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COMBINING OF SPATIAL AUDIO PARAMETERS

Field
The present application relates to apparatus and methods for sound-field related
parameter encoding, but not exclusively for time-frequency domain direction related

parameter encoding for an audio encoder and decoder.

Background

Parametric spatial audio processing is a field of audio signal processing where the
spatial aspect of the sound Is described using a set of parameters. For example, In
parametric spatial audio capture from microphone arrays, it is a typical and an
effective choice to estimate from the microphone array signals a set of parameters
such as directions of the sound In frequency bands, and the ratios between the
directional and non-directional parts of the captured sound In frequency bands.
These parameters are known to well describe the perceptual spatial properties of
the captured sound at the position of the microphone array. These parameters can
be utilized in synthesis of the spatial sound accordingly, for headphones binaurally,

for loudspeakers, or to other formats, such as Ambisonics.

The directions and direct-to-total energy ratios in frequency bands are thus a

parameterization that is particularly effective for spatial audio capture.

A parameter set consisting of a direction parameter in frequency bands and an
energy ratio parameter in frequency bands (indicating the directionality of the sound)
can be also utllized as the spatial metadata (which may also include other
parameters such as surround coherence, spread coherence, number of directions,
distance etc) for an audio codec. For example, these parameters can be estimated

from microphone-array captured audio signals, and for example a stereo or mono
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signal can be generated from the microphone array signals to be conveyed with the
spatial metadata. The stereo signal could be encoded, for example, with an AAC
encoder and the mono signal could be encoded with an EVS encoder. A decoder
can decode the audio signals into PCM signals and process the sound in frequency
pbands (using the spatial metadata) to obtain the spatial output, for example a

binaural output.

The aforementioned solution is particularly suitable for encoding captured spatial
sound from microphone arrays (e.g., in mobile phones, VR cameras, stand-alone
microphone arrays). However, it may be desirable for such an encoder to have also
other input types than microphone-array captured signals, for example, loudspeaker

signals, audio object signals, or Ambisonic signals.

Analysing first-order Ambisonics (FOA) inputs for spatial metadata extraction has
been thoroughly documented in scientific literature related to Directional Audio
Coding (DIrAC) and Harmonic planewave expansion (Harpex). This IS since there
exist microphone arrays directly providing a FOA signal (more accurately: its variant,
the B-format signal), and analysing such an input has thus been a point of study In
the field. Furthermore, the analysis of higher-order Ambisonics (HOA) input for multi-
direction spatial metadata extraction has also been documented In the scientific

literature related to higher-order directional audio coding (HO-DIrAC).

A further input for the encoder is also multi-channel loudspeaker input, such as 5.1

or 7.1 channel surround inputs and audio objects.

However, with respect to the components of the spatial metadata the compression
and encoding of the spatial audio parameters is of considerable interest in order to
minimise the overall number of bits required to represent the spatial audio

parameters.
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Summary
There Is provided according to a first aspect an apparatus for spatial audio encoding

comprising means for determining a first spatial audio parameter of a frequency sub
band of one or more audio signals and a second spatial audio parameter of the
frequency sub band of the one or more audio signals; and means for combining the
first spatial audio parameter and the second spatial audio parameter to provide a

combined spatial audio parameter for the frequency sub band.

The apparatus may further comprise means for determining whether the combined
spatial audio parameter for the frequency sub band is encoded for storage and/or
transmission or whether the first spatial audio parameter for the frequency sub band
and the second spatial audio parameter for the frequency sub band is encoded for

storage and/or transmission.

The apparatus may further comprise: means for determining a metric for the
frequency sub band of the one of more audio signals; means for comparing the
metric against a threshold value, wherein the apparatus further comprising the
means for determining whether the combined spatial audio parameter for the
frequency sub band Is encoded for storage and/or transmission or whether the first
spatial audio parameter for the frequency sub band and the second spatial audio
parameter for the frequency sub band Is encoded for storage and/or transmission
may comprise: means for determining that when the metric is above the threshold
value then determining that the first spatial audio parameter for the frequency sub
band and the second spatial audio parameter for the frequency sub band is encoded
for storage and/or transmission; and means for determining that when the metric is
below or equal to the threshold value then determining that the combined spatial
audio parameter for the frequency sub band Is encoded for storage and/or

transmission.

The apparatus may further comprise: means for determining a metric for the

frequency sub band of the one or more audio signals; means for determining a first
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spatial audio parameter of at least one further frequency sub band of the one or
more audio signals and a second spatial audio parameter of the at least one further
frequency sub band of the one or more audio signals; means for combining the first
spatial audio parameter of the at least one further frequency sub band of the one or
more audio signals and the second spatial audio parameter of the at least one
further frequency sub band of the one or more audio signals to provide a combined
spatial audio parameter for the further frequency sub band of the one or more audio
signals; means for determining a further metric for the at least one further frequency
sub band; and means for determining that the first spatial audio parameter of the
frequency sub band of the one or more audio signals and the second spatial audio
parameter of the frequency sub band of the one or more audio signals are encoded
for storage and/or transmission and the combined spatial audio parameter for the at
least one further frequency sub band of the one or more audio signals is encoded

for storage and/or transmission when the metric Is higher than the further metric.

The first spatial audio parameter may be a first spherical direction vector calculated
for the frequency sub band comprising an azimuth component and an elevation
component, wherein the second spatial audio parameter may be a second spherical
direction vector calculated for the frequency sub band comprising an azimuth
component and an elevation component, and wherein the combined spatial audio

parameter may be a combined spherical direction vector.

The means for combining the first spatial audio parameter and the second spatial
audio parameter may comprise: means for converting the first spherical direction
vector into a first cartesian vector and means for converting the second spherical
direction vector into a second cartesian vector, wherein the first cartesian vector and
second cartesian vector each comprise an x-axis component, y-axis component and
a z-axis component, wherein for each single respective component the apparatus
may comprise: means for weighting the respective component of the first cartesian
vector by a first direct to total energy ratio calculated for the frequency sub band;

means for weighting the respective component of the second cartesian vector by a
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second direct to total energy ratio calculated for the frequency sub band; and means
for summing the weighted respective component of the first cartesian vector and the
weighted respective components of the second cartesian vector to give a combined
respective cartesian components, wherein the combined x-axis cartesian
component, the combined y-axis cartesian component and the combined z-axis
cartesian component form the components of a combined cartesian vector; and
means for converting the combined x-axis cartesian component, the combined y-
axis cartesian component and the combined z-axis cartesian component into the

combined spherical direction vector.

The apparatus may further comprise means for determining an ambient energy
value for the frequency sub band by subtracting the first direct to total energy ratio
calculated for the frequency sub band and second direct to total energy calculated

for the frequency sub band from one.

The apparatus may further comprise means for combining the first direct to total
energy ratio calculated for the frequency sub band and the second direct to total
energy ratio calculated for the frequency sub band to provide a combined direct to

total energy ratio for the frequency sub band.

The means for combining the first direct to total energy ratio calculated for the
frequency sub band and the second direct to total energy ratio calculated for the
frequency sub band to provide a combined direct to total energy ratio for the
frequency sub band may comprise: means for determining a combined direct to total
energy ratio dependent on the ratio of a vector length of the combined cartesian
vector to a sum of the first direct to total energy ratio calculated for the frequency
sub band the second direct to total energy ratio calculated for the frequency sub

band and the ambient energy value.

The apparatus may further comprise means for combining a first spread coherence

value calculated for the frequency sub band and a second spread coherence value
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calculated for the frequency sub band, to provide a combined spread coherence

parameter for the frequency sub band.

The means for combining the first spread coherence value calculated for the
frequency sub band and the second spread coherence value calculated for the
frequency sub band to provide a combined spread coherence parameter for the
frequency sub band may comprise: means for determining a first sum comprising a
product of the first spread coherence value calculated for the frequency sub band
and the first direct to total energy ratio calculated for the frequency sub band and a
product of the second spread coherence value calculated for the frequency sub
band and the second direct to total energy ratio calculated for the frequency sub
band; means for determining a second sum comprising the first direct to total energy
ratio calculated for the frequency sub band and the second direct to total energy
ratio calculated for the frequency sub band; and means for determining the ratio of
the first sum to the second sum to provide the combined spread coherence

parameter.

The apparatus for spatial audio encoding may further comprises means for
calculating a surround coherence value for the frequency sub band; means for
determining a further ambient energy value for the frequency sub band by
subtracting the combined direct-to-total energy ratio from one; means for
determining a surround coherence energy by determining the product of the
combined spread coherence parameter with the difference between the further
ambient energy value for the frequency sub band and ambient energy value for the
frequency sub band; and means for adding the surround coherence energy to the
product of the ambient energy for the frequency sub band and the surround
coherence value for the frequency sub band and normalising to the further ambient
energy value for the frequency sub band to provide a combined surround coherence

value.
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The apparatus comprising the means for determining a metric may comprise: means
for determining the difference between sum of the first direct to total energy ratio
calculated for the frequency sub band and the second direct to total energy ratio
calculated for the frequency sub band and the length of the combined cartesian

vector.

The first spatial audio parameter may be associated with a first sound source
direction in the frequency sub band, and the second spatial audio parameter may

be associated with a second sound source direction in the frequency sub band.

There Is according to a second aspect a method for spatial audio encoding
comprising: determining a first spatial audio parameter of a frequency sub band of
one or more audio signals and a second spatial audio parameter of the frequency
sub band of the one or more audio signals; and combining the first spatial audio
parameter and the second spatial audio parameter to provide a combined spatial

audio parameter for the frequency sub band.

