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Description
TECHNICAL FIELD

[0001] The example and embodiments of the present
invention relate to processing of audio signals. In partic-
ular, various embodiments of the presentinvention relate
to aspects of encoding and/or decoding of audio signals
that represent a spatial audio image, i.e. an audio scene
that involves one or more directional sound components
possibly together with an ambient sound component.

BACKGROUND

[0002] In many applications, digital audio signals rep-
resenting audio content such as speech or music are
encoded to enable, for example, efficient transmission
and/or storage of the audio signals. In this regard, audio
encoders and audio decoders (also known as audio co-
decs) are typically employed to encode and/or decode
audio-based signals, such as music, ambient sounds or
a combination thereof. These types of audio codecs typ-
ically do not assume an audio input of certain character-
istics and, in particular, do not utilize a speech model for
the encoding-decoding process but rather make use of
encoding and decoding procedures that are suitable for
representing all types of audio signals, including speech.
On the other hand, in this type of audio codecs the en-
coding procedure typically makes use of a hearing model
in order to allocate bits for only those parts of the signal
that are actually audible for a human listener. In contrast,
speech encoders and speech decoders (also known as
speech codecs) can be considered as audio codecs that
are optimized for speech signals via utilization of a
speech production model in the encoding-decoding proc-
ess. Relying on the speech production model enables,
for speech signals, a lower bit rate at perceivable sound
quality comparable to that achievable by an audio codec
or an improved perceivable sound quality at a bit rate
comparable to that of an audio codec. On the other hand,
since e.g. music and ambient sounds are typically a poor
match with the speech production model, for a speech
codec such signals typically represent background noise.
An audio codec or a speech codec may operate at either
a fixed or variable bit rate.

[0003] A multi-channel audio signal may convey an au-
dio scene that represents both directional sound compo-
nents at specific positions of the audio scene as well as
the ambience of the audio scene. In this regard, direc-
tional sound components represent distinct sound sourc-
es that have certain position within the audio scene (e.g.
a certain direction of arrival and a certainrelative intensity
with respect to a listening point), whereas the ambience
represents environmental sounds within the audio scene.
Listening to such an audio scene enables the listener to
experience the audio environment as if he or she was at
the location the audio scene serves to represent. The
audio scene may also be referred to as a spatial audio
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image. An audio scene may be stored into a predefined
spatial format that enables rendering the audio scene for
the listener via headphones and/or via a loudspeaker ar-
rangement. Non-limiting examples of applicable spatial
audio formats include a multi-channel audio signal ac-
cording to a predefined loudspeaker configuration (such
as two-channel stereo, 5.1 surround sound, 7.1 surround
sound, 22.2 surround sound, etc.), a multi-channel audio
signal from a microphone array, an ambisonics audio sig-
nal, a binaural audio signal for headphone listening.
[0004] An audio scene may be obtained by using a
microphone arrangement that includes a plurality of mi-
crophones to capture a respective plurality of audio sig-
nals and processing the audio signals into a desired spa-
tial audio format that represents the audio scene. Alter-
natively, the audio scene may be created on basis of one
or more arbitrary source signals by processing them into
a desired spatial audio format that represents the audio
scene of desired characteristics (e.g. with respect to di-
rectionality of sound sources and ambience of the audio
scene). As afurther example, a combination of a captured
and artificially generated audio scene may be provided
e.g. by complementing an audio scene captured by a
plurality of microphones via introduction of one or more
further sound sources at desired spatial positions of the
audio scene.

[0005] Some recently developed audio codecs are
able to encode a multi-channel input audio signal into an
encoded audio signal that is accompanied by spatial in-
formation and to decode the encoded audio signal with
the aid of the spatial information into reconstructed audio
signal such that the spatial audio image represented by
the input audio signal is re-created in the reconstructed
audio signal. In this disclosure, such audio codec is re-
ferred to as a spatial audio codec, which may include a
spatial audio encoder and a spatial audio decoder. A spa-
tial audio encoder may provide the encoded audio signal
on basis of a single-channel or multi-channel intermedi-
ate audio signal derived on basis of one or more channels
of the input audio signal. Such an intermediate audio sig-
nal has a smaller number of channels than the input audio
signal (typically one or two channels) and it is commonly
referred to as a downmix audio signal. The spatial infor-
mation may also be referred to, for example, as spatial
data, as spatial metadata, as spatial parameters or as
spatial attributes. An example spatial audio codec is dis-
closed e.g. in the US patent application
US2007/0269063, M. Goodwin et al., "Spatial Audio Cod-
ing Based On Universal Spatial Cues", 22.11.2007.
[0006] Figure 1 illustrates a block diagram of some el-
ements of a spatial audio encoder 100 according to an
example. The spatial audio encoder 100 includes a
downmix entity 101 for creating a downmix signal 112 on
basis of a multi-channel input audio signal 111 and an
audio encoder 102 for processing the downmix signal
112 into an encoded audio signal 113. The spatial audio
encoder 100 further includes a metadata derivation entity
103 for deriving spatial metadata 114 on basis of the



3 EP 3 762 923 B1 4

multi-channel input audio signal 111 and a metadata en-
coder 104 for processing the spatial metadata 114 into
compressed spatial metadata 115. The spatial audio en-
coder 100 further includes a multiplexer entity 105 for
arranging the encoded audio signal 113 and the com-
pressed spatial metadata 115 into an audio bitstream
116 for storage in a memory and/or for transmission over
a communication channel (e.g. a communication net-
work) to a spatial audio decoder for generation of the
reconstructed multi-channel audio signal therein.
[0007] The multi-channel input audio signal 111 to the
spatial audio encoder 100 may be provided in a first spa-
tial audio format, whereas the spatial audio decoder may
provide the reconstructed audio signal in a second spatial
audio format. The second spatial audio format may be
the same as the first spatial audio format, or the second
spatial audio format may be different from the first spatial
audio format.

[0008] The spatial audio encoder 100 typically proc-
esses the multi-channel input audio signal 111 arranged
into a sequence of input frames, each input frame includ-
ing a respective segment of digital audio signal for each
of the channels of the multi-channel input audio signal
111, provided as a respective time series of input sam-
ples at a predefined sampling frequency. Consequently,
the spatial audio encoder 100 operates each input frame
into a respective frame of encoded audio signal 113 and
into a respective frame of compressed spatial metadata
115 for inclusion into a respective frame of the audio bit-
stream 116 by the multiplexer entity 115. Moreover, some
components of the spatial audio encoder 100, e.g. the
audio encoder 102, the metadata derivation entity 103
and/or the metadata encoder 104, may process the audio
information separately in a plurality of frequency sub-
bands. A given frequency sub-band in a given frame may
be referred to as a time-frequency tile.

[0009] The spatial metadata 113 derived for a single
input frame may comprise a plurality of spatial parame-
ters. As an example, the spatial parameters for a given
input frame may comprise one or more direction param-
eters that serve to indicate a perceivable direction of ar-
rival of a sound represented by the respective input frame
and one or more directionality parameters that serve to
indicate a relative strength of a directional sound com-
ponent in the respective input frame. In order to enable
high-quality reconstruction of the audio scene in the spa-
tial audio decoder on basis of the encoded audio signal
113 and the compressed spatial metadata 115, the spa-
tial parameters included in the compressed spatial meta-
data 115 should be derived and encoded at a sufficient
accuracy. On the other hand, accurate representation of
the compressed spatial metadata 115 may require an
excessive bit-rate, which may notbe feasible in scenarios
where the bandwidth available for the audio bitstream
116 is limited.
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SUMMARY

[0010]
claims.

The invention is set out in the appended set of

BRIEF DESCRIPTION OF FIGURES

[0011] The embodiments of the invention are illustrat-
ed by way of example, and not by way of limitation, in
the figures of the accompanying drawings, where

Figure 1 illustrates a block diagram of some ele-
ments of a spatial audio encoder according to an
example;

Figure 2 illustrates a block diagram of some ele-
ments of an audio processing system according to
an example;

Figure 3 illustrates a block diagram of some ele-
ments of a spatial audio encoder according to an
example;

Figure 4 illustrates a block diagram of some ele-
ments of a spatial audio encoder according to an
example;

Figure 5 illustrates a block diagram of some ele-
ments of a spatial audio decoder according to an
example;

Figure 6 illustrates a block diagram of some ele-
ments of a spatial audio decoder according to an
example;

Figure 7A illustrates a flow chart depicting a method
for spatial audio encoding according to an example;

Figure 7B illustrates a flow chart depicting a method
for spatial audio encoding according to an example;
and

Figure 8 illustrates a block diagram of some ele-
ments of an apparatus according to an example.

DESCRIPTION OF SOME EMBODIMENTS

[0012] Figure 2 illustrates a block diagram of some
components and/or entities of an audio processing sys-
tem 200 that may serve as framework for various em-
bodiments of the audio coding technique described in
the presentdisclosure. The audio processing system 200
comprises an audio capturing entity 210 for recording an
input audio signal 215 that represents at least one sound,
an audio encoding entity 220 for encoding the input audio
signal 215 into an audio bitstream 225, an audio decoding
entity 230 for decoding the audio bitstream 225 obtained
from the audio encoding entity into a reconstructed audio
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signal 235, and an audio reproduction entity 240 for play-
ing back the reconstructed audio signal 235.

[0013] The audio capturing entity 210 serves to pro-
duce the input audio signal 215 as a multi-channel audio
signal. In this regard, the audio capturing entity 210 com-
prises a microphone assembly comprising a plurality of
(i.e. two or more) microphones. The microphone assem-
bly may be provided e.g. as a microphone array or an
arrangement of a plurality of microphones of other type.
The audio capturing entity 210 may further include
processing means for recording a plurality of digital audio
signals that represent the sound captured by respective
microphones of the microphone assembly that thereby
constitute respective channels of the multi-channel input
audio signal 215. The audio capturing entity 210 provides
the input audio signal 215 so obtained to the audio en-
coding entity 220 and/or for storage in a storage means
for subsequent use.

[0014] The audio encoding entity 220 employs an au-
dio encoding algorithm, referred herein to as an audio
encoder, to process the input audio signal 215 into the
audio bitstream 225. The audio encoding entity 220 may
further include a pre-processing entity for processing the
inputaudio signal 215 from a format in which itis received
from the audio capturing entity 210 into a format suited
for the audio encoder. This pre-processing may involve,
for example, level control of the input audio signal 215
and/or modification of frequency characteristics of the
input audio signal 215 (e.g. low-pass, high-pass or band-
pass filtering). The pre-processing may be provided as
a pre-processing entity that is separate from the audio
encoder, as a sub-entity of the audio encoder or as a
processing entity whose functionality is shared between
a separate pre-processing and the audio encoder.
[0015] The audio decoding entity 230 employs an au-
dio decoding algorithm, referred herein to as an audio
decoder, to process the audio bitstream 225 into the re-
constructed audio signal 235. The audio decoding entity
230 may further include a post-processing entity for
processing the reconstructed audio signal 235 from a
formatin which it is received from the audio decoder into
a format suited for the audio reproduction entity 240. This
post-processing may involve, for example, level control
of the reconstructed audio signal 235 and/or modification
of frequency characteristics of the reconstructed audio
signal 235 (e.g. low-pass, high-pass or bandpass filter-
ing). The post-processing may be provided as a post-
processing entity thatis separate from the audio decoder,
as a sub-entity of the audio decoder or as a processing
entity whose functionality is shared between a separate
post-processing and the audio decoder.

[0016] The audio reproduction entity 240 may com-
prise, for example, headphones, a headset, aloudspeak-
er or an arrangement of one or more loudspeakers.
[0017] Instead of an arrangement where the audio en-
coding entity 220 receives the input audio signal 215 (di-
rectly) from the audio capturing entity 210, the audio
processing system 200 may include a storage means for
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storing pre-captured or pre-created audio signals, among
which the audio input signal 215 for provision to the audio
encoding entity 220 may be selected. As another varia-
tion to the audio processing system 200 in this regard,
the audio encoding entity 220 may receive the input audio
signal 215 from another entity via a communication chan-
nel (e.g. via a communication network) instead of receiv-
ing it from the audio capturing entity 210.

[0018] Instead of an arrangement where the audio de-
coding entity 230 provides the reconstructed audio signal
235 (directly) to the audio reproduction entity 240, the
audio processing system 200 may comprise a storage
means for storing the reconstructed audio signal 235 pro-
vided by the audio decoding entity 230 for subsequent
analysis, processing, playback and/or transmission to a
further entity. As another variation to the audio process-
ing system 200 in this regard, the audio decoding entity
230 may transmit the reconstructed audio signal 235 to
a further entity via a communication channel (e.g. via a
communication network) instead of providing it for play-
back by the audio reproduction entity 240.

[0019] The dotted vertical line in Figure 2 serves to
denote that, typically, the audio encoding entity 220 and
the audio decoding entity 230 are provided in separate
devices that may be connected to each other via a net-
work or via a transmission channel. The network/channel
may provide a wireless connection, a wired connection
or a combination of the two between the audio encoding
entity 220 and the audio decoding entity 230. As an ex-
ample in this regard, the audio encoding entity 220 may
further comprise a (first) network interface for encapsu-
lating the audio bitstream 225 into a sequence of protocol
data units (PDUs) for transfer to the decoding entity 230
over a network/channel, whereas the audio decoding en-
tity 230 may further comprise a (second) network inter-
face for decapsulating the audio bitstream 225 from the
sequence of PDUs received from the audio encoding en-
tity 220 over the network/channel.

[0020] Inthe following, some aspects of a spatial audio
encoding technique are described in a framework of an
exemplifying spatial audio encoder 300 that may serve
as the audio encoding entity 220 of the audio processing
system 200 or an audio encoder thereof. In this regard,
Figure 3 illustrates a block diagram of some components
and/or entities of the spatial audio encoder 300 that is
arranged to carry out encoding of the multi-channel input
audio signal 215 into the audio bitstream 225.

[0021] The multi-channelinputaudio signal 215 serves
to represent an audio scene, e.g. one captured by the
microphone assembly of the audio capturing entity 210.
The audio scene may also be referred to as a spatial
audio image. Along the lines described in the foregoing,
the audio scene conveyed by the multi-channel input au-
diosignal 215 may representboth one or more directional
sound components as well as the ambience of the audio
scene, where a directional sound component represents
a respective distinct sound source that has certain posi-
tion within the audio scene whereas the ambience rep-
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resents environmental sounds within the audio scene.
The spatial audio encoder is arranged to process the
multi-channel input audio signal 215 into an encoded au-
dio signal 305 and spatial metadata that are descriptive
of the audio scene represented by the input audio signal
215.

