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MIXED-ORDER AMBISONICS (MOA) AUDIO DATA FOR COMPUTER-
MEDIATED REALITY SYSTEMS

[0001] This application claims the benefit of U.S. Provisional Application No.
62/527,769, filed on 30 June 2017, the entire contents of which are hereby incorporated

by reference.

TECHNICAL FIELD

[0002] This disclosure relates to processing of media data, such as audio data.

BACKGROUND

[0003] A higher-order ambisonics (HOA) signal (often represented by a plurality of
spherical harmonic coefficients (SHC) or other hierarchical elements) is a three-
dimensional representation of a soundfield. The HOA or SHC representation may
represent the soundfield in a manner that is independent of the local speaker geometry
used to playback a multi-channel audio signal rendered from the SHC signal. The SHC
signal may also facilitate backwards compatibility as the SHC signal may be rendered to
well-known and highly adopted multi-channel formats, such as a 5.1 audio channel
format or a 7.1 audio channel format. The SHC representation may therefore enable a

better representation of a soundfield that also accommodates backward compatibility.

SUMMARY

[0004] This disclosure relates generally to auditory aspects of the user experience of
computer-mediated reality systems, including virtual reality (VR), mixed reality (MR),
augmented reality (AR), computer vision, and graphics systems. In some particular
examples, aspects of this disclosure are directed to the selection, streaming, and
playback, of audio content that accompanies the corresponding video content of the
computer-mediated sensory input data of the computer-mediated reality system.

[0005] In one example, a device includes a memory device configured to store a
plurality of representations of a soundfield. In this example, the device also includes a
processor coupled to the memory device. The processor is configured to track a steering
angle provided by one or more angles associated with the device, and to select, based on
the steering angle, a representation of the soundfield from the plurality of

representations stored to the memory device.
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[0006] In another example, a method includes tracking, by a processor, a steering angle
provided by one or more angles associated with a device. The method further includes
selecting, by the processor and based on the steering angle, a representation of a
soundfield from a plurality of representations of a soundfield that are stored to a
memory device that is coupled to the processor.

[0007] In another example, an apparatus includes means for storing a plurality of
representations of a soundfield, means for tracking a steering angle provided by one or
more angles associated with the apparatus, and means for selecting, based on the
steering angle, a representation of the soundfield from the stored plurality of
representations.

[0008] In another example, a non-transitory computer-readable storage medium is
encoded with instructions that, when executed, cause a processor of a device to track a
steering angle provided by one or more angles associated with the device, and to select,
based on the steering angle, a representation of a soundfield from a plurality of
representations of a soundfield that are stored to the non-transitory computer-readable
storage medium.

[0009] The details of one or more examples of this disclosure are set forth in the
accompanying drawings and the description below. Other features, objects, and

advantages will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a diagram illustrating spherical harmonic basis functions of various
orders and sub-orders.

[0011] FIG. 2 is a diagram illustrating a system that may perform various aspects of the
techniques described in this disclosure.

[0012] FIG. 3 is a diagram illustrating aspects of non-uniform spatial resolution
distributions of a mixed order ambisonic representation of a soundfield.

[0013] FIG. 4A is a diagram illustrating differences between a full third order HOA
representation of a soundfield and a mixed order ambisonic representation of the same
soundfield in which the horizontal region has a higher spatial resolution than the

remaining regions.
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[0014] FIG. 4B is a diagram illustrating how various audio objects may be rendered in
the foreground and background of multi-channel audio data in accordance with object-
based representations of a soundfield.

[0015] FIG. 5 is a diagram illustrating relationships between the spatial resolutions of
various mixed order ambisonic representations of the same soundfield and the
corresponding VR steering angles to which the content consumer device 14 may
associate each MOA representation.

[0016] FIGS. 6A and 6B illustrate different mixed order ambisonic representations of
the same soundfield that a content consumer device of this disclosure may select, based
on the steering angle of a headset.

[0017] FIGS. 7A and 7B are diagrams illustrating aspects of this disclosure according to
which a streaming server or a virtual reality (VR) device may provide particular mixed
order ambisonic representations of a soundfield, in response to requests received from a
streaming client.

[0018] FIG. 8 is a diagram illustrating an algorithm that may be performed by the audio
stream selector of FIGS. 7 in order to request streaming of a particular soundfield
representation based on the steering angle of a headset.

[0019] FIGS. 9A and 9B are diagrams illustrating representations of models for displays
used to present panoramic video data.

[0020] FIG. 10 is a diagram illustrating an example of cylindrical panorama video data.
[0021] FIG. 11 is a diagram illustrating an example canvas divided into regions.

[0022] FIG. 12 is a diagram illustrating a correspondence between an example canvas
and corresponding cube map views.

[0023] FIG. 13 is a diagram illustrating an example of a headset that one or more
computer-mediated reality systems of this disclosure may use.

[0024] FIG. 14 is a diagram illustrating another example of a system that may perform
various aspects of the techniques described in this disclosure.

[0025] FIG. 15 is a flowchart illustrating an example process that a computer-mediated

reality device may perform, in accordance with one or more aspects of this disclosure.

DETAILED DESCRIPTION

[0026] In general, this disclosure is directed to techniques for selecting soundfield

representations for playback during a user experience of a computer-mediated reality
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system. Computer-mediated reality technology includes various types of content-
generating and content-consuming systems, such as virtual reality (VR), mixed reality
(MR), augmented reality (AR), computer vision, and graphics systems. While several
aspects of this disclosure are described with respect to virtual reality systems for ease of
discussion by way of example, it will be appreciated that the techniques of this
disclosure are also applicable to other types of computer-mediated reality technology,
such as mixed reality, augmented reality, computer vision, and graphics systems.

[0027] Virtual reality systems may leverage a user’s field of view (FoV) information to
edit and output spherical video data that is customized to serve the user’s FoV.
Spherical video data refers to video data that partially or fully surrounds a viewer’s
head, e.g., for virtual reality applications or other similar scenarios in which a user may
move his or her head to see different parts of an image canvas that cannot be seen when
directing focus at a single point of the canvas. In particular, these techniques may be
applied when the viewer directs visual focus to a particular portion of a large canvas,
such as a three-dimensional canvas that partially or fully envelops the viewer’s head.
Spherical video data that envelops a user’s head may be provided using a combination
of screens (e.g., a set of screens that surround the user) or via head-mounted optics.
[0028] Examples of hardware that can provide head-mounted optics include VR
headsets, MR headsets, AR headsets, and various others. Sensing data and/or test data
may be used to determine the users’ FoV. As one example of sensing data, one or more
angles associated with the positioning of a VR headset, which form a “steering angle” of
the headset, may indicate the user’s FoV. As another example of sensing data, a gaze
angle of the user (sensed, for example, via iris detection) may indicate the user’s FoV.
[0029] The spherical video data and the corresponding audio data may be encoded and
prepared (e.g., for storage and/or transmission) using a set of characteristics. With
respect to spherical video data, the data may be encoded and prepared using
characteristics such as spatial resolutions for different regions of the canvas, bitrates for
different regions of the 3D canvas (which may be achieved using various quantization
parameters), or the like. For instance, the spherical video data may be upsampled at one
or more surfaces of the 3D canvas that are in the user’s FoV, to enhance the visual
aspects of the user experience.