The method may further comprise determining whether the combined spatial audio
parameter for the frequency sub band is encoded for storage and/or transmission
or whether the first spatial audio parameter for the frequency sub band and the
second spatial audio parameter for the frequency sub band Is encoded for storage

and/or transmission.

The method may further comprise: determining a metric for the frequency sub band
of the one of more audio signals; comparing the metric against a threshold value,
wherein the apparatus further comprising the means for determining whether the
combined spatial audio parameter for the frequency sub band is encoded for storage
and/or transmission or whether the first spatial audio parameter for the frequency
sub band and the second spatial audio parameter for the frequency sub band is
encoded for storage and/or transmission may comprise: determining that when the

metric is above the threshold value then determining that the first spatial audio
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parameter for the frequency sub band and the second spatial audio parameter for
the frequency sub band is encoded for storage and/or transmission; and determining
that when the metric is below or equal to the threshold value then determining that
the combined spatial audio parameter for the frequency sub band is encoded for

storage and/or transmission.

The method may further comprise: determining a metric for the frequency sub band
of the one or more audio signals; determining a first spatial audio parameter of at
least one further frequency sub band of the one or more audio signals and a second
spatial audio parameter of the at least one further frequency sub band of the one or
more audio signals; combining the first spatial audio parameter of the at least one
further frequency sub band of the one or more audio signals and the second spatial
audio parameter of the at least one further frequency sub band of the one or more
audio signals to provide a combined spatial audio parameter for the further
frequency sub band of the one or more audio signals; determining a further metric
for the at least one further frequency sub band; and determining that the first spatial
audio parameter of the frequency sub band of the one or more audio signals and
the second spatial audio parameter of the frequency sub band of the one or more
audio signals are encoded for storage and/or transmission and the combined spatial
audio parameter for the at least one further frequency sub band of the one or more
audio signals is encoded for storage and/or transmission when the metric is higher

than the further metric.

The first spatial audio parameter may be a first spherical direction vector calculated
for the frequency sub band comprising an azimuth component and an elevation
component, wherein the second spatial audio parameter may be a second spherical
direction vector calculated for the frequency sub band comprising an azimuth
component and an elevation component, and wherein the combined spatial audio

parameter may be a combined spherical direction vector.
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The combining the first spatial audio parameter and the second spatial audio
parameter may comprise: converting the first spherical direction vector into a first
cartesian vector and means for converting the second spherical direction vector into
a second cartesian vector, wherein the first cartesian vector and second cartesian
vector each comprise an x-axis component, y-axis component and a z-axis
component, wherein for each single respective component the method may
comprise: weighting the respective component of the first cartesian vector by a first
direct to total energy ratio calculated for the frequency sub band; weighting the
respective component of the second cartesian vector by a second direct to total
energy ratio calculated for the frequency sub band; and summing the weighted
respective component of the first cartesian vector and the weighted respective
components of the second cartesian vector to give a combined respective cartesian
components, wherein the combined x-axis cartesian component, the combined y-
axis cartesian component and the combined z-axis cartesian component form the
components of a combined cartesian vector; and converting the combined x-axis
cartesian component, the combined y-axis cartesian component and the combined

Z-axis cartesian component into the combined spherical direction vector.

The method may further comprise determining an ambient energy value for the
frequency sub band by subtracting the first direct to total energy ratio calculated for
the frequency sub band and second direct to total energy calculated for the

frequency sub band from one.

The method may further comprise combining the first direct to total energy ratio
calculated for the frequency sub band and the second direct to total energy ratio
calculated for the frequency sub band to provide a combined direct to total energy

ratio for the frequency sub band.

The combining the first direct to total energy ratio calculated for the frequency sub
band and the second direct to total energy ratio calculated for the frequency sub

band to provide a combined direct to total energy ratio for the frequency sub band
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may comprise: determining a combined direct to total energy ratio dependent on the
ratio of a vector length of the combined cartesian vector to a sum of the first direct
to total energy ratio calculated for the frequency sub band the second direct to total

energy ratio calculated for the frequency sub band and the ambient energy value.

The method may further comprise combining a first spread coherence value
calculated for the frequency sub band and a second spread coherence value
calculated for the frequency sub band, to provide a combined spread coherence

parameter for the frequency sub band.

Combining the first spread coherence value calculated for the frequency sub band
and the second spread coherence value calculated for the frequency sub band to
provide a combined spread coherence parameter for the frequency sub band may
comprise: determining a first sum comprising a product of the first spread coherence
value calculated for the frequency sub band and the first direct to total energy ratio
calculated for the frequency sub band and a product of the second spread
coherence value calculated for the frequency sub band and the second direct to
total energy ratio calculated for the frequency sub band; determining a second sum
comprising the first direct to total energy ratio calculated for the frequency sub band
and the second direct to total energy ratio calculated for the frequency sub band;
and determining the ratio of the first sum to the second sum to provide the combined

spread coherence parameter.

The method for spatial audio encoding may further comprise: calculating a surround
coherence value for the frequency sub band; determining a further ambient energy
value for the frequency sub band by subtracting the combined direct-to-total energy
ratio from one; determining a surround coherence energy by determining the
product of the combined spread coherence parameter with the difference between
the further ambient energy value for the frequency sub band and ambient energy
value for the frequency sub band; and adding the surround coherence energy to the

product of the ambient energy for the frequency sub band and the surround
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coherence value for the frequency sub band and normalising to the further ambient
energy value for the frequency sub band to provide a combined surround coherence

value.

Comprising the determining a metric may comprise: determining the difference
between sum of the first direct to total energy ratio calculated for the frequency sub
band and the second direct to total energy ratio calculated for the frequency sub

band and the length of the combined cartesian vector.

The first spatial audio parameter may be associated with a first sound source
direction in the frequency sub band, and the second spatial audio parameter may

be associated with a second sound source direction in the frequency sub band.

According to a third aspect there is an apparatus for spatial audio encoding
comprising at least one processor and at least one memory including computer
program code, the at least one memory and the computer program code configured
to, with the at least one processor, cause the apparatus to at least to determinie a
first spatial audio parameter of a frequency sub band of one or more audio signals
and a second spatial audio parameter of the frequency sub band of the one or more
audio signals; combine the first spatial audio parameter and the second spatial
audio parameter to provide a combined spatial audio parameter for the frequency
sub band.

A computer program product stored on a medium may cause an apparatus to

perform the method as described herein.

An electronic device may comprise apparatus as described herein.

A chipset may comprise apparatus as described herein.
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Embodiments of the present application aim to address problems associated with

the state of the art.

Summary of the Figures
For a better understanding of the present application, reference will now be

made by way of example to the accompanying drawings in which:

Figure 1 shows schematically a system of apparatus suitable for
iImplementing some embodiments;

Figure 2 shows schematically the metadata encoder according to some
embodiments;

Figure 3 shows a flow diagram of the operation of the metadata encoder as
shown In Figure 2 according to some embodiments; and

Figure 4 shows schematically an example device suitable for implementing

the apparatus shown.

Embodiments of the Application
The following describes In further detaill suitable apparatus and possible

mechanisms for the provision of effective spatial analysis derived metadata
parameters. In the following discussions multi-channel system Is discussed with
respect to a multi-channel microphone implementation. However as discussed
above the input format may be any suitable input format, such as multi-channel
loudspeaker, ambisonic (FOA/HOA) etc. It is understood that in some embodiments
the channel location Is based on a location of the microphone or is a virtual location
or direction. Furthermore, the output of the example system is a multi-channel
loudspeaker arrangement. However, it IS understood that the output may be
rendered to the user via means other than loudspeakers. Furthermore, the muilti-
channel loudspeaker signals may be generalised to be two or more playback audio
signals. Such a system is currently being standardised by the 3GPP standardization
body as the Immersive Voice and Audio Service (IVAS). IVAS Is intended to be an
extension to the existing 3GPP Enhanced Voice Service (EVS) codec In order to

facilitate immersive voice and audio services over existing and future mobile
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(cellular) and fixed line networks. An application of IVAS may be the provision of
iImmersive voice and audio services over 3GPP fourth generation (4G) and fifth
generation (5G) networks. In addition, the IVAS codec as an extension to EVS may
be used In store and forward applications in which the audio and speech content is
encoded and stored in a file for playback. It is to be appreciated that IVAS may be
used In conjunction with other audio and speech coding technologies which have

the functionality of coding the samples of audio and speech signals.

The metadata consists at least of spherical directions (elevation, azimuth), at least
one energy ratio of a resulting direction, a spread coherence, and surround
coherence independent of the direction, for each considered time-frequency (TF)
block or tile, in other words a time/frequency sub band. In total IVAS may have a
number of different types of metadata parameters for each time-frequency (TF) tile.
The types of spatial audio parameters which make up the metadata for IVAS are

shown in Table 1 below.

Direction 1 Direction of arrival of the sound at a time-frequency

Index parameter interval. Spherical representation at about 1-

degree accuracy.

Range of values: “covers all directions at about 1° accuracy”

Direct-to-total 3 Energy ratio for the direction index (i.e., time-frequency

energy ratio subframe).
Calculated as energy in direction / total energy.

Range of values: [0.0, 1.0]

Spread 8 Spread of energy for the direction index (i.e., time-frequency

coherence subframe).

Defines the direction to be reproduced as a point source or

coherently around the direction.