[0022] The spatial audio encoder 300 may be arranged
to process the multi-channel input audio signal 215 ar-
ranged into a sequence of input frames, each input frame
including a respective segment of digital audio signal for
each of the channels, provided as a respective time se-
ries of inputsamples at a predefined sampling frequency.
In typical example, the spatial audio encoder 300 em-
ploys a fixed predefined frame length. In other examples,
the frame length may be a selectable frame length that
may be selected from a plurality of predefined frame
lengths, or the frame length may be an adjustable frame
length that may be selected from a predefined range of
frame lengths. A frame length may be defined as number
samples L included in the frame for channel of the input
audio signal 215, which at the predefined sampling fre-
quency maps to a corresponding duration in time. As an
example in this regard, the audio encoder 220 may em-
ploy a fixed frame length of 20 milliseconds (ms), which
at a sampling frequency of 8, 16, 32 or 48 kHz results in
aframe of L=160, L=320, L=640 and L=960 samples per
channel, respectively. The frames may be non-overlap-
ping or they may be partially overlapping. These values,
however, serve as non-limiting examples and frame
lengths and/or sampling frequencies different from these
examples may be employed instead, depending e.g. on
the desired audio bandwidth, on desired framing delay
and/or on available processing capacity.

[0023] The spatial audio encoder 300 includes a down-
mixing entity 302 for creating a downmix signal 303 on
basis of the multi-channel input audio signal 215. As de-
scribed in the foregoing, the downmix signal 303 serves
as an intermediate signal audio signal derived on basis
of one or more channels of the input audio signal 215.
The downmix signal 303 typically has a smaller number
of channels than the input audio signal 215, typically one
or two channels. In some examples, the downmix signal
303 may have the same number of channels as in the
input audio signal 215. Various techniques for creating
the downmix signal 303 are known in the art and a tech-
nique suitable for the intended usage of the spatial audio
encoder 300 may be selected. As a few non-limiting ex-
amples in this regard, a channel of the downmix signal
may be created, for example, as a linear combination
(e.g. asum, a difference, an average, etc.) of two or more
channels of the input audio signal 215 or by selecting or
processing one of the channels of the input audio signal
215 into a respective channel of the downmix signal 303.
In some example scenarios the multi-channel input audio
signal 215 may be processed by the downmixing entity
302 into one or more first signals that represent respec-
tive directional components of the audio scene conveyed
by the input audio signal 215 and into a second signal
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that represents the ambient component of the audio
scene, the first and second signals thereby constituting
the respective channels of the downmix signal 302.
[0024] The spatial audio encoder 300 includes an au-
dio encoder 304 for processing the downmix signal 303
into the encoded audio signal 305. The operation of the
audio encoder 304 typically aims at reducing the infor-
mation content present in the downmix signal 303 by ig-
noring inaudible or perceptually less important aspects
of the audio content carried in the downmix signal 303
while retaining perceptually important aspects of the au-
dio content thereof, thereby enabling subsequent recon-
struction of an audio signal that is perceptually similar to
that represented by the downmix signal 303 by an audio
decoder. Such lossy encoding of the downmix signal 303
enables significant reduction in the number of bits re-
quired to represent the audio content of the downmix
signal 303.

[0025] Operation of the audio encoder 304 typically re-
sults in a set of audio parameters that represent a frame
of the audio signal, which set of audio parameters is pro-
vided as (a component of) the encoded audio signal 305
that enables reconstruction of a perceptually similar au-
dio signal by an audio decoder. In case the downmix
signal 303 includes two or more channels, the audio en-
coder 304 may process each channel of the downmix
signal 303 separately into a respective set of audio pa-
rameters or it may process two or more channels of the
downmix signal 303 jointly into a single set of audio pa-
rameters, depending on the characteristics of the down-
mix signal 303. Various audio encoding techniques are
known inthe art, and a technique suitable for the intended
usage ofthe spatialaudio encoder 300 may be employed.
Non-limiting examples in this regard in include MPEG
Advanced Audio Coding (AAC) encoder, Enhanced
Voice Service (EVS) encoder, Adaptive Multi Rate (AMR)
encoder, Adaptive Multi Rate Wide Band (AMR-WB) en-
coder, etc.

[0026] The spatial audio encoder 300 further includes
a transform entity 306 for transforming the multi-channel
input audio signal 215 from time domain into a respective
multi-channel transform-domain audio signal 307. Typi-
cally, the transform domain involves a frequency domain.
In an example, the transform entity 306 employs short-
time discrete Fourier transform (STFT) to convert each
channel of the input audio signals 215 of an input frame
into a respective channel of the transform-domain signal
307 using a predefined analysis window length (e.g. 20
milliseconds). In another example, the transform entity
306 employs complex-modulated quadrature-mirror filter
(QMF) bank for time-to-frequency-domain conversion.
The STFT and QMF bank serve as non-limiting examples
in this regard and in further examples any suitable tech-
nique known in the art may be employed for creating the
transform-domain audio signal 307.

[0027] The transform entity 306 may further divide
each of the channels into a plurality of frequency sub-
bands, thereby resulting in the transform-domain audio
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signal 307 that provides a respective time-frequency rep-
resentation for each channel of the input audio signal
215. A given frequency band in a given frame may be
referred to as a time-frequency tile. The number of fre-
quency sub-bands and respective bandwidths of the fre-
quency sub-bands may be selected e.g. in accordance
with the desired frequency resolution and/or available
computing power. In an example, the sub-band structure
involves 24 frequency sub-bands according to the Bark
scale, an equivalent rectangular band (ERB) scale or 31
octave band scale known in the art. In other examples,
different number of frequency sub-bands that have the
same or different bandwidths may be employed. A spe-
cific example in this regard is a single frequency sub-
band that covers the input spectrum in its entirety or a
continuous subset thereof.

[0028] The spatial audio encoder 300 further includes
a spatial analysis entity 308 for estimation of spatial audio
parameters on basis of the multi-channel transform-do-
main audio signal 307. In an example, the spatial analysis
entity 308 derives the spatial audio parameters (i.e. car-
ries out a spatial analysis) for all time-frequency tiles,
whereas in other examples the spatial audio parameters
are derived in each frame for a predefined time-frequency
tiles, e.g. for those time-frequency tiles that represent a
predefined sub-range of frequencies. According to an ex-
ample, the spatial audio parameters include at least one
or more direction of arrival (DOA) parameters 309 for
each time-frequency tile considered in the spatial analy-
sis. The spatial audio parameters may further include,
for each time-frequency tile considered in the analysis,
one or more energy (EN) parameters 310 and/or one or
more energy ratio (ER) parameters 311.

[0029] A DOA parameter 309 indicates a spatial posi-
tion of a directional sound component that represents a
sound source in the audio scene in a given time-frequen-
cy tile. As an example, a DOA parameter 309 may indi-
cate, for example, an azimuth angle that defines the es-
timated direction of arrival of a sound (with respect to a
respective predefined reference direction) in the respec-
tive time-frequency tile or an elevation angle that defines
the estimated direction of arrival of a sound (with respect
to a respective predefined reference direction) in the re-
spective time-frequency tile. As a few non-limiting exam-
ples in this regard, the one or more DOA parameters 309
for a given time-frequency tile pertain to a single direc-
tional sound componentand include e.g. a single azimuth
angle, a single elevation angle or a single pair of an az-
imuth angle and an elevation angle. In further examples,
there are two or more DOA parameters 309 for a given
time-frequency tile and they pertain to two or more direc-
tional sound components and include respective azimuth
angles for the two or more directional sound components,
respective elevation angles for the two or more direction-
al sound components or respective pairs of an azimuth
angle and an elevation angle for the two or more direc-
tional sound components.

[0030] An EN parameter 310 may be applied to indi-
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cate estimated or computed overall signal energy (or total
signal energy) in the given time-frequency tile. An ER
parameter 311 may be applied to indicate relative energy
of a sound source in the audio scene in a given time-
frequency tile. As an example, an ER parameter 311 may
indicate estimated or computed ratio of the energy of a
directional sound component and the overall signal en-
ergy in the given time-frequency tile (referred to in the
following as a direct-to-total-energy ratio). In an example,
there is a single ER parameter 311 for a given time-fre-
quency tile and it pertains to a single directional sound
component. In other examples, there may be two or more
ER parameters 311 for a given time-frequency tile and
they pertain to respective two or more directional sound
components. Hence, an ER parameter 311 serves to in-
dicate relative energy level for a given directional sound
components in a given time-frequency tile, whereas the
EN parameter described in the foregoing serves to indi-
cate an absolute energy level for the given time-frequen-
cy tile.

[0031] Various methods for deriving the DOA, EN
and/or ER parameters 309, 310, 311 on basis of multi-
channel transform-domain audio signals 307 are known
in the art and the most suitable approach to be employed
by the spatial analysis entity 308 may be chosen e.g. in
view of the characteristics of the spatial audio format rep-
resented by the transform-domain audio signals 307, in
view of the desired accuracy of the spatial parameter
modeling and/or in view of the available computational
resources. An exemplifying technique in this regard is
described in US patent no. 9,313,599 B2.

[0032] In some examples the spatial audio encoder
300 further includes an energy estimator 308’ for esti-
mating the overall signal energy of a reconstructed trans-
form-domain downmix derived on basis of the encoded
audio signal 305. In this regard, the energy estimator 308’
may employ a (local) audio decoder to derive a local copy
of a reconstructed downmix signal on basis of the encod-
ed audio signal 305, which is further transformed into a
transform-domain downmix signal and divided into a plu-
rality of frequency sub-bands. The energy estimator 308’
further operates to derive, for a plurality of time-frequency
tiles, a respective quantized energy (QEN) parameter
310’ that indicates the overall signal energy (e.g. total
signal energy) in a respective time-frequency tile of the
transform-domain downmix audio signal. The transform
and frequency sub-band division applied in the energy
estimator 308’ are preferably the same applied by the
transform entity 306.

[0033] The spatial audio parameters derived for a giv-
en frame constitute the spatial metadata available for the
given frame. The spatial metadata actually provided for
inclusion in the audio bitstream 225 may comprise the
DOA and/or ER parameters for a plurality of frequency
sub-bands. The spatial metadata may include further pa-
rameters in addition to the DOA and/or ER parameters.
As afew non-limiting examples in this regard, such further
spatial audio parameters may include, for a plurality of
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time-frequency tiles, e.g. respective indications of a dis-
tance from the assumed listening point for one or more
sound sources and/or respective indications of a spatial
coherence for one or more sound sources. Some of the
spatial audio parameters are arranged in the audio bit-
stream 225 together with the encoded audio signal 305
to enable subsequent reconstruction of a perceptually
similar audio signal by an audio decoder.

[0034] The spatial audio encoder 300 further includes
a ratio encoder 312 for quantizing and encoding the ER
parameters 311 and a direction encoder 314 for quan-
tizing and encoding the DOA parameters 309. For a given
frame, the ratio encoder 312 operates to encode one or
more ER parameters 311 derived by the spatial analysis
entity 308 into respective one or more encoded ER pa-
rameters 315 whereas the direction encoder 314 oper-
ates to encode zero or more DOA parameters derived
by the spatial analysis entity 308 into respective one or
more encoded DOA parameters 313. The encoded ER
parameter(s) 315 and possible encoded DOA parame-
ter(s) 313 are provided as (part of) the spatial metadata
for provision in the audio bitstream 225 to the spatial de-
coder. In the following, non-limiting examples of deriving
the quantized and encoded ER parameters 315 and the
DOA parameters 313 are described.

[0035] In various non-limiting examples described in
more detail in the following, quantization and encoding
of the DOA parameters is dependent on energy levels of
one or more directional sound components represented
by the input audio signal 215. As an example in this re-
gard, a DOA parameter for a given time-frequency tile
may be quantized in dependence of the EN parameter
310 obtained for the given time-frequency tile, where ap-
plicable EN parameters 310 may be obtained from the
spatial analysis entity 308. In another example, a given
DOA parameter for a given time-frequency tile may be
quantized in dependence of a directional energy (DEN)
parameter that indicates the absolute energy level for the
directional sound source corresponding to the given DOA
parameter in the given time-frequency tile. As described
in the foregoing, there may be one or more directional
sound components in a given time-frequency tile with
respective one or more DEN parameters indicating their
energy levels.

[0036] As an example, a DEN parameter for a given
directional sound component in given a time-frequency
tile may be derived directly on basis of an ER parameter
311 that indicates estimated or computed direct-to-total-
energy ratio for the given directional sound component
in the given time-frequency tile and a QEN parameter
that indicates the overall signal energy in the given time-
frequency tile of the (transform-domain) reconstructed
audio signal. Inthisregard, the applicable ER parameters
may be the ones obtained from the spatial analysis entity
308 or they may comprise respective quantized ER pa-
rameters 316 derived in the ratio encoder 312, whereas
the applicable QEN parameters 310’ may be obtained
from the energy estimator 308’. In an exemplifying sce-
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nario, the DEN parameter for the given directional sound
component in the given time-frequency tile may be com-
puted as a product of the direct-to-total-energy ratio in-
dicated by the ER parameter for the given directional
sound component in the given time-frequency tile and
the overall signal energy indicated by the QEN parameter
310’ for the given time-frequency tile.

[0037] According to a first example for encoding the
DOA parameters 309, the ratio encoder 312 operates to
quantize and encode the one or more ER parameters
311 using a suitable quantizer known in the art. This
quantizer employed by the ratio encoder 312 may be
referred to as an ER quantizer, which may serve to en-
code the quantized value of an ER parameter 311 using
a fixed predefined number of bits or using a variable
number of bits in dependence of the value of the ER
parameter 311. In an example, the ER quantizer may
comprise a variable bit-rate quantizer that assigns short-
er codewords for those ER parameter values that repre-
sent relatively high values of the ER parameter 311 (e.g.
relatively high values of the direct-to-total-energy ratio)
and assigns longer codewords for those ER parameter
values that represent relatively low values of the ER pa-
rameter 311 (e.g. relatively low values of the direct-to-
total-energy ratio). In another example, the ER quantizer
may comprise a variable bit-rate quantizer that assigns
shorter codewords for those ER parameter values that
occur more frequently and assigns longer codewords for
those ER parameter values that occur less frequently.
The codewords and their lengths may be pre-assigned
based on experimental data using techniques known in
the art. The quantization and encoding of an ER param-
eter 311 may rely, for example, on an ER quantization
table that maps a plurality of table entries that each store
apair of a quantized ER parameter value and a codeword
(e.g. a bit-pattern) assigned thereto. If using such an ER
quantization table, the ratio encoder 312 operates to
identify the table entry thatholds quantized ER parameter
value that is closest to the value of the ER parameter 311
under quantization/encoding and sets the value of the
quantized ER parameter 316 and the value of the encod-
ed ER parameter 315 to values found in the identified
table entry. The ratio encoder 312 provides the encoded
ER parameters 315 to a multiplexer 318 for inclusion in
the audio bitstream 225 and provides the quantized ER
parameters 316 for the direction encoder 314 to serve
as control information in quantization and encoding of
the DOA parameters 309 therein.

