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Apparatus and Method for Providing
Enhanced Guided Downmix Capabilities for 3D Audio

Description

The present invention relates to audic signal processing, and, in particular, to an
apparatus and a method for realizing an enhanced downmix, in particuiar, for realizing
enhanced guided downmix capabilities for 3D audio.

An increasing number of loudspeakers is used for a spatial reproduction of sound. While
legacy surround sound reproduction (e.g. 5.1) was limited to a single plane, new channel
formats with elevated speakers have been introduced in the context of 3D audio
reproduction.

The signals to be reproduced over the loudspeakers used to be directly related fo the
particular speakers and were stored and transmitted discretely or parametrically. It can be
said that for this kind of formats, that they are related to a clearly defined number and
position of loudspeakers of the sound reproduction system. Accordingly, it is required to
consider a particular reproduction format before transmission or storage of an audio
signal.

Nevertheless, there are already some exceptions from this principle. For example, multi-
channel audio signals (e.g. five surround audio channels or e.g., 5.1 surround audio
channeis) have o be down-mixed for reproduction over two-channel stereo loudspeaker
setups. Rules exist how to reproduce five surround channels on two loudspeakers of a
stereo sysiem.

Moreover, when stereo channe!s- were infroduced, a rule existed how to reproduce the
audio content of the two stereo channels by a single mono loudspeaker.

Since the number of formats and thus the possibilities how loudspeakers are positioned
have increased, it will be nearly impossible to consider the loudspeaker setup of the
reproduction system before transmission or storage. Accordingly, it will be required fo
adapt the incoming audio signals to the actual loudspeaker setup.

Different methods can be used for downmixing from surround sound to two-channel
stereo. The still widely used fime-domain downmix with static downmix coefficients is
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often referred to as {TU downmix [5]. Other time-domain downmixing approaches ~ partly
with dynamic adjustment of the downmix coefficients — are employed in the encoders of
matrix surround techniques 6], [7].

in {3), it is disclosed that direct sound sources mixed to the rear channels folded-down into
the two-channel sterec panorama might not be distinguishable due to masking or
otherwise mask other sound sources.

In the course of the development of spatial audic coding (SAC) technologies, frequency-
selective downmix algorithms were introduced as part of the encoder [8], [8]. Particularly,
sound colorizations can be reduced and the level balancing and stability of sound source
localization is maintained by applying energy equalization to the resulting audio channels.
Energy equalization is also performed in other downmixing systems [9], [10], [12].

For the case that the rear channels only contain ambient sound like reverberance, the
reduction of ambience (reverberance, spaciousness) is solved in the ITU downmix [5] by
attenuating the rear channels of the multi-channel signal. If rear channels also contain
direct sound, this attenuation is not appropriate since direct parts of the rear channel
would be atienuated as well in the downmix. Therefore, a more sophisticated ambience
attenuation algorithm is appreciated.

Audio codecs like AC-3 and HE-AAC provide means fo fransmit so-calied metadata
alongside the audio stream, including downmixing coefficients for the downmix from five to
two audio channels (stereo). The amount of selected audio channels (center, rear
channeis} in the resulting sterec signal is controlied by transmitted gain values. Although
these coeffients can be time-variant they remain usually constant for the duration of one
item of a program.

The solution used in the "Logic7" matrix system introduced a signal adaptive approach
which attenuates the rear channels only if they are considered {o be fully ambient. This is
achieved by comparing the power of the front channels fo the power of the rear channels.
The assumption of this approach is that if the rear channels solely contain ambience, they
have significantly less power than the front channels. The more power the front channels
have compared o the rear channels, the more the rear channels are attenuated in the
downmixing process. This assumption may be frue for some surround productions
especially with classical content but this assumption is not true for various other signals.
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It would therefore be highly appreciated, if improved concepts for audio signal processing
would be provided.

The object of the present invention is to provide improved concepts for audio signal
processing. The object of the present invention is solved by an apparatus according to
claim 1, by a system according to claim 13, by & method according to claim 14 and by a
computer program according to claim 15.

An apparatus for generating two or more audio output channels from three or more audio
input channels is provided. The apparatus comprises a receiving interface for receiving
the three or more audio input channels and for receiving side information. Moreover, the
apparatus comprises a downmixer for downmixing the three or more audio input channels
depending on the side information to obtain the two or more audio output channels. The
number of the audio output channels is smaller than the number of the audio input
channels. The side information indicates a characteristic of at least one of the three or
more audio input channels, or a characteristic of one or more sound waves recorded
within the one or more audio input channels, or a characteristic of one or more sound
sources which emitted one or more sound waves recorded within the one or more audio
input channels.

Embodiments are based on the concept to transmit side-information alongside the sudio
signals to guide the process of format conversion from the format of the incoming audio
signal to the format of the reproduction system.

According to an embodiment, the downmixer may be configured to generate each audio
output channe! of the two or more audio output channels by modifying at least two audio
input channels of the three or more audio input channels depending on the side
information to obfain a group of modified audic channels, and by combining each modified
audio channel of said group of modified audio channels to obtain said audio output
channel,

in an embodiment, the downmixer may, for example, be configured to generate sach
audio output channel of the two or more audio oufput channels by modifying each audio
input channel of the three or more audio input channels depending on the side information
to obtain the group of modified audio channels, and by combining each modified audio
channel of said group of modified audio channels to obtain said audio output channel.
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According to an embodiment, the downmixer may, for example, be configured to generate
each audio output channel of the two or more audio output channels by generating each
modified audio channel of the group of modified audio channels by determining a weight
depending on an audio input channel of the one or more audio input channels and
depending on the side information and by applying said weight on said audio input
channel.

in an embodiment, the side information may indicate an amount of ambience of sach of
the three or more audio input channels. The downmixer may be configured to downmix
the three or more audio input channels depending on the amount of ambience of each of
the three or more audio input channels to obtain the two or more audio output channels.

