension, where without the spatial rendering point extension, the at
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least one audio object is either not able to be heard by the user while the user is at
the location, or is heard differently by the user while the user is at the location. The
rendering of the at least one audio object based upon the spatial rendering point
extension allows the user to hear the at least one audio object while the user is at
the location or allows the user to hear the at least one audio object differently while
the user is at the location.

In accordance with another example, an example apparatus may comprise at least
one processor; and at least one non-transitory memory including computer program
code, the at least one memory and the computer program code configured to, with
the at least one processor, cause the apparatus to: determine, for a user located at a
location corresponding to a free-viewpoint rendering, a spatial rendering point
extension, where the spatial rendering point extension is spaced away from the
location in the free-viewpoint rendering; and while the user is at the location,
rendering to the user at least one audio object based upon the determined spatial
rendering point extension. Without the spatial rendering point extension the at least
one audio object is either: not able to be heard by the user while the user is at the
location, or is heard differently by the user while the user is at the location. The
rendering of the at least one audio object based upon the determined spatial
rendering point extension allows the user to hear the at least one audio object while
the user is at the location or allows the user to hear the at least one audio object
differently while the user is at the location.

The spatial rendering point extension may determine at least one secondary spatial
rendering, and mix audio objects in the at least one secondary spatial rendering at a
respective playback level for each of the audio objects to a spatial rendering for the
user located at a location corresponding to a free-viewpoint content space (for
example, to the user’s actual location in the scene).

In accordance with another example, an example apparatus may comprise a non-
transitory program storage device readable by a machine, tangibly embodying a
program of instructions executable by the machine for performing operations, the
operations comprising: determining, for a user located at a location in a free-
viewpoint content space, a spatial rendering point extension based on an extended
spatial rendering point, where the extended spatial rendering point is spaced away
from the location in the free-viewpoint rendering. While the user is at the location,
the operations may further comprise rendering to the user at least one audio object
based upon the determined spatial rendering point extension. Without the spatial
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rendering point extension the at least one audio object is either not able to be heard
by the user while the user is at the location, or is heard differently by the user while
the user is at the location.

In accordance with another example, an example apparatus comprises: means for
determining, for a user located at a location in a free-viewpoint content space, a
spatial rendering point extension based on an extended spatial rendering point,
where the extended spatial rendering point is spaced away from the location in the
free-viewpoint content space. While the user is at the location, the means may
further render to the user at least one audio object based upon the determined
spatial rendering point extension. Without the spatial rendering point extension the
at least one audio object is either not able to be heard by the user while the user is at
the location, or is heard differently by the user while the user is at the location.

Any combination of one or more computer readable medium(s) may be utilized as
the memory. The computer readable medium may be a computer readable signal
medium or a non-transitory computer readable storage medium. A non-transitory
computer readable storage medium does not include propagating signals and may
be, for example, but not limited to, an electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system, apparatus, or device, or any suitable combination
of the foregoing. More specific examples (a non-exhaustive list) of the computer
readable storage medium would include the following: an electrical connection
having one or more wires, a portable computer diskette, a hard disk, a random
access memory (RAM), a read-only memory (ROM), an erasable programmable
read-only memory (EPROM or Flash memory), an optical fiber, a portable compact
disc read-only memory (CD-ROM), an optical storage device, a magnetic storage
device, or any suitable combination of the foregoing.

It should be understood that the foregoing description is only illustrative. Various
alternatives and modifications can be devised by those skilled in the art. For
example, features recited in the various dependent claims could be combined with
each other in any suitable combination(s). In addition, features from different
embodiments described above could be selectively combined into a new
embodiment.  Accordingly, the description is intended to embrace all such
alternatives, modifications and variances which fall within the scope of the appended
claims.
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CLAIMS

1. A method comprising:

determining, for a user located at a location corresponding to a free-viewpoint
rendering, a spatial rendering point extension, where the spatial rendering
point extension is spaced away from the location in the free-viewpoint
rendering; and
while the user is at the location, rendering to the user at least one audio object
based upon the spatial rendering point extension,
where without the spatial rendering point extension, the at least one audio
object is either:

not able to be heard by the user while the user is at the location, or

is heard differently by the user while the user is at the location,
such that the rendering of the at least one audio object based upon the spatial
rendering point extension allows the user to hear the at least one audio object
while the user is at the location or allows the user to hear the at least one
audio object differently while the user is at the location.