[0030] Existing VR systems, however, do not encode different representations of the
corresponding soundfield to suit the user’s FoV. For instance, many “state of the art”

VR systems render and play back a full HOA representation of the 3D soundfield
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throughout the VR experience. As such, the existing VR systems provide fully
directional 3D audio throughout a VR experience. Thus, while existing VR systems
provide high quality directional audio playback throughout the duration of a VR user
experience, the existing VR systems may consume greater computing resources to
sustain the fully directional 3D audio feed for the entire duration of the VR experience.
Moreover, existing VR systems do not customize the audio playback to suit the user’s
FoV at any time.

[0031] This disclosure is directed to techniques for selecting a soundfield representation
based on the user’s FoV. Systems of this disclosure may store or otherwise have access
to multiple representations of the same soundfield, which is associated with the current
VR experience. In turn, the systems of this disclosure may detect the user’s FoV and
select the particular soundfield representation that provides fully directional audio data
for audio objects associated with video objects that are in the user’s FoV, and provide
less directional audio data for audio objects associated with video objects that are
outside of the user’s FoV.

[0032] The techniques of this disclosure may be used in conjunction with techniques
related to transmission (e.g., sending and/or receiving) of media data (such as video data
and audio data) coded at various levels of quality for different regions at which the
media data is to be played back. For example, the techniques of this disclosure may be
used by a client device that includes a panoramic display (e.g., a display that partially or
fully envelopes a viewer) and surround sound speakers. In general, the display is
configured such that a visual focus of a user is directed to only a portion of the display
at a given time. The systems of this disclosure may render and output the audio data via
the surround sound speakers such that audio objects associated with the present area of
focus on the display are output with greater directionality than the remaining audio
objects.

[0033] FIG. 1 is a diagram illustrating spherical harmonic basis functions from the zero
order (n = 0) to the fourth order (n = 4). As can be seen, for each order, there is an
expansion of suborders m which are shown but not explicitly noted in the example of
FIG. 1 for ease of illustration purposes.

[0034] The SHC A}(k) can either be physically acquired (e.g., recorded) by various
microphone array configurations or, alternatively, they can be derived from channel-
based or object-based descriptions of the soundfield. The SHC represent scene-based

audio, where the SHC may be input to an audio encoder to obtain encoded SHC that
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may promote more efficient transmission or storage. For example, a fourth-order
representation involving (1+4)* (25, and hence fourth order) coefficients may be used.
[0035] As noted above, the SHC may be derived from a microphone recording using a
microphone array. Various examples of how SHC may be derived from microphone
arrays are described in Poletti, M., “Three-Dimensional Surround Sound Systems Based
on Spherical Harmonics,” J. Audio Eng. Soc., Vol. 53, No. 11, 2005 November, pp.
1004-1025.
[0036] To illustrate how the SHCs may be derived from an object-based description,
consider the following equation. The coefficients A7} (k) for the soundfield
corresponding to an individual audio object may be expressed as:

A (k) = g(@)(~4mik) P (kr) V™ (65, 05,
where i is V—1, hr(lz)(-) is the spherical Hankel function (of the second kind) of order n,
and {rs, 6,, @5} 1s the location of the object. Knowing the object source energy g(w) as
a function of frequency (e.g., using time-frequency analysis techniques, such as
performing a fast Fourier transform on the PCM stream) allows us to convert each PCM
object and the corresponding location into the SHC A7 (k). Further, it can be shown
(since the above is a linear and orthogonal decomposition) that the A7 (k) coefficients
for each object are additive. In this manner, a multitude of PCM objects can be
represented by the A (k) coefficients (e.g., as a sum of the coefficient vectors for the
individual objects). Essentially, the coefficients contain information about the
soundfield (the pressure as a function of 3D coordinates), and the above represents the
transformation from individual objects to a representation of the overall soundfield, in
the vicinity of the observation point {r;,, 8,, ¢,,}. The remaining figures are described
below in the context of object-based and SHC-based audio coding.
[0037] FIG. 2 is a diagram illustrating a system 10 that may perform various aspects of
the techniques described in this disclosure. As shown in the example of FIG. 2, the
system 10 includes a source device 12 and a content consumer device 14. While
described in the context of the source device 12 and the content consumer device 14, the
techniques may be implemented in any context in which any hierarchical representation
of a soundfield is encoded to form a bitstream representative of the audio data.
Moreover, the source device 12 may represent any form of computing device capable of
generating hierarchical representation of a soundfield, and is generally described herein

in the context of being a VR content creator device. Likewise, the content consumer
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device 14 may represent any form of computing device capable of implementing the
soundfield representation selection techniques described in this disclosure as well as
audio playback, and is generally described herein in the context of being a VR client
device.

[0038] The source device 12 may be operated by an entertainment company or other
entity that may generate multi-channel audio content for consumption by operators of
content consumer devices, such as the content consumer device 14. In many VR
scenarios, the source device 12 generates audio content in conjunction with video
content. The source device 12 includes a content capture device 300 and a content
capture assistant device 302. The content capture device 300 may be configured to
interface or otherwise communicate with a microphone 5. The microphone 5 may
represent an Eigenmike® or other type of 3D audio microphone capable of capturing
and representing the soundfield as HOA coefficients 11. The content capture device 300
may, in some examples, include an integrated microphone 5 that is integrated into the
housing of the content capture device 300. In some examples, the content capture
device 300 may interface wirelessly or via a wired connection with the microphone 5.
In other examples, the content capture device 300 may process HOA coefficients 11 that
after HOA coefficients 11 are input via some type of removable storage. Various
combinations of the content capture device 300 and the microphone 5 are possible in
accordance with this disclosure.

[0039] The content capture device 300 may also be configured to interface or otherwise
communicate with the soundfield representation generator 302. The soundfield
representation generator 302 may include any type of hardware device capable of
interfacing with the content capture device 300. The soundfield representation
generator 302 may use HOA coefticients 11 provided by the content capture device 300
to generate various representations of the same soundfield represented by the HOA
coefficients 11. For instance, to generate the different representations of the soundfield
using the HOA coefficients 11, soundfield representation generator 302 may use a
coding scheme for ambisonic representations of a soundfield, referred to as Mixed
Order Ambisonics (MOA).

[0040] To generate a particular MOA representation of the soundfield, the soundfield
representation generator 302 may generate a partial subset of the full set of HOA
coefficients 11. For instance, each MOA representation generated by the soundfield

representation generator 302 may provide precision with respect to some areas of the
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soundfield, but less precision in other areas. In one example, an MOA representation of
the soundfield may include eight (8) uncompressed HOA coefficients of the HOA
coefficients 11, while the third order HOA representation of the same soundfield may
include sixteen (16) uncompressed HOA coefficients of the HOA coefficients 11. As
such, each MOA representation of the soundfield that is generated as a partial subset of
the HOA coefficients 11 may be less storage-intensive and less bandwidth intensive (if
and when transmitted as part of the bitstream 21 over the illustrated transmission
channel) than the corresponding third order HOA representation of the same soundfield
generated from the HOA coefficients 11.

[0041] The MOA representations of the soundfield generated by the soundfield
representation generator 302 may be particularly useful in the context of VR content
generation, transmission, and consumption. For instance, a VR client device, such as
the content consumer device 14 can provide greater precision with respect to soundfield
areas that correspond to a video viewport corresponding to the direction of the user’s
FoV. For instance, the content consumer device 14 can use the steering angle of a VR
headset to determine the user’s FoV, and thereby determine locations within the
soundfield to be provided at greater precision. In various examples of this disclosure,
one or both of the source device 12 and/or the content consumer device 14 may store
multiple MOA representations of the soundfield, as generated by the soundfield
representation generator 302.