According to another embodiment, the side information may indicate a diffuseness of each
of the three or more audio input channels or a directivity of each of the three or more
audio input channeis. The downmixer may be configured to downmix the three or more
audio input channels depending on the diffuseness of each of the three or more audio
input channels or depending on the directivity of each of the three or more audio input
channels to obtain the two or more audio output channels,

In a further embodiment, the side information may indicate a direction of arrival of the
sound. The downmixer may be configured o downmix the three or more audio input
channels depending on the direction of arrival of the sound to obtain the fwo or more
audio output channels.

In an embodiment, each of the two or more audio output channels may be & loudspeaker
channel for steering a loudspeaker.

According to an embodiment, the apparatus may be configured to feed each of the two or
more audio output channels info a loudspeaker of a group of two or more loudspeakers.
The downmixer may be configured fo downmix the three or more audio input channels
depending on each assumed loudspeaker position of a first group of three or more
assumed loudspeaker positions and depending on' each actual loudspeaker position of a
second group of fwo or more actual loudspeaker positions to obtain the two or more audio
output channels. Each actual loudspeaker position of the second group of ftwo or more
actual loudspeaker positions may indicate a position of a loudspeaker of the group of two
or more loudspeakers.
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In an embodiment, each audio input channel of the three or more audio input channels
may be assigned to an assumed loudspeaker position of the first group of three or more
assumed loudspeaker positions. Each audio output channel of the two or more audio
output channels may be assigned to an actual loudspeaker position of the second group
of two or more actual loudspeaker positions. The downmixer may be configured to
generate each audio output channel of the two or more audio output channels depending
on at least two of the three or more audio input channels, depending on the assumed
foudspeaker position of each of said at least two of the three or more audio input channels
and depending on the actual loudspeaker position of said audio output channel.

According to an embodiment, each of the three or more audio input channels comprises
an audio signal of an audio object of three or more audio objects. The side information
comprises, for each audio object of the three or more audio objects, an audic object
position indicating a position of said audio object. The downmixer is configured fo
downmix the three or more audio input channeis depending on the audio object position of
each of the three or more audio objects to obtain the two or more audio ouiput channels.

In an embodiment, the downmixer is configured to downmix four or more audio input
channels depending on the side information fo obtain three or more audio output
channels.

Moreover, a system is provided. The system comprises an encoder for encoding three or
more unprocessed audio channels to obtain three or more encoded audio channels, and
for encoding additional information on the three or more unprocessed audio channels to
obtain side information. Furthermore, the system comprises an apparatus according to
one of the above-described embodiments for receiving the three or more encoded audio
channels as three or more audio input channels, for receiving the side information, and for
generaling, depending on the side information, two or more audio output channels from
the three or more audio input channels.

Moreover, a method for generating two or more audio output channels from three or more
audio input channels is provided. The method comprises:

- Receiving the three or more audio input channels and receiving side information.
And:

- Downmixing the three or more audio input channels depending on the side
information to obtain the two or more audio output channels.
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The number of the audio output channels is smaller than the number of the audio input

channels. The audio input channels comprise a recording of sound emitted by a sound
source, and wherein the side information indicates a characteristic of the sound or a
characteristic of the sound source,

Moreover, a computer program for implementing the above-described method when being
executed on a computer or signal processor is provided.

in the following, embodiments of the present invention are described in more detall with
reference to the figures, in which:

Fig. 1

Fig. 2

Fig. 3

Fig. 5

Fig. 6

Fig. 8

Fig. 9

is an apparatus for downmixing three or more audio input channels to
obtain two or more audio output channels according to an embodiment,

ilustrates a downmixer according to an embodiment,

ilustrates a scenario according io an embodimeni, wherein each of the
audio ouiput channels is generated depending on each of the audio input
channels,

llustrates another scenario according to an embodiment, wherein each of
the audio output channels is generated depending on exactly two of the

audio input channels,

iflustrates a mapping of transmitied spatial representation signals on actual
loudspeaker positions,

Hlustrates a mapping of elevated spatial signals to other elevation levels,

illustrates such a rendering of a source signal for different loudspeaker
positions,

ilustrates a system according to an embaodiment, and

is another illustration of a system according to an embodiment.
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Fig. 1 illustrates an apparatus 100 for generating two or more audio output channels from
three or more audio input channels according to an embodiment.

The apparatus 100 comprises a receiving interface 110 for receiving the three or more
audio input channels and for receiving side information.

Moreover, the apparatus 100 comprises a downmixer 120 for downmixing the three or
more audio input channels depending on the side information to obtain the two or more
audio output channels,

The number of the audio output channels is smaller than the number of the audio input
channels. The side information indicates a characteristic of at least one of the three or
more audio input channels, or a characteristic of one or more sound waves recorded
within the one or more audio input channels, or a characteristic of one or more sound
sources which emitted one or more sound waves recorded within the one or more audio
input channels.

Fig. 2 depicts a downmixer 120 according to an embodiment in a further illustration. The
guidance information illustrated in Fig. 2 is side information.

Fig. 7 illustrates a rendering of a source signal for different loudspeaaker positions. The
rendering transfer functions may be dependent on angies (azimuth and elevation), e.g.,
indicating a direction of arrival of a sound wave, may be dependent on a distance, e.g., a
distance from a sound source fo a recording microphone, and/or may be dependent on a
diffuseness, wherein these parameters may, e.g., be frequency-dependent.

In contrast to blind downmix approaches, e.g., unguided downmixing approaches,
according to embodiments, control data or descriptive information will be transmitted
alongside the audio signal fo take influence on the downmixing process at the receiver
side of the signal chain. This side information may be calculated at the sender/fencoder
side of the signal chain or may be provided from user input. The side information can for
example be transmitted in & bitstream, e.g., multiplexed with an encoded audio signal.