2. The method of claim 1, wherein the spatial rendering point extension is
based on a proxy rendering point, further comprising:

determining that the proxy rendering point and the at least one audio object

are within an interactive area;

determining a proxy-based interaction between the proxy rendering point and

the at least one audio object; and

determining a rendering modification based on the proxy-based interaction.

3. The method of claim 2, wherein determining the proxy-based interaction
between the proxy rendering point and the at least one audio object further
comprises:

determining an audio object rendering modification based on an interaction
detection associated with the proxy to include one of a non-interactive response, an
interaction based on an actual user interaction, and a mixed response based on non-
interactive response and an actual user interaction.

4. The method of any of claim 2 or 3, further comprising:
providing an interface to switch an actual location of the user between the
proxy rendering point and the location of the user, wherein proxy-based interactions
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are switched to correspond to the former location of the user and direct interactions
are switched to correspond to the former proxy rendering point.

5. A method according to any of claims 1 to 4, wherein the method is one of
controlled based on user input and automatically controlled.

6. The method of any of claims 1 to 5, where determining the spatial rendering
point extension further comprises;

determining the spatial rendering point extension relative to a user position,
relative to the at least one audio object, relative to an absolute position in the free-
viewpoint rendering or as an absolute position in the free-viewpoint rendering.

7. The method of any of claims 1 to 6, wherein the spatial rendering point
extension corresponds to an extended spatial rendering area that includes one or
more of an audio object related to a location of a specific audio object, a specific
area in the free-viewpoint rendering, an area relative to the location of the specific
audio object, an area relative to the specific area in the free-viewpoint rendering, and
an area relative to the location of the user.

8. The method of any of claims 1 to 7, wherein the spatial rendering point
extension includes an extended spatial rendering area corresponding to an extended
spatial rendering point and rendering the at least one audio object comprises:

rendering a direction within the extended spatial rendering area based on use
case requirements.

9. The method of any of claims 1 to 7, wherein the spatial rendering point
extension is corresponds to an extended spatial rendering area, further comprising:

defining the extended spatial rendering area to include one of a combined
audio perceptibility area that includes an area covered by an area covered by the
location of the user, an adaptive audio perceptibility area that includes the extended
spatial rendering area and the area covered by the location of the user and an
independent area from the area covered by the location of the user.

10. The method of any of claims 1 to 7, further comprising:
determining area and shape control for an extended spatial rendering area
corresponding to the spatial rendering point extension in three dimensions.
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11. The method of any of claims 1 to 7, wherein the spatial rendering point
extension corresponds to an extended spatial rendering area that includes one or
more of an audio object related to a location of a specific audio object, a specific
area in the free-viewpoint rendering, an area relative to the location of the specific
audio object, an area relative to the specific area in the free-viewpoint rendering, and
an area relative to the location of the user.

12. The method of any of claims 1 to 11, further comprising:

muting rendering of at least one of the at least one audio object based upon
the spatial rendering point extension and rendering of the audio based upon the
location of the user.

13. The method of any of claims 1 to 12, where rendering to the user the at
least one audio object based upon the spatial rendering point extension further
comprises:

determining at least one secondary spatial rendering based on the spatial
rendering point extension; and

mixing the at least one audio object in the at least one secondary spatial
rendering at a respective playback level for each of the at least one audio object to a
spatial rendering for the user located at a location corresponding to a free-viewpoint
rendering.