[0038] Still referring to the first example, the direction
encoder 314 operates to quantize the DOA parameters
309in dependence of respective (absolute) energy levels
of one or more sound components of the multi-channel
transform-domain audio signal 307 in the corresponding
time-frequency tile. The direction encoder 314 operates
to quantize one or more DOA parameters 309 using a
suitable quantizer known in the art. This quantizer em-
ployed by the direction encoder 314 may be referred to
as a DOA quantizer, which may serve to encode the
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quantized value of a DOA parameter 309 using a fixed
predefined number of bits or using a variable number of
bits in dependence of the value of the DOA parameter.
The quantization and encoding of a DOA parameter 309
may rely, for example, on a DOA quantization table that
maps a plurality of table entries that each store a pair of
a quantized DOA parameter value and a codeword (e.g.
abit-pattern) assigned thereto. If using such a DOA quan-
tization table, the direction encoder 314 operates to iden-
tify the table entry that holds quantized DOA parameter
value that is closest to the value of the DOA parameter
309 under quantization/encoding and sets the value of
the quantized DOA parameter and the value of the en-
coded DOA parameter 313 to respective values found in
the identified table entry. The direction encoder 314 pro-
vides the encoded DOA parameters 313 to the multiplex-
er 318 for inclusion in the audio bitstream 225 therein.
[0039] In the first example, itis assumed that there the
DOA parameters 309 for a given time-frequency tile per-
tain to a single sound source, in other words there is at
most a single directional sound component in the given
time-frequency tile. As described in the foregoing, also
in this scenario there may be one or more DOA param-
eters 309 derived for the given time-frequency tile, e.g.
a DOA parameterthatindicates an azimuth angle derived
for the single direction sound component and/or a DOA
parameter that indicates an elevation angle derived for
the single directional sound component in the given time-
frequency tile.

[0040] Still referring to the first example, in a first ex-
emplifying scenario the direction encoder 314 operates
to make a decision, for a plurality of time-frequency tiles
considered in the spatial analysis, between including and
omitting the respective encoded DOA parameter(s) 313
in/from the audio bitstream 225. For each considered
time-frequency tile, the decision is made in dependence
of one or more criteria that pertain to the respective (ab-
solute) energy levels of one or more sound components
of the multi-channel transform-domain audio signal 307
in the respective time-frequency tile:

- if, for a given time-frequency tile, the one or more
criteria are met, the direction encoder 314 operates
to (quantize and) encode the DOA parameter(s) 309
derived for the given time-frequency tile using a pre-
defined DOA quantizer and provides the encoded
DOA parameter(s) 313 for inclusion in the audio bit-
stream 225 by the multiplexer 318;

- if, for the given time-frequency tile, the one or more
criteria are not met, the direction encoder 314 omits
(quantization and) encoding of the DOA parame-
ter(s) 309 for the given time-frequency tile and, con-
sequently, no DOA parameters concerning the given
time-frequency tile are provided for the spatial audio
decoder in the audio bitstream 225.

[0041] In a variation of the first example described
above, the direction encoder 314 may respond to afailure
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to meet the one or more criteria by using the DOA quan-
tizer therein to quantize and encode predefined default
value(s) for the DOA parameters instead of completely
omitting the encoded DOA parameters 313 for the given
time-frequency tile from the audio bitstream 225. The de-
fault DOA parameters may serve toindicate, forexample,
zero azimuth and/or zero elevation (i.e. a sound source
positioned directly in front of the assumed listening point).
In such a variation the DOA quantizer employed for
processing (e.g. quantizing and/or encoding) the derived
DOA parameters 309 into respective encoded DOA pa-
rameters 313 preferably employs a variable bit rate such
that the predefined default value(s) are assigned a code-
word that is relatively short (i.e. a codeword that employs
a relatively small number of bits).

[0042] According to a second example, the ratio en-
coder 312 operates in a manner similar to that described
in context of the first example, whereas the operation of
the direction encoder 314 is different. Also in the second
example the direction encoder 314 operates to quantize
the DOA parameters 309 in dependence of the respec-
tive (absolute) energy levels of one or more sound com-
ponents of the multi-channel transform-domain audio
signal 307 in the corresponding time-frequency tile, while
the difference to the first example is that herein the di-
rection encoder 314 employs one of a plurality of DOA
quantizers to quantize and encode the DOA parameters
309 for the time-frequency tiles considered in the spatial
analysis. The plurality of DOA quantizers provide differ-
ent bit-rates, thereby providing a respective different
tradeoff between accuracy of the quantization and the
number of bits employed to define quantization code-
words. Each of the plurality of DOA quantizers operates
to quantize a value of a DOA parameter 309 using a
suitable quantizer known in the art using a fixed prede-
fined number of bits or using a variable number of bits in
dependence of the value of the DOA parameter. Along
the lines described in context of the first example for a
single DOA quantizer, each of the plurality of DOA quan-
tizers may rely, for example, on a respective DOA quan-
tization table that maps each of a plurality quantized DOA
parameter values to a respective one of a plurality code-
words assigned thereto.

[0043] Also in the second example, it is assumed that
there the DOA parameters 309 for a given time-frequency
tile pertain to a single sound source, in other words that
there is at most a single directional sound component in
the given time-frequency tile. As described in the fore-
going, also in this scenario there may be one or more
DOA parameters 309 derived for the given time-frequen-
cy tile, e.g. a DOA parameter that indicates an azimuth
angle derived for the single directional sound component
and/or a DOA parameter thatindicates an elevation angle
derived for the single directional sound component in the
given time-frequency tile.

[0044] Inthe following, more detailed description of the
second example is provided with reference to two DOA
quantizers, where a first DOA quantizer employs a higher
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number of bits for encoding the quantized value of a DOA
parameter 309 at a higher precision to provide a smaller
(average) quantization error and where a second DOA
quantizer employs a lower number of bits for encoding
the quantized value of the DOA parameter 309 at a lower
precision to provide a larger (average) quantization error.
Selection of one of the first and second DOA quantizers
enables choosing the more appropriate tradeoff between
the number of bits used for encoding the value of the
DOA parameter 309 and the precision (or accuracy) of
the quantization. The approach that involves two DOA
quantizers is chosen here for clarity and brevity of de-
scription, whereas the described approach readily gen-
eralizes into an approach where more than two DOA
quantizers at different bit-rates are available for selection
to enable choosing the most suitable tradeoff between
the number of bits used for encoding the value of the
DOA parameter 309 and the precision (or accuracy) of
the quantization.

[0045] Still referring to the second example, the direc-
tion encoder 314 operates to make a decision, for a plu-
rality of time-frequency tiles considered in the spatial
analysis, between using the first DOA quantizer or the
second DOA quantizer for quantizing and encoding the
DOA parameter(s) 309 for a given time-frequency tile.
For each considered time-frequency tile, the decision is
made on basis of one or more criteria that pertain to the
respective (absolute) energy level(s) of one or more
sound components of the multi-channel transform-do-
main audio signal 307 in the respective time-frequency
tile:

- if, for a given time-frequency tile, the one or more
criteria are met, the direction encoder 314 operates
to quantize and encode the DOA parameter(s) 309
derived for the given time-frequency tile using the
first DOA quantizer and provides the encoded DOA
parameter(s) 313 derived by the first DOA quantizer
for inclusion in the audio bitstream 225 by the mul-
tiplexer 318;

- if, for the given time-frequency tile, the one or more
criteria are not met, the direction encoder 314 oper-
ates to quantize and encode the DOA parameter(s)
309 derived for the given time-frequency tile using
the second DOA quantizer and provides the encoded
DOA parameter(s) 313 derived by the second DOA
quantizer for inclusion in the audio bitstream 225 by
the multiplexer 318.

[0046] Inanexample, the one or more criteria that per-
tain to respective absolute energy levels of one or more
sound components of the multi-channel transform-do-
main audio signal 307 in a given time-frequency tile in-
volves consideration of directional energy level of the sin-
gle directional sound component of the audio scene rep-
resented by the multi-channel transform-domain audio
signal 307 (and hence by the multi-channel input audio
signal 215).
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[0047] A first criterion in this regard may be provided
by evaluating whether the DEN parameter derived for
the given time-frequency tile indicates energy level of the
directional sound component that exceeds a first thresh-
old. In other words, the first criterion is met in case the
energy level of the directional sound component exceeds
the first threshold and the first criterion is not met in case
the energy level of the directional sound component fails
to exceed the first threshold.

[0048] The first threshold may be the same across fre-
quency sub-bands, or the first threshold may be setto a
different value from one frequency sub-band to another.
In an example, the first threshold is set to represent a
threshold value for the energy of a directional sound com-
ponent above which the strength of the arriving sound is
considered to provide sufficient improvement to the re-
constructed audio sceneinthe respective frequency sub-
band e.g. in view of the bits required for encoding the
respective DOA parameters and/or in view of additional
value provided by accurate reconstruction of the arrival
direction of the respective directional sound component
of the audio scene. In this example, the first threshold
may have a respective predefined value for each of the
frequency sub-bands.

[0049] Inanother example, the first threshold compris-
es a masking threshold derived on basis of (the local
copy of) the reconstructed downmix signal derived by the
energy estimator 308'. In this regard, typically a dedicat-
ed masking threshold is derived for each time-frequency
tile, thereby leading to a scenario where the first threshold
is different across the frequency sub-bands of a frame.
The masking threshold for a given time-frequency tile
may be derived, for example, on basis of the overall en-
ergy level of the reconstructed downmix signal in the re-
spective time-frequency tile. In another example, the
masking threshold derivation further considers tonality
and/or spectral flatness of the reconstructed downmix
signal in the given time-frequency tile. The masking
thresholds may be computed by the energy estimator
308’ and passed to the direction encoder 314 along with
the QEN parameters 310’. Alternatively, the energy es-
timator 308’ may pass the

reconstructed downmix signal to the direction encoder
314 along with the QEN parameters 310’ to the direction
encoder 314, which may apply this signal for derivation
of the masking thresholds. Various techniques for deriv-
ing the masking threshold(s) are known in the art and
any suitable approach may be applied.

[0050] In a further example, the first threshold for a
given time-frequency tile is set to an adaptive value that
is defined, for example, in dependence of the energies
of the directional sound components in those time-fre-
quency tiles that are adjacent in time and/or frequency
tothe giventime-frequency tile. In another scenario, eval-
uation of the first exemplifying criterion in the given time
frequency tile may depend on the corresponding evalu-
ation carried out in an adjacent time-frequency tile. As
an example of the latter, if the energy of a directional
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sound component in an adjacent time-frequency tile ex-
ceeds the first threshold, the DOA parameter of the given
time-frequency tile may be encoded using first/prede-
fined DOA quantizer even if the energy of the directional
sound component in the given time-frequency tile fails to
exceed thefirst threshold. In this scenario, the first thresh-
old may comprise the masking threshold described in the
foregoing or it may comprise another threshold, e.g. a
derivative of the masking threshold derived by adding a
predefined margin to the masking threshold, where the
predefined margin may be e.g. 6 dB.

[0051] A second criterion comprises evaluating wheth-
er the estimated overall signal energy indicated in the
QEN parameters 310’ for a given time-frequency tile in-
dicates energy level that exceeds a second threshold. In
other words, the second criterion is met in case the es-
timated overall signal energy exceeds the second thresh-
old and the second criterion is not met in case the esti-
mated overall signal energy fails to exceed the second
threshold. Similar considerations as provided in the fore-
going for the first threshold apply to the second threshold
as well.

[0052] The first and second criteria described in the
foregoing serve as non-limiting examples of criteria ap-
plied by the direction encoder 314 in determining quan-
tization to be applied to the DOA parameters 310 (or
omission thereof) for a given time-frequency tile in de-
pendence of energy level(s) of one or more sound com-
ponents of the multi-channel transform-domain audio
signal 307 in the given time-frequency tile. In this regard
the direction encoder 314 may apply any one of the first
and second criteria (or a further sound-component-en-
ergy-related criterion) in deciding on how to quantize or
whether to transmit or omit encoded DOA parameters
313 for a given time-frequency tile. In other examples,
the direction encoder 314 may apply any combination or
sub-combination of the first, the second and further cri-
teria in deciding the manner of DOA quantization (or lack
thereof) for a given time-frequency tile, e.g. such that the
encoded DOA parameters 313 for the given time-fre-
quency tile are included in the audio bitstream 225 or
quantized and encoded using the first DOA quantizer on-
ly in case all of the applied criteria are met or such that
the encoded DOA parameters 313 for the given time-
frequency tile are included in the audio bitstream 225 or
quantized and encoded using the first DOA quantizer in
case any of the applied criteria is met.

[0053] A third example proceeds from the assumption
that at least for some time-frequency tiles considered in
the spatial analysis the DOA parameters 309 for a given
time-frequency tile pertain to two or more (simultaneous)
directional sound components and, hence, for such time-
frequency tiles there is at least one DOA parameter 309
derived (by the spatial analysis entity 308) for each of
the two more directional sound components. Conse-
quently, for such time-frequency tiles there are also re-
spective two or more ER parameters 311. In other words,
the spatial audio parameters for such time-frequency tile
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include a respective pair of ER parameter(s) 311 and
DOA parameter(s) 309 for each identified directional
sound component. Along the lines described in the fore-
going, also in this scenario there may be one or more
DOA parameters 309 derived for each directional sound
component in a given time-frequency tile, e.g. two or
more DOA parameters that indicate respective azimuth
angles derived for the two or more directional sound com-
ponents and/or two or more DOA parameters that indi-
cate respective elevation angles derived for the two or
more directional sound components in the given time-
frequency tile.

