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(54) METHOD AND DEVICE FOR PROCESSING AUDIO OBJECTS

(57) A method for generating at least one output au-
dio object, comprising: obtaining (710) a first group of
input audio objects associated with respective input au-
dio signals and input object metadata; allowing (720) a
user to define a first function chain including a group anal-
ysis function and a metadata generation function, where-
in the group analysis function is configured to perform a
statistical and / or comparative analysis of input audio

objects in the first group to generate first analysis meta-
data, wherein the metadata generation function is con-
figured to generate first output object metadata for the at
least one output audio object based on at least one meta-
data generation parameter computed based on at least
one part of the first analysis metadata; applying (730) the
first function chain to the first group of input audio objects.
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Description

TECHNICAL FIELD

[0001] Various example embodiments relate generally
to audio object processing. More precisely a method for
processing audio objects based on an extended audio
effect engine and a corresponding device are disclosed.

BACKGROUND

[0002] Object-based audio processing devices include
two large families of systems : the Digital Audio Work-
stations (or DAWs), and the live processing devices
(such as live and broadcast mixing consoles or live spatial
audio processors).
[0003] In such object-based audio devices, an audio
object is defined as:

- A mono or stereo audio asset defining audio signal(s)
(based on either an audio file or a live audio signal
source);

- Metadata describing the audio object: name, spatial
position (either in cartesian or spherical coordi-
nates), spatial size, and any other useful metadata
(audio gain, etc.)

[0004] In a DAW, N audio objects are usually repre-
sented in a user interface by N audio tracks. The track
for a given audio object is associated with audio signal
data and metadata. These metadata may be adjusted
either via a panning plugin or via a native panner. The
DAW provides a timeline on which the evolution of each
metadata (such as the object 3D coordinates) can be
recorded, edited and played back.
[0005] In a live processing device, the notion of audio
file is replaced by the notion of live audio source (from a
stage microphone, for example), and the notion of time-
line is replaced by the notion of snapshots and timecode.
Snapshots store given values of the objects metadata
and can be triggered when a specific timecode is
reached.
[0006] In these two types of audio processing devices,
audio objects evolve independently from each other. The
mixing engineer can record trajectories or apply effects
to an object via automation or even via effects such as
low frequency oscillators applied to a particular metadata
(example : change X in a back-and-forth movement for
object (k)).
[0007] To save editing time, some audio processing
devices usually provide a functionality for groups of ob-
jects that the user can define and select to edit/record
the position of several objects at the same time. However,
apart from a mirror mode for stereo panning, there is no
way to define a complex relational behaviour for the audio
objects belonging to a group of objects.
[0008] An objective is to provide a higher level of cre-
ation and control for differentiated motions or audio sig-

nals generation for a plurality of audio objects.

SUMMARY

[0009] The scope of protection is set out by the inde-
pendent claims. The embodiments, examples and fea-
tures, if any, described in this specification that do not
fall under the scope of the protection are to be interpreted
as examples useful for understanding the various em-
bodiments or examples that fall under the scope of pro-
tection.
[0010] According to a first aspect, a method for gener-
ating at least one output audio object is disclosed. The
method comprising: obtaining a first group of input audio
objects associated with respective input audio signals
and input object metadata; allowing a user to define a
first function chain including a group analysis function
and a metadata generation function, wherein the group
analysis function is configured to perform a statistical and
/ or comparative analysis of input audio objects in the
first group to generate first analysis metadata, wherein
the metadata generation function is configured to gener-
ate first output object metadata for the at least one output
audio object based on at least one metadata generation
parameter computed based on at least one part of the
first analysis metadata; applying the first function chain
to the first group of input audio objects, wherein applying
the first function chain includes: generating the first anal-
ysis metadata by applying the group analysis function to
the input audio objects in the first group; generating the
first output object metadata for the at least one output
audio object using the metadata generation function.
[0011] In some embodiments, the method comprises:
storing a metadata pool associated with the first function
chain, the metadata pool including the first analysis meta-
data and the input object metadata; allowing the user to
define at least one metadata generation parameter of the
metadata generation function based on any of the meta-
data stored in the metadata pool.
[0012] In some embodiments, the first function chain
includes an audio generation function configured to gen-
erate at least one output audio signal for the at least one
output audio object; the method comprising: allowing a
user to define the audio generation function having at
least one audio generation parameter computed based
on at least one part of the first analysis metadata; wherein
applying the first function chain includes generating the
at least one output audio signal using the audio genera-
tion function.
[0013] In some embodiments, the metadata genera-
tion function is configured to generate the output object
metadata based on at least part of the input object meta-
data.
[0014] In some embodiments, the audio generation
function is configured to generate the at least one output
audio signal based on at least one of the input audio
signals.
[0015] In some embodiments, the first function chain
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includes an audio analysis function configured to perform
an analysis of at least one audio signals to generate one
or more audio signal metrics, the method comprising:
allowing a user to define the audio analysis function;
wherein applying the first function chain includes gener-
ating one or more first audio signal metrics using the au-
dio analysis function for performing an analysis of at least
one of the input audio signals, the metadata pool includ-
ing the one or more first audio signal metrics.
[0016] In some embodiments, the first analysis meta-
data includes a statistical parameter; wherein applying
the group analysis function includes performing a statis-
tical analysis of the input audio objects in the first group
to generate the statistical parameter.
[0017] In some embodiments, the first analysis meta-
data includes a comparative parameter; wherein apply-
ing the group analysis function includes performing a
comparative analysis of metadata of the input audio ob-
jects in the first group to generate the comparative pa-
rameter.
[0018] In some embodiments, the metadata genera-
tion function has at least one parameter computed based
on time.
[0019] In some embodiments, the metadata genera-
tion function has at least one parameter computed based
on a user-defined temporal event.
[0020] In some embodiments, the audio generation
function has at least one parameter computed based on
a user-defined temporal event.
[0021] In some embodiments, the method comprises:
obtaining a second group of input audio objects associ-
ated with respective second input audio signals and sec-
ond input object metadata, wherein the second group
includes the at least one output audio object; allowing a
user to define a second function chain including a second
group analysis function and a second metadata genera-
tion function, wherein the second group analysis function
is configured to perform a statistical and / or comparative
analysis of input audio objects in the second group to
generate second analysis metadata, wherein the meta-
data generation function is configured to generate sec-
ond output object metadata for at least one second output
audio object and has at least one second metadata gen-
eration parameter computed based on at least one part
of the second analysis metadata; applying the second
function chain to the second group of input audio objects,
wherein applying the second function chain includes:
generating the second analysis metadata by applying the
second group analysis function to the input audio objects
in the second group; generating the second output object
metadata for at least one second output audio object us-
ing the second metadata generation function.
[0022] In some embodiments, the method comprises:
storing a second metadata pool associated with the sec-
ond function chain, the metadata pool including the sec-
ond analysis metadata and the second input object meta-
data; allowing the user to define at least one metadata
generation parameter of the metadata generation func-