Range of values: [0.0, 1.0]




WO 2021/130405 PCT/F12020/050752

14
Diffuse-to- 8 Energy ratio of non-directional sound over surrounding
total energy directions.
ratio Calculated as energy of non-directional sound / total energy.

Range of values: [0.0, 1.0]

(Parameter is independent of number of directions

provided.)
Surround 8 Coherence of the non-directional sound over the surrounding
coherence directions.

Range of values: [0.0, 1.0]

(Parameter is independent of number of directions

provided.)
Remainder-to- 8 Energy ratio of the remainder (such as microphone noise)
total energy sound energy to fulfil requirement that sum of energy ratios
ratio IS 1.

Calculated as energy of remainder sound / total energy.
Range of values: [0.0, 1.0]
(Parameter is independent of number of directions

provided.)

Distance 8 Distance of the sound originating from the direction index
(i.e., time-frequency subframes) in meters on a logarithmic
scale.

Range of values: for example, 0 to 100 m.
(Feature intended mainly for future extensions, e.g., 6DoF

audio.)

This data may be encoded and transmitted (or stored) by the encoder in order to be

able to reconstruct the spatial signal at the decoder.

Moreover, in some instances metadata assisted spatial audio (MASA) may support
up to two directions for each TF tile which would require the above parameters to
be encoded and transmitted for each direction on a per TF tile basis. Thereby

potentially doubling the required bit rate according to Table 1. In addition, it is easy
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o foresee that other MASA systems may support more than two directions per TF

tile.

The bitrate allocated for metadata in a practical immersive audio communications
codec may vary greatly. Typical overall operating bitrates of the codec may leave
only 2 to 10kbps for the transmission/storage of spatial metadata. However, some
further Implementations may allow up to 30kbps or higher for the
transmission/storage of spatial metadata. The encoding of the direction parameters
and energy ratio components has been examined before along with the encoding of
the coherence data. However, whatever the transmission/storage bit rate assigned
for spatial metadata there will always be a need to use as few bits as possible to
represent these parameters especially when a TF tile may support multiple

directions corresponding to different sound sources Iin the spatial audio scene.

The concept as discussed hereafter is to combine each spatial audio parameters
assoclated with each direction into one or more combined spatial audio parameter

on a per TF tile basis.

Accordingly, the invention proceeds from the consideration that the bit rate on a per
TF tile basis may be reduced by combining the spatial audio parameters associated

with each direction.

In this regard Figure 1 depicts an example apparatus and system for implementing
embodiments of the application. The system 100 Is shown with an "analysis’ part
121 and a ‘'synthesis’ part 131. The ‘analysis’ part 121 is the part from receiving the
multi-channel loudspeaker signals up to an encoding of the metadata and downmix
signal and the ‘synthesis’ part 131 is the part from a decoding of the encoded
metadata and downmix signal to the presentation of the re-generated signal (for

example in multi-channel loudspeaker form).
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The input to the system 100 and the ‘analysis’ part 121 is the multi-channel signals
102. In the following examples a microphone channel signal input is described,
however any suitable input (or synthetic multi-channel) format may be implemented
In other embodiments. For example, In some embodiments the spatial analyser and
the spatial analysis may be implemented external to the encoder. For example, In
some embodiments the spatial metadata associated with the audio signals may be
provided to an encoder as a separate bit-stream. In some embodiments the spatial
metadata may be provided as a set of spatial (direction) index values. These are

examples of a metadata-based audio input format.

The multi-channel signals are passed to a transport signal generator 103 and to an

analysis processor 105.

In some embodiments the transport signal generator 103 Is configured to receive
the multi-channel signals and generate a suitable transport signal comprising a
determined number of channels and output the transport signals 104. For example,
the transport signal generator 103 may be configured to generate a 2-audio channel
downmix of the multi-channel signals. The determined number of channels may be
any suitable number of channels. The transport signal generator in some
embodiments Is configured to otherwise select or combine, for example, by
beamforming techniques the input audio signals to the determined number of

channels and output these as transport signals.

In some embodiments the transport signal generator 103 is optional and the muilti-
channel signals are passed unprocessed to an encoder 107 in the same manner as

the transport signal are in this example.

In some embodiments the analysis processor 105 is also configured to receive the
multi-channel signals and analyse the signals to produce metadata 106 associated
with the multi-channel signals and thus associated with the transport signals 104.

The analysis processor 105 may be configured to generate the metadata which may
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comprise, for each time-frequency analysis interval, a direction parameter 108 and
an energy ratio parameter 110 and a coherence parameter 112 (and in some
embodiments a diffuseness parameter). The direction, energy ratio and coherence
parameters may In some embodiments be considered to be spatial audio
parameters. In other words, the spatial audio parameters comprise parameters
which aim to characterize the sound-field created/captured by the multi-channel

signals (or two or more audio signals in general).

In some embodiments the parameters generated may differ from frequency band to
frequency band. Thus, for example in band X all of the parameters are generated
and transmitted, whereas in band Y only one of the parameters is generated and
transmitted, and furthermore in band Z no parameters are generated or transmitted.
A practical example of this may be that for some frequency bands such as the
highest band some of the parameters are not required for perceptual reasons. The

transport signals 104 and the metadata 106 may be passed to an encoder 107.

The encoder 107 may comprise an audio encoder core 109 which Is configured to
receive the transport (for example downmix) signals 104 and generate a suitable
encoding of these audio signals. The encoder 107 can in some embodiments be a
computer (running suitable software stored on memory and on at least one
processor), or alternatively a specific device utilizing, for example, FPGAs or ASICs.
The encoding may be implemented using any suitable scheme. The encoder 107
may furthermore comprise a metadata encoder/quantizer 111 which is configured
to receive the metadata and output an encoded or compressed form of the
iInformation. In some embodiments the encoder 107 may further interleave, multiplex
{0 a single data stream or embed the metadata within encoded downmix signals
before transmission or storage shown In Figure 1 by the dashed line. The

multiplexing may be implemented using any suitable scheme.

In the decoder side, the received or retrieved data (stream) may be received by a

decoder/demultiplexer 133. The decoder/demultiplexer 133 may demultiplex the
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encoded streams and pass the audio encoded stream to a transport extractor 135
which Is configured to decode the audio signals to obtain the transport signals.
Similarly, the decoder/demultiplexer 133 may comprise a metadata extractor 137
which Is configured to receive the encoded metadata and generate metadata. The
decoder/demultiplexer 133 can In some embodiments be a computer (running
suitable software stored on memory and on at least one processor), or alternatively

a specific device utilizing, for example, FPGAs or ASICs.

The decoded metadata and transport audio signals may be passed to a synthesis

processor 139.

The system 100 ‘synthesis’ part 131 further shows a synthesis processor 139
configured to receive the transport and the metadata and re-creates in any suitable
format a synthesized spatial audio in the form of multi-channel signals 110 (these
may be multichannel loudspeaker format or in some embodiments any suitable
output format such as binaural or Ambisonics signals, depending on the use case)

based on the transport signals and the metadata.

Therefore, in summary first the system (analysis part) is configured to receive multi-

channel audio signals.
Then the system (analysis part) is configured to generate a suitable transport audio
signal (for example by selecting or downmixing some of the audio signal channels)

and the spatial audio parameters as metadata.

The system is then configured to encode for storage/transmission the transport

signal and the metadata.

After this the system may store/transmit the encoded transport and metadata.

The system may retrieve/receive the encoded transport and metadata.
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Then the system is configured to extract the transport and metadata from encoded
transport and metadata parameters, for example demultiplex and decode the

encoded transport and metadata parameters.

The system (synthesis part) is configured to synthesize an output multi-channel

audio signal based on extracted transport audio signals and metadata.

With respect to Figure 2 an example analysis processor 105 and Metadata
encoder/quantizer 111 (as shown Iin Figure 1) according to some embodiments Is

described in further detalil.

Figures 1 and 2 depict the Metadata encoder/quantizer 111 and the analysis
processor 105 as being coupled together. However, it is to be appreciated that some
embodiments may not so tightly couple these two respective processing entities
such that the analysis processor 105 can exist on a different device from the
Metadata encoder/quantizer 111. Consequently, a device comprising the Metadata
encoder/quantizer 111 may be presented with the transport signals and metadata
streams for processing and encoding independently from the process of capturing
and analysing. In this case the energy estimator 205 may be configured to be part

of the Metadata encoder/quantizer 111.

The analysis processor 105 In some embodiments comprises a time-frequency

domain transformer 201.

In some embodiments the time-frequency domain transformer 201 is configured to
receive the multi-channel signals 102 and apply a suitable time to frequency domain
transform such as a Short Time Fourier Transform (STFT) in order to convert the
Input time domain signals into a suitable time-frequency signals. These time-

frequency signals may be passed to a spatial analyser 203.
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Thus for example, the time-frequency signals 202 may be represented in the time-
frequency domain representation by

Si(b,n),
where b Is the frequency bin index and n is the time-frequency block (frame) index
and 1 1S the channel index. In another expression, n can be considered as a time
iIndex with a lower sampling rate than that of the original time-domain signals. These
frequency bins can be grouped Iinto sub bands that group one or more of the bins

into a sub band of a band index k =0,..., K-1. Each sub band k has a lowest bin by 15w

and a highest bin by y;.;,, and the subband contains all bins from by, t0 by pigh.

The widths of the sub bands can approximate any suitable distribution. For example,

the Equivalent rectangular bandwidth (ERB) scale or the Bark scale.

A time frequency (TF) tile (or block) Is thus a specific sub band within a subframe of

the frame.

It can be appreciated that the number of bits required to represent the spatial audio
parameters may be dependent at least in part on the TF (time-frequency) tile
resolution (i.e., the number of TF subframes or tiles). For example, a 20ms audio
frame may be divided into 4 time-domain subframes of 5ms a piece, and each time-
domain subframe may have up to 24 frequency subbands divided in the frequency
domain according to a Bark scale, an approximation of it, or any other suitable
division. In this particular example the audio frame may be divided into 96 TF
subframes/tiles, in other words 4 time-domain subframes with 24 frequency
subbands. Therefore, the number of bits required to represent the spatial audio
parameters for an audio frame can be dependent on the TF tile resolution. For
example, if each TF tile were to be encoded according to the distribution of Table 1
above then each TF tile would require 64 bits per sound source direction. For two
sound source directions per TF tile there would be a need of 2x64 bits for the
complete encoding of both directions. It is to be noted the that the use of the term
sound source can signify dominant directions of the propagating sound in the TF

tile.
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Embodiments aim to reduce the number of bits when there I1Is more than one sound

source direction per TF tile.

In embodiments the analysis processor 105 may comprise a spatial analyser 203.
The spatial analyser 203 may be configured to receive the time-frequency signals
202 and based on these signals estimate direction parameters 108. The direction

parameters may be determined based on any audio based ‘direction’ determination.

For example, in some embodiments the spatial analyser 203 is configured to

estimate the direction of a sound source with two or more signal inputs.

The spatial analyser 203 may thus be configured to provide at least one azimuth
and elevation for each frequency band and temporal time-frequency block within a
frame of an audio signal, denoted as azimuth ¢(k,n), and elevation 8(k,n). The
direction parameters 108 for the time sub frame may be also be passed to the spatial

parameter merger 207 .

The spatial analyser 203 may also be configured to determine an energy ratio
parameter 110. The energy ratio may be considered to be a determination of the
energy of the audio signal which can be considered to arrive from a direction. The
direct-to-total energy ratio r(k,n) can be estimated, e.g., using a stability measure of
the directional estimate, or using any correlation measure, or any other suitable
method to obtain a ratio parameter. Each direct-to-total energy ratio corresponds to
a specific spatial direction and describes how much of the energy comes from the
specific spatial direction compared to the total energy. This value may also be
represented for each time-frequency tile separately. The spatial direction
parameters and direct-to-total energy ratio describe how much of the total energy
for each time-frequency tile is coming from the specific direction. In general, a spatial

direction parameter can also be thought of as the direction of arrival (DOA).
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In embodiments the direct-to-total energy ratio parameter can be estimated based
on the normalized cross-correlation parameter cor’(k,n) between a microphone
pair at band k, the value of the cross-correlation parameter lies between -1 and 1.
The direct-to-total energy ratio parameter r(k,n) can be determined by comparing

the normalized cross-correlation parameter to a diffuse field normalized cross

correlation parameter cor}(k,n) as r(k,n) = — fk’fj;,c(fi)(k’n). The direct-to-total
ol (k)

energy ratio is explained further in PCT publication WO2017/005978 which Is
Incorporated herein by reference. The energy ratio may be passed to the spatial

parameter merger 207 .

In embodiments the parameters relating to a second direction (for the TF tile) may
be analysed using higher-order directional audio coding with HOA input or the
method as presented in the PCT publication W0O2019/215391 with mobile device
iInput. Details of Higher-order directional audio coding may be found in the |IEEE
Journal of Selected Topics in Signal Processing “Sector-Based Parametric Sound

Field Reproduction in the Spherical Harmonic Domain,” Volume 9 Issue 5.

The spatial analyser 203 may furthermore be configured to determine a number of
coherence parameters 112 which may include surrounding coherence (y(k,n)) and

spread coherence (((k,n)), both analysed in time-frequency domain.

Each of the aforementioned coherence parameters are next discussed. All the
processing Is performed In the time-frequency domain, so the time-frequency

Indices k and n are dropped where necessary for brevity.

Let us first consider the situation where the sound is reproduced coherently using
two spaced loudspeakers (e.g., front left and right) instead of a single loudspeaker.
The coherence analyser may be configured to detect that such a method has been

applied in surround mixing.
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It is to be understood that the following sections explain the analysis of the spread
and surround coherences Iin terms of a multichannel loudspeaker signal input.
However, similar practices can be applied when the input comprises the microphone

array as input.

In some embodiments therefore the spatial analyser 203 may be configured to
calculate, the covariance matrix C for the given analysis interval consisting of one
or more time indices n and frequency bins b. The size of the matrix is N. x N, and

the entries are denoted as c¢;;, where N. Is the number of loudspeaker channels,

ijo

and / and j are loudspeaker channel indices.

Next, the spatial analyser 203 may be configured to determine the loudspeaker
channel i. closest to the estimated direction (which In this example is azimuth 8).
ic = arg(min(| 6 — a;|))

where «; IS the angle of the loudspeaker /.

Furthermore, In such embodiments the spatial analyser 203 Is configured to
determine the loudspeakers closest on the left i; and the right i. side of the

loudspeaker i .

A normalized coherence between loudspeakers / and j Is denoted as

using this equation, the spatial analyser 203 may be configured to calculate a

normalized coherence c¢’;, between i, and i... In other words, calculate

C’ el
lr — .
\/|Cllcrr|

Furthermore, the spatial analyser 203 may be configured to determine the energy
of the loudspeaker channels 7 using the diagonal entries of the covariance matrix

E; = ¢ ,
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and determine a ratio between the energies of the i; and i,. loudspeakers and i;, i,

and i. loudspeakers as

El +E'r
E;+E +E

flr Jlrc —

The spatial analyser 203 may then use these determined variables to generate a

‘'stereoness’ parameter

Y
H=C lrflr/l’rc-

This ‘'stereoness’ parameter has a value between 0 and 1. A value of 1 means that
there I1s coherent sound In loudspeakers i; and i.. and this sound dominates the
energy of this sector. The reason for this could, for example, be the loudspeaker mix
used amplitude panning techniques for creating an “airy” perception of the sound. A
value of 0 means that no such techniques has been applied, and, for example, the

sound may simply be positioned to the closest loudspeaker.

Furthermore, the spatial analyser 203 may be configured to detect, or at least
identify, the situation where the sound is reproduced coherently using three (or
more) loudspeakers for creating a “close” perception (e.g., use front left, right and
centre instead of only centre). This may be because a soundmixing engineer

produces such a situation in surround mixing the multichannel loudspeaker mix.

In such embodiments the same loudspeakers i;, i.., and i. identified earlier are used
by the coherence analyser to determine normalized coherence values ¢’,; and ¢,
using the normalized coherence determination discussed earlier. In other words the

following values are computed:

T |Ccil / L |Ccr]

cl — y Cor = .
\/|Ccccll| \/|Ccccrr|

The spatial analyser 203 may then determine a normalized coherence value C'crr

depicting the coherence among these loudspeakers using the following:

!

C'err = min(c’cy, €'cr)
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In addition, the spatial analyser 203 may be configured to determine a parameter

that depicts how evenly the energy Is distributed between the channels i;, i,, and i,

El EC Er Ec)
E.'E; E."E.J]

fclr — min(
Using these variables, the spatial analyser 203 may determine a new coherent

panning parameter « as,

I
K =170 clrgclr-

This coherent panning parameter k has values between 0 and 1. A value of 1 means
that there Is coherent sound In all loudspeakers i;, i, and i., and the energy of this
sound Is evenly distributed among these loudspeakers. The reason for this could,
for example, be because the loudspeaker mix was generated using studio mixing
techniques for creating a perception of a sound source being closer. A value of O
means that no such technique has been applied, and, for example, the sound may

simply be positioned to the closest loudspeaker.

The spatial analyser 203 determined “stereoness” parameter u which measures the
amount of coherent sound In i; and i, (but not in i.), and coherent panning
parameter k which measures the amount of coherent sound In all i;, i, and i, IS
configured to use these to determine coherence parameters to be output as

metadata.

Thus, the spatial analyser 203 Is configured to combine the “stereoness” parameter
u and coherent panning parameter k to form a spread coherence { parameter, which
has values from O to 1. A spread coherence { value of O denotes a point source, In
other words, the sound should be reproduced with as few loudspeakers as possible
(e.g., using only the loudspeaker i.). As the value of the spread coherence (
Increases, more energy Is spread to the loudspeakers around the loudspeaker i;
until at the value 0.5, the energy is evenly spread among the loudspeakers i;, i,,

and i.. As the value of spread coherence { increases over 0.5, the energy In the
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loudspeaker i. Is decreased; until at the value 1, there is no energy in the

loudspeaker i., and all the energy is at loudspeakers i; and i,.

Using the aforementioned parameters u and k, the spatial analyser 203 Is
configured in some embodiments to determine a spread coherence parameter ¢,

using the following expression:

7 = {rnax(O.S,u — Kk + 0.5), if max(u,k) > 05 &Kk > u
- max(u, k), else '

The above expression Is an example only and it should be noted that the spatial
analyser 203 may estimate the spread coherence parameter ¢ in any other way as

long as it complies with the above definition of the parameter.

As well as being configured to detect the earlier situations the spatial analyser 203
may be configured to detect, or at least identify, the situation where the sound is
reproduced coherently from all (or nearly all) loudspeakers for creating an “inside-

the-head” or "above” perception.

In some embodiments spatial analyser 203 may be configured to sort, the energies

E;, and the loudspeaker channel i, with the largest value determined.

The spatial analyser 203 may then be configured to determine the normalized

coherence c¢';; between this channel and M. other loudest channels. These
normalized coherence c¢';; values between this channel and M. other loudest

channels may then be monitored. In some embodiments M. may be N:-1, which
would mean monitoring the coherence between the loudest and all the other
loudspeaker channels. However, iIn some embodiments M. may be a smaller
number, e.g., Ni-2. Using these normalized coherence values, the coherence
analyser may be configured to determine a surrounding coherence parameter y

using the following expression:

Y = ml\}n(cfej),
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where ¢/ ;. are the normalized coherences between the loudest channel and

le]

M. next loudest channels.

The surrounding coherence parameter y has values from 0 to 1. A value of 1 means
that there is coherence between all (or nearly all) loudspeaker channels. A value of
0 means that there is no coherence between all (or even nearly all) loudspeaker

channels.

The above expression is only one example of an estimate for a surrounding
coherence parameter y, and any other way can be used, as long as it complies with

the above definition of the parameter.

The spatial analyser 203 may be configured to output the determined coherence
parameters spread coherence parameter { and surrounding coherence parameter

y to the spatial parameter merger 207.

Therefore, for each sub band k there will be collection of spatial audio parameters
associated with the sub band. In this instance each sub band k may have the
following spatial parameters associated with it; at least one azimuth and elevation
denoted as azimuth ¢ (k,n), and elevation 8 (k,n), surrounding coherence (y(k,n))

and spread coherence ({(k,n)) and a direct-to-total energy ratio parameter r(k,n).

In embodiments the spatial parameter combiner 207 can be arranged to combine a
number of each of the aforementioned parameters for each sound source direction
Into combined parameters for fewer number of directions. For instance, a typical
example may exist where a TF tile may have been assigned two sets of spatial audio
parameters, one set for each direction. The spatial parameter combiner In this
iInstance may be configured to combine the two sets of spatial audio parameters into

one combined set of spatial audio parameters on a per TF tile basis.
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Generally, therefore the spatial parameter combiner 207 can be arranged to
combine N sets of spatial parameters (one set per direction) on a per TF tile basis
INnto Q sets of combined spatial parameters, where Q < N. For, example in the case
of three directions per TF tile, the corresponding spatial parameter sets may be
combined into a single set of combined spatial audio parameters. Another example
may comprise four directions on a per TF tile basis. In this instance the sets of spatial
audio parameters associated with each direction (four in total) maybe combined into

two sets of combined spatial parameters.

For the sake of clarity, the following explanation is laid out from the consideration of
having two sound source directions per TF tile. However, it is to be appreciated that
the combining may take place over spatial audio parameter sets associated with a

higher number of sound source directions.

In this respect Figure 3 depicts some of the processing steps the spatial parameter

combiner 207 may be arranged to perform in some embodiments.

It is to be appreciated that the subsequent processing steps are performed on a per
TF tile basis. In other words, the processing is performed for each sub band k in a

sub frame n.

The spatial parameter combiner 207 may perform the combining by initially taking
the azimuth ¢, (k,n) and elevation 8, (k,n) spherical direction component for a first
direction and the azimuth ¢,(k,n)and elevation 6,(k,n) spherical direction
components for a second direction and converting each direction component to their

respective cartesian coordinate.

Each cartesian coordinate may then be weighted by the respective direct-to-total

energy ratio parameter r(k, n) for the respective direction.
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The conversion operation for an azimuth ¢,(k,n) and elevation direction
0, (k,n) component of the first direction gives the first direction X axis direction

component as

x,(k,n) =r(k,n)cos8,(k,n) cosp,(k,n)

the Y axis component as
v, (k,n) = r;(k,n)cos 8, (k,n)sin ¢,(k,n)

and the Z axis component as
z,(k,n) =r;(k,n)sin 0, (k,n)

The same step can be performed for the second direction to give the second

direction X axis direction component as

x,(k,n) = r,(k,n)cos8,(k,n)cos ¢, (k,n)

the second direction Y axis component as
y>(k,n) =r,(k,n)cos@, (k,n)sin¢,(k,n)

and the second direction Z axis component as
z,(k,n) =r,(k,n)sin@,(k,n)

The step of converting the spherical direction components for each direction to their
equivalent cartesian coordinate x, y, z Is shown as the processing step 301 in Figure
3

The step of weighting each cartesian coordinate x, y, z by their respective direct-to-

total energy parameter is shown as the processing step 303 in Figure 3.
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The spatial parameter combiner 207 may then be arranged to combine each
respective cartesian coordinates for each direction in turn to give a combined

cartesian. This combining step for each cartesian coordinate may be expressed as

x.(k,n) = x,(k,n) +x,(k,n)

yc(k,n) — yl(kln) +y2(k1n)
z.(k,n) =z,(k,n) + z,(k,n)

The step of combining the cartesian coordinates for each direction is shown In

Figure 3 as processing step 305.

Once the cartesian coordinates x, y, z for all directions have been combined into the
cartesian coordinates X yc and z;, the combined cartesian coordinates can be
converted to their equivalent merged azimuth ¢.(k,n) and elevation spherical
6.(k,n) direction components. In embodiments this conversion may be performed

for each of the combined cartesian coordinates X¢, yc and z¢ by using the following

expressions;
L ye(kmn)
¢.(k,n) = atan v Cem) (4)
B z-(kn)
0.(k,n) = atan NERCENTERCIOE (D)

where function atan Is the arc tangent that automatically detects the correct

quadrant for the angle.

The step of converting the merged cartesian coordinates to their equivalent merged
spherical coordinates for each merged frequency band is shown as processing step
307 in Figure 3.
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In embodiments the combined cartesian coordinates calculated as part of step 305
can be used in conjunction with the direct-to-total energy ratios for each direction to
determine a combined direct-to-total energy ratio for the two directions. The
combined direct-to-total energy ratio r.(k,n) can be determined from the following

expression

Jxe(k,n)2 + vy . (k,n)? + x.(k,n)?
r (k,n) +r,(k,n) + ca,(k,n)

r.(k,n) =

It can be seen that the numerator Is the length of the combined cartesian coordinate

vector, which Is normalised according to the sum of the first and second direction

direct-to-total energy ratios ( r; (k,n) + r,(k,n)) and an additional factor ca,,(k,n).

The term a,,(k,n) Is a value for the ambient energy, i.e. the energy remaining in the
TF tile after the energy according to the two directions have been removed. In
embodiments the ambient energy may be expressed as

aj(k,n) =1— (r(k,n) +ry(k,n))
The factor ¢ Is tuneable factor whose value can lie between 0 and 1 (e.g. c= 0.5)

which controls the balance between direct and ambient streams.

The step of determining the combined direct-to-total energy ratio r. is shown as

processing step 309.

Additionally, some embodiments may derive a combined spread coherence {.(k,n)
for the two directions {, (k,n), {,(k,n) which can be calculated as the ratio-weighted
average of the spread coherences of each direction by using the direct-to-total

energy ratios for the two directions ( r,(k,n), r,(k,n)).

This can be expressed iIn embodiments as

(1 (k,n)r (k,n) + $(k,n)ry(k,n)
r(k,n) +r,(k,n)

Cc (k.- n) —
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The step of determining the combined spread coherence value {,. for the first and

second directions is shown as processing step 311.

The spatial parameter combiner 307 may also compute a value for a combined

surround coherence y.(k,n) for the first and second directions in a TF tile.

In embodiments for a TF tile with two directions, there may be a single surround
coherence value y,,(k,n) which as stated before is a measure of how coherent the
non-directional sound is. In this case, the amount of non-directional sound can be
obtained as a,(k,n) =1 — (r;(k,n) + r,(k,n))

, which i1s the amount of energy after the contribution of the two directional
components have been removed according to the respective direct-to-total energy

ratios.

The combined surround coherence y.(k,n) may be derived from the premise on
quantifying whether an increase in non-directional sound is coherent or incoherent.

In embodiments the combined surround coherence y.(k,n) may be written as

a,,(k, )y (k,n) + (alk,n) —aq,(k,n)){ (k,n)
a(k,n)

Where a(k,n) =1 —r.(k,n) is the energy of non-directional sound i.e. the ambient

Ve (k, n) —

sound of the combined first direction and second direction. The increase In the
captured sound field of surround coherence energy may be computed as (a(k,n) —
a,(k,n)){.(k,n), and the energy in the captured sound field of non-directional
coherent sound may be given as a,,(k,n)y,,(k,n). In this example for a derivation
of a combined surround coherence, it was assumed that the increase of non-
directional energy would be coherent if the spread coherences of the original
directions were large, and that the increase of non-directional energy would be

Incoherent if the spread coherences of the original directions were small.
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The step of determining the combined surround coherence value y, for the first and

second directions Is shown as processing step 313.

In embodiments the spatial parameter combiner 207 may have an additional
functional element which provides as estimate (or measure) of the importance (in
effect an importance estimator) of having the full number of spatial parameter sets
(or directions) per TF tile compared to a reduced number of combined spatial
parameter sets (and therefore a reduced number of directions). This estimate may
then be fed to a decision functional element within the spatial parameter combiner
207 which decides whether the output for a TF tile may have the spatial parameters
for each direction or whether the output for the TF tile may comprise sets of
combined spatial audio parameters. Furthermore, in embodiments which have three
or more directions, the decision functional element may make a decision whether to
combine the spatial parameters associated with some of the directions and leaving

the spatial parameters of other directions as un-combined.