[0054] According to the third example, the ratio encod-
er 312 and the direction encoder 314 operate to quantize
and encode the ER parameter(s) 311 and the DOA pa-
rameter(s) 309 for a given time-frequency tile using at
most a predetermined total number of bits. In a first sce-
nario, this may involve quantizing and encoding each pair
of the ER parameter(s) 311 and the DOA parameter(s)
309 in a given time-frequency tile using at most a respec-
tive predetermined number of bits. In this example, the
ratio encoder 312 operates to quantize and encode the
ER parameter(s) 311 using a suitable quantizer known
in the art. This quantizer employed by the ratio encoder
312 may be referred to as an ER quantizer, which serves
to encode the quantized value of an ER parameter 311
using a variable number of bits in dependence of the
value of the ER parameter 311. The ER quantizer may
be avariable bit-rate quantizer that assigns shorter code-
words for those ER parameter values that represent rel-
atively high values of the ER parameter 311 (e.g. rela-
tively high values of the direct-to-total-energy ratio) and
assigns longer codewords for those ER parameter values
that represent relatively low values of the ER parameter
311 (e.g. relatively low values of the direct-to-total-energy
ratio). The ER quantizer may be provided, for example,
as a quantization table as described in the foregoing.
[0055] With fixed number of bits available to represent
a pair of the encoded ER parameter(s) 315 and the en-
coded DOA parameter(s) 313 that pertain to a respective
directional sound component for a given time-frequency
tile using the shorter codewords (in terms of number of
bits) for the high values of the ER parameter 311 leaves
more bits for quantization of the DOA parameter(s) 313
in such frames. This is beneficial since accurate recon-
struction of the arrival direction of a sound in the recon-
structed audio scene is typically perceptually important
for those directional sound components that have a rel-
atively high energy, whereas for those directional sound
components that have a relatively low energy accurate
reconstruction of the arrival direction of a sound is typi-
cally perceptually less important.

[0056] Inthe third example, the ratio encoder 312 uses
the variable bit-rate ER quantizer to derive the quantized
ER parameter 316 and the encoded ER parameter 315
for each of the directional sound components of a given
time-frequency tile. In this regard, instead of orin addition
to the quantized ER parameters 316 the ratio encoder
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312 provides to the direction encoder 314 with an indi-
cation of the number of bits employed for the encoded
ER parameters 315 for each directional sound compo-
nent in the time-frequency tiles considered in the spatial
analysis or an indication of the number of bits available
for DOA quantization for each directional sound compo-
nent in the time-frequency tiles considered in the spatial
analysis.

[0057] The direction encoder 314 employs one of a
plurality of DOA quantizers available therein to quantize
and encode the DOA parameters 309 for each of the
directional sound components in the time-frequency tiles
considered in the spatial analysis. In this regard, the di-
rection encoder 314 selects, for a given directional sound
component in a given time-frequency tile, one of the plu-
rality of DOA quantizers in accordance with the number
of bits available for quantization of those DOA parame-
ter(s) 309 in the given time-frequency tile. The plurality
of DOA quantizers provide different (fixed) bit-rates,
thereby providing a respective different tradeoff between
accuracy of the quantization and the number of bits em-
ployed to define quantization codewords such that a high-
er quantization bit-rate provides lower (average) quanti-
zation error while a lower quantization bit-rate provides
higher (average) quantization error. Thus, the direction
encoder 314 may select, for a given directional sound
componentin a given time-frequency tile, the DOA quan-
tizer that uses the highest number of bits that does not
exceed the number of bits available for DOA quantization
for the respective directional sound component in the giv-
en time-frequency tile.

[0058] In the first scenario for the third example de-
scribed above, an underlying assumption is that the total
number of bits available for quantizing the ER parameters
311 and the DOA parameters 309 for a given time-fre-
quency tile are evenly allocated for the two or more di-
rectional sound components of the given time-frequency
tile, in other words such that each pair of the ER param-
eter(s) 311 and the DOA parameter(s) 309 that pertain
to a given directional sound component in the given time-
frequency tile is assigned the same number of bits.
[0059] In a second scenario of the third example, the
bit allocation for quantizing the DOA parameters 309 for
two or more directional sound components of a given
time-frequency tile is dependent on one or more criteria
that pertain to the respective energy levels of one or more
sound components of the multi-channel transform-do-
main audio signal 307 in the given time-frequency tile. In
this regard, there may be a (predefined) first number of
bits for encoding the two or more ER parameters 311
and the two or more DOA parameters 309 of the given
time-frequency tile: in this second scenario of the third
example, each of the two or more ER parameters 311 of
the given time-frequency tile are encoded using the var-
iable bit-rate ER quantizer described in the foregoing,
whereas the remaining bits are available for encoding
the two or more DOA parameters 309 of the given time-
frequency tile. These remaining bits constitute a second
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number of bits and they are allocated for encoding the
DOA parameters 309 pertaining to respective two or
more directional sound components of the given time-
frequency tile such that a first directional sound compo-
nent (of the given time-frequency tile) that has a higher
energy level indicated therefor is assigned a larger share
of the second number of bits whereas a second direc-
tional sound component (of the given time-frequency tile)
that has a lower energy level indicated therefor is as-
signed a smaller share of the second number of bits.
[0060] The bit-rate assignment for the two or more di-
rectional sound components of the given time-frequency
tile may be carried out by using a first predefined bit al-
location rule that defines a respective (maximum)
number of bits available for encoding the respective DOA
parameter(s) 309 in accordance with respective energy
levels indicated for each of the two or more directional
sound components. The direction encoder 314 may use
the bit allocation so obtained to select, for each of the
directional sound components of the given time-frequen-
cy tile, arespective one of the plurality of DOA quantizers
(described in the foregoing) in accordance with the
number of bits allocated for quantization of those DOA
parameter(s) 309 in the given time-frequency tile. Con-
sequently, the DOA parameter(s) 309 for directional
sound components of the given time-frequency tile that
have a high(er) (absolute) energy may be encoded at a
higher precision than the DOA parameter(s) 309 for di-
rectional sound components of the given time-frequency
tile that have a low(er) (absolute) energy.

[0061] Asanexample,thecomparison ofenergylevels
may comprise comparison of directional energy levels
indicated by the DEN respective parameters derived for
the two or more directional sound components in a given
time-frequency tile. In another example, the comparison
of energy levels may comprise comparison of direct-to-
total-energy ratios indicated by the respective ER param-
eters 311 obtained for the given time-frequency tile. In
the latter example, the underlying overall signal energy
is the same for all directional sound components of the
given time-frequency tile and hence comparison of the
respective ER parameter is sufficient. Consequently, in
such a scenario the comparison of energy levels may not
necessarily require derivation of the QEN parameters
and hence in such a scenario the spatial audio encoder
300 may be provided with the energy estimator 308’.
[0062] As non-limiting examples, the allocation of bits
for encoding the DOA parameters 309 of two or more
respective directional sound components of a given time-
frequency tile in accordance with the second scenario of
the third example may involve one or more of the follow-

ing:

- In case the energy level indicated for a first direc-
tional sound component in the given time-frequency
tile exceeds the energy level indicated for a second
directional sound component in the given time-fre-
quency tile by more than a first predefined margin,
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the DOA parameters pertaining to the first directional
sound component are assigned a first number of bits
and the DOA parameters pertaining to the second
directional sound component are assigned a second
number of bits, where the first number of bits is higher
than the second number of bits. Consequently, the
DOA parameters pertaining to the first directional
sound component are encoded using a first DOA
quantizer that uses at most the first number of bits
and the DOA parameters pertaining to the second
directional sound component are encoded using a
second DOA quantizer that uses at most the second
number of bits, where the first DOA quantizer (that
employs a higher number of bits) enables encoding
the quantized value of a DOA parameter 309 at a
higher precision than the second DOA quantizer
(that employs a lower number of bits).

- In case the energy level indicated for a first direc-
tional sound component in the given time-frequency
tile exceeds the energy level indicated for a second
directional sound component in the given time-fre-
quency tile by more than a second predefined mar-
gin, the DOA parameter(s) 309 pertaining to the first
directional sound component are assigned a first
number of bits and, consequently, encoded using a
DOA quantizer available for the direction encoder
314 and the DOA parameter(s) 309 pertaining to the
second directional sound source are not encoded
but are omitted from the audio bitstream 225.

[0063] In the latter example above, instead of com-
pletely omitting the DOA parameter(s) pertaining to the
second directional sound component from the audio bit-
stream 225, they may be replaced with default value(s)
for the DOA parameters, along the lines described in the
foregoing in context of the first example.

[0064] In a fourth example, which is described herein
as avariation of the second scenario of the third example,
the directional energy-level dependent bit allocation for
quantizing the DOA parameters 309 for two or more di-
rectional sound components of a given time-frequency
tile is provided further in view of a third threshold: the
direction encoder 314 may apply a predetermined fixed
number of bits for encoding the two or more DOA param-
eters 309 of the given time-frequency tile, and the bits
are allocated for encoding the DOA parameters 309 per-
taining to respective two or more directional sound com-
ponents in view of their respective relationships with the
third threshold.

[0065] In the fourth example, the bit-rate assignment
for the two or more directional sound components of the
given time-frequency tile may be carried by using a sec-
ond predefined bit allocation rule that defines a respec-
tive (maximum) number of bits available for encoding the
respective DOA parameter(s) 309 in accordance with re-
spective energy levels indicated for each of the two or
more directional sound components in view of their rela-
tionship with the third threshold. The direction encoder
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314 may use the bit allocation so obtained to select, for
each of the directional sound components of the given
time-frequency tile, a respective one of the plurality of
DOA quantizers (described in the foregoing) in accord-
ance with the number of bits allocated for quantization
of those DOA parameter(s) 309 in the given time-fre-
quency tile.

[0066] The relationship between an energy level and
the third threshold may be expressed, for example, as a
comparison value defined by a ratio of the energy level
and the third threshold (e.g. by dividing the energy level
by the third threshold) or by a difference between the
energy level and the third threshold (e.g. by subtracting
the third threshold from the energy level). Hence, the
direction encoder 314 may derive a respective compar-
ison value for each of the two or more directional sound
components of a given time-frequency tile on basis of
the respective energy levels indicated therefor and en-
code the DOA parameters 309 for the given time-fre-
quency tile such that the DOA parameter(s) 309 for di-
rectional sound components of the given time-frequency
tile that have a high(er) comparison value may be encod-
ed at a higher precision than the DOA parameter(s) 309
for directional sound components of the given time-fre-
quency tile that have a low(er) comparison value. In an
example, the energy levels applied for deriving the com-
parison values for the two or more directional sound com-
ponents of the given time-frequency tile may comprise
directional energy levels indicated by the respective DEN
parameters derived for the two or more directional sound
components in the given time-frequency tile. In another
example, the energy levels applied for deriving the com-
parison values for the two or more directional sound com-
ponents of the given time-frequency tile may comprise
direct-to-total-energy ratios indicated by the respective
ER parameters 311 obtained for the given time-frequen-
cy tile.

[0067] As non-limiting examples, the allocation of bits
for encoding the DOA parameters 309 of two or more
respective directional sound components of a given time-
frequency tile in accordance with the fourth example may
involve one or more of the following:

- In case the comparison value derived for a first di-
rectional sound component in the given time-fre-
quency tile exceeds the comparison value derived
for a second directional sound componentin the giv-
en time-frequency tile by more than a third prede-
fined margin, the DOA parameters pertaining to the
first directional sound component are assigned a first
number of bits and the DOA parameters pertaining
to the second directional sound component are as-
signed a second number of bits, where the first
number of bits is higher than the second number of
bits. Consequently, the DOA parameters pertaining
to the firstdirectional sound component are encoded
using a first DOA quantizer that uses at most the first
number of bits and the DOA parameters pertaining
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to the second directional sound component are en-
coded using a second DOA quantizer that uses at
most the second number of bits, where the first DOA
quantizer (that employs a higher number of bits) en-
ables encoding the quantized value of a DOA pa-
rameter 309 at a higher precision than the second
DOA quantizer (thatemploys a lower number of bits).
- In case the comparison value derived for a first di-
rectional sound component in the given time-fre-
quency tile exceeds the comparison value derived
for a second directional sound component in the giv-
en time-frequency tile by more than a fourth prede-
fined margin, the DOA parameter(s) 309 pertaining
to thefirstdirectional sound component are assigned
a first number bits and are, consequently, encoded
using a DOA quantizer available for the direction en-
coder 314 and the DOA parameter(s) 309 pertaining
to the second directional sound source are not en-
coded but are omitted from the audio bitstream 225.

[0068] In the latter example above, instead of com-
pletely omitting the DOA parameter(s) pertaining to the
second directional sound component from the audio bit-
stream 225, they may be replaced with default value(s)
for the DOA parameters, along the lines described in the
foregoing in context of the first example.

[0069] Similar considerations as provided in the fore-
going for the first threshold apply to the third threshold
as well. Hence, in one example the third threshold may
be the same across frequency sub-bands, or the third
threshold may be set to a different value from one fre-
quency sub-band to another, where a respective prede-
fined value for the third threshold is used in each of the
frequency sub-bands. In another example the third
threshold comprises a masking threshold derived on ba-
sis of (the local copy of) the reconstructed downmix signal
derived by the energy estimator 308’. In this regard, typ-
ically a dedicated masking threshold is derived for each
time-frequency tile, thereby leading to a scenario where
the first threshold is different across the frequency sub-
bands of a frame, as described in more detail in the fore-
going in context of the first threshold.

[0070] The spatial audio encoder 300 further includes
the multiplexer 318 for creation of a segment of audio
bitstream 225 for a given input frame. In this regard, the
multiplexer 318 operates to combine the encoded audio
signal 305 derived for a given input frame with the spatial
metadata that may include the encoded ER parameter(s)
315 and/or the encoded DOA parameter(s) 313 derived
for the given input frame for one or more frequency sub-
bands, depending on the operation of the ratio encoder
312 and the direction encoder 314. Along the lines de-
scribed in the foregoing, the audio bitstream 225 may be
transmitted over a communication channel (e.g. via a
communication network) to a spatial audio decoder
and/or it may be stored a memory for subsequent use.
[0071] In the foregoing, various aspects related to the
spatial audio encoder 300 of Figure 3 were described
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with a number of examples. The spatial audio encoder
300 operates to derive the encoded ER parameters 315
and the encoded DOA parameters 313 separately from
the audio encoder. As another example, Figure 4 depicts
another exemplifying spatial audio encoder 400, where
the processing involved in derivation of the encoded ER
parameters 315 and the encoded DOA parameters 313
shares some components with the processing applied
for derivation of the encoded audio signal 305 and pos-
sibly also at least partially makes use of information de-
rived in the process of deriving the encoded audio signal
305.

