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Description

Field of the Invention

[0001] The presentinvention relates to a transformation of multi-channel parameters, and in particular to the generation
of coherence parameters and level parameters, which indicate spatial properties between two audio signals, based on
an object-parameter based representation of a spatial audio scene.

Background of the Invention and Prior Art

[0002] There are several approaches for parametric coding of multi-channel audio signals, such as 'Parametric Stereo
(PS), 'Binaural Cue Coding (BCC) for Natural Rendering’ and '"MPEG Surround’, which aim at representing a multi-
channel audio signal by means of a down-mix signal (which could be either monophonic or comprise several channels)
and parametric side information ('spatial cues’) characterizing its perceived spatial sound stage.

[0003] Those techniques could be called channel-based, i.e. the techniques try to transmit a multi-channel signal
already present or generated in a bitrate-efficient manner. That is, a spatial audio scene is mixed to a predetermined
number of channels before transmission of the signal to match a predetermined loudspeaker set-up and those techniques
aim at the compression of the audio channels associated to the individual loudspeakers.

[0004] The parametric coding techniques rely on a down-mix channel carrying audio content together with parameters,
which describe the spatial properties of the original spatial audio scene and which are used on the receiving side to
reconstruct the multi-channel signal or the spatial audio scene.

[0005] A closely related group of techniques, e.g. 'BCC for Flexible Rendering’, are designed for efficient coding of
individual audio objects rather than channels of the same multi-channel signal for the sake of interactively rendering
them to arbitrary spatial positions and independently amplifying or suppressing single objects without any a priori encoder
knowledge thereof. In contrast to common parametric multi-channel audio coding techniques (which convey a given set
of audio channel signals from an encoder to a decoder), such object coding techniques allow rendering of the decoded
objects to any reproduction setup, i.e. the user on the decoding side is free to choose a reproduction setup (e.g. stereo,
5.1 surround) according to his preference.

[0006] Following the object coding concept, parameters can be defined, which identify the position of an audio object
in space, to allow for flexible rendering on the receiving side. Rendering at the receiving side has the advantage, that
even non-ideal loudspeaker set-ups or arbitrary loudspeaker set-ups can be used to reproduce the spatial audio scene
with high quality. In addition, an audio signal, such as, for example, a down-mix of the audio channels associated with
the individual objects, has to be transmitted, which is the basis for the reproduction on the receiving side.

[0007] Both discussed approaches rely on a multi-channel speaker set-up at the receiving side, to allow for a high-
quality reproduction of the spatial impression of the original spatial audio scene.

[0008] As previously outlined, there are several state-of-the-art techniques for parametric coding of multi-channel
audio signals which are capable of reproducing a spatial sound image, which is - dependent on the available data rate
- more or less similar to that of the original multi-channel audio content.

[0009] However, given some pre-coded audio material (i.e. spatial sound described by a given number of reproduction
channel signals), such a codec does not offer any means for a-posteriori and interactive rendering of single audio objects
according to the liking of the listener. On the other hand, there are spatial audio object coding techniques which are
specially designed for the latter purpose, but since the parametric representations used in such systems are different
from those for multi-channel audio signals, separate decoders are needed in case one wants to benefit from both
techniques in parallel. The drawback that results from this situation is that, although the back-ends of both systems fulfill
the same task, which is rendering of spatial audio scenes on a given loudspeaker setup, they have to be implemented
redundantly, i.e. two separate decoders are necessary to provide both functionalities.

[0010] Another limitation of the prior-art object coding technology is the lack of a means for storing and / or transmitting
pre-rendered spatial audio object scenes in a backwards compatible way. The feature of enabling interactive positioning
of single audio objects provided by the spatial audio object coding paradigm turns out to be a drawback when it comes
to identical reproduction of a readily rendered audio scene.

[0011] Summarizing, one is confronted with the unfortunate situation that, although a multi-channel playback environ-
ment may be present which implements one of the above approaches, a further playback environment may be required
to also implement the second approach. It may be noted, that according to the longer history, channel-based coding
schemes are much more common, such as, for example, the famous 5.1 or 7.1/7.2 multi-channel signals stored on DVD
or the like.

[0012] Thatis, even if a multi-channel audio decoder and associated playback equipment (amplifier stages and loud-
speakers) are present, a user needs an additional complete set-up, i.e. at least an audio decoder, when he wants to
play back object-based coded audio data. Normally, the multi-channel audio decoders are directly associated to the
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amplifier stages and a user does not have direct access to the amplifier stages used for driving the loudspeakers. This
is, for example, the case in most of the commonly available multi-channel audio or multimedia receivers. Based on
existing consumer electronics, a user desiring to be able to listen to audio content encoded with both approaches would
even need a complete second set of amplifiers, which is, of course, an unsatisfying situation.

[0013] Some prior art techniques addressing these problems are disclosed e.g. in document EP1691348.

Summary of the Invention

[0014] Itis therefore desirable to be able to provide a method to reduce the complexity of systems, which are capable
of both decoding of parametric multi-channel audio streams as well as parametrically coded spatial audio object streams.
[0015] The invention is defined by a multi-channel parameter transformer in accordance with claim 1. A corresponding
method for generating a level parameter indicating an energy relation between a first audio signal and a second audio
signal of a representation of a multi-channel spatial audio signal is defined in claim 14, while claim 15 defines a corre-
sponding computer program. Further embodiments of the invention are defined in the dependent claims.

Brief Description of the Drawings

[0016] Prior to a more detailed description of several embodiments of the present invention, a short review of the
multi-channel audio coding and object audio coding techniques and spatial audio object coding techniques will be given.
To this end, reference will also be made to the enclosed Figures.

Fig. 1a shows a prior art multi-channel audio coding scheme;

Fig. 1b shows a prior art object coding scheme;

Fig. 2 shows a spatial audio object coding scheme;

Fig. 3 shows an embodiment of a multi-channel parameter transformer;

Fig. 4 shows an example for a multi-channel loudspeaker configuration for playback of spatial audio content;
and

Fig. 5 shows an example for a possible multi-channel parameter representation of spatial audio content;

Figs. 6a and 6b  show application scenarios for spatial audio object coded content;
Fig. 7 shows an embodiment of a multi-channel parameter transformer; and
Fig. 8 shows an example of a method for generating a coherence parameter and a correlation parameter.

Detailed Description of Preferred Embodiments

[0017] Fig. 1a shows a schematic view of a multi-channel audio encoding and decoding scheme, whereas Fig. 1b
shows a schematic view of a conventional audio object coding scheme. The multi-channel coding scheme uses a number
of provided audio channels, i.e. audio channels already mixed to fit a predetermined number of loudspeakers. A multi-
channel encoder 4 (SAC) generates a down-mix signal 6, being an audio signal generated using audio channels 2a to
2d. This down-mix signal 6 can, for example, be a monophonic audio channel or two audio channels, i.e. a stereo signal.
To partly compensate for the loss of information during the down-mix, the multi-channel encoder 4 extracts multi-channel
parameters, which describe the spatial interrelation of the signals of the audio channels 2a to 2d. This information is
transmitted, together with the down-mix signal 6, as so-called side information 8 to a multi-channel decoder 10. The
multi-channel decoder 10 utilizes the multi-channel parameters of the side information 8 to create channels 12a to 12d
with the aim of reconstructing channels 2a to 2d as precisely as possible. This can, for example, be achieved by
transmitting level parameters and correlation parameters, which describe an energy relation between individual channel
pairs of the original audio channels 2a and 2d and which provide a correlation measure between pairs of channels of
the audio channels 2a to 2d.

[0018] When decoding, this information can be used to redistribute the audio channels comprised in the down-mix
signal to the reconstructed audio channels 12a to 12d. It may be noted, that the generic multi-channel audio scheme is
implemented to reproduce the same number of reconstructed channels 12a to 12d as the number of original audio
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channels 2a to 2d input into the multi-channel audio encoder 4. However, other decoding schemes can also be imple-
mented, reproducing more or less channels than the number of the original audio channels 2a to 2d.

[0019] In a way, the multi-channel audio techniques schematically sketched in Fig. 1a (for example the recently
standardized MPEG spatial audio coding scheme, i.e. MPEG Surround) can be understood as bitrate-efficient and
compatible extension of existing audio distribution infrastructure towards multi-channel audio/surround sound.

[0020] Fig. 1b details the prior art approach to object-based audio coding. As an example, coding of sound objects
and the ability of "content-based interactivity" is part of the MPEG-4 concept. The conventional audio object coding
technique schematically sketched in Fig. 1b follows a different approach, as it does not try to transmit a number of already
existing audio channels but to rather transmit a complete audio scene having multiple audio objects 22a to 22d distributed
in space. To this end, a conventional audio object coder 20 is used to code multiple audio objects 22a to 22d into
elementary streams 24a to 24d, each audio object having an associated elementary stream. The audio objects 22a to
22d (sound sources) can, for example, be represented by a monophonic audio channel and associated energy param-
eters, indicating the relative level of the audio object with respect to the remaining audio objects in the scene. Of course,
in a more sophisticated implementation, the audio objects are not limited to be represented by monophonic audio
channels. Instead, for example, stereo audio objects or multi-channel audio objects may be encoded.

[0021] Aconventional audio objectdecoder 28 aims at reproducing the audio objects 22a to 22d, to derive reconstructed
audio objects 28ato 28d. A scene composer 30 within a conventional audio object decoder allows for a discrete positioning
of the reconstructed audio objects 28a to 28d (sources) and the adaptation to various loudspeakers set-ups. A scene
is fully defined by a scene description 34 and associated audio objects. Some conventional scene composers 30 expect
a scene description in a standardized language, e.g. BIFS (binary format for scene description). On the decoder side,
arbitrary loudspeaker set-ups may be present and the decoder provides audio channels 32a to 32e to individual loud-
speakers, which are optimally tailored to the reconstruction of the audio scene, as the full information on the audio scene
is available on the decoder side. For example, binaural rendering is feasible, which results in two audio channels
generated to provide a spatial impression when listened to via headphones.

[0022] An optional user interaction to the scene composer 30 enables a repositioning/repanning of the individual audio
objects on the reproduction side. Additionally, positions or levels of specifically selected audio objects can be modified,
to, for example, increase the intelligibility of a talker, when ambient noise objects or other audio objects related to different
talkers in a conference are suppressed, i.e. decreased in level.

[0023] In other words, conventional audio object coders encode a number of audio objects into elementary streams,
each stream associated to one single audio object. The conventional decoder decodes these streams and composes
an audio scene under the control of a scene description (BIFS) and optionally based on user interaction. In terms of
practical application, this approach suffers from several disadvantages:

Due to the separate encoding of each individual audio (sound) object, the required bitrate for transmission of the
whole scene is significantly higher than rates used for a monophonic/stereophonic transmission of compressed
audio. Obviously, the required bitrate grows approximately proportionally with the number of transmitted audio
objects, i.e. with the complexity of the audio scene.

[0024] Consequently, duetothe separate decoding of each sound object, the computational complexity for the decoding
process significantly exceeds that one of a regular mono/stereo audio decoder. The required computational complexity
for decoding grows approximately proportionally with the number of transmitted objects as well(assuming a low complexity
composition procedure). When using advanced composition capabilities, i.e. using different computational nodes, these
disadvantages are further increased by the complexity associated with the synchronization of corresponding audio nodes
and with the overall complexity in running a structured audio engine.

[0025] Furthermore, since the total systeminvolves several audio decoder components and a BIFS-based composition
unit, the complexity of the required structure is an obstacle to the implementation in real-world applications. Advanced
composition capabilities furthermore require the implementation of a structured audio engine with the above-mentioned
complications.

[0026] Fig. 2 shows an embodiment of the inventive spatial audio object coding concept, allowing for a highly efficient
audio object coding, circumventing the previously mentioned disadvantages of common implementations.

[0027] As it will become apparent from the discussion of Fig. 3 below, the concept may be implemented by modifying
an existing MPEG Surround structure. However, the use of the MPEG Surround-framework is not mandatory, since
other common multi-channel encoding/decoding frameworks can also be used to implement the inventive concept.
[0028] Utilizing existing multi-channel audio coding structures, such as MPEG Surround, the inventive concept evolves
into a bitrate-efficient and compatible extension of existing audio distribution infrastructure towards the capability of using
an object-based representation. To distinguish from the prior approaches of audio object coding (AOC) and spatial audio
coding (multi-channel audio coding), embodiments of the present invention will in the following be referred to using the
term spatial audio object coding or its abbreviation SAOC.
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[0029] The spatial audio object coding scheme shown in Fig. 2 uses individual input audio objects 50a to 50d. Spatial
audio object encoder 52 derives one or more down-mix signals 54 (e.g. mono or stereo signals) together with side
information 55 having information of the properties of the original audio scene.

[0030] The SAOC-decoder 56 receives the down-mix signal 54 together with the side information 55. Based on the
down-mix signal 54 and the side information 55, the spatial audio object decoder 56 reconstructs a set of audio objects
58a to 58d. Reconstructed audio objects 58a to 58d are input into a mixer/rendering stage 60, which mixes the audio
content of the individual audio objects 58a to 58d to generate a desired number of output channels 62a and 62b, which
normally correspond to a multi-channel loudspeaker set-up intended to be used for playback.

[0031] Optionally, the parameters of the mixer/renderer 60 can be influenced according to a user interaction or control
64, to allow interactive audio composition and thus maintain the high flexibility of audio object coding.

[0032] The concept of spatial audio object coding shown in Fig. 2 has several great advantages as compared to other
multi-channel reconstruction scenarios.

