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(54) AN APPARATUS AND ASSOCIATED METHODS FOR AUDIO PRESENTED AS SPATIAL AUDIO

(57) An apparatus which, based on spatial audio con-
tent comprising at least one audio track comprising audio
for audible presentation as spatial audio perceived to
originate from a first audio-object location in a virtual
space relative to a user location, and based on the dis-
tance between the user location and the first audio-object
location having decreased to less than a predeter-
mined-bubble-distance; is configured to change the au-

dible presentation of the first audio track to the user from
spatial audio to monophonic/stereophonic audio for au-
dio mixing of said first audio track, and wherein said pres-
entation as monophonic/stereophonic audio is main-
tained irrespective of relative movement causing the dis-
tance between the user location and the first audio-object
location to increase beyond the predetermined-bub-
ble-distance.
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Description

Technical Field

[0001] The present disclosure relates to the field of
spatial audio and, in particular, to the field of providing
for audio mixing of spatial audio in a virtual space, asso-
ciated methods, computer programs and apparatus.

Background

[0002] The augmentation of real-world environments
with graphics and audio is becoming common, with aug-
mented/virtual reality content creators providing more
and more content for augmentation of the real-world as
well as for virtual environments. The presentation of au-
dio as spatial audio, which is such that that the audio is
perceived to originate from a particular location in space,
is useful for creating realistic augmented reality environ-
ments and virtual reality environments. The effective and
efficient control of the presentation of spatial audio may
be challenging.
[0003] The listing or discussion of a prior-published
document or any background in this specification should
not necessarily be taken as an acknowledgement that
the document or background is part of the state of the
art or is common general knowledge. One or more as-
pects/examples of the present disclosure may or may
not address one or more of the background issues.

Summary

[0004] In a first example aspect there is provided an
apparatus comprising:

at least one processor; and
at least one 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 perform at least the following:

based on spatial audio content comprising at
least one audio track comprising audio for audi-
ble presented to a user as spatial audio such
that the audio is perceived to originate from a
first audio-object location in a virtual space rel-
ative to a user location of the user in the virtual
space, and based on the distance between the
user location and the first audio-object location
having decreased to less than a predetermined-
bubble-distance;
provide for a change in the audible presentation
of the first audio track to the user from presen-
tation as spatial audio to presentation as at least
one of monophonic and stereophonic audio for
audio mixing of said first audio track, and where-
in said presentation of said first audio track as

at least one of monophonic and stereophonic
audio is maintained irrespective of relative
movement between the user location and the
first audio-object location in the virtual space
causing the distance between the user location
and the first audio-object location to increase
beyond the predetermined-bubble-distance.

[0005] In one or more examples, based on the relative
movement between the user location and the first audio-
object location in the virtual space causing the distance
between the user location and the first audio-object lo-
cation to increase beyond a predetermined-stretched-
bubble-distance which is greater than the predeter-
mined-bubble-distance;

provide for a change in the audible presentation of
the first audio track to the user from presentation as
at least one of monophonic and stereophonic audio
to presentation as spatial audio such that the audio
of the first audio track is perceived from a direction
based on the first audio-object location relative to
the user location.

[0006] Accordingly, in one or more examples, relative
movement between the audio-object location and the us-
er location while the distance remains below the prede-
termined-stretched-bubble-distance does not affect the
audible presentation of the first audio track in terms of
one or more of the direction from which the audio of the
first audio track is heard, the volume of the audio of the
first audio track, application of a Room Impulse Re-
sponse function to the first audio track, and the degree
to which the audio of the first audio track is presented to
left and right channels of an audio presentation device
configured to provide the audio presented on the chan-
nels to left and right ears of the user.
[0007] In one or more examples, one or both of:

i) user initiated movement of their user location in
the virtual space; and
ii) movement of the audio-object in the virtual space;

provides for the relative movement.
[0008] In one or more examples, the spatial audio con-
tent comprises a plurality of audio tracks including at least
the first audio track and a second audio track, the second
audio track comprising audio for audible presented to a
user as spatial audio such that the audio is perceived to
originate from a second audio-object location in the vir-
tual space; and

based on the presentation of said first audio track as
at least one of monophonic and stereophonic audio,
provide for audible presentation of the second audio
track as spatial audio such that the audio of the sec-
ond audio track is perceived from a direction based
on the second audio-object location relative to the
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user location.

[0009] In one or more examples, the apparatus is
caused to provide for audible presentation of the spatial
audio content and simultaneous audible presentation of
ambience audio content, the ambience audio content
comprising audio for audible presentation that is not per-
ceived to originate from a particular direction in the virtual
space. In one or more examples, the ambience audio
content presented to the user is a function of location in
the virtual space, the apparatus caused to provide for
one or more of:

i) said simultaneous audible presentation of ambi-
ence audio content based on the user-location;
ii) said simultaneous audible presentation of ambi-
ence audio content based on the first audio object
location when providing for presentation of the audio
the first audio object monophonically or stereophon-
ically;
iii) ceasing of presentation of ambience audio con-
tent. when providing for presentation of the audio the
first audio object monophonically or stereophonical-
ly.

[0010] In one or more examples, the spatial audio con-
tent comprises part of virtual reality content for viewing
in virtual reality, the virtual reality content comprising vis-
ual content for display in the three-dimensional virtual
space and the one or more audio tracks of the spatial
audio content configured for presentation from one or
more respective audio-object locations, at least a subset
of the audio-object locations corresponding to features
in the visual content.
[0011] In one or more examples, the spatial audio con-
tent comprises augmented reality content, the virtual
space corresponding to a real-world space in which the
user is located such that a location of the user in the real-
world space corresponds to the user location in the virtual
space and the audio-object location in the virtual space
corresponds to a real-world-audio-object location in the
real-world space.
[0012] In one or more examples, the spatial audio con-
tent comprises mixed reality content, the virtual space
corresponding to a real-world space in which the user is
located such that a location of the user in the real-world
space corresponds to the user location in the virtual
space and the audio-object location in the virtual space
corresponds to a real-world-audio-object location in the
real-world space.
[0013] In one or more examples, with the first audio
track audibly presented as one of monophonic and ster-
eophonic audio, based on user input indicative of a desire
to return to spatial audio presentation of the first audio
track, provide for a change in the audible presentation of
the first audio track to the user from presentation as at
least one of monophonic and stereophonic audio to pres-
entation as spatial audio such that the audio of the first

audio track is perceived from a direction based on the
first audio-object location relative to the user location.
[0014] In one or more examples, the direction is based
on the first audio-object location at the time of said user
input or a current first audio-object location.
[0015] In one or more examples, in addition to the ap-
paratus being caused to provide for a change in the au-
dible presentation of the first audio track, the apparatus
is caused to provide an audio mixing user interface for
modification of one or more audio parameters of the first
audio track.
[0016] In one or more examples, the one or more audio
parameters comprise at least one or more of: volume,
bass level, mid-tone level, treble-level, reverberation lev-
el and echo.
[0017] In one or more examples, based on receipt of
user input to the audio mixing user interface causing
changes to one or more audio parameters of the first
audio track and, subsequently, at least one of:

i) relative movement between the user location and
the audio-object location in the virtual space causing
the distance between the user location and the first
audio-object location to increase beyond a predeter-
mined-stretched-bubble-distance which is greater
than the predetermined-bubble-distance;
ii) user input indicative of a desire to return to spatial
audio presentation of the first audio track;

provide for one of:

a) discarding of the changes to one or more audio
parameters of the first audio track unless a user in-
itiated save input is received; and
b) a change in the audible presentation of the first
audio track to presentation as spatial audio such that
the audio of the first audio track is perceived from a
direction based on the first audio-object location rel-
ative to the user location with the changes to the one
or more audio parameters applied.

[0018] In one or more examples, between the audible
presentation of the first audio track to the user as at least
one of monophonic and stereophonic audio and the pres-
entation of the first audio track as spatial audio such that
the audio of the first audio track is perceived from a di-
rection based on the first audio-object location relative
to the user location, the apparatus is caused to provide
for audible presentation of the first audio track with a tran-
sitional spatial audio effect comprising the perceived or-
igin of the audio of first audio track progressively moving
away from the user location to the current first audio-
object location.
[0019] In one or more examples, based on the relative
movement between the user location and the audio-ob-
ject location in the virtual space causing the distance be-
tween the user location and the first audio-object location
to increase to within a threshold of the predetermined-
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stretched-bubble-distance, provide for audible presenta-
tion of the first audio track to the user as at least one of
monophonic and stereophonic audio with an audio effect
to thereby audibly indicate that the user is approaching
the predetermined-stretched-bubble-distance.
[0020] In one or more examples, when presenting one
of a plurality of audio tracks of the spatial audio content
monophonically or stereophonically with the other audio
tracks presented as spatial audio, the apparatus is
caused to apply a room impulse response function to at
least one of said other audio tracks, the room impulse
response function configured to modify the audio of the
at least one other audio tracks to sound as if it is heard
in a predetermined room with a particular location in said
predetermined room, the particular location in said pre-
determined room based on either:

i) the user location; and
ii) a current location of the first audio object.