[0042] The content capture device 300 may, in some examples, be configured to
wirelessly communicate with the soundfield representation generator 302. In some
examples, the content capture device 300 may communicate, via one or both of a
wireless connection or a wired connection, with the soundfield representation generator
302. Via the connection between the content capture device 300 and the soundfield
representation generator 302, the content capture device 300 may provide content in
various forms of content, which, for purposes of discussion, are described herein as
being portions of the HOA coefficients 11.

[0043] In some examples, the content capture device 300 may leverage various aspects
of the soundfield representation generator 302 (in terms of hardware or software
capabilities of the soundfield representation generator 302). For example, the
soundfield representation generator 302 may include dedicated hardware configured to
(or specialized software that when executed causes one or more processors to) perform

psychoacoustic audio encoding (such as a unified speech and audio coder denoted as
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“USAC” set forth by the Motion Picture Experts Group (MPEG) or the MPEG-H 3D
audio coding standard). The content capture device 300 may not include the
psychoacoustic audio encoder dedicated hardware or specialized software and instead
provide audio aspects of the content 301 in a non-psychoacoustic-audio-coded form.
The soundfield representation generator 302 may assist in the capture of content 301 by,
at least in part, performing psychoacoustic audio encoding with respect to the audio
aspects of the content 301.

[0044] The soundfield representation generator 302 may also assist in content capture
and transmission by generating one or more bitstreams 21 based, at least in part, on the
audio content (e.g., MOA representations and/or third order HOA representations)
generated from the HOA coefficients 11. The bitstream 21 may represent a compressed
version of the HOA coefficients 11 (and/or the partial subsets thereof used to form MOA
representations of the soundfield) and any other different types of the content 301 (such
as a compressed version of spherical video data, image data, or text data). The
soundfield representation generator 302 may generate the bitstream 21 for transmission,
as one example, across a transmission channel, which may be a wired or wireless
channel, a data storage device, or the like. The bitstream 21 may represent an encoded
version of the HOA coefficients 11 (and/or the partial subsets thereof used to form MOA
representations of the soundfield) and may include a primary bitstream and another side
bitstream, which may be referred to as side channel information.

[0045] The content consumer device 14 may be operated by an individual, and may
represent a VR client device in many examples. The content consumer device 14 may
include an audio playback system 16, which may refer to any form of audio playback
system capable of rendering SHC (whether in form of third order HOA representations
and/or MOA representations) for playback as multi-channel audio content.

[0046] While shown in FIG. 2 as being directly transmitted to the content consumer
device 14, the source device 12 may output the bitstream 21 to an intermediate device
positioned between the source device 12 and the content consumer device 14. The
intermediate device may store the bitstream 21 for later delivery to the content
consumer device 14, which may request the bitstream. The intermediate device may
comprise a file server, a web server, a desktop computer, a laptop computer, a tablet
computer, a mobile phone, a smart phone, or any other device capable of storing the
bitstream 21 for later retrieval by an audio decoder. The intermediate device may reside

in a content delivery network capable of streaming the bitstream 21 (and possibly in
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conjunction with transmitting a corresponding video data bitstream) to subscribers, such
as the content consumer device 14, requesting the bitstream 21.

[0047] Alternatively, the source device 12 may store the bitstream 21 to a storage
medium, such as a compact disc, a digital video disc, a high definition video disc or
other storage media, most of which are capable of being read by a computer and
therefore may be referred to as computer-readable storage media or non-transitory
computer-readable storage media. In this context, the transmission channel may refer to
the channels by which content stored to the mediums are transmitted (and may include
retail stores and other store-based delivery mechanism). In any event, the techniques of
this disclosure should not therefore be limited in this respect to the example of FIG. 2.
[0048] As further shown in the example of FIG. 2, the content consumer device 14
includes the audio playback system 16. The audio playback system 16 may represent
any audio playback system capable of playing back multi-channel audio data. The
audio playback system 16 may include a number of different renderers 22. The
renderers 22 may each provide for a different form of rendering, where the different
forms of rendering may include one or more of the various ways of performing vector-
base amplitude panning (VBAP), and/or one or more of the various ways of performing
soundfield synthesis. As used herein, “A and/or B” means “A or B”, or both “A and B”.
[0049] The audio playback system 16 may further include an audio decoding device 24.
The audio decoding device 24 may represent a device configured to decode ambisonic
coefficients 15 (which may form the full third order HOA representation or a subset
thereof that forms an MOA representation of the same soundfield) from the bitstream
21. As such, the ambisonic coefficients 15 may be similar to a full set or a partial subset
of the HOA coefficients 11, but may differ due to lossy operations (e.g., quantization)
and/or transmission via the transmission channel. The audio playback system 16 may,
after decoding the bitstream 21 to obtain the Ambisonic coefficients 15 and render the
Ambisonic coefficients 15 to output loudspeaker feeds 25. The loudspeaker feeds 25
may drive one or more loudspeakers (which are not shown in the example of FIG. 2 for
ease of illustration purposes). Ambisonic representations of a soundfield may be
normalized in a number of ways, including N3D, SN3D, FuMa, N2D, or SN2D.

[0050] To select the appropriate renderer or, in some instances, generate an appropriate
renderer, the audio playback system 16 may obtain loudspeaker information 13
indicative of a number of loudspeakers and/or a spatial geometry of the loudspeakers.

In some instances, the audio playback system 16 may obtain the loudspeaker
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information 13 using a reference microphone and driving the loudspeakers in such a
manner as to dynamically determine the loudspeaker information 13. In other instances
or in conjunction with the dynamic determination of the loudspeaker information 13, the
audio playback system 16 may prompt a user to interface with the audio playback
system 16 and input the loudspeaker information 13.

[0051] The audio playback system 16 may then select one of the audio renderers 22
based on the loudspeaker information 13. In some instances, the audio playback system
16 may, when none of the audio renderers 22 are within some threshold similarity
measure (in terms of the loudspeaker geometry) to the loudspeaker geometry specified
in the loudspeaker information 13, generate the one of audio renderers 22 based on the
loudspeaker information 13. The audio playback system 16 may, in some instances,
generate one of the audio renderers 22 based on the loudspeaker information 13 without
first attempting to select an existing one of the audio renderers 22. One or more
speakers may then playback the rendered loudspeaker feeds 25.

[0052] According to some examples of this disclosure, the content consumer device 14
may store multiple MOA representations of the same soundfield, such that each MOA
representation emphasizes precision at a different location or set of locations. In other
examples of this disclosure, the content consumer device 14 may have access to a list of
MOA representations of the same soundfield, that can be requested from the content
creator device 12. In any of these examples, the content consumer device 14 may use
the steering angle of a VR headset to which it is paired, to select a particular MOA
representation that suits the user’s current FoV. Based on the most recent steering angle
information available from the VR headset, the content consumer device 14 may select
or request the particular MOA representation that suits the user’s current view-
orientation. That is, the content consumer device 14 may select or request the particular
MOA representation that provides precision with respect to audio objects that have
locations that are within the user’s FoV with respect to the corresponding spherical
video data. Examples of steering-angle parameters include one or more angles with
respect to the VR headset’s orientation, such as one or more of a pitch, yaw, or roll
angle of the VR headset’s positioning and orientation.