[0033] The transmission is extremely bitrate-efficient due to the use of down-mix signals and accompanying object
parameters. That is, object based side information is transmitted together with a down-mix signal, which is composed
of audio signals associated to individual audio objects. Therefore, the bit rate demand is significantly decreased as
compared to approaches, where the signal of each individual audio object is separately encoded and transmitted.
Furthermore, the concept is backwards compatible to already existing transmission structures. Legacy devices would
simply render (compose) the downmix signal.

[0034] The reconstructed audio objects 58ato 58d can be directly transferred to a mixer/renderer 60 (scene composer).
In general, the reconstructed audio objects 58a to 58d could be connected to any external mixing device (mixer/renderer
60), such that the inventive concept can be easily implemented into already existing playback environments. The individual
audio objects 58a ... d could principally be used as a solo presentation, i.e. be reproduced as a single audio stream,
although they are usually not intended to serve as a high quality solo reproduction.

[0035] Incontrastto separate SAOC decoding and subsequent mixing, a combined SAOC-decoder and mixer/renderer
is extremely attractive because it leads to very low implementation complexity. As compared to the straight forward
approach, a full decoding/reconstruction of the objects 58a to 58d as an intermediate representation can be avoided.
The necessary computation is mainly related to the number of intended output rendering channels 62a and 62b. As it
becomes apparent from Fig. 2, mixer/renderer 60 associated to the SAOC-decoder can in principle be any algorithm
suitable of combining single audio objects into a scene, i.e. suitable of generating output audio channels 62a and 6b
associated to individual loudspeakers of a multi-channel loudspeaker set-up. This could, for example, include mixers
performing amplitude panning (or amplitude and delay panning), vector based amplitude panning (VBAP schemes) and
binaural rendering, i.e. rendering intended to provide a spatial listening experience utilizing only two loudspeakers or
headphones. For example, MPEG Surround employs such binaural rendering approaches.

[0036] Generally, transmitting down-mix signals 54 associated with corresponding audio object information 55 can be
combined with arbitrary multi-channel audio coding techniques, such as, for example, parametric stereo, binaural cue
coding or MPEG Surround.

[0037] Fig. 3 shows an embodiment of the present invention, in which object parameters are transmitted together with
a down-mix signal. In the SAOC decoder structure 120, a MPEG Surround decoder can be used together with a multi-
channel parameter transformer, which generates MPEG parameters using the received object parameters. This com-
bination results in an spatial audio object decoder 120 with extremely low complexity. In other words, this particular
example offers a method for transforming (spatial audio) object parameters and panning information associated with
each audio object into a standards compliant MPEG Surround bitstream, thus extending the application of conventional
MPEG Surround decoders from reproducing multi-channel audio content towards the interactive rendering of spatial
audio object coding scenes. This is achieved without having to apply modifications to the MPEG Surround decoder itself.
[0038] The embodiment shown in Fig. 3 circumvents the drawbacks of conventional technology by using a multi-
channel parameter transformer together with an MPEG Surround decoder. While the MPEG Surround decoder is com-
monly available technology, a multi-channel parameter transformer provides a transcoding capability from SAOC to
MPEG Surround. These will be detailed in the following paragraphs, which will additionally make reference to Figs. 4
and 5, illustrating certain aspects of the combined technologies.

[0039] In Fig. 3, an SAOC decoder 120 has an MPEG Surround decoder 100 which receives a down-mix signal 102
having the audio content. The downmix signal can be generated by an encoder-side downmixer by combining (e.g.
adding) the audio object signals of each audio object in a sample by sample manner. Alternatively, the combining
operation can also take place in a spectral domain or filterbank domain. The downmix channel can be separate from
the parameter bitstream 122 or can be in the same bitstream as the parameter bitstream.

[0040] The MPEG Surround decoder 100 additionally receives spatial cues 104 of an MPEG Surround bitstream, such
as coherence parameters ICC and level parameters CLD, both representing the signal characteristics between two
audio signals within the MPEG Surround encoding/decoding scheme, which is shown in Fig. 5 and which will be explained
in more detail below.
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[0041] A multi-channel parameter transformer 106 receives SAOC parameters (object parameters) 122 related to
audio objects, which indicate properties of associated audio objects contained within Downmix Signal 102. Furthermore,
the transformer 106 receives object rendering parameters via an object rendering parameters input. These parameters
can be the parameters of a rendering matrix or can be parameters useful for mapping audio objects into a rendering
scenario. Depending on the object positions exemplarily adjusted by the user and input into block 12, the rendering
matrix will be calculated by block 112. The output of block 112 is then input into block 106 and particularly into the
parameter generator 108 for calculating the spatial audio parameters. When the loudspeaker configuration changes,
the rendering matrix or generally at least some of the object rendering parameters change as well. Thus, the rendering
parameters depend on the rendering configuration, which comprises the loudspeaker configuration/playback configu-
ration or the transmitted or user-selected object positions, both of which can be input into block 112.

[0042] A parameter generator 108 derives the MPEG Surround spatial cues 104 based on the object parameters,
which are provided by object parameter provider (SAOC parser) 110. The parameter generator 108 additionally makes
use of rendering parameters provided by a weighting factor generator 112. Some or all of the rendering parameters are
weighting parameters describing the contribution of the audio objects contained in the down-mix signal 102 to the
channels created by the spatial audio object decoder 120. The weighting parameters could, for example, be organized
in a matrix, since these serve to map a number of N audio objects to a number M of audio channels, which are associated
to individual loudspeakers of a multi-channel loudspeaker set-up used for playback. There are two types of input data
to the multi-channel parameter transformer (SAOC 2 MPS transcoder). The first input is an SAOC bitstream 122 having
object parameters associated to individual audio objects, which indicate spatial properties (e.g. energy information) of
the audio objects associated to the transmitted multi-object audio scene. The second input is the rendering parameters
(weighting parameters) 124 used for mapping the N objects to the M audio-channels.

[0043] As previously discussed, the SAOC bitstream 122 contains parametric information about the audio objects that
have been mixed together to create the down-mix signal 102 input into the MPEG Surround decoder 100. The object
parameters of the SAOC bitstream 122 are provided for at least one audio object associated to the down-mix channel
102, which was in turn generated using at least an object audio signal associated to the audio object. A suitable parameter
is, for example, an energy parameter, indicating an energy of the object audio signal, i.e. the strength of the contribution
of the object audio signal to the down-mix 102. In case a stereo downmix is used, a direction parameter might be provided,
indicating the location of the audio object within the stereo downmix. However, other object parameters are obviously
also suited and could therefore be used for the implementation.

[0044] The transmitted downmix does not necessarily have to be a monophonic signal. It could, for example, also be
a stereo signal. In that case, 2 energy parameters might be transmitted as object parameters, each parameter indicating
each object’s contribution to one of the two channels of the stereo signal. That is, for example, if 20 audio objects are
used for the generation of the stereo downmix signal, 40 energy parameters would be transmitted as the object param-
eters.

[0045] The SAOC bit stream 122 is fed into an SAOC parsing block, i.e. into object parameter provider 110, which
regains the parametric information, the latter comprising, besides the actual number of audio objects dealt with, mainly
object level envelope (OLE) parameters which describe the time-variant spectral envelopes of each of the audio objects
present.

[0046] The SAOC parameters will typically be strongly time dependent, as they transport the information, as to how
the multi-channel audio scene changes with time, for example when certain objects emanate or others leave the scene.
To the contrary, the weighting parameters of rendering matrix 124 do often not have a strong time or frequency depend-
ency. Of course, if objects enter or leave the scene, the number of required parameters changes abruptly, to match the
number of the audio objects of the scene. Furthermore, in applications with interactive user control, the matrix elements
may be time variant, as they are then depending on the actual input of a user.

[0047] In a further embodiment of the present invention, parameters steering a variation of the weighting parameters
or the object rendering parameters or time-varying object rendering parameters (weighting parameters) themselves may
be conveyed in the SAOC bitstream, to cause a variation of rendering matrix 124. The weighting factors or the rendering
matrix elements may be frequency dependent, if frequency dependent rendering properties are desired (as for example
when a frequency-selective gain of a certain object is desired).

[0048] Inthe embodiment of Fig. 3, the rendering matrix is generated (calculated) by a weighting factor generator 112
(rendering matrix generation block) based on information about the playback configuration (that is a scene description).
This might, on the one hand, be playback configuration information, as for example loudspeaker parameters indicating
the location or the spatial positioning of the individual loudspeakers of a number of loudspeakers of the multi-channel
loudspeaker configuration used for playback. The rendering matrix is furthermore calculated based on object rendering
parameters, e.g. on information indicating the location of the audio objects and indicating an amplification or attenuation
of the signal of the audio object. The object rendering parameters can, on the one hand, be provided within the SAOC
bitstream if a realistic reproduction of the multi-channel audio scene is desired. The object rendering parameters (e.g.
location parameters and amplification information (panning parameters)) can alternatively also be provided interactively
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via a user interface. Naturally, a desired rendering matrix, i.e. desired weighting parameters, can also be transmitted
together with the objects to start with a naturally sounding reproduction of the audio scene as a starting point for interactive
rendering on the decoder side.

[0049] The parameter generator (scene rendering engine) 108 receives both, the weighting factors and the object
parameters (for example the energy parameter OLE) to calculate a mapping of the N audio objects to M output channels,
wherein M may be larger than, less than or equal to N and furthermore even varying with time. When using a standard
MPEG Surround decoder 100, the resulting spatial cues (for example, coherence and level parameters) may be trans-
mitted to the MPEG-decoder 100 by means of a standards-compliant surround bitstream matching the down-mix signal
transmitted together with the SAOC bitstream.

[0050] Using a multi-channel parameter transformer 106, as previously described, allows using a standard MPEG
Surround decoder to process the down-mix signal and the transformed parameters provided by the parameter transformer
106 to play back the reconstruction of the audio scene via the given loudspeakers. This is achieved with the high flexibility
of the audio object coding-approach, i.e. by allowing serious user interaction on the playback side.

[0051] Asan alternative to the playback of a multi-channel loudspeaker set-up, a binaural decoding mode of the MPEG
Surround decoder may be utilized to play back the signal via headphones.

[0052] However, if minor modifications to the MPEG Surround decoder 100 are acceptable, e.g. within a software-
implementation, the transmission of the spatial cues to the MPEG Surround decoder could also be performed directly
in the parameter domain. l.e., the computational effort of multiplexing the parameters into an MPEG Surround compatible
bitstream can be omitted. Apart from the decrease in computational complexity, a further advantage is to avoid of a
quality degradation introduced by the MPEG-conforming parameter quantization, since such quantization of the gener-
ated spatial cues would in this case no longer be necessary. As already mentioned, this benefit calls for a more flexible
MPEG Surround decoder implementation, offering the possibility of a direct parameter feed rather than a pure bitstream
feed.

[0053] In another embodiment of the present invention, an MPEG Surround compatible bitstream is created by mul-
tiplexing the generated spatial cues and the down-mix signal, thus offering the possibility of a playback via legacy
equipment. Multi-channel parameter transformer 106 could thus also serve the purpose of transforming audio object
coded data into multi-channel coded data at the encoder side. Further embodiments of the present invention, based on
the multi-channel parameter transformer of Fig. 3 will in the following be described for specific object audio and multi-
channel implementations. Important aspects of those implementations are illustrated in Figs. 4 and 5.

[0054] Fig. 4 illustrates an approach to implement amplitude panning, based on one particular implementation, using
direction (location) parameters as object rendering parameters and energy parameters as object parameters. The object
rendering parameters indicate the location of an audio object. In the following paragraphs, angles o; 150 will be used
as object rendering (location) parameters, which describe the direction of origin of an audio object 152 with respect to
a listening position 154. In the following examples, a simplified two-dimensional case will be assumed, such that one
single parameter, i.e. an angle, can be used to unambiguously parameterize the direction of origin of the audio signal
associated with the audio object. However, it goes without saying, that the general three-dimensional case can be
implemented without having to apply major changes. That is, having for exampled a three-dimensional space, vectors
could be used to indicate the location of the audio objects within the spatial audio scene. As an MPEG Surround decoder
shall in the following be used to implement the inventive concept, Fig. 4 additionally shows the loudspeaker locations
of a five-channel MPEG multi-channel loudspeaker configuration. When the position of a centre loudspeaker 156a(C)
is defined to be at 0°, a right front speaker 156b is located at 30°, a right surround speaker 156c is located at 110°, a
left surround speaker 156d is located at -110° and a left front speaker 156¢ is located at -30°.

[0055] The following examples will furthermore be based on 5.1-channel representations of multi-channel audio signals
as specified in the MPEG Surround standard, which defines two possible parameterisations, that can be visualized by
the tree-structures shown in Fig. 5.

[0056] In case of the transmission of a mono-down-mix 160, the MPEG Surround decoder employs a tree-structure
parameterization. The tree is populated by so-called OTT elements (boxes) 162a to 162e for the first parameterization
and 164a to 164e for the second parameterization.

[0057] Each OTT element up-mixes a mono-input into two output audio signals. To perform the up-mix, each OTT
element uses an ICC parameter describing the desired cross-correlation between the output signals and a CLD parameter
describing the relative level differences between the two output signals of each OTT element.

