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SPATIAL CODING OF HIGHER ORDER AMBISONICS FOR A LOW LATENCY
IMMERSIVE AUDIO CODEC
CROSS-REFERENCE TO RELATED APPLICATIONS

This application claums prionity to U.S. Provisional Patent Application No. 63/301,152 filed

January 20, 2022, U.S. Provisional Patent Application No. 63/394,58¢ filed August 2, 2022,

-3

b

and LS. Provisional Patent Apphcation No. 63/476,518 {iled December 21, 2022, each of

which are herchy incorporated by reference in thewr entireties.
TECHNICAL FIELD

The present disclosure generally relates to a method of encoding Higher Order Ambisonics
{HOA) audio. In particiar, the method includes encoding the HOA audio signal using a Spatial
Reconstruction (SPAR} coding framework and a core audio encoder. The present disclosure relates

further to a method of decoding HOA audio, respective apparatuses, and compuler program producis.

While some embodiments will be described herem with particular reference o that
disclosure, it will be appreciated that the present disclosure is not limited to such a field of

use and 1s applicable in broader contexts.

BACKGROUND

Anv discussion of the background art throughout the disclosure should i no way be
considered as an adoussion that such art is widely known or forms part of coramon general

knowledge in the ficld.

SPAR is a technology to spatially code Ambisonies and 15 used in the Imwersive Voice and
Audio Services (TVAS) codec to be standardized by the 3™ Generation Partnership Project
(3GPP). Up to now, the SPAR coding framework has been applied with regard to First Grder
Ambisonics {FOA), across a range of bitrates. There is, however, still an existing need (o
expand the SPAR algonithm to Higher Order Ambisonies, in particular, to enhance the

algorithin to achieve good results withun the IVAS framework.

SUMMARY

In accordance with a first aspect of the present disclosure there is provided a method of



10

20

30

WO 2023/141034 PCT/US2023/010415

encoding Higher Order Ambisonics, HOA, audio. The method may include receiving an
mput HOA audio signal having more than four Ambisonics channels. The method may
further include encoding the HOA audio signal using a SPAR coding framework and a core
audic encoder. And the method may include providing the encoded HOA audio signal to a
downstream device, the encoded HOA audio signal including core encoded SPAR downmix

channels and encoded SPAR metadata.

In some embodiments, the encoding may mclude: generating, based on some or all of the
Ambisonics channels, a representation of a W channel and a set of nuowt prediction residuals
along with computing in SPAR metadata respective prediction coefficients; and selecting, out
of the set of nwwa prediction residuals, a subset of tres prediction residuals 1o be directly coded
to obtain a number of némx = Nwes + 1 downmix channels (+ 1 referring to the inclusion of the

representation of the W channel) to be provided to the downstream device.

in some embodiments, the selection of the subset of nres prediction residuals may be based on
a threshold nurober for directly coded chanmels indicating a maximum nurnber of divectly

coded channels,

In some embodiments, the threshold number for directly coded channels may be deternvined
based on information indicative of one or more of a bitrate limitation, a metadata size, a core

codec performance, and an audio quality.

In some ernbodiments, the threshold number for directly coded chanunels may be chosen from

a predetermined set of threshold numbers for directly coded channels.

in some embodiments, the subset of mres prediciion residuals may be selected in accordance
with a channel ranking of the Ambisonics channpels starting from high-ranked to low-ranked
channels.

In some embodiments, the channel ranking of the Ambisonics chamnels roay be based on a
perceptual importance of the Ambisonics channels, with Ambisonics channels being higher in
the channel ranking having higher perceptual importance.

In some embodiments, the channel ranking of the Ambisonics channels may be based on a
channel ranking agreerent between encoder and decoder.

In some embodiments, Ambisonics channels corresponding to a spherical harmonic Y78, ¢

with larger overlap with a left-right-front-rear plane may be ranked to be perceptually more

NI
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important than Ambisonics channels corresponding to a spherical harmonic Y8, ¢) with

larger overlap with a height direction, for a given order {.

In some embodiments, Ambisonics channels corresponding to a spherical harmonic Y8, @)
with larger overlap with a left-right direction mav be ranked to have higher perceptual
importance than Ambisonics channels corresponding to a spherical harmonic (6, @} with

larger overlap with a front-rear direction.

In some embodiments, pairs formed by Ambisonics chammels corresponding to spherical
harmonics Y{(®, @) for a given order / with im| = { may be ranked to be perceptually more

tmportant than HOA channels for the given order / with {m} < L.

In some embodiments, the channel ranking of the Ambisonics channels corresponding o
spherical harmonics Y78, ¢) of a given order { may form a subset of the channel ranking of
the Ambisonics channels corresponding to spherical harmonics ¥1,(8. @) of an (/+1)-th
order, the channel ranking of the Ambisonics channels of the (/+1-th order may start with the

Zi’h

channel ranking of the Ambisonics channels of the /™ order.

in some embodiments, Ambisonics channels corresponding to a spherical harmonic Y70, ¢)
with larger overlap in the left-night-front-rear plane of a given order { may be ranked to have
higher percepiual importance than Ambisonies channels corresponding to a spherical

harmonic Y[04{8, @) of an (I-1)-th order with larger overlap in the height direction.

In some embodiments, ong or more prediction residuals to be subsequently added 1o the
subset of nres prediction residuals may be selected based on a ranking promoting Ambisonics
channels corresponding to a spherical harmonic ¥* (8, ¢) over Ambisonics channels
corresponding to a spherical harmonic ¥} (8, ¢) ahead of Ambisonics channels

corresponding to a spherical harmonic Y] (6, ¢). where 0 < |m| < L.

In some embodiments, the encoding may further include representing parametric channels
based on computing in SPAR metadata respective coefficients from the remaining fdec = Deotl

- Tiees prediction residuals.

in some embodiments, the computing in SPAR metadata may imclude computing a plurality
of cross-prediction coefficients for use by a decoder (o reconstruct at least part of the ngec

parametric channels from the tres divectly coded prediction residuals.
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In some embodiments, the computing in SPAR metadata may further include computing a
plurality of decorrelator coefficients for use by the decoder to account, during reconstruction,
for reroaining energy not accounted for by the prediction coefficients and the cross-prediction

coefficients.

in some embodiments, the computing in SPAR metadata mayv further include computing at
teast one of the prediction coefficients, the cross-prediction coefficients and the decorrelator
coefficients with a first ime resolution of t1 milliseconds which 1 larger than a second time

resolution of t» milliseconds of an encoder filterbank.

In some embodiments, the computing with the second time resolution of © milliseconds may

only be performed for high {requency bands.

In some ernbodiments, the computing with the second tirne resolution of £ milliseconds may

he performed upon detection of a transient.

In some embodiments, the computing in SPAR metadata may further include computing a
normalization term for channels corresponding to a given Ambisonics order /, by using only

covarance estimnates of channels corresponding to the order /.

In some embodiments, the encoding may further include obtaiming a burate hmitation value,
selecting, out of a set of SPAR quantization modes, a SPAR quaniization mode to meet the
bitrate limitation value and applying the selected SPAR quantization mode io the SPAR

metadata

In some embodiments, some or all of the modes in the set of SPAR quantization modes may
include re-allocating bits to coefficients relating to Ambisonics channels being ranked higher
in the channel ranking from coefficients relating to Ambisonics channels being ranked lower

i the channel ranking.

In some embodiments, some or all of the modes m the set of SPAR quantization modes may
include selecting a subset of cross-prediction coefficients to be omitted from the plurality of

cross-prediction coetfficients.

In some embodiments, some or all of the modes in the set of SPAR quantization modes may
mclude selecting a subset of decorrelator coefficients to be omitied from the plurality of

decorrelator coefficients.
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In some embodiments, selecting the subset of coefficients may be based on the channel

ranking of the Ambisonics channels.

In some embodiments, the received input HOA audio signal may consist of Ambisonics

channels that are ranked to have a relatively high perceptual importance.

in accordance with a second aspect of the present disclosure there is provided a method of
decoding Higher Order Ambisonics, HOA, audio. The method may include receiving an
encoded HOA audio signal, the encoded HOA audio signal having been obtained by applving
a SPAR coding framework and a core audio encoder to an input HOA audio signal having
more than four Ambisonics channels. The method may further include decoding the encoded
HOA audio signal o obtain a decoded HOA audio signal, the decoded HOA audio signal
mcluding core decoded SPAR downmix channels and decoded SPAR metadata. And the
method may include reconstructing the mput HOA audio signal based on the decoded HOA

audio signal to obtain, as an cutput HOA signal, a reconstructed input HOA andio signal.

In some embodiments, the core decoded SPAR downmix channels may include a
representation of a W charmel and a set of rwes divectly coded prediction residuals, and the
decoded SPAR metadata may inchude a plurality of prediction coefficients, a phurality of

cross-prediction coefficients, and a plurality of decorrelator coefficients.

In some embodiments, reconstructing the input HOA audio signal may include predicting a
subset of the Ambisonics charnels of the HOA audio signal based on the representation of
the W channel and the plurality of prediction coefficients and adding in the set of v directly

coded prediction residuals.

In some embodiments, reconstructing the mput HOA audio signal may further include
determuning remairang pararoetnic channels based on the representation of the W channel, the
plurality of prediction coefficients, the set of nwes directly coded prediction residuals and the

plurality of cross-prediction coefficients.

In some embodiments, reconstracting the input HOA audio signal may further include
calculating an indication of remaining energy not accounted for by the prediction coefficiends
and the plurality of cross-prediction coefficientis based on the plurality of decorrelator

coefficients, and a plurality of decorrelated versions of the W channel.

in accordance with a third aspect of the present disclosure there is provided an apparatus for

encoding Higher Order Ambisonics, HOA, audio. The apparatus may comprise one or more

[
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processors configured to implement a method including: receiving an tnput HOA audio signal
having more than four Ambisonics channels; encoding the HOA audio signal using a SPAR
coding framework and a core audio encoder; and providing the encoded HOA audio signal o
a downstream device, the encoded HOA audio signal including core encoded SPAR

downmix channels and encoded SPAR metadaia

In accordance with a fourth aspect of the present disclosure there 1s provided an apparatus for
decoding Higher Order Ambisonics, HOA, audio. The apparatus roay comprise one or more
processors configured to implement a method including: receiving an encoded HOA audio
signal, the encoded HOA audio signal having been obtained by applying a SPAR coding
framework and a core audio encoder to an input HOA audio signal having roore thao four
Ambisonics channels; decoding the encoded HOA audio signal 1o obtain a decoded HOA
audio signal, decoded HOA audio signal including core decoded SPAR downmix channels
and decoded SPAR metadata; and reconstracting the input HOA audio signal based on the
decoded HOA audio signal to obtain, as an output HOA signal, a reconstructed mput HOA

audio signal.