According to a particular embodiment, the downmixer 120 may, for example, be
configured to downmix four or more audio input channels depending on the side
information fo obtain three or more audic output channels.
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in an embodiment, each of the two or more audio output channels may, e.g., be a
loudspeaker channel for steering a loudspeaker,

For example, in a particular further embodiment, the downmixer 120 may be configured to
downmix seven audio input channels to obtain three or more audio output channels. In
another particular embodiment, the downmixer 120 may be configured to downmix nine
audio input channels to obtain three or more audio output channels. In a particular further
embodiment, the downmixer 120 may be configured to downmix 24 channels to obtain
three or more audio outpuf channels.

in another particular embodiment, the downmixer 120 may be configured to downmix
seven or more audic input channels to obtain exactly five audio output channels, e.g. to
obtain five audic channels of a five channel surround system. In a further particular
embodiment, the downmixer 120 may be configured to downmix seven or more audio
input channels to obtain exactly six audio oufput channels, e.g., six audio channels of a
5.1 surround system.

According fo an embodiment, the downmixer may be configured to generate each audio
output channe! of the two or more audio output channels by modifying at least two audic
input channels of the three or more audio input channels depending on the side
information to obtain a group of modified audio channels, and by combining each modified
audio channel of said group of modified audic channels to obtain said audio output
channel.

In an embodiment, the downmixer may, for example, be configured to generate each
audio output channel of the two or more audio output channels by modifying each audio
input channel of the three or more audio input channels depending on the side information
{o obtain the group of modified audio channels, and by combining each modified audio
channel of said group of modified audio channels to obtain said audio output channel,

According to an embodiment, the downmixer 120 may, for example, be configured fo
generate each audio output channel of the two or more audic output channels by
generating each modified audio channel of the group of modified audio channels by
determining @ weight depending on an audio input channel of the one or more audio input
channels and depending on the side information and by applying said weight on said
audio input channel.
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Fig. 3 illustrates such an embodiment. Each audio output channel (AOC;, ADC,, AOC;)
depending on each of the audio input channels (AICy, AIC,, AlC;, AIC,).

For example, the first audio output channel AOC, is considered.

The downmixer 120 is configured to determine a weight g1.1, G1.2, 913, g14 for each audio
input channel AlC,, AlC,, AIC;, AlC, depending on the audio input channel and depending
on the side information. Moreover, the downmixer 120 is configured to apply each weight
O1.4 O1.2 913, Gha 0N its audio input channel AIC,, AlC,, AIC;, AIC,.

For example, the downmixer may be configured {o apply a weight on its audio input
channel by multiplying each time domain sample of the audio input channel by the weight
(e.g., when the audio input channel js represented in a time domain). Or, for example, the
downmixer may be configured to apply a weight on its audio input channel by multiplying
each spectral value of the audio input channel by the weight (e.g., when the audio input
channel is represented in a spectral domain, frequency domain or time-frequency
domain). The obtained modified audio channels (MAC:;, MAC:, MAC: s MAGC:,)
resulfing from applying weights g1, g12. 913, G14 are then combined, for example, added,
fo obtain one of the audio output channels AOCC,,

The second audio output channel AOC, determined analogously by determining weights
O24. G220 G23, 2.4, DY applying each of the weights on its audio input channel AIC,, AIC,,
AlCs, AIC, and by combining the resulting modified audio channels MAC, ., MAC,,,
MAC, 3, MAC; 4.

Likewise, the third audio oufput channel AOC, determined analogously by determining
weights g1, a2, Ga3, O34, Dy applying each of the weights on its audio input channel AIC,,
AlC,, AlC;, AIC, and by combining the resulting modified audio channels MAC; 5, MAC;,,
MAC; 3, MAC, 4.

Fig. 4 illustrates an embodiment, wherein each of the audio oufput channels is not
generated by modifying each audio input channel of the three or more audio input
channels, but wherein each of the audio output channels is generated by modifying only
two of the audio input channels and by combining these two audio input channels.

For example, in Fig. 4, four channels are received as audio input channels (LS = lsit
surround input channel; Ly = left input channel; Ry = right input channel; RS = right
surround input channel) and three audio output channels shall be generated (L, = left



10

15

20

25

30

35

WO 2014/041667 PCT/EP2013/068903
16

output channetl; R, = right output channel; C, = center output channet) by downmixing the
audio input channels.

In Fig. 4, the left output channel L, is generated depending on the left surround input
channel LS and depending on the left input channel L. For this purpose, the downmixer
120 generates a weight g4 1 for the left surround input channel LS, depending on the side
information and generates a weight g, » for the left input channel L, depending on the side
information and applies each of the weights on its audio input channel fo obtain the left
output channel L,.

Moreover, the center output channel C; is generated depending on the left input channel
L+ and depending on the right input channel R,. For this purpose, the downmixer 120
generates a weight gz, for the left input channel L; depending on the side information and
generates a weight go 5 for the right input channel R, depending on the side information
and applies each of the weights on its audio input channel to obtain the center output
channel C,.

Furthermore, the right output channel R; is generated depending on the right input
channel R, and depending on the right surround input channel RS,. For this purpose, the
downmixer 120 generates a weight gs3 for the right input channel R; depending on the
side information and generates a weight g4 for the right surround input channel RS,
depending on the side information and applies each of the weights on its audio input
channel to obtain the left output channel R,.

Embodiments of the present invention are motivated by the following findings:
The state of the art provides downmixing coefficients as metadata in the bitstream.