[0058] Even though structurally similar, the two parameterizations of Fig. 5 differ in the way the audio-channel content
is distributed from the monophonic down-mix 160. For example, in the left tree-structure, the first OTT element 162a
generates a first output channel 166a and a second output channel 166b. According to the visualization in Fig. 5, the
first output channel 166a comprises information on the audio channels of the left front, the right front, the centre and the
low frequency enhancement channel. The second output signal 166b comprises only information on the surround chan-
nels, i.e. on the left surround and the right surround channel. When compared to the second implementation, the output
of the first OTT element differs significantly with respect to the audio channels comprised.
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[0059] However, a multi-channel parameter transformer can be implemented based on either of the two implementa-
tions. Once the inventive concept is understood, it may also be applied to other multi channel configurations than the
ones described below. For the sake of conciseness, the following embodiments of the present invention focus on the
left parameterization of Fig. 5, without loss of generality. It may furthermore be noted, that Fig. 5 only serves as an
appropriate visualization of the MPEG-audio concept and that the computations are normally not performed in a sequential
manner, as one might be tempted to believe by the visualizations of Fig. 5. Generally, the computations can be performed
in parallel, i.e. the output channels can be derived in one single computational step.

[0060] In the embodiments briefly discussed in the following paragraphs, an SAOC bitstream comprises (relative)
levels of each audio object in the down-mixed signal (for each time-frequency tile separately, as is common practice
within a frequency-domain framework using, for example, a filterbank or a time-to-frequency transformation).

[0061] Furthermore, the present invention is not limited to a specific level representation of the objects, the description
below merely illustrates one method to calculate the spatial cues for the MPEG Surround bitstream based on an object
power measure that can be derived from the SAOC object parameterization.

[0062] As is apparent from Fig. 3, the rendering matrix W, which is generated by weighting parameters and used by
the parameter generator 108 to map the objects o; to the required number of output channels (e.g. the number of
loudspeakers) s, has a number of weighting parameters, which depends on the particular object index i and the channel
index s. As such, a weighting parameter w, ; denotes the mixing gain of object i (1 < i< N) to loudspeaker s (1 < s<M).
Thatis, W maps objects 0=[o ... 0,] " to loudspeakers, generating the output signals for each loudspeaker (here assuming

a 5.1 set-up) y =y Yrr Yc YiFE Yis YRS thus:
y=Wo.

[0063] The parameter generator (the rendering engine 108) utilizes the rendering matrix W to estimate all CLD and

ICC parameters based on SAOC data 612 . With respect to the visualizations of Fig. 5, it becomes apparent, that this

process has to be performed for each OTT element independently. A detailed discussion will focus on the first OTT
element 162a, since the teachings of the following paragraphs can be adapted to the remaining OTT elements without
further inventive skill.

[0064] As it can be observed, the first output signal 166a of OTT element 162a is processed further by OTT elements
162b, 162c and 162d, finally resulting in output channels LF, RF, C and LFE. The second output channel 166b is
processed further by OTT element 162e, resulting in output channels LS and RS. Substituting the OTT elements of Fig.
5 with one single rendering matrix W can be performed by using the following matrix W:

-

Wit Wik "
Weea' W
Wer  Wew

Werea " Wirew

wl.v,l .o wl.s,N

i wllt,l ase ‘wR.t,N

=

[0065] ThenumberN ofthe columns of matrix W is not fixed, as N is the number of audio objects, which might be varying.
[0066] One possibility to derive the spatial cues (CLD and ICC) for the OTT element 162a is that the respective
contribution of each object to the two outputs of OTT element 0 is obtained by summation of the corresponding elements
in W. This summation gives a sub-rendering matrix W, of OTT element 0:

&
[

Wi ot Wil I W T Ve TV Y Wiy Wy H Wy Wy t Wiey
Wi o Way Wi,g + We Wy Y We N
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[0067] The problem is now simplified to estimating the level difference and correlation for sub-rendering matrix W,
(and for similarly defined sub-rendering matrices W, W,, W5 and W, related to the OTT elements 1, 2, 3 and 4,
respectively).

[0068] Assuming fully incoherent (i.e. mutually independent) object signals, the estimated power of the first output of

OTT element 0, p&] ¢ is given by:
Pg,l = Zwlzia.,z .
[0069] Similarly, the estimated power of the second output of OTT element 0, pg‘z ¢ is given by:
Pg,z = izwg,iaiz .
[0070] The cross-power R, is given by:
.Ro = ;Wx.th.:a ;.
[0071] The CLD parameter for OTT element 0 is then given by:

2
Po,

2 r
Pa2

CLD, =10log,,

and the ICC parameter is given by:

icc, =| |

Po1Po2

[0072] When Fig. 5 left portion is considered, both signals for which p, 4 and pg , have been determined as shown
above are virtual signals, since these signals represent a combination of loudspeaker signals and do not constitute
actually occurring audio signals. At this point, it is emphasized that the tree structures in Fig. 5 are not used for generation
of the signals. This means that in the MPEG surround decoder, any signals between the one-to-two boxes do not exist.
Instead, there is a big upmix matrix using the donwnmix and the different parameters to more or less directly generate
the loudspeaker signals.

[0073] Below, the grouping or identification of channels for the left configuration of Fig. 5 is described.

[0074] For box 162a, the first virtual signal is the signal representing a combination of the loudspeaker signals If, rf,
¢, Ife. The second virtual signal is the virtual signal representing a combination of Is and rs.

[0075] For box 162b, the first audio signal is a virtual signal and represents a group including a left front channel and
a right front channel, and the second audio signal is a virtual signal and represents a group including a center channel
and an Ife channel.

[0076] For box 162e, the first audio signal is a loudspeaker signal for the left surround channel and the second audio
signal is a loudspeaker signal for the right surround channel.

[0077] Forbox 162c, the first audio signal is a loudspeaker signal for the left front channel and the second audio signal
is a loudspeaker signal for the right front channel.

[0078] Forbox 162d, the first audio signal is a loudspeaker signal for the center channel and the second audio signal
is a loudspeaker signal for the low frequency enhancement channel.

[0079] In these boxes, the weighting parameters for the first audio signal or the second audio signal are derived by
combining object rendering parameters associated to the channels represented by the first audio signal or the second
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audio signal as will be outlined later on.

[0080] Below, the grouping or identification of channels for the right configuration of Fig. 5 is described.

[0081] For box 164a, the first audio signal is a virtual signal and represents a group including a left front channel, a
left surround channel, a right front channel, and a right surround channel, and the second audio signal is a virtual signal
and represents a group including a center channel and a low frequency enhancement channel.

[0082] Forbox 164b, the first audio signal is a virtual signal and represents a group including a left front channel and
a left surround channel, and the second audio signal is a virtual signal and represents a group including a right front
channel and a right surround channel.

[0083] Forbox 164e, the first audio signal is a loudspeaker signal for the center channel and the second audio signal
is a loudspeaker signal for the low frequency enhancement channel.

[0084] Forbox 164c, the first audio signal is a loudspeaker signal for the left front channel and the second audio signal
is a loudspeaker signal for the left surround channel.

[0085] For box 164d, the first audio signal is a loudspeaker signal for the right front channel and the second audio
signal is a loudspeaker signal for the right surround channel.

[0086] In these boxes, the weighting parameters for the first audio signal or the second audio signal are derived by
combining object rendering parameters associated to the channels represented by the first audio signal or the second
audio signal as will be outlined later on.

[0087] The above mentioned virtual signals are virtual, since they do not necessarily occur in an embodiment. These
virtual signals are used to illustrate the generation of power values or the distribution of energy which is determined by
CLD for all boxes e.g. by using different sub-rendering matrices W;. Again, the left side of Fig. 5 is described first
[0088] Above, the sub-rendering matrix Wy, for box 162a has been shown.

[0089] Forbox 162b, the sub-rendering matrix is defined as:

—_— Wi o Wi | [ W ¥ W e Wy Wy
L= =

Wz’) . WZ,N wc.l+wlf¢,l o Wen +-W”-¢.N

[0090] For box 162e, the sub-rendering matrix is defined as:

1wa - W L
Wy e Wy Woi o Wen

[0091] For box 162c, the sub-rendering matrix is defined as:

W, . Wy Wy e Wy
W, = =

Wy, e Wy Wyrr oo Woy
[0092] For box 162d, the sub-rendering matrix is defined as:

Wip o Wy Wea - Wen
W,4 = = .
Wy, e Wy Wyer = Wi

[0093] For the right configuration in Fig. 5, the situation is as follows:

For box 164a, the sub-rendering matrix is defined as:

10
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—_ Wig oo Wi | W W T Wt Wy Wy AWy Wy W,
) = =
Wy, e Wy W, Wy, W,y + Wy

2

For box 164b, the sub-rendering matrix is defined as:

_ Wi e Wi | [ Wra v Wiy oo Wyt Wy
= =
Wy e Wy Wt Wy e Wy W,y

For box 164e, the sub-rendering matrix is defined as:

1TWin - W Wea Wen-
;Vz = =
X WZJ w2.N W”-e‘l w,fe'N
For box 164c, the sub-rendering matrix is defined as:
W = Wip o oo Wiy | (W o Wi
y = =
Wit - Wy Wea - Wan
For box 164d, the sub-rendering matrix is defined as:
o Wit o Wi | [ Wrs o Waw
) = =
Wair o Wy Wi v Wan

[0094] Depending on the implementation, the respective CLD and ICC parameter may be quantized and formatted to
fit into an MPEG Surround bitstream, which could be fed into MPEG Surround decoder 100. Alternatively, the parameter
values could be passed to the MPEG Surround decoder on a parameter level, i.e. without quantization and formatting
into a bitstream. To not only achieve repanning of the objects, i.e. distributing these signal energies appropriately, which
can be achieved using the above approach utilizing the MPEG-2 structure of Fig. 5, but to also implement attenuation
or amplification, so-called arbitrary down-mix gains may also be generated for a modification of the down-mix signal
energy. Arbitrary down-mix gains (ADG) allow for a spectral modification of the down-mix signal itself, before it is
processed by one of the OTT elements. That is, arbitrary down-mix gains are per se frequency dependent. For an
efficient implementation, arbitrary down-mix gains ADGs are represented with the same frequency resolution and the
same quantizer steps as CLD-parameters. The general goal of the application of ADGs is to modify the transmitted
down-mix in a way that the energy distribution in the down-mix input signal resembles the energy of the down-mix of
the rendered system output. Using the weighting parameters W, ; of the rendering matrix W and the transmitted object

powers 0',2 appropriate ADGs can be calculated using the following equation:

11
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22w,
ADG [dB]=10log,| +<&—1,

{
pXH
i

and it is assumed, that the power of the input down-mix signal is equal to the sum of the object powers (i = object index,
k = channel index).

[0095] As previously discussed, the computation of the CLD and ICC-parameters utilizes weighting parameters indi-
cating a portion of the energy of the object audio signal associated to loudspeakers of the multi-channel loudspeaker
configuration. These weighting factors will generally be dependent on scene data and playback configuration data, i.e.
on the relative location of audio objects and loudspeakers of the multi-channel loudspeaker set-up. The following para-
graphs will provide one possibility to derive the weighting parameters, based on the object audio parameterization
introduced in Fig. 4, using an azimuth angle and a gain measure as object parameters associated to each audio object.
[0096] As already outlined above, there are independent rendering matrices for each time/frequency tile; however in
the following only one single time/frequency tile is regarded for the sake of clarity. The rendering matrix W has got M
lines (one for each output channel) and, N columns (one for each audio object) where the matrix element in line s and
column i represents the mixing weight with which the particular audio object contributes to the respective output channel:

[0097] The matrix elements are calculated from the following scene description and loudspeaker configuration pa-
rameters: Scene description (these parameters can vary over time):

e Number of audio objects: N > 1
*  Azimuth angle for each audio object: o; (1 <i<N)
*  Gain value for each object: g; (1 < i< N) Loudspeaker configuration (usually these parameters are time-invariant):

¢  Number of output channels (= speakers): M > 2
*  Azimuth angle for each speaker: 85 (1 <s < M)
* 055041 Vswith1<s<M-1

[0098] The elements of the mixing matrix are derived from these parameters by pursuing the following scheme for
each audio object i:

*  Findindex s’ (1<s’<M) with 85 < ;< 0g41 (Bpg+1 := 0442n)

e Apply amplitude panning (e.g. tangent law) between speakers s’ and s’+1 (between speakers M and 1 in case of
s’=M). In the following description, the variables v are the panning weights, i.e. the scaling factors to be applied to
a signal, when it is distributed between two channels, as for example illustrated in Fig. 4.:

1 - -
tan(z (9:' +0:'+1) ai)= Vi~V ; p/v{'; +V2PJ =1; 1 <p< 2.

tan(—;—(@,.” ~ 9:’)) VitV

[0099] With respect to the above equations, it may be noted that in the two-dimensional case, an object audio signal
associated to an audio object of the spatial audio scene will be distributed between the two speakers of the multi-channel
loudspeaker configuration, which are closest to the audio object. However, the object parameters chosen for the above
implementation are not the only object parameters which can be used to implement further embodiments of the present

12
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invention. For example, in a three-dimensional case, object parameters indicating the location of the loudspeakers or
the audio objects may be three-dimensional vectors. Generally, two parameters are required for the two-dimensional
case and three parameters are required for the three-dimensional case, when the location shall be unambiguously
defined. However, even in the two-dimensional case, different parameterizations may be used, for example transmitting
two coordinates within a rectangular coordinate system. It may furthermore be noted, that the optional panning rule
parameter p, which is within a range of 1 to 2, is an arbitrary panning rule parameter, which is set to reflect room acoustic
properties of a reproduction system/room, and which is, according to some embodiments of the present invention,
additionally applicable. Finally, the weighting parameters Wy ; can be derived according to the following formula, after
the panning weights V, ; and V, ; have been derived according to the above equations. The matrix elements are finally
given by the following equations:

\/—gT-vu for s=¢

= \/Z-vz', Jor s=s'+1

5.