tion based on any of the metadata stored in the second
metadata pool.
[0023] In some embodiments, the method comprises:
allowing a user to define a second audio generation func-
tion that is configured to generate at least one audio sig-
nal and has at least one second audio generation param-
eter computed based on at least one part of the second
analysis metadata; generating at least one second output
audio signal for the at least one second output audio ob-
ject using the second audio generation function.
[0024] According to another aspect, a device compris-
es means for performing a method comprising: obtaining
a first group of input audio objects associated with re-
spective input audio signals and input object metadata;
allowing a user to define a first function chain including
a group analysis function and a metadata generation
function, wherein the group analysis function is config-
ured to perform a statistical and / or comparative analysis
of input audio objects in the first group to generate first
analysis metadata, wherein the metadata generation
function is configured to generate first output object meta-
data for the at least one output audio object based on at
least one metadata generation parameter computed
based on at least one part of the first analysis metadata;
applying the first function chain to the first group of input
audio objects, wherein applying the first function chain
includes: generating the first analysis metadata by ap-
plying the group analysis function to the input audio ob-
jects in the first group; generating the first output object
metadata for the at least one output audio object using
the metadata generation function.
[0025] The device may comprise means for performing
one or more or all steps of the method according to the
first aspect. The means may include circuitry configured
to perform one or more or all steps of a method according
to the first aspect. The means may include at least one
processor and at least one memory storing instructions
that, when executed by the at least one processor, cause
the device to perform one or more or all steps of a method
according to the first aspect.
[0026] According to another aspect, a device compris-
es at least one processor and at least one memory storing
instructions that, when executed by the at least one proc-
essor, cause the device to perform: obtaining a first group
of input audio objects associated with respective input
audio signals and input object metadata; allowing a user
to define a first function chain including a group analysis
function and a metadata generation function, wherein the
group analysis function is configured to perform a statis-
tical and / or comparative analysis of input audio objects
in the first group to generate first analysis metadata,
wherein the metadata generation function is configured
to generate first output object metadata for the at least
one output audio object based on at least one metadata
generation parameter computed based on at least one
part of the first analysis metadata; applying the first func-
tion chain to the first group of input audio objects, wherein
applying the first function chain includes: generating the
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first analysis metadata by applying the group analysis
function to the input audio objects in the first group; gen-
erating the first output object metadata for the at least
one output audio object using the metadata generation
function.
[0027] The instructions, when executed by the at least
one processor, may cause the device to perform one or
more or all steps of a method according to the first aspect.
[0028] According to another aspect, a computer pro-
gram comprises instructions that, when executed by a
device, cause the device to perform: obtaining a first
group of input audio objects associated with respective
input audio signals and input object metadata; allowing
a user to define a first function chain including a group
analysis function and a metadata generation function,
wherein the group analysis function is configured to per-
form a statistical and / or comparative analysis of input
audio objects in the first group to generate first analysis
metadata, wherein the metadata generation function is
configured to generate first output object metadata for
the at least one output audio object based on at least one
metadata generation parameter computed based on at
least one part of the first analysis metadata; applying the
first function chain to the first group of input audio objects,
wherein applying the first function chain includes: gen-
erating the first analysis metadata by applying the group
analysis function to the input audio objects in the first
group; generating the first output object metadata for the
at least one output audio object using the metadata gen-
eration function.
[0029] The instructions may cause the device to per-
form one or more or all steps of a method according to
the first aspect.
[0030] According to another aspect, a non-transitory
computer readable medium comprises program instruc-
tions stored thereon for causing a device to perform at
least the following: obtaining a first group of input audio
objects associated with respective input audio signals
and input object metadata; allowing a user to define a
first function chain including a group analysis function
and a metadata generation function, wherein the group
analysis function is configured to perform a statistical and
/ or comparative analysis of input audio objects in the
first group to generate first analysis metadata, wherein
the metadata generation function is configured to gener-
ate first output object metadata for the at least one output
audio object based on at least one metadata generation
parameter computed based on at least one part of the
first analysis metadata; applying the first function chain
to the first group of input audio objects, wherein applying
the first function chain includes: generating the first anal-
ysis metadata by applying the group analysis function to
the input audio objects in the first group; generating the
first output object metadata for the at least one output
audio object using the metadata generation function.
[0031] The program instructions may cause the device
to perform one or more or all steps of a method according
to the first aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Example embodiments will become more fully
understood from the detailed description given herein be-
low and the accompanying drawings, which are given by
way of illustration only and thus are not limiting of this
disclosure.

FIG. 1 is a schematic diagram illustrating an audio
object processing unit according to an example.
FIG. 2A is a schematic diagram illustrating an exam-
ple of a chain of effects.
FIG. 2B is a schematic diagram illustrating an exam-
ple of a chain of effects.
FIG. 3 is a schematic diagram illustrating an audio
object processing unit for implementing a spatial ran-
domizer.
FIG. 4 is a schematic diagram illustrating an audio
object processing unit for implementing an attraction
effect.
FIG. 5 is a schematic diagram illustrating an audio
object processing unit for implementing a spatial au-
dio synthesizer.
FIG. 6 shows an example of user interface allowing
to define a function chain for defining for defining an
audio object processing unit according to an exam-
ple.
FIG. 7 shows a flowchart of a method for generating
at least one output audio object from a group of input
audio objects according to an example.
FIG. 8 is a block diagram illustrating an exemplary
hardware structure of a processing device according
to an example.

[0033] It should be noted that these drawings are in-
tended to illustrate various aspects of devices, methods
and structures used in example embodiments described
herein. The use of similar or identical reference numbers
in the various drawings is intended to indicate the pres-
ence of a similar or identical element or feature.

DETAILED DESCRIPTION

[0034] Detailed example embodiments are disclosed
herein. However, specific structural and/or functional de-
tails disclosed herein are merely representative for pur-
poses of describing example embodiments and providing
a clear understanding of the underlying principles. How-
ever these example embodiments may be practiced with-
out these specific details. These example embodiments
may be embodied in many alternate forms, with various
modifications, and should not be construed as limited to
only the embodiments set forth herein. In addition, the
figures and descriptions may have been simplified to il-
lustrate elements and / or aspects that are relevant for a
clear understanding of the present invention, while elim-
inating, for purposes of clarity, many other elements that
may be well known in the art or not relevant for the un-
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derstanding of the invention.
[0035] An extended audio effect engine is disclosed
that provides a high level of creation and control for dif-
ferentiated motions or signals generations for a plurality
of audio objects. The extended audio effect engine pro-
vides audio object processing units based on a chain of
functions to a user to help him/her define an overall spa-
tial behaviour and/or the audio signals of the audio ob-
jects in an audio scene.
[0036] The extended audio effect engine allows to de-
fine rules and / or relations between objects such as « if
this object A is at this position, this other object B should
move a bit further away ». Effects such as « to control
the behaviour of audio objects as a flock of birds » can
be implemented.
[0037] Creative use-cases can be generated, where
temporal behaviours and / or metadata modulation such
as spatial motions or additional audio signals synthesis
in a deterministic or non-deterministic manner, for a
group of audio objects, from temporal events and/or user-
defined parameters can be defined.
[0038] A device and corresponding method for gener-
ating at least one output audio object from a group of
input audio objects using an audio object processing unit
based on a function chain is disclosed. The group of input
audio objects are associated with respective input audio
signals and input object metadata.
[0039] The audio object processing unit uses the group
of input audio objects as input and generates at least one
output audio object as output. The audio object process-
ing unit allows to define a function chain to generate one
or more output audio object(s). The function chain may
correspond either to an effect configured to be applied
and modify one or more of the input audio objects to
generate one or more output audio object(s) or a synthe-
sis function configured to generate one or more new out-
put audio object(s) based on metrics derived from the
input audio objects.
[0040] In the context of this document, the terms "ef-
fect" or "processing unit" may also be used to designate
the audio object processing unit.
[0041] The audio object processing unit allows a user
to define the function chain based on several functions
and relationships between these functions. These func-
tions link the spatial behaviour and/or audio signals of
the group of input audio objects to the output audio ob-
ject(s). These functions include a group analysis function
and metadata generation function. These functions may
also include an audio analysis function and an audio gen-
eration function.
[0042] The group analysis function is configured to per-
form a statistical and / or comparative analysis of input
audio objects in the group of input audio objects to gen-
erate "analysis metadata".
[0043] The terms "analysis metadata" are used herein
to designate output data generated by an analysis func-
tion (either a group analysis function or an audio analysis
function). The "analysis metadata" may include analysis