Following on from the example above in which there are two directions per TF tile
the role of the importance estimator can be to estimate the importance to perceived
audio quality of having the sets of spatial audio parameters for both directions rather

than having a single set of combined spatial audio parameters.

To this end the importance measure may be estimated (or derived) by comparing
the sum of the direct-to-total energy for each direction to the length of the combined

cartesian coordinate vector as derived above.

Therefore, the importance estimate (or measure) A(k,n) may be expressed for a TF

tile as

Alk,n) = (rl(k, n) + r,(k, n)) — Jx:(k,n)? + y.(k,n)? + x.(k,n)?
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In this case the selection as to whether to transmit the both sets of (original) spatial
parameter sets for both directions or the combined spatial parameter set for one
direction can be based on a comparison as to whether the importance measure

A(k,n) exceeds a threshold value 4,,.

Such that if A(k,n) > A4, the decision may be made to encode and transmit the

original spatial audio parameters for both directions as metadata.

if A(k,n) < A, the decision may be made to encode and transmit the combined

spatial audio parameters as metadata.

In the case of a decision to transmit both directions, in other words the two sets of
original spatial audio parameters as metadata for the TF tile, the spatial parameter
combiner 207 may be configured to output the original (un-combined)sets of spatial

audio parameters for the first and second directions 6, (k,n), 6,(k,n), ¢,(k,n),
¢, (k,n), r1(k,n), r,(k,n), {;(k,n), {(k,n), and y,, (k,n).

In the case of a decision to transmit 1-direction, in other words the combined set of
spatial audio parameters for the TF tile, the spatial parameter combiner 207 will be

configured to output the combined spatial audio parameter set 6.(k,n), ¢.(k,n),
r.(k,n), (.(k,n) and y.(k,n).

It Is to be appreciated that in the above cases it would be required to signal whether

to transmit 2-direction or 1-direction on a per TF tile basis.

It is to be appreciated that in the above circumstances a signalling bit may need to
be included in the metadata in order to indicate whether the spatial audio parameters
are for one direction (i.e. combined spatial audio parameter set) or for two directions

(1.e. the original/un-combined spatial audio parameter sets).
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In other embodiments the selection as performed by the spatial parameter combiner
207 may be performed at a higher level of granularity than that for every TF tile. For
Instance, may be advantageous to signal for a group of TF tiles. This may be
achieved by taking the mean of the importance measure over a group of N sub

frames such that the importance measure may be given by

Yn=1A(k,n)

Aavg (k’ m) — N

Where N is the number of sub frames in a frame m. Using an average value for the
Importance measure has the advantage of only requiring a signalling bit for a group
of merged frames and/or frequency band rather than a signalling bit for every
merged time frame and/or frequency band.

The importance measure may have the characteristic such that if the two directions
point approximately in the same direction the importance measure A(k,n) will tend

to have a lower value (in other words tend to zero). This may be accounted for by

(rl(k, n) +r,(k, n)) being similar in value to \/xc(k, n)? +y.(k,n)? + x.(k,n)?. The
importance measure A(k,n) will also tend to have a low value if one of the direct-
to-total energy ratios Is significantly larger than the other. In contrast however, If the
two directions tend to point in opposite directions and that the direct-to-total energy
ratios associated with each of the directions is approximately the same then the

importance measure A(k,n) will tend to have a value of 1.

In embodiments the value chosen as the threshold A,, can be fixed, and

experimentation has found a value of 0.3 was found to give an advantageous result.

In other embodiments the importance threshold A, may be determined for a frame
by sorting the N importance measures A(k,n) in a frame in an ascending order and
determining the threshold as the value of the importance measure which gives a
specific number of importance measures In the frame above the threshold, for
example the threshold measure may be adjusted so that there i1s an / number of

subframes in the frame whose importance measure Is above the adjusted threshold.
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In this case the [ number of subframes would use 2 directions per TF tile, and N-/
subframes (those subframes below the importance threshold) would use 1

combined direction per TF tile.

Additionally, some embodiments may not deploy a threshold value. In these
embodiments a number of the most important TF tiles in the frame/sub frame may
be arranged to use un-combined directions, and the remaining number of TF tiles In

the frame/sub frame are arranged to use combined directions.

Furthermore, additional embodiments may determine whether a particular TF tile
should be arranged to be encoded with combined or un-combined directions on an
average basis. This may comprise having an average number of TF tiles arranged
to encode with combined directions and an average number of TF tiles arranged to

encode with un-combined directions.

In further embodiments the importance threshold A,,, may be adaptive to a running
median value of importance measures over the last N temporal sub frames (for
example the last 20 sub frames). Such that 4,,..;(n) may denotes the median value
for the subframe n of the importance measures over the last N subframes over all
frequency bands. The importance threshold A, (n) for the subframe n may then be
expressed as A, (n) = c.ud04(n) Where ¢y, is a coefficient controlling the value of

the importance threshold, for example ¢, may be assigned the value 0.5.

The metadata encoder/quantizer 111 may comprise a direction encoder. The
direction encoder can be configured to receive the combined direction parameters
(such as the azimuth ¢, and elevation 8_,)(and in some embodiments an expected
bit allocation) and from this generate a suitable encoded output. In some
embodiments the encoding Is based on an arrangement of spheres forming a
spherical grid arranged Iin rings on a ‘surface’ sphere which are defined by a look up
table defined by the determined quantization resolution. In other words, the

spherical grid uses the idea of covering a sphere with smaller spheres and
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considering the centres of the smaller spheres as points defining a grid of almost
equidistant directions. The smaller spheres therefore define cones or solid angles
about the centre point which can be indexed according to any suitable indexing
algorithm. Although spherical quantization Is described here any suitable

quantization, linear or non-linear may be used.

The metadata encoder/quantizer 111 may comprise an energy ratio encoder. The
energy ratio encoder 207 may be configured to receive the combined energy ratio
r. for each TF tile and determine a suitable encoding for compressing the energy

ratios.

Similarly, the metadata encoder/quantizer 111 may also comprise a coherence
encoder which may be configured to receive the combined surround coherence
values y. and spread coherence values (. and determine a suitable encoding for

compressing the surround and spread coherence values for the TF tile

The encoded combined direction, energy ratios and coherence values may be
passed to the combiner 211. The combiner is configured to receive the encoded (or
quantized/compressed) merged directional parameters, energy ratio parameters
and coherence parameters and combine these to generate a suitable output (for
example a metadata bit stream which may be combined with the transport signal or

be separately transmitted or stored from the transport signal).

It Is to be noted In the embodiments which deploy the above importance estimator
the metadata encoder/quantizer 111 may either receive the combined spatial audio
parameters on a per TF tile basis as described above, or the un-combined original
sets of spatial audio parameters for each direction on a per TF tile basis. In the latter
case, the un-combined spatial parameter sets for each direction are passed to the
various encoders rather than the combined spatial parameter sets. In this instance
the metadata for each tile may be accompanied with a signalling bit indicating

whether the spatial parameter data is combined/or un-combined.
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Embodiments may deploy a method of entropy encoding the bits indicating whether
a T'F tile is encoded with one or more directions. This may be useful In cases where
there are fixed number of sub bands in a frame which are assigned to have multiple

directions.

In some embodiments the encoded datastream may be passed to the
decoder/multiplexer 133. The decoder/demultiplexer 133 demultiplexes/extracts the
encoded combined direction indices, combined energy ratio indices and combined
coherence indices for each TF tile and passes them to the metadata extractor 137
and also the decoder/demultiplexer 133 may in some embodiments extract and pass
the transport audio signals to the transport extractor 135 for decoding and

extracting.

In embodiments the decoder/demultiplexer 133 may be arranged to receive and
decode the signalling bit indicating whether the accompanying received encoded

spatial audio parameters are combined or un-combined for a specific TF tile.

The encoded combined energy ratio indices, direction indices and coherence
iIndices may be decoded by their respective decoders to generate the combined
energy ratios, directions and coherences for the TF tile. This can be performed by

applying the inverse of the various encoding processes employed at the encoder.

In the case of the signalling bit indicating that the spatial audio parameters are not
combined, the sets of received spatial audio parameters (for each direction of the

TF tile) may be passed directly to the various decoders for decoding.

The decoded spatial audio parameters may then form the decoded metadata output
from the metadata extractor 137 and passed to the synthesis processor 139 in order

to form the multi-channel signals 110.
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With respect to Figure 4 an example electronic device which may be used as the
analysis or synthesis device is shown. The device may be any suitable electronics
device or apparatus. For example, in some embodiments the device 1400 is a
mobile device, user equipment, tablet computer, computer, audio playback

apparatus, efc.

In some embodiments the device 1400 comprises at least one processor or central
processing unit 1407. The processor 1407 can be configured to execute various

program codes such as the methods such as described herein.

In some embodiments the device 1400 comprises a memory 1411. In some
embodiments the at least one processor 1407 is coupled to the memory 1411. The
memory 1411 can be any suitable storage means. In some embodiments the
memory 1411 comprises a program code section for storing program codes
implementable upon the processor 1407. Furthermore, in some embodiments the
memory 1411 can further comprise a stored data section for storing data, for
example data that has been processed or to be processed In accordance with the
embodiments as described herein. The implemented program code stored within
the program code section and the data stored within the stored data section can be
retrieved by the processor 1407 whenever needed via the memory-processor

coupling.