In accordance with a {ifth aspect of the present disclosure there is provided an apparatus
mechuding memory and one or more processor configured to perform a method of encoding
Higher Order Ambisonics, BOA, audio or a method of decoding Higher Order Ambisonics,

HOA, audio.

in accordance with a sixth aspect of the present discloswre there is provided a system of an
apparaius for encoding Higher Order Ambisonics, HOA, audio and an apparatus for decoding

Higher Order Ambisonics, HOA, audio,

In accordance with a seventh aspect of the present disclosure there is provided a program
comprising instructions that, when executed by a processor, cause the processor o carry out a
method of encoding Higher Ovder Ambisonics, HOA, audio or a method of decoding Higher

Order Ambisonics, HOA, audio.

In accordance with an eighth aspect of the present disclosure there is provided a computer-

readable storage medium storing said program.



[#2]

10

20

25

WO 2023/141034 PCT/US2023/010415

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments of the disclosure will now be described, by way of example only, with

reference to the accorapanying drawings in which:

F1G. | llustrates an example of a block diagrarn of a codec for encoding and decoding HOA audio

signals according to embodiments of the disclosure.

FIG. 2 illustrates an example of a method of encoding Higher Order Ambisonics, HOA,

audio according to embodiments of the disclosure.

FIG. 3 illustrates an example of a method of decoding Higher Order Ambisonics, HOA,

audio according to embodiments of the disclosure,

Fi(z. 4 dlustrates an example of a block diagram of an HOA encoder including a SPAR HOA

encoder and a core encoder according to embodiments of the disclosure.

FIG. 5 tlustrates an example of a block diagram of a SPAR HOA encoder according to

embodiments of this disclosure.

FIG. 6 1llustrates an example of 4 block diggram of an HOA decoder including a SPAR HOA
(> o

decoder and a core decoder, the SPAR HOA decoder including a metadata decoder, a

predicior™, a cross-predictor™ configured to carry out inverse encoder side operations and

decorrelators according to erabodunents of the disclosure.

DESCRIPTION OF EXAMPLE EMBODIMENTS

Reference will now be made in detail {o several embodiments, examples of which are
thustrated in the accompanying figures. It is noted that wherever practicable similar or fike
reference numbers may be used in the figures and may indicate simlar or hike functionality.
The figures depict embodiments of the disclosed system, apparatus or method for purposes of
itiustration only. One skilled in the art will readily recognize from the following descripiion
that aliernative embodiments of the structures and methods illusirated herein may be

emploved without departing from the principles described heren,

fmmersive voice and audio services (IVAS) Framework

First, possible implementations of the IVAS framework, as a non-limiting example of a

framework to which the techniques of the present disclosure are applicable, will be described.

3
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IVAS provides a spatial audio experience for communication and entertainment applications.
The underlying spatial andio format is typically FOA. For example, four signals (W, Y, 7, X3
are coded which allow rendering to any desired output format like immersive speaker
plavback or binaural reproduction over headphones. Drepending on a total available bitrate, 1,
2, 3, or 4 downmux channels may be transmitted over a core audio codec at low latency. The
W channel i1s transnutted unmodified or modified (in the case of active W} such that betier
prediction of the remaining channels is possible. The downmix channels are, except for the W
channel, residual signals after prediction (prediction residuals) generated along with
respective parameters {metadatal, so called SPAR parameters. The SPAR parameters may be

encoded per perceptually motivated frequency bands and the number of bands 15 typically 12,

At the decoder, the four FOA signals are reconstructed by processing the downmix channels
and decorrelaied versions thereof using transmitted parameters. This process may aiso be
referred to as upmix and the parameters {metadaia) are called SPAR parameters. The IVAS
decoding process includes core decoding and SPAR upnuxing. The core decoded signals may
be transformed by a complex-valued low latency filter bank. After SPAR upmixing in the

frequency domain, FOA time domain signals are generated by filier bank synthesis.

Methods and apparatuses as described herein may relate to expanding the SPAR algorithm to
Higher Order Ambisonics, in particular, to enhancing the SPAR algorithm {0 achieve good

results within the IVAS framework.

HOA audio coding and decoding using SPAR

Referring to Figure §, an example of a block diagram of an encoder/decoder {“codec™) 106
tor encoding and decoding HOA audio signals 15 schematically dhustrated. The audio
coder/decoder may have one or more input and output channels, e g, may be a mono or a

multi-channel codec.

In particular, the schematic example of Figure 1 illustrates an HOA encoder 101 and an
HOA decoder 104 which 1s located downstream the HOA encoder 101, The HOA codec 100
mcludes a SPAR HOA codec 102, 106 and a respective core codec 103, 105 for encoding and
decoding the HOA audio, for example, for generating and decoding IV AS bitstreams in HOA

format. The core codec 103, 105 mav be alow latency core codec.

As Hustrated in the example of Figare 1, the HOA audio encoder 101 receives an input

HOA audio signal with more than four Ambisonics channels (W, Y, 7, X, A..), that is
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{N+1)* Ambisonics channels with N> 1, where A represents a plurality of higher order
signals. In some embodiments, the more than four Ambisonics channels recetved by the HOA
audio encoder 101 may also be a subset of the (N+1)* Ambisonics channels. Using the SPAR
HOA encoder 102 and the core encoder 103, the received imput HOA audio signal is encoded.
The encoded HOA audio signal includes core encoded SPAR downmix channels as oulput by
the core encoder 103 and encoded SPAR metadata as output by the SPAR HOA encoder 102,
The encoded HOA audio signal is then provided {0 a respective downstream device, for
example, as an IV AS bitstream. The IVAS bitstream may include a respective audio
bitstream including the core encoded downmix channels and a metadata bitstream including

the encoded SPAR roetadata. Notably, the HOA audio encoder 101 may be an IVAS encoder.

At the downstream device, the encoded HOA audio signal 1s received by a respective HOA
audio decoder 104, for example, as an IV AS bitstream. Notably, the HOA audio decoder 104
may be an IVAS decoder. The encoded HOA audio signal 18 decoded using the core decoder
105 to obtain the decoded HOA audio signal. The decoded HOA audio signal includes the
core-decoded SPAR downmix channels as output by the core decoder 105 as well as decoded
SPAR metadata as obtained in the SPAR HOA decoder 106, Based on the decoded HOA
audio signal {downnux charnnels and SPAR roctadata), the mput HOA audio signal s
reconstructed using the SPAR HOA decoder 106 {0 obiain the respective output HOA audio
signal (W, Y, Z, X, A} Notably, the outpui HOA audio signal may also be said o be the

reconstruction of the HOA input signal (as received by the HOA encoder).

The example of Figure 2 shows a respective method 200 of encoding HOA audio according
to embodiments of the disclosure.

In step S201 an input HOA audio signal having more than four Ambisonics channels is
received.

In gtep S202 the HOA audio signal 1s encoded using a SPAR coding framework and a core
audio encoder.

encoded HOA audio signal including core encoded SPAR downimix channels and encoded

SPAR metadata.

In an embodiment, the received (input) HOA audio signal may consist of Ambisonics

channels that are ranked 1o have a relatively high perceptual iroportance as described below.
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Referring now to the example of Figure 3, a respective method 300 of decoding HOA audio

according to embodiments of the disclosure 13 tHustrated.

In sten S301 an encoded HOA audio signal 15 received, the encoded HOA audio signal
having been obtained by applying a SPAR coding framework and a core audio encoder to an

input HOA aundio signal having more than four Ambisonics channels.

In siep 5302 the encoded HOA audio signal is decoded to obtain the decoded HOA audio
signal, the decoded HOA audio signal including core decoded SPAR downmix charmels and

decoded SPAR metadata.

And in step 8303 the input HOA audio signal is reconstructed based on the decoded HOA

audio signal to obtain an ouiput HOA audio signal.

In an embodiment, the core decoded SPAR downmix channels may include a representation
of a W channel and a set of nres divectly coded prediction residuals. The decoded SPAR
metadata may include g plurality of prediction coefficients, a plurality of cross-prediction

coefficients, and a plurality of decorrelator coefficients.

Reconstructing the {imput) HOA audio signal may wnclude predicting a subset of the
Arbisonics channels of the HOA audio signal based on the representation of the W channel
and the plurality of prediction coefficients and adding in the set of nws directly coded
prediction residuals. Adding in may be said to refer to combining the predicied Ambisonics

channels with respective ones of the set of nwes directly coded prediction residuals.

Reconstructing the (input) HOA audio signal may then further include determining remaining
parametric chanmels based on the representation of the W channel, the plurality of prediction
coefficients, the set of nes directly coded prediction residuals and the plurality of cross-

prediction coefficients.

And the reconstructing the (input) HOA audio signal may further include calculating an
indication of remaining energy not accounted for by the prediction coefficients and the
plurality of cross-prediction coefficients based on the plurality of decorrelator coefficients,

and a plurality of decorrelated versions of the W channel.

Referring to the exarople of Figure 4, an example of a block diagram of a HOA encoder 400
including a SPAR HOA encoder and a core encoder is illustrated to describe the encoding in

more detail.

10
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The SPAR HOA encoder 401 may be said to be configured to convert the input HOA signal
mto aset of SPAR downmix, namx, channels (W channel and selected prediction residuals)
and SPAR metadata (parameters, coefficients) used to reconstruct the 1oput signal at a HOA
decoder. That 13, in an embodiment, the encoding may include: generating, based on some or
all of the Ambisonics channels, 4 representation of a W channel and a set of nuww prediction
residuals along with computing 10 SPAR metadata respective prediction coefficients. The W

channel may always be sent intact.

The predictor 402 may receive the mput HOA audio signal having the more than four
Ambisomcs channels (W, Y, X, Z, A}, In the prediction step, the input channels may be
converted to a representation of W and a set of nww = ((N+1)°-1) prediction residuals (Y, 7,
X, A}, along with respective prediction coetficients PR computed as SPAR metadata.

These prediction coefficients may be used to calculate the downmix/transport channels.