[0021] In one or more examples, the apparatus is
caused to provide for user-selection of one of:

a) the Room Impulse Response function based on
the user location; and
b) the Room Impulse Response function based on
the current location of the first audio object.

[0022] In one or more examples, the spatial audio con-
tent is audibly presented as spatial audio by processing
the first audio track using one or more of:

i) a head-related-transfer-function filtering tech-
nique;
ii) a vector-base-amplitude panning technique; and
iii) binaural audio presentation.

[0023] In one or more examples, when the first audio
track is presented as spatial audio, signalling indicative
of movement of the user provides for modification of one
or more of the direction from which the audio track is
perceived to originate relative to the user’s head and its
volume; and

when the first audio track is presented as at least
one of monophonic and stereophonic audio, signal-
ling indicative of movement of the user does not pro-
vide for modification of one or more of the direction
from which the audio track is perceived to originate
relative to the user’s head and its volume.

[0024] In a further aspect there is provided a method,
the method comprising:

based on spatial audio content comprising at least
one audio track comprising audio for audible pre-
sented to a user as spatial audio such that the audio
is perceived to originate from a first audio-object lo-

cation in a virtual space relative to a user location of
the user in the virtual space, and based on the dis-
tance between the user location and the first audio-
object location having decreased to less than a pre-
determined-bubble-distance;
providing for a change in the audible presentation of
the first audio track to the user from presentation as
spatial audio to presentation as at least one of mono-
phonic and stereophonic audio for audio mixing of
said first audio track, and wherein said presentation
of said first audio track as at least one of monophonic
and stereophonic audio is maintained irrespective of
relative movement between the user location and
the first audio-object location in the virtual space
causing the distance between the user location and
the first audio-object location to increase beyond the
predetermined-bubble-distance.

[0025] In a further aspect there is provided a computer
readable medium comprising computer program code
stored thereon, the computer readable medium and com-
puter program code being configured to, when run on at
least one processor, perform the method of:

based on spatial audio content comprising at least
one audio track comprising audio for audible pre-
sented to a user as spatial audio such that the audio
is perceived to originate from a first audio-object lo-
cation in a virtual space relative to a user location of
the user in the virtual space, and based on the dis-
tance between the user location and the first audio-
object location having decreased to less than a pre-
determined-bubble-distance;
providing for a change in the audible presentation of
the first audio track to the user from presentation as
spatial audio to presentation as at least one of mono-
phonic and stereophonic audio for audio mixing of
said first audio track, and wherein said presentation
of said first audio track as at least one of monophonic
and stereophonic audio is maintained irrespective of
relative movement between the user location and
the first audio-object location in the virtual space
causing the distance between the user location and
the first audio-object location to increase beyond the
predetermined-bubble-distance.

[0026] In a further aspect there is provided an appara-
tus, the apparatus comprising means configured to;

based on spatial audio content comprising at least
one audio track comprising audio for audible pre-
sented to a user as spatial audio such that the audio
is perceived to originate from a first audio-object lo-
cation in a virtual space relative to a user location of
the user in the virtual space, and based on the dis-
tance between the user location and the first audio-
object location having decreased to less than a pre-
determined-bubble-distance;
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provide for a change in the audible presentation of
the first audio track to the user from presentation as
spatial audio to presentation as at least one of mono-
phonic and stereophonic audio for audio mixing of
said first audio track, and wherein said presentation
of said first audio track as at least one of monophonic
and stereophonic audio is maintained irrespective of
relative movement between the user location and
the first audio-object location in the virtual space
causing the distance between the user location and
the first audio-object location to increase beyond the
predetermined-bubble-distance.

[0027] The present disclosure includes one or more
corresponding aspects, examples or features in isolation
or in various combinations whether or not specifically
stated (including claimed) in that combination or in iso-
lation. Corresponding means and corresponding func-
tional units (e.g., function enabler, AR/VR graphic ren-
derer, display device) for performing one or more of the
discussed functions are also within the present disclo-
sure.
[0028] Corresponding computer programs for imple-
menting one or more of the methods disclosed are also
within the present disclosure and encompassed by one
or more of the described examples.
[0029] The above summary is intended to be merely
exemplary and non-limiting.

Brief Description of the Figures

[0030] A description is now given, by way of example
only, with reference to the accompanying drawings, in
which:

figure 1 illustrates an example apparatus for provid-
ing for a change in the audible presentation of an
audio track;
figure 2 shows an example virtual space showing
the location of a user and five audio objects each
having an audio track associated therewith and the
location relative to the user illustrating where in the
virtual space the user perceives the audio tracks as
originating;
figure 3 shows the example virtual space as figure
2 with a bubble around each audio object illustrating
the predetermined-bubble-distance;
figure 4 shows the user approaching the predeter-
mined-bubble-distance of one of the audio objects;
figure 5 shows the user having moved such that the
distance between the user’s location and the one of
the audio-object locations has decreased to less
than the predetermined-bubble-distance and the ap-
paratus has provided for a change in the audible
presentation of the first audio track to the user;
figure 6 shows the situation illustrated in figure 5 ex-
cept the audio object has moved in the virtual space
relative to the user;

figure 7 shows the situation illustrated in figure 5 ex-
cept the user has moved relative to the audio object
in the virtual space;
figure 8 shows an example application of room im-
pulse response processing to the audio track;
figure 9 shows an example in which relative move-
ment of the user and the audio object away from one
another has caused the distance between them to
approach a predetermined-stretched-bubble-dis-
tance;
figure 10 shows an example in which the user and
audio object have moved apart beyond the
stretched-bubble-distance and the apparatus pro-
vides for a change in presentation of the first audio
track back to externalized (relative to the user’s
head) spatial audio rather than non-externalized
monophonic/stereophonic audio;
figure 11 shows a flowchart illustrating an example
method; and
figure 12 shows a computer readable medium.

Description of Example Aspects

[0031] Virtual reality (VR) may use a VR display com-
prising a headset, such as glasses or goggles or virtual
retinal display, or one or more display screens that sur-
round a user to provide the user with an immersive virtual
experience. A virtual reality apparatus, which may or may
not include the VR display, may provide for presentation
of multimedia VR content representative of a virtual re-
ality scene to a user to simulate the user being present
within the virtual reality scene. Accordingly, in one or
more examples, the VR apparatus may provide signalling
to a VR display for display of the VR content to a user
while in one or more other examples, the VR apparatus
may be part of the VR display, e.g. part of the headset.
The virtual reality scene may therefore comprise the VR
content displayed within a three-dimensional virtual re-
ality space so that the user feels immersed in the scene,
as if they were there, and may look around the VR space
at the VR content displayed around them. The virtual
reality scene may replicate a real world scene to simulate
the user being physically present at a real world location
or the virtual reality scene may be computer generated
or a combination of computer generated and real world
multimedia content. Thus, the VR content may be con-
sidered to comprise the imagery (e.g. static or video im-
agery), audio and/or accompanying data from which a
virtual reality scene may be generated for display. The
VR apparatus may therefore provide the VR scene by
generating the virtual, three-dimensional, VR space in
which to display the VR content. The virtual reality scene
may be provided by a panoramic video (such as a pan-
oramic live broadcast), comprising a video having a wide
or 360° field of view (or more, such as above and/or below
a horizontally oriented field of view). A panoramic video
may have a wide field of view in that it has a spatial extent
greater than a field of view of a user or greater than a

7 8 



EP 3 461 149 A1

6

5

10

15

20

25

30

35

40

45

50

55

field of view with which the panoramic video is intended
to be displayed.
[0032] The VR content provided to the user may com-
prise live or recorded images of the real world, captured
by a VR content capture device, for example. An example
VR content capture device comprises a Nokia Technol-
ogies OZO device. As the VR scene is typically larger
than a portion a user can view with the VR display, the
VR apparatus may provide, for display on the VR display,
a virtual reality view of the VR scene to a user, the VR
view showing only a spatial portion of the VR content that
is viewable at any one time. The VR apparatus may pro-
vide for panning around of the VR view in the VR scene
based on movement of a user’s head and/or eyes. A VR
content capture device may be configured to capture VR
content for display to one or more users. A VR content
capture device may comprise one or more cameras and,
optionally, one or more (e.g. directional) microphones
configured to capture the surrounding visual and aural
scene from a capture point of view. In some examples,
the VR content capture device comprises multiple, phys-
ically separate cameras and/or microphones. Thus, a
musical performance may be captured (and recorded)
using a VR content capture device, which may be placed
on stage, with the performers moving around it or from
the point of view of an audience member. In each case
a consumer of the VR content may be able to look around
using the VR display of the VR apparatus to experience
the performance at the capture location as if they were
present.
[0033] Augmented reality (AR) may use an AR display,
such as glasses or goggles or a virtual retinal display, to
augment a view of the real world (such as seen through
the glasses or goggles) with computer generated con-
tent. An augmented reality apparatus, which may or may
not include an AR display, may provide for presentation
of multimedia AR content configured to be overlaid over
the user’s view of the real-world. Thus, a user of aug-
mented reality may be able to view the real world envi-
ronment around them, which is augmented or supple-
mented with content provided by the augmented reality
apparatus, which may be overlaid on their view of the
real world and/or aurally overlaid over an aural real world
scene they can hear. The content may comprise multi-
media content such as pictures, photographs, video, di-
agrams, textual information, aural content among others.
Thus, while augmented reality may provide for direct
viewing of the real world with the addition of computer
generated graphics and/or audio content, a user of virtual
reality may only be able to see content presented on the
VR display of the virtual reality apparatus substantially
without direct viewing of the real world.
[0034] In addition to the audio received from the mi-
crophone(s) of the VR content capture device further mi-
crophones each associated with a distinct audio source
may be provided. In one or more examples, the VR con-
tent capture device may not have microphones and the
aural scene may be captured by microphones remote

from the VR content capture device. Thus, microphones
may be provided at one or more locations within the real
world scene captured by the VR content capture device,
each configured to capture audio from a distinct audio
source. For example, using the musical performance ex-
ample, a musical performer or a presenter may have a
personal microphone. Knowledge of the location of each
distinct audio source may be obtained by using transmit-
ters/receivers or identification tags to track the position
of the audio sources, such as relative to the VR content
capture device, in the scene captured by the VR content
capture device. Thus, the VR content may comprise the
visual imagery captured by one or more VR content cap-
ture devices and the audio captured by the one or more
VR content capture devices and, optionally/alternatively,
one or more further microphones. The location of the
further microphones may be provided for providing spa-
tial audio.
[0035] The virtual reality content may comprise, and a
VR apparatus presenting said VR content may provide,
predefined-viewing-location VR or free-viewing-location
VR. In predefined-viewing-location VR, the location of
the user in the virtual reality space may be fixed or follow
a predefined path. Accordingly, a user may be free to
change their viewing direction with respect to the virtual
reality imagery provided for display around them in the
virtual reality space, but they may not be free to arbitrarily
change their viewing location in the VR space to explore
the VR space. Thus, the user may experience such VR
content from a fixed point of view or viewing location (or
a limited number of locations based on where the VR
content capture devices were located in the scene). In
some examples of predefined-viewing-location VR the
imagery may be considered to move past them. In pre-
defined-viewing-location VR content captured of the real
world, the user may be provided with the point of view of
the VR content capture device. Predefined-viewing-loca-
tion VR content may provide the user with three degrees
of freedom in the VR space comprising rotation of the
viewing direction around any one of x, y and z axes and
may therefore be known as three degrees of freedom VR
(3DoF VR).
[0036] In free-viewing-location VR, the VR content and
VR apparatus presenting said VR content may enable a
user to be free to explore the virtual reality space. Thus,
the user may be provided with a free point of view or
viewing location in the virtual reality space. Free-viewing-
location VR is also known as six degrees of freedom
(6DoF) VR or volumetric VR to those skilled in the art.
Thus, in 6DoF VR the user may be free to look in different
directions around the VR space by modification of their
viewing direction and also free to change their viewing
location (their virtual location) in the VR space by trans-
lation along any one of orthogonal x, y and z axes. The
movement available in a 6DoF virtual reality space may
be divided into two categories: rotational and translation-
al movement (with three degrees of freedom each). Ro-
tational movement enables a user to turn their head to
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change their viewing direction. The three rotational
movements are around x-axis (roll), around y-axis (pitch),
and around z-axis (yaw). Translational movement means
that the user may also change their point of view in the
space to view the VR space from a different virtual loca-
tion, i.e., move along the x, y, and z axes according to
their wishes. The translational movements may be re-
ferred to as surge (x), sway (y), and heave (z) using the
terms derived from ship motions.
[0037] Mixed reality comprises a combination of aug-
mented and virtual reality in which a three-dimensional
model of the real-world environment is used to enable
virtual objects to appear to interact with real-world objects
in terms of one or more of their movement and appear-
ance.
[0038] One or more examples described herein relate
to 6DoF virtual reality content in which the user is at least
substantially free to move in the virtual space either by
user-input through physically moving or, for example, via
a dedicated user interface (Ul).
[0039] Spatial audio comprises audio presented in
such a way to a user that it is perceived to originate from
a particular location, as if the source of the audio was
located at that particular location. Thus, virtual reality
content may be provided with spatial audio having direc-
tional properties, such that the audio is perceived to orig-
inate from a point in the VR space, which may be linked
to the imagery of the VR content. Augmented reality may
be provided with spatial audio, such that the spatial audio
is perceived as originating from real world objects visible
to the user and/or from augmented reality graphics over-
laid over the user’s view.
[0040] Spatial audio may be presented independently
of visual virtual reality or visual augmented reality con-
tent. Nevertheless, spatial audio, in some examples, may
be considered to be augmented reality content because
it augments the aural scene perceived by a user. As an
example of independent presentation of spatial audio, a
user may wear headphones and, as they explore the real
world, they may be presented with spatial audio such that
the audio appears to originate at particular locations as-
sociated with real world objects or locations. For exam-
ple, a city tour could be provided by a device that tracks
the location of the user in the city and presents audio
describing points of interest as spatial audio such that
the audio appears to originate from the point of interest
around the user’s location.
[0041] The spatial positioning of the spatial audio may
be provided by 3D audio effects, such as those that utilise
a head related transfer function to create a spatial audio
space in which audio can be positioned for presentation
to a user. Spatial audio may be presented by headphones
by using head-related-transfer-function (HRTF) filtering
techniques or, for loudspeakers, by using vector-base-
amplitude panning techniques to position the perceived
aural origin of the audio content. In other embodiments
ambisonic audio presentation may be used to present
spatial audio. Spatial audio may use one or more of vol-

ume differences, timing differences and pitch differences
between audible presentation to each of a user’s ears to
create the perception that the origin of the audio is at a
particular location in space.
[0042] In some examples, an audio track, which com-
prises audio content for presentation to a user, may be
provided for presentation as spatial audio. Accordingly,
the audio track may be associated with a particular loca-
tion which defines where the user should perceive the
audio of the audio track as originating. The particular lo-
cation may be defined relative to a virtual space or a real-
world space. The virtual space may comprise a three-
dimensional environment that at least partially surrounds
the user and may be explorable by the user. The virtual
space may be explorable in terms of the user being able
to move about the virtual space by at least translational
movement based on user input. If the spatial audio is
provided with virtual reality content, virtual reality imagery
may be displayed in the virtual space along with spatial
audio to create a virtual reality experience. If the spatial
audio is provided with visual augmented reality content
or independently of augmented or virtual reality content,
the particular location may be defined relative to a loca-
tion in the real world, such as in a real-world room or city.
In one or more examples, the virtual space may be con-
figured to correspond to the real world space in which
the user is located. Accordingly, the virtual space may
be used to determine the interaction between real world
objects and locations and virtual objects and locations.
[0043] In one or more examples, the audio track and
location information may be considered to define an au-
dio object in the virtual space comprising a source loca-
tion for the audio of an associated audio track. The audio
objects may be moveable or non-movable. The audio
objects may or may not have a corresponding visual ob-
ject.
[0044] Figure 1 shows an example system 100 for
presentation of spatial audio content to a user. The sys-
tem 100 includes an example apparatus 101 for control-
ling the presentation of audio tracks of the spatial audio
content based on the user’s location relative to the audio
objects and movement of one or both of the user and the
audio object relative to the other. The apparatus 101 may
comprise or be connected to a processor 101A and a
memory 101B and may be configured to execute com-
puter program code. The apparatus 101 may have only
one processor 101 A and one memory 101B but it will be
appreciated that other embodiments may utilise more
than one processor and/or more than one memory (e.g.
same or different processor/memory types). Further, the
apparatus 101 may be an Application Specific Integrated
Circuit (ASIC).
[0045] The processor may be a general purpose proc-
essor dedicated to executing/processing information re-
ceived from other components, such as from a location
tracker 102 and a content store 103, in accordance with
instructions stored in the form of computer program code
in the memory. The output signalling generated by such
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operations of the processor is provided onwards to fur-
ther components, such as to audio presentation equip-
ment, such as headphones 108.
[0046] The memory 101B (not necessarily a single
memory unit) is a computer readable medium (solid state
memory in this example, but may be other types of mem-
ory such as a hard drive, ROM, RAM, Flash or the like)
that stores computer program code. This computer pro-
gram code stores instructions that are executable by the
processor, when the program code is run on the proces-
sor. The internal connections between the memory and
the processor can be understood to, in one or more ex-
ample embodiments, provide an active coupling between
the processor and the memory to allow the processor to
access the computer program code stored on the mem-
ory.
[0047] In this example the respective processors and
memories are electrically connected to one another in-
ternally to allow for electrical communication between
the respective components. In this example the compo-
nents are all located proximate to one another so as to
be formed together as an ASIC, in other words, so as to
be integrated together as a single chip/circuit that can be
installed into an electronic device. In some examples one
or more or all of the components may be located sepa-
rately from one another.
[0048] The apparatus 101, in this example, forms part
of a virtual reality apparatus 104 for presenting visual
imagery in virtual reality. In one or more other examples,
the apparatus 101 may form part of an AR apparatus. In
one or more examples, the apparatus 100 may be inde-
pendent of an AR or VR apparatus and may provide sig-
nalling to audio presentation equipment 108 (such as
speakers, which may be incorporated in headphones)
for presenting the audio to the user. In this example, the
processor 101A and memory 101B is shared by the VR
apparatus 104 and the apparatus 101, but in other ex-
amples, they may have their own processors and/or
memory.
[0049] The VR apparatus 104 may provide for display
of virtual reality content comprising visual imagery dis-
played in a virtual space that is viewable by a user using
the VR headset 107. In one or more examples in which
the apparatus 100 is independent of an AR or VR appa-
ratus, the VR headset 107 may not be required and in-
stead only the audio presentation equipment 108 may
be provided.
[0050] The apparatus 101 or the VR apparatus 104
under the control of the apparatus 101 may provide for
aural presentation of the audio tracks to the user using
the headphones 108. The apparatus 101 may be config-
ured to process the audio such that, at any one time, it
is presented as one of spatial, monophonic and stereo-
phonic audio or, alternatively or in addition, the apparatus
101 may provide signalling to control the processing
and/or presentation of the audio tracks. Accordingly, an
audio processor (not shown) may perform the audio
processing in order to present the audio in the ways men-

tioned above under the control of the apparatus 101.
[0051] The apparatus 101 may receive signalling in-
dicative of the location of the user from a location tracker
102. The location tracker 102 may determine the user’s
head orientation and/or the user’s location in the real
world so that the spatial audio may be presented to take
account of head rotation and movement so that the audio
is perceived to originate from a direction relative to the
user irrespective of user’s head movement. If the spatial
audio is provided in a virtual reality environment, the lo-
cation tracker 102 may provide signalling indicative of
user movement so that corresponding changes in the
user’s virtual location in the virtual space can be made.
[0052] In the examples that follow, spatial audio con-
tent comprising one or more audio tracks, which may be
provided from content store 103, may be processed such
that they are presented to the user as spatial audio or
stereophonic or monophonic audio. Accordingly, in a first
instance, the audio track may be presented as spatial
audio and as such may undergo audio processing such
that it is perceived to originate from a particular location.
In a second instance, the same audio track may be pre-
sented as monophonic audio and as such may undergo
audio processing (if required) such that the audio is pre-
sented monophonically to one or both of a left and right
speaker associated with the left and right ears of the user.
In a third instance, the same audio track may be present-
ed as stereophonic audio (if required) and as such may
undergo audio processing such that the audio of the au-
dio track is presented to one or both of a left and right
speaker associated with the left and right ear of the user
respectively (or even in between the two ears). Mono-
phonic audio, when presented to two speakers provides
the same audio to both ears. Stereophonic audio may
define two (left and right) or three (left, right, centre) ster-
eo audio channels and the audio of the audio track may
be presented to one or more of those channels. In some
examples, the difference between stereophonic presen-
tation and spatial audio presentation may be, for spatial
audio, the use of a time delay between corresponding
audio being presented to speakers associated with a re-
spective left and right ear of the user and, for stereophon-
ic presentation, the non-use of said time delay. It will be
appreciated that the presentation of spatial audio may
additionally use other presentation effects in addition to
differences in the time that corresponding portions of the
audio is presented to the user’s ears to create the per-
ception of a direction or location from which the audio is
heard, such as volume differences amongst others.
[0053] While the same audio track may undergo audio
processing in order to provide for its presentation as spa-
tial audio or stereophonic or monophonic audio, as de-
scribed above, in one or more other examples, the audio
tracks may be pre-processed and may thus include dif-
ferent versions for presentation as spatial audio or ster-
eophonic or monophonic audio. In one or more exam-
ples, the presentation of an audio track as spatial audio
may decrease its fidelity and thus, presentation as mono-
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phonic or stereophonic audio may provide for an increase
in audio quality.
[0054] Figure 2 shows an example virtual space 200.
The virtual space may comprise a three-dimensional vir-
tual environment in which the location of a user, compris-
ing user-location 201, is defined as well as the location
of one or more audio objects 202-206. In this example,
the spatial audio content that defines the audio objects
is part of virtual reality content, which includes visual con-
tent to accompany the spatial audio content, although in
other examples the audio objects may not have corre-
sponding visual objects. In this example, the location of
the user is shown diagrammatically by an image of a
person but it will be appreciated that in one or more ex-
amples, the user location 201 designates the location in
the virtual space at which the user perceives the audio
presented to them, i.e. a "point-of-hearing location" sim-
ilar to a "point-of-view location". The first through fifth
audio objects 202-206 are illustrated diagrammatically
by their corresponding visual representations. Thus, the
first audio object 202 represents the audio from a first
drummer who appears in the visual content. The second
audio object 203 represents the audio from a second
drummer who appears in the visual content. The third
audio object 204 represents the audio from a guitarist
who appears in the visual content. The fourth audio object
205 represents the audio from a ballerina who appears
in the visual content. The fifth audio object 206 represents
the audio from a singer who appears in the visual content.
In this example, at least the ballerina may move about
the virtual space 200 and accordingly the visual imagery
of the ballerina and the audio object may, correspond-
ingly, move with elapsed time through the virtual reality
content.
[0055] Each of the audio objects 202-206 may be as-
sociated with an audio track which may be presented as
spatial audio to the user. Accordingly, the first audio ob-
ject 202 defines the location of the perceived origin of an
associated first audio track as perceived by the user from
their user location 201. Likewise, the audio of the audio
tracks associated with the second to fifth audio objects
is presented to the user such that the user perceives the
origin of the second to fifth audio tracks as originating at
the location of the respective audio objects relative to the
user location 201.
[0056] As will be appreciated when the audio is pre-
sented as spatial audio, when the user changes their
location in the virtual space 200, there is a corresponding
change in the presentation of the audio track as spatial
audio. For example, the volume of the audio track pre-
sented to the user may be a function of the distance of
the user location 201 from the corresponding audio object
location. Thus, in one or more examples, as the user
moves towards the audio object location the spatial audio
presented audio track is presented louder and as the
user moves away the audio track is presented more qui-
etly. Also, as the user moves their head, the direction
(relative to the user’s head) from which the spatial audio

is perceived to originate changes in accordance with the
direction to the audio object location relative to the user’s
direction of view.
[0057] In this examples, the virtual reality content is
free-viewing-location VR or "6DoF" and therefore the ap-
paratus 101 or VR apparatus 104 may be configured to
visually and aurally present the visual imagery and spatial
audio content in accordance with user-input to move their
user location in the virtual space 200 as well as their
viewing direction.
[0058] While in these examples the spatial audio con-
tent may be associated with virtual reality content, in one
or more examples, the spatial audio content comprises
augmented reality content and the virtual space 200 cor-
responding to a real-world space in which the user is
located such that a location of the user in the real-world
space corresponds to the user location in the virtual
space and the audio-object location in the virtual space
corresponds to a real-world-audio-object location in the
real-world space. Thus, in general, the apparatus 101
may be configured to provide control of the presentation
of spatial audio in a virtual or augmented reality environ-
ment.
[0059] In one or more examples, the user may wish to
control the way in which the spatial audio is presented.
Accordingly, the user may wish to control audio param-
eters of the audio tracks associated with the audio objects
202-206, such as in terms of their relative volume, fre-
quency dependent gain applied or other audio presenta-
tion parameter, for example. The term "audio mixing" may
be used to refer to the control of one or more audio pa-
rameters associated with the audible presentation of the
audio track. The change in audio parameters may then
be applied when the spatial audio content is later con-
sumed by the same or a different user or may be applied
to live content that is then provided for sending to multiple
consumers of VR content.
[0060] In one or more examples, the user 201 may
comprise a content producer and the apparatus 101 may
provide a spatial audio mixing apparatus for spatial audio
content production. In one or more examples, the user
201 may comprise a consumer of spatial audio content,
or VR/AR content that includes spatial audio content, and
the apparatus 101 may comprise at least part of a spatial
audio presentation apparatus.
[0061] In one or more examples, the user may wish to
select one of the audio objects 202-206 on which to per-
form audio mixing by moving about the virtual space such
that the user-location is within a threshold distance of the
audio object. With the audio object selected in this way
the user may be provided with an audio mixing interface
to provide for control of one or more audio parameters
of the audio track associated with the selected audio ob-
ject 202-206. However, as mentioned above, if the user
can move about the virtual space 200 and, alternatively
or in addition, the audio object 205 may move about the
virtual space 200, maintaining selection of the audio ob-
ject with such relative movement may be problematic.
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[0062] In one or more examples, if the user wishes to
maintain selection of a moving audio object, the user may
have to inconveniently change their location to keep track
of the audio object. If the control of user location in the
virtual space 200 is controlled by tracking physical user
movement, this may be physically tiring. In other exam-
ples, not comprising a function of the apparatus 101,
there may be a simplistic latching or locking onto the au-
dio object. However, in such a situation, the user’s point
of view in the virtual space is limited to that controlled by
the movements of the object of interest, which may be
confusing.
[0063] The example apparatus 101, as explained be-
low, provides a way of maintaining selection of an audio
object irrespective of at least some relative movement
between the user and the audio object. With said selec-
tion, the audio parameters that affect how the audio of
the audio track associated with the selected audio object
is presented may be more readily controlled.
[0064] The example figure 3 shows the same virtual
space 200 as figure 2 alongside a plan view 300 of the
virtual space 200. The audio objects 202-206 and the
user location 201 are also shown.
[0065] In this example, the audio objects are shown
having a bubble 302-306 surrounding them. The bubbles
may, in one or more examples, represent a predeter-
mined-bubble-distance 307 that extends around each
audio object 202-206. The predetermined-bubble-dis-
tance 307 may comprise a predetermined threshold dis-
tance which may be used as a means for selecting the
audio objects when the user 201 location is within said
predetermined-bubble-distance 307 of a particular audio
object 202-206. In one or more embodiments, the pre-
determined-bubble-distance may define a spherical vol-
ume around the audio objects to be used for selection
thereof. In other embodiments, the predetermined-bub-
ble-distance may be different depending on the angle of
approach towards said audio object. In one or more ex-
amples, the predetermined bubble-distance may extend
from a centre of the audio object or a visual object asso-
ciated with the audio object to define the bubble. In other
examples, the predetermined bubble-distance may ex-
tend from a surface or a bounding geometrical volume
(e.g. bounding cuboid or bounding ellipsoid) of the audio
object or a visual object associated with the audio object.
Accordingly, the bubble 302-306 may be non-spherical
and may generally follow the shape and extent of the
visual object or the shape and extent of the audio object
(if the audio object is not a point source for the audio).
The bubbles 302-306 may or may not be visible. In one
or more examples, only a subset of the audio objects
may be selectable and thus only a subset may have an
associated bubble. Whether or not an audio object is se-
lectable or not may be defined in information associated
with the spatial audio content.
[0066] The distance between the user 201 location and
the fourth audio-object 205 location is shown by arrow
308 and it is greater than the predetermined-bubble-dis-

tance 307.
[0067] The example of figure 4 happens to show the
selection of the fourth audio object 205 by virtue of the
user moving to a new user 201 location in the virtual
space shown by arrow 400. It will be understood that the
user 201 could have approached any other of the audio
objects. The old user location 401 is shown for under-
standing. In such a location, the distance between the
user 201 location and the fourth audio-object 205 loca-
tion, shown by arrow 308, has decreased from the dis-
tance shown in figure 3 to less than the predetermined-
bubble-distance 307. Accordingly, the apparatus 101
may, based on this condition being met, provide for se-
lection of the fourth audio object 205. In this configuration,
the user may be considered to be within the bubble 305.
[0068] Thus, the apparatus 101, based on spatial audio
content comprising at least one audio track comprising
audio for audible presented to a user as spatial audio
such that the audio is perceived to originate from an fourth
audio-object 205 location in the virtual space 200, the
user having a user 201 location in the virtual space 200
from which to perceive the spatial audio and based on
the distance 308 between the user 201 location and the
fourth audio-object 205 location having decreased to less
than the predetermined-bubble-distance 307 has provid-
ed for selection of the audio object. Selection of the fourth
audio object 205 is configured to provide for a change in
the audible presentation of the fourth audio track asso-
ciated with the fourth audio object to the user from pres-
entation as spatial audio to presentation as one of mono-
phonic and stereophonic audio.
[0069] In one or more examples, the apparatus 101
may require additional conditions to be met before se-
lecting one of the audio objects. For example, the user
may be required to approach the fourth audio object 205
below the predetermined-bubble-distance 307 and pro-
vide a user input before the apparatus provides for se-
lection of the fourth audio object 205.
[0070] The example of figure 5 shows the change in
audible presentation of the audio tracks associated with
the first to fifth audio objects 202-206. In the plan view
of figure 5 the first, second, third and fifth audio objects
are shown with arrows 502, 503, 504, 506 to indicate the
direction from which the user perceives the spatial audio
of the audio track associated with those audio objects
202, 203, 204, 206. Accordingly, the audio of the audio
tracks of the first, second, third and fifth audio objects is
heard externalized, that is from a particular direction or
location in the virtual space. The audio track 507 of the
selected fourth audio object 205 is shown positioned
within the user’s head and is shown as a circle in figure
5. This signifies that the audio of the fourth audio track
is rendered as non-externalized in-head audio, which
comprises one of monophonic audio or stereophonic au-
dio. The fourth audio object 205 is not shown in the plan
view 300 as it would be overlapping with the user’s 201
head of the plan view designating the user location.
[0071] The selection of the fourth audio object 205 may
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provide for audio mixing of audio track associated with
that audio object. Figure 5 shows an example audio mix-
ing interface 500 that may be visually presented for audio
mixing. The apparatus 101 may be configured to receive
user-input via said audio mixing interface for modification
of audio parameters associated with the selected fourth
audio track. In other examples, no visual interface is pro-
vided and instead other user input, such as predeter-
mined gestures or voice commands may provide for con-
trol of one or more audio parameters.
[0072] In one or more examples, the apparatus 101
may be caused to provide the audio mixing user interface
500 for modification of one or more audio parameters of
only the selected audio track. The one or more audio
parameters may be selected from at least one or more
of: volume, bass level, mid-tone level, treble-level, rever-
beration level and echo among others. The audio mixing
user interface 500 may be visually presented and include
sliders or other control interfaces for each audio param-
eter. In other examples, the audio mixing user interface
may not be visualized and predetermined user gestures
may control predetermined audio parameters. For exam-
ple, rotation of the user’s left hand may control volume
level while rotation of the user’s right hand may control
reverberation. It will be appreciated that other gesture/au-
dio parameter combinations are possible.
[0073] Example figures 6 and 7 illustrate relative move-
ment between the user 201 location and the location of
the fourth audio object 205 in the virtual space 200 caus-
ing the distance 308 between the user 201 location and
the location of the fourth audio object 205 to increase.
Relative movement of the audio objects and/or the user
may make maintaining selection of one of the audio ob-
jects difficult.
[0074] Figure 6 shows the fourth audio object 205 mov-
ing away from the user 201 location. The apparatus 101
is configured to maintain the presentation of the audio of
the fourth audio track 507 as monophonic or stereophon-
ic audio, which may be advantageous for audio mixing,
irrespective of movement of the fourth audio object 205
away from the user 201 location in the virtual space caus-
ing the distance 308 between the user location and the
fourth audio-object 205 location to increase beyond the
predetermined-bubble-distance 307.
[0075] As shown in figure 6, this may be compared to
the bubble 305 stretching beyond its original size, the
original size comprising the size and/or shape prior to
the user "entering the bubble". Accordingly, in one or
more examples, the user may continue to benefit from
higher audio quality provided by the monophonic/stere-
ophonic presentation of the fourth audio track and thus
avoid distractions caused by changes in spatial audio
rendering due to relative movement of the audio objects
and user location.
[0076] The apparatus 101 may be configured to pro-
vide for audible presentation of the audio tracks associ-
ated with the other, unselected audio objects 202, 203,
204, 206 as spatial audio and therefore they are per-

ceived as originating from their respective locations in
the virtual space.
[0077] It will be appreciated that in one or more exam-
ples, ambience audio content may be provided, in addi-
tion, and the apparatus may provide for presentation of
the ambience audio content.
[0078] The ambience audio content may comprise au-
dio that does not have location information such that it
may not be presented as originating from a particular
point in space and is presented as ambience.
[0079] Figure 7 shows the user moving in the virtual
space such that the user 201 location is moving away
from the fourth audio object 205. The apparatus 101 is
configured to maintain selection and thus presentation
of the audio of the fourth audio track 507 as monophonic
or stereophonic audio, which may be advantageous for
audio mixing, irrespective of movement of the user 201
location away from the fourth audio object 205 in the vir-
tual space causing the distance 308 between the user
location and the fourth audio-object 205 location to in-
crease beyond the predetermined-bubble-distance 307.
[0080] As shown in figure 7 and similar to figure 6, this
may be compared to the bubble 305 stretching beyond
its original size. Accordingly, in one or more examples,
the user may continue to benefit from higher audio quality
provided by the monophonic/stereophonic presentation
of the fourth audio track and thus avoid distractions
caused by changes in spatial audio rendering due to rel-
ative movement of the audio objects and user location.
[0081] As described above in relation to figure 6, the
apparatus 101 may be configured to provide for audible
presentation of the audio tracks associated with the oth-
er, unselected audio objects 202, 203, 204, 206 as spatial
audio and therefore they are presented such that they
are perceived as originating from their respective loca-
tions in the virtual space relative to the user 201 location
that the user has moved to. As in the previous example,
the apparatus may additionally provide for presentation
of the ambience audio content.
[0082] The provision of selection of an audio object
based on a distance between the user and the audio
object decreasing to within the predetermined-bubble-
distance, i.e. the user moving near to or bumping into the
audio object, and maintaining selection even if subse-
quent movement of the user and/or audio object increas-
es said distance above the predetermined-bubble-dis-
tance may have technical advantages. The maintenance
of selection may allow for less exertion by the user to
"track" the selected, moving, audio object. Further, se-
lection of the audio objects in this way may allow for pres-
entation of a more stable audio scene containing other
audio objects because the user does not have to move
to maintain selection and thus the direction from which
the user perceives other spatial audio in the scene does
not have to be modified based on the moving user loca-
tion. As described in these examples, the selection of the
audio object provide for presentation of the audio of the
audio object from its default presentation as spatial audio
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to one of stereophonic/monophonic audio, which may be
technically advantageous for audio mixing. Further, giv-
en that the selected audio object is not presented as spa-
tial audio, movement of the user and/or audio object in
the virtual space does not lead to an audible distraction
or modification which would occur with presentation as
spatial audio.
[0083] Example figures 8 and 9 show the bubble 305
stretching and breaking. The breaking of the bubble 305
is symbolic of the apparatus 101 being configured to pro-
vide for a change in the audible presentation of the fourth
audio track 507 to the user from presentation as at least
one of monophonic and stereophonic audio to presenta-
tion as spatial audio.
[0084] When the bubble 305 breaks may be deter-
mined based on a further threshold distance between the
user 201 location and the selected audio object 205. The
threshold distance may be termed a predetermined-
stretched-bubble-distance which is greater than the pre-
determined-bubble-distance.
[0085] Figure 8 shows the relative movement between
the user 201 location and the current location of the fourth
audio object 205 in the virtual space 200 causing the
distance 308 between the user location and the first au-
dio-object location to approach the predetermined-
stretched-bubble-distance 800. In one or more examples
an audio effect may be applied to the monophonically or
stereophonically presented fourth audio track to audible
indicate that the predetermined-stretched-bubble-dis-
tance 800 is almost reached. Thus, within a threshold
below the predetermined-stretched-bubble-distance 800
one or more of an audible, visual and haptic feedback
may be provided to the user. The visual feedback may
comprise a message or graphic. The audio feedback,
may comprise a spoken message or an audio effect
which may comprise an echo effect or reverberation ef-
fect or an underwater effect or a distinguishable audio
tone.
[0086] Figure 9 shows the relative movement between
the user 201 location and the location of the fourth audio-
object 205 having caused the distance 308 between the
user location and the first audio-object location to have
increased beyond the predetermined-stretched-bubble-
distance 800. Accordingly, with reference to the plan view
900, the apparatus 101 may provide for a change in the
audible presentation of the fourth audio track to the user
from presentation as at least one of monophonic and
stereophonic audio to presentation as spatial audio such
that the audio of the fourth audio track is perceived from
a direction 901 based on the current location of the fourth
audio object 205 relative to the current user location 201.
The other audio objects 202, 203, 204, 206 may continue
to be presented as spatial audio.
[0087] Accordingly, relative movement between the
audio object location and the user 201 location while the
distance remains below the predetermined-stretched-
bubble-distance may not affect the audible presentation
of the fourth audio track because it is presented as mono-

phonic or stereophonic audio. However, once the bubble
breaks and the apparatus provides for presentation of
the fourth audio track as spatial audio, then relative move-
ment between the audio object location and the user lo-
cation 201 will affect the audible presentation because
spatial audio is rendered based on the location of the
audio object relative to the user 201 location.
[0088] In the above example, the predetermined-
stretched-bubble-distance was used by the apparatus
101 to determine when to deselect and thus switch back
to spatial audio presentation of an audio track. In one or
more examples, the apparatus 101 may additionally or
alternatively provide said change in audible presentation
based on a user request. Thus, with the fourth audio track
selected and audibly presented as one of monophonic
and stereophonic audio and based on user input indica-
tive of a desire to return to spatial audio presentation of
the fourth audio track, the apparatus 101 may provide
for a change in the audible presentation of the fourth au-
dio track to the user from presentation as at least one of
monophonic and stereophonic audio to presentation as
spatial audio.
[0089] It will be appreciated that the relative locations
of the user and/or the audio object may have changed
since the audio object was selected and thus, when
changing back to presentation as spatial audio the audio
of the fourth audio track may be perceived from a direc-
tion based on the current audio-object location relative
to the current user 201 location at the time of said user
input or the time of the predetermined-stretched-bubble-
distance being exceeded.
[0090] The apparatus 101 may provide for changes
requested by way of the audio mixing user interface 500
to be audibly presented in real time to the user. The
changes may be automatically saved or may require a
user input to be saved for future presentation of the spa-
tial audio content or for application to live spatial audio
content for onward transmission.
[0091] In one or more examples, based on receipt of
user input to the audio mixing user interface 500 causing
changes to one or more audio parameters of the audio
track and, subsequently, the bubble 305 is broken due
to the distance between the user location and the audio-
object location increasing beyond the predetermined-
stretched-bubble-distance or user input indicative of a
desire to return to spatial audio presentation of the fourth
audio track, the apparatus may be configured to provide
for discarding of the changes to one or more audio pa-
rameters. Thus, to save the changes the user must pro-
vide a save command prior to said bubble 305 breaking.
In other examples, on breaking of the bubble 305 the
current changes to the audio parameters are saved.
[0092] Although the examples above illustrate the op-
eration of the apparatus 101 in relation to selection of the
fourth audio object, any of the audio objects may be se-
lected.
[0093] With reference to figures 8 and 9, on breaking
of the bubble 305, the audible presentation of the fourth
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audio track may abruptly transition from monophon-
ic/stereophonic presentation to spatial audio presenta-
tion from a particular location in the virtual space and
thus a particular direction. This may be confusing.
[0094] In one or more examples, the presentation of
audio monophonically or stereophonically may be con-
sidered to locate the source of the audio within a user’s
head. Accordingly, on transition to presentation as spatial
audio, the apparatus 101 may provide for rendering of
the spatial audio of the now deselected fourth audio ob-
ject 205 from at least one or more intermediate positions
between the user 201 location and the current location
of the fourth audio object (as shown in figure 9) over a
transition period. This may be perceived as the audio of
the fourth audio track gradually moving away from its in-
head presentation (monophonically/stereophonically) to
its true, current position in the virtual space 200. Thus,
between the audible presentation of the fourth audio track
to the user as at least one of monophonic and stereo-
phonic audio and the presentation of the fourth audio
track as spatial audio, the apparatus 101 may be caused
to provide for audible presentation of the fourth audio
track with a transitional effect comprising the perceived
origin of the audio of fourth audio track progressively
moving away from the user 201 location to the current
fourth audio-object 205 location over a transition time.
The transition time may comprise less than a second or
less than one, two, three, four or five seconds or, in gen-
eral, the transition time may range from almost instanta-
neous to multiple seconds.
[0095] When presenting spatial audio, it may be ad-
vantageous to apply effects to the audio to replicate how
the audio would be heard in a particular room. In one or
more examples, the audio tracks may comprise audio
captured from close up microphones. Audio captured of
an audio source by close up microphones may sound
different to audio heard by a user in a room with the audio
source because the user would hear the same audio but
it would typically include component echos and reverber-
ations caused by the sound waves from the audio source
interacting with the surfaces in the room. Thus, in one or
more examples, an audio effect termed a Room Impulse
Response may be applied to the audio tracks which may
make them sound as if heard in a particular room. The
Room Impulse Response may comprise an audio
processing function that simulates the effect of the sur-
faces of a particular room. The Room Impulse Response
may also comprise a function of the user’s location in the
particular room relative to the audio object. The particular
room itself may be based on the virtual reality content
presented to the user. Thus, if the visual content of the
VR content shows a hard walled, and therefore echo-
prone, room, the apparatus may apply a Room Impulse
Response function to replicate such an audio environ-
ment.
[0096] With application to the present apparatus 101,
when presenting one of a plurality of audio tracks of the
spatial audio content monophonically or stereophonically

with the other audio tracks presented as spatial audio,
the apparatus may be configured to apply a room impulse
response function to at least one of said other audio
tracks, the room impulse response function configured
to modify the audio of the at least one other audio tracks
to sound as if it is heard in a predetermined room with a
particular location in said predetermined room.
[0097] With reference to figure 10, the particular loca-
tion in said predetermined room may, in a first example,
be determined based on the user 201 location and, in a
second example, be determined based on the current
location of the selected audio object. Figure 10 shows
the location of the room impulse response function being
based on the user location at 1001. Figure 10 shows the
location of the room impulse response function being
based on the location of the selected audio object at
1002. Accordingly, the different room impulse response
functions may be applied to the audio tracks of the first,
second, third and fifth audio objects 202, 203, 204, 206.
[0098] Accordingly, the apparatus 101 may provide for
presentation of the other audio in the virtual space with
a room impulse response function from either the user’s
201 listening position or the position corresponding to
the fourth audio object 205.
[0099] In one or more examples, the apparatus 101
may provide for user-selection of the Room Impulse Re-
sponse function in terms of being based on the user lo-
cation or based on the current location of the selected,
fourth audio object.
[0100] In one or more examples, the Room Impulse
Response function may be applied to the selected audio
track to simulate the audio being heard within a room
defined by the bubble 305.
[0101] In one or more examples, the Room Impulse
Response function may be continually or periodically up-
dated based on the current position in the room of the
user 201 and/or the one or more audio objects.
[0102] Figure 11 shows a flow diagram illustrating the
steps of,

based on 1101 spatial audio content comprising at
least one audio track comprising audio for audible
presented to a user as spatial audio such that the
audio is perceived to originate from a first audio-ob-
ject location in a virtual space, the user having a user
location in the virtual space from which to perceive
the spatial audio and based on the distance between
the user location and the first audio-object location
having decreased to less than a predetermined-bub-
ble-distance;
providing for 1102 a change in the audible presen-
tation of the first audio track to the user from pres-
entation as spatial audio to presentation as at least
one of monophonic and stereophonic audio for audio
mixing of said first audio track, and wherein said
presentation of said first audio track as at least one
of monophonic and stereophonic audio is main-
tained irrespective of relative movement between
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the user location and the first audio-object location
in the virtual space causing the distance between
the user location and the first audio-object location
to increase beyond the predetermined-bubble-dis-
tance.

[0103] In one or more examples, the spatial audio con-
tent may include a second audio track comprising audio
for audible presented to a user as spatial audio such that
the audio is perceived to originate from a second audio-
object location in the virtual space. At least when the
distance between the user location and the second au-
dio-object location is greater than the predetermined-
bubble-distance, the method may provide for audible
presentation of the second audio track to the user as
spatial audio based on the relative location of the user
location and the second audio-object location while pro-
viding the above-mentioned change in the audible pres-
entation of the first audio track to the user from presen-
tation as spatial audio to presentation as at least one of
monophonic and stereophonic audio for audio mixing of
said first audio track.
[0104] Figure 12 illustrates schematically a compu-
ter/processor readable medium 1200 providing a pro-
gram according to an example. In this example, the com-
puter/processor readable medium is a disc such as a
digital versatile disc (DVD) or a compact disc (CD). In
some examples, the computer readable medium may be
any medium that has been programmed in such a way
as to carry out an inventive function. The computer pro-
gram code may be distributed between the multiple mem-
ories of the same type, or multiple memories of a different
type, such as ROM, RAM, flash, hard disk, solid state, etc.
[0105] User inputs may be gestures which comprise
one or more of a tap, a swipe, a slide, a press, a hold, a
rotate gesture, a static hover gesture proximal to the user
interface of the device, a moving hover gesture proximal
to the device, bending at least part of the device, squeez-
ing at least part of the device, a multi-finger gesture, tilting
the device, or flipping a control device. Further the ges-
tures may be any free space user gesture using the user’s
body, such as their arms, or a stylus or other element
suitable for performing free space user gestures.
[0106] The apparatus shown in the above examples
may be a portable electronic device, a laptop computer,
a mobile phone, a Smartphone, a tablet computer, a per-
sonal digital assistant, a digital camera, a smartwatch,
smart eyewear, a pen based computer, a non-portable
electronic device, a desktop computer, a monitor, a smart
TV, a server, a wearable apparatus, a virtual reality ap-
paratus, or a module/circuitry for one or more of the same.
[0107] Any mentioned apparatus and/or other features
of particular mentioned apparatus may be provided by
apparatus arranged such that they become configured
to carry out the desired operations only when enabled,
e.g. switched on, or the like. In such cases, they may not
necessarily have the appropriate software loaded into
the active memory in the non-enabled (e.g. switched off

state) and only load the appropriate software in the en-
abled (e.g. on state). The apparatus may comprise hard-
ware circuitry and/orfirmware. The apparatus may com-
prise software loaded onto memory. Such software/com-
puter programs may be recorded on the same memo-
ry/processor/functional units and/or on one or more
memories/processors/ functional units.
[0108] In some examples, a particular mentioned ap-
paratus may be pre-programmed with the appropriate
software to carry out desired operations, and wherein the
appropriate software can be enabled for use by a user
downloading a "key", for example, to unlock/enable the
software and its associated functionality. Advantages as-
sociated with such examples can include a reduced re-
quirement to download data when further functionality is
required for a device, and this can be useful in examples
where a device is perceived to have sufficient capacity
to store such pre-programmed software for functionality
that may not be enabled by a user.
[0109] Any mentioned apparatus/circuitry/ele-
ments/processor may have other functions in addition to
the mentioned functions, and that these functions may
be performed by the same apparatus/circuitry/ele-
ments/processor. One or more disclosed aspects may
encompass the electronic distribution of associated com-
puter programs and computer programs (which may be
source/transport encoded) recorded on an appropriate
carrier (e.g. memory, signal).
[0110] Any "computer" described herein can comprise
a collection of one or more individual proces-
sors/processing elements that may or may not be located
on the same circuit board, or the same region/position of
a circuit board or even the same device. In some exam-
ples one or more of any mentioned processors may be
distributed over a plurality of devices. The same or dif-
ferent processor/processing elements may perform one
or more functions described herein.
[0111] The term "signalling" may refer to one or more
signals transmitted as a series of transmitted and/or re-
ceived electrical/optical signals. The series of signals
may comprise one, two, three, four or even more individ-
ual signal components or distinct signals to make up said
signalling. Some or all of these individual signals may be
transmitted/received by wireless or wired communication
simultaneously, in sequence, and/or such that they tem-
porally overlap one another.
[0112] With reference to any discussion of any men-
tioned computer and/or processor and memory (e.g. in-
cluding ROM, CD-ROM etc), these may comprise a com-
puter processor, Application Specific Integrated Circuit
(ASIC), field-programmable gate array (FPGA), and/or
other hardware components that have been pro-
grammed in such a way to carry out the inventive function.
[0113] The applicant hereby discloses in isolation each
individual feature described herein and any combination
of two or more such features, to the extent that such
features or combinations are capable of being carried
out based on the present specification as a whole, in the
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light of the common general knowledge of a person
skilled in the art, irrespective of whether such features or
combinations of features solve any problems disclosed
herein, and without limitation to the scope of the claims.
The applicant indicates that the disclosed aspects/exam-
ples may consist of any such individual feature or com-
bination of features. In view of the foregoing description
it will be evident to a person skilled in the art that various
modifications may be made within the scope of the dis-
closure.
[0114] While there have been shown and described
and pointed out fundamental novel features as applied
to examples thereof, it will be understood that various
omissions and substitutions and changes in the form and
details of the devices and methods described may be
made by those skilled in the art without departing from
the scope of the disclosure. For example, it is expressly
intended that all combinations of those elements and/or
method steps which perform substantially the same func-
tion in substantially the same way to achieve the same
results are within the scope of the disclosure. Moreover,
it should be recognized that structures and/or elements
and/or method steps shown and/or described in connec-
tion with any disclosed form or examples may be incor-
porated in any other disclosed or described or suggested
form or example as a general matter of design choice.
Furthermore, in the claims means-plus-function clauses
are intended to cover the structures described herein as
performing the recited function and not only structural
equivalents, but also equivalent structures. Thus al-
though a nail and a screw may not be structural equiva-
lents in that a nail employs a cylindrical surface to secure
wooden parts together, whereas a screw employs a hel-
ical surface, in the environment of fastening wooden
parts, a nail and a screw may be equivalent structures.

Claims

1. An apparatus comprising:

at least one processor; and
at least one memory including computer pro-
gram code,
the at least one memory and the computer pro-
gram code configured to, with the at least one
processor, cause the apparatus to perform at
least the following:

based on spatial audio content comprising
at least one audio track comprising audio
for audible presented to a user as spatial
audio such that the audio is perceived to
originate from a first audio-object location
in a virtual space relative to a user location
of the user in the virtual space, and based
on the distance between the user location
and the first audio-object location having

decreased to less than a predetermined-
bubble-distance;
provide for a change in the audible presen-
tation of the first audio track to the user from
presentation as spatial audio to presenta-
tion as at least one of monophonic and ster-
eophonic audio for audio mixing of said first
audio track, and wherein said presentation
of said first audio track as at least one of
monophonic and stereophonic audio is
maintained irrespective of relative move-
ment between the user location and the first
audio-object location in the virtual space
causing the distance between the user lo-
cation and the first audio-object location to
increase beyond the predetermined-bub-
ble-distance.

2. The apparatus of claim 1, wherein based on the rel-
ative movement between the user location and the
first audio-object location in the virtual space causing
the distance between the user location and the first
audio-object location to increase beyond a predeter-
mined-stretched-bubble-distance which is greater
than the predetermined-bubble-distance;
provide for a change in the audible presentation of
the first audio track to the user from presentation as
at least one of monophonic and stereophonic audio
to presentation as spatial audio such that the audio
of the first audio track is perceived from a direction
based on the first audio-object location relative to
the user location.

3. The apparatus of claim 1 or claim 2, wherein one or
both of:

i) user initiated movement of their user location
in the virtual space; and
ii) movement of the audio-object in the virtual
space;

provides for the relative movement.

4. The apparatus of any preceding claim, wherein the
spatial audio content comprises a plurality of audio
tracks including at least the first audio track and a
second audio track, the second audio track compris-
ing audio for audible presented to a user as spatial
audio such that the audio is perceived to originate
from a second audio-object location in the virtual
space; and
based on the presentation of said first audio track as
at least one of monophonic and stereophonic audio,
provide for audible presentation of the second audio
track as spatial audio such that the audio of the sec-
ond audio track is perceived from a direction based
on the second audio-object location relative to the
user location.
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5. The apparatus of any preceding claim, wherein, with
the first audio track audibly presented as one of
monophonic and stereophonic audio, based on user
input indicative of a desire to return to spatial audio
presentation of the first audio track, provide for a
change in the audible presentation of the first audio
track to the user from presentation as at least one
of monophonic and stereophonic audio to presenta-
tion as spatial audio such that the audio of the first
audio track is perceived from a direction based on
the first audio-object location relative to the user lo-
cation.

6. The apparatus of any preceding claim wherein in ad-
dition to the apparatus being caused to provide for
a change in the audible presentation of the first audio
track, the apparatus is caused to provide an audio
mixing user interface for modification of one or more
audio parameters of the first audio track.

7. The apparatus of claim 6, wherein the one or more
audio parameters comprise at least one or more of:
volume, bass level, mid-tone level, treble-level, re-
verberation level and echo.

8. The apparatus of claim 6 or 7, wherein based on
receipt of user input to the audio mixing user interface
causing changes to one or more audio parameters
of the first audio track and, subsequently, at least
one of:

i) relative movement between the user location
and the audio-object location in the virtual space
causing the distance between the user location
and the first audio-object location to increase
beyond a predetermined-stretched-bubble-dis-
tance which is greater than the predetermined-
bubble-distance;
ii) user input indicative of a desire to return to
spatial audio presentation of the first audio track;

provide for one of:

c) discarding of the changes to one or more au-
dio parameters of the first audio track unless a
user initiated save input is received; and
d) a change in the audible presentation of the
first audio track to presentation as spatial audio
such that the audio of the first audio track is per-
ceived from a direction based on the first audio-
object location relative to the user location with
the changes to the one or more audio parame-
ters applied.

9. The apparatus of claim 2 or claim 5, wherein between
the audible presentation of the first audio track to the
user as at least one of monophonic and stereophonic
audio and the presentation of the first audio track as

spatial audio such that the audio of the first audio
track is perceived from a direction based on the first
audio-object location relative to the user location, the
apparatus is caused to provide for audible presen-
tation of the first audio track with a transitional spatial
audio effect comprising the perceived origin of the
audio of first audio track progressively moving away
from the user location to the current first audio-object
location.

10. The apparatus of claim 2, wherein based on the rel-
ative movement between the user location and the
audio-object location in the virtual space causing the
distance between the user location and the first au-
dio-object location to increase to within a threshold
of the predetermined-stretched-bubble-distance,
provide for audible presentation of the first audio
track to the user as at least one of monophonic and
stereophonic audio with an audio effect to thereby
audibly indicate that the user is approaching the pre-
determined-stretched-bubble-distance.

11. The apparatus of any preceding claim wherein when
presenting one of a plurality of audio tracks of the
spatial audio content monophonically or stereophon-
ically with the other audio tracks presented as spatial
audio, the apparatus is caused to apply a room im-
pulse response function to at least one of said other
audio tracks, the room impulse response function
configured to modify the audio of the at least one
other audio tracks to sound as if it is heard in a pre-
determined room with a particular location in said
predetermined room, the particular location in said
predetermined room based on either:

i) the user location; and
ii) a current location of the first audio object.

12. The apparatus of claim 11, wherein the apparatus is
caused to provide for user-selection of one of:

a) the Room Impulse Response function based
on the user location; and
b) the Room Impulse Response function based
on the current location of the first audio object.

13. The apparatus of claim 1, wherein the spatial audio
content is audibly presented as spatial audio by
processing the first audio track using one or more of:

i) a head-related-transfer-function filtering tech-
nique;
ii) a vector-base-amplitude panning technique;
and
iii) binaural audio presentation.

14. A method, the method comprising
based on spatial audio content comprising at least

29 30 



EP 3 461 149 A1

17

5

10

15

20

25

30

35

40

45

50

55

one audio track comprising audio for audible pre-
sented to a user as spatial audio such that the audio
is perceived to originate from a first audio-object lo-
cation in a virtual space relative to a user location of
the user in the virtual space, and based on the dis-
tance between the user location and the first audio-
object location having decreased to less than a pre-
determined-bubble-distance;
providing for a change in the audible presentation of
the first audio track to the user from presentation as
spatial audio to presentation as at least one of mono-
phonic and stereophonic audio for audio mixing of
said first audio track, and wherein said presentation
of said first audio track as at least one of monophonic
and stereophonic audio is maintained irrespective of
relative movement between the user location and
the first audio-object location in the virtual space
causing the distance between the user location and
the first audio-object location to increase beyond the
predetermined-bubble-distance.

15. A computer readable medium comprising computer
program code stored thereon, the computer reada-
ble medium and computer program code being con-
figured to, when run on at least one processor, per-
form the method of:

based on spatial audio content comprising at
least one audio track comprising audio for audi-
ble presented to a user as spatial audio such
that the audio is perceived to originate from a
first audio-object location in a virtual space rel-
ative to a user location of the user in the virtual
space, and based on the distance between the
user location and the first audio-object location
having decreased to less than a predetermined-
bubble-distance;
providing for a change in the audible presenta-
tion of the first audio track to the user from pres-
entation as spatial audio to presentation as at
least one of monophonic and stereophonic au-
dio for audio mixing of said first audio track, and
wherein said presentation of said first audio
track as at least one of monophonic and stere-
ophonic audio is maintained irrespective of rel-
ative movement between the user location and
the first audio-object location in the virtual space
causing the distance between the user location
and the first audio-object location to increase
beyond the predetermined-bubble-distance.
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