One approach would be fo extend the state of the art by frequency-selective downmixing
coeffients, additional channels (e.g., audio channels, of the original channel configuration,
e.g. height information) and/or additional formats to be used in the target channhel
configuration. in other words, the downmix matrix for 3D audio formats should be
extended by the additional channels of the input format, in particular by height channels of
the 3D audio formats. Regarding the additional formats, a multitude of output formats
should be supported by 3D audio. While with a 5.0 or a 5.1 signal, a downmix can be
effected only on stereo or possibly mono, with channel configurations comprising a larger
number of channels one must take info account that several output formats are relevant.
With 22.2 channels, these might be mono, stereo, 5.1 or different 7.1 variants, etc.
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However, the expected bitrates for the transmission of these exiended coefficients wouid
increase significantly. For particular formats, it may be reasonable to define additional |
downmixing coefficients and to combine them with the existing downmixing metadata (see
7.1 proposal to MPEG, output document N12980).

in the context of 3D audio, the expecied combinations of channel configurations on the
sender and receiver side are numerous and the amount of data will go beyond the
acceptable bitrates. Nevertheless, redundance reduction (e.g. huffman coding) might
reduce the amount of data to an acceptable proportion.

Moreover, the downmixing coefficients as described above may be characterized
parametrically.

However, still, the expected bitrates would nevertheless be significantly increased by such
an approach.

From the above, it follows, that generally it is not practicable to extend established
approaches, one reason being that as a consequence, the data rates would become
disproportionately high.

A generic downmix specification in the time domain may be formulated as follows:

Yolt) = Com * Xm(t),

wherein y(t) is the output signal of a downmix, x(f) is the input signal, n is the index of the
input audio channel, m is the index of the output channel. The downmix coefficient of the
m™ input channel on the n™ output channel corresponds to ¢y, A known example is the
downmix of a 5-channel! signal and a 2-channel stereo signal with:

L) = L) +cq - CE) + ¢y - LS ()
R'(t) = R(t) +cp - C(t) + cp - RSEE)

The downmix coefficients are static and are applied to each sample of the audio signal.
They may be added as meta data o the audio bitstream. The {erm “frequency-selective
downmix coefficients” is used.in reference to the possibility of utilizing separate downmix
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coefficients for specific frequency bands. In combination with time-varying coefficients, the
decoder-side downmix may be confrolled from the encoder. The downmix specification for
an audio frame then becomes:

Yalk, 8} = Com(K) ‘Xm(K, 8),

wherein K is the frequency band (e.g. hybrid QMF band), s is the subsamples of a hybrid
QMF band.

As is described above, transmission of these coefficients would result in high bit rates.

Embodiments of the present invention provide employ descriptive side information. The
downmixer 120 is configured to downmix the three or more audio input channels
depending on such (descriptive) side information to obtain the two or more audio output
channels.

Descriptive information on audio channels, combination of audio channels or audio
objects may improve the downmixing process since characteristics of the audio signals
can be considered.

in general such side information indicates a characteristic of at least one of the three or
more audic input channels, or a characteristic of one or more sound waves recorded
within the one or more audio input channels, or a characteristic of one or more sound
sources which emitted one or more sound waves recorded within the one or more audic
input channels.

Examples for side information may be one or more of the following parameters:

- Dry/wet ratio

- Amount of ambience

~ Diffuseness

” Directivity

- Sound source width

- Sound source distance
- Direction of arrival
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Definitions of these parameters are well-known for a person skilled in the art. Definitions
for these parameters can be found in the accompanying literature (see [1] — [24]). For
example, a definition for the amount of ambience is provided in [15], [16], [17], [18), [19]
and [14]. The definition for the dry/wet ratic can be immediately derived from the definition
for direct/ambience, as it is weil-known by the person skilled in the art. The terms
directivity and diffuseness are explained in [21] and are also well-known by the person
skilled in the art.

The suggested parameters are provided as side information to guide the rendering
process generaling an N-channe! output sighal from an M-channel input signal where ~ in
the case of downmixing — N is smaller than M.

The parameters which are provided as side information are not necessarily constant.
instead, the parameters may vary over time (the parameters may be time-variant).

in general, the side information may comprise parameters which are available in &
frequency selective manner.

Application of the fransmitted side information is performed in decoder-side post
processing/rendering. Evaluation of the parameters and their weighting is dependent on
the target channel configuration and further rendition-side characteristics,

The parameters mentioned may relate to channels, groups of channels, or objects,

The parameters may be used in a downmix process so as o determine the weighting of a
channel or object during downmixing by the downmixer 120.

As an example: If a height channel contains exclusively reverberation and/or reflections, it
might have a negative effect on the sound quality during downmixing. in this case, its
share in the audio channel resulting from the downmix should therefore be small. When
controlling the downmixing, a high value of the “amount of ambience” parameter would
therefore result in low downmix coefficients for this channel. By contrast, if it contains
direct signals, it should be reflected to a larger extent in the audio channel resulting from
the downmix and therefore result in higher downmix coefficients (in a higher weight).

For example, height channels of a 3D audio production may contain direct signal
components as well as reflections and reverb for the purpose of envelopment. If these
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height channels are mixed with the channels of the horizontal piane, the latter may result
will be undesired in the resulting mix while the foreground audio content of the direct
components should be downmixed by their full amount.

The information may be used to adjust the downmixing coefficients (where appropriate in
a frequency-selective manner). This remark applies fo all the above parameters
mentioned. Frequency selectivity may enable finer control of the downmixing.

For example, the weight which is applied on an audio input channel to obtain a modified
audio channel may be determined accordingly depending on the respective side
information,

For example, if foreground channels (e.é. a left, center or right channel of a surround
system) shall be generated as audio output channels, and not background channels (such
as a left surround channel or a right surround channel of a surround system), then:

- If the side information indicates that the amount of ambience of an audic input
channel is high, then a small weight for this audio input channel may be
determined for generating the foreground audio output channel. By this, the
modified audio channel resulting from this audio input channel is only slightly taken
into account for generating the respective audio output channel,

- If the side information indicates that the amount of ambience of an audio input
channe! is low, then a greater weight for this audio input channel may be
determined for generating the foreground audio oufput channel. By this, the
modified audio channel resuilting from this audio input channel is largely taken into
account for generating the respective audio output channel.

in an embodiment, the side information may indicate an amount of ambience of each of
the three or more audio input channels. The downmixer may be configured to downmix
the three or more audio input channels depending on the amount of ambience of each of
the three or more audio input channels to obtain the two or more audio output channels.