0 otherwise

[0100] The previously introduced gain factor g;, which is optionally associated to each audio object, may be used to
emphasize or suppress individual objects. This may, for example, be performed on the receiving side, i.e. in the decoder,
to improve the intelligibility of individually chosen audio objects.

[0101] The following example of audio object 152 of Fig. 4 shall again serve to clarify the application of the above
equations. The example utilizes the ITU-R BS.775-1 conforming 3/2-channel setup previously described. It is the aim
to derive the desired panning direction of an audio object i, characterized by an azimuthal angle o; = 60°, with an arbitrary
panning gain g; of 1, (i.e. 0 dB). With this example, the playback room shall exhibit some reverberation, parameterized
by the panning rule parameter p = 2. According to Fig. 4, it is apparent that the closest loudspeakers are the right front
loudspeaker 156b and the right surround loudspeaker 156¢. Therefore, the panning weights can be found by solving
the following equations:

tan10° v, —v,, 2 2
tan 40° = ; \jvm +vy, =1.

UTRALY,

[0102] After some mathematics, this leads to the solution:
v, =0.8374 ; v,; =0.5466.

[0103] Therefore, according to the above instructions, the weighting parameters (matrix elements) associated to the
specific audio object located in direction o; are derived to be:

Wl = w2 = w3 =0 ,; wd = 0.8374 ; wS = 0.5466,

[0104] The above paragraphs detail embodiments of the present invention utilizing only audio objects, which can be
represented by a monophonic signal, i.e. point-like sources. However, the flexible concept is not restricted to the appli-
cation with monophonic audio sources. To the contrary, one or more objects, which are to be regarded as spatially
"diffuse" do also fit well into the inventive concept. Multi-channel parameters have to be derived in an appropriate manner,
when non point-like sources or audio objects are to be represented. An appropriate measure to quantify an amount of
diffuseness between one or more audio objects, is an object-related cross-correlation parameter ICC.

[0105] In the SAOC system discussed so far all audio objects were supposed to be point sources, i.e. pair-wise
uncorrelated mono sound sources without any spatial extent. However there are also application scenarios in which it
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is desirable to allow audio objects that comprise more than only one audio channel, exhibiting to a certain degree pair-
wise (de)correlation. The simplest and probably most important case out of these is represented by stereo objects, i.e.
objects consisting of two more or less correlated channels that belong together. As an example, such an object could
represent the spatial image produced by a symphony orchestra.

[0106] In order to smoothly integrate stereo objects into a mono audio object based system as it is described above,
both channels of a stereo object are treated as individual objects. The interrelationship of both part objects is reflected
by an additional cross-correlation parameter which is calculated based on the same timeffrequency grid as is applied

for the derivation of the sub-band power values 0',.2 . In other words: A stereo object is defined by a set of parameter

triplets {0‘,2 ’ a’} ¢+ ICC;} per time/frequency tile, where ICC;; denotes the pair-wise correlation between the two

realizations of one object. These two realizations are denoted by individual objects i and j. having a pair-wise correlation
ICC;;
[0107] For the correct rendering of stereo objects an SAOC decoder must provide means for establishing the correct
correlation between those playback channels that participate in the rendering of the stereo object, such that the contri-
bution of that stereo object to the respective channels exhibits a correlation as claimed by the corresponding ICC;;
parameter. An SAOC to MPEG Surround transcoder which is capable of handling stereo objects, in turn, must derive
ICC parameters for the OTT boxes that are involved in reproducing the related playback signals, such that the amount
of decorrelation between the output channels of the MPEG Surround decoder fulfills this condition.

[0108] In order to do so, compared to the example given in the previous section of this document, the calculation of
the powers py ; and p, , and the cross-power R, have to be changed. Assuming the indices of the two audio objects
that together build a stereo object to be i; and i, the formulas change in the following manner:

R, =Z ZICC,J W, w, ;60 |,
T\ J

Pg,l =Z Zwl,iwl_jo'io'jlcci,j ’
T\ .

pg'z =Z sz JWZJO"O'IICC,J .
J]

i

[0109] It can be observed easily that in case of ICCy ,= 0 V i;# i, and ICCy 5, = 1 otherwise, these equations are
identical to those given in the previous section.

[0110] Having the capability of using stereo objects has the obvious advantage, that the reproduction quality of the
spatial audio scene can be significantly enhanced, when audio sources other than point sources can be treated appro-
priately. Furthermore, the generation of a spatial audio scene may be performed more efficiently, when one has the
capability of using premixed stereo signals, which are widely available for a great number of audio objects.

[0111] The following considerations will furthermore show that the inventive concept allows for the integration of point-
like sources, which have an "inherent" diffuseness. Instead of objects representing point sources, as in the previous
examples, one or more objects may also be regarded as spatially 'diffuse’. The amount of diffuseness can be characterized
by an object-related cross-correlation parameter /ICC; ;. For ICC; =1, the object i represents a point source, while for
ICC;; =0, the object is maximally diffuse. The object-dependent diffuseness can be integrated in the equations given
above by filling in the correct ICC;; values.

[0112] When stereo objects are utilized, the derivation of the weighting factors of the matrix M has to be adapted.
However, the adaptation can be performed without inventive skill, as for the handling of stereo objects, two azimuth
positions (representing the azimuth values of the left and the right "edge" of the stereo object) are converted into rendering
matrix elements.

[0113] Asalready mentioned, regardless of the type of audio objects used, the rendering Matrix elements are generally
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defined individually for different time/frequency tiles and do in general differ from each other. A variation over time may,
for example, reflect a user interaction, through which the panning angles and gain values for every individual object may
be arbitrarily altered over time. A variation over frequency allows for different features influencing the spatial perception
of the audio scene, as, for example, equalization.

[0114] Implementing the inventive concept using a multi-channel parameter transformer allows for a number of com-
pletely new, previously not feasible, applications. As, in a general sense, the functionality of SAOC can be characterized
as efficient coding and interactive rendering of audio objects, numerous applications requiring interactive audio can
benefit from the inventive concept, i.e. the implementation of an inventive multi-channel parameter transformer or an
inventive method for a multi-channel parameter transformation.

[0115] As an example, completely new interactive teleconferencing scenarios become feasible. Current telecommu-
nication infrastructures (telephone, teleconferencing etc.) are monophonic. That is, classical object audio coding cannot
be applied, since this requires the transmission of one elementary stream per audio object to be transmitted. However,
these conventional transmission channels can be extended in their functionality by introducing SAOC with a single down-
mix channel. Telecommunication terminals equipped with an SAOC extension, that is mainly with a multi-channel pa-
rameter transformer or an inventive object parameter transcoder, are able to pick up several sound sources (objects)
and mix them into a single monophonic down-mix signal which is transmitted in a compatible way by using the existing
coders (for example speech coders). The side information (spatial audio object parameters or object parameters) may
be conveyed in a hidden, backwards compatible way. While such advanced terminals produce an output object stream
containing several audio objects, the legacy terminals will reproduce the downmix signal. Conversely, the output produced
by legacy terminals (i.e. a downmix signal only) will be considered by SAOC transcoders as a single audio object.
[0116] The principle is illustrated in Fig. 6a. At a first teleconferencing site 200, A objects (talkers) may be present,
whereas at a second teleconferencing site 202 B objects (talkers) may be present. According to SAOC, object parameters
can be transmitted from the first teleconferencing site 200 together with an associated down-mix signal 204, whereas
a down-mix signal 206 can be transmitted from the second teleconferencing site 202 to the first teleconferencing site
200, associated by audio object parameters for each of the B objects at the second teleconferencing site 202. This has
the tremendous advantage, that the output of multiple talkers can be transmitted using only one single down-mix channel
and thatfurthermore, additional talkers may be emphasized at the receiving site, as the additional audio object parameters,
associated to the individual talkers, are transmitted in association with the down-mix signal.

[0117] This allows, for example, a user to emphasize one specific talker of interest by applying object-related gain
values g;, thus making the remaining talkers nearly inaudible. This would not be possible when using conventional multi-
channel audio techniques, since these would try to reproduce the original spatial audio scene as naturally as possible,
without the possibility of allowing a user interaction to emphasize selected audio objects.

[0118] Fig. 6b illustrates a more complex scenario, in which teleconferencing is performed among three teleconfer-
encing sites 200, 202 and 208. Since each site is only capable of receiving and sending one audio signal, the infrastructure
uses so-called multi-point control units MCU 210. Each site 200, 202 and 208 is connected to the MCU 210. From each
site to the MCU 210, a single upstream contains the signal from the site. The downstream for each site is a mix of the
signals of all other sites, possibly excluding the site’'s own signal (the so-called "N-1 signal").

[0119] According to the previously discussed concept and the inventive parameter transcoders, the SAOC bitstream
format supports the ability to combine two or more object streams, i.e. two streams having a down-mix channel and
associated audio object parameters into a single stream in a computationally efficient way, i.e. in a way not requiring a
preceding full reconstruction of the spatial audio scene of the sending site. Such a combination is supported without
decoding/re-encoding of the objects according to the present invention. Such a spatial audio object coding scenario is
particularly attractive when using low delay MPEG communication coders, such as, for example low delay AAC.
[0120] Another field of interest for the inventive concept is interactive audio for gaming and the like. Due to its low
computational complexity and independency from a particular rendering set-up, SAOC is ideally suited to represent
sound for interactive audio, such as gaming applications. The audio could furthermore be rendered depending on the
capabilities of the output terminal. As an example, a user/player could directly influence the rendering/mixing of the
current audio scene. Moving around in a virtual scene is reflected by an adaptation of the rendering parameters. Using
a flexible set of SAOC sequences/bitstreams would enable the reproduction of a non-linear game story controlled by
user interaction.

[0121] Inventive SAOC coding can be applied within a multi-player game, in which a user interacts with other players
in the same virtual world/scene. For each user, the video and audio scene is based on his position and orientation in
the virtual world and rendered accordingly on his local terminal. General game parameters and specific user data
(position, individual audio; chat etc.) is exchanged between the different players using a common game server. With
legacy techniques, every individual audio source not available by default on each client gaming device (particularly user
chat, special audio effects) in a game scene has to be encoded and sent to each player of the game scene as an
individual audio stream. Using SAOC, the relevant audio stream for each player can easily be composed/combined on
the game server, be transmitted as a single audio stream to the player (containing all relevant objects) and rendered at
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the correct spatial position for each audio object (= other game players’ audio).

[0122] SAOC can be used to play back object soundtracks with a control similar to that of a multi-channel mixing desk
using the possibility to adjust relative level, spatial position and audibility of instruments according to the listener’s liking.
Such, a user can:

- suppress/attenuate certain instruments for playing along (Karaoke type of applications)

- modify the original mix to reflect their preference (e.g. more drums and less strings for a dance party or less drums
and more vocals for relaxation music)

- choose between different vocal tracks (female lead vocal via male lead vocal) according to their preference.

[0123] As the above examples have shown, the application of the inventive concept opens the field for a wide variety
of new, previously unfeasible applications. These applications become possible, when using an inventive multi-channel
parameter transformer of Fig. 7 or when implementing a method for generating a coherence parameter indicating a
correlation between a first and a second audio signal and a level parameter, as shown in Fig. 8.

[0124] Fig. 7 shows a further embodiment of the present invention. The multi-channel parameter transformer 300
comprises an object parameter provider 302 for providing object parameters for at least one audio object associated to
a down-mix channel generated using an object audio signal which is associated to the audio object. The multi-channel
parameter transformer 300 furthermore comprises a parameter generator 304 for deriving a coherence parameter and
a level parameter, the coherence parameter indicating a correlation between a first and a second audio signal of a
representation of a multi-channel audio signal associated to a multi-channel loudspeaker configuration and the level
parameter indicating an energy relation between the audio signals. The multi-channel parameters are generated using
the object parameters and additional loudspeaker parameters, indicating a location of loudspeakers of the multi-channel
loudspeaker configuration to be used for playback.

[0125] Fig. 8 shows an example of the implementation of an inventive method for generating a coherence parameter
indicating a correlation between a first and a second audio signal of a representation of a multi-channel audio signal
associated to a multi-channel loudspeaker configuration and for generating a level parameter indicating an energy
relation between the audio signals. In a providing step 310, object parameters for at least one audio object associated
to a down-mix channel generated using an object audio signal associated to the audio object, the object parameters
comprising a direction parameter indicating the location of the audio object and an energy parameter indicating an energy
of the object audio signal are provided.

[0126] In a transformation step 312, the coherence parameter and the level parameter are derived combining the
direction parameter and the energy parameter with additional loudspeaker parameters indicating a location of loud-
speakers of the multi-channel loudspeaker configuration intended to be used for playback.

[0127] Furtherembodiments comprise an object parametertranscoder for generating a coherence parameterindicating
a correlation between two audio signals of a representation of a multi-channel audio signal associated to a multi-channel
loudspeaker configuration and for generating a level parameter indicating an energy relation between the two audio
signals based on a spatial audio object coded bit stream. This device includes a bit stream decomposer for extracting
a down-mix channel and associated object parameters from the spatial audio object coded bit stream and a multi-channel
parameter transformer as described before.

[0128] Alternatively or additionally, the object parameter transcoder comprises a multi-channel bit stream generator
for combining the down-mix channel, the coherence parameter and the level parameter to derive the multi-channel
representation of the multi-channel signal or an output interface for directly outputting the level parameter and the
coherence parameter without any quantization and/or entropy encoding.

[0129] Another object parameter transcoder has an output interface is further operative to output the down mix channel
in association with the coherence parameter and the level parameter or has a storage interface connected to the output
interface for storing the level parameter and the coherence parameter on a storage medium.