14. An apparatus comprising:

at least one processor; and

at least one non-transitory memory including computer program code, the at
least one memory and the computer program code configured to, with the at
least one processor, cause the apparatus to:

determine, for a user located at a location corresponding to a free-viewpoint
rendering, a spatial rendering point extension, where the spatial rendering
point extension is spaced away from the location in the free-viewpoint
rendering; and

while the user is at the location, rendering to the user at least one audio object
based upon the determined spatial rendering point extension,

where without the spatial rendering point extension the at least one audio
object is either:

not able to be heard by the user while the user is at the location, or

is heard differently by the user while the user is at the location,
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such that the rendering of the at least one audio object based upon the
determined spatial rendering point extension allows the user to hear the at
least one audio object while the user is at the location or allows the user to
hear the at least one audio object differently while the user is at the location.

15. The apparatus as in claim 14, wherein the spatial rendering point
extension is based on a proxy rendering point, the at least one memory and the
computer program code are configured to, with the at least one processor, cause the
apparatus to:

determine that the proxy rendering point and the at least one audio object are

within an interactive area;

determine a proxy-based interaction between the proxy rendering point and

the at least one audio object; and

determine a rendering modification based on the proxy-based interaction.

16. The apparatus as in any of claim 14 or 15, wherein when determining the
proxy-based interaction between the proxy rendering point and the at least one audio
object, the at least one memory and the computer program code are configured to,
with the at least one processor, cause the apparatus to:

determine an audio object rendering modification based on an interaction
detection associated with the proxy to include one of a non-interactive response, an
interaction based on an actual user interaction, and a mixed response based on non-
interactive response and an actual user interaction.

17. The apparatus as in any of claims 14 to 16, wherein when rendering the
spatial rendering point extension, the at least one memory and the computer
program code are configured to, with the at least one processor, cause the
apparatus to:

determine the spatial rendering point extension relative to a user position,
relative to the at least one audio object, relative to an absolute position in the free-
viewpoint rendering or as an absolute position in the free-viewpoint rendering.

18. The apparatus as in any of claims 14 to 16, wherein the spatial rendering
point extension includes an extended spatial rendering area corresponding to the
extended spatial rendering point and when rendering the spatial rendering point
extension, the at least one memory and the computer program code are configured
to, with the at least one processor, cause the apparatus to:
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render a direction within the extended spatial rendering area based on use
case requirements.

19. The apparatus as in any of claims 14 to 16, wherein the spatial rendering
point extension corresponds to an extended spatial rendering area, the at least one
memory and the computer program code are configured to, with the at least one
processor, cause the apparatus to:

define the extended spatial rendering area to include one of a combined audio
perceptibility area that includes an area covered by an area covered by the location
of the user, an adaptive audio perceptibility area that includes the extended spatial
rendering area and the area covered by the location of the user and an independent
area from the area covered by the location of the user.

20. The apparatus as in any of claims 14 to 16, wherein the spatial rendering
point extension corresponds to an extended spatial rendering area that includes one
or more of an audio object related to a location of a specific audio object, a specific
area in the free-viewpoint rendering, an area relative to the location of the specific
audio object, an area relative to the specific area in the free-viewpoint rendering, and
an area relative to the location of the user.

21. A non-transitory program storage device readable by a machine, tangibly
embodying a program of instructions executable by the machine for performing
operations, the operations comprising:

determining, for a user located at a location corresponding to a free-viewpoint

rendering, a spatial rendering point extension, where the spatial rendering

point extension is spaced away from the location in the free-viewpoint
rendering; and

while the user is at the location, rendering to the user at least one audio object

based upon the determined spatial rendering point extension,

where without the spatial rendering point extension the at least one audio

object is either:

not able to be heard by the user while the user is at the location, or

is heard differently by the user while the user is at the location,
such that the rendering of the at least one audio object based upon the determined
spatial rendering point extension allows the user to hear the at least one audio object
while the user is at the location or allows the user to hear the at least one audio
object differently while the user is at the location.
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