For example, the side information may comprise a parameter specifying an amount of
ambience for each audio input channel of the three or more audio input channels. E.g.,
each audio input channel may comprise ambient signal portions and/or direct signal
portions. For exampie, the amount of ambience of an audio input channel may be
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specified as a real number a, wherein i indicates one of the three or more audio input
channels, and wherein & might, for example, be in the range 0 £ & = 1. 8 = 0 may indicate
that the respective audio input channel comprises no ambient signal portions. & = 1 may
indicate that the respective audio input channel comprises. only ambient signal portions. In
general, an amount of ambience of an audio input channel may, e.g., indicate an amount
of ambient signal portions within the audio input channel.

For example, refurning to Fig. 3, in an embodiment, it might be decided that ambient
signal portions are always undesired. A corresponding downmixer 120 may determine the
weights of Fig. 3, for example, according to the formula:

g ={1—a)/4 wherein ce {1,2,3}; 1e {1,2,3,4}, 0Osgsi

in such an embodiment, all weights are determined equal for each of the three or more
audio output channels.

However, for other embodiments, it may be decided, that for some audio output channels,
ambience is more acceptable than for other audio output channels. For example, it may
be decided, that in an embodiment according to Fig. 3, ambience is more acceptable for
the first audio output channel AOC, and for the third audio output channel AOC; than for
the second audio output channel AOC, Then, a corresponding downmixer 120 may
determine the weights of Fig. 3, for example, according fo the formula:

gu={1—-(a/2))/4 wherein ie {1,2,3,4}, 0<3a51
Go; = (1 —a)/4 wherein ie {1,2,3,4}; 0<as1
gaa=(1-(a/2))/4 wherein ie {1,2,3,4};, Osas1

in such an embodiment, weighis of one of the three or more audio output channels are
determined differently from weights of another one of the three or more audic output
channels.

The weights of Fig. 4 may be determined similarly as for the two examples described with
respect to Fig. 3, for example , analogously fo the first example, as:

g1 ={1-a)/2 gr2=(1-a)/2 Gez=(1-a)/2;
g2a = (1-a)/ 2 gaz={1~a)/2 Gse={1—a)/2;
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The weights ge, of Fig. 3 and Fig. 4 may also be determined in any other desired, suitable
way.

According to another embodiment, the side information may indicate a diffuseness of each
of the three or more audio input channels or a directivity of each of the three or more
audio input channels. The downmixer may be configured to downmix the three or more
audio input channels depending on the diffuseness of each of the three or more audio
input channeis or depending on the direclivity of each of the three or more audio input
channels o obtain the two or more audio output channels.

In such an embodiment, the side information may, for example, comprise a paramster
specifying the diffuseness for each audio input channel of the three or more audio input
channels. E.g., each audio input channel may comprise diffuse signal portions andfor
direct signal portions. For example, the diffuseness of an audio input channel may be
specified as a real number d, wherein i indicates one of the three or more audio input
channels, and wherein d; might, for example, be in the range 0 5 d; < 1. d; = 0 may indicate
that the respective audio input channel comprises no diffuse signal portions. d; = 1 may
indicate that the respective audio input channel comprises only diffuse signal portions. in
general, a diffuseness of an audio input channel may, e.q., indicate an amount of diffuse
signal portions within the audio input channel.

The weights g.; may be determined in the example of Fig. 3, for example, as
Ge,={1~d)/4 wherein ce {1,2,3}; ie {1,2,3,4}; 0sds1

or, for example, as

g ={1-(d/2))/4 wherein ie {1,2,3,4};, 0<d =<1
gy = (1~-d)/4 wherein ie {1,2,3,4}; 0sds1
gay=(1=(dh/2) )/ 4 wherein ie {1,2,3,4};, 0sds1

or in any other suitable, desired way.

Or, the side information may, for example, comprise a parameter specifying the directivity
for each audio input channel of the three or more audio input channels. For example, the
directivity of an audio input channel may be specified as a real number d;, wherein i
indicates one of the three or more audio input channels, and wherein d; might, for
example, be in the range 0 = dir, £ 1. dir, = 0 may indicate that the signal portions of the
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respective audio input channel have a low directivity. din, = 1 may indicate that the signal
portions of the respective audio input channel have a high directivity.

The weights go; may be determined in the example &f Fig. 3, for example, as
Gey = dir / 4 wherein ce {1,2,3} e {1,2,3,4} O0Osdinst

or, for example, as

g+, = 0,125 + din/ 8 wherein ie {1,2,3,4}; Osdinst
Ga, = dir [ 4 wherein ie {1,2,3,4}, Osdins1
ga; = 0,125 + din/ 8 wherein ie {1,2,3,4}; Osdins1

or in any other suitable, desired way.

in a further embodiment, the side information may indicate a direction of arrival of the
sound. The downmixer may be configured to downmix the three or more audio input
channels depending on the direction of arrival of the sound to obtain the two or more
audio output channels.

For exampie, a direction of arrival, e.g., a direction of arrival of & sound wave. For
example, the direction of arrival of a sound wave recorded by an audio input channel may
be specified as may be specified as an angle ¢, wherein | indicates one of the three or
more audio input channels, wherein ¢, might, e.g., be in the range 0° < ¢, < 360°. For
example, sound portions of sound waves having a direction of arrival close to 20° shall
have a high weight and sound waves having a direction of arrival close to 270° shall have
a low weight or shall have no weight in the audio output signal at all. The weights g.; may
be determined in the example of Fig. 3, for example, as

G, = (1 +sing) /8 wherein ce {1,2,3} ie {1,2,3,4};, 0°<¢;<360°

When a direction of arrival of 270° is more acceptable for audic output channels AOC,
and ADC, than for audio output channel AGC,, then, the weights g.; may, for example, be
determined as

g ={1.5+(sing;)/2)/8 wherein ie {1,2,3,4}; 0°<¢ <380°
Gz ={1+sin)/8 wherein ie {1,2,8,4} 0°<¢ <360°
Ga =(1.5+(sing)}/2)/8 wherein ie {1,2,3,4};, 0°s¢ <360°
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or in any other suitable, desired way.