metrics (e.g. statistical parameters), i.e. one or more val-
ues of one or more parameters that are the object of the
analysis performed by the concerned analysis function.
[0044] The metadata generation function is configured
to generate output object metadata 122 for one or more
output audio objects 120 and has at least one metadata
generation parameter (e.g. input parameter and/or func-
tion parameter) computed based on at least one part of
the analysis metadata. The metadata generation function
may apply an effect to existing metadata of existing audio
objects (e.g. the metadata of one or more input audio
objects in the group 110 of input audio objects) to gen-
erate output object metadata 122 for one or more output
audio objects 120 or synthetize the output object meta-
data 122 for new output audio objects 120 without starting
from existing metadata of existing audio objects.
[0045] The audio generation function is configured to
generate output audio signal(s) 121 for one or more out-
put audio object(s) 120 and has at least one audio gen-
eration parameter (e.g. input parameter and/or function
parameter) computed based on at least one part of the
analysis metadata. The audio generation function may
use and apply an effect to existing input audio signal(s)
(e.g. the audio signal(s) of one or more input audio ob-
jects in the group of input audio objects) or synthetize
the output audio signal(s) 121 without starting from ex-
isting input audio signal(s) of existing audio objects.
[0046] The function chain is applied to the group of
input audio objects to generate one or more output audio
object(s) 120 including associated metadata 122 and out-
put audio signal(s) 121.
[0047] Applying the function chain may include: gen-
erating analysis metadata using the group analysis func-
tion for performing statistical and / or comparative anal-
ysis of input audio objects in the group of input audio
objects; and generating output object metadata for output
audio object(s) using the metadata generation function,
wherein at least one metadata generation parameter is
computed based on at least one part of the analysis meta-
data generated by the group analysis function for the one
or more input audio objects in the group.
[0048] Applying the function chain may further include:
generating at least one output audio signal 121 for output
audio object(s) 120 using the audio generation function,
wherein at least one audio generation parameter is com-
puted based on at least one part of the analysis metadata
generated by the group analysis function for the one or
more input audio objects in the group.
[0049] FIG. 1 is a schematic diagram showing func-
tional blocks of a processing unit 100 configured to define
and run a function chain according to an example.
[0050] The processing unit 100 includes:

- A group analysis block (GA) performing a group anal-
ysis function;

- A metadata generation block (MS) performing a
metadata generation function.
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[0051] The processing unit 100 may further include:

- An audio analysis block (AA) performing an audio
analysis function;

- An audio generation block (AS) performing an audio
generation function.

[0052] The processing unit 100 receives as input a
group 110 of input audio objects associated with respec-
tive input audio signals 111 and input object metadata
112. The group may be a user-defined plurality of audio
objects. One processing unit may relate to one group of
input audio objects, meaning that the processing unit may
be defined specifically for this group of input audio ob-
jects.
[0053] In the context of the present disclosure, the
words "group" (of elements, e.g. audio objects), "plural-
ity" (of elements, e.g. audio objects), "pool" (of elements,
here metadata pool) have the same meaning and are
used to designate a set of elements.
[0054] The processing unit 100 may be configured to
receive the metadata 112 of the input audio objects (re-
ferred to herein as the input object metadata) and asso-
ciated input audio signals 111. The metadata of an audio
object may include two types of metadata: spatial meta-
data (e.g. position, spatial coordinates, object size, etc)
related to the spatial behaviour of the audio object and
audio metadata (e.g. audio RMS (root mean square)
gain, amplitude peak level, audio spectral magnitude,
etc) related to the audio signal associated with the audio
object. The spatial coordinates may be defined in a car-
tesian (XYZ) or spherical (AED) model.
[0055] The processing unit 100 may further be config-
ured to receive user-defined effect parameters, corre-
sponding to effect parameters defined by a user, e.g.
independently of the input audio objects.
[0056] The processing unit 100 may further be config-
ured to receive temporal inputs, in the form of timecode,
time length, clock signal, or temporal sequence of events
(such as MIDI notes or MIDI control messages).
[0057] The processing unit 100 is configured to gen-
erate, store and use an internal metadata pool (IMP).
The IMP is a pool of metadata associated with the func-
tion chain defined by means of the processing unit. The
metadata generation function MS and/or the audio gen-
eration function AS are chained with the group analysis
function GA and/or the audio analysis function AA
through the internal metadata pool.
[0058] The IMP may include analysis metadata gen-
erated by the group analysis function GA and/or the audio
analysis function AA. The IMP may include other meta-
data that may be needed by the metadata generation
function MG and/or the audio generation function AS.
The IMP may include the following metadata:

- spatial and / or audio metadata of the input audio
objects within the group (such as XYZ coordinates
or size);

- any other metadata related to the input audio objects
within the group (e.g. name, type, etc.)

- one or more analysis metadata (e.g. statistical pa-
rameter(s) or comparative parameter(s)) generated
by the group analysis function (GA);

- one or more analysis metadata (e.g. audio signal
metric(s)) generated by the audio analysis function
(AA).

[0059] A metadata value stored in the IMP is associ-
ated with a given parameter that may be static or dynam-
ic. For a static parameter having a fixed value over time,
the IMP include a value of the static parameter. For a
dynamic parameter, the IMP includes values of the dy-
namic parameter varying as a function of time.
[0060] The Internal Metadata Pool, IMP is fed by the
audio analysis and group analysis blocks. The IMP may
be fed in real-time and/or dynamically based on the audio
signals and / or dynamically varying metadata of the input
audio objects. This IMP allows for value(s) of a parameter
computed for an input audio object in the group to influ-
ence either another input audio object in the group or a
newly synthetized output audio object.
[0061] The group analysis function (GA) generates or
updates the metadata in the IMP. This GA function may
be configured to implement a mathematical analysis (for
example, a statistical analysis) of input objects of the
group to generate analysis metadata, including for ex-
ample one or more analysis metrics. The group analysis
function may perform the analysis based on one or more
metadata of the input objects in the group.
[0062] Any type of metric that could be useful for the
synthesis blocks may be generated by the group analysis
function. A metric may be a static metric, having a fixed
value over time or a dynamic metric, varying as a function
of time. A metric may be:

- a statistical parameter (e.g. a statistical parameter
computed for input audio objects in the group of input
audio objects, such parameter may be referred to as
an objects group metric) such as number of input
audio objects in the group, another statistical param-
eter (mean, standard deviation, etc) computed for a
given metadata (e.g. position, gain, etc) over the
group; or