[0053] FIG. 3 is a diagram illustrating aspects of non-uniform spatial resolution
distributions of an MOA representation of a soundfield. Whereas a full spherical HOA
has a uniformly high spatial resolution in all directions, an MOA representation of the

same soundfield has a variable spatial resolution. In many cases, as in the example of
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FIG. 3, an MOA representation of a soundfield includes high resolution spatial audio
data in the horizontal-only region, and includes lower resolution spatial audio data in the
remaining regions of the soundfield. In the example illustrated in FIG. 3, the MOA
representation of the soundfield includes a third order representation of the horizontal
region (called out by a white band), and first order representations of all other regions
(shown by the dark shaded-in portions). That is, according to the MOA representation
of FIG. 3, as soon as a sound source leaves the equator of the soundfield, the sharpness
and area of high quality reconstruction degrades rapidly with respect to audio objects
emanating from the sound source.

[0054] FIG. 4A is a diagram illustrating differences between a full third order HOA
representation of a soundfield and an MOA representation of the same soundfield in
which the horizontal region has a higher spatial resolution than the remaining regions.
As shown in FIG. 4, the full third order HOA representation includes sixteen (16)
uncompressed HOA coefficients to represent the soundfield. The uniform spatial
resolution of the full HOA representation is shown by the entire 3-axis plot being white
(or appearing blank) with respect to the full third order HOA representation.

[0055] In contrast, the MOA representation includes eight (8) uncompressed HOA
coefficients (or coefficient channels) with respect to the same soundfield. Moreover, in
contrast to the uniform spatial resolution exhibited by the full third order HOA
representation, the MOA representation shows a non-uniform spatial resolution in
which the high spatial resolution occurs along the equator of the 3D soundfield, while
the remaining regions of the soundfield are represented at a lower spatial resolution.
The MOA representation illustrated in FIG. 4A is described as being a “3HIP” MOA
representation, which indicates that the MOA representation includes a third order
representation of the horizontal region and a first order representation of the remaining
regions of the soundfield.

[0056] FIG. 4B is a diagram illustrating how various audio objects 126A-126K may be
rendered in the foreground and background of multi-channel audio data in accordance
with object-based representations of a soundfield. The diagram of FIG. 4B specifies a
view 120 that shows what is commonly referred to as the “sweet spot” from a top-down
perspective or bird’s eye view. The sweet spot refers to the location in a room where
the surround sound experience is most optimal when the loudspeakers are properly
configured for 5.1 or higher order surround sound playback. FIG. 4B illustrates various

foreground objects and background objects of a soundfield. In general, foreground
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objects are more salient than the background objects. Techniques of this disclosure
leverage MOA representations to emphasize the more-salient foreground objects while
reducing coding and bandwidth for the less-salient background objects.

[0057] In the example of FIG. 4B, view 120 is segmented into two portions, which are
denoted as foreground portion 122A and background portion 122B. Within the circle, a
listener 124 is positioned (physically or virtually) in the middle of the sweet spot, on the
horizontal access separating foreground portion 122A from background portion 122B.
During playback of multi-channel audio data 40, listener 124 may hear audio objects
126A-126K in the sound field as presented in view 120. That is, audio objects 126A-
126D appear, from the perspective of listener 124, to be originating from the more
distant foreground. Audio objects 126A-126D may have been processed in the manner
described above with respect to FIG. 2B by object association unit 26 with the result
that assisted audio rendering unit 28 A renders these in the far foreground as more
diffuse audio objects due to the lack of any audio metadata.

[0058] Audio objects 126E-126G may appear, from the perspective of listener 124, to
be originating in the more near foreground, as more focused objects. Audio objects
126E-126G may have been processed in the manner described above with respect to
FIG. 2A by object association unit 26 with the result that assisted audio rendering unit
28 A renders these in the more focused foreground due to ability of object association
unit 26 to provide augmented metadata having high audio and video metadata
correlation.

[0059] One or more of audio objects 126A-126G may be reference audio objects
retrieved from a reference library in the manner described above with respect to
computer-mediated reality systems, such as the functionalities described with respect to
the soundfield representation generator 302 or the audio playback system 16. In this
sense, object association unit 26 may identify those of video objects 32 that do not
match any one of audio objects 34, passing these ones of video objects 32 to augmented
reality audio rendering unit 28C as video objects 32°. Augmented reality audio
rendering unit 28C may then retrieve one of reference audio objects 34’ that
corresponds or matches one of video objects 32° and render this one of reference audio
objects 34°"” based on the video metadata included within the associated one of video
objects 32’.

[0060] Audio objects 126H-126K may appear, form the perspective of listener 124, to
be originating in the background. Audio objects 126H-126K may have been processed
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in the manner described above with respect to FIG. 2C by object association unit 26
with the result that unassisted audio rendering unit 28B renders these in the background
due to inability of object association unit 26 to associate these audio objects 34’ with
any one of video objects 32. That is, because auditory scene analysis is typically not as
precise in locating the origin of a sound in comparison to visual scene analysis,
unassisted audio rendering unit 28B may be unable to accurately locate the source of
audio objects 34°’. Unassisted audio rendering unit 28B may only render audio objects
34’ based at most on corresponding audio metadata 54, which may result in audio
rendering unit 28B rendering these audio objects 34’ in the background as more diffuse
objects.

[0061] Potential issues related to hearing “above” the illustrated circular plane including
audio objects 126A-126K (or a horizontal plane that may include the audio objects
126A-126K) may also arise in the case of object-based representations of the soundfield
being rendered. As such, the systems of this disclosure may also improve the user
experience of computer-mediated reality systems in the case of the computer-mediated
reality systems using object-based representations of the soundfield as well. For
instance, the audio playback system 16 may use the steering angle of a VR headset
paired with the content consumer device 14, to use the various rotations and orientations
illustrated in the view 120 of the soundfield, in order to select the appropriate view for
the present steering angle. Aspects of audio object architecture are available at
https://en. wikipedia.org/wiki/Digital audio.

[0062] FIG. 5 is a diagram illustrating relationships between the spatial resolutions of
various MOA representations of the same soundfield and the corresponding VR steering
angles to which the content consumer device 14 may associate each MOA
representation. As shown, the content consumer device 14 may associate a steering
angle for a straight gaze with an MOA representation that has greater spatial precision
in a horizontal region. As also illustrated in FIG. 5, the content consumer device 14 by
effectively moving the high resolution region from a vertical region (for the downward
gaze) gradually to a horizontal region (for the straight gaze) gradually to a vertical
region (for the upward gaze).

[0063] FIGS. 6A and 6B illustrate different MOA representations of the same
soundfield that the content consumer device 14 may select, based on the steering angle
of the headset. The headset may represent any one or more of a VR headset, an AR

headset, an MR headset, or other types of headsets used for computer-mediated reality
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systems. FIG. 6A illustrates various MOA representations of a single soundfield that
the content consumer device 14 may select or request, as the steering angle of the VR
headset transitions from a downward gaze to a straight gaze. FIG. 6B illustrates various
MOA representations of the same soundfield that the content consumer device 14 may
select or request, as the steering angle of the VR headset transitions from a straight gaze
to an upward gaze.

[0064] As shown in FIGS. 6A and 6B, the content consumer device 14 may cater to the
transition in steering angle by effectively moving the high resolution region from a
vertical region (for the downward gaze) gradually to a horizontal region (for the straight
gaze) gradually to a vertical region (for the upward gaze). As discussed above, all of
the MOA representations of FIGS. 6A and 6B may be generated from a full HOA
soundfield representation (e.g., by the soundfield representation generator 302 of FIG.
2). Again, the MOA representations have different distributions of high resolution and
low resolution areas that match or substantially map to possible viewing directions
(FoVs).