To realize the reproduction of audio signé’ié for different loudspeaker setlings by
employing descriptive side information, for example, one or more of the following
parameters may be employed:

- direction of arrival (horizontal and vertical)
- difference from listener

- width of the source (,diffuseness”)

In particular with object-oriented 3D audio, thess parameters may be employed for
controlling mapping of an object to the loudspeakers of the target format.

Moreover, these parameters may, for example, be available in a frequency selective
manner.

Value range of “diffuseness”: Point source ~ plane wave — omnidirectionally arriving wave.
It should be noted that diffuseness may be different from ambience. (see, e.g., voices
from nowhere in psychedelic feature films).

According to an embodiment, the apparatus 100 may be configured fo feed each of the
two or more audio output channels into a loudspeaker of a group of two or more
loudspeakers. The downmixer 120 may be configured to downmix the three or more audio
input channels depending on each assumed loudspeaker posifion of a first group of three
or more assumed loudspeaker positions and depending on each actual loudspeaker
position of a second group of two or more actual loudspeaker positions to obtain the two
or more audio output channels, Each actual loudspeaker position of the second group of
two or more actual loudspeaker positions may indicate a position of a loudspeaker of the
group of two or more loudspeakers.

For example, an audio inpul channel may be assigned to an assumed loudspeaker
position. Moreover, a first audio output channel is generated for a first loudspeaker at a
first actual loudspeaker position, and & second audio output channel is generated for a
second loudspeaker at a second actual loudspeaker position. If the distance between the
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first actual loudspeaker position and the assumed loudspeaker position is smaller than the
distance between the second actual loudspeaker position and the assumed loudspeaker
position, then, for example, the audio input channel influences the first audio output
channel more than the second audio output channel.

- For example, & first weight and a second weight may be generated. The first weight may

depend on the distance between the first actual loudspeaker position and the assumed
loudspeaker position. The second weight may depend on the distance between the
second actual loudspeaker position and the assumed loudspeaker position. The first
weight is greater than the second weight. For generating the first audio output channel,
the first weight may be applied on the audio input channel to generate a first modified
audio channel. For generating the second audio output channel, the second weight may
be applied on the audio input channel to generate a second modified audio channel.
Further modified audio channels may similarly be generated for the other audio output
channels and/or for the other audio input channels, respectively, Each audio ouiput
channel of the two or more audio output channels may be generated by combining its
modified audio channels.

Fig. 5 illustrates such a mapping of transmitted spatial representation signals on actual
loudspeaker positions. The assumed loudspeaker positions 511, 512, 513, 514 and 515
belong to the first group of assumed loudspeaker positions. The actual loudspeaker
positions 521, 522 and 523 belong to the second group of actual loudspeaker positions.

For example, how an audio input channel for an assumed loudspeaker at an assumed
loudspeaker position 512 influences a first audio output signal for a first real ioudspeaker
at g first actual loudspeaker position 521 and a second audio output signal for a second
real loudspeaker at a second actual loudspeaker position 522, depends on how close the
assumed position 512 (or its virtual position 532) is to the first actual loudspeaker position
521 and to the second actual loudspeaker position 522. The closer the assumed
loudspeaker position is to the actual loudspeaker position, the more infiuence the audio
input channel has on the corresponding audio output channel.

In Fig. 5, f indicates an audio input channel for the ioudspeaker at the assumed
loudspeaker position 512. g¢ indicates a first audio output channel for the first actual
loudspeaker at the first actual loudspeaker position 521, g, indicates a second audio
output channe! for the second actual loudspeaker at the second actual loudspeaker
position 522, ¢ indicates an azimuth angle and B indicates an elevation angle, wherein the
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azimuth angle a and the elevation angle B, for example, indicate a direction from an actual
loudspeaker position to an assumed loudspeaker position or vice versa.

in an embodiment, each audic input channel of the three or more audio input channels
may be assigned o an assumed loudspeaker position of the first group of three or more
assumed loudspeaker positions. For example, when it is assumed that an audic input
channel will be played back by a loudspeaker at an assumed loudspeaker position, then
this audio input channel is assigned to that assumed loudspeaker position. Each audio
output channel of the two or more audio output channels may be assigned fo an actual
loudspeaker position of the second group of two or more actual ioudspeaker positions. For
example, when an audio output channel shall be played back by a loudspeaker at an
actual loudspeaker position, then this audio output channel is assigned to that actual
loudspeaker position. The downmixer may be configured to generate each audic output
channel of the two or more audio output channsls depending on at least two of the three
or more audio input channels, depending on the assumed loudspeaker position of each of
said at least two of the three or more audio input channels and depending on the aclual
loudspeaker position of said audio output channel.

Fig. 6 illustrates & mapping of elevated spatial signals to other elevation levels. The
transmitied spatial signals (channels) are sither channels for speakers in an elevated
speaker plane or for speakers in a non-elevated speaker plane. If all real loudspeakers
are located in a single loudspeaker plane (a non-elevated speaker plane), the channels
for speakers in the elevated speaker plane have to be fed into speakers of the non-
elevated speaker plane.

For this purpose, the side information comprises the information on the assumed
foudspeaker position 611 of a speaker in the elevated speaker plane. A corresponding
virtual position 631 in the non-elevated speaker plane is determined by the downmixer
and modified audio channels generated by modifying the audio input channel for the
assumed elevated speaker are generaied depending on the actual loudspeaker positions
621, 622, 623, 624 of the actually available speakers.