- a comparative parameter (e.g. a parameter compar-
ing two or more input audio objects on the basis of
one or more parameters in the input object metadata,
such parameter may be referred to as an inter-object
metric) such as for example but not limited to: spatial
distance between input audio objects, difference(s)
computed within the group for a specific Boolean
metadata linked to a user effect parameter (such as,
« is the object part of a stereo pair »), deltaX (a dif-
ference between cartesian coordinates) or deltaAz-
imuth (a difference between spherical coordinates),
or type comparison.
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[0063] The audio analysis function (AA) generates or
updates the metadata in the IMP. This AA function may
be configured to implement a signal processing analysis
on one or more audio signals associated with one or more
input audio objects in the group to generate analysis
metadata, including for example one or more audio signal
metrics. An audio analysis function may include any type
of signal analysis function applicable to an audio signal
including but not limited to: RMS Level, peak level, band-
limited Level, audio features extraction using FFT.
[0064] The processing unit 100 relies on a set of
processing parameters including the IMP. The set of
processing parameters may include externally generated
parameters: the temporal inputs of the processing unit
and/or the user-defined effect parameters. This set of
processing parameters is used to define one or more
parameters of the audio generation function and/or the
metadata generation function.
[0065] The processing unit 100 provides a user inter-
face configured to allow a user to define each of the group
analysis function, audio analysis function, metadata gen-
eration function and audio generation function that is part
of a given processing unit. Each of these functions may
be defined by a user by:

- selecting a predefined function within a catalogue of
predefined functions; and / or

- providing user input(s) that define the type of func-
tion; and /or

- providing a mathematical expression of the function.

[0066] Several parameters are associated with each
function. Each function may have one or more input pa-
rameters to which the function is applied. Each function
may have one or more output parameters generated as
output. The behavior of the function may be defined by
one or more function parameter. For example, an audio
analysis function that computes as output parameter a
weighted sum of audio gains of audio signals uses as
input parameters the audio gains and as function param-
eters the weights of the weighted sum.
[0067] Each input and/or function parameter (referred
to herein as an audio analysis parameter, a group anal-
ysis parameter, an audio generation parameter, a meta-
data generation parameter) associated with a function
(audio analysis function, group analysis function, an au-
dio generation function or respectively a metadata gen-
eration function) may be defined by a user by:

- selecting one or more parameters in the IMP and /
or selecting one or more user-defined parameters
and / or selecting a user-defined temporal event and
/ or selecting a time input (timestamp, time step);

- selecting the parameter in a list of predefined param-
eters, e.g. for a predefined function;

- expressing a mathematical relationship between the
selected parameter(s) and the parameter to be de-
fined (e.g. by default if only one parameter is select-

ed, the defined parameter is equal to the selected
parameter);

- optionally naming the parameter;
- optionally providing a range of values for the param-

eter;
- etc.

[0068] The processing unit 100 provides a user inter-
face configured to allow a user to define one or more
parameters (hereafter, function parameter) of the con-
sidered function. The user interface may allow the user
to define at least one function parameter based on any
of the metadata stored in the IMP or in the set of process-
ing parameters. A function parameter may be defined by
selecting a parameter in the set of processing parameters
(e.g. in the IMP). A function parameter may further be
defined by defining the mathematical relationships be-
tween the parameter selected in the set of processing
parameters and the function parameter. If the parameter
selected in the set of processing parameters is equal to
the function parameter, no mathematical relationship
needs to be entered.
[0069] To facilitate the identification of the parameters
in the set of processing parameters, a name or identifier
may be given (automatically or by the user) to the analysis
metadata (e.g. analysis metrics) generated respectively
by the group analysis function or audio analysis function.
A parameter of metadata generation function or audio
generation function may thus be defined by selecting in
the set of processing parameters one or more of the
named analysis metadata generated by the group anal-
ysis function or audio analysis function and / or by se-
lecting other parameters in the set of processing param-
eters.
[0070] The metadata generation function MS is con-
figured to generate output object metadata 122 for the
output audio objects 120. The metadata generation func-
tion has one or more metadata generation parameters
defined based one or more effect parameter from the set
of processing parameters. The metadata generation
function may for example generate spatial metadata de-
fining deterministic or non-deterministic individualized
motions for the output audio objects 120, based on time
and/or temporal events and/or the IMP.
[0071] As illustrated by FIG. 1, a "modulation" may be
implemented for input audio signals: an output audio sig-
nal 121 may be added to an input audio signal 111 to
generate a modified ("modulated") audio signal 133. In
this embodiment, the modulation is an additive modula-
tion. Multiplicative modulation may also be considered.
An output audio signal 121 may define relative variations
(e.g. relative amplitude variations) for a corresponding
input audio signal. The output audio signal 121 may be
added (using an adder 131) to each input audio signal
111 to be modulated. Several input audio signals may
be modulated in this manner, using a same or several
output audio signals 121. In one or more alternative em-
bodiments, the modulation of audio signals is implement-
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ed by the audio generation function AS.
[0072] Likewise, a "modulation" may be implemented
for input metadata: an output metadata signal 122 (cor-
responding to values of a dynamic parameter in the out-
put object metadata 122) may be added to a metadata
input signal 112 (corresponding to one or more values
of a static or dynamic parameter in the input object meta-
data 112) to generate a modified ("modulated") metadata
signal 134.. In this embodiment, the modulation is an
additive modulation. Multiplicative modulation may also
be considered. An output metadata signal 122 may de-
fine relative variations (e.g. relative metadata) for the in-
put metadata signal 112. The metadata output signal 122
may be added (using an adder 132) to each metadata
input signal 112 to be modulated. Several metadata input
signals may be modulated in this manner, using a same
or several metadata output signals 122. In one or more
alternative embodiments, the modulation on metadata is
implemented by the metadata generation function MS.
[0073] The metadata generation function MS may for
example be configured to generate spatial modulations
(i.e. relative positioning information) for the input audio
objects within the group. For each input audio object k,
and each metadata mk, a spatial modulation is defined
for the metadata generation function based on a mathe-
matical function f of the following form: 

where k represents the input object index within the
group, t represents time, e represents an event, and IMP
is the Internal Metadata Pool. The function f may be de-
terministic or non-deterministic.
[0074] The audio generation function (AS) generates
one or more output audio signals 121 associated respec-
tively to one or more output audio objects 120. The audio
generation function has one or more audio generation
parameters defined based one or more effect parameter
from the set of processing parameters. The generated
output audio signals 121 can be generated based on zero
audio signal (i.e. the output audio signals are new syn-
thetized audio signals), by applying effect(s) to one or
more input audio signals.
[0075] Audio object processing units (e.g. effects) can
be chained to generate complex motions or complex au-
dio signals for one or more groups of objects, as illustrat-
ed by the chain of effects represented by FIG. 2.
[0076] In the example of FIG. 2A, a first processing
unit 210 corresponding a first effect 210 is chained with
a second processing unit 230 corresponding a second
effect 230, each processing unit 210, 230 may implement
the same function chain or a respective function chain.
The description made by reference to FIG. 1 of the
processing unit 100 is applicable to the first processing
unit 210 and the second processing unit 230.
[0077] The first effect 210 receives a first group 200 of
input audio objects associated with respective input au-