[0130] Furthermore, the object parameter transcoder has a multi-channel parameter transformer as described before,
which is operative to derive multiple coherence parameter and level parameter pairs for different pairs of audio signals
representing different loudspeakers of the multi-channel loudspeaker configuration.

[0131] Depending on certain implementation requirements of the inventive methods, the inventive methods can be
implemented in hardware or in software. The implementation can be performed using a digital storage medium, in
particular a disk, DVD or a CD having electronically readable control signals stored thereon, which cooperate with a
programmable computer system such that the inventive methods are performed. Generally, the present invention is,
therefore, a computer program product with a program code stored on a machine readable carrier, the program code
being operative for performing the inventive methods when the computer program product runs on a computer. In other
words, the inventive methods are, therefore, a computer program having a program code for performing at least one of
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the inventive methods when the computer program runs on a computer.

[0132] While the foregoing has been particularly shown and described with reference to particular embodiments
thereof, it will be understood by those skilled in the art that various other changes in the form and details may be made
without departing from the scope thereof. It is to be understood that various changes may be made in adapting to different
embodiments without departing from the broader concepts disclosed herein, as defined by the claims that follow.

Claims

1. Multi-channel parameter transformer for generating a level parameter indicating an energy relation between a first
audio signal and a second audio signal of a representation of a multi-channel spatial audio signal, comprising:

an object parameter provider for providing object parameters for a plurality of audio objects associated to a
down-mix channel depending on the object audio signals associated to the audio objects, the object parameters
comprising an energy parameter for each audio object indicating an energy information of the object audio
signal; and

a parameter generator for deriving the level parameter by combining the energy parameters and object rendering
parameters related to a rendering configuration;

wherein the parameter generator is additionally adapted to derive a coherence parameter based on the object
rendering parameters and the energy parameters, the coherence parameter indicating a correlation between
the first audio signal and the second audio signal;

wherein the object parameter provider is adapted to provide parameters for a stereo object, the stereo object
having a first stereo sub-object and a second stereo sub-object, the energy parameters having a first energy

parameter c:‘i2 for the first sub-object of the stereo audio object, a second energy parameter O'Jz- for the second

sub-object of the stereo audio object and a stereo correlation parameter ICC;
indicating a correlation between the sub-objects of the stereo object;
wherein the parameter generator is adapted to use first and second weighting parameters as object rendering
parameters, which indicate a portion of the energy of the object audio signal to be distributed to a first and a
second loudspeaker of the multi-channel loudspeaker configuration, the first and second weighting parameters
depending on loudspeaker parameters indicating a location of loudspeakers of the multi-channel loudspeaker
configuration, the first and second weighting parameters comprising wy ;and w, ; which indicate a portion of the
energy of the object audio signal of the first sub-object to be distributed to a first and a second loudspeaker of
the multi-channel loudspeaker configuration, respectively, and w; J-and Wzijhich indicate a portion of the energy
of the object audio signal of the second sub-object to be distributed to the first and the second loudspeaker of
the multi-channel loudspeaker configuration, respectively, and such that the weighting parameters are unequal
to zero when the loudspeaker parameters indicate that the first and the second loudspeakers are among the
loudspeakers having minimum distance with respect to a location of the audio object; and

wherein the parameter generator is operative to derive the level parameter and the coherence parameter based
on a power estimation p, 1 associated to the first audio signal and a power estimation p, , associated to the

i the stereo correlation parameter

second audio signal and a cross power correlation Ry, using the first energy parameter 0',.2 , the second energy

parameter 0'12. » the stereo correlation parameter ICC;; and the first and second weighting parameters w;

w, j, wq jand w, ; such, that the power estimations and the cross correlation estimation can be characterized
by the following equations:

Ry =X | D ICC, ;- ww, 000 |,
]

i
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Pé,l = Z Wl.iwl_jo'io'jICC,,j '
i J

t

t

2
Po2 = Z W,iW2,;0,0; ]Cci,j
J

Multi-channel parameter transformer in accordance with claim 1, in which the object rendering parameters depend
on object location parameters indicating a location of the audio object.

Multi-channel parameter transformer in accordance with claim 1, in which the rendering configuration comprises a
multi-channel loudspeaker configuration, and in which the object rendering parameters depend on loudspeaker
parameters indicating locations of loudspeakers of the multi-channel loudspeaker configuration.

Multi-channel parameter transformer in accordance with claim 1, in which the object parameter provider is operative
to provide object parameters additionally comprising a direction parameter indicating a location of the object with
respect to a listening position; and

in which the parameter generator is operative to use object rendering parameters depending on loudspeaker pa-
rameters indicating locations of loudspeakers with respect to the listening position and on the direction parameter.

Multi-channel parameter transformer in accordance with claim 1, in which the object parameter provider is operative
to receive user input object parameters additionally comprising a direction parameter indicating a user-selected
location of the object with respect to a listening position within the loudspeaker configuration; and

in which the parameter generator is operative to use the object rendering parameters depending on loudspeaker
parameters indicating locations of loudspeakers with respect to the listening position and on the user input direction
parameter.

Multi-channel parameter transformer in accordance with any of claims 1 to 5, in which the parameter generator
comprises:

a weighting factor generator for providing the first and the second weighting parameters w, and w, depending
on loudspeaker parameters ©4 and O, for the first and second loudspeakers and on a direction parameter o. of
the audio object, wherein the loudspeaker parameters ©,, ©, and the direction parameter o. indicate a direction
of the location of the loudspeakers and of the audio object with respect to a listening position, wherein the
weighting factor generator is operative to provide the weighting parameters w; and w, such that the following
equations are satisfied:

tan(§(®,+@z))_a ww
w(3(0,-9)) WTW

.
’

and

P P .

1,1)l +1,1)2 =1,

P

wherein p is an optional panning rule parameter which is set to reflect room acoustic properties of a reproduction
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system/room, and is defined as 1 < p< 2.

Multi-channel parameter transformer in accordance with claim 1, in which the parameter generator is operative to
derive the level parameter based on a first power estimate p 1 associated to a first audio signal, wherein the first
audio signal being intended for a loudspeaker or being a virtual signal representing a group of loudspeaker signals
and on a second power estimate p, , associated to a second audio signal, the second audio signal being intended
for a different loudspeaker or being a virtual signal representing a different group of loudspeaker signals, wherein
the first power estimate p, 4 of the first audio signal depends on the energy parameters and weighting parameters
associated to the first audio signal, and wherein the second power estimate p, , associated to the second audio
signal depends on the energy parameters and weighting parameters associated to the second audio signal, wherein
k is an integer indicating a pair of a plurality of pairs of different first and second signals, and wherein the weighting
parameters depend on the object rendering parameters, wherein the parameter generator is operative to calculate
the level parameter or the coherence parameter for k pairs of different first and second audio signals, and in which
the first and second power estimates p, ; and py , associated to the first and second audio signals are based on
the following equations, depending on the energy parameters ;2, on weighting parameters w;y ; associated to the
first audio signal and on weighting parameters Wy associated to the second audio signal:

P =Z_:w.2~,~0’,-2

2 2
Pr2 = sz-’o-i '

wherein i is an index indicating an audio object of the plurality of audio objects, and wherein k is an integer indicating
a pair of a plurality of pairs of different first and second signals.

Multi-channel parameter transformer in accordance with claim 7, in which k is equal to zero, in which the first audio
signal is a virtual signal and represents a group including a left front channel, a right front channel, a center channel
and an Ife channel, and in which the second audio signal is a virtual signal and represents a group including a left
surround channel and a right surround channel, or

in which k is equal to one, in which the first audio signal is a virtual signal and represents a group including a left
front channel and a right front channel, and in which the second audio signal is a virtual signal and represents a
group including a center channel and an Ife channel, or

in which k is equal to two, in which the first audio signal is a loudspeaker signal for the left surround channel and in
which the second audio signal is a loudspeaker signal for the right surround channel, or

in which k is equal to three, in which the first audio signal is a loudspeaker signal for the left front channel and in
which the second audio signal is a loudspeaker signal for the right front channel, or

in which k is equal to four, in which the first audio signal is a loudspeaker signal for the center channel and in which
the second audio signal is a loudspeaker signal for the low frequency enhancement channel, and

wherein the weighting parameters for the first audio signal or the second audio signal are derived by combining
object rendering parameters associated to the channels represented by the first audio signal or the second audio
signal.

Multi-channel parameter transformer in accordance with claim 7, in which k is equal to zero, in which the first audio
signal is a virtual signal and represents a group including a left front channel, a left surround channel, a right front
channel, and a right surround channel, and in which the second audio signal is a virtual signal and represents a
group including a center channel and a low frequency enhancement channel, or

in which k is equal to one, in which the first audio signal is a virtual signal and represents a group including a left
front channel and a left surround channel, and in which the second audio signal is a virtual signal and represents a
group including a right front channel and a right surround channel, or

in which k is equal to two, in which the first audio signal is a loudspeaker signal for the center channel and in which
the second audio signal is a loudspeaker signal for the low frequency enhancement channel, or

in which k is equal to three, in which the first audio signal is a loudspeaker signal for the left front channel and in
which the second audio signal is a loudspeaker signal for the left surround channel, or
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in which k is equal to four, in which the first audio signal is a loudspeaker signal for the right front channel and in
which the second audio signal is a loudspeaker signal for the right surround channel, and

wherein the weighting parameters for the first audio signal or the second audio signal are derived by combining
object rendering parameters associated to the channels represented by the first audio signal or the second audio
signal.

Multi-channel parameter transformer in accordance with claim 7, in which the parameter generator is adapted to
derive the level parameter CLD, based on the following equation:

2

Py
2

P2

CLDy = 10 loglo

Multi-channel parameter transformer in accordance with claim 1, in which the parameter generator is operative to
derive the coherence parameter based on a first power estimate p, 4 associated to a first audio signal, wherein the

first audio signal being intended for a loudspeaker or being a virtual signal representing a group of loudspeaker
signals and on a second power estimate p, , associated to a second audio signal, the second audio signal being

intended for a different loudspeaker or being a virtual signal representing a different group of loudspeaker signals,
wherein the first power estimate p 1 of the first audio signal depends on the energy parameters and weighting

parameters associated to the first audio signal, and wherein the second power estimate py , associated to the second

audio signal depends on the energy parameters and weighting parameters associated to the second audio signal,
wherein k is an integer indicating a pair of a plurality of pairs of different first and second signals, and wherein the
weighting parameters depend on the object rendering parameters,

wherein the parameter generator is adapted to derive the coherence parameter based on a cross power estimation

Ry associated to the first and the second audio signals depending on the energy parameters o'l2 and on the

weighting parameters w, associated to the first audio signal and the weighting parameters w, associated to the

second audio signal, wherein i is an index indicating an audio object of the plurality of audio objects, wherein
the parameter generator is adapted to use or derive the cross power estimation R, based on the following equation:

_ 2
R, = Zwl.iwz.io'i .
i

Multi-channel parameter transformer in accordance with claim 11, in which the parameter generator is operative to
derive the coherence parameter ICC based on the following equation:

cc, =—=

Pr P2

Multi-channel parameter transformer in accordance with claim 1, in which the parameter generator is operative to
in which the parameter generator is operative to derive, for each audio object i, the weighting factors w,; for the r-
th loudspeaker depending on object direction parameters o; and loudspeaker parameters ©,based on the following
equations:

for an index s’ (1<s’ <M) with 8y < o; < 85,4(Opp4q :=04+21)
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tan(%(a\"‘*-es"&l)—a) V.-V
=2 oAl vl =1 ; 1<p<2

tan(%(&t’ﬂ - 0\-)) "1.:‘ * vZ,i

Je. v, fors=¢
w,, =4./g; ‘v, fors =s'+1.
0 otherwise

14. Method for generating a level parameter indicating an energy relation between a first audio signal and a second
audio signal of a representation of a multi-channel spatial audio signal, comprising:

providing object parameters for a plurality of audio objects associated to a down-mix channel depending on the
object audio signals associated to the audio objects, the object parameters comprising an energy parameter
for each audio object indicating an energy information of the object audio signal;

deriving the level parameter by combining the energy parameters and object rendering parameters related to
a rendering configuration; and

deriving a coherence parameter based on the object rendering parameters and the energy parameter, the
coherence parameter indicating a correlation between the first audio signal and the second audio signal,
wherein the provision of the object parameters comprises providing parameters for a stereo object, the stereo
object having a first stereo sub-object and a second stereo sub-object, the energy parameters having a first

energy parameter o'iz for the first sub-object of the stereo audio object, a second energy parameter crjz. for

the second sub-object of the stereo audio object and a stereo correlation parameter ICC; ;, the stereo correlation

parameter indicating a correlation between the sub-objects of the stereo object;

wherein the derivation of the level and coherence parameters uses first and second weighting parameters as
object rendering parameters, which indicate a portion of the energy of the object audio signal to be distributed
to afirstand a second loudspeaker of the multi-channel loudspeaker configuration, the first and second weighting
parameters depending on loudspeaker parameters indicating a location of loudspeakers of the multi-channel
loudspeaker configuration, the first and second weighting parameters comprising w;, ; and w, ; which indicate
a portion of the energy of the object audio signal of the first sub-object to be distributed to a first and a second
loudspeaker of the multi-channel loudspeaker configuration, respectively, and Wy and Wy which indicate a
portion of the energy of the object audio signal of the second sub-object to be distributed to the first and the
second loudspeaker of the multi-channel loudspeaker configuration, respectively, and such that the weighting
parameters are unequal to zero when the loudspeaker parameters indicate that the first and the second loud-
speakers are among the loudspeakers having minimum distance with respect to alocation of the audio object; and
wherein the derivation of the level parameter is performed such that the level parameter and the coherence
parameter is derived based on a power estimation p, 1 associated to the first audio signal and a power estimation

Py 2 @ssociated to the second audio signal and a cross power correlation Ry, using the first energy parameter

iy

2 . )
O',.2 + the second energy parameter O ; , the stereo correlation parameter ICCi,J- and the first and second

weighting parameters w; ;, w, ;, wy ;and w;, ;such, that the power estimations and the cross correlation estimation
can be characterized by the following equations:

R, =Z ZICC,.J. ‘W W, 0,0, |,
j

i

21



EP 2 082 397 B1

!