Wotably, as will be understood and appreciated by the skilled person, W may be a passive

channel W or an active channel W,

In said embodiment, out of the set of v prediction residuals, a subset of nwes prediction
residuals may be selected to be directly coded. The selection may be performed 1n a downmix
selector 403, for example. The representation of W and the subset of nws prediction residuals
represent the set of downmx chamnels tdmx (Ndmx = nres + 1, where the additional | represents
the W channel} sent to the core encoder 405, Tn other words, out of the nwa prediction
residuals, a number of nwes residuals may be coded directly, for example, 0 to (N+1y%-1. The

core encoder 405 may be a low latency core encoder.

While, in principle, any charmmel configuration may be possible (from entirely residual coded
to entirely parametric), since it 15 envisioned that HOA support will be at higher bitrates, it
may be anticipated to have enough bits o send at least the first order residuals through the
core codec. That is, the number of s prediction residuals to be directly coded may be

constraimed.

I an embodiment, the selection of the subset of nwes prediction residuals may be based on a
threshold number for directly coded channels indicating a maximum number of directly
coded channels. The threshold number for directly coded channels may be determined based
on information indicative of one or more of a bitrate hinitation, a metadata size, a core codec

performance, and an audio quality. Bitrate limitation, metadata size, core codec performance,

11
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and audio quality thus constrain the number of the nwes prediction residuals to be directly

coded.

I an embodiment, the threshold mumber for directly coded channels may be chosen froma

predetermuned set of threshold numbers for directly coded channels. The threshold numbers
for directly coded channels may be said o be sensible numbers for directly coded prediction
residuals given the respective consiraints. Notably, the number of directly coded channels

always includes a representation of the W channel.

In the SPAR framework, the coefficients (parameters, e.g., in metadata} for reconstructing the
input HOA audio signal at the decoder may include some or all of prediction coefficients,

cross-prediction coefficients and decorrelator coefficients.

In an embodiment, the encoding may thus further mnclude representing parametric channels
based on computing, in SPAR metadata, respective coefficients from the remaining tidee =

maat — Hires prediction residuals. In other words, the encoding may further include generating
Nidec = fhotal — Nres parametric (parametrized) channels for encoding in metadata. This may be

perforroed in a respective parameinzer 404, for example.

Subsequently, the SPAR metadata may be encoded 1n a respective metadata encoder 405 and
a respective metadaia bitstream may be generated. The ngmx downmix channels may be
encoded in a core encoder 406 and a respective audio bitstream may be generated. The
metadata bitsiream and the audio bitstream may then be combined into arespective TVAS

hitstream output from the HOA encoder.

Referring to the example of Figure §, the SPAR HOA encoder 500 is ithustrated in more

detail, with an namx 0f 4 selecied for illustrative purposes.

In the predicior 501, arepresentation of the W channel and a set of nwew prediction residuals
along with respective prediction coefficients PR compuied in SPAR metadata roay be

generated based on some or all of the recetved Ambisonics charmnels (W, Y. 7, X, A ..}

In selection of a particular downmix, e.g. namx = 4, out of the set of nowt prediction residuals,

=

the subset of nws prediction residuals to be directly coded may be selected (e g, V', X 77},

The encoding may further include representing parametric chanunels based on computing, 1o
SPAR metadata, respective coefficienis from the remaming Ndec = Thotal — fyes prediction

residuals.
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In a second prediction step, in the cross-predictor 502, from the nwes residuals chosen 1o be
coded directly to the ndec residuals that will be parametrized, a series of ¢ross-prediction, or
C, coefficients may be created, along with naec cross-predicted residuals (A™, ...). That is, in
an embodiment, the computing in SPAR metadata may include computing a phuwality of
cross-prediction coefficients for use by a decoder 1o reconstract at least part of the naec

parametric channels from the tres divectly coded prediction residuals.

Finally, the remaumning cross-predicted residuals (A7, .. ) may be used to calculate
decorrelator coefficients, P, by energy matching 503, That is, in an embodiment, the
computing in SPAR metadata mayv further include computing a plurality of decorrelator
coeflicients for use by the decoder to account, during reconstruction, for remaining energy
not accounted for by the prediction coefficients and the cross-prediction coefficients.
Coefficients may be calculated per band, from a banded covariance matrix generated from the

mnput channels.

Gverall, (N+1Y-1 prediction {(PR) coefficients, nes * naec cross-prediction (C) coefficients and
ngec decorrelation (P} coefficients may be generated (e.g., computed in SPAR metadata), per
band. In many intermediate configurations, when nres and neec are neither large nor small, the

number of C coeffictents may quickly dwart the mumber of PR and P coefficients.

In general, a HOA decoder 104, 600 may be configured to reverse the operations that have
been performed by the HOA encoder 101, 400 1o order to obtain the output {reconstructed

inputy HOA audio signal.

Referring to the example of Figure 6, an example of a block diagram of an HOA decoder 600
mcluding a SPAR HOA decoder 602 and a core decoder 601 15 illustrated. The SPAR HOA
decoder 602 includes a metadata decader 603, a predictor! 604, a cross-predictor™ 605
configured to carry owl inverse encoder Side operations {inverse prediction) and decorrelators
606. As will be explaimed in more detail below, carrving out the inverse encoder side
operations may mvolve prediction from reconstructed W (using prediction coefficients) and
prediction from the reconstructed residual channels (using cross-prediction coefficients) and
combining the predicted signals either with residual channels or combining them with

decorvelator oufput signals.
The HOA decoder 600 may be configured to receive an encoded HOA audio signal, the

encoded HOA audio signal having been obtained by applying a SPAR coding framework and

a core audio encoder o an input HOA audio signal having more than four Ambisonics

1
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channels. The encoded HOA audio signal may be received, for example, in the form of an
IV AS bitstream or a core-codec bitstream. The bifstream may include a metadata bitstream
and an audio bilstream. In an embodiment, the encoded HOA audio signal may mclude core
encoded SPAR downmix channels that may be a representation of a W channel and a sef of
s directly coded prediction residuals. The encoded HOA audio signal may further include
encoded SPAR metadata that may be some or all of a plurality of prediction coefficients, a
plurality of cross-prediction coefficients, and a plurality of decorrelator coefficients. The
representation of the W channel and the set of nws directly coded prediciion residuals may be
encoded in the audio bitstream, while the plurality of prediction coefficients, the plurality of
cross-prediction coefficients, and the plurality of decorrelator coefficients roay be encoded in

the metadata bitsiream.

Wotably, the prediction coefficients may be used to minimize the predictable energy in the
residual downmix channels. The cross-prediction coefficients may be used to further assist in
regenerating fully parametrized channels {from the residuals. And the decorrelator coefficients
may be used to fill in the remaining energy not accounted for by the prediction and

decorrelator coefficients.

The core decoder 601 may be configured to core decode the audio bitstream to obtain core
decoded SPAR downmux channels. The core decoded SPAR dowrumix chanunels may include
a respective set of nres prediction residuals (Y7, X7, 27 and the representation of the W
channgl. The W channel, the set of nws prediction residuals together with the metadata
bitstream may be sent to the SPAR HOA decoder 602. In the metadata decoder 603, the
metadata bitstream may be decoded to obtain the decoded SPAR metadata. The decoded
SPAR metadata may include some or all of a plurality of prediction coefficients, a plurality of

cross-prediction coefficients, and a plurality of decorrelator coefficients.

The SPAR HOA decoder 602 may be configured to reconsiract the input HOA audio signal
hased on the decoded HOA audio signal, that is based on the core decoded SPAR downmux
channels and the decoded SPAR metadata, to obtain an output HOA audio signal

{reconstruction of the wnput HOA audio signal}.

Reconstructing the input HOA audio signal by the SPAR HOA decoder 602 may include
predicting {generating), in the predictor” 604, a subset of the Ambisonics charmnels of the

HOA audio signal based on the representation of the W channel and the plurality of
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prediction coefficients. The sat of niws directly coded prediction residuals may be added in
subsequently.

Reconstructing the input HOA audio signal may then further include determining remaining
parametric channels based on the set of nres directly coded prediction residuals and the
plurality of cross-prediction coefficients. As illustrated in Figure 6, the remaining parameinic
channels (ndec) may be regeneraied by predicting from the W channel with prediction
coafficients, and cross-predicting from the nyes divectly coded prediction residuals using the
cross-prediction coefficients. The latter may be done in the cross predictor! 605 illustrated in
Figure 6. And the reconstructing the input HOA audio signal may further inchude calculating
an indication of (incorporation of) remamning energy vot accounied for by the prediction
coefficients and the phurality of cross-prediction coefficients based on the plurality of
decorvelator coefficients, and the ouiput of a plurality of decorrelated versions of the W
channel. This may be done in the decorrelators 606, fn other words, the mput
covariance/signal energy may be matched using the decorrelator coefficients and decorrelated

versions of the W channel.

All the steps used {o reconstruct the residual channels and the parametric chamnels may

effectively be suromanzed as follows:
- Residual channels: W and prediction from W and nres PR coeflicients;

- Parametric chanuels: prediction from W and naec PR coefficients, cross-prediction
from residuals and € cosfficients, and addition of decorrelation from P coefficients and

decorrelated versions of W,

As will be understood and appreciated by the skilied person, the HOA decoder 600 may
include one or more decorrelator blocks. The decorrelator blocks may be used to generate
decorrelated versions of the W channel using a time domain or frequency domain
decorrelator. The downmax channels and decorrelated channels may be used i combination

with the metadata for parametric reconstruction by the SPAR HOA decoder.

As will further be understood and appreciated by the skilled person, the HOA encoder 400
may further additionally include a nuixer and the HOA decoder 600 may then further
additionally mclude an inverse mixer, to achieve a preferred internal channel orderimg and

output channel ordering, respectively.
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SPAR channel ranking exiension

Ambisomcs input 1o SPAR 15 assumed to be SN3D normalized and using ACN channel
ordering. SPAR makes use of a preferred internal channel ranking that is shightly different to
ACN, in order to give more spatially perceptually relevant channels greater importance, and
therefore higher priority to be sent as a residual, rather than as a parametrized {parametric)

channel.

Given an onginal input of channels {W=0, Y=1, =2, X=3, ...} Ambisonics channels can be
described in terms of theair channel letter designations {e.g. W, Y, Z, X, ..}, or ACN channel

number (¢, 1, 2, 3, .y or individually by their “mode”, or order and degree, {1 {or nn), mj}.

HACN=P+1+m {1

Ambisoncs channels can further be described 1o terms of spherical harmonics as shown in
Table 1. In this table, p and & are the azimuth and elevation direction of arrival angles of the
source. It 1s understood however that the defimtions of the spherical harmonics as given in
Table | are examples only and that other definitions, normalizations, ete. are feasible 1o the

context of the present disclosure,

16
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As addressed above, in an embodiment, out of the set of i prediction residuals, a subset of
nres prediction residuals may be selected to be directly coded. The selection of the subset of
1res prediction residuals may be based on a threshold nurober for directly coded channels
indicating a maximuom number of directly coded channels. The maximum number of directly

5 coded channels may be said to correspond to the number of downmix channels.

Referring again to the example of Figure 4, the subset of nws prediction residuals may be
selected 10 accordance with a channel ranking of the Ambisonics charmels starting from high-
ranked to low-ranked channels. The channel ranking of the Ambisonics channels may be
based on a channel ranking agreement between encoder and decoder. Alternatively, or

10 addumonally, the channel ranking of the Ambisonics chanuels may be based on a perceptual
importance of the Ambisonics channels, with Ambisonics channels being higher in the

channel ranking having higher perceptual importance.

For First Order Ambisonics, the preferred SPAR FOA internal ranking is {0, 1, 3, 2} or {W,

Y, X, £} given the assumptions that sound directions in the Y direction (left-right) are more
15 perceptually relevant than those from the X or Z direction. Simuilarly, sounds in the X-Y plane

are more relevant than height information, placing X before 2. Extending this logic to HOA

is pon~invial, as many conflicling options are possible,
Channels in the X-Y plane

in an embodiment, Ambisonics channels corresponding to a spherical harmonic 370, ¢)
20 with larger overlap with a left-right-froni~rear plane may be ranked to be perceptually more
important than Ambisonics channels corresponding to a spherical harmonic Y70, o) with
larger overlap with a height direction, for a given order { (where the order { mav correspond
{o the order v used in Table 1, with 0 < I < N for HOA order N). For the Ambisonics
channels corresponding to a spherical harmonic ¥77(0, ¢) with larger overlap with a height
25 direction, those with lesser overlap with the height direction may further be promoted over

those with larger overlap with the height divection.

Altermnatively, or additionally, pairs formed by Ambisonics channels corresponding to
spherical harmonics Y90, ¢} for a given order / with {m| = { may be ranked fo be
i > ¢ & 2

perceptually more important than HOA channels for the given order / with {m} < L.

18
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{1} Promoting channels in the X-Y {eft-right-front-rear) plane {4, 8} above those with
weaker {5, 7%, then more dominant {6} Z (height) components may lead to a paitem of {0, 1,

3,2,4,8,5, 7.6, ...}

which takes the pairs of channels from the ouiside of each order of the HOA pyramid towards

the cenier, compare, for example, Table 1.

[#2]

Notably, the center channel of all even orders, e.g. channel {6} {(mode (2,0)) in second order,
actually has a lobe in the 3-Y plane. As such it could be argued that it 1s more perceptually

relevant than the {5, 7} pair, and thus could be promoted above i1,
This would result, e.g,inapattern of {0, 1,3,2, 4,8, 6,5 7, ..}

10 However, given that some HOAZ (HOA second order) microphone asray providers choose to
leave this channel empty 1o their conversion to Ambisonics, it may also be reasonable o
apply the previously described patter, that 15, to demote 6, or, in other words, not o promote

6.

§2] As to the order of channel pairs, it could be argusd why {4, 8} and not {8, 4}. Fither are
15 possible, however, keeping the pattern of the first order, where the Y channel (1,-1} comes
before the X channel (1,1), an embodiment would be to {ake the (n,-m) mode before the (n,
) mode. That i, in an embodiment, Ambisonics channels corresponding to a spherical
harmonic Y0, ¢) with larger overlap with a lefl-right direction may be ranked 1o have
higher perceptual importance than Ambisonics chanuels corresponding to a spherical

20 harmonic 0, ¢} with larger overlap with a front-rear direction.

Alternatively, the choice of which to place first may also be made adaptively, e.g., based on
some energy criterion. See the later point about increasing the downmix channels nam

beyond 4 channels.
Order i-1 before Order |

25  Inan embodiment, the channel ranking of the Ambisonics channels corresponding o
spherical harmonics ¥]" (8, @) of a given order { mav form a subset of the channel ranking of
the Ambisonics channels corresponding to spherical harmonics 11, (0, ¢) of an (/+1)-th
order, the channel ranking of the Ambisonics channels of the ((+1)-th order starting with the

channel ranking of the Ambisonics chamnels of the /M arder.
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{3} For the purposes of bitrate switching, whereby input audio of a particular (high) order
may be coded at a lower order al some bitrates and the original order at others, it 13 usefu} for
the internal SPAR channel ranking for a given order 1o be a subset of a higher order: e g.
FOA ¢ HOAZ < HOA3. As such it may be beneficial to ensure all th order channels appear
before 1+1th order channels.

FOA: 40.1.3.2}

HOAZ2: {0,1,3,2,4,8.5,7,6}

HOA3: {0,1,3,2,4,8,5,7,6,9, 15,10, 14, 11, 13, 12}

Planar channels before non-planar channels

in an embodiment, Ambisonics channels corresponding to a spherical harmonic 370, ¢)
with larger overlap i (with) the left-right-front-rear plane of a given order / may be ranked to
have higher perceptual importance than Ambisonics channels corresponding 1o a spherical
harmonic Y%, (6, @) of an ({~1)-th order with larger overlap in the height direction,

{4} It can also be argued that channels predomunantly in the plane from a higher order are
more perceptually relevant than height channels from a lower order, up to a point. It could be
argoed thai the 1% order Z chamnel gives enough low resolution height information, and that
2% and 3% (or higher) order planar information could be more relevant and preferred to be
residually coded over the 2™ order height channels. such that an HOA ranking could be:
FOA: {0,1,3,2}

HOA2 10.1.3,2,4,8,5,7.6)

HOAS {0,1,3,2,4,8, 9, 15,5,7,6,10, 14, 11, 13, 12}

Differences between the rankings of eq. {2} and eq. (3) may become more proninent if 6 or

more downmix channels are selected to be directly coded.

Increasing the number of downmix channels Rawe > 4

For FOA, there is a distinet benefit for every additional downmix chammel bevond the W
channel. From second order onwards, it becomes harder to motivate adding individual

channels in many cases based on their spatial relevance.

20
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For example, for naax = 5, it becomes hard to choose which of the {4, 8} channel pair to send.
Insiead it may be preferable {0 add downmix chamnels in (n,+/-m) pairs, where present, i.e.
both {4, 8} I using the ranking from eq. {2), sensible choices for namx therefore maght be 1,

2,3,4,6,8,9, 11,13, 15, 16, and so on.

If an namx not listed above is desired for other reasons, e.¢. bitrate constrainis, as mentionad in
point marked {2] above, the final residual sent could be chosen adaptively. That 15, in an
embodiment, one or more prediction residuals to be subsequently added 1o the subset 0f nres
prediction residuals may be selected basad on a ranking promoting Ambisonics channels
corresponding to a spherical harmonic ¥¥ (8, @) over Ambisonics channels corresponding to
a spherical harmonic ¥} (8, ¢) ahead of Ambisonics channels corresponding to a spherical
harmonic ¥} (8, @), where 0 < {m] < L.

Choice of downmix channels Bam

While the SPAR algorithm supports any choice of ngmx between 1 and (N+1), the choice of
the mumber of downmix channels (o send may dependent on the available bitvate, the size of
the coded metadata, and any other real-world considerations that might apply, e.g. core codec

performance, complexity and memory constraints,

If HOA 1s deemed to be a high quality mode of operation, it makes sense that a lower Lot
for HOA namx could be chosen based on the highest quality FOA mode, .2 namx = 4. With so
many input channels, once taking account for the required metadata, peroutting tdms 1o
approach {N+1)" means that the average per-channel bitrate becomes very low. When trving
10 boost the bitrates for lower order channels, e.g. for W, X, Y, 7 channels, to levels that
worked well for FOA operation, the problem of trying o encode higher order residuals with
extremely poor guality/low bitrale core codec instances may occur. Given the constraimts of a

core-codec, ndmx <= 8 may be a reasonable choice.

Taking computational complexity/memory footprint into account, it may malke sense to
further limit the number of downmix chanmels to that of the highest quality FOA mode, 2o

max Nemx = 4.

Trving to operate in HOA modes 1o extremely hitrate limited scenarios may necessitate the
use of namx = 3, which may prove to be an acceptable tradeoff between audio quality and

spatial metadata quahty.
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Given that it may be uniikely to go beyond namx = 4, the preferred SPAR HOA internal
channel ranking may be as given n eq. {2}, which combines the logic of points marked [1]-
[3] above,

For HOAZ, this creates 3x5 C coefficients per band, and for HOA3 modes, 3x12
coetfficients per band. This is close to the maximum possible cross-prediction metadata for
HOAZ2, and somewhat less than the maximum for HOA3 but nowhere near the mimmuny,

which means that a large portion of the hitrate would be reserved for metadata {(MD).

Computation of Prediction coefficients for hizher order channels

The computation of prediction coefficients in SPAR for a FOA input may be determined

based on input covariance matrices. In one example:

Ry ]
Py = ax (R £} ‘1 P P Z
g wws Z3 max {1/ {Ryy 12 + 1Rz + 1R %)

{4
In the above, symbols of the form Rag {where A and B are arbitrary channels among
(W, X, Y, 2, .. }) represent the elements of the input covariance matrix corresponding to two
input signals A and B. When A!=B, this value is a cross-covariance, and when A==B, itis an

auto-covariance. pry is the prediction coefflicient corresponding to Y channel of FOA input.

Simularly, prediction coefficients corresponding to X and Z can be computed using the

example method described ineg. (4).

The extension of eq. (4) to higher order charmels s non-trivial as there can be moultiple ways

1o normalize the covariance for higher order channels:

Extending the normalization to higher order chavnels
& &

o, == Ry 1
© max {(Ryw, £)

N aANE -
e (N2 2
max (1, 25 Rl
(53
In the above, Rag represents the elements of the input covanance matrix of signals A and B,
priis the prediction coefficient corresponding to ith channel of HOA input with ACN

ordering, here ith charmel can be any of the Ambisonics channel other than 0™ arder W

channel. N is the HOA order.