In some embodiments the device 1400 comprises a user interface 1405. The user
Interface 1405 can be coupled in some embodiments to the processor 1407. In some
embodiments the processor 1407 can control the operation of the user interface
1405 and receive inputs from the user interface 1405. In some embodiments the
user Interface 1405 can enable a user to input commands to the device 1400, for
example via a keypad. In some embodiments the user interface 1405 can enable
the user to obtain information from the device 1400. For example, the user interface
1405 may comprise a display configured to display information from the device 1400

to the user. The user interface 1405 can in some embodiments comprise a touch
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screen or touch interface capable of both enabling information to be entered to the
device 1400 and further displaying information to the user of the device 1400. In
some embodiments the user Interface 1405 may be the user interface for

communicating with the position determiner as described herein.

In some embodiments the device 1400 comprises an input/output port 1409. The
iInput/output port 1409 In some embodiments comprises a transceiver. The
transceiver In such embodiments can be coupled to the processor 1407 and
configured to enable a communication with other apparatus or electronic devices,
for example via a wireless communications network. The transceiver or any suitable
transceiver or transmitter and/or receiver means can in some embodiments be
configured to communicate with other electronic devices or apparatus via a wire or

wired coupling.

The transceiver can communicate with further apparatus by any suitable known
communications protocol. For example iIn some embodiments the transceiver can
use a suitable universal mobile telecommunications system (UMTS) protocol, a
wireless local area network (WLAN) protocol such as for example |IEEE 802.X, a
suitable short-range radio frequency communication protocol such as Bluetooth, or

infrared data communication pathway (IRDA).

The transceiver input/output port 1409 may be configured to receive the signals and
In some embodiments determine the parameters as described herein by using the
processor 1407 executing suitable code. Furthermore, the device may generate a
suitable downmix signal and parameter output to be transmitted to the synthesis

device.

In some embodiments the device 1400 may be employed as at least part of the
synthesis device. As such the input/output port 1409 may be configured to receive
the downmix signals and in some embodiments the parameters determined at the

capture device or processing device as described herein, and generate a suitable
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audio signal format output by using the processor 1407 executing suitable code.
The input/output port 1409 may be coupled to any suitable audio output for example

to a multichannel speaker system and/or headphones or similar.

In general, the various embodiments of the invention may be Implemented In
hardware or special purpose circuits, software, logic or any combination thereof.
For example, some aspects may be implemented in hardware, while other aspects
may be implemented in firmware or software which may be executed by a controller,
microprocessor or other computing device, although the invention is not limited
thereto. While various aspects of the invention may be illustrated and described as
block diagrams, flow charts, or using some other pictorial representation, it is well
understood that these blocks, apparatus, systems, techniques or methods
described herein may be implemented in, as non-limiting examples, hardware,
software, firmware, special purpose circuits or logic, general purpose hardware or

controller or other computing devices, or some combination thereof.

The embodiments of this invention may be implemented by computer software
executable by a data processor of the mobile device, such as in the processor entity,
or by hardware, or by a combination of software and hardware. Further In this regard
it should be noted that any blocks of the logic flow as in the Figures may represent
program steps, or Iinterconnected logic circuits, blocks and functions, or a
combination of program steps and logic circuits, blocks and functions. The software
may be stored on such physical media as memory chips, or memory blocks
Implemented within the processor, magnetic media such as hard disk or floppy
disks, and optical media such as for example DVD and the data variants thereof,
CD.

The memory may be of any type suitable to the local technical environment and may
be Iimplemented using any suitable data storage technology, such as
semiconductor-based memory devices, magnetic memory devices and systems,

optical memory devices and systems, fixed memory and removable memory. The
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data processors may be of any type suitable to the local technical environment, and
may include one or more of general purpose computers, special purpose computers,
microprocessors, digital signal processors (DSPs), application specific integrated
circuits (ASIC), gate level circuits and processors based on multi-core processor

architecture, as non-limiting examples.

Embodiments of the inventions may be practiced in various components such as
integrated circuit modules. The design of integrated circuits is by and large a highly
automated process. Complex and powerful software tools are available for
converting a logic level design into a semiconductor circuit design ready to be etched

and formed on a semiconductor substrate.

Programs can route conductors and locate components on a semiconductor chip
using well established rules of design as well as libraries of pre-stored design
modules. Once the design for a semiconductor circuit has been completed, the
resultant design, In a standardized electronic format may be transmitted to a

semiconductor fabrication facility or "fab" for fabrication.

The foregoing description has provided by way of exemplary and non-limiting
examples a full and informative description of the exemplary embodiment of this
iInvention. However, various modifications and adaptations may become apparent
to those skilled in the relevant arts in view of the foregoing description, when read
iIn conjunction with the accompanying drawings and the appended claims. However,
all such and similar modifications of the teachings of this invention will still fall within

the scope of this invention as defined in the appended claims.
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CLAIMS:

1. An apparatus for spatial audio encoding comprising:

means for determining a first spatial audio parameter of a frequency sub band
of one or more audio signals and a second spatial audio parameter of the frequency
sub band of the one or more audio signals; and

means for combining the first spatial audio parameter and the second spatial
audio parameter to provide a combined spatial audio parameter for the frequency
sub band.

2. The apparatus as claimed in Claim 1, wherein the apparatus further
comprises means for determining whether the combined spatial audio parameter for
the frequency sub band is encoded for storage and/or transmission or whether the
first spatial audio parameter for the frequency sub band and the second spatial
audio parameter for the frequency sub band Is encoded for storage and/or

transmission.

3. The apparatus as claimed in Clam 2, wherein the apparatus further
COMPIrises:

means for determining a metric for the frequency sub band of the one of more
audio signals;

means for comparing the metric against a threshold value, wherein the
apparatus further comprising the means for determining whether the combined
spatial audio parameter for the frequency sub band is encoded for storage and/or
transmission or whether the first spatial audio parameter for the frequency sub band
and the second spatial audio parameter for the frequency sub band is encoded for
storage and/or transmission comprises:

means for determining that when the metric is above the threshold value then
determining that the first spatial audio parameter for the frequency sub band and
the second spatial audio parameter for the frequency sub band is encoded for

storage and/or transmission; and
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means for determining that when the metric is below or equal to the threshold
value then determining that the combined spatial audio parameter for the frequency

sub band is encoded for storage and/or transmission.

4. The apparatus as claimed in Clam 1, wherein the apparatus further
COMPIrises:

means for determining a metric for the frequency sub band of the one or more
audio signals;

means for determining a first spatial audio parameter of at least one further
frequency sub band of the one or more audio signals and a second spatial audio
parameter of the at least one further frequency sub band of the one or more audio
signals;

means for combining the first spatial audio parameter of the at least one
further frequency sub band of the one or more audio signals and the second spatial
audio parameter of the at least one further frequency sub band of the one or more
audio signals to provide a combined spatial audio parameter for the further
frequency sub band of the one or more audio signals;

means for determining a further metric for the at least one further frequency
sub band; and

means for determining that the first spatial audio parameter of the frequency
sub band of the one or more audio signals and the second spatial audio parameter
of the frequency sub band of the one or more audio signals are encoded for storage
and/or transmission and the combined spatial audio parameter for the at least one
further frequency sub band of the one or more audio signals is encoded for storage

and/or transmission when the metric is higher than the further metric.

5. The apparatus as claimed in Claims 1 to 4, wherein the first spatial audio
parameter is a first spherical direction vector calculated for the frequency sub band
comprising an azimuth component and an elevation component, wherein the second
spatial audio parameter is a second spherical direction vector calculated for the

frequency sub band comprising an azimuth component and an elevation
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component, and wherein the combined spatial audio parameter iIs a combined

spherical direction vector.

0. The apparatus as claimed in Claim 5, wherein the means for combining the
first spatial audio parameter and the second spatial audio parameter comprises:
means for converting the first spherical direction vector into a first cartesian
vector and means for converting the second spherical direction vector into a
second cartesian vector, wherein the first cartesian vector and second cartesian
vector each comprise an x-axis component, y-axis component and a z-axis
component, wherein for each single respective component the apparatus
COMPIrises:
means for weighting the respective component of the first cartesian vector
by a first direct to total energy ratio calculated for the frequency sub band;
means for weighting the respective component of the second cartesian
vector by a second direct to total energy ratio calculated for the frequency
sub band; and
means for summing the weighted respective component of the first
cartesian vector and the weighted respective components of the second
cartesian vector to give a combined respective cartesian components,
wherein the combined x-axis cartesian component, the combined y-axis
cartesian component and the combined z-axis cartesian component form the
components of a combined cartesian vector; and
means for converting the combined x-axis cartesian component, the combined
y-axis cartesian component and the combined z-axis cartesian component into the

combined spherical direction vector.

/. The apparatus as claimed in Claim 6, wherein the apparatus further comprises
means for determining an ambient energy value for the frequency sub band by
subtracting the first direct to total energy ratio calculated for the frequency sub band

and second direct to total energy calculated for the frequency sub band from one.
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8. The apparatus as claimed in Claims 6 and 7, wherein the apparatus further
comprises means for combining the first direct to total energy ratio calculated for the
frequency sub band and the second direct to total energy ratio calculated for the
frequency sub band to provide a combined direct to total energy ratio for the

frequency sub band.

9. The apparatus as claimed in Claim 8, wherein the means for combining the first
direct to total energy ratio calculated for the frequency sub band and the second
direct to total energy ratio calculated for the frequency sub band to provide a
combined direct to total energy ratio for the frequency sub band comprises:

means for determining a combined direct to total energy ratio dependent on
the ratio of a vector length of the combined cartesian vector to a sum of the first
direct to total energy ratio calculated for the frequency sub band the second direct
to total energy ratio calculated for the frequency sub band and the ambient energy

value.

10. The apparatus as claimed in Claims 1 to 9, wherein the apparatus further
comprises means for combining a first spread coherence value calculated for the
frequency sub band and a second spread coherence value calculated for the
frequency sub band, to provide a combined spread coherence parameter for the

frequency sub band.

11. The apparatus as claimed in Claim 10 when dependent on claims 6 to 9, wherein
the means for combining the first spread coherence value calculated for the
frequency sub band and the second spread coherence value calculated for the
frequency sub band to provide a combined spread coherence parameter for the
frequency sub band comprises:

means for determining a first sum comprising a product of the first spread
coherence value calculated for the frequency sub band and the first direct to total

energy ratio calculated for the frequency sub band and a product of the second
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spread coherence value calculated for the frequency sub band and the second
direct to total energy ratio calculated for the frequency sub bang,;

means for determining a second sum comprising the first direct to total
energy ratio calculated for the frequency sub band and the second direct to total
energy ratio calculated for the frequency sub band; and

means for determining the ratio of the first sum to the second sum to provide

the combined spread coherence parameter.

12. The apparatus as claimed in Claims 5 to 11, wherein the apparatus for spatial
audio encoding further comprises:

means for calculating a surround coherence value for the frequency sub
band;

means for determining a further ambient energy value for the frequency sub
band by subtracting the combined direct-to-total energy ratio from one;

means for determining a surround coherence energy by determining the
product of the combined spread coherence parameter with the difference between
the further ambient energy value for the frequency sub band and ambient energy
value for the frequency sub band; and

means for adding the surround coherence energy to the product of the
ambient energy for the frequency sub band and the surround coherence value for
the frequency sub band and normalising to the further ambient energy value for the

frequency sub band to provide a combined surround coherence value.

13. The apparatus as claimed in Claims 5 to 12 wherein the apparatus comprising
the means for determining a metric comprises:

means for determining the difference between sum of the first direct to total
energy ratio calculated for the frequency sub band and the second direct to total
energy ratio calculated for the frequency sub band and the length of the combined

cartesian vector.
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14. The apparatus as claimed in Claims 1 to 13, wherein the first spatial audio
parameter is associated with a first sound source direction in the frequency sub
band, and the second spatial audio parameter is associated with a second sound

source direction in the frequency sub band.

15. A method for spatial audio encoding comprising:

determining a first spatial audio parameter of a frequency sub band of one or
more audio signals and a second spatial audio parameter of the frequency sub band
of the one or more audio signals; and

combining the first spatial audio parameter and the second spatial audio

parameter to provide a combined spatial audio parameter for the frequency sub
band.

16. The method as claimed in Claim 15, wherein the method further comprises
determining whether the combined spatial audio parameter for the frequency sub
band is encoded for storage and/or transmission or whether the first spatial audio
parameter for the frequency sub band and the second spatial audio parameter for

the frequency sub band is encoded for storage and/or transmission.

17. The method as claimed in Claim 16, wherein the method further comprises:

determining a metric for the frequency sub band of the one of more audio
signals;

comparing the metric against a threshold value, wherein the apparatus
further comprising the means for determining whether the combined spatial audio
parameter for the frequency sub band is encoded for storage and/or transmission
or whether the first spatial audio parameter for the frequency sub band and the
second spatial audio parameter for the frequency sub band is encoded for storage
and/or transmission COMprises:

determining that when the metric is above the threshold value then

determining that the first spatial audio parameter for the frequency sub band and



10

15

20

29

30

WO 2021/130405 PCT/F12020/050752

49

the second spatial audio parameter for the frequency sub band is encoded for
storage and/or transmission; and

determining that when the metric is below or equal to the threshold value then
determining that the combined spatial audio parameter for the frequency sub band

IS encoded for storage and/or transmission.

18. The method as claimed in Claim 16, wherein the method further comprises:

determining a metric for the frequency sub band of the one or more audio
signals;

determining a first spatial audio parameter of at least one further frequency
sub band of the one or more audio signals and a second spatial audio parameter of
the at least one further frequency sub band of the one or more audio signals;

combining the first spatial audio parameter of the at least one further
frequency sub band of the one or more audio signals and the second spatial audio
parameter of the at least one further frequency sub band of the one or more audio
signals to provide a combined spatial audio parameter for the further frequency sub
band of the one or more audio signals;

determining a further metric for the at least one further frequency sub band;
and

determining that the first spatial audio parameter of the frequency sub band
of the one or more audio signals and the second spatial audio parameter of the
frequency sub band of the one or more audio signals are encoded for storage and/or
transmission and the combined spatial audio parameter for the at least one further
frequency sub band of the one or more audio signals Is encoded for storage and/or

transmission when the metric is higher than the further metric.

19. The method as claimed in Claims 15 to 18, wherein the first spatial audio
parameter is a first spherical direction vector calculated for the frequency sub band
comprising an azimuth component and an elevation component, wherein the second
spatial audio parameter is a second spherical direction vector calculated for the

frequency sub band comprising an azimuth component and an elevation
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component, and wherein the combined spatial audio parameter iIs a combined

spherical direction vector.

20. The method as claimed in Claim 19, wherein the combining the first spatial
audio parameter and the second spatial audio parameter comprises:
converting the first spherical direction vector into a first cartesian vector and
means for converting the second spherical direction vector into a second cartesian
vector, wherein the first cartesian vector and second cartesian vector each
comprise an Xx-axis component, y-axis component and a z-axis component,
wherein for each single respective component the method comprises:
weighting the respective component of the first cartesian vector by a first
direct to total energy ratio calculated for the frequency sub band;
weighting the respective component of the second cartesian vector by a
second direct to total energy ratio calculated for the frequency sub band; and
summing the weighted respective component of the first cartesian vector
and the weighted respective components of the second cartesian vector to
give a combined respective cartesian components, wherein the combined Xx-
axis cartesian component, the combined y-axis cartesian component and the
combined z-axis cartesian component form the components of a combined
cartesian vector; and
converting the combined x-axis cartesian component, the combined y-
axis cartesian component and the combined z-axis cartesian component into

the combined spherical direction vector.

21. The method as claimed in Claim 20, wherein the method further comprises
determining an ambient energy value for the frequency sub band by subtracting the
first direct to total energy ratio calculated for the frequency sub band and second

direct to total energy calculated for the frequency sub band from one.

22. The method as claimed in Claims 20 and 21, wherein the method further

comprises combining the first direct to total energy ratio calculated for the frequency
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sub band and the second direct to total energy ratio calculated for the frequency sub

band to provide a combined direct to total energy ratio for the frequency sub band.

23. The method as claimed in Claim 22, wherein combining the first direct to total
energy ratio calculated for the frequency sub band and the second direct to total
energy ratio calculated for the frequency sub band to provide a combined direct to
total energy ratio for the frequency sub band comprises:

determining a combined direct to total energy ratio dependent on the ratio of
a vector length of the combined cartesian vector to a sum of the first direct to total
energy ratio calculated for the frequency sub band the second direct to total energy

ratio calculated for the frequency sub band and the ambient energy value.

24. The method as claimed In Claims 15 to 24, wherein the method further
comprises combining a first spread coherence value calculated for the frequency
sub band and a second spread coherence value calculated for the frequency sub
band, to provide a combined spread coherence parameter for the frequency sub
band.

25. The method as claimed in Claim 24 when dependent on Claims 20 to 23,
wherein combining the first spread coherence value calculated for the frequency
sub band and the second spread coherence value calculated for the frequency sub
band to provide a combined spread coherence parameter for the frequency sub
band comprises:

determining a first sum comprising a product of the first spread coherence
value calculated for the frequency sub band and the first direct to total energy ratio
calculated for the frequency sub band and a product of the second spread
coherence value calculated for the frequency sub band and the second direct to
total energy ratio calculated for the frequency sub band;

determining a second sum comprising the first direct to total energy ratio
calculated for the frequency sub band and the second direct to total energy ratio

calculated for the frequency sub band; and
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determining the ratio of the first sum to the second sum to provide the

combined spread coherence parameter.

26. The method as claimed in Claims 20 to 25, wherein the method for spatial audio
encoding further comprises:

calculating a surround coherence value for the frequency sub bang,

determining a further ambient energy value for the frequency sub band by
subtracting the combined direct-to-total energy ratio from one;

determining a surround coherence energy by determining the product of the
combined spread coherence parameter with the difference between the further
ambient energy value for the frequency sub band and ambient energy value for the
frequency sub band; and

adding the surround coherence energy to the product of the ambient energy
for the frequency sub band and the surround coherence value for the frequency sub
band and normalising to the further ambient energy value for the frequency sub

band to provide a combined surround coherence value.

27. The method as claimed in Claims 20 to 26 wherein comprising the determining
a metric comprises:

determining the difference between sum of the first direct to total energy ratio
calculated for the frequency sub band and the second direct to total energy ratio
calculated for the frequency sub band and the length of the combined cartesian

vector.

28. The method as claimed in Claims 1 to 27, wherein the first spatial audio
parameter is associated with a first sound source direction in the frequency sub
band, and the second spatial audio parameter is associated with a second sound

source direction in the frequency sub band.
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