Pg,l "2 wl,iwl.jaiajICCi.i ’
J

2 __
Po. —Z Zw2.iw2,jaiaj[CCi.j .
J

i

15. Computer program having a program code adapted to perform, when run on a computer, the method of claim 14.

Patentanspriiche

1. Mehrkanalparametertransformator zum Erzeugen eines Pegelparameters, der eine Energiebeziehung zwischen
einem ersten Audiosignal und einem zweiten Audiosignal einer Darstellung eines rdumlichen Mehrkanal-Audiosi-
gnals anzeigt, der folgende Merkmale aufweist:
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einen Objektparameterlieferanten zum Liefern von Objektparametern fiir eine Mehrzahl von Audioobjekten, die
einem Heruntermischkanal zugeordnet sind, abhangig von den Objektaudiosignalen, die den Audioobjekten
zugeordnet sind, wobei die Objektparameter einen Energieparameter fiir jedes Audioobjekt aufweisen, der
Energieinformationen des Objektaudiosignals anzeigt; und

einen Parametererzeuger zum Herleiten der Pegelparameter durch das Kombinieren der Energieparameter
und der Objektaufbereitungsparameter, die sich auf eine Aufbereitungskonfiguration beziehen;

wobei der Parametererzeuger zusatzlich dazu angepasst ist, um einen Koharenzparameter herzuleiten, basie-
rend auf den Objektaufbereitungsparametern und den Energieparametern, wobei der Koharenzparameter eine
Korrelation zwischen dem ersten Audiosignal und dem zweiten Audiosignal anzeigt; und

wobei der Objektparameterlieferant zum Liefern von Parametern fiir ein Stereoobjekt angepasst ist, wobei das
Stereoobjekt ein erstes Stereoteilobjekt und ein zweites Stereoteilobjekt aufweist, wobei die Energieparameter
einen ersten Energieparameter o2 fur das erste Teilobjekt des Stereoaudioobjekts, einen zweiten Energiepa-
rameter GZJ- fur das zweite Teilobjekt des Stereoaudioobjekts und einen Stereokorrelationsparameter ICCiyj
aufweisen, wobei der Stereokorrelationsparameter eine Korrelation zwischen den Teilobjekten des Stereoob-
jekts anzeigt;

wobei der Parametererzeuger angepasst ist, um einen ersten und zweiten Gewichtungsparameter als Objekt-
aufbereitungsparameter zu verwenden, die einen Teil der Energie des Objektaudiosignals anzeigen, die zu
einem ersten und einem zweiten Lautsprecher der Mehrkanallautsprecherkonfiguration verteilt werden soll,
wobei der erste und der zweite Gewichtungsparameter von Lautsprecherparametern abhangen, die einen Ort
von Lautsprechern der Mehrkanallautsprecherkonfiguration anzeigen, wobei der erste und der zweite Gewich-
tungsparameter w, ;, w, ; aufweisen, die einen Teil der Energie des Objektaudiosignals des ersten Teilobjekts
anzeigen, die zu einem ersten bzw. einem zweiten Lautsprecher der Mehrkanallautsprecherkonfiguration verteilt
werden soll, und wy ; und w; ;, die einen Teil der Energie des Objektaudiosignals des zweiten Teilobjekts an-
zeigen, die zu dem ersten bzw. dem zweiten Lautsprecher der Mehrkanallautsprecherkonfiguration verteilt
werden soll, derart, dass die Gewichtungsparameter ungleich Null sind, wenn die Lautsprecherparameter an-
zeigen, dass der erste und der zweite Lautsprecher unter den Lautsprechern mit einer minimalen Distanz im
Hinblick auf einen Ort des Audioobjekts sind; und

wobei der Parametererzeuger wirksam ist, um den Pegelparameter und den Koharenzparameter basierend auf
einer Leistungsschatzung p, 4, die dem ersten Audiosignal zugeordnet ist, und einer Leistungsschétzung py -,

die dem zweiten Audiosignal zugeordnet ist, und einer Kreuzleistungskorrelation Ry herzuleiten, unter Verwen-

. 2 . . 2 .
dung des ersten Energieparameters o; , des zweiten Energieparameters o; , des Stereokorrelationspara-

meters ICC; ;
)’
Leistungsschatzungen und die Kreuzkorrelationsschatzung durch folgende Gleichungen charakterisiert sein

kénnen:

und des ersten und zweiten Gewichtungsparameters w;, ;, und w, ;, wy ;, und w;, ; derart, dass die
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Ry =2 | 2 ICC, ;- wy,w, 0,0,
N7
Doy =z Zw,,iw,,ja,ajICC,.J ’
i\ J

4
2
Por = Z ZWZ,iWZ,jGiGjICCi,j
R

Mehrkanalparametertransformator gemaR Anspruch 1, bei dem die Objektaufbereitungsparameter von Objektorts-
parametern abhangen, die einen Ort des Audioobjekts anzeigen.

Mehrkanalparametertransformator gemaR Anspruch 1, bei dem die Aufbereitungskonfiguration eine Mehrkanallaut-
sprecherkonfiguration aufweist, und bei der die Objektaufbereitungsparameter von Lautsprecherparametern ab-
hangen, die Orte von Lautsprechern der Mehrkanallautsprecherkonfiguration anzeigen.

Mehrkanalparametertransformator gemaf Anspruch 1, bei dem der Objektparameterlieferant wirksam ist, um Ob-
jektparameter zu liefern, die zusatzlich einen Richtungsparameter aufweisen, der einen Ort des Objekts im Hinblick
auf eine Horposition anzeigt; und

bei dem der Parametererzeuger wirksam ist, Objektaufbereitungsparameter zu verwenden, abhangig von Lautspre-
cherparametern, die Orte von Lautsprechern im Hinblick auf die Horposition anzeigen, und von dem Richtungspa-
rameter.

Mehrkanalparametertransformator gemal Anspruch 1, bei dem der Objektparameterlieferant wirksam ist, um Be-
nutzereingabe-Objektparameter zu empfangen, die zusatzlich einen Richtungsparameter aufweisen, der eine be-
nutzerausgewahlten Ort des Objekts im Hinblick auf eine Hérposition innerhalb der Lautsprecherkonfiguration an-
zeigt; und

bei dem der Parametererzeuger wirksam ist, um die Objektaufbereitungsparameter zu verwenden, abhangig von
Lautsprecherparametern, die Orte von Lautsprechern im Hinblick auf die Hérposition anzeigen, und abhangig von
Benutzereingabe-Richtungsparametern.

Mehrkanalparametertransformator gemaR einem der Anspriiche 1 bis 5, bei dem der Parametererzeuger folgende
Merkmale aufweist:

einen Gewichtungsfaktorerzeuger zum Liefern des ersten und des zweiten Gewichtungsparameters w; und w;,
abhangig von den Lautsprecherparametern ©, und O, fiir den ersten und den zweiten Lautsprecher und von
einem Richtungsparameter o. des Audioobjekts, wobei die Lautsprecherparameter ©, und ©, und der Rich-
tungsparameter o.eine Richtung des Orts der Lautsprecher und des Audioobjekts im Hinblick auf eine Horposition
anzeigen, wobei der Gewichtungsfaktorerzeuger wirksam ist, um die Gewichtungsparameter w, und w, derart
zu liefern, dass die nachfolgenden Gleichungen erflllt sind:

tan(%(& " ®2))  owews
tan[% ©,- @l)) wtw,

and

P P

w tw, =1
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wobei p ein optionaler Schwenkregelparameter ist, der eingestellt ist, um die akustischen Raumeigenschaften
eines Wiedergabe-Systems/ -Raums zu reflektieren und definiertistals 1 < p< 2.

Mehrkanalparametertransformator gemaR Anspruch 1, bei dem der Parametererzeuger wirksam ist, um den Pe-
gelparameter basierend auf einem ersten Leistungsschatzwert p, 4 herzuleiten, der einem ersten Audiosignal zu-
geordnet ist, wobei das erste Audiosignal fir einen Lautsprecher gedacht ist oder ein virtuelles Signal ist, das eine
Gruppe aus Lautsprechersignalen darstellt, und basierend auf einem zweiten Leistungsschatzwert p, ,, der einem
zweiten Audiosignal zugeordnet ist, wobei das zweite Audiosignal fiir einen unterschiedlichen Lautsprecher gedacht
ist oder ein virtuelles Signal ist, das eine unterschiedliche Gruppe aus Lautsprechersignalen darstellt, wobei der
erste Leistungsschéatzwert p, 4 des ersten Audiosignals von den Energieparametern und Gewichtungsparametern
abhangt, die dem ersten Audiosignal zugeordnet sind, und wobei der zweite Leistungsschatzwert py ,, der dem
zweiten Audiosignal zugeordnet ist, von den Energieparametern und Gewichtungsparametern abhangt, die dem
zweiten Audiosignal zugeordnet sind, wobei k eine ganze Zahl ist, die ein Paar einer Mehrzahl von Paaren von
unterschiedlichen ersten und zweiten Signalen anzeigt, und wobei die Gewichtungsparameter von den Objektauf-
bereitungsparameter abhangen, wobei der Parametererzeuger wirksam ist, um den Pegelparameter oder den Ko-
harenzparameter fur k Paare aus unterschiedlichen ersten und zweiten Audiosignalen zu berechnen, und bei dem
der erste und zweite Leistungsschatzwert p, 4 und py ,, die dem ersten und zweiten Audiosignal zugeordnet sind,
auf den nachfolgenden Gleichungen basieren, abhangig von den Energieparametern ¢;2, von den Gewichtungspa-
rametern w;, ;, die dem ersten Audiosignal zugeordnet sind, und von den Gewichtungsparametern Wy j, die dem
zweiten Audiosignal zugeordnet sind:

2 2
pk,] = Zwl,i O-i

2 2
Pra2 = sz’,O'i )

wobei i ein Index ist, der ein Audioobjekt der Mehrzahl der Audioobjekte anzeigt, und wobei k eine ganze Zahl ist,
die ein Paar einer Mehrzahl von Paaren aus unterschiedlichen ersten und zweiten Signalen anzeigt.

Mehrkanalparametertransformator gemaR Anspruch 7, bei dem k gleich Null ist, bei dem das erste Audiosignal ein
virtuelles Signal ist und eine Gruppe darstellt, die einen linken Frontkanal, einen rechten Frontkanal, einen Mittelkanal
und einen Ife-Kanal darstellt, und bei dem das zweite Audiosignal ein virtuelles Signal ist und eine Gruppe darstellt,
die einen linken Surroundkanal und einen rechten Surroundkanal umfasst, oder

bei dem k gleich eins ist, bei dem das erste Audiosignal ein virtuelles Signal ist und eine Gruppe darstellt, die einen
linken Front-Kanal und einen rechten Front-Kanal umfasst, und bei dem das zweite Audiosignal ein virtuelles Signal
ist und eine Gruppe darstellt, die einen Mittelkanal und einen Ife-Kanal umfasst, oder

bei dem k gleich zwei ist, bei dem das erste Audiosignal ein Lautsprechersignal fir den linken Surround-Kanal ist
und bei dem das zweite Audiosignal ein Lautsprechersignal fir den rechten Surround-Kanal ist, oder

bei dem k gleich drei ist, bei dem das erste Audiosignal ein Lautsprechersignal fir den linken Front-Kanal ist und
bei dem das zweite Audiosignal ein Lautsprechersignal fir den rechten Front-Kanal ist, oder

bei dem k gleich vier ist, bei dem das erste Audiosignal ein Lautsprechersignal fiir den Mittelkanal ist und bei dem
das zweite Audiosignal ein Lautsprechersignal fiir den Niedrigfrequenz-Verbesserungskanal ist, und

wobei die Gewichtungsparameter fiir das erste Audiosignal oder das zweite Audiosignal hergeleitet werden durch
Kombinieren von Objektaufbereitungsparametern, die den Kanadlen zugeordnet sind, dargestellt durch das erste
Audiosignal oder das zweite Audiosignal.