]
3]
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Normadizing each order separately based on spherical harmonics normalization

For a point source input, the prediction coefficient normalization mentioned in eq. (5) are
likely to result in over normalization. For a pont source input with perfect SN3D
normalization and unity power, the covariance between W channel and anv other input
channel 1 of the Ambisonics input, Riw, can be closely approximated as the spherical
harmonic response corresponding to channel 1 in Table 1. The wdeal vahue of prediction

coefficient for the ith charmel i this case should be
pri= Y
(6)

such that all the channels of the Ambisonics input can be perfectly reconsiructed using just W

charmel and the prediction coefficients.

Here, ¥; 1s the spherical harmonic response corresponding ACN channel 1 of Ambisonics
input as per Table 1.
However, if eq. {5) is used to compuie pry then afier substituting Ry = Yy ineq (Sitt
Y
resulis inpry = - where { corresponds to the order of ACN chamnnel 1 with corresponding

mode (I,m), as the SN3D normalized spherical harmonics corresponding to each order form a

unit vector. So

1 1
N (N 2 B T
¥ i 1) -1
max (1, \;'! Yiie ER,W
(7
Haere, order is the Ambisonics input order N. Normalization as per eq. {7) results in under
prediction, which leads to igher post prediction ervor and then could lead to coding 1ssues.
Hence, it 15 desired {0 normalize the prediction coefflicients for each order separalely as
shown in the example tmplernentation below
— B 1
Li =T - g
max (Ryw, &) 1 Isb PO
max ( \jé“'l’ ai }VV }
(3
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Here, pry; 1s the prediction coefficient corresponding to ith mput chamnel (ACN)

corresponding to an order | a and b are the starting and ending channel indices for order L.

can be used from Table 1 (notably in Table 1 » instead of / 15 used). Example computation of
prediction coefficients corresponding to 2™ order channel V of the Ambisonics input is given
below

R'L/E/b/ 1
max (R, €}

Py 5
) 4
max (1, \j! Z,B ARl

(9

It is important to note that the normalization tero o eq. (3) and eq. () 15 such that the
prediction coefficiends are always in desired guantization range and nmunimizes the post

prediction error,
Fregquency based improved fime resolution for prediction of parameiric channels

The post prediction error variance in ACN channel 1 of Ambisonics input of order | can be

given as

E; = Ry Ryw * prf
(10}

It 1s desired to reduce E to minimize coding artifacts. A higher value of E can result in hugh

decorrelation contribution from decorrelators and can lead to audio artifacts.

Improvement in computation of pr coefficients helps with reducing the value of E and
reduces the dependency on decorrelators. One way to improve the value prediction
coefficients is to improve the time resolution of the analyses window and covariance
estiimates when computing prediction coefficients. The idea here 15 to 1mprove the time
resolution only for parametric channels such that encoder filterbank and computational

complexity is not impacted. An example implementation is mentioned below:

If the input s HOA3 and namx = 4, assuming the encoder filterbank fime resolution and

opiionally crossfading window length as 1 vulliseconds. Compule two sets of covariance
estimates, one with same time resolution of 11 mulliseconds as encoder filterbank and second
with the time resolution of & mulliseconds such © <11, The choice of 1 time resolution

depends on the decoder filterbank.

o
i
P
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Compuie the prediction coefficient values with ;) mulliseconds time resohution covariance
estumates for nanx channels. If the core coder codes the nam« channels with perfect waveform
reconstruction then the namx channels of the Ambisonics input can be perfectly reconstructed

using the prediction coefficients with the time resolution of {1 milliseconds.

{Compute the prediction coefficient values with 2 nulliseconds time resolution covartance
estimnates for the parametric channels. This resulis in improved prediction coefficients
especially in high frequencies and reduces the post predicted ervor E. For parametric
channels, the post predicted error signal is not coded by the core coders and instead it s

estimaled by decorrelators at the decoder.
In an example implementation, t11s equal to 20 and &2 15 equal to 5.

Inan example implementation, 2 milliseconds time resolution covariance estiraates are used
only in higher frequencies. In another example implementation, ©2 nulliseconds time

resolution covariance estimates are used upon detection of transients.

The improved time resolution of prediction coefficients for parametric channels does not
impact the computation of downmix channels and hence maintains the low computational
complexity at the encoder side. In an example implementation, improved time resolution of

prediction coefficients requures additional metadata o be coded in IVAS bitstream.

In an example implementation, improved time resolution of prediction coefficients requures a
filterbank with finer time resolution at the decoder i order o apply the prediction

coefficients to the corresponding time-frequency tile.

HOA Metadara Encoding

PCT/US2Z021/036886 and U.S. Provisional Application No. 63/037,784 describe a looped
approach to encoding SPAR metadata, which relies on a series of quantization strategies
{which determine how the metadata is quantized), a target metadata bitrate, and a maximnum
metadata bitrate. The quantized metadata is encoded using a variety of encoding schemes
(non-differeniial, time-differential (striped), frequency-differential}, and encoder models. If
the metadata 13 able to be encoded under the target bitrate, the loop ends. Tnot, i will
continue to fry more schernes, and coding models. I after all these attempts, 1115 less than the
maximum specified metadata bitrate, the most efficient coding will be selected, and the loop

will end. I not, the loop moves on to the second guantization strategy, and then the third
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(final}. The final quantization sirategy is coarse engugh that the base-2 coded MD is

guaranteed (o {it within the maximum metadata bitrate budget.

HOA metadata encoding may be subject to bitrate constraints. Bitrate constraints may be a
target metadata bitrate fo meet or a maximum bitrate for metadata encoding. In an
embodiment, the encoding may thus include obtaining a bitrate limitation value, selecting,
out of a set of SPAR quantization modes, a SPAR quantization mode to weet the bitrate

lirnitation value and applying the selected SPAR gquantization ruode o the SPAR metadata.

Metadata that is encoded below the target metadata bitrate means that there are excess biis
that can be distributed amongst the core coders to encode the audio. Conversely, if the
metadata is encoded above the target bitrate, the exira bits are taken from the allocations for

the mdividual core coders, according (o a distribution strategy.

In an embodiment, some or all of the modes in the set of SPAR gquantization modes may thus
include re-allocating bits to coefficients relating to Ambisonics channels being ranked higher
in the channel ranking from coetficients relating to Ambisonics channels being ranked lower

in the channel ranking.

The relationship between a target and worst-case/maximum metadata bitrate is something
that drives the metadata encoding. Similarly, it hag a sigmificant effect on the actual bitrates

used by the core coder {0 perform the audio coding.

In FOA modes, there is fewer metadata to deal with, 1.e, fewer coefficienis, and associated
quantization scherues range from acceptable quality (at low bitrates) to high quality/fine
quantization at high bitrates. Tvpical target and worst case FOA metadata bitrates are 10kbps

and 15kbps, respectively.

In HOA modes, there are significantly more coefficients to encode, as well as an expectation
of hugher gquality, where possible. Using a sinular approach as FOA, target bitrates roay be on
the order of 70kbps for HOA3, and a worst-case bitrate of 130kbps (even with relatively poor
metadata quality). Encoding some finelv-gquantised metadata close to the worst-case limit
(instead of shightly reducing the quality to a coarser guantisation and encoding closer to the
target metadata bitrate) may force the audio channels to be encoded with significantly lower
than preferred and often wildly fluctnating bitrates. This has a potential impact on audic

quality,
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Additionally, core coders may have preferred operating ranges, within which SPAR’s
minimum, target and maximum core coder bitrates should be located, as it may not be
preferable to switch between two operating ranges for consistency of andio quality.
Accounting for large fluctuations in the metadata bitrate within these constraints can be

difficult, or even impossible.

The only way to solve this is to find a way to reduce the worst-case metadata bitrate. Several

approaches for reducing the worst-case metadata have been explored:
bxploit the sparseness of the matrices to be encoded, e.g., matrix of C coefficients.

Analysis of the C coefficients can be done to deternune if cross prediction was not useful
(i.e., coefficients are zero) from particular residual channels 1o other parametric channels, or

in particular bands. The C pararoeters may therefore be coded rouch more efficiently.

Artificially creafe sparseness/omit low-relevance metadata

In an embodiment, some or all of the modes in the set of SPAR gquantization modes may
include selecting a subset of cross-prediction coefficients to be omitted from the plurality of
cross-prediction coefficienis,

Alternatively, or additionally, some or all of the modes in the set of SPAR quantization
modes may include selecting a subset of decorrelator coefficients to be omitted from the
plurality of decorrelator coefficients.

Selecting the subset of coefhicients may be based on the channel ranking of the Ambisonics
channels.

The biggest contributor to metadata bitrate in SPAR HOA is the prediction coefficients, due
{o the {act that they are known to be crucial to audio qualily and thus are typically chosen to
be quantized finely, requiring more bits to code. It 15 also expecied that the prediction

coefficients do the bulk of the work in reconstructing parametrized signals at the decoder.

At expected naax = 4, the C coefficients are by far the most numerous. They correspond to the
cross-prediction between FOA residuals (Y7, X7, 27} and all higher order channels, and

therefore are ripe for reduction.

Setting C coefficients to zero all the ttime has significant impact on the audio quality. Doing
so for a few frames, when the metadata happens to be difficult 1o encode has a much more

{imuted effect.
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Setting a specific subset {or all) of C coefficients to zero can be considered as a very coarse
quantization of those parameters. This may lead to (oo low energy of the reconstructed
signals. The decorrelator coefficients may or may not be permitted to make up for the cross-

prediction “quantization error” in this case.

(Given the bitrate constraints on the metadata it may become apparent that if is necessary to
also remove the corresponding decorrelator, P, coefficients in the worst case as well to meet
bitraie requirements. Further embodiments may include the option to code € coefficients but
omit a subset of P coefficients, or in extremely hitrate limited cases to also omut related

prediction, PR, coefficients.

C coefficients can be identified by their correspondence to a particular frst order residual, 2
particular higher order parametric channel, and the band. As long as both the encoder and
decoder know which coefficients have been onntted, any pattern of sparsity can be imposed
on the C coefficients. Selecting a subset of C and/or P coefficients to remove can be
perceptually motivated, e.g simular to the reasoning behind chamnel ranking pomt [4], higher
order planar channels could be preferrad for full parametrization (i.¢. sending their PR, € and
P coefficients) over partly-parametrized non-planar channels (i.e. sending PR without C
and/or P). This preference does not require (o be iraposed by the ordering of signals, given a

specified ndms.
Planar HOA C and P coefficients

A reasonable assumption to make that eliminates a significant numnber of coefficients is that
the higher order planar channels e g. {5, 9}, {10, 16} are mosi relevant, while the higher
order height related channels e.g. {6-8}, {11-15} are less so. Omitting the height-related
channels for HOA3S reduces the number of cross-prediction and decorrelator coefficients by
2/3. Similarly, for HOAZ, where channels {6-8} could be omitied, it is reduced by 3/5. Many
other configurations are possible, depending on bitrate constrainis. To make the required
equivalent metadata bitrate reduction {for HOA3) without omitting coeflicients, the
gquantization levels would need to drop far below the level of “good quality” determined from

FOA tuning, which is not appropriate for HOA modes.

For FOA mputs, the three rounds of quantization levels would typically be slowly reducing in
quality. For HOA, a sinular result could be achieved by lowering the quantization levels from
the original to the second instance, and then by mainiaining the same quantizanion levels, but
deliberately omitting the non-planar coefficients in the third case.

o)
&L



[#2]

10

15

20

30

WO 2023/141034 PCT/US2023/010415

Using the previous example of HOA3 with an original maximum metadata bitrate of 130kbps
with coarse quantization, with Planar C and P coefficients only, that maximum bilrate was

able {0 be reduced to around 84kbps using a finer quantization for the included metadata.

MD PLC for worst case frames

From initial observaiions, we tend not to see the metadaia entering this planar mode very
often. The worst vector only does it for abowt 1-2 frames/s. As such, the audio degradaiion is
not particularly noticeable. However, if SPAR 15 forced o this low-~quality roode more
often, 1t would be possible to apply Packet Loss Concealment (PLO)-like approaches which
would ireat unsent non-planar metadata as “lost”, using the last frame where the non-planar

metadata was sent as a starting pomnt {or interpolation.

PLC — Packet Loss Concealment, refers (o algorithms that allow a decoder to fill-in-the-
hlanks and construct some meaningful output, usually when an entive cache of information
{packet}, e g. all audio and metadata, is lost for a particular frame, often due to network

1SSUES,

In this instance, we may not be losing all the audio/MD information, just a subset of the My,
and it would be possible to infer something somewhat sensible from the information received
in a previous frame, in a similar manner, in order to fill-in-the-blanks for this deliberately

excluded metadata.
Making up for omitied decorrelator coefficients in other ways

Decorrelator coefficients are used to maich the energy of the parametnzed channel to their
inputs, after prediction and/or cross-prediction. It may be possible to make up for lost energy
in higher order channels that were chosen to have their P coefficients omitied by adjusting the
coefficients of related lower order channels that were chosen to be fully parametrized, e.g.
omission of the P coefficient for channel {12} could be made up for by boosting the P

coefficients of channels {6} and/or {2}, if present.

Interpretation

Aspects of the systems described heremn may be implemented in an appropriate computer-
hased sound processing network environment for processing digital or digitized audio files.
Portions of the adaptive audio system may mclude one or more natworks that comprise any

desired number of individual machines, including one or more routers (not shown} that serve
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1o buffer and route the data transmitted among the computers. Such a network may be built
on various different network protocols, and may be the Intemet, a Wide Area Network

{WAN), a Local Area Network (LAN), or anv combination thereof,

Une or more of the components, blocks, processes or other functional components may be
implemented through a computer program that controls execution of a processor-based
computing device of the systern. 1t should also be noted that the various functions disclosed
herein may be described using any number of corabinations of hardware, frmware, and/or as
data and/or instructions embodied m vanous machine-readable or computer-readable media,
in terms of their behavioral, register transfer, logic component, and/or other characteristics.
Coroputer-readable roedia in which such formatted data and/or jostructions may be embodied
include, but are not limited 1o, physical (non-transitory), non-volatile storage media in

various forms, such as optical, magnatic or semiconductor storage media.

A computing device implementing the technigues described above can have the following
example architecture. Other architectures are possible, including architectures with more or
fewer components. In some implementations, the example architecture includes one or more
processors (e.g., dual-core Intel® Processors), one or more output devices {(e.g., LCDY, one or
more network interfaces, one or more input devices (e.g., mouse, kevboard, touch-sensitive
display} and one or more coropuier-readable mediums {e.g., RAM, ROM, SDRAM, hard
disk, optical disk, flash memory, etc.). These components can exchange communications and
data over one or more communication channels (e.g., buses), which can wilize various
hardware and software for facilitating the transfer of data and conitrol signals bebween

components.

The term “computer-readable medium” refers to a medium that participates in providing
instructions 1o processor for execution, including without Himitation, non-volatile media {e.g.,
optical or magnetic digks}, volatile media (e.g., memory} and transmission media.

Transoussion media includes, without hinutation, coaxial cables, copper wire and fiber optics.

Computer-readable medium can further include operating system {e.g., a Linux® operating
system}, network communication module, audio interface manager, audio processing
manager and live content distributor. Operating system can be nudti-user, multiprocessing,
multitasking, roultithreading, real time, etc. Operating svstem performs basic tasks, including
but not limited to: recognizing input from and providing output to network tmerfaces and/or

devices; keeping track and managing files and directories on computer-readable medioms

30



[#2]

10

20

25

30

WO 2023/141034 PCT/US2023/010415

{e.g., memory or a storage device}, controiling peripheral devices; and managing traffic on
the one or more communication channels. Network communications module includes various
components for establishing and maintaining network connections (e.g., software for

implementing communication protocols, such as TCR/IP, HTTP, etc. ).

Architecture can be implemented in a parallel processing or peer-to-peer infrastructure or on
a single device with one or more processors. Software can include multiple software

components or can be a single body of code.

The described features can be implemented advantageously in one or more compiier
programs that are executable on a programmable system including at least one programmable
processor coupled {0 recetve data and instructions from, and {o transmit data and instructions
10, a data storage system, ait least one input device, and at least one output device. A computer
program 15 a set of instructions that can be used, directly or indirectly, in a computer {0
perform a certain activily or bring about a certain result. A compuiter program can be written
in any form of programuming language (e g.. Objective-C, Java)}, including compiled or
imerpreted languages, and 1t can be deploved in any form, including as a stand-alone program
or as a module, component, subrouting, a browser-based web application, or other unit

suitable for use in a computing environment.

Suitable processors for the execution of a program of instructions include, by way of
example, both general and special purpose nucroprocessors, and the sole processor or one of
multiple processors or corgs, of any kind of computer. Generally, a processor will receive
mstractions and data from a read-only memory or a random access memory or both. The
essential elements of a computer are a processor for execuling instructions and one or more
memories for storing instructions and data. Generally, a compirter will also include, or be
operatively coupled to communicate with, one or more mass storage devices for storing data
files; such devices include magnetic disks, such as internal hard disks and removable disks;
magneto-optical disks; and optical disks. Storage devices suitable for tangibly embodyving
computer program insiructions and data inciude all forms of non-volatile memory, inchuding
by way of example semiconductor memory devices, such as EPROM, EEPROM, and flash
memory devices; magnetic disks such as intemal hard disks and removable disks; magneto-
optical disks; and CD-ROM and DVD-ROM disks. The processor and the memory can be

supplementied by, or incorporated in, ASICs {application-specific integrated circuis).
To provide for interaction with a user, the features can be implemenied on a computer having
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a display device such as a CRT {cathode ray tube} or LCD (liquid crystal display)} monitor or
a retina display device for displaying information to the user. The computer can have a touch
surface input device {e.g., a touch screen) or a kevboard and a pointing device such as a

mouse or a trackball by which the user can provide input to the computer. The computer can

have a voice input device for receiving voice cominands from the user,

The features can be implementied i a computer sysiem that includes a back-end component,
such as a data server, or that includes a vuddleware component, such as an apphication server
or an Internet server, or that includes a front-end component, such as a client computer
having a graphical user interface or an Internet browser, or any combination of them. The
components of the syvstem can be cormected by any forre or mediwm of digital data
communication such as a communication network. Examples of communication natworks

include, e.g., a LAN, a WAN, and the computers and networks forming the Internet.

The computing system can include clients and servers. A client and server are generally
remote from each other and typically interact through a commumication network. The
relationship of chient and server arises by virtue of computer programs running on the
respective compuiers and having a client-server relationship to each other. In some
embodiments, a server transmiis data (e.g., an HTML page) to a client device {e.g., for
purposes of displaving data to and receiving user input from a user teracting with the chient
device}. Data generated at the client device (e g.. a result of the user interaction) can be

received from the client device at the server.

A system of one or more computers can be configured to perform particudar actions by virtue
of having software, firmware, hardware, or a combination of them mstalled on the systemn
that in operation causes or cause the system to perform the actions. One or more computer
programs can be configured to perform particular actions by virtue of including instructions

that, when executed by daia processing apparatus, cause the apparatus (o perform the actions.

While this specification contains many specific implementation details, these should not be
construed as Hmitations on the scope of any inventions or of what may be claimed, but rather
as descriptions of features specific to particular embodiments of particular inventions. Certain
features that are described in this specification in the context of separate embodiments can
also be impleroented in combination n a single erobodirsent. Conversely, vanous features
that are described in the context of a single embodiment can also be implemented in multiple

embodiments separately or in any suitable sub-combination. Moreover, although featares

[O8]
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may be described above as acting in certain combinations and even initially claimed as such,
one or more features from a claimed combination can in some cases be excised from the
combination, and the claimed combination may be directed o a subcombination or variation

of a subcombination.

Similarly, while operations are depicied in the drawings in a particular order, this should not
be undersiood as requiring that such operations be performed in the particolar order shown or
n sequential order, or that all illusirated operations be performed, to achueve desirable resulis.
In certain circumstances, multitasking and parallel processing may be advantageous.
Moreover, the separation of various system components in the embodiments described above
should not be understood as requiring such separation in all embodiments, and it should be
understood that the described program components and systems can generally be integrated

together in a single software product or packaged into multiple software products.

Unless specifically stated otherwise, as apparent from the following discussions, it is
appreciated that throughout the present disclosure discussions utilizing terms such as

3% ¢ RIS

“processing”, “computing”, “calculating”, “determining”, “analyzing” or the like, refer to the
action and/or processes of a computer or computing svstem, or sinular electronic computing
devices, that manipulate and/or transform data represented as physical, such as electronic,

quantities into other data similarly represented as physical quantities.

AT

Reference throughout this disclosure fo “one example embodiment”, “some example
embodimenis” or “an example embodiment” means that a particular feature, structure or
characteristic descnibed in connection with the example embodiment 15 included n at least
one example embodiment of the present disclosure. Thus, appearances of the phrases “in one
example embodiment”, “in some example embodiments™ or “in an example embodiment” in
vartous places throughout this disclosure are not necessarily all referring to the same example
embodiment. Furthermore, the particular features, structures or characteristics may be
combined n any suitable manner, as would be apparent to one of ordinary skill in the art
from this disclosure, in one or more exampie embodiments.

As used herein, unless otherwise specified the use of the ordinal adjectives “first”, “second”,
“third”, etc., 1o describe a comnmon object, mergly indicate that different insiances of hike
objects are being referred 1o and are not intended to 1mply that the objecis so described must
be in a given sequence, either ternporally, spatially, in ranking, or in any other manner.

Also, it is 1o be understood that the phraseology and terminology used herein are for the

33



10

20

30

WO 2023/141034 PCT/US2023/010415

purpose of description and should not be regarded as limiting. The use of “mncluding,”

“comprising,” or “having” and variations thereof are meant to encompass the iters hsted
thereafter and equavalents thereof as well as additional ttems. Unless specified or limted
otherwise, the terms “mounted”, “connected”, “supported”, and “coupled”™ and variations
thereof are used broadly and encompass both divect and indirect mountings, connections,

supports, and couplings.

In the claims below and the description herein, any one of the terms comprising, comprised
of or which comprises is an open term that means including at least the elements/features that
follow, but not exclading others. Thus, the term comprising, when used i the claims, should
not be interpreted as being limatative to the means or elements or steps listed thereafter. For
example, the scope of the expression a device comprising A and B should not be limited to
devices consisting only of elements A and B. Any one of the terms including or which
includes or that inclades as used herein is also an open term that also means including at least
the elements/features that follow the term, but not excluding others. Thus, mcluding is

synonymous with and means comprising,

It should be appreciated that in the above description of example embodiments of the present
disclosure, various features of the present disclosure are sometimses grouped together ina
single exarople embodiment, Fig., ot description thereof for the purpose of streamlinung the
present disclosure and aiding in the understanding of one or more of the various inventive
aspects. This method of disclosure, however, is not {0 be interpreted as reflecting an intention
that the claims require more features than are expressly recited in each claim. Rather, as the
following claims reflect, mventive aspects lie in less than all features of a single foregoing
disclosed example embodiment. Thus, the claims following the Description are hereby
expressly incorporated into this Description, with each claim standing on its own as a

separate exarmple embodirsent of this disclosure.

Furthermore, while some example ernbodiments described herein include some, but not other
features included in other example embodiments, combinations of features of different
example embodiments are meant to be within the scope of the present disclosure, and form
different example embodiments, as would be understood by those skilled n the art. For
example, in the following claims, any of the claimed example embodiments can be used in

any combination.

In the description provided herein, mumerous specific details are sei forth. However, it is

o
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understood that example embodiments of the present disclosure may be practiced without
these specific details. In other instances, well-known methods, structures and technigues have

not been shown in detail 1 order not to obscure an understanding of this description.

Thus, while there has been described what are believed to be the best modes of the present

disclosure, those skilled in the art will recognize that other and further modifications may be
made thereto without departing from the spirit of the present disclosure, and it 15 intended to
claim all such changes and modifications as fall within the scope of the present disclosure,

For example, any formulas given above are merely representative of procedures that may be
used. Functionality may be added or deleted from the block diagrams and operations may be
interchanged among functional blocks. Steps may be added or deleted to methods described

within the scope of the present disclosure.

1

Example embodiments and implementations

i)

Yarious aspects and implementations of the present disclosure may also be appreciated from

the following (enumerated’ example embodiments (EEEs}, which are not claims.

Example embodiments can include a method of encoding audio, performed by one or more
processors. The method can include: receiving HOA audio signal including roore than 4
HOA channels; encoding the HOA audio signals into waveform and metadata using SPAR
quantization; and providing the encoded waveform and metadata (o a downstream device,
e.g., a decoder. Optionally, encoding the HOA audio signals includes selecting a SPAR

quantization mode based on a bitrate Hmutation,

Fxample embodiments can include a method of decoding audio, performed by one or more
processors. The method can include: receiving a bitstream; determining a SPAR quantization

mode of the bitstream; and SPAR decoding the bitsiream according to the quantization mode.

Example embodiments can include a method of encoding audio, performed by one or more
processors. The method can include: receiving an HOA audio signal having more than 4
HOA channels in a native order, which can be ACN, but other formats are feasible as well;
re-ordering the channels based on perceptual importance; SPAR downmixing a first set of at
least one perceptually roore truportant HOA channels 1o a fivst representation, and
representing at feast one second set of less important HOA channels in a second
representation; and providing the SPAR downmixed channels to a downstream device, eg., a

decoder.

L
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Optionally, planar HOA channels have higher priority in the ordering than non-planar HOA
channels for a given Ambisonics order, whereby the planar HOA channels are assigned to the

first set and the non-plavar HOA chanmnels are assigned to the second set.

Optionally, at least two HOA channels have same or equivalent positions in the ordering.
The first representation can be a waveform representation. The second representation
includes parameterization. In pariicular, the second representation includes a pruned
parameterization, where cerfain parameters are omitted. In some implementations, a specific
chanuel from a pair, or group, of equivalent positioned charmels are selected for transnussion

dynamicaily.

Example embodiments can include a method of encoding audic and metadata, performed by
one or more processors. The method can include: obtaining a burate hoitation value for the
audio and metadata; selecting a quantization mode suitable for the bitrate imitation. In
various quantization modes, {a} all information in the audic and the metadata, which can be
residual channels and all related metadata, can be selected; (b) at least all information in the
metadata, for example parametric channels with all related metadata, can be selected; or {¢) at
teast some coefficients are omitted, 2.2, parametric channels with some related metadata
selected and some related metadata omitied. The method can include SPAR downmixing the
audio according to the selected quantization mode and metadata.

In some uplementations, the omutted coefficients include cross-prediction coefficients. The
method can include adapting at least one of the selected prediction coefficients, cross-

prediction coefficients or decorrelator coefficients to compensate for the omitted coefficients.

Example embodiments can include a method of decoding audio, performed by one or more
processors. The method can include: recetving encoded audio data, e g, metadata. The
audio data can include a representation of a quantization mode in which the spatial metadata
is encoded. The audio data can include a bitstream, which includes the coded spatial
metadata, including an mdicator of which quantization mode was used, along with the audio

bitstreanys.

The method can include determining padding values based on the guantization mode;
mserting the padding values in place of missing SPAR metadata for decoding, the missing
SPAR metadata corresponding to a particular quantization mode; and SPAR decoding the
audio data based on non-mussing SPAR metadata and the padding values. The padding values

can include zeros or is derived from metadata of a previous frame.
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EEE1L A method of encoding audio, comprising:
recetving HOA audio signal including 4 or more HOA channels;
encoding the HOA audio signals into waveform and metadata using SPAR; and

providing the encoded waveform and metadata to a downstream device.

EEE2. The method of EEEL, wherein encoding the HOA audio signals includes selecting a

SPAR metadata quantization mode based on a bitrate limitation.

EEF3. A method of decoding audio, comprising:
receiving a biistream;
determining a8 SPAR quantization mode of the bitstream: and

SPAR decoding the bitstream according (o the quantization mode

EEE4. A method of encoding audio, comprising:
receiving an HOA audio signal having more than 4 HOA channels in a native
order;
re~-ordening the channels based on perceptual importance;
SPAR downmixing a first set of at least one perceptually more important HOA
channels in a first representation, and representing at least one second set of less
important HOA channels in a second representation; and

providing the SPAR downmixed charmels to a downsirearmn device.

EEES. The method of EEE4, wheren planar HOA channels have ligher priority in the
ordering than non-planar HOA channels for a given Ambisonics order, whereby the planar
HOA channels are assigned to the first set and the non-planar HOA channels are assigned o

the second set.
EEEG. The method of any of EEE4 or EEES, wherein at least two HOA chanuels have same
or equivalent positions in the ordering.

EEE7. The method of any of EEEs 4-6, wherein the first representation is a waveform

representaiion.

EEES. The method of any of EEEs 4-7, wherein the second representation includes

parameterizalion.

FEE9. The method of any of FEFEs 4-8, wherein the second representation includes a pruned

parameterization.
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EEE10. The method of any of EEEs 4-9, wherein the downstream device is a decoder.

EEE1L The method of any of EEEs 4-10, wherein a specific channel from g pair, or group,

of equivalent posttioned channels are selected for transmussion dyvnanucally.

FEEE12 A method of encoding audio and metadaia, comprising:
obtaining a bitrate hirmtation value for the audio and metadata;
selecting a quantization mode sutlable for the bitrate imitation, wherein, in
vartous quantization modes,

{(a) all information in the audio and the metadata is selected;
(b} at least all information in the metadata is selected; or
{c} at least some coefficienis are onutied; and

SPAR downmixing the audio according to the selected quantization mode and

metadata.

EEE13. The method of EEEY, wherein the omitted coefficients include cross-prediction

coefficients.

EEE14. The method of any of EEEs 12-13, comprising adapting at least one of the selected
prediction coefficients, cross-prediction coefficients or decorrelator coefficients to

compensate for the omitted coefficients.

EEE1LS. Method of any of EEEs 1-4, comprising computing the normalization term in the
computation of one or more set of coefficients in SPAR metadata for chanmels corresponding
{0 a given Arobisonics order 1, by using only the covanance estimates of the channels

corresponding to the order 1

EEE16. Method of any of EEEs 1-4, comprising: computation of one or more set of
coefficients in SPAR meetadata for parametric channels, with a first time resolation of
milliseconds which is larger than the second time resolution of 2 milliseconds of the encoder

filterbank:

EEE17. Method of EEELS, wherein one or more set of coefficients in SPAR metadata are

computed with second tiroe resolution of 2 milliseconds only for high frequency bands.

EEELS Method of EEEL7. wheremn one or more set of coefficients in SPAR metadata are

computed with second time resolution of 2 milliseconds upon detection of a transient.

FEE19. A method of decoding audio data, comprising:
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receiving encoded audio data including a representation of a quantization
mode in which the spatial metadata is encoded;
determuaning padding values based on the quantization mode;
inserting the padding values in place of missing SPAR metadata for decoding,
5 the missing SPAR metadata corresponding to a particular guantization mode; and
SPAR decoding the audio data based on non-missing SPAR metadata and the

padding values.