[0065] FIGS. 7A and 7B are diagrams illustrating aspects of this disclosure according to
which a streaming server or a virtual reality (VR) device or other computer-mediated
reality system may provide various representations of a soundfield in the form of an
audio stream. In various examples, the streaming server may provide, in the audio
stream, a particular mixed order ambisonic representations of a soundfield, in response
to requests received from a streaming client. FIG. 7A is a diagram illustrating aspects
of this disclosure according to which a streaming server may provide particular
representations (e.g., MOA representations and/or a full HOA representations) of a
soundfield, in response to requests received from a streaming client. The streaming
server of FIG. 7A is an example of the source device 12 of FIG. 2, while the streaming
client of FIG. 7A is an example of the content consumer device 14 of FIG. 2. Based on
the user’s head rotation, the Audio Stream Selector of the streaming client may select a
particular MOA stream available from the streaming server.

[0066] The streaming server may also provide various types of streams, or
combinations of streams, in response to such requests from the streaming clients. For
instance, the streaming server may also provide full-order HOA streaming can as an
option if requested by streaming client. In other examples, the streaming server may
provide one or more of object-based representations of the soundfield, higher order

ambisonic representations of the soundfield, mixed order ambisonic representations of
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the soundfield, a combination of object-based representations of the soundfield with
higher order ambisonic representations of the soundfield, a combination of object-based
representations of the soundfield with mixed order ambisonic representations of the
soundfield, or a combination of mixed order representations of the soundfield with
higher order ambisonic representations of the soundfield.

[0067] FIG. 7A also illustrates a binauralization process, which may be processed
locally to provide or in some cases ensure low motion-to-sound latency at the VR
headset. In various examples, the streaming server may provide the audio stream as part
of a media stream that provides a VR experience, AR experience, MR experience, an
extended reality (XR) experience. In some such examples, the streaming server may
provide the audio stream in association with a corresponding stream. In some
examples, the streaming client may use a network interface to communicate exchange
messages to and from the streaming server, where the exchange messages are associated
with the representations of the soundfield available from the streaming server. The
network interface may be coupled to one or more processors of the streaming client
and/or to one or more memory devices of the streaming client. In some examples, the
streaming client may use an antenna coupled to the network interface to receive wireless
signals including data packets, audio packets, video packets, or transport protocol data
associated with the representations of the soundfield that are available from the
streaming server. In some examples, the streaming server may further include or be
coupled to one or more microphone arrays (e.g., as provided by Eigenmike®
technology) that captures one or more portions of the soundfield.

[0068] FIG. 7B illustrates aspects of this disclosure according to which a VR device
may locally store and thereby provide particular audio representations (e.g., MOA
representations and/or a full HOA representation) of a soundfield, such as by way of a
direct pairing with a VR headset. The VR device of FIG. 7B is an example of the
content consumer device 14 of FIG. 2. Based on the user’s head rotation, the Audio
Stream Selector of the VR device may select a particular audio representation (e.g. a
particular MOA representation or a full HOA representation) available locally. In one
example, the VR device may use a manifest of the locally-available audio
representations to determine the viability of one or more of the locally-available
representations, and then select the appropriate soundfield representation using the

information provided in the manifest.
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[0069] The VR device may include one or more memory devices, such as random
access memory (RAM), read-only memory (ROM), electrically erasable programmable
read-only memory (EEPROM), compact disc read-only memory (CD-ROM) or other
optical disk storage, magnetic disk storage, or other magnetic storage devices, flash
memory, or any other medium that can be used to store data, instructions, or data
structures that can be accessed, retrieved, and processed by a computing device. The
VR device may also include a processor (or multiple processors), such as one or more
digital signal processors (DSPs), general purpose microprocessors, application specific
integrated circuits (ASICs), field programmable gate arrays (FPGAs), or other
equivalent integrated, or discrete logic circuitry. The processor the VR device is
coupled to the memory device, such as via logical and/or physical channels.

[0070] As such, the processor(s) of the VR device of FIG. 7B may track a steering
angle, using one or more angles associated with the head rotation information. In turn,
the VR device of FIG. 7B may use the steering angle to select a particular representation
of the VR audio soundfield from the multiple representations of the same soundfield
that are stored to the memory device of the VR device. The processor(s) of the VR
device may also reproduce the soundfield using the selected representation, via one or
more loudspeakers (e.g. the speakers of the headset 200). In some examples, the
processor(s) of the VR device may use one or more sensors and/or cameras (e.g., the
sensors and/or cameras of the headset 200) to capture images that indicate a gaze angle
of a user wearing the headset 200. For instance, the processor(s) of the VR device may
use the gaze angle to determine the steering angle. The processor(s) of the VR device
may also represent an image sequence at a viewing angle based on the steering angle.
For instance, the processor(s) of the VR device may output portions of the image
sequence via the display hardware of the headset 200, at the particular viewing angle
that suits the present steering angle of the headset 200.

[0071] The memory device of the VR device may also locally store various types of
representations, or combinations thereof, in response to such a selection by the Audio
Stream Selector executed by the processor(s) of the VR device. For instance, as
discussed above, the processor(s) of the VR device may also provide full-order HOA
streaming can as an option if selected by the Audio Stream Selector. In other examples,
the processor(s) of the VR device may output, via the speaker hardware of the headset
200, one or more of object-based representations of the soundfield, higher order

ambisonic representations of the soundfield, mixed order ambisonic representations of
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the soundfield, a combination of object-based representations of the soundfield with
higher order ambisonic representations of the soundfield, a combination of object-based
representations of the soundfield with mixed order ambisonic representations of the
soundfield, or a combination of mixed order representations of the soundfield with
higher order ambisonic representations of the soundfield. In some examples, one or
more of the soundfield representations stored to the memory device of the VR device
may include at least one high-resolution region and at least one lower-resolution region,
and wherein the selected presentation based on the steering angle provides a greater
spatial precision with respect to the at least one high-resolution region and a lesser
spatial precision with respect to the lower-resolution region. FIG. 7B also illustrates a
binauralization process, which may be processed locally to provide or in some cases
ensure low motion-to-sound latency at the VR headset.

[0072] FIG. 8 is a diagram illustrating an algorithm that may be performed by the audio
stream selector of FIGS. 7 in order to request streaming of a particular soundfield
representation based on the steering angle of a headset. The headset may represent any
one or more of a VR headset, an AR headset, an MR headset, or other types of headsets
used for computer-mediated reality systems. As illustrated, the streaming client (e.g., a
VR client device) may have access to a manifest that provides resolution information of
the streams available from the streaming server (e.g., a VR server). The available
streams may include various representations, such as MOA representations with
precision concentrated in different regions, and may optionally include a full third order
HOA representation and/or an object-based representation of the soundfield. In turn,
the audio stream selector may select an available stream, such as particular MOA
representation (or the full HOA representation or the object-based representation) of the
soundfield, to suit the last-detected steering angle of the VR headset. In turn, the
streaming client may request the selected stream from the streaming server. For
instance, the streaming client may identify the requested stream using identification
information available from the manifest. While

[0073] FIGS. 9A and 9B are diagrams illustrating representations of models for displays
used to present panoramic video data. FIG. 9A illustrates an example of a cube map
projection 100, while FIG. 9B illustrates equi-rectangular projection 110.