[0072] The spatial audio encoder 400 includes the
transform entity 306 for transforming the multi-channel
input audio signal 215 from time domain into the respec-
tive multi-channel transform-domain audio signal 307.
Non-limiting examples pertaining to operation and char-
acteristics of the transform entity 306 are provided in the
foregoing as part of description of the spatial audio en-
coder 300. In the spatial audio encoder 400 the transform
entity provides the transform-domain audio signal 307
for further processing in a downmix entity 302’ and in a
spatial analysis entity 308a.

[0073] The spatial audio encoder 400 includes a down-
mixing entity 402 for creating a transform-domain down-
mix signal 403 on basis of the multi-channel transform-
domain audio signal 307. Along the lines described in
the foregoing, the transform-domain downmix signal 403
serves as an intermediate signal audio signal derived on
basis of the multi-channel transform-domain audio signal
307 such that it has a smaller number of channels than
the multi-channel transform-domain audio signal 307,
typically one or two channels. The downmixing entity 402
operates on a transform-domain signal, while otherwise
its operating principle is similar to that of the downmixing
entity 302 of the spatial audio encoder 300.

[0074] The spatial audio encoder 400 includes an au-
dio quantizer 404 for processing the transform-domain
downmix signal 403 into an encoded audio signal 405.
The operation of the audio quantizer 404 aims at produc-
ing an encoded audio signal 405 that represents the
transform-domain downmix signal 403 at an accuracy
that enables subsequent reconstruction of an audio sig-
nal that is perceptually as similar as possible to that rep-
resented by the transform-domain downmix signal 403
in view of the available bit-rate.

[0075] The spatial audio encoder 400 further includes
an audio dequantizer 404’ for reconstructing a local copy
of a reconstructed transform-domain downmix signal
403’ on basis of the encoded audio signal 405 to enable
estimation of the overall signal energy. Due to this role,
the audio dequantizer 404’ may also be referred to as a
local audio dequantizer.

[0076] The spatial audio encoder 400 further includes
an energy estimator 308b for estimating the overall signal
energy of the reconstructed transform-domain downmix
signal403’. In this regard, the energy estimator 308b may
derive, for each time-frequency tile considered in the spa-
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tial analysis, a respective QEN parameter 410 that indi-
cates estimated overall signal energy in a respective
time-frequency tile.

[0077] The spatial audio encoder 400 further includes
a spatial analysis entity 308a for estimation of spatial
audio parameters on basis of the multi-channel trans-
form-domain audio signal 307. The spatial analysis entity
308ais similar to the spatial analysis entity 308 described
in the foregoing apart from the fact that the in context of
the spatial audio encoder 400 the EN parameter estima-
tion is carried out by the energy estimator 308b. Accord-
ing to an example, the spatial audio parameters derived
by the spatial analysis entity 308a include at least one or
more DOA parameters 309 for each time-frequency tile
considered in the spatial analysis. The spatial audio pa-
rameters derived by the spatial analysis entity 308a may
further include, for each time-frequency tile considered
in the analysis, one or more energy ratio (ER) parameters
311.

[0078] The spatial audio encoder 400 further includes
the ratio encoder 312 for quantizing and encoding the
ER parameters 311 and the direction encoder 314 for
quantizing and encoding the DOA parameters 309. The
operation and characteristics of these entities are de-
scribed in detail in the foregoing via a plurality of exam-
ples that pertain to their usage as part of the spatial audio
encoder 300.

[0079] The spatial audio encoder 400 further includes
a bitstream packer 418 for creation of a segment of audio
bitstream 225 for a given input frame. In this regard, the
bitstream packer 418 operates to combine the encoded
audio signal 405 derived for a given input frame with the
spatial metadata that may include the encoded ER pa-
rameter(s) 315 and/or the encoded DOA parameter(s)
313 derived for the given input frame for one or more
frequency sub-bands, depending on the operation of the
ratio encoder 312 and the direction encoder 314. Along
the lines described in the foregoing, the audio bitstream
225 may be transmitted over a communication channel
(e.g. via a communication network) to a spatial audio
decoder and/or it may be stored a memory for subse-
quent use.

[0080] In the following, some aspects of a spatial audio
decoding technique are described in a framework of an
exemplifying spatial audio decoder 350 that may serve
as the audio decoding entity 230 of the audio processing
system 200 or an audio decoder thereof. In this regard,
Figure 5illustrates a block diagram of some components
and/or entities of the spatial audio decoder 350 that is
arranged to carry out decoding of the audio bitstream
225 generated using the spatial audio encoder 300 into
the reconstructed audio signal 235.

[0081] The spatial audio decoder 350 may be arranged
to receive the audio bitstream 225 as a sequence of
frames and to process each frame of the audio bitstream
225 into a corresponding frame of reconstructed audio
signal 235, provided as a respective time series of output
samples at a predefined sampling frequency.
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[0082] The spatial audio decoder 350 includes a de-
multiplexer 368 for extracting the encoded audio signal
305 and the spatial metadata from the audio bitstream
225 for a given input frame. The spatial metadata may
comprise the encoded ER parameter(s) 315 and/or the
encoded DOA parameter(s) 313 for one or more frequen-
cy sub-bands derived in the spatial audio encoder 300
for the given input frame.

[0083] The spatial audio decoder 350 includes an au-
dio decoder 354 for processing the encoded audio signal
305 into a reconstructed downmix signal 303’. The audio
decoder 354 operates to invert the operation of the audio
encoder 304 of the spatial audio encoder 300, thereby
creating the reconstructed downmix signal that is per-
ceptually similar to the downmix signal 303 derived in the
spatial audio encoder 300. As described in context of the
audio encoder 304, various audio encoding techniques
are known in the art, and a technique applied by the audio
decoder 354 is the one that inverts the audio encoding
procedure applied in the audio encoder 304.

[0084] The spatial audio decoder 350 further includes
aratio decoder 362 for decoding the encoded ER param-
eters 315 into corresponding quantized ER parameters
316 and a direction decoder 364 for decoding the encod-
ed DOA parameters 313 into corresponding quantized
DOA parameters 309'. The quantized DOA parameters
may not be available for all frequency sub-bands, de-
pending on the operation of the spatial audio encoder
300 described in the foregoing. The quantized ER pa-
rameters 316 and possible quantized DOA parameters
309’ are provided for an audio synthesizer 370 for deri-
vation of the reconstructed audio signal 235 therein.
[0085] The ratio decoder 362 operates to invert the en-
coding procedure applied in the ratio encoder 312 to de-
rive the quantized ER parameters 316 that match those
derived in the ratio encoder 312. The direction decoder
364 operates to invert the encoding procedure applied
in the direction encoder 314 to derive the quantized DOA
parameters 309’ to match the corresponding values de-
rived in the direction encoder 314. Hence, decoding of
the encoded DOA parameters 313 is carried out in de-
pendence on energy levels of one or more directional
sound components represented in the audio bitstream
225 and hence in the input audio signal 215. According
to various non-limiting examples, the decoding of the en-
coded DOA parameter(s) 313 for a given time-frequency
tile may be carried out in dependence of a DEN param-
eter that indicates the absolute energy level for the di-
rectional sound source corresponding to the given en-
coded DOA parameter in the given time-frequency tile
and/or in dependence of a QEN parameter that indicates
overallsignal energy in the given time-frequency tile. Der-
ivation of the DEN parameters and QEN parameters is
described in the foregoing. The QEN parameters may be
obtained e.g. on basis of the reconstructed downmix sig-
nal 303’ according to procedure described in the forego-
ing in context of the energy estimator 308’. As described
in the foregoing in context of the spatial audio encoder
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300, there may be one or more directional sound com-
ponentsin a given time-frequency tile with respective one
or more DEN parameters and/or ER parameters indicat-
ing their energy levels.

[0086] A first example for deriving the quantized ER
parameters 316 and the quantized DOA parameters 309’
for one or more time-frequency tiles by the ratio decoder
362 and the direction decoder 364 involves inverting the
encoding procedure according to the first example for
encoding the DOA parameters 309 described in the fore-
going. In this regard, the ratio decoder 362 employs the
same ER quantizer used for encoding by the ratio en-
coder 312 to determine the corresponding quantized ER
parameter 316 for each received encoded ER parameter
315, e.g. by using the ER quantization table described
in the foregoing.

[0087] In the first example, it is assumed that the en-
coded DOA parameter(s) 313 for a given time-frequency
tile pertain to a single sound source. However, as de-
scribed in the foregoing, also in this scenario there may
be one or more encoded DOA parameters 313 derived
for the given time-frequency tile, e.g. a DOA parameter
that indicates an azimuth angle derived for the single
direction sound component and/or a DOA parameter that
indicates an elevation angle derived for the single direc-
tional sound component in the given time-frequency tile.
[0088] Still referring to the first example, for each con-
sidered time-frequency tile, one or more criteria that per-
tain to the respective (absolute) energy levels of one or
more sound components of the audio signal represented
by the audio bitstream 225 in the respective time-fre-
quency tile are evaluated in order to determine whether
the audio bitstream 225 includes encoded DOA param-
eters 313 for the corresponding time-frequency tile:

- if, for a given time-frequency tile, the one or more
criteria are met, the audio bitstream 225 includes the
encoded DOA parameter(s) 313 for the given time-
frequency tile and the direction decoder 364 oper-
ates to determine the corresponding quantized DOA
parameter(s) 309’ for the given time-frequency tile
using the predefined DOA quantizer and provides
the quantized DOA parameter(s) 309’ for an audio
synthesizer 370 for creation of the corresponding di-
rectional sound component for the reconstructed au-
dio signal 235;

- if, for the given time-frequency tile, the one or more
criteria are not met, the audio bitstream 225 does
not include the encoded DOA parameter(s) 313 for
the given time-frequency tile and, consequently, the
corresponding directional sound component is omit-
ted (or excluded) from the reconstructed audio sig-
nal.

[0089] In a variation of the first example described
above, the direction decoder 364 may respond to afailure
to meet the one or more criteria by introducing default
DOA parameter(s) for the given time-frequency tile and
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providing the introduced DOA parameter(s) 313 for the
audio synthesizer for creation of the corresponding di-
rectional sound component for the reconstructed audio
signal 235. As described in the foregoing in context of
the spatial audio encoder 300, the default DOA param-
eter(s) may serve to indicate, for example, zero azimuth
and/or zero elevation (i.e. a sound source positioned di-
rectly in front of the assumed listening point).

[0090] According to a second example for deriving the
quantized ER parameters 316 and the quantized DOA
parameters 309’ for one or more time-frequency tiles, the
ratio decoder 362 operates in a manner similar to that
described in context of the first example, whereas the
operation of the direction decoder 364 is different. Also
in the second example it is assumed that the encoded
DOA parameter(s) 313 for a given time-frequency tile
pertain to a single sound source and the direction decod-
er 364 operates to find the quantized DOA parameters
309’ in dependence of (absolute) energy levels of one or
more sound components of the audio signal represented
by the audio bitstream 225 in the respective time-fre-
quency tile.

[0091] As described in the foregoing in context of the
direction encoder 314, in the second example the direc-
tion decoder 364 has a plurality of DOA quantizers at
different bit-rates available for the DOA quantization and
the DOA quantizer applied for decoding a given encoded
DOA parameter 313 is selected in dependence of (ab-
solute) energy indicated for the corresponding directional
sound component. Assuming the example described in
context of the direction encoder 314 involving the first
and second DOA quantizers, the direction decoder 364
evaluates one or more criteria that pertain to the respec-
tive (absolute) energy levels of one or more sound com-
ponents of the audio signal represented by the audio bit-
stream 225 in the respective time-frequency tile ain order
to determine whether the first DOA quantizer or the sec-
ond DOA quantizer is to applied for decoding the respec-
tive encoded DOA parameter 313:

- if, for a given time-frequency tile, the one or more
criteria are met, the direction decoder 364 operates
to determine the corresponding quantized DOA pa-
rameter(s) 309’ for the given time-frequency tile us-
ing the first DOA quantizer and provides the quan-
tized DOA parameter(s) 309’ for an audio synthesiz-
er 370 for creation of the corresponding directional
sound component for the reconstructed audio signal
235;

- if, for a given time-frequency tile, the one or more
criteria are not met, the direction decoder 364 oper-
ates to determine the corresponding quantized DOA
parameter(s) 309’ for the given time-frequency tile
using the second DOA quantizer and provides the
quantized DOA parameter(s) 309’ for an audio syn-
thesizer 370 for creation of the corresponding direc-
tional sound component for the reconstructed audio
signal 235.
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[0092] Inanexample, the one or more criteria that per-
tain to respective absolute energy levels of one or more
sound components of the audio signal represented by
the audio bitstream 225 in a given time-frequency tile
involves consideration of directional energy level of the
single directional sound component of the audio scene
represented by the audio bitstream 225 (and hence by
the multi-channel input audio signal 215). In this regard,
the first and/or second exemplifying criteria described in
the foregoing in context of the direction encoder 314 may
be applied, i.e. the one or more criteria may pertain to
DEN parameters and/or QEN parameters, where the
QEN parameters may be derived for example based on
the reconstructed downmix signal 303’ obtained in the
audio decoder 354.

[0093] A third example for deriving the quantized ER
parameters 316 and the quantized DOA parameters 309’
for one or more time-frequency tiles proceeds from the
assumption that at least for some time-frequency tiles
considered in the spatial analysis in the spatial audio en-
coder 300 the DOA parameters 309 for a given time-
frequency tile pertain to two or more (simultaneous) di-
rectional sound components and, hence, for such time-
frequency tiles there is at least one encoded DOA pa-
rameter 313 available for each of the two more directional
sound components.