Frequency selectivity may by employed for achieving a finer control of the downmixing.
Using the exampie of “amount of ambience”, a height channel might comprise both spatial
components and direct components. Frequency components having different properties
may be characterized accordingly.
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According to an embodiment, each of the three or more audio input channels comprises
an audio signal of an audio object of three or more audio objects, The side information
comprises, for each audio object of the three or more audio objects, an audio object
position indicating @ position of said audic object. The downmixer is configured to
downmix the three or more audio input channels depending on the audio object position of
each of the three or more audio objects o obiain the two or more audic output channels.

For example, the first audio input channel comprises an audio signal of g first audio
object. A first loudspeaker may be located at a first actual loudspeaker position. A second
loudspeaker may be located at a second actual loudspeaker position. The distance
between the first actual loudspeaker position and the position of the first audio object may
be smaller than the distance between the second actual loudspeaker position and the
position of the first audio object. Then, a first audio output channel for the first loudspeaker
and a second audio output channel for the second loudspeaker is generated, such that
the audio signal of the first audio object has a greater influence in the first audio output
channel than in the second audio output channel,

For example, a first weight and a second weight may be generated. The first weight may
depend on the distance between the first actual loudspeaker position and the position of
the first audio object. The second weight may depend on the distance between the
second actual loudspeaker position and the position of the second audio object. The first
weight is greater than the second weight. For generating the first audio output channel,
the first weight may be applied on the audic signal of the first audio object to generate &
first modified audio channel. For generating the second audio output channel, the second
weight may be applied on the audio signal of the first audio object to generate a second
modified audio channel. Further modified audic channels may similarly be generated for
the other audio output channels and/or for the other audio objects, respectively. Each
audic output channel of the two or more audio output channels may be generated by
comibining its modified audio channels.

Fig. 8 illustrates a system according to an embodiment.
The system comprises an encoder 810 for encading three or more unprocessed audio

channels to obtain three or more encoded audio channels, and for encoding additional
information on the three or more unprocessed audio channels to obtain side information.
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Furthermore, the system comprises an apparatus 100 according to one of the above-
described embodiments for receiving the three or more encoded audio channels as three
or more audio input channels, for receiving the side information, and for generating,
depending on the side information, fwo or more audio output channels from the three or
more audio input channels,

Fig. 9 illustrates another illustration of a system according to an embodiment. The
depicted guidance information is side information. The M encoded audio channels,
encoded by the encoder 810, are fed into the apparatus 100 (indicated by “downmix”) for
generating the two or more audio output channels. N audio output channels are generated
by downmixing the M encoded audio channels (the audio input channels of the apparatus
820). in an embodiment, N < M appiies.

Although some aspects have been described in the context of an apparatus, it is clear that
these aspects also represent a description of the corresponding method, where a block or
device corresponds to a method step or a feature of a method step. Analogously, aspects
described in the confext of & method step also represent a description of a corresponding
block or item or feature of a corresponding apparatus.

The inventive decomposed signal can be stored on a digital storage medium or can be
fransmitted on a transmission medium such as & wireless transmission medium or a wired
fransmission medium such as the Internet.

Depending on certain implementation requirements, embodiments of the invention can be
implemented in hardware or in sofiware, The implementation can be performed using a
digital storage medium, for example a floppy disk, a DVD, a CD, a ROM, a PROM, an
EPROM, an EEPROM or a FLASH memory, having electronically readable control signals
stored thereon, which cooperate (or are capable of cooperating) with a programmable
computer system such that the respective method is performed.

Some embodiments according to the invention comprise a non-transitory data carrier
having electronically readable controf signals, which are capable of cooperating with a
programmable computer system, such that one of the methods described herein is
performed.

Generally, embodiments of the present invention can be implemented as a computer
program product with a program code, the program code being operative for performing
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one of the methods when the computer program product runs on a computer. The
program code may for example be stored on a machine readable carrier.

Other embodiments comprise the computer program for performing one of the methods
described herein, stored on a machine readable carrier.

In other words, an embodiment of the inventive method is, therefore, a computer program
having a program code for performing one of the methods described herein, when the
computer program runs on a computer.

A further embodiment of the inventive methods is, therefore, a data carrier (or a digital
storage medium, or a computer-readable medium) comprising, recorded thereon, the
computer program for performing one of the methods described herein.

A further embodiment of the inventive method is, therefore, a data stream or a sequence
of signals representing the computer program for performing one of the methods
described herein. The data stream or the sequence of sighals may for exampie be
configured to be transferred via a data communication connection, for example via the
Internet.

A further embodiment comprises a processing means, for example a computer, or &
programmable logic device, configured to or adapted to perform one of the methods
described herein.

A further embodiment comprises a computer having instalied thereon the computer
program for performing one of the methods described herein.

In some embodiments, a programmable logic device {for example a field programmable
gate array) may be used to perform some or all of the functionalities of the methods
described herein. in some embodiments, a field programmable gate array may cooperate
with a microprocessor in order to perform one of the methods described herein. Generally,
the methods are preferably performed by any hardware apparatus.