Mehrkanalparametertransformator gemafR Anspruch 7, bei dem k gleich Null ist, bei dem das erste Audiosignal ein
virtuelles Signal ist und eine Gruppe darstellt, die einen linken Front-Kanal, einen linken Surround-Kanal, einen
rechten Front-Kanal und einen rechten Surround-Kanal umfasst, und bei dem das zweite Audiosignal ein virtuelles
Signal ist und eine Gruppe darstellt, die einen Mittelkanal und einen Niedrigfrequenzverbesserungskanal umfasst,
oder

bei dem k gleich eins ist, bei dem das erste Audiosignal ein virtuelles Signal ist und eine Gruppe darstellt, die einen
linken Front-Kanal und einen linken Surround-Kanal umfasst, und bei dem das zweite Audiosignal ein virtuelles
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Signal ist und eine Gruppe darstellt, die einen rechten Front-Kanal und einen rechten Surround-Kanal umfasst, oder
bei dem k gleich zwei ist, bei dem das erste Audiosignal ein Lautsprechersignal fir den Mittelkanal ist und bei dem
das zweite Audiosignal ein Lautsprechersignal fiir den Niedrigfrequenzverbesserungskanal ist, oder

bei dem k gleich drei ist, bei dem das erste Audiosignal ein Lautsprechersignal fir den linken Front-Kanal ist und
bei dem das zweite Audiosignal ein Lautsprechersignal fir den linken Surround-Kanal ist, oder

bei dem k gleich vier ist, bei dem das erste Audiosignal ein Lautsprechersignal flir den rechten Front-Kanal ist und
bei dem das zweite Audiosignal ein Lautsprechersignal fir den zweiten Surround-Kanal ist, und

bei dem die Gewichtungsparameter fiir das erste Audiosignal oder das zweite Audiosignal hergeleitet werden durch
Kombinieren von Objektaufbereitungsparametern, die Kanalen zugeordnet sind, dargestellt durch das erste Audio-
signal oder das zweite Audiosignal.

Mehrkanalparametertransformator gemaR Anspruch 7, bei dem der Parametererzeuger angepasst ist, um den
Pegelparameter CLD, basierend auf der folgenden Gleichung herzuleiten:

pz
CLDk =10 10g10 :'1
P2

Mehrkanalparametertransformator gemafR Anspruch 1, bei dem der Parametererzeuger wirksam ist, um den Koha-
renzparameter herzuleiten basierend auf einem ersten Leistungsschatzwert p, 4, der dem ersten Audiosignal zu-
geordnet ist, wobei das erste Audiosignal fir einen Lautsprecher gedacht ist oder ein virtuelles Signal ist, das eine
Gruppe aus Lautsprechersignalen darstellt, und auf einem zweiten Leistungsschatzwert py ,, der einem zweiten
Audiosignal zugeordnet ist, wobei das zweite Audiosignal fir einen unterschiedlichen Lautsprecher gedacht ist oder
ein virtuelles Signal ist, das eine unterschiedliche Gruppe aus Lautsprechersignalen darstellt, wobei der erste Lei-
stungsschatzwert p | des ersten Audiosignals von den Energieparametern und Gewichtungsparametern abhéngt,
die dem ersten Audiosignal zugeordnet sind, und wobei der zweite Leistungsschéatzwert py ,, der dem zweiten
Audiosignal zugeordnet ist, von den Energieparametern und Gewichtungsparametern abhangt, die dem zweiten
Audiosignal zugeordnet sind, wobei k eine ganze Zahl ist, die ein Paar einer Mehrzahl aus Paaren von unterschied-
lichen ersten und zweiten Signalen anzeigt, und wobei die Gewichtungsparameter von den Objektaufbereitungs-
parametern abhangen,

wobei der Parametererzeuger angepasst ist, um den Koharenzparameter basierend auf einer Kreuzleistungsschat-
zung Ry herzuleiten, die dem ersten und den zweiten Audiosignal zugeordnet ist, abhéngig von den Energiepara-

metern 0',.2 und den Gewichtungsparametern w,, die dem ersten Audiosignal zugeordnet sind, und den Gewich-
tungsparametern w,, die dem zweiten Audiosignal zugeordnet sind, wobei i ein Index ist, der ein Audioobjekt der

Mehrzahl von Audioobjekten anzeigt, wobei
der Parametererzeuger angepasst ist, um die Kreuzleistungsschatzung R, basierend auf der folgenden Gleichung

zu verwenden oder herzuleiten:

_ 2
R, = Zwl,iwz,iai .
i

Mehrkanalparametertransformator gemaR Anspruch 11, bei dem der Parametererzeuger wirksam ist, um den Ko-
harenzparameter ICC basierend auf der folgenden Gleichung herzuleiten:

icc, =—%
PP 2

Mehrkanalparametertransformator gemaR Anspruch 1, bei dem der Parametererzeuger wirksam ist, um fiir jedes
Audioobjekt i die Gewichtungsfaktoren w, ; fiir den r-ten Lautsprecher herzuleiten, abhéngig von Objektrichtungs-
parametem o; und Lautsprecherparametern ©, basierend auf den nachfolgenden Gleichungen:
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fir einen Index s’ (1 <s’<M) with 8, < 0,;< 04.,1(0y41 =01 + 27)

tan(—lz- @, +6,.,)- aj

tan(% (93'+l - 95)) vl,i * v2,i

Jg?-vu flirs=5s'
W, = \/g—i-vu firs=s'+1.
0 sonst

14. Verfahren zum Erzeugen eines Pegelparameters, der eine Energiebeziehung zwischen einem ersten Audiosignal
und einem zweiten Audiosignal einer Darstellung eines raumlichen Mehrkanal-Audiosignals anzeigt, das folgende
Schritte aufweist:
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Liefern von Objektparametern fir eine Mehrzahl von Audioobjekten, die einem Abwartsmischkanal zugeordnet
sind, abhangig von den Objektaudiosignalen, die den Audioobjekten zugeordnet sind, wobei die Objektpara-
meter einen Energieparameter fir jedes Audioobjekt aufweisen, der eine Energieinformation des Objektaudio-
signals anzeigt;

Herleiten des Pegelparameters durch Kombinieren der Energieparameter und Objektaufbereitungsparameter,
die sich auf eine Aufbereitungskonfiguration beziehen; und

Herleiten eines Koharenzparameters basierend auf den Objektaufbereitungsparametern und dem Energiepa-
rameter, wobei der Koharenzparameter eine Korrelation zwischen dem ersten Audiosignal und dem zweiten
Audiosignal anzeigt,

wobei die Bereitstellung der Objektparameter das Bereitstellen von Parametern fir ein Stereoobjekt aufweist,
wobei das Stereoobjekt ein erstes Stereoteilobjekt und ein zweites Stereoteilobjekt aufweist, wobei die Ener-

gieparameter einen ersten Energieparameter o',.2 fur das erste Teilobjekt des Stereoaudioobjekts, einen zweiten

Energieparameter 0',.2 flr das zweite Teilobjekt des Stereoaudioobjekts und einen Stereokorrelationsparameter
ICCiJ- aufweisen, wobei der Stereokorrelationsparameter eine Korrelation zwischen den Teilobjekten des Ste-
reoobjekts anzeigt;

wobei die Herleitung der Pegel- und Koharenzparameter einen ersten und einen zweiten Gewichtungsparameter
als Objektaufbereitungsparameter verwendet, die einen Teil der Energie des Objektaudiosignals anzeigen, die
zu einem ersten und einem zweiten Lautsprecher der Mehrkanallautsprecherkonfiguration verteilt werden soll,
wobei der erste und zweite Gewichtungsparameter abhangig von Lautsprecherparametern einen Ort von Laut-
sprechern der Mehrkanallautsprecherkonfiguration anzeigen, wobei der erste und der zweite Gewichtungspa-
rameter wy ; und w,; aufweisen, die einen Teil der Energie des Objektaudiosignals des ersten Teilobjekts
anzeigen, die zu einem ersten bzw. einem zweiten Lautsprecher der Mehrkanallautsprecherkonfiguration verteilt
werden soll, und wy ;und w, ; die einen Teil der Energie des Objektaudiosignals des zweiten Teilobjekts an-
zeigen, die zu dem ersten bzw. dem zweiten Lautsprecher der Mehrkanallautsprecherkonfiguration verteilt
werden soll, und

derart, dass die Gewichtungsparameter ungleich Null sind, wenn die Lautsprecherparameter anzeigen, dass
der erste und der zweite Lautsprecher unter den Lautsprechern sind, die eine minimale Distanz im Hinblick auf
einen Orts des Audioobjekts aufweisen; und

wobei die Herleitung des Pegelparameters derart ausgefiihrt wird, dass der Pegelparameter und der Koharen-
zparameter hergeleitet werden basierend auf einer Leistungsschatzung p; 1, dem ersten Audiosignal zugeordnet

ist, und einer Leistungsschéatzung py ,, die dem zweiten Audiosignal zugeordnet ist, und einer Kreuzleistungs-
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. . . . 2
korrelation Ry, unter Verwendung des ersten Energieparameters O'i2 , des zweiten Energieparameters o,

des Stereokorrelationsparameters ICC;; und des ersten und zweiten Gewichtungsparameters wy ; w, j wy ;
und Wy i derart, dass die Leistungsschatzungen und die Kreuzkorrelationsschatzung durch die nachfolgenden
Gleichungen charakterisiert sein kann:

i

R, = Z ZICC,J W W, 0,0 |,
J

H

2 _
Po. _Z Zwl’,.wl_jd,.ajICC,-,j R
J

i

2 —
Doy = §: 2:Wz,iwz,j0'io'jlcci,j
J

15. Computerprogramm, das einen Programmcode aufweist, der angepasst ist, um das Verfahren gemafl Anspruch
14 auszufiihren, wenn er auf einem Computer lauft.

Revendications
1. Transformateur de paramétre multicanal pour générer un paramétre de niveau indiquant un rapport d’énergie entre

un premier signal audio et un deuxiéme signal audio d’une représentation d'un signal audio spatial multicanal,
comprenant:
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un fournisseur de paramétre d’objet destiné a fournir des parameétres d’objet pour une pluralité d’objets audio
associés a un canal de mélange vers le bas en fonction des signaux audio d’objet associés aux objets audio,
les paramétres d’objet comprenant un paramétre d’énergie pour chaque objet audio indiquant une information
d’énergie du signal audio d’objet; et

un générateur de parametre destiné a dériver le parameétre de niveau en combinant les paramétres d’énergie
et les parametres de rendu d’objet relatifs a une configuration de rendu;

dans lequel le générateur de parametre est en outre adapté pour dériver un paramétre de cohérence sur base
des parameétres de rendu d’objet et des paramétres d’énergie, le paramétre de cohérence indiquant une cor-
rélation entre le premier signal audio et le deuxiéme signal audio;

dans lequel le fournisseur de parameétre d’objet est adapté pour fournir les paramétres pour un objet stéréo,
I'objet stéréo présentant un premier sous-objet stéréo et un deuxiéme sous-objet stéréo, les paramétres d’éner-
gie présentant un premier paramétre d’énergie 6;2 pour le premier sous-objet de 'objet audio stéréo, un deuxiéme
paramétre d’énergie sz pour le deuxiéme sous-objet de I'objet audio stéréo et un paramétre de corrélation
stéréo ICCi,j, le paramétre de corrélation stéréo indiquant une corrélation entre les sous-objets de I'objet stéréo;
dans lequel le générateur de paramétre est adapté pour utiliser des premier et deuxi€éme parameétres de pon-
dération comme parametres de rendu d’objet qui indiquent une partie de I'énergie du signal audio d’objet a
distribuer vers un premier et un deuxieme haut-parleur de la configuration de haut-parleurs multicanal, les
premier et deuxiéme parametres de pondération dépendant des parameétres de haut-parleur indiquant un em-
placement des haut-parleurs de la configuration de haut-parleurs multicanal, les premier et deuxiéme parameétres
de pondération comprenant wy ; et w,; qui indiquent une partie de I'énergie du signal audio d’objet du premier
sous-objet a distribuer vers respectivement un premier et un deuxiéme haut-parleur de la configuration de haut-
parleurs multicanal, et wyj et wy qui indiquent une partie de I'énergie du signal audio d’objet du deuxiéme
sous-objet a distribuer vers respectivement le premier et le deuxieme haut-parleur de la configuration de haut-
parleurs multicanal, et de sorte que les paramétres de pondération ne soient pas égaux a zéro lorsque les
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parametres de haut-parleur indiquent que les premier et deuxiéme haut-parleurs se trouvent parmi les haut-
parleurs présentant une distance minimum par rapport @ un emplacement de 'objet audio, et

dans lequel le générateur de parameétre est opérationnel pour dériver le parameétre de niveau et le parametre
de cohérence sur base d'une estimation de puissance py 4 associée au premier signal audio et une estimation
de puissance p, , associée au deuxieéme signal audio et une corrélation de puissance croisée R, utilisant le
premier parameétre d’énergie 6;2, le deuxiéme paramétre d’'énergie 62, le paramétre de corrélation stéréo ICCi_J-
etles premier etdeuxiéeme paramétres de pondération w;, j Wo Wy jetwy; de sorte que I'estimation de puissance
et 'estimation de corrélation croisée puissent étre caractérisées par les équations suivantes:

R, = Z(ZICCU .wl.iw2.io.io-i\]
Pg.l = zrz wl.iwl.r'o-io-i]CCi.i)

Pg.z = Z(Z w2.iw2.io-io-iICCi.i)

Transformateur de parameétre multicanal selon la revendication 1, dans lequel les paramétres de rendu d’objet
dépendent des paramétres d’emplacement d’objet indiquant 'emplacement de 'objet audio.

Transformateur de paramétre multicanal selon la revendication 1, dans lequel la configuration de rendu comprend
une configuration de haut-parleurs multicanal, et dans lequel les paramétres de rendu d’objet dépendent du para-
meétre de haut-parleur indiquant les emplacements des haut-parleurs de la configuration de haut-parleurs multicanal.

Transformateur de parameétre multicanal selon la revendication 1, dans lequel le fournisseur de paramétre d’objet
est opérationnel pour fournir des paramétres d’objet comprenant, en outre, un parametre de direction indiquant
I'emplacement de I'objet par rapport a une position d’écoute; et dans lequel le générateur de parameétre est opéra-
tionnel pour utiliser des parametres de rendu d’objet en fonction des parametres de haut-parleur indiquant les
emplacements des haut-parleurs par rapport a la position d’écoute et du parametre de direction.