[0094] In the third example, along the lines described
in the foregoing in context of the ratio quantizer 312 and
the direction quantizer 314, there may be predefined total
number of bits available for encoding the ER parameters
311 and DOA parameters 309 for a given time-frequency
tile. As described in the foregoing in context of the spatial
audio encoder 300, in a first scenario this total number
of bits may be evenly allocated for the two or more direc-
tional sound components of a time-frequency tile such
that ER parameter 311 and the DOA parameter(s) 309
pertaining to a given directional sound component of a
given time-frequency tile are encoded using at most a
respective predefined number of bits: the encoded ER
parameter 316 for the given directional sound component
is represented in the audio bitstream 225 using a variable
number of bits resulting from operation of the variable
bit-rate ER quantizer, whereas the bits remaining after
the ER parameter encoding are used for encoding the
DOA parameter(s) for the given directional sound com-
ponent by using selected one of a plurality of fixed bit-
rate DOA quantizers. The selected DOA quantizer is the
one that uses the highest number of bits that does not
exceed the predetermined number of bits available for
encoding the ER parameter 311 and the DOA parame-
ter(s) 309 for the given directional sound component.
Thus, the direction decoder 364 may detect the selected
DOA quantizer based on knowledge of the predefined
total number of bits available for encoding the ER and
DOA parameters for the given directional sound compo-
nent and the bits employed for representing the encoded
ER parameter 316 via usage ofthe variable rate ER quan-
tizer.
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[0095] Inasecond scenario of the third example, there
is the predefined first number of bits for encoding the two
or more ER parameters 311 and the two or more DOA
parameters 309 of the given time-frequency tile: each of
the two or more ER parameters 311 of the given time-
frequency tile are encoded using the variable bit-rate ER
quantizer described in the foregoing, whereas the re-
maining bits are available for encoding the two or more
DOA parameters 309 of the given time-frequency tile. As
described in the foregoing in context of the spatial audio
encoder 300, these remaining bits constitute a second
number of bits and they are allocated for encoding the
DOA parameters 309 pertaining to respective two or
more directional sound components of the given time-
frequency tile in dependence of respective energy levels
indicated for the two or more directional sound compo-
nents of the given time-frequency tile.

[0096] As an example in this regard, the direction de-
coder 364 may apply the first predefined bit-allocation
rule to find the respective (maximum) number of bits
available for encoding the respective DOA parameter(s)
309 in accordance with respective energy levels indicat-
ed for each of the two or more directional sound compo-
nents, which enables determining the one of the plurality
of fixed bit-rate DOA quantizer employed for deriving the
encoded DOA parameter(s) 313, i.e. the one of the avail-
able DOA quantizers having the highest bit-rate that does
not exceed the number of bits available for encoding the
respective DOA parameter(s) 309.

[0097] As described in the foregoing in context of the
spatial audio encoder 300, in non-limiting examples the
comparison of energy levels may rely on comparison of
directional energy levels indicated by the DEN respective
parameters derived for the two or more directional sound
components in a given time-frequency tile or the com-
parison may rely on comparison of direct-to-total-energy
ratios indicated by the respective quantized ER param-
eters 316 obtained for the given time-frequency tile. As
non-limiting examples in this regard, determination of the
distribution of bits for the encoded DOA parameters 313
of two or more respective directional sound components
of agiven time-frequency tile in the direction decoder 364
may involve one or more of the following:

- In case the energy level indicated for a first direc-
tional sound component in the given time-frequency
tile exceeds the energy level indicated for a second
directional sound component in the given time-fre-
quency tile by more than the first predefined margin,
the DOA parameter(s) pertaining to the first direc-
tional sound component are assigned a first number
of bits and the DOA parameter(s) pertaining to the
second directional sound component are assigned
a second number of bits, where the first number of
bits is higher than the second number of bits. Con-
sequently, the encoded DOA parameter(s) 313 per-
taining to the first directional sound component are
decoded using a first DOA quantizer that uses at
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most the first number of bits and the encoded DOA
parameter(s) 313 pertaining to the second direction-
al sound component are decoded using a second
DOA quantizer that uses at most the second number
of bits, where the first DOA quantizer (that employs
a higher number of bits) enables representing the
quantized DOA parameter 309’ at a higher precision
than the second DOA quantizer (that employs a low-
er number of bits). The quantized DOA parameters
309’ are provided for the audio synthesizer 370 for
creation of the corresponding directional sound com-
ponent for the reconstructed audio signal 235.

- In case the energy level indicated for a first direc-
tional sound component in the given time-frequency
tile exceeds the energy level indicated for a second
directional sound component in the given time-fre-
quency tile by more than the second predefined mar-
gin, the DOA parameter(s) pertaining to the first di-
rectional sound component are assigned a first
number of bits and, consequently, the corresponding
encoded DOA parameter(s) 313 are decoded using
a DOA quantizer available for the direction decoder
364 whereas the encoded DOA parameter(s) per-
taining to the second directional sound source are
not received in the audio bitstream 225. The quan-
tized DOA parameters 309', ifavailable, are provided
for the audio synthesizer 370 for creation of the cor-
responding directional sound component for the re-
constructed audio signal 235.

[0098] In the latter example above, instead of com-
pletely omitting or excluding the corresponding direction-
al sound component from the reconstructed audio signal,
the direction decoder 364 may respond to a failure to
meet the one or more criteria by introducing the default
DOA parameter(s) for the given directional sound com-
ponent in the given time-frequency tile and providing the
introduced DOA parameter(s) 313 for the audio synthe-
sizer for creation of the corresponding directional sound
component for the reconstructed audio signal 235.
[0099] In a fourth example for deriving the quantized
ER parameters 316 and the quantized DOA parameters
309’ for one or more time-frequency tiles, which is de-
scribed herein as a variation of the second scenario of
the third example, the directional energy-level dependent
bit allocation for quantizing the DOA parameters 309 for
two or more directional sound components of a given
time-frequency tile is provided further in view of the third
threshold: the predetermined fixed number of bits avail-
able for encoding the two or more DOA parameters 309
of the given time-frequency tile is allocated for the two or
more encoded DOA parameters 313 of the given time-
frequencytile in view of their respective relationships with
the third threshold.

[0100] The direction decoder 364 may derive the bit
allocation across the two or more encoded DOA param-
eters 309 of the given time-frequency tile by applying the
second predefined bit allocation rule that defines a re-
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spective (maximum) number of bits available for encod-
ing the respective DOA parameter(s) 309 in accordance
with respective energy levels indicated for each of the
two or more directional sound components in view of their
relationship with the third threshold. The direction decod-
er 364 may use the bit allocation so obtained to select,
for each of the directional sound components of the given
time-frequency tile, a respective one of the plurality of
DOA quantizers (described in the foregoing) in accord-
ance with the number of bits allocated for encoding those
DOA parameter(s) 309 in the given time-frequency tile.
The relationship between an energy level and the third
threshold may be derived, for example, via the compar-
ison value derived by a ratio of the energy level and the
third threshold (e.g. by dividing the energy level by the
third threshold) or by a difference between the energy
level and the third threshold (e.g. by subtracting the third
threshold from the energy level). The respective compar-
ison values for the two or more directional sound com-
ponents may be derived along the lines described in the
foregoing in context of the spatial audio encoder 300.
[0101] As non-limiting examples in this regard, deter-
mination of the distribution of bits for the encoded DOA
parameters 313 of two or more respective directional
sound components of a given time-frequency tile in the
direction decoder 364 may involve one or more of the
following:

- In case the comparison value derived for a first di-
rectional sound component in the given time-fre-
quency tile exceeds the comparison value derived
for a second directional sound componentin the giv-
en time-frequency tile by more than the third prede-
fined margin, the DOA parameters pertaining to the
first directional sound component are assigned a first
number of bits and the DOA parameters pertaining
to the second directional sound component are as-
signed a second number of bits, where the first
number of bits is higher than the second number of
bits. Consequently, the encoded DOA parameter(s)
313 pertaining to the first directional sound compo-
nent are decoded using a first DOA quantizer that
uses at most the first number of bits and the encoded
DOA parameter(s) 313 pertaining to the second di-
rectional sound component are decoded using a sec-
ond DOA quantizer that uses at most the second
number of bits, where the first DOA quantizer (that
employs a higher number of bits) enables encoding
the quantized value of a DOA parameter 309 at a
higher precision than the second DOA quantizer
(thatemploys a lower number of bits). The quantized
DOA parameters 309’ are provided for the audio syn-
thesizer 370 for creation of the corresponding direc-
tional sound component for the reconstructed audio
signal 235.

- In case the comparison value derived for a first di-
rectional sound component in the given time-fre-
quency tile exceeds the comparison value derived
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for a second directional sound component in the giv-
en time-frequency tile by more than the fourth pre-
defined margin, the DOA parameter(s) 309 pertain-
ing to the first directional sound component are as-
signed a first number bits and are, consequently, the
corresponding encoded DOA parameters(s) 313 are
decoded using a DOA quantizer available for the di-
rection decoder 364 whereas encoded DOA param-
eter(s) pertaining to the second directional sound
source are not received in the audio bitstream 225.
The quantized DOA parameters 309, if available,
are provided for the audio synthesizer 370 for crea-
tion of the corresponding directional sound compo-
nent for the reconstructed audio signal 235.

[0102] In the latter example above, instead of com-
pletely omitting or excluding the corresponding direction-
al sound component from the reconstructed audio signal,
the direction decoder 364 may respond to a failure to
meet the one or more criteria by introducing the default
DOA parameter(s) for the given directional sound com-
ponent in the given time-frequency tile and providing the
introduced DOA parameter(s) 313 for the audio synthe-
sizer for creation of the corresponding directional sound
component for the reconstructed audio signal 235.
[0103] The audio synthesizer 370 receives the recon-
structed downmix signal 303’, the quantized ER param-
eters 316 and the quantized DOA parameters 309’ for
one or more frequency sub-bands and derives the recon-
structed audio signal 235 based on this information. Typ-
ically, in order the reconstruct the audio scene represent-
ed by the input audio signal 215, the reconstructed audio
signal 235 is provided as a multi-channel spatial audio
signal that includes two or more channels. The number
of channels in the reconstructed audio signal 235 may
be different from that of the input audio signal 215. The
reconstructed audio signal 235 may be provided, for ex-
ample, as a multi-channel signal according to a prede-
fined loudspeaker configuration (such as two-channel
stereo, 5.1 surround sound, 7.1 surround sound, 22.2
surround sound, etc.) or as a binaural audio signal for
headphone listening.

[0104] The reconstructed downmix signal 303’ may be
provided as a transform-domain (e.g. a frequency-do-
main) signal, depending on the characteristics of the au-
dio coding technique employed by the audio encoder 304
(in the spatial audio encoder 300) and the audio decoder
354 (in the spatial audio decoder 350). If the reconstruct-
ed downmix signal 303’ is not provided as a transform-
domain (e.g. a frequency-domain) signal, the audio syn-
thesizer 370 may apply a suitable transform technique
to convert the reconstructed downmix signal 303’ into a
corresponding transform-domain signal. The transform-
domain reconstructed downmix signal may be divided
into a plurality of frequency sub-bands. The transform
and the frequency sub-band division are preferably the
same applied in the transform entity 306 of the spatial
audio encoder 310 to enable direct application of the
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quantized ER parameters 316 and the quantized DOA
parameters 309’ for deriving a reconstructed transform-
domain audio signal in the respective one or more fre-
quency sub-bands.

[0105] The audio synthesis may be provided using a
suitable spatial audio synthesis technique known in the
art. Non-limiting examples of applicable techniques are
described for example in the following publications:

- Pulkki, Ville, "Spatial sound reproduction with direc-
tional audio coding", Journal of the Audio Engineer-
ing Society 55, no. 6 (2007), pp. 503-516 discloses
a technique for rendering spatial sound for loud-
speaker listening;

- Laitinen, Mikko-Ville; Pulkki, Ville, "Binaural repro-
duction for directional audio coding", Applications of
Signal Processing to Audio and Acoustics, 2009.
WASPAA'09, pp. 337-340. IEEE, 2009 discloses a
technique forrendering spatial sound for headphone
listening;

- Vilkamo, Juha; Pulkki, Ville, "Minimization of decor-
relator artifacts in directional audio coding by covar-
iance domain rendering", Journal of the Audio Engi-
neering Society 61, no. 9 (2013), pp. 637-646 dis-
closes a technique for reproducing spatial sound
based on direction and energy ratio metadata; and

- Politis, Archontis; Vilkamo, Juha; Pulkki, Ville, "Sec-
tor-based parametric sound field reproduction in the
spherical harmonic domain", IEEE Journal of Select-
ed Topics in Signal Processing 9, no. 5 (2015), pp.
852-866 discloses a technique for reproducing spa-
tial sound based on multiple simultaneous directions
and energy ratios.

[0106] Afterthe spatial audio synthesisinthe transform
domain, the audio synthesizer 370 may further apply an
applicable inverse transform to convert the reconstructed
transform-domain audio signal into time domain for pro-
vision as the reconstructed audio signal 235 (e.g.) for the
audio reproduction entity 240.

[0107] Figure 4 depicts a spatial audio decoder 450,
where a difference to the spatial audio decoder 350 is
that the spatial audio decoder 450 is arranged for deri-
vation of the reconstructed audio signal 235 on basis of
the audio bitstream 225 generated by the spatial audio
encoder where metadata derivation is at least partially
integrated to the encoding and/or quantization of the au-
dio signal.

[0108] The spatial audio decoder 450 includes a bit-
stream unpacker 468 for extracting the encoded audio
signal 405 and the spatial metadata from the audio bit-
stream 225 for a given input frame. The spatial metadata
may comprise the encoded ER parameter(s) 315 and/or
the encoded DOA parameter(s) 313 for one or more fre-
quency sub-bands derived in the spatial audio encoder
400 for the given input frame.

[0109] The spatial audio decoder 450 includes an au-
dio dequantizer 454 for processing the encoded audio
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signal 405 into a reconstructed (transform-domain)
downmix signal 403’ and an energy estimator 308b for
estimating the overall signal energy of the reconstructed
transform-domain downmix signal 403’. In this regard,
the energy estimator 308b may derive, for each time-
frequency tile considered in the spatial synthesis, a re-
spective QEN parameter 410 that indicates estimated
overall signal energy in a respective time-frequency tile.
[0110] The spatial audio decoder 450 further includes
the ratio decoder 362 for decoding the encoded ER pa-
rameters 315 into corresponding quantized ER parame-
ters 316 and the direction decoder 364 for decoding the
encoded DOA parameters 313 into corresponding quan-
tized DOA parameters 309’. The operation and charac-
teristics of these entities are described in detail in the
foregoing via a plurality of examples that pertain to their
usage as part of the spatial audio decoder 350.

[0111] The spatial audio decoder 450 further compris-
es an audio synthesizer 370 receives the reconstructed
(transform-domain) downmix signal 403’, the quantized
ER parameters 316 and the quantized DOA parameters
309’ for one or more frequency sub-bands and derives
the reconstructed audio signal 235 based on this infor-
mation. The operation and characteristics of the audio
synthesizer 470 is similar to those of the audio synthe-
sizer 370 described in the foregoing in context of the spa-
tial audio decoder 350.

[0112] Components of the spatial audio encoder 300,
400 may be arranged to operate, for example, in accord-
ance with amethod 500 illustrated by a flowchart depicted
in Figure 7A. The method 500 serves as a method for
encoding a multi-channel input audio signal that repre-
sents an audio scene as an encoded audio signal and
spatial audio parameters, wherein the spatial audio pa-
rameters are descriptive of said audio scene.

[0113] The method 500 comprises encoding a frame
of a downmix signal into a frame of the encoded audio
signal, wherein the downmix signal is generated from the
multi-channel input audio signal 215 into a frame of the
encoded audio signal 305, 405, as indicated in block 502.
The method 500 further comprises deriving, from the
frame of the multi-channel input audio signal 215, a plu-
rality of spatial audio parameters that are descriptive of
the audio scene in the corresponding frame, the spatial
audio parameters comprising a plurality of DOA param-
eters 311, wherein a DOA parameter indicates a spatial
position of a given directional sound component of the
audio scene in a given frequency sub-band, as indicated
in block 504. The method 500 further comprises encoding
the spatial audio parameters, comprising encoding a
DOA parameter 313 for a given directional sound com-
ponent in a given frequency sub-band in dependence of
an energy level of the given directional sound component
in the given frequency sub-band meeting one or more
criteria.

[0114] Components of the spatial audio decoder 350,
450 may be arranged to operate, for example, in accord-
ance with amethod 550 illustrated by a flowchart depicted
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in Figure 7B. The method 550 serves as a method for
reconstructing a spatial audio signal that represents an
audio scene on basis of an encoded audio signal and
encoded spatial audio parameters that are descriptive of
said audio scene.

[0115] The method 550 comprises decoding a frame
of the encoded audio signal 305, 405 into a frame of a
reconstructed downmix signal 303’, 403’, as indicated in
block 552. The method 550 further comprises receiving
a plurality of encoded spatial audio parameters that are
descriptive of the audio scene in a frame of the recon-
structed audio signal 235, the encoded spatial audio pa-
rameters comprising a plurality of DOA parameters 313,
wherein a DOA parameter 313 indicates a spatial position
of a given directional sound component of the audio
scene in a given frequency sub-band, as indicated in
block 554. The method 550 further comprises decoding
the encoded spatial audio parameters, comprising de-
coding a DOA parameter 313 for a given directional
sound component in a given frequency sub-band in de-
pendence of an energy level of the given directional
sound componentin the given frequency sub-band meet-
ing one or more criteria, as indicated in block 556.
[0116] The method 500 may be varied in a number of
ways in view of the examples concerning operation of
the spatial audio encoder 300, 400 described in the fore-
going, whereas the method 550 may be varied in a
number of ways in view of the examples concerning op-
eration of the spatial audio decoder 350, 450 described
in the foregoing.

[0117] Figure 8 illustrates a block diagram of some
components of an exemplifying apparatus 600. The ap-
paratus 600 may comprise further components, ele-
ments or portions that are not depicted in Figure 8. The
apparatus 600 may be employed e.g. in implementing
one or more components described in the foregoing in
context of the spatial audio encoder 300, 400 and/or one
ormore components described in the foregoing in context
of the spatial audio decoder 350, 450.

[0118] The apparatus 600 comprises a processor 616
and amemory 615 for storing data and computer program
code 617. The memory 615 and a portion of the computer
program code 617 stored therein may be further arranged
to, with the processor 616, to implement at least some
of the operations, procedures and/or functions described
in the foregoing in context of the spatial audio encoder
300, 400 and/or in context of the spatial audio decoder
350, 450.

[0119] The apparatus 600 comprises acommunication
portion 612 for communication with other devices. The
communication portion 612 comprises at least one com-
munication apparatus that enables wired or wireless
communication with other apparatuses. A communica-
tion apparatus of the communication portion 612 may
also be referred to as a respective communication
means.

[0120] The apparatus 600 may further comprise user
1/0 (input/output) components 618 that may be arranged,



37 EP 3 762 923 B1 38

possibly together with the processor 616 and a portion
of the computer program code 617, to provide a user
interface for receiving input from a user of the apparatus
600 and/or providing output to the user of the apparatus
600 to control at least some aspects of operation of the
spatial audio encoder 300, 400 and/or spatial audio de-
coder 350, 450 that are implemented by the apparatus
600. The user /O components 618 may comprise hard-
ware components such as a display, a touchscreen, a
touchpad, a mouse, a keyboard, and/or an arrangement
of one or more keys or buttons, etc. The user I/O com-
ponents 618 may be also referred to as peripherals. The
processor 616 may be arranged to control operation of
the apparatus 600 e.g. in accordance with a portion of
the computer program code 617 and possibly further in
accordance with the user input received via the user I/O
components 618 and/or in accordance with information
received via the communication portion 612.

[0121] Although the processor 616 is depicted as a sin-
gle component, it may be implemented as one or more
separate processing components. Similarly, although the
memory 615 is depicted as a single component, it may
be implemented as one or more separate components,
some or all of which may be integrated/removable and/or
may provide permanent / semi-permanent! dynam-
ic/cached storage.

[0122] The computer program code 617 stored in the
memory 615, may comprise computer-executable in-
structions that control one or more aspects of operation
of the apparatus 600 when loaded into the processor
616. As an example, the computer-executable instruc-
tions may be provided as one or more sequences of one
or more instructions. The processor 616 is able to load
and execute the computer program code 617 by reading
the one or more sequences of one or more instructions
included therein from the memory 615. The one or more
sequences of one or more instructions may be configured
to, when executed by the processor 616, cause the ap-
paratus 600 to carry out at least some of the operations,
procedures and/or functions described in the foregoing
in context of the spatial audio encoder 300, 400 and/or
the spatial audio decoder 350, 450.

[0123] Hence, the apparatus 600 may comprise at
least one processor 616 and at least one memory 615
including the computer program code 617 for one or more
programs, the atleast one memory 615 and the computer
program code 617 configured to, with the at least one
processor 616, cause the apparatus 600 to perform at
least some of the operations, procedures and/or func-
tions described in the foregoing in context of the spatial
audio encoder 300, 400 and/or the spatial audio decoder
350, 450.

[0124] The computer programs stored in the memory
615 may be provided e.g. as a respective computer pro-
gram product comprising atleast one computer-readable
non-transitory medium having the computer program
code 617 stored thereon, the computer program code,
when executed by the apparatus 600, causes the appa-
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ratus 600 at least to perform at least some of the opera-
tions, procedures and/or functions described in the fore-
going in context of the spatial audio encoder 300, 400
and/or the spatial audio decoder 350, 450. The computer-
readable non-transitory medium may comprise a mem-
ory device or a record medium such as a CD-ROM, a
DVD, a Blu-ray disc or another article of manufacture that
tangibly embodies the computer program. As another ex-
ample, the computer program may be provided as a sig-
nal configured to reliably transfer the computer program.
[0125] Reference(s) to a processor should not be un-
derstood to encompass only programmable processors,
but also dedicated circuits such as field-programmable
gate arrays (FPGA), application specific circuits (ASIC),
signal processors, etc. Features described in the preced-
ing description may be used in combinations other than
the combinations explicitly described.

[0126] Although functions have been described with
reference to certain features, those functions may be per-
formable by other features whether described or not. Al-
though features have been described with reference to
certain embodiments, those features may also be
present in other embodiments whether described or not.

Claims

1. Anapparatus for encoding a multi-channel input au-
dio signal that represents an audio scene as an en-
coded audio signal and spatial audio parameters,
wherein the spatial audio parameters are descriptive
of said audio scene, the apparatus comprising:

means for encoding a frame of a downmix signal
into a frame of the encoded audio signal, where-
in the downmix signal is generated from the mul-
ti-channel input audio signal;

means for deriving, from the frame of the multi-
channel input audio signal, a plurality of spatial
audio parameters that are descriptive of the au-
dio scene, said spatial audio parameters com-
prising a plurality of direction of arrival (DOA)
parameters, wherein a DOA parameter indi-
cates a spatial position of a given directional
sound component of the audio scene in a given
frequency sub-band; and

means for encoding the spatial audio parame-
ters, comprising means for encoding a DOA pa-
rameter for a given directional sound component
in a given frequency sub-band, wherein the ap-
paratus is characterized in that the means for
encoding a DOA parameter for a given direc-
tional sound component in a given frequency
sub band is in dependence of an absolute en-
ergy level of the given directional sound compo-
nentin the given frequency sub band exceeding
a first threshold and in dependence of a total
energy of said multi-channel input audio signal
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in the given frequency sub band exceeding a
second threshold.

2. An apparatus according to claim 1,

wherein said spatial audio parameters comprise
a plurality of energy ratio (ER) parameters,
wherein an ER parameter indicates a relative
energy level of a given directional sound com-
ponent of the audio scene in a given frequency
sub-band, and

wherein the means for encoding a DOA param-
eter comprises:

means for deriving a plurality of directional
energy (DEN) parameters, wherein a DEN
parameter that indicates said absolute en-
ergy level of a given directional sound com-
ponentin a given frequency sub-band is de-
rived on basis of a total energy of said multi-
channel input audio signal in the given fre-
quency sub-band and the ER parameter ob-
tained for the given directional sound com-
ponent in the given frequency sub-band,
and

means for encoding said DOA parameter in
dependence of said DEN parameter de-
rived for the given directional sound com-
ponent in the given frequency sub-band ex-
ceeding said first threshold.

An apparatus according to claim 2, comprising
means for computing the total energy of said multi-
channel input audio signal for the given frequency
sub-band on basis of a frame of reconstructed audio
signal derived by decoding the frame of the encoded
audio signal.

An apparatus according to claim 2 or 3, wherein

the apparatus comprises means for encoding
said plurality of ER parameters, arranged to de-
rive a respective plurality of quantized ER pa-
rameters; and

the means for deriving the plurality of DEN pa-
rameters is arranged to derive a DEN parameter
that indicates the absolute energy level of the
given directional sound component in the given
frequency sub-band dependent on the quan-
tized ER parameter obtained for the given direc-
tional sound component for the given frequency
sub-band.

An apparatus according to any of claims 2 to 4,
wherein an ER parameter indicates a ratio between
the energy level of a given directional sound com-
ponent in a given frequency sub-band and the total
energy of said multi-channel input audio signalin the
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given frequency sub-band.

An apparatus according to any of claims 1 to 5,
wherein at least one of the first and second thresh-
olds is a respective predefined threshold assigned
for the given frequency sub-band.

An apparatus for reconstructing a spatial audio sig-
nal that represents an audio scene based on an en-
coded audio signal and encoded spatial audio pa-
rameters, wherein the spatial audio parameters are
descriptive of said audio scene, the apparatus com-
prising:

means for decoding a frame of the encoded au-
dio signal into a frame of a reconstructed down-
mix signal;

means for receiving a plurality of encoded spa-
tial audio parameters that are descriptive of said
audio scene in a frame of the spatial audio sig-
nal, said encoded spatial audio parameters
comprising a plurality of direction of arrival,
DOA, parameters, wherein a DOA parameterin-
dicates a spatial position of a given directional
sound component of the audio scene in a given
frequency sub-band; and

means for decoding said encoded spatial audio
parameters, comprising means for decoding a
DOA parameter for a given directional sound
component in a given frequency sub-band,
wherein the apparatus is characterized in that
the means for decoding a DOA parameter for a
given directional sound component in a given
frequency sub band is in dependence of an ab-
solute energy level of the given directional sound
component in the given frequency sub band ex-
ceeding a first threshold and in dependence of
a total energy of said multi-channel input audio
signal in the given frequency sub band exceed-
ing a second threshold.

8. An apparatus according to claim 7,

wherein said spatial audio parameters comprise
a plurality of energy ratio, ER, parameters,
wherein an ER parameter indicates a relative
energy level of a given directional sound com-
ponent of the audio scene in a given frequency
sub-band,

wherein the means for decoding of a DOA pa-
rameter comprises

means for deriving a plurality of directional
energy, DEN, parameters, wherein a DEN
parameter that indicates said absolute en-
ergy level of a given directional sound com-
ponentin a given frequency sub-band is de-
rived on basis of a total energy of the frame
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of the spatial audio signal in the given fre-
quency sub-band and the ER parameter re-
ceived for the given directional sound com-
ponent in the given frequency sub-band,
and

means for decoding said DOA parameter in
dependence of said DEN parameter de-
rived for the given directional sound com-
ponent in the given frequency sub-band ex-
ceeding said first threshold.

An apparatus according to claim 8, further compris-
ing means for computing the total energy of said
frame of the spatial audio signal for the given fre-
quency sub-band on basis of said frame of recon-
structed downmix signal.

An apparatus according to claim 8 or 9, wherein an
ER parameter indicates a ratio between the energy
level of a given directional sound component in a
given frequency sub-band and the total energy in the
given frequency sub-band.

An apparatus according to any of claims 7 to 10,
wherein at least one of the first and second thresh-
olds is a respective predefined threshold assigned
for the given frequency sub-band.

Patentanspriiche

1.

Vorrichtung zum Codieren eines Mehrkanalaudio-
eingangssignals, das eine Audioszene reprasen-
tiert, als ein codiertes Audiosignal und rdumliche Au-
dioparameter, wobei die rdumlichen Audioparame-
ter die Audioszene beschreiben, wobei die Vorrich-
tung Folgendes umfasst:

Mittel zum Codieren eines Frames eines Ab-
wartsmischsignals in einen Frame des codierten
Audiosignals, wobei das Abwartsmischsignal
aus dem Mehrkanalaudioeingangssignal er-
zeugt wird;

Mittel zum Ableiten einer Vielzahl von raumli-
chen Audioparametern, die die Audioszene be-
schreiben, aus dem Frame des Mehrkanalaudi-
oeingangssignals, wobei die raumlichen Audio-
parameter eine Vielzahl von Ankunftsrich-
tungs(DOA)-Parametern umfassen, wobei ein
DOA-Parameter eine raumliche Position einer
gegebenen Richtungsschallkomponente der
Audioszene in einem gegebenen Frequenzun-
terband anzeigt; und

Mittel zum Codieren der raumlichen Audiopara-
meter, die Mittel zum Codieren eines DOA-Pa-
rameters flir eine gegebene Richtungsschall-
komponente in einem gegebenen Frequenzun-
terband umfassen, wobei die Vorrichtung da-
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durch gekennzeichnet ist, dass die Mittel zum
Codieren eines DOA-Parameters fir eine gege-
bene Richtungsschallkomponente in einem ge-
gebenen Frequenzunterband davon abhangig
ist, dass ein absoluter Energiepegel der gege-
benen Richtungsschallkomponente im gegebe-
nen Frequenzunterband einen ersten Schwell-
wert Uberschreitet, und davon, dass eine Ge-
samtenergie des Mehrkanalaudioeingangssig-
nals im gegebenen Frequenzunterband einen
zweiten Schwellwert Uberschreitet.

2. Vorrichtung nach Anspruch 1,

wobei die rdumlichen Audioparameter eine Viel-
zahl von Energieverhaltnis(ER)-Parametern
umfassen, wobei ein ER-Parameter einen rela-
tiven Energiepegel einer gegebenen Richtungs-
schallkomponente der Audioszene in einem ge-
gebenen Frequenzunterband anzeigt, und
wobei die Mittel zum Codieren eines DOA-Pa-
rameters Folgendes umfassen:

Mittel zum Ableiten einer Vielzahl von Rich-
tungsenergie(DEN)-Parametern, wobei ein
DEN-Parameter, der den absoluten Ener-
giepegel einer gegebenen Richtungsschall-
komponente in einem gegebenen Fre-
quenzunterband anzeigt, auf Basis einer
Gesamtenergie des Mehrkanalaudioein-
gangssignals im gegebenen Frequenzun-
terband und vom ER-Parameter, der flir die
gegebene Richtungsschallkomponente im
Frequenzunterband erhalten wird, abgelei-
tet wird, und

Mittel zum Codieren des DOA-Parameters
in Abhangigkeit davon, dass der DEN-Pa-
rameter, der fir die gegebene Richtungs-
schallkomponente im gegebenen Fre-
quenzunterband abgeleitetwird, den ersten
Schwellwert tberschreitet.

3. Vorrichtung nach Anspruch 2, die Folgendes um-

fasst

Mittel zum Berechnen der Gesamtenergie des Mehr-
kanalaudioeingangssignals flir das gegebene Fre-
quenzunterband auf Basis eines Frames eines re-
konstruierten Audiosignals, das durch Decodieren
des Frames des codierten Audiosignals abgeleitet
wird.

4. Vorrichtung nach Anspruch 2 oder 3, wobei

die Vorrichtung Mittel zum Codieren der Vielzahl
von ER-Parametern umfasst, die angeordnet
sind, eine jeweilige Vielzahl von quantisierten
ER-Parametern abzuleiten; und

die Mittel zum Ableiten der Vielzahl von DEN-
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Parametern angeordnet sind, einen DEN-Para-
meter, der den absoluten Energiepegel der ge-
gebenen Richtungsschallkomponente im gege-
benen Frequenzunterband in Abhangigkeit vom
quantisierten ER-Parameter ableitet, der flir die
gegebene Richtungsschallkomponente fiir das
gegebene Frequenzunterband erhalten wird.

Vorrichtung nach einem der Anspriiche 2 bis 4, wo-
bei ein ER-Parameter ein Verhaltnis zwischen dem
Energiepegel einer gegebenen Richtungsschall-
komponente in einem gegebenen Frequenzunter-
band und der Gesamtenergie des Mehrkanalaudio-
eingangssignals im gegebenen Frequenzunterband
anzeigt.

Vorrichtung nach einem der Anspriiche 1 bis 5, wo-
bei mindestens einer des ersten und des zweiten
Schwellwerts ein jeweiliger vordefinierter Schwell-
wertist, der dem gegebenen Frequenzunterband zu-
gewiesen ist.

Vorrichtung zum Rekonstruieren eines raumlichen
Audiosignals, das eine Audioszene reprasentiert,
auf Basis eines codierten Audiosignals und codier-
ten raumlichen Audioparametern, wobei die raumli-
chen Audioparameter die Audioszene beschreiben,
wobei die Vorrichtung Folgendes umfasst:

Mittel zum Decodieren eines Frames des co-
dierten Audiosignals in einen Frame eines re-
konstruierten Abwartsmischsignals;

Mittel zum Empfangen einer Vielzahl von codier-
ten raumlichen Audioparametern, die die Audi-
oszene beschreiben, in einem Frame des raum-
lichen Audiosignals, wobei die codierten raum-
lichen Audioparameter eine Vielzahl von An-
kunftsrichtungs(DOA)-Parametern umfassen,
wobei ein DOA-Parameter eine raumliche Posi-
tion einer gegebenen Richtungsschallkompo-
nente der Audioszene in einem gegebenen Fre-
quenzunterband anzeigt; und

Mittel zum Decodieren der codierten rdumlichen
Audioparameter, die Mittel zum Decodieren ei-
nes DOA-Parameters fir eine gegebene Rich-
tungsschallkomponente in einem gegebenen
Frequenzunterband umfassen, wobei die Vor-
richtung dadurch gekennzeichnet ist, dass
die Mittel zum Decodieren eines DOA-Parame-
ters fir eine gegebene Richtungsschallkompo-
nente in einem gegebenen Frequenzunterband
davon abhéngig ist, dass ein absoluter Ener-
giepegel der gegebenen Richtungsschallkom-
ponente im gegebenen Frequenzunterband ei-
nen ersten Schwellwert Uberschreitet, und da-
von, dass eine Gesamtenergie des Mehrka-
nalaudioeingangssignals im gegebenen Fre-
quenzunterband einen zweiten Schwellwert
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Uberschreitet.
Vorrichtung nach Anspruch 7,

wobei die rdumlichen Audioparameter eine Viel-
zahl von Energieverhaltnis(ER)-Parametern
umfassen, wobei ein ER-Parameter einen rela-
tiven Energiepegel einer gegebenen Richtungs-
schallkomponente der Audioszene in einem ge-
gebenen Frequenzunterband anzeigt,

wobei die Mittel zum Decodieren eines DOA-
Parameters Folgendes umfassen

Mittel zum Ableiten einer Vielzahl von Rich-
tungsenergie(DEN)-Parametern, wobei ein
DEN-Parameter, der den absoluten Energiepe-
gel einer gegebenen Richtungsschallkompo-
nente in einem gegebenen Frequenzunterband
anzeigt, auf Basis einer Gesamtenergie des
Frames des raumlichen Ausdiosignals im gege-
benen Frequenzunterband und vom ER-Para-
meter, der fir die gegebene Richtungsschall-
komponente im Frequenzunterband empfan-
gen wird, abgeleitet wird, und

Mittel zum Decodieren des DOA-Parameters in
Abhangigkeit davon, dass der DEN-Parameter,
der fur die gegebene Richtungsschallkompo-
nente im gegebenen Frequenzunterband abge-
leitet wird, den ersten Schwellwert Uberschrei-
tet.

Vorrichtung nach Anspruch 8, die ferner Folgendes
umfasst

Mittel zum Berechnen der Gesamtenergie des Fra-
mes des raumlichen Audiosignals fir das gegebene
Frequenzunterband auf Basis des Frames des re-
konstruierten Abwartsmischsignals.

Vorrichtung nach Anspruch 8 oder 9, wobei ein ER-
Parameter ein Verhaltnis zwischen dem Energiepe-
gel einer gegebenen Richtungsschallkomponente in
einem gegebenen Frequenzunterband und der Ge-
samtenergie im gegebenen Frequenzunterband an-
zeigt.

Vorrichtung nach einem der Anspriiche 7 bis 10, wo-
bei mindestens einer des ersten und des zweiten
Schwellwerts ein jeweiliger vordefinierter Schwell-
wertist, derdem gegebenen Frequenzunterband zu-
gewiesen ist.

Revendications

Appareil de codage d’un signal audio d’entrée mul-
ticanal qui représente une scéne audio en signal
audio codé et paramétres audio spatiaux, dans le-
quel les parameétres audio spatiaux décrivent ladite
scene audio, I'appareil comprenant :
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un moyen pour coder une trame d’'un signal de
mixage réducteur en une trame du signal audio
codé, dans lequel le signal de mixage réducteur
est généré a partir du signal audio d’entrée
multicanal ;

un moyen pour dériver, a partir de la trame du
signal audio d’entrée multicanal, une pluralité
de parametres audio spatiaux qui décrivent la
scéne audio, lesdits parameétres audio spatiaux
comprenant une pluralité de parametres de di-
rection d’arrivée (DOA), dans lequel un parame-
tre DOA indique une position spatiale d’'une
composante sonore directionnelle donnée de la
scéne audio dans une sous-bande de fréquence
donnée ; et

un moyen pour coder les paramétres audio spa-
tiaux, comprenant un moyen pour coder un pa-
rametre DOA pour une composante sonore di-
rectionnelle donnée dans une sous-bande de
fréquence donnée, dans lequel 'appareil est ca-
ractérisé en ce que le moyen pour coder un
parametre DOA pour une composante sonore
directionnelle donnée dans une sous-bande de
fréquence donnée dépend d’un niveau d’éner-
gie absolu de la composante sonore direction-
nelle donnée dans la sous-bande de fréquence
donnée dépassant un premier seuil, et dépend
d’une énergie totale dudit signal audio d’entrée
multicanal dans la sous-bande de fréquence
donnée dépassant un deuxiéme seuil.

2. Appareil selon la revendication 1,

dans lequel lesdits paramétres audio spatiaux
comprennent une pluralité de paramétres de
rapport énergétique (ER), dans lequel un para-
meétre ER indique un niveau d’énergie relatif
d’une composante sonore directionnelle don-
née du scene audio dans un sous-bande de fré-
quence donnée, et

dans lequel le moyen pour coder un parameétre
DOA comprend :

un moyen pour dériver une pluralité de pa-
rametres d’énergie directionnelle (DEN),
danslequel un parameétre DEN indiquant le-
dit niveau d’énergie absolu d’'une compo-
sante sonore directionnelle donnée dans
une sous-bande de fréquence donnée est
dérivé sur la base d’une énergie totale dudit
signal audio d’entrée multicanal dans la
sous-bande de fréquence donnée et du pa-
rametre ER obtenu pour la composante so-
nore directionnelle donnée dans la sous-
bande de fréquence donnée, et

un moyen pour coder ledit paramétre DOA
en fonction dudit paramétre DEN dérivé
pour la composante sonore directionnelle
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donnée dans la sous-bande de fréquence
donnée dépassant ledit premier seuil.

Appareil selon la revendication 2, comprenant

un moyen pour calculer I'énergie totale dudit signal
audio d’entrée multicanal pour la sous-bande de fré-
quence donnée sur la base d’'une trame du signal
audio reconstruit dérivé en décodant la trame du si-
gnal audio codé.

Appareil selon la revendication 2 ou 3, dans lequel

I'appareil comprend un moyen pour coder ladite
pluralité de parameétres ER, agencé pour dériver
une pluralité respective de parametres ER
quantifiés ; et

le moyen pour dériver la pluralité de parameétres
DEN estagenceé pour dériver un parametre DEN
quiindique le niveau d’énergie absolu de la com-
posante sonore directionnelle donnée dans la
sous-bande de fréquence donnée en fonction
du parametre ER quantifié obtenu pour la com-
posante sonore directionnelle donnée pour la
sous-bande de fréquence donnée.

Appareil selon I'une des revendications 2 a 4, dans
lequel un parameétre ER indique un rapport entre le
niveau d’énergie d’'une composante sonore direc-
tionnelle donnée dans une sous-bande de fréquence
donnée et I'énergie totale dudit signal audio d’entrée
multicanal dans la sous-bande de fréquence don-
née.

Appareil selon I'une des revendications 1 a 5, dans
lequel au moins I'un des premier et deuxieme seuils
est un seuil prédéfini respectif attribué a la sous-
bande de fréquence donnée.

Appareil permettant de reconstruire un signal audio
spatial qui représente une scene audio sur la base
d’un signal audio codé et de paramétres audio spa-
tiaux codés, dans lequel les parameétres audio spa-
tiaux décrivent ladite scene audio, l'appareil
comprenant :

un moyen pour décoder une trame du signal
audio codé en une trame d’un signal de mixage
réducteur reconstruit ;

un moyen pour recevoir une pluralité de para-
meétres audio spatiaux codés quidécriventladite
scéne audio dans une trame du signal audio
spatial, lesdits parameétres audio spatiaux codés
comprenant une pluralité de paramétres de di-
rection d’arrivée, DOA, dans lequel un paramé-
tre DOA indique une position spatiale d’'une
composante sonore directionnelle donnée de la
scene audio dans une sous-bande de fréquence
donnée ; et
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un moyen pour décoder lesdits parametres
audio spatiaux codés, comprenant un moyen
pour décoder un parametre DOA pour une com-
posante sonore directionnelle donnée dans une
sous-bande de fréquence donnée, dans lequel
'appareil est caractérisé en ce que le moyen
pour décoder un parametre DOA pour une com-
posante sonore directionnelle donnée dans une
sous-bande de fréquence donnée dépend d'un
niveau d’énergie absolu de la composante so-
nore directionnelle donnée dans la sous-bande
de fréquence donnée dépassant un premier
seuil, etdépend d’'une énergie totale dudit signal
audio d’entrée multicanal dans la sous-bande
de fréquence donnée dépassant un deuxiéme
seuil.

Appareil selon la revendication 7,

dans lequel lesdits paramétres audio spatiaux
comprennent une pluralité de paramétres de
rapport énergétique, ER, dans lequel un para-
meétre ER indique un niveau d’énergie relatif
d’une composante sonore directionnelle don-
née du scene audio dans un sous-bande de fré-
quence donnée,

dans lequel le moyen pour décoder un parame-
tre DOA comprend un moyen pour dériver une
pluralité de parameétres d’énergie directionnelle,
DEN, dans lequel un paramétre DEN indiquant
ledit niveau d’énergie absolu d’'une composante
sonore directionnelle donnée dans une sous-
bande de fréquence donnée est dérivé sur la
base d’'une énergie totale de la trame du signal
audio spatial dans la sous-bande de fréquence
donnée et du parametre ER regu pour la com-
posante sonore directionnelle donnée dans la
sous-bande de fréquence donnée, et

un moyen pour décoder ledit paramétre DOA en
fonction dudit paramétre DEN dérivé pour la
composante sonore directionnelle donnée dans
la sous-bande de fréquence donnée dépassant
ledit premier seuil.

Appareil selon la revendication 8, comprenant en
outre un moyen pour calculer I'énergie totale de la-
dite trame du signal audio spatial pourla sous-bande
de fréquence donnée sur la base de ladite trame du
signal de mixage réducteur reconstruit.

Appareil selon la revendication 8 ou 9, dans lequel
un parameétre ER indique un rapport entre le niveau
d’énergie d’'une composante sonore directionnelle
donnée dans une sous-bande de fréquence donnée
et I'énergie totale dans la sous-bande de fréquence
donnée.

Appareil selon 'une des revendications 7 a 10, dans
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lequel au moins I'un des premier et deuxieme seuils
est un seuil prédéfini respectif attribué a la sous-
bande de fréquence donnée.
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