[0074] In FIG. 9A, each of 6 faces 102A—102F (faces 102) of cube 104 is divided into
four tiles (for a total of 24 tiles). Tiles of visible faces (i.e., faces 102A, 102B, and
102C) are labeled as tiles 106A—106L. In particular, face 102C is divided into tiles
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106A—106D, face 102B is divided into tiles 106E—106H, and face 102A is divided into
tiles 1061-106L. The tiles of the hidden faces (i.e., faces 102D, 102E, and 102F) are
unlabeled in FIG. 9A for purposes of readability, but it should be understood that faces
102D-102F are also divided into tiles. “Tiles” may also be referred to as regions. Each
of cube faces 102 in FIG. 9A corresponds to a 90 degree by 90 degree field of view
(FoV). Any arbitrary 90x90 degree tile of the sphere may require decoding of 1/3™ of
the panorama at high resolution. The FoV rarely spans more than eight tiles. Thus, the
span of high resolution decode can be restricted to eight tiles or less, without losing
visual quality.

[0075] FIG. 9B illustrates canvas 118, which is divided into eight tiles 116A—-116H. In
this example, when a user is looking at the “poles” of the sphere (e.g., north pole 112,
where the user’s field of view when looking at north pole 112 is represented by grey
shaded area 114), the entire upper half of canvas 118 (i.e,, tiles 116A-116D) would
need to be decoded at high resolution. Breaking tiles 116A—116D up into more vertical
tiles would not help to solve the problem. Thus, in this example, half of the panorama
would need to be decoded at high resolution. This is significantly more high resolution
data than in the example of FIG. 9A. Therefore, the techniques of this disclosure may
use cube map projection model 100 for the display.

[0076] Referring to the example discussed with respect to FIG. 1 above, in which video
data is coded at resolutions including 6k, 4k, HD (1080p), and 720p, in FIG. 9A, front
four tiles 106A—106D (also referred to as “regions”) may be decoded at 6k resolution,
neighboring eight tiles (e.g., tiles 106E, 106G, 106K, and 106L, as well as the unlabeled
tiles of faces 102D and 102F that neighbor tiles 106A, 106C, and 106D) may be
decoded at 4k resolution, neighboring eight tiles to these eight tiles (i.e., tiles 106F,
106H, 1061, 106J, and the other unlabeled tiles that neighbor the tiles that neighbor tiles
106A, 106C, and 106D) may be decoded at HD (1080p) resolution, and the four back
tiles may be decoded at 720p resolution. In this example, the total bandwidth
requirement for such video data would be 6.5 MP per frame. In a worse-case scenario
in which there is an 8-4-4-8 distribution of tiles across the resolutions in decreasing
order, there would be 8.17 MP per frame. It will be appreciated that the video
resolutions/rates described above are non-limiting examples, and that other video
resolutions/rates are also compatible with various aspects of this disclosure. It will also
be appreciated that video resolutions/rates are subject to change as technology and

standards evolve.
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[0077] FIG. 10 is a diagram illustrating an example of cylindrical panorama video data
120. Cylindrical panorama video data 120 is partitioned into tiles 122-130. Bit rate
reductions may be equally, if not more, important for certain uses than reductions in
decoder complexity. For example, some reports indicate that the average U.S. Internet
connection speed is 5 mbps, compared to a 30 mbps requirement for conventional, high
quality panoramic video data. Carving up multiple small tiles from the panorama may
reduce compression efficiency. That is, there may be some loss in temporal prediction
efficiency.

[0078] In the example of FIG. 10, the server (e.g., source device 12 of FIG. 1 or source
device 50 of FIG. 2) may store 12x90 degree tiles 122—130 (which is equivalent to three
copies of the panorama). This example may be used to avoid small tiles, which means
that compression efficiency is not compromised. In addition, 12x30 degree tiles may
also be stored. An arbitrary 90 degree view would then require at the most four 30
degree tiles, where one 30 degree tile and one 90 degree tile can be used to compose an
arbitrary 90 degree view.

[0079] A bitrate optimization for spherical panorama video data 120 may be achieved
using the techniques of this disclosure. The idea of trading off storage space to save
bitrate can be generalized to other cases. For instance, it is not necessary that same tile
granularity is available at all the viewing angles. Unlike the cylindrical panorama case,
covering all the viewpoints with equal tile granularity is not trivial for spherical
panoramas.

[0080] In general, source device 12 of FIG. 2 may save copies of spherical panorama
video data 120 at multiple tile granularities. Bigger tiles than tiles 122—130 (not shown)
can have overlapping fields of views between them in some places for better coverage.
For example, source device 12 may encode the most interesting viewpoints (as
determined by a user, such as an administrator, who is preparing the content) at larger
tile sizes. In this manner, source device 12 may send a combination of multiple sized
tiles, e.g., a large tile (e.g., four times the tile size of one of tiles 122—130) for a region
at which a visual focus of a user is directed, and smaller tiles for the other remaining
regions (for a total of 21 tiles, with respect to the example of FIG. 9A).

[0081] An example tile coding in the cuboidal projection may be as follows: cube faces
may be A, B, C, and D, forming the horizontal ring, E for the top, and F for the bottom.
The smallest tiles may be A1, A2, A3, A4, B1, B2, ..., F1, F2, F3, and F4 (for a total of
24 tiles). The larger tiles may be A, B, C, D, E, and F (where tile A covers the area
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spanned by tiles A1, A2, A3, and A4, B covers the area spanned by tiles B1, B2, B3,
and B4, and so on for each of tiles C—F). In some examples, only those viewpoints
which are more likely to be viewed would be coded at larger tile sizes. Thus, if it is
unlikely that a user would look up or down, only A, B, C, and D could be coded as large
tiles. Optionally, each of these tiles may have left and right views for stereo video data.
[0082] Source device 12 may prepare the video data for a stereo video case to improve
latency when destination device 14 switches from a low resolution stream to a high
resolution stream. The techniques of this disclosure may avoid introduction of
additional motion to photon (m2p) latency. In general, latency during the transition
from, e.g., low resolution to high resolution (when the user moves his/her head) can be
large. The maximum latency is equal to the latency from a heads up display (HUD) to
server and back (e.g., the roundtrip latency between destination device 14 and server
device 12) plus the length of a GOP structure or time until next I-frame is decoded.
However, the scenario where content at different resolutions is available at the HUD
(either stored locally in a file or streamed) causes the network delay portion to be 0 in
the maximum latency calculation above.

[0083] Although generally discussed with respect to source device 12 of FIG. 1, it
should be understood that source device 50 of FIG. 2 may perform substantially similar
techniques as discussed with respect to FIG. 10.

[0084] FIG. 11 is a diagram illustrating an example canvas 140 divided into regions
142A—142F (regions 142). For purposes of discussion, canvas 140 is divided as a
rectangle into rectangular regions 142, although it should be understood that this
discussion may apply to a cube map projection similar to cube map projection 100 as
shown in FIG. 9A.