dio signals 201 and input object metadata 202 and gen-
erates one or more first output audio objects 220 asso-
ciated with respective input audio signals 221 and input
object metadata 222.
[0078] The second effect 230 receives a second group
of input audio objects 220 associated with respective in-
put audio signals 221 and input object metadata 222 and
generate one or more second output audio objects 240
associated with respective input audio signals 241 and
input object metadata 242.
[0079] The second group of input audio objects 220 of
the second effect 230 includes some or all of the first
output audio objects 220 of the first effect 210 and may
include other input objects (not processed by the first
effect). FIG. 2 shows the case where the second group
of input audio objects corresponds to the first output audio
object(s) at the output of the first effect 210.
[0080] The order of effects in the effect chain matters
to the overall synthesis of audio and/or movements.
[0081] FIG. 2B shows how audio object processing
units (e.g. effects) can be chained to generate when mod-
ulation of audio signals and / or metadata is used. The
elements sharing the same reference signs than in FIG.
2A are identical to those described by reference to FIG.
2A and will be described again.
[0082] As illustrated by FIG. 2B, an audio modulation
may be implemented at the output of the first audio object
processing unit 210: an output audio signal 221 may be
used to modulate an input audio signal 201 to generate
a modulated audio signal 224 using an adder 223. Like-
wise, a metadata modulation may be implemented: a
metadata output signal 222 may be used to modulate a
metadata input signal 202 to generate a modulated meta-
data signal 226 using an adder 225.
[0083] The second group of input audio objects 220
received by the second audio object processing unit 230
may include:

- the (non-modulated) audio signal(s) 221; and/or
- the (modulated) audio signal(s) 224; and/or
- the (non-modulated) object metadata 222; and/or
- the (modulated) object metadata 226.

[0084] Further, an audio modulation may be imple-
mented at the output of the second audio object process-
ing unit 230: an output audio signal 241 may be used to
modulate a (modulated or non-modulated) input audio
signal 221 or 224 to generate a modulated audio signal
244 using an adder 243. Likewise, a metadata modula-
tion may be implemented: a metadata output signal 242
may be used to modulate a (modulated or non-modulat-
ed) metadata signal 222 or 226 to generate a modulated
metadata signal 246 using an adder 245.
[0085] FIG. 3 is a schematic diagram illustrating an ex-
ample of effect, here a spatial randomizer, defined using
a processing unit 300 based on a function chain accord-
ing to an example. With the spatial randomizer, the audio
objects have random positions varying over time.
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[0086] The processing unit 300 includes three blocks
an audio analysis block, a group analysis block and a
metadata generation block implementing respectively an
audio analysis function, a group analysis function and a
metadata generation function.
[0087] The audio analysis block receives as input the
audio signals 311 of a user-defined subset of objects
selected within the input group 310.
[0088] The audio analysis block generates output met-
rics including an amplitude peak level for each of the
selected input objects. The output metrics are stored in
the IMP.
[0089] The group analysis block receives as input
metadata 312 (referred to as the link status) indicating if
some of the objects positions have been declared as
"linked" by the user.
[0090] The group analysis block computes the number
of objects within the group and generates output metrics
including the number of random positions to be generat-
ed. The output metrics are stored in the IMP.
[0091] The group analysis function performed by the
group analysis block counts the number of random po-
sitions that should be generated, according to the number
of objects and their link status.
[0092] The metadata generation function uses as input
this number of random positions. The metadata genera-
tion function uses a temporal information (time step) and
beat parameters (e.g. a phase and sharpness) to spread
in time the modulation values for each output audio object
within the output object group. The metadata generation
function uses a previous modulation value for each of
these random positions to generate a current modulation
value based on a random distribution. User-defined pa-
rameters may be entered by a user to define the param-
eters of this random distribution (e.g. amplitude, offset,
phase spread). See also FIG. 6 for example parameters
that may be used.
[0093] The metadata generation block generates out-
put spatial metadata 322 for output audio object 320, the
output spatial metadata 322 including random modula-
tion values for each output audio object (cartesian coor-
dinates X,Y and or Z or equivalently the spherical coor-
dinates). The random modulation values 322 for an out-
put audio object 320 being added by an adder 332 to the
spatial position(s) 312 of a corresponding input audio ob-
ject 310 to generate the randomly varying spatial posi-
tions 342 of the output audio object 320.
[0094] The output audio signals 321 correspond re-
spectively to the input audio signals 311 without change.
[0095] The metadata generation function performed by
the metadata generation block is based on a random
values generator, scaled with a range of possible values
for the next random positions and potentially spread in
time according to one or more user-defined beat param-
eters (e.g. phase and sharpness).
[0096] FIG. 4 is a schematic diagram illustrating an ex-
ample of effect, here an attraction effect, defined using
a processing unit 400 based on a function chain accord-

ing to an example. An attraction effect mimics a group
behaviour of individuals trying to get closer to one indi-
vidual tagged as "target".
[0097] The processing unit 400 includes three blocks
an audio analysis block, a group analysis block and a
metadata generation block implementing respectively an
audio analysis function, a group analysis function and a
metadata generation function.
[0098] The audio analysis block receives as input the
audio signals 411 for all input audio objects 410.
[0099] The audio analysis block generates output met-
rics including the fast RMS level. The output metrics are
stored in the IMP.
[0100] The audio analysis function performed by the
audio analysis block is short-term root mean square RMS
computation.
[0101] The group analysis block receives as input the
spatial coordinates of the input audio object, extracted
from the input object metadata 412.
[0102] The group analysis block computes the number
of objects within the group and generates output metrics
including an average distance towards other input ob-
jects i.e. D(k) = mean(d(1,k), d(2,k),.. d(n,k)) and the XYZ
position of each object k amongst the n objects of the
group. The output metrics are stored in the IMP.
[0103] The group analysis function performed by the
group analysis block is the average distance towards all
other objects, for each input audio object.
[0104] The metadata generation block uses as input
for each object its spatial position, its relative distance to
the other input objects, the RMS value.
[0105] The metadata generation block generates out-
put spatial metadata 422 for output audio objects 420,
the output spatial metadata 422 including a modulated
position for each object.
[0106] The metadata generation function performed by
the metadata generation block generates, for each audio
object attracted by the "target", an update position to
move towards the target object, with a speed proportional
to the RMS Value, a user-defined speed parameter, and
the inverse of a D(k). Update values 422 for an output
audio object 420 are added by an adder 432 to the spatial
position(s) 412 of a corresponding input audio object 410
to generate the updated spatial positions 442 of the out-
put audio object 420.
[0107] The output audio signals 421 correspond re-
spectively to the input audio signals 411 without change.
[0108] FIG. 5 is a schematic diagram illustrating an ex-
ample of effect, here a spatial audio synthesizer, defined
using a processing unit 500 based on a function chain
according to an example. In this example, each audio
object can be thought as a "voice" (i.e. a single note) of
an electronic synthesiser.
[0109] The processing unit 500 includes three blocks,
a group analysis block, an audio generation block and a
metadata generation block implementing respectively a
group analysis function, an audio generation function and
a metadata generation function.
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[0110] The group analysis block receives as input the
spatial positions of the input audio objects 510 (in carte-
sian or spherical coordinates), the spatial positions being
extracted from the input object metadata 512.
[0111] The group analysis block computes the number
of objects within the group and generates output metrics
including the median position and individual positions.
The output metrics are stored in the IMP.
[0112] The metadata generation block uses as input
the number of objects, a sequence of MIDI (Musical In-
strument Digital Interface) events (MIDI notes), and some
user parameters such as a "spatial range" that limit the
spatial positions to an area.
[0113] The metadata generation block generates out-
put spatial metadata 522 for output audio objects 520,
the output spatial metadata 522 including a position mod-
ulation 522 for each audio object that is added to the
position extracted from the input object metadata 512 of
the audio object to generate a modulated position 542 at
the output of the adder 532.
[0114] The metadata generation function performed by
the metadata generation block is for example a modula-
tion function for object k’s distance to the median position,
proportional to the MIDI note velocity and the spatial
range. Some other creative modulation functions can be
provided as a list of presets to the user.
[0115] The audio generation block uses as input the
number of input audio objects and the MIDI events (notes
and control messages).
[0116] The audio generation block generates output
audio signals 521 for output audio objects 520, the output
audio signals 521 including a synthesised note for each
MIDI note received.
[0117] In case more notes are received simultaneously
compared to the number N of audio objects defined in
the processing unit 500, a selection algorithm to keep
only N relevant notes is used. Notes may be assigned to
object indexes by a mapping function between Note Pitch
and Object Index.
[0118] The audio generation function performed by the
audio generation block may be the additive synthesis of
periodic waveforms (sinewaves, sawtooth, etc) with AD-
SR (Attack / Decay / Sustain / Release) envelopes and
IIR (Infinite Impulse Response) filters, for each MIDI note.
Some filters parameters (such as their cut-off frequency)
can be mapped to MIDI control messages.
[0119] FIG. 6 shows an example of user interface al-
lowing to define a function chain including a group anal-
ysis function and a metadata generation function.
[0120] FIG. 6 also shows an effects chain containing
a randomizer effect and an attraction effect. Such a chain
of effects can very efficiently simulate the behavior of a
flock of birds by applying the randomizer effect (see FIG.
3) to an object k=1 (the leading bird) and applying the
Attraction effect (see FIG. 4) to the other audio objects
k=2 to 40. In that case, the user needs very few actions
to create a complex spatial behavior for many objects.
[0121] On the left part 6A of the FIG. 6, a first user