The above described embodiments are merely illustrative for the principles of the present
invention. it is understood that modifications and variations of the arrangements and the
details described herein will be apparent to others skilled in the art. it is the intent,
therefore, to be limited only by the scope of the impending patent claims and not by the
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specific details presented by way of description and explanation of the embodiments
herein,
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Claims

An apparatus for generating two or more audic output channels from three or more
audio input channels, wherein the apparatus comprises:

a receiving interface for receiving the three or more audio input channels and for
receiving side information, and

a downmixer for downmixing the three or more audio input channels depending on
the side information using a weight for each audio input channel to obtain the two
or more audio output channels,

wherein the number of the audio output channels is smaller than the number of the
audio input channels,

wherein the side information indicates a characteristic of at least one of the three
or more audio input channels, or a characteristic of one or more sound waves
recorded within the one or more audio input channels, or a characteristic of one or
moere scund sources which emitted one or more sound waves recorded within the
one or more audio input channels, and

wherein the downmixer is configured to determine the weight for each audio input
channel depending on the side information,

wherein the apparatus is configured to feed each of the two or more audio output
channels into a loudspeaker of a group of two or more loudspeakers,

wherein the downmixer is configured to downmix the three or more audio input
channels depending on each assumed loudspeaker position of a first group of
three or more assumed loudspeaker positions and depending on each actual
loudspeaker position of a second group of two or more actual loudspeaker
positions {o obtain the two or more audio output channels,

wherein each actual loudspeaker position of the second group of ftwo or more
actual loudspeaker positions indicates a position of a loudspeaker of the group of
two or more loudspeakers,
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wherein each audio input channel of the three or more audio input channels is
assigned o an assumed loudspeaker position of the first group of three or more
assumed loudspeaker positions,

wherein each audio output channel of the two or more audio output channels is
assigned to an actual loudspeaker position of the second group of two or more
actual loudspeaker positions,

wherein the downmixer is configured to generate each audio output channel of the
two or more audio output channels depending on at least two of the three or more
audio input channels, depending on the assumed loudspeaker position of each of
said at least two of the three or more audio input channels and depending on the
actual loudspeaker position of said audio output channel,

wherein the side information comprises an amount of ambience of each of the
{hree or more audio input channels, and

wherein the downmixer is configured to downmix the three or more audio input
channels depending on the amount of ambience of each of the three or more audio
input channels to obtain the two or more audio output channels.

An apparatus according to claim 1, wherein the downmixer is configured to
generate each audio output channel of the two or more audio output channels by
medifying at least two audio input channels of the three or more audio input
channels depending on the side information to obtain a group of modified audio
channels, and by combining each modified audio channe! of said group of modified
audio channels to obtain said audio output channel.

An apparatus according to claim 2, wherein the downmixer is configured to
generate each audio output channel of the two or more audio output channels by
modifying each audio input channel of the three or more audio input channels
depending on the side information to obtain the group of modified audio channels,
and by combining each modified audio channel of said group of modified audio
channels to obtain said audio output channel.

An apparatus according to claim 2 or 3, wherein the downmixer is configured to
generate each audio output channel of the two or more audio output channels by
generating each modified audio channel of the group of modified
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audio channels by determining a weight depending on an audio input channel of
the one or more audio input channels and depending on the side information and
by applying said weight on said audio input channel.

An apparatus according to one of the preceding claims,

wherein the side information indicates a diffuseness of each of the three or more
audio input channels or a directivity of each of the three or more audio input
channels, and

wherein the downmixer is configured fo downmix the three or more audic input
channels depending on the diffuseness of each of the three or more audio input
channels or depending on the directivity of each of the three or more audio input
charnels to obtain the two or more audio output channels.

An apparatus according to one of the preceding claims,
wherein the side information indicates a direction of arrival of the sound, and

wherein the downmixer is configured to downmix the three or more audio input
channels depending on the direction of arrival of the sound to obtain the two or
more audio output channels.

An apparatus according to one of the preceding claims, whererin the downmixer is
configured to downmix four or more audio input channels depending on the side
information to obtain three or more audio output channels.

A system comprising:

an encoder for encoding three or more unprocessed audio channels fo obtain
three or more encoded audio channels, and for encoding additional information on
the three or more unprocessed audio channels to obtain side information, and

an apparatus according to one of the preceding claims for receiving the three or
more encoded audio channels as three or more audio input channels, for receiving
the side information, and for generating, depending on the side
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information, two or more audio output channeis from the three or more audio input .
channels.

A method for generating two or more audio output channels from three or more
audio input channels, wherein the method comprises: ~

receiving the three or mare audio input channels and receiving side information,
and '

downmixing the thwee or more audio input channels depending on the side
information using a weight for each audio input channel to obtain the two or more

audio output channels,

wherein the number of the audio output channels is smaller than the number of the

* audio input channels, and

wherein the side information indicates a characteristic of at least one of the three
or more audio input channels, or a characteristic of one or more sound waves
recorded within the one or more audio input channels, or a characteristic of one o‘r‘
more sound sources which emitted one or more soand waves recorded wuthm the

. ohe or more. audio input channels, and

wherein the weight is determined for each audio input channel depending on the
side information,

wherein each of the two or more audio output channels is fed into a loudspeaker of
a group of two or more loudspeakers, '

wherein the three or more audio input channels are downmixed depending on
each assumed loudspeaker position of a first group of three or more assumed
loudspeaker positions and depending on each actual loudspeaker position of a
second group of two or more actual loudspeakér positions io obtain the two or
mare audio output channels, _

wherein each actual loudspeaker position of the second group of two or more

" actual loudspeaker positions indicates a position of a loudspeaker of the group of

two or more loudspeakers,

AMENDED SHEET
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wherein each audio input channel of the three or more audio input channels is
assigned to an assumed loudspeaker position of the first group of three or more
assumed loudspeaker positions, '

wherein each audio output channel of the two or more audio output channels is
assigned to an actual loudspeaker position of the second group of two or more
actual loudspeaker positions,

wﬁerein each audio output channel of the two or more audio output channels is
generated depending on at least two of the three or more audio input channels,
depending on the assumed loudspeaker position of each of said at least two of the
three or more audio input channels and depending on the actuai Ioudspeaker
position of said audio output channel;

wherem the side information compnses an amount of ambsence of each of the o
three or more audio input channels, and ‘

wherein downmixing the three. or more audio input channels is conducted

" depending on the amount of ambience of each of the three or more audio .input

channeis to obtain the two or more audio output channels.

"A computer prograrﬁ for implementing.the method of claim 9 when being exec;'ute‘d ‘

on a computer or signal processor.
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