[0085] In accordance with the techniques of this disclosure, various sets of video data
may be provided for each of regions 142. In the example of FIG. 11, video data 144A is
provided for region 142A, video data 144B is provided for region 142B, video data
144C is provided for region 142C, video data 144D is provided for region 142D, video
data 144E is provided for region 142E, and video data 144F is provided for region
142F. Each of video data 144A—144F may include video data encoded at a variety of
quality levels, e.g., spatial resolutions. For example, each of video data 144A—144F
may include video data encoded at proportional 6K resolution (that is, having pixel

density of 6K resolution), 4K resolution, 1080P resolution, and 720P resolution.
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[0086] In some examples, video data may be provided that covers a plurality of regions
142. In the example of FIG. 11, video data 146 is provided that covers regions 142A,
142B, 142D, and 142E. Thus, if a user’s focus is directed at a field of view including
regions 142A, 142B, 142D, and 142E, destination device 14 may simply retrieve video
data 146, rather than retrieving individual sets of video data from video data 144A,
144B, 144D, 144E. In some examples (such as that shown in FIG. 11), only a single
quality (e.g., spatial resolution) is provided that covers multiple regions, although in
other examples, multiple qualities may be provided for multiple regions.

[0087] FIG. 12 is a diagram illustrating a correspondence between an example canvas
180 and corresponding cube map views 182A, 182B. In particular, canvas 180 includes
a plurality of tiles that are differently shaded, where different shading represents
different quality levels (e.g., spatial resolutions) that are requested. Cube map views
182A, 182B represent where each of the tiles of canvas 180 would be displayed. Cube
map view 182A shows a front perspective view of front views of the cube map, while
cube map view 182B shows a cut-away front perspective of rear tiles of the cube map.
White tiles represent a highest quality level (e.g., highest spatial resolution), diagonally
shaded tiles represent a second highest quality level, cross-hatch shaded tiles represent a
third highest quality level, and solid black shaded tiles represent a lowest quality level.
The quality levels may also be referred to as “layers.”

[0088] In one example, to achieve lower quality levels, spatial resolution is
downsampled. For example, layer 1 may be full spatial resolution, layer 2 may be
spatially reduced by one-half in the horizontal and vertical directions (for a total of one-
quarter spatial resolution), layer 3 may be spatially reduced by one-third in the
horizontal and vertical directions (for a total of one-ninth spatial resolution), and layer 4
may be spatially reduced by one-fourth in the horizontal and vertical directions (for a
total of one-sixteenth spatial resolution).

[0089] FIG. 13 is a diagram illustrating an example of a headset 200 that one or more
computer-mediated reality systems of this disclosure may use. In various examples, the
headset 200 may represent a VR headset, an AR headset, an MR headset, or an extended
reality (XR) headset. As shown, the headset 200 includes a rear camera, one or more
directional speakers, one or more tracking and/or recording cameras, and one or more
light-emitting diode (LED) lights. In some examples, the LED light(s) may be referred
to as “ultra bright” LED light(s). In addition, the headset 200 includes one or more eye-

tracking cameras, high sensitivity audio microphones, and optics/projection hardware.
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The optics/projection hardware of the headset 200 may include durable semi-transparent
display technology and hardware.

[0090] The headset 200 also includes connectivity hardware, which may represent one
or more network interfaces that support multimode connectivity, such as 4G
communications, SG communications, etc. The headset 200 also includes ambient light
sensors, and bone conduction transducers. In some instances, the headset 200 may also
include one or more passive and/or active cameras with fisheye lenses and/or telephoto
lenses. Various devices of this disclosure, such as the content consumer device 14 of
FIG. 2 may use the steering angle of the headset 200 to select an audio representation of
a soundfield to output via the directional speaker(s) of the headset 200, in accordance
with various techniques of this disclosure. It will be appreciated that the headset 200
may exhibit a variety of different form factors.

[0091] FIG. 14 is a diagram illustrating another example of a system that may perform
various aspects of the techniques described in this disclosure. FIG. 14 illustrates an
example in which the source device 12 further includes a camera 200. The camera 200
may be configured to capture video data, and provide the captured raw video data to the
content capture device 300. The content capture device 300 may provide the video data
to another component of the source device 12 (not shown in FIG. 14), for further
processing into viewport-divided portions, such as the tiles 116 illustrated in FIG. 9B.
[0092] In the example of FIG. 14, the content consumer device 14 also includes the
headset 200. It will be understood that, in various implementations, the headset 200
may be included in, or externally coupled to, the content consumer device 14. As
discussed above with respect to FIG. 13, the headset 200 includes display hardware and
speaker hardware for outputting video data (e.g., as associated with various viewports)
and for rendering audio data.

[0093] FIG. 15 is a flowchart illustrating an example process 220 that a VR device may
perform, in accordance with aspects of this disclosure. In various examples, the
streaming client of FIG. 7A or the VR device of FIG. 7B may perform process 220,
whether as a standalone process or as part of a larger process. Process 220 may begin
when the VR device tracks a steering angle provided by one or more angles of a device
(222). For instance, the VR device may track the steering angle of the headset 200
illustrated in FIG. 13. In turn, the VR device may select a soundfield representation

from multiple available representations (of the same soundfield) based on the tracked
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steering angle (224). For instance, the VR device may select one of the ambisonic (e.g.,
MOA or HOA) representations stored locally as shown in FIG. 7B.

[0094] 1t is to be recognized that depending on the example, certain acts or events of
any of the techniques described herein can be performed in a different sequence, may be
added, merged, or left out altogether (e.g., not all described acts or events are necessary
for the practice of the techniques). Moreover, in certain examples, acts or events may
be performed concurrently, e.g., through multi-threaded processing, interrupt
processing, or multiple processors, rather than sequentially.

[0095] In some examples, the headset 200 may capture, using camera hardware, images
that include a gaze angle associated with a user wearing the headset 200. In some
examples, the VR device may determine, using one or more processors, the gaze angle
associated with the user, and may track the steering angle based on the gaze angle. In
some examples, a display of the headset 200 may represent an image sequence at a
viewing angle that is based on the steering angle.

[0096] In some examples, the VR device (or the streaming device) may communicate,
using a network interface coupled to a memory of the VR/streaming device, exchange
messages to an external device (e.g., the streaming server of FIG. 7A), where the
exchange messages are associated with the multiple available representations of the
soundfield. In some examples, the VR device may receive, using an antenna coupled to
the network interface, wireless signals including data packets, audio packets, video
pacts, or transport protocol data associated with the multiple available representations of
the soundfield. In some examples, one or more microphone arrays may capture the
soundfield.

[0097] In some examples, the multiple available representations of the soundfield stored
to the memory device may include a plurality of object-based representations of the
soundfield, higher order ambisonic representations of the soundfield, mixed order
ambisonic representations of the soundfield, a combination of object-based
representations of the soundfield with higher order ambisonic representations of the
soundfield, a combination of object-based representations of the soundfield with mixed
order ambisonic representations of the soundfield, or a combination of mixed order
representations of the soundfield with higher order ambisonic representations of the
soundfield.

[0098] In some examples, one or more of the soundfield representations of the multiple

available representations of the soundfield may include at least one high-resolution
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region and at least one lower-resolution region, and wherein the selected presentation
based on the steering angle provides a greater spatial precision with respect to the at
least one high-resolution region and a lesser spatial precision with respect to the lower-
resolution region.