interface area allows to select one effect in the chain of
effects, add a new effect in the chain of effects of deleted
one of the effect from the chain of effects. In FIG. 6 the
randomizer effect is selected and its parameters may be
adjusted.
[0122] In the middle part 6B of the FIG. 6, a second
user interface area allows a user to represent the spatial
positions and movements of the audio objects in the input
audio objects. Icons 610 are available to change the view-
point of the spatial representation.
[0123] In the right part 6C of the FIG. 6, a third user
interface area allows a user to select the metadata to be
used from the IMP and to define the parameters of the
functions in the function chain of the currently selected
effect. In some embodiments, the metadata selection
from the IMP is done through a simple drop-down list. In
others, it is done through a multi-selection of objects in-
dexes (via a pop-up menu). A function may be defined
by entering a mathematical formula or by selecting a func-
tion in a set of predefined functions. In some embodi-
ments, the effect defines the function, no additional user
parameter is required. In other embodiments, a drop-
down list of functions allows the user to select the desired
function(s) and obtain the desired behavior.
[0124] The parameters displayed on the right each
have an effect on the metadata generation function :

- « Parameter amplitude » controls the range of the
random pan value. A small amplitude means that the
random pan modulation will be small (around 0);

- « parameter offset» allows the control of the center
point of the random distribution;

- « Step amplitude » represents the maximum value
between two consecutive random values;

- « Speed » represents a manually entered time step
at which a new random value is generated;

- « Sharpness" represents whether the object will
jump to the new random value or will gradually move
towards it;

- "Phase offset» introduces an absolute time delay for
the computation of all random values;

- « Phase spread » controls the temporal distribution
of the random values for each object of the input
group. A phase spread of zero means that all random
values are computed at the same time for all objects.
A non-zero phase spread introduces a relative time-
delay between the computation of random values for
each object. The objects positions would then be
modulated as a time sequence whose period de-
pends on the number of objects in the group.

- « single source mode » will disregard the stereo
properties of input objects, if any.

[0125] FIG. 7 shows a flowchart of a method for gen-
erating at least one output audio object from a group of
input audio objects.
[0126] The method may be implemented by a device
comprising means for performing one or more or all steps
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of the method. The means may include circuitry config-
ured to perform one or more or all steps of the method.
The means may include at least one processor and at
least one memory storing instructions that, when execut-
ed by the at least one processor, cause the device to
perform one or more or all steps of a method.
[0127] In step 710, a first group of input audio objects
is obtained. The input audio objects include respective
input audio signals and input object metadata.
[0128] In step 720, a user is allowed to define a first
function chain including a group analysis function and a
metadata generation function.
[0129] The group analysis function is configured to per-
form a statistical and / or comparative analysis of input
audio objects in the first group of input audio objects to
generate first analysis metadata.
[0130] The group analysis function may perform a sta-
tistical analysis of the input audio objects in the first group
to generate one or more statistical parameters that are
part of the first analysis metadata.
[0131] The group analysis includes may perform a
comparative analysis of metadata of the input audio ob-
jects in the first group to generate one or more compar-
ative parameters that are part of the first analysis meta-
data.
[0132] The metadata generation function is configured
to generate first output object metadata for at least one
first output audio object and has at least one metadata
generation parameter (e.g. input parameter or function
parameter) computed based on at least one part of the
first analysis metadata.
[0133] The metadata generation function may be con-
figured to generate the first output object metadata based
on at least part of the input object metadata.
[0134] The metadata generation function may have at
least one metadata generation parameter computed
based on time and / or a user-defined temporal event.
[0135] A metadata pool that is associated with the func-
tion chain may be stored: the metadata pool being con-
figured to store the first analysis metadata generated by
the group analysis function. The metadata pool may be
configured to store the input object metadata. In one or
more embodiments, the user may be allowed to define
at least one metadata generation parameter of the meta-
data generation function based on any of the metadata
stored in the metadata pool.
[0136] In one or more embodiments, the first function
chain includes an audio generation function that is con-
figured to generate audio signal(s). In one or more em-
bodiments, the user may be allowed to define at least
one audio generation parameter (e.g. input parameter or
function parameter) of the audio generation function
based on at least one part of the first analysis metadata.
[0137] The audio generation function may be applied
by generating at least one output audio signal for output
audio object(s) using the audio generation function. The
audio generation function may be configured to generate
the output audio signal(s) based on one or more input

audio signals. The audio generation function may have
at least one parameter computed based on time and / or
a user-defined temporal event.
[0138] In one or more embodiments, the first function
chain includes an audio analysis function configured to
perform an analysis of audio signal(s) to generate one
or more audio signal metrics. The user may be allowed
to define the audio analysis function.
[0139] The audio analysis function is applied to gen-
erate one or more first audio signal metrics. The one or
more first audio signal metrics are stored in the metadata
pool for potential use by the audio generation function
and / or metadata generation function.
[0140] In step 730, the first function chain is applied to
the first group of input audio objects. Applying the first
function chain may include: generating the first analysis
metadata by applying the group analysis function to input
audio objects in the first group of input audio objects.
Applying the first function chain may include: generating
the first output object metadata for the at least one first
output audio object using the metadata generation func-
tion and the at least one metadata generation parameter
computed based on at least one part of the first analysis
metadata.
[0141] Applying the first function chain may include:
generating the one or more first audio signal metrics us-
ing the audio analysis function. Applying the first function
chain may include: generating output audio signal(s) for
output audio object(s) using the audio generation func-
tion.
[0142] Steps 740-760 may be performed based on the
output audio object(s) obtained in step 730 so as to chain
the first effect corresponding to the first function chain
and a second effect corresponding to a second function
chain. Steps 740-760 correspond to the repetition of
steps 710-730 but to a second group of input audio ob-
jects instead of the first group of audio objects. All em-
bodiments described for steps 710-730 can be applied
to steps 740-760 but will not be repeated here for the
sake of simplicity.
[0143] In step 740, a second group of input audio ob-
jects is obtained. The input audio objects include respec-
tive second input audio signals and second input object
metadata. The second group includes one or more of the
output audio object(s) obtained in step 730 and may in-
clude other audio objects.
[0144] In step 750, a user is allowed to define a second
function chain including a second group analysis function
and a second metadata generation function.
[0145] The second group analysis function is config-
ured to perform a group analysis of second input audio
objects in the second group to generate second analysis
metadata.
[0146] The second metadata generation function is
configured to generate second output object metadata
for at least one second output audio object. The second
metadata generation function has at least one second
metadata generation parameter (e.g. input parameter or
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function parameter) computed based on at least one part
of the second analysis metadata.
[0147] In step 760, the second function chain is applied
to the second group of input audio objects. Applying the
second function chain may include: generating the sec-
ond analysis metadata by applying the second group
analysis function to second input audio objects in the
second group of input audio objects. Applying the second
function chain may include: generating the second output
object metadata for the at least one second output audio
object using the second metadata generation function
and the at least one second metadata generation param-
eter computed based on at least one part of the second
analysis metadata.
[0148] It should be appreciated by those skilled in the
art that any functions, engines, block diagrams, flow di-
agrams, state transition diagrams, flowchart and / or data
structures described herein represent conceptual views
of illustrative circuitry embodying the principles of the in-
vention. Similarly, it will be appreciated that any flow
charts, flow diagrams, state transition diagrams, pseudo
code, and the like represent various processes.
[0149] Although a flow chart may describe operations
as a sequential process, many of the operations may be
performed in parallel, concurrently or simultaneously. Al-
so some operations may be omitted, combined or per-
formed in different order. A process may be terminated
when its operations are completed but may also have
additional steps not disclosed in the figure or description.
A process may correspond to a method, function, proce-
dure, subroutine, subprogram, etc. When a process cor-
responds to a function, its termination may correspond
to a return of the function to the calling function or the
main function.
[0150] Each described unit, function, engine, block,
step described herein can be implemented in hardware,
software, firmware, middleware, microcode, or any suit-
able combination thereof.
[0151] When implemented in software, firmware, mid-
dleware or microcode, instructions to perform the neces-
sary tasks may be stored in a computer readable medium
that may be or not included in a device. The instructions
may be transmitted over the computer-readable medium
and be loaded onto the device. The instructions are con-
figured to cause the device to perform one or more func-
tions disclosed herein. For example, as mentioned
above, according to one or more examples, at least one
memory may include or store instructions, the at least
one memory and the instructions may be configured to,
with at least one processor, cause the device to perform
the one or more functions. Additionally, the processor,
memory and instructions, serve as means for providing
or causing execution by the device of one or more func-
tions disclosed herein.
[0152] The device may be a general-purpose compu-
ter and / or computing system, a special purpose com-
puter and / or computing system, a programmable
processing device, a machine, etc. The device may be

or may include or may be part of: a user equipment, client
device, mobile phone, laptop, computer, data server,
computer, cloud-based server, web server, application
server, proxy server, etc.
[0153] FIG. 8 illustrates an example embodiment of a
device 9000. The processing device 9000 may be used
for performing one or more or all steps of any method
disclosed herein.
[0154] As represented schematically, the device 9000
may include at least one processor 9010 and at least one
memory 9020. The device 9000 may include one or more
communication interfaces 9040 (e.g. network interfaces
for access to a wired / wireless network, including Eth-
ernet interface, WIFI interface, etc) connected to the
processor and configured to communicate via wired / non
wired communication link(s). The device 9000 may in-
clude user interfaces 9030 (e.g. keyboard, mouse, dis-
play screen, etc) connected with the processor. The de-
vice 9000 may further include one or more media drives
9050 for reading a computer-readable storage medium
(e.g. digital storage disc 9060 (CD-ROM, DVD, Blue Ray,
etc), USB key 9080, etc). The processor 9010 is con-
nected to each of the other components 9020, 9030,
9040, 9050 in order to control operation thereof.
[0155] The memory 9020 may include a random-ac-
cess memory (RAM), cache memory, non-volatile mem-
ory, backup memory (e.g., programmable or flash mem-
ories), read-only memory (ROM), a hard disk drive
(HDD), a solid-state drive (SSD) or any combination
thereof. The ROM of the memory 9020 may be configured
to store, amongst other things, an operating system of
the device 9000 and / or one or more computer program
code of one or more software applications. The RAM of
the memory 9020 may be used by the processor 9010
for the temporary storage of data.
[0156] The processor 9010 may be configured to store,
read, load, execute and/or otherwise process instruc-
tions 9070 stored in a computer-readable storage medi-
um 9060, 9080 and / or in the memory 9020 such that,
when the instructions are executed by the processor,
causes the device 9000 to perform one or more or all
steps of a method described herein for the concerned
device 9000.
[0157] The instructions may correspond to program in-
structions or computer program code. The instructions
may include one or more code segments. A code seg-
ment may represent a procedure, function, subprogram,
program, routine, subroutine, module, software package,
class, or any combination of instructions, data structures
or program statements. A code segment may be coupled
to another code segment or a hardware circuit by passing
and/or receiving information, data, arguments, parame-
ters or memory contents. Information, arguments, pa-
rameters, data, etc. may be passed, forwarded, or trans-
mitted via any suitable technique including memory shar-
ing, message passing, token passing, network transmis-
sion, etc.
[0158] When provided by a processor, the functions
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may be provided by a single dedicated processor, by a
single shared processor, or by a plurality of individual
processors, some of which may be shared. The term
"processor" should not be construed to refer exclusively
to hardware capable of executing software and may im-
plicitly include one or more processing circuits, whether
programmable or not. A processor or likewise a process-
ing circuit may correspond to a digital signal processor
(DSP), a network processor, an application specific inte-
grated circuit (ASIC), a field programmable gate array
(FPGA), a System-on-Chips (SoC), a Central Processing
Unit (CPU), an arithmetic logic unit (ALU), a programma-
ble logic unit (PLU), a processing core, a programmable
logic, a microprocessor, a controller, a microcontroller, a
microcomputer, a quantum processor, any device capa-
ble of responding to and/or executing instructions in a
defined manner and/or according to a defined logic. Oth-
er hardware, conventional or custom, may also be includ-
ed. A processor or processing circuit may be configured
to execute instructions adapted for causing the device to
perform one or more functions disclosed herein for the
device.
[0159] A computer readable medium or computer
readable storage medium may be any tangible storage
medium suitable for storing instructions readable by a
computer or a processor. A computer readable medium
may be more generally any storage medium capable of
storing and/or containing and/or carrying instructions
and/or data. The computer readable medium may be a
non-transitory computer readable medium. The term
"non-transitory", as used herein, is a limitation of the me-
dium itself (i.e., tangible, not a signal) as opposed to a
limitation on data storage persistency (e.g., RAM vs.
ROM).
[0160] A computer-readable medium may be a porta-
ble or fixed storage medium. A computer readable me-
dium may include one or more storage device like a per-
manent mass storage device, magnetic storage medium,
optical storage medium, digital storage disc (CD-ROM,
DVD, Blue Ray, etc), USB key or dongle or peripheral, a
memory suitable for storing instructions readable by a
computer or a processor.
[0161] A memory suitable for storing instructions read-
able by a computer or a processor may be for example:
read only memory (ROM), a permanent mass storage
device such as a disk drive, a hard disk drive (HDD), a
solid state drive (SSD), a memory card, a core memory,
a flash memory, or any combination thereof.
[0162] In the present description, the wording "means
configured to perform one or more functions" or "means
for performing one or more functions" may correspond
to one or more functional blocks comprising circuitry that
is adapted for performing or configured to perform the
concerned function(s). The block may perform itself this
function or may cooperate and / or communicate with
other one or more blocks to perform this function. The
"means" may correspond to or be implemented as "one
or more modules", "one or more devices", "one or more

units", etc. A "processing unit" may correspond for ex-
ample to means for performing one or more processing
functions. The means may include at least one processor
and at least one memory including computer program
code, wherein the at least one memory and the computer
program code are configured to, with the at least one
processor, cause a device to perform the concerned
function(s).
[0163] The term circuitry may cover digital signal proc-
essor (DSP) hardware, network processor, application
specific integrated circuit (ASIC), field programmable
gate array (FPGA), etc. The circuitry may be or include,
for example, hardware, programmable logic, a program-
mable processor that executes software or firmware,
and/or any combination thereof (e.g. a processor, control
unit/entity, controller) to execute instructions or software
and control transmission and receptions of signals, and
a memory to store data and/or instructions.
[0164] Although the terms first, second, etc. may be
used herein to describe various elements, these ele-
ments should not be limited by these terms. These terms
are only used to distinguish one element from another.
For example, a first element could be termed a second
element, and similarly, a second element could be
termed a first element, without departing from the scope
of this disclosure. As used herein, the term "and/or," in-
cludes any and all combinations of one or more of the
associated listed items.
[0165] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting. As used herein, the singular forms
"a," "an," and "the," are intended to include the plural
forms as well, unless the context clearly indicates other-
wise. It will be further understood that the terms "com-
prises," "comprising," "includes," and/or "including,"
when used herein, specify the presence of stated fea-
tures, integers, steps, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.
[0166] While aspects of the present disclosure have
been particularly shown and described with reference to
the embodiments above, it will be understood by those
skilled in the art that various additional embodiments may
be contemplated by the modification of the disclosed ma-
chines, systems and methods without departing from the
scope of what is disclosed. Such embodiments should
be understood to fall within the scope of the present dis-
closure as determined based upon the claims and any
equivalents thereof.

Claims

1. A method for generating at least one output audio
object, the method comprising:

obtaining (710) a first group of input audio ob-
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jects associated with respective input audio sig-
nals and input object metadata;
allowing (720) a user to define a first function
chain including a group analysis function and a
metadata generation function, wherein the
group analysis function is configured to perform
a statistical and / or comparative analysis of in-
put audio objects in the first group to generate
first analysis metadata, wherein the metadata
generation function is configured to generate
first output object metadata for the at least one
output audio object based on at least one meta-
data generation parameter computed based on
at least one part of the first analysis metadata;
applying (730) the first function chain to the first
group of input audio objects, wherein applying
the first function chain includes:

generating the first analysis metadata by
applying the group analysis function to the
input audio objects in the first group;
generating the first output object metadata
for the at least one output audio object using
the metadata generation function.

2. The method of claim 1, comprising:

storing a metadata pool associated with the first
function chain, the metadata pool including the
first analysis metadata and the input object
metadata;
allowing the user to define at least one metadata
generation parameter of the metadata genera-
tion function based on any of the metadata
stored in the metadata pool.

3. The method of claim 1 or 2, wherein the first function
chain includes an audio generation function config-
ured to generate at least one output audio signal for
the at least one output audio object, the method com-
prising:

allowing a user to define the audio generation
function having at least one audio generation
parameter computed based on at least one part
of the first analysis metadata;
wherein applying the first function chain includes
generating the at least one output audio signal
using the audio generation function.

4. The method of claim 3, comprising:
wherein the metadata generation function is config-
ured to generate the output object metadata based
on at least part of the input object metadata.

5. The method of any of claims 2 to 4, comprising:
wherein the audio generation function is configured
to generate the at least one output audio signal

based on at least one of the input audio signals.

6. The method of any of claims 1 to 5, wherein the first
function chain includes an audio analysis function
configured to perform an analysis of at least one au-
dio signals to generate one or more audio signal met-
rics, the method comprising.

allowing a user to define the audio analysis func-
tion;
wherein applying the first function chain includes
generating one or more first audio signal metrics
using the audio analysis function for performing
an analysis of at least one of the input audio
signals, the metadata pool including the one or
more first audio signal metrics.

7. The method of any of claims 1 to 6, wherein the first
analysis metadata includes a statistical parameter,
wherein applying the group analysis function in-
cludes performing a statistical analysis of the input
audio objects in the first group to generate the sta-
tistical parameter.

8. The method of any of claims 1 to 7, wherein the first
analysis metadata includes a comparative parame-
ter, wherein applying the group analysis function in-
cludes performing a comparative analysis of meta-
data of the input audio objects in the first group to
generate the comparative parameter.

9. The method of any of claims 1 to 8, wherein the meta-
data generation function has at least one parameter
computed based on time.

10. The method of any of claims 1 to 9, wherein the meta-
data generation function has at least one parameter
computed based on a user-defined temporal event.

11. The method of any of claims 3 to 10, wherein the
audio generation function has at least one parameter
computed based on a user-defined temporal event.

12. The method of any of claims 1 to 11, comprising:

obtaining a second group of input audio objects
associated with respective second input audio
signals and second input object metadata,
wherein the second group includes the at least
one output audio object;
allowing a user to define a second function chain
including a second group analysis function and
a second metadata generation function, wherein
the second group analysis function is configured
to perform a statistical and / or comparative anal-
ysis of input audio objects in the second group
to generate second analysis metadata, wherein
the metadata generation function is configured
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to generate second output object metadata for
at least one second output audio object and has
at least one second metadata generation pa-
rameter computed based on at least one part of
the second analysis metadata;
applying the second function chain to the second
group of input audio objects, wherein applying
the second function chain includes:

generating the second analysis metadata
by applying the second group analysis func-
tion to the input audio objects in the second
group;
generating the second output object meta-
data for at least one second output audio
object using the second metadata genera-
tion function.

13. The method of claim 12, comprising:

storing a second metadata pool associated with
the second function chain, the metadata pool
including the second analysis metadata and the
second input object metadata;
allowing the user to define at least one metadata
generation parameter of the metadata genera-
tion function based on any of the metadata
stored in the second metadata pool.

14. The method of claim 12 or 13, comprising:

allowing a user to define a second audio gener-
ation function that is configured to generate at
least one audio signal and has at least one sec-
ond audio generation parameter computed
based on at least one part of the second analysis
metadata;
generating at least one second output audio sig-
nal for the at least one second output audio ob-
ject using the second audio generation function.

15. A device comprising means for performing a method
of any of claims 1 to 14.

16. The device according to claim 15, wherein the means
comprise

- at least one processor;
- at least one memory storing instructions that,
when executed by the at least one processor,
cause the device to perform the method.
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