EEE20. The method of EEELS, wherein the padding values include zeros or is dertved from

metadata of a previous frame.

10 EEE2ZL A system comprising:
one or more processors; and
a non-transitory cormputer-readable medium storing instructions that, upon
execution by the one or more processors, cause the one or more processors to perform

operations of any of EEEs 1-16.

15 EEE22. A non-transitory computer-readable mediurn stoning mstructions that, upon execution
by one of more processors, cause the one or more processors o perform operations of any of

EEEs 1-i6.
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CLAIMS

1. A method of encoding Higher Order Ambisonics, HOA, audio, the roethod
including:

recerving an input HOA audio signal having more than four Ambisonics channels;

encoding the HOA audio signal using a SPAR coding framework and a core audio
encoder; and

providing the encoded HOA audio signal to a downstream device, the encoded HOA

audio signal including core encoded SPAR downmix channels and encoded SPAR metadata.

2. The method of claim 1, wherein the encoding includes: generating, based on some
or all of the Ambisonics channels, a representation of a W channel and a set of mow
prediction residuals along with computing in SPAR metadata respective prediction
coefficients; and selecting, out of the set of nww prediction residuals, a subset of nees
prediction residuals to be directly coded to obtain a number of fgas = Nres + 1 downmix

channels to be provided to the downstream device.

3. The method of claim 2, wherein the selection of the subset of nes prediction
residuals 1s based on a threshold number for directly coded channels indicating a maximum

number of directly coded channels,

4. The method of claim 3, wheregin the threshold number for directly coded channels is
determined based on information indicative of one or more of a bitrate himitation, a metadata

size, a core codec performance, and an audio quality.

5. The method of claim 3 or 4, wherein the threshold number for directly coded
channels 1s chosen from a predetermined set of threshold numnbers for directly coded

channsls.

6. The method of any of claims 2 1o 5, wherein the subset of nrs prediction residuals s
selected i accordance with a chaonel ranking of the Arobisonics channels starting from high-

ranked to low-ranked channels.
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7. The method of claim 6, wherein the channel ranking of the Ambisonics channels is
based on a perceptual importance of the Ambisonmics chamnels, with Ambisomces channels

being higher in the channel ranking having higher perceptual importance.

8. The method of claim 6 or 7, wherein the channel ranking of the Ambisonics

channels is based on a channel ranking agreement befween encoder and decoder.

9. The method of claim 7 or 8, wherein Ambisonics channels corresponding to a
spherical harmonic ¥ (8, @) with larger overlap with a lefi-right-front-rear plane are ranked
10 be perceptually more important than Ambisonics chamnels corresponding to a spherical

harmonic ¥* (8, @) with larger overlap with a height direction, for a given order .

10. The method of any of claims 7 to 9, wherein Ambisonics channels corresponding
to a spherical harmonic ¥ (8, @) with larger overdap with a left-right direction are ranked to
have higher perceptual importance than Ambisonics channels corresponding 1o a spherical
harmonic ¥j* (8, ¢} with larger overlap with a front-rear direction.

~
Ji
i

11. The method of any of claims 7 to 10, wherein patrs formed by Ambisonics
channels corresponding to spherical harmonics ¥ (8, @) for a given order ! with |m] = { are
ranked to be perceptually more important than HOA chanmels for the given order / with
ini] < L

12. The method of any of claims 7 to 11, wherein the channel ranking of the
Ambisonics channels corresponding to spherical barmonics ¥ (8, @) of a given order
forms a subset of the channel ranking of the Ambisonics channels corresponding to spherical
harmonics ¥4 (8, @) of an {(I+1)-th order, the channel ranking of the Ambisonics charmels
of the {(/+1)-th order starting with the channel ranking of the Ambisonics chammels of the /&

order.

13. The method of any of claims 7 to 12, wherein Ambisonics channels corresponding
to a spherical harmonic ¥ (8, @) with larger overlap in the left-right-froni-rear plans of a

aiven order { are ranked o have ligher perceptual importance than Ambisonics channels
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corresponding 1o a spherical harmonic ¥7, (8. @) of an (I-1)-th order with larger overlap in

s

the height direction.

3

14, The method of any of claims 7 to 13, wherein one or more prediction residuals to

(%5}

be subsequently added to the subset of nees prediction residuals are selected based ona
ranking promoting Ambisonics channels corresponding to a spherical harmonic V2 (8, @)
over Ambisonics channels corresponding to a spherical harmonic ¥ (8, ¢) ahead of

Ambisonics channels corresponding to a spherical harmonic ¥* (8, ), where 0 < | < 1

10 15. The method of any of claims 2 to 14, wherein the encoding further includes
representing parametric channels based on computing in SPAR metadata respective

coeflicients from the remaining ndec = Notal — tires prediction residuals.

16. The method of claim 15, wherein the computing in SPAR metadata includes
15 computing a plurality of cross-prediction coefficients for use by a decoder to reconstruct at

least part of the rue pararoetnc channels from the nres ditectly coded prediction residuals.

17. The method of claim 16, wherein the computing in SPAR metadata further
mcludes computing a plurality of decorrelator coefficients for use by the decoder to account,
20 during reconstruction, for remaining energy not accounted for by the prediction coefficients

and the cross-pradiction coefficients.

18 The method of any of claims 15-17, wherein the computing in SPAR metadata
further includes computing at least one of the prediction coefficients, the cross-prediction
25 coefficients and the decorrelator coefficients with a first time resolution of t1 mulliseconds

which is arger than a second time resohution of ©2 milliseconds of an encoder filterbank.

19. The method of claim 18, wherein the computing with the second time resolution
of {z milliseconds is only performed for high frequency bands.
30
20. The roethod of clairo 19, wherein the computing with the second tiue resolution

of t2 milliseconds is performed upon detection of a fransient.
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21. The method of any of claims 15-20, wherein the computing in SPAR metadata
further includes computing a normalization term for channels corresponding to a given
Ambisonics order /, by using only covariance estimates of channels corresponding to the

order /.

22 The method of any one of claims 15 1o 21, wherein the encoding further includes
obtaining a bitrate limitation value, selecting, out of a set of SPAR gquantization modes, a
SPAR quantization mode to meet the bitrate limitation value and applying the selected SPAR

quantization mode to the SPAR metadata,

23. The method of claim 22, wherein some or all of the modes in the set of SPAR
quantization modes inchude re~-allocating bits to coefficients relating (o Ambisonics chamnels
being ranked higher in the channel ranking from coefficients relating to Ambisonmics channels

being ranked lower in the channel ranking.

24, The method of claim 22 or 23 in dependence on claim 16, wherein some or all of
the modes in the set of SPAR guantization modes include selecting a subset of cross-

prediction coefficients to be omutted from the plurality of cross-prediction coefficients.

25, The method of any of claims 22 {0 24 w dependence on claito 17, wherein some
or all of the modes in the set of SPAR quantization modes include selecting a subset of

decorrelator coefficients to be omitted from the plurality of decorrelator coefficients.

26. The roethod of clairo 24 or 25 1o dependence on claim 6, wherein selecting the

subset of coefficients 13 based on the channel ranking of the Ambisonics channels.

27. The method of any one of claims 7 1o 26, wherein the received inpuat HOA andio
signal consists of Ambisonics channels that are ranked to have a relatively hugh perceptual

importance.

28. A method of decoding Higher Order Ambisonics, HOA, audio, the method

including:
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recetving an encoded HOA audio signal, the encoded HOA audio signal having been
obtained by applying a SPAR coding framework and a core audio encoder o an input HOA
audio signal having more than four Ambisounics chanunels;

decoding the encoded HOA audio signal to obtain a decoded HOA audio signal, the
decoded HOA audio signal including core decoded SPAR downmix channels and decoded
SPAR metadata; and

reconstructing the mput HOA audio signal based on the decoded HOA audio signal to

obtain an outpit HOA audio signal.

29. The method of claim 28, wherein the core decoded SPAR downmix channels
include a representation of 2 W channel and a set of nes directly coded prediction residuals,
and wherein the decoded SPAR metadata include a plorality of prediction coefficients, a

plurality of cross-prediction coefficients, and a plurahity of decorrelator coefficients.

30. The method of claim 29, wherein reconsiructing the input HOA audio signal
mchudes predicting a subset of the Ambisonics channels of the HOA audio signal based on
the representation of the W channel and the plurality of prediction coefficients and adding in

the set of nres direcily coded prediction residuals.

31 The method of claim 30, wherein recounstructing the input HOA audio signal
further includes determining remaining parametric channels based on the representation of
the W channel, the plurality of prediction coefficients, the set of nws directly coded prediction

residuals and the pharality of cross-prediction coefficients.

32 The method of claim 31, wherein reconstructing the input HOA audio signal
further includes calculating an indication of remaining energy not accounted for by the
prediction coefficients and the plorality of cross-prediction coefficients based on the plurality

of decorrelator coefficients, and a plurality of decorrelated versions of the W channel.

33. An apparatus for encoding Higher Order Ambisomics, HOA, audio, the apparatus
comprising one or more processors configured to implement a method mncluding:

receiving an input HOA audio signal having more than four Ambisonics channels;

encoding the HOA audio signal using a SPAR coding framework and a core audio

encoder; and



10

i5

20

25

WO 2023/141034 PCT/US2023/010415

providing the encoded HOA audio signal to a downstream device, the encoded HOA

audio signal including core encoded SPAR downmix channels and encoded SPAR metadata.

34. An apparatus for decoding Higher Order Ambisonics, HOA, audio, the apparatus
comprising one or more processors configured to implement a method including:

recetving an encoded HOA audio signal, the encoded HOA audio signal having been
obtained by applving a SPAR coding framework and a core audio encoder {0 an wnput HOA
audio signal having more than four Ambisonics channels;

decoding the encoded HOA andio signal to obtamn a decoded HOA audio signal, the
decoded HOA audio signal including core decoded SPAR downiix chanvels and decoded
SPAR metadata; and

reconstructing the input HOA audio signal based on the decoded HOA audio signal to

obtan an output HOA audio signal.

35. An apparatus inchuding memory and one or more processor configured to perform

the method according to any of claims 1 {0 32,
36. A svstem of an apparatus for encoding Higher Order Ambisonics, HOA, audio
according to claim 33 and an apparatus for decoding Higher Order Ambisonics, HOA, audio

according to claim 34

37. A program comprising instructions that, when executed by a processor, cause the

processor 1o carry out the method according to any one of claims 1 to 32

38. A computer-readable storage medium storing the program according to claim 37
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