[0099] In one or more examples, the functions described may be implemented in
hardware, software, firmware, or any combination thereof. If implemented in software,
the functions may be stored on or transmitted over as one or more instructions or code
on a computer-readable medium and executed by a hardware-based processing unit.
Computer-readable media may include computer-readable storage media, which
corresponds to a tangible medium such as data storage media, or communication media
including any medium that facilitates transfer of a computer program from one place to
another, e.g., according to a communication protocol. In this manner, computer-
readable media generally may correspond to (1) tangible computer-readable storage
media which is non-transitory or (2) a communication medium such as a signal or
carrier wave. Data storage media may be any available media that can be accessed by
one or more computers or one or more processors to retrieve instructions, code and/or
data structures for implementation of the techniques described in this disclosure. A
computer program product may include a computer-readable medium.

[0100] By way of example, and not limitation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage, or other magnetic storage devices, flash memory, or any other medium that
can be used to store desired program code in the form of instructions or data structures
and that can be accessed by a computer. Also, any connection is properly termed a
computer-readable medium. For example, if instructions are transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included in the definition of
medium. It should be understood, however, that computer-readable storage media and
data storage media do not include connections, carrier waves, signals, or other transitory
media, but are instead directed to non-transitory, tangible storage media. Disk and disc,
as used herein, includes compact disc (CD), laser disc, optical disc, digital versatile disc

(DVD), floppy disk and Blu-ray disc, where disks usually reproduce data magnetically,
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while discs reproduce data optically with lasers. Combinations of the above should also
be included within the scope of computer-readable media.

[0101] Instructions may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, application specific
integrated circuits (ASICs), field programmable gate arrays (FPGAs), or other
equivalent integrated or discrete logic circuitry. Accordingly, the term “processor,” as
used herein may refer to any of the foregoing structure or any other structure suitable for
implementation of the techniques described herein. In addition, in some aspects, the
functionality described herein may be provided within dedicated hardware and/or
software modules configured for encoding and decoding, or incorporated in a combined
codec. Also, the techniques could be fully implemented in one or more circuits or logic
elements.

[0102] The techniques of this disclosure may be implemented in a wide variety of
devices or apparatuses, including a wireless handset, an integrated circuit (IC) or a set of
ICs (e.g., a chip set). Various components, modules, or units are described in this
disclosure to emphasize functional aspects of devices configured to perform the
disclosed techniques, but do not necessarily require realization by different hardware
units. Rather, as described above, various units may be combined in a codec hardware
unit or provided by a collection of interoperative hardware units, including one or more
processors as described above, in conjunction with suitable software and/or firmware.
[0103] Various examples have been described. These and other examples are within the

scope of the following claims.
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CLAIMS

1. A device comprising: a memory device configured to store a plurality of
representations of a soundfield, each respective representation of the soundfield
comprising a different set of ambisonic coefficients representative of the soundfield; and
a processor, coupled to the memory device, the processor configured to: track a steering
angle provided by one or more angles associated with a positioning of the device; and
select, based on the steering angle, a particular representation of the soundfield from the

plurality of representations stored to the memory device.

2. The device of claim 1, further comprising one or more loudspeakers coupled to the
processor, the one or more loudspeakers configured to reproduce the soundfield based
on the particular representation of the soundfield selected from the plurality of

representations stored to the memory device.

3. The device of claim 1, further comprising a camera configured to capture images that

include a gaze angle associated with a user wearing the device.

4. The device of claim 3, wherein the processor, coupled to the camera, is configured to
determine the gaze angle associated with the user, and track the steering angle based on

the gaze angle.

5. The device of claim 1, further comprising a display configured to represent an image
sequence at a viewing angle that is based on the steering angle.

6. The device of claim 1, further comprising a network interface, coupled to the
memory, configured to communicate exchange messages to an external device

associated with the plurality of representations of the soundfield to store to the memory.

7. The device of claim 6, further comprising an antenna, coupled to the network
interface, configured to receive wireless signals including data packets, audio packets,
video packets, or transport protocol data associated with the plurality of representations
of the soundfield.
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8. The device of claim 1, further comprising one or more microphone arrays configured

to capture the soundfield.

9. The device of claim 1, wherein the plurality of representations of the soundfield
stored to the memory device comprises one or more of higher order ambisonic
representations of the soundfield, mixed order ambisonic representations of the
soundfield, or a combination of mixed order representations of the soundfield with
higher order ambisonic representations of the soundfield.

10. The device of claim 1, wherein one or more of the plurality of the representations of
the soundfield stored to the memory device include, respectively, at least one high-
resolution region and at least one lower-resolution region, and wherein the particular
representation selected based on the steering angle provides a greater spatial precision
with respect to the at least one high-resolution region and a lesser spatial precision with

respect to the lower-resolution region.

11. The device of claim 1, wherein the device comprises one of a virtual reality headset,

a mixed reality headset or an augmented reality headset.

12. A method comprising: storing, to a memory, a plurality of representations of a
soundfield, wherein each respective representation of the soundfield comprises a
different set of ambisonic coefficients representative of the soundfield; tracking, by a
processor in communication with the memory, a steering angle provided by one or more
angles associated with a positioning of a device that includes the memory and the
processor; and selecting, by the processor and based on the steering angle, a particular
representation of the soundfield from the plurality of representations of the soundfield

that are stored to the memory.

13. The method of claim 12, further comprising reproducing, by one or more
loudspeakers coupled to the processor, the soundfield based on the particular
representation of the soundfield selected from the plurality of representations that are

stored to the memory.

14. The method of claim 12, further comprising capturing, by a camera, images that
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include a gaze angle associated with a user wearing the device.

15. The method of claim 14, further comprising: determining, by the processor, the gaze
angle associated with the user; and tracking, by the processor, the steering angle based

on the gaze angle.

16. The method of claim 12, further comprising representing, by a display, an image
sequence at a viewing angle that is based on the steering angle.

17. The method of claim 12, further comprising communicating, by a network interface
coupled to the memory, exchange messages to an external device associated with the
plurality of representations of the soundfield to store to the memory.

18. The method of claim 17, further comprising receiving, by an antenna coupled to the
network interface, wireless signals including data packets, audio packets, video packets,
or transport protocol data associated with the plurality of representations of the

soundfield.

19. The method of claim 12, further comprising capturing, by one or more microphone
arrays, the soundfield.

20. The method of claim 12, wherein the plurality of representations of the soundfield
stored to the memory device comprises one or more of higher order ambisonic
representations of the soundfield, mixed order ambisonic representations of the
soundfield, or a combination of mixed order representations of the soundfield with

higher order ambisonic representations of the soundfield.

21. The method of claim 12, wherein one or more of the plurality of the representations
of the soundfield stored to the memory include, respectively, at least one high-resolution
region and at least one lower-resolution region, and wherein the particular
representation selected by the processor based on the steering angle provides a greater
spatial precision with respect to the at least one high-resolution region and a lesser
spatial precision with respect to the lower-resolution region.
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22. An apparatus comprising: means for storing a plurality of representations of a
soundfield, each respective representation of the soundfield comprising a different set of
ambisonic coefficients representative of the soundfield; means for tracking a steering
angle provided by one or more angles associated with a positioning of the apparatus;
and means for selecting, based on the steering angle, a particular representation of the

soundfield from the stored plurality of representations.

23. A non-transitory computer-readable storage medium encoded with instructions that,
when executed, cause a processor of a device to: store, to the non-transitory computer-
readable storage medium, a plurality of representations of a soundfield, each respective
representation of the soundfield comprising a different set of ambisonic coefficients
representative of the soundfield; track a steering angle provided by one or more angles
associated with a positioning of the device; and select, based on the steering angle, a
particular representation of the soundfield from the plurality of representations of the

soundfield that are stored to the non-transitory computer-readable storage medium.