Transformateur de parameétre multicanal selon la revendication 1, dans lequel le fournisseur de paramétre d’objet
est opérationnel pour recevoir des paramétres d’objet entrés par I'utilisateur comprenant, en outre, un parametre
de direction indiquant un emplacement de I'objet choisi par I'utilisateur par rapport a une position d’écoute dans la
configuration de haut-parleurs; et

dans lequel le générateur de parametre est opérationnel pour utiliser les parameétres de rendu d’objet en fonction
des paramétres de haut-parleur indiquant les emplacements des haut-parleurs par rapport a la position d’écoute et
en fonction du parameétre de direction entré par I'utilisateur.

Transformateur de paramétre multicanal selon 'une quelconque des revendications 1 a 5, dans lequel le générateur
de paramétre comprend:

un générateur de facteur de pondération destiné a fournir les premier et deuxiéme paramétres de pondération
w; et w, en fonction des paramétres de haut-parleur ©, et ©, pour les premier et deuxiéme haut-parleurs et
d’un paramétre de direction o. de I'objet audio, ou les paramétres de haut-parleur ©4, ©, et le paramétre de
direction o indiquent une direction de I'emplacement des haut-parleurs et de I'objet audio par rapport a une
position d’écoute, ou le générateur de facteur de pondération est opérationnel pour fournir les paramétres de
pondération wy, et w, de sorte que les équations suivantes soient satisfaites:
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tan %(@1 +®2) -a

W —W,

’
w, +w,

1
tan 5(®2—®,)

et

p/p —1.
wl +w) =1;

ou
p estun paramétre de regle panoramique optionnel qui est régler de maniére a refléter les propriétés acoustiques
de salle d’'un systéme/salle de reproduction, et est défini comme étant 1 <p < 2.

Transformateur de paramétre multicanal selon la revendication 1, dans lequel le générateur de paramétre est
opérationnel pour dériver le parameétre de niveau sur base d’une premiére évaluation de puissance py | associée
aun premier signal audio, ou le premier signal audio est destiné a un haut-parleur ou est un signal virtuel représentant
un groupe de signaux de haut-parleur et d’'une deuxiéme évaluation de puissance py , associée a un deuxiéme
signal audio, le deuxiéme signal audio étant destiné a un haut-parleur différent ou étant un signal virtuel représentant
un groupe différent de signaux de haut-parleur, ot la premiére évaluation de puissance py 4 du premier signal audio
est fonction des paramétres d’énergie et des parametres de pondération associés au premier signal audio, et ou
la deuxieéme évaluation de puissance py , associée au deuxieme signal audio est fonction des parametres d’énergie
et des parametres de pondération associés au deuxiéme signal audio, ou k est un nombre entier indiquant une
paire d’une pluralité de paires de premier et deuxiéme signaux différents, et ol les parametres de pondération sont
fonction des paramétres de rendu d’objet, ou le générateur de paramétre est opérationnel pour calculer le parameétre
de niveau ou le parametre de cohérence pour k paires de premier et deuxiéme signaux audio différents, et dans
lequel les premiére et deuxieme évaluations de puissance py 4 et py , associées aux premier et deuxieme signaux
audio sont basées sur les équations suivantes, dépendent des paramétres d’'énergie 62, dépendent des paramétres
de pondération w; ; associés au premier signal audio et des parameétres de pondération Wy associés au deuxieme
signal audio:

_ 2 2
Pu = Z W10
i

_ 2 2
pk,z ‘sz_io'j ]
i

ou i est un indice indiquant un objet audio de la pluralité d’objets audio, et ou k est un nombre entier indiquant une
paire d’'une pluralité de paires de premier et deuxiéme signaux différents.

Transformateur de parameétre multicanal selon la revendication 7, dans lequel k est égal a zéro, dans lequel le
premier signal audio est un signal virtuel et représente un groupe comportant un canal avant gauche, un canal avant
droit, un canal central et un canal d’amélioration de basses fréquences, et dans lequel le deuxiéme signal audio
estun signal virtuel et représente un groupe comportant un canal ambiophonique gauche et un canal ambiophonique
droit, ou

dans lequel k est égal a un, dans lequel le premier signal audio est un signal virtuel et représente un groupe
comportant un canal avant gauche et un canal avant droit, et dans lequel le deuxieme signal audio est un signal
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virtuel et représente un groupe comportant un canal central et un canal d’'amélioration de basses fréquences, ou
dans lequel k est égal a deux, dans lequel le premier signal audio est un signal de haut-parleur pour le canal
ambiophonique gauche et dans lequel le deuxieme signal audio est un signal de haut-parleur pour le canal ambio-
phonique droit, ou

dans lequel k est égal a trois, dans lequel le premier signal audio est un signal de haut-parleur pour le canal avant
gauche et dans lequel le deuxieme signal audio est un signal de haut-parleur pour le canal avant droit, ou

dans lequel k est égal a quatre, dans lequel le premier signal audio est un signal de haut-parleur pour le canal
central et dans lequel le deuxiéme signal audio est un signal de haut-parleur pour le canal d’amélioration de basses
fréquences, et

dans lequel le paramétre de pondération pour le premier signal audio ou le deuxieme signal audio sont dérivés en
combinant les paramétres de rendu d’objet associés aux canaux représentés par le premier signal audio ou le
deuxiéme signal audio.

Transformateur de paramétre multicanal selon la revendication 7, dans lequel k est égal a zéro, dans lequel le
premier signal audio est un signal virtuel et représente un groupe comportant un canal avant gauche, un canal
ambiophonique gauche, un canal avant droit, et un canal ambiophonique droit, et dans lequel le deuxiéme signal
audio est un signal virtuel et représente un groupe comportant un canal central et un canal d’'amélioration de basses
fréquences, ou

dans lequel k est égal a un, dans lequel le premier signal audio est un signal virtuel et représente un groupe
comportant un canal avant gauche et un canal ambiophonique gauche, et dans lequel le deuxiéme signal audio est
un signal virtuel et représente un groupe comportant un canal avant droit et un canal ambiophonique droit, ou
dans lequel k est égal a deux, dans lequel le premier signal audio est un signal de haut-parleur pour le canal central
et dans lequel le deuxiéeme signal audio est un signal de haut-parleur pour le canal d’amélioration de basses
fréquences, ou

dans lequel k est égal a trois, dans lequel le premier signal audio est un signal de hautparleur pour le canal avant
gauche etdans lequel le deuxiéme signal audio est un signal de haut-parleur pour le canal ambiophonique gauche, ou
dans lequel k est égal a quatre, dans lequel le premier signal audio est un signal de hautparleur pour le canal avant
droit et dans lequel le deuxiéme signal audio est un signal dw haut-parleur pour le canal ambiophonique droit, et
dans lequel le paramétre de pondération pour le premier signal audio ou le deuxieme signal audio sont dérivés en
combinant les parameétres de rendu d’objet associés aux canaux représentés par le premier signal audio ou le
deuxieme signal audio.

Transformateur de paramétre multicanal selon la revendication 7, dans lequel le générateur de paramétre est utilisé
pour obtenir le paramétre de niveau CLD, sur base de I'équation suivante:

2
Px,
2
)

CLD, =10log,,

Transformateur de paramétre multicanal selon la revendication 1, dans lequel le générateur de paramétre est
opérationnel pour dériver le paramétre de cohérence sur base d’une premiére évaluation de puissance py 4 associée
aun premier signal audio, ou le premier signal audio est destiné a un haut-parleur ou est un signal virtuel représentant
un groupe de signaux de haut-parleur et d’'une deuxiéme évaluation de puissance py , associée a un deuxiéme
signal audio, le deuxiéme signal audio étant destiné a un haut-parleur différent ou étant un signal virtuel représentant
un groupe différent de signaux de haut-parleur, ot la premiére évaluation de puissance py 4 du premier signal audio
est fonction du parameétre d’énergie et du paramétre de pondération associés au premier signal audio,

etdans lequel la deuxiéme évaluation de puissance p, , associée au deuxiéme signal audio est fonction du parameétre
d’énergie et du parametre de pondération associés au deuxiéme signal audio, ou k est un nombre entier indiquant
une paire d’'une pluralité de paires de premier et deuxi€éme signaux différents, et ou les paramétres de pondération
sont fonction des parameétres de rendu d’objet,

dans lequel le générateur de paramétre est adapté pour dériver le paramétre de cohérence sur base d’une estimation
de puissance croisée R, associé aux premier et deuxi€éme signaux audio en fonction du paramétre d'énergie 642
eten fonction des paramétres de pondération w, associés au premier signal audio et des paramétres de pondération
w, associés au deuxiéme signal audio, ou i est un indice indiquant un objet audio de la pluralité d’objets audio, dans
lequel

le générateur de paramétre est adapté pour utiliser ou dériver I'estimation de puissance croisée R, sur base de
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I’équation suivante:

_ 2
Rk - Z wl,iwz,io-i
i

Transformateur de parameétre multicanal selon la revendication 11, dans lequel le générateur de paramétre est
opérationnel pour dériver le paramétre de cohérence ICC sur base de I'équation suivante:

ICC, = _R

Pi1Pr2

Transformateur de paramétre multicanal selon la revendication 1, dans lequel le générateur de parametre est
opérationnel pour dériver, pour chaque objet audio i, les facteurs de pondération w, ; pour le r-iéme haut-parleur en
fonction des paramétres de direction d’objet o; et des paramétres de haut-parleur ©, sur base des équations sui-
vantes:

pour un indice s’ (1<s’<M) avec 6y < o; < 05,4 (B41 = 04 + 21)

tan(% 6. +9,.,)- a)

tan(% (es‘+l - 9:')) vl,i * v2,i

Jg v, pour s=s'

W,, =448 v,, pour s=s'+l
0 autrement

14. Procédé pour générer un paramétre de niveau indiquant un rapport d’énergie entre un premier signal audio et un

deuxieme signal audio d’'une représentation d’un signal audio spatial multicanal, comprenant:

fournir des parameétres d’objet pour une pluralité d’objets audio associés a un canal de mélange vers le bas en
fonction des signaux audio d’objet associés aux objets audio, les paramétres d’objet comprenant un parameétre
d’énergie pour chaque objet audio indiquant une donnée d’énergie du signal audio d’objet;

dériver le paramétre de niveau en combinant les paramétres d’énergie et les parametres de rendu d’objet relatifs
a une configuration de rendu; et

dériver un paramétre de cohérence sur base des parameétres de rendu d’objet et du paramétre d’énergie, le
paramétre de cohérence indiquant une corrélation entre le premier signal audio et le deuxieme signal audio,
dans lequel la fourniture des paramétres d’objet comprend le fait de fournir des paramétres pour un objet stéréo,
I'objet stéréo présentant un premier sous-objet stéréo et un deuxiéme sous-objet stéréo, les paramétres d’éner-
gie présentant un premier paramétre d’énergie 6;2 pour le premier sous-objet de I'objet audio stéréo, un deuxiéme
parametre d’énergie cj2 pour le deuxiéme sous-objet de I'objet audio stéréo et un paramétre de corrélation
stéréo ICCiJ-, le paramétre de corrélation stéréo indiquant une corrélation entre les sous-objets de I'objet stéréo;
dans lequel la dérivation des parametres de niveau et de cohérence utilise les premier et deuxieme paramétres
de pondération comme paramétres de rendu d’objet qui indiquent une partie de I'énergie du signal audio d’objet
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a distribuer vers un premier et un deuxieme haut-parleur de la configuration de haut-parleurs multicanal, les
premier et deuxiéme parameétres de pondération étant fonction des parametres de haut-parleur indiquant un
emplacement des haut-parleurs de la configuration de haut-parleur multicanal, les premier et deuxiéme para-
metres de pondération comprenant w, ; et w;, ; qui indiquent une partie de I'énergie du signal audio d'objet du
premier sous-objet a distribuer vers respectivement un premier et un deuxi€me haut-parleur de la configuration
de haut-parleurs multicanal, et wyj et wy; qui indiquent une partie de I'énergie du signal audio d’objet du
deuxiéme sous-objet a distribuer vers respectivement le premier et le deuxieme haut-parleur de la configuration
de haut-parleurs multicanal, et de sorte que les parameétres de pondération ne soient pas égaux a zéro lorsque
les parameétres de haut-parleur indiquent que les premier et deuxiéme haut-parleurs se trouvent parmi les haut-
parleurs présentant une distance minimale par rapport a un emplacement de I'objet audio; et

dans lequel la dérivation du parametre de niveau est effectuée de sorte que le parameétre de niveau et le
parameétre de cohérence sont dérives sur base d’'une estimation de puissance p, 4 associée au premier signal
audio et d’une estimation de puissance py , associée au deuxiéme signal audio et d’'une corrélation de puissance
croisée Ro, a I'aide du premier paramétre d'énergie ¢;2, du deuxiéme paramétre d’énergie cj2, du paramétre
de corrélation stéréo ICC;; et des premier et deuxieme parametres de pondération w; ;, w, ;, wy ; et w, ; de sorte
que les estimations de puissance et I'estimation de corrélation croisée puissent étre caractérisées par les
équations suivantes:

H

R, = Z ICC,.J. "W W, 0,0,
]

¥

pg_, = Z Zw,‘jw,’,a,.ojICC,.J
J

2 _
Poz = 2| 2 W, %:,0.0,ICC,
;

I

15. Programme d’ordinateur présentant un code de programme adapté pour réaliser, lorsqu’il est exécuté sur un ordi-
nateur, le procédé selon la revendication 14.
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FIG 4
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