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Description

[0001] The invention relates to a multi-channel audio encoder for encoding N audio signals into M audio signals and
associated parametric data, M and N being integers, N > M, M ≥ 1.
[0002] The invention further relates to a multi-channel audio decoder, to a method of encoding a multi-channel audio
signal, to a method of decoding a multi-channel audio signal, to an encoded multi-channel audio signal, to a storage
medium having stored thereon such an encoded multi-channel audio signal, to a transmission system for transmitting
and receiving an encoded multi-channel audio signal, to a transmitter for transmitting an encoded multi-channel audio
signal, to a receiver for receiving an encoded multi-channel audio signal, to a method of transmitting and receiving an
encoded multi-channel audio signal, to a method of transmitting an encoded multi-channel audio signal, to a method of
receiving an encoded multi-channel audio signal, to a multi-channel audio player, to a multi-channel audio recorder and
to a computer program product for executing any of the methods mentioned above.
[0003] Since some time multi-channel audio signal reproduction is gaining interest. A multi-channel audio signal is an
audio signal having two or more audio channels. Well-known examples of multi-channel audio signals are two-channel
stereo audio signals and 5.1 channel audio signals having two front audio channels, two rear audio channels, one centre
audio signal and an additional low frequency enhancement (LFE) channel. Such 5.1 channel audio signals are used in
DVD (Digital Versatile Disc) and SACD (Super Audio Compact Disc) systems. Because of the increasing popularity of
multi-channel material, efficient coding of multi-channel material is becoming more important.
[0004] A 5.1-2-5.1 multi-channel audio coding system is known. In this known audio coding system a 5.1 input audio
signal is encoded into and represented by two down-mix channels and associated parameters. The down-mix signals
are also jointly referred to as spatial down-mix. In the known system, the spatial down-mix forms a stereo audio signal
having a stereo image that is, as to quality, comparable to a fixed ITU down-mix from the 5.1 input channels. Users
having only stereo equipment can listen to this spatial stereo down-mix, whilst listeners with 5.1 channel equipment can
listen to the 5.1 channel reproduction that is made using this spatial stereo down-mix and the associated parameters.
The 5.1 channel equipment decodes / reconstructs the 5.1 channel audio signal from the spatial stereo down-mix (i.e.
the stereo audio signal) and the associated parameters.
[0005] An example of encoding multichannel audio signals using a downmix and associated parameters representation
is disclosed in document WO2004/08805 A1.
[0006] However, studio engineers tend to find this spatial stereo down-mix rather dull. This is a reason for them to
make an artistic stereo down-mix, which differs from the spatial stereo down-mix. For instance extra reverberation or
sources are added, the stereo image is widened, etc. In order for users to be able to enjoy the artistic stereo down-mix
this artistic down-mix, instead of the spatial down-mix, may be transmitted via a transmission medium or stored on a
storage medium. This approach, however, seriously affects the quality of the 5.1 channel audio signal reproduction. The
input 5.1 channel audio signal was encoded into a spatial stereo down-mix and associated parameters. By replacing
the spatial stereo down-mix by the artistic stereo down-mix the spatial stereo down-mix is no longer available at the
decoding end of the system and a high quality reconstruction of the 5.1 channel audio signal is not possible.
[0007] It is an object of the invention to provide a multi-channel audio encoder as described in the opening paragraph,
in which the problem mentioned above is alleviated. This object is achieved in the multi-channel audio encoder according
to the invention, wherein the multi-channel audio encoder comprises:

- a first unit for encoding the N audio signals into the M audio signals and first associated parametric data, wherein
the M audio signals and the first associated parametric data represent the N audio signals; and

- a second unit coupled to the first unit, the second unit being arranged for generating, from the M audio signals,
second associated parametric data representing the M audio signals the second associated parametric data com-
prising modification parameters enabling a reconstruction of the M audio signals from K further audio signals being
an alternative downmix of the N audio signals than the M audio signals, and wherein the associated parametric data
comprise the first and second associated parametric data.

[0008] By generating from the spatial down-mix, i.e. the M audio signals, parameters representing the spatial down-
mix a decoder will be able to reconstruct at least partly the spatial down-mix, e.g. by synthesising a signal resembling
the spatial down-mix. These parameters, i.e. the second associated parametric data, represent the spatial down-mix,
e.g. by means of one or more relevant properties of the spatial down-mix signal. The reconstructed spatial down-mix
can thereafter be used with the first associated parametric data, i.e. the conventional multi-channel parameters, to
decode and reconstruct the multi-channel audio signal, i.e. the N audio signals. The invention is based on the recognition
that in this way a multi-channel audio signal having a better quality can be obtained than would be obtainable by using
the alternative down-mix as basis for the decoding. Furthermore, in situations wherein the alternative down-mix is not
available at the encoder or wherein the alternative down-mix is distorted a decoder can still use the parameters to
reconstruct a multi-channel audio signal having a good quality.
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[0009] The second unit is arranged for generating the second associated parametric data such that the second as-
sociated parametric data comprise modification parameters enabling a reconstruction of the M audio signals from K
further audio signals. In this way, a decoder may perform an even better reconstruction of the spatial down-mix. This
reconstruction may be done on basis of an alternative down-mix, i.e. the K further audio signals, such as an artistic
down-mix. A decoder may apply the modification parameters to the alternative down-mix signal so that it more closely
resembles the spatial down-mix.
[0010] In an embodiment of the multi-channel audio encoder according to the invention the second unit is arranged
for generating, from the M audio signals and from the K further audio signals, the second associated parametric data
such that the modification parameters represent a difference between the M audio signals and the K further audio signals.
In this embodiment the alternative down-mix is available to the encoder and an efficient representation of the modification
parameters can be made. By comparing the spatial down-mix with the alternative down-mix the second unit can generate
modification parameters representing a difference between the spatial down-mix and the alternative down-mix. Such
’relative’ modification parameters require less space/bits in the encoded multi-channel audio signal than the ’absolute’
modification parameters of the previous embodiment. The alternative down-mix preferably is an artistic down-mix that
is received by the multi-channel audio encoder from an external source. Alternatively, the alternative down-mix may be
generated within the multi-channel audio encoder, e.g. from the N input audio signals.
[0011] The encoder may comprise a selector for selecting the alternative down-mix or the spatial down-mix for output.
The selected down-mix will then be part of the encoded audio signal. The spatial down-mix may be selected e.g. when
the alternative down-mix is not available.
[0012] In an embodiment of the multi-channel audio encoder according to the invention the second unit is arranged
for .generating the second associated parametric data such that the modification parameters comprise the property of
the M audio signals or a difference between the property of the M audio signals and the property of the K further audio
signals. The inventors have found that the modification parameters preferably comprise (a difference between) statistical
signal properties such as variance, covariance and correlation and standard deviation of the down-mix signal(s). These
statistical signal properties enable a good reconstruction of the spatial down-mix.
[0013] In an embodiment of the multi-channel audio encoder according to the invention the second unit is arranged
for generating the second associated parametric data such that the property comprises:

- an energy or power value of at least part of the audio signals; or
- a correlation value of at least part of the audio signals; or
- a ratio between energy or power values of at least part of the audio signals.

[0014] These properties alone or in any feasible combination enable an efficient and/or high quality reconstruction of
the spatial down-mix. Energy or power values and correlation values enable a high quality reconstruction. A property
comprising the ratio between energy or power values is efficient in that it only requires relatively little space / few bits in
the encoded multi-channel audio signal / bit-stream.
[0015] The modification parameters are typically analyzed as a function of time and frequency (i.e. for a set of time/
frequency tiles). They can be included in the parameter bit-stream that is included in the encoded multi-channel audio
signal In order to further improve the quality of the reconstruction of the spatial down-mix, it is possible to further extend
the parameter bit stream with (encoded) low-frequency content of the spatial down-mix.
[0016] At the decoder, the modification parameters are obtained from the encoded multi-channel audio signal and the
spatial down-mix is reconstructed using these parameters, either from the alternative down-mix or from scratch. The
decoder transforms the alternative down-mix such that the resulting transformed down-mix signal has properties of the
spatial down-mix. The decoder can operate in two ways, depending on the representation of the modification parameters.
If the parameters represent the (relative) transformation from alternative down-mix to (required properties of the) spatial
down-mix, the transformation variables are obtained directly from the transmitted parameters. On the other hand, if the
transmitted parameters represent (absolute) properties of the spatial down-mix, the decoder first computes the corre-
sponding properties of the alternative down-mix. Using this information (transmitted parameters and computed properties
of the transmitted down-mix), the transformation variables are then determined that describe the transform from (prop-
erties of) the transmitted down-mix to (properties of) the spatial down-mix. Finally, the spatial parameters, i.e. the first
associated parametric data, are applied to the reconstructed spatial down-mix in order to decode the multi-channel audio
signal.
[0017] The same inventive concept may be used in a transmission system having a transmitter with a multi-channel
audio encoder and a receiver with a multi-channel audio decoder. Such transmission systems may for example be used
for transmission of speech signals or audio signals via a transmission medium such as a radio channel, a coaxial cable
or an optical fibre. Such transmission systems can also be used for recording of encoded audio or speech signals on a
recording medium such as a magnetic tape, magnetic or optical disc or solid-state memory. The inventive concept may
also be used advantageously in an audio player/recorder, e.g. an optical disc audio player/recorder or a hard disk drive
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audio player/recorder or a solid-state memory audio player/recorder, having a multi-channel audio decoder/encoder.
[0018] The above object and features of the present invention will be more apparent from the following description of
the preferred embodiments with reference to the drawings, wherein:

Fig. 1 shows a block diagram of an embodiment of a multi-channel audio encoder 10 according to the invention,
Fig. 2 shows a block diagram of an embodiment of a multi-channel audio decoder 20 according to the invention,
Fig. 3 shows a block diagram of an embodiment of a transmission system 70 according to the invention,
Fig. 4 shows a block diagram of an embodiment of a multi-channel audio player/recorder 60 according to the invention,
Fig. 5 shows a block diagram of another embodiment of a multi-channel audio encoder 10 according to the invention,
Fig. 6 shows a block diagram of another embodiment of a multi-channel audio decoder 20 according to the invention.

[0019] In the Figures, identical parts are provided with the same reference numbers.
[0020] Figure 1 shows a block diagram of an embodiment of a multi-channel audio encoder 10 according to the
invention. This multi-channel audio encoder 10 is arranged for encoding N audio signals 101 into M audio signals 102
and associated parametric data 104, 105. In this, M and N are integers, with N > M and M ≥ 1. An example of the multi-
channel audio encoder 10 is a 5.1-to-2 encoder in which N is equal to 6, i.e. 5+1 channels, and M is equal to 2. Such a
multi-channel audio encoder encodes a 5.1 channel input audio signal into a 2 channel output audio signal, e.g. a stereo
output audio signal, and associated parameters. Other examples of the multi-channel audio encoder 10 are 5.1-to-1,
6.1-to-2, 6.1-to-1, 7.1-to-2 and 7.1-to-1 encoders. Also encoders having other values for N and M are possible as long
as N is larger than M and as long as M is larger than or equal to 1.
[0021] The encoder 10 comprises a first encoding unit 110 and coupled thereto a second encoding unit 120. The first
encoding unit 110 receives the N input audio signals 101 and encodes the N audio signals 101 into the M audio signals
102 and first associated parametric data 104. The M audio signals 102 and the first associated parametric data 104
represent the N audio signals 101. The encoding of the N audio signals 101 into the M audio signals 102 as performed
by the first unit 110 may also be referred to as down-mixing and the M audio signals 102 may also be referred to as
spatial down-mix 102. The unit 110 may be a conventional parametric multi-channel audio encoder that encodes a multi-
channel audio signal 101 into a mono or stereo down-mix audio signal 102 and associated parameters 104. The associated
parameters 104 enable a decoder to reconstruct the multi-channel audio signal 101 from the mono or stereo down-mix
audio signal 102. It is noted hat the down-mix 102 may also have more than 2 channels.
[0022] The first unit 110 supplies the spatial down-mix 102 to the second unit 120. The second unit 120 generates,
from the spatial down-mix 102, second associated parametric data 105. The second associated parametric data 105
represent the spatial down-mix 102, i.e. these parameters 105 comprise characteristics or properties of the spatial down-
mix 102 which enable a decoder to reconstruct at least part of the spatial down-mix 102, e.g. by synthesizing a signal
resembling the spatial down-mix 102. The associated parametric data comprise the first and second associated para-
metric data 104 and 105.
[0023] The second associated parametric data 105 may comprise modification parameters enabling a reconstruction
of the spatial down-mix 102 from K further audio signals 103. In this way, a decoder may perform an even better
reconstruction of the spatial down-mix 102. This reconstruction may be done on basis of an alternative down-mix 103,
i.e. the K further audio signals 103, such as an artistic down-mix. A decoder may apply the modification parameters to
the alternative down-mix signal 103 so that it more closely resembles the spatial down-mix 102.
[0024] The second unit 120 may receive at its inputs the alternative down-mix 103. The alternative down-mix 103 may
be received from a source external to the encoder 10 (as shown in Figure 1) or, alternatively, the alternative down-mix
103 may be generated inside the encoder 10 (not shown), e.g. from the N audio signals 101. The second unit 120 may
compare the spatial down-mix 102 with the alternative down-mix 103 and generate modification parameters 105 repre-
senting a difference between the spatial down-mix 102 and the alternative down-mix 103, e.g. a difference between a
property of the spatial down-mix 102 and a property of the alternative down-mix 103. Such ’relative’ modification param-
eters representing this difference require less space/bits in the encoded multi-channel audio signal than ’absolute’
modification parameters that only represent (one or more properties of) the spatial down-mix 102. The modification
parameters 105 preferably comprise (a difference between) one or more statistical signal properties such as variance,
covariance and correlation, or a ratio of these properties, of the (difference between the) down-mix signal(s). It is noted
that the variance of a a signal is equivalent with the energy or power of that signal. These statistical signal properties
enable a good reconstruction of the spatial down-mix
[0025] Figure 2 shows a block diagram of an embodiment of a multi-channel audio decoder 20 according to the
invention. The decoder 20 is arranged for decoding K audio signals 103 and associated parametric data 104, 105 into
N audio signals 203. In this, K and N are integers, with N > K and K ≥ 1. The K audio signals 103, i.e. the alternative
down-mix 103, and the associated parametric data 104, 105 represent the N audio signals 203, i.e. the multi-channel
audio signal 203. An example of the multi-channel audio decoder 20 is a 2-to-5.1 decoder in which N is equal to 6, i.e.
5+1 channels, and K is equal to 2. Such a multi-channel audio decoder decodes a 2 channel input audio signal, e.g. a
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stereo input audio signal, and associated parameters into a 5.1 channel output audio signal. Other examples of the
multi-channel audio decoder 20 are 1-to-5.1, 2-to-6.1, 1-to-6.1, 2-to-7.1 and 1-to-7.1 decoders. Also decoders having
other values for N and K are possible as long as N is larger than K and as long as K is larger than or equal to 1.
[0026] The multi-channel audio decoder 20 comprises a first unit 210 and coupled thereto a second unit 220. The first
unit 210 receives the alternative down-mix 103 and modification parameters 105 and reconstructs M further audio signals
202, i.e. spatial down-mix 202 or an approximation thereof, from the alternative down-mix 103 and the modification
parameters 105. In this, M is an integer, with M ≥ 1. The modification parameters 105 represent the spatial down-mix
202. The second unit 220 receives the spatial down-mix 202 from the first unit 210 and modification parameters 104.
The second unit 220 decodes the spatial down-mix 202 and modification parameters 104 into the multi-channel audio
signal 203. The second unit 220 may be a conventional parametric multi-channel audio decoder that decodes a mono
or stereo down-mix audio signal 202 and associated parameters 104 into a multi-channel audio signal 203.
[0027] The first unit 210 may be arranged for determining whether it is necessary or desirable to reconstruct the signal
202 from the input signal 103. Such reconstruction may not be applicable when the spatial down-mix signal 202 is
supplied to the first unit 210 instead of the alternative down-mix 103. The first unit 210 can determine this by generating
from the input signal 103 similar or same signal properties as are comprised in the modification parameters 105 and by
comparing these generated signal properties with the modification parameters 105. If this comparison shows that the
generated signal properties are equal to or substantially equal to the modification parameters 105 then the input signal
103 sufficiently resembles the spatial down-mix signal 202 and the first unit 210 can forward the input signal 103 to the
second unit 220. If the comparison shows that the generated signal properties are not equal to or substantially equal to
the modification parameters 105 then the input signal 103 does not sufficiently resemble the spatial down-mix signal
202 and the first unit 210 can reconstruct/approximate the spatial down-mix signal 202 from the input signal 103 and
the modification parameters 105.
[0028] The modification parameters 105 may represent a difference between the alternative down-mix 103 and the
spatial down-mix 202, e.g. a difference in statistical signal properties, enabling the first unit 210 to reconstruct the spatial
down-mix 202 from the alternative down-mix 103.
[0029] The first unit 210 may generate, from the alternative down-mix, further modification parameters/properties
representing the alternative down-mix 103. In such a case, the first unit 210 may reconstruct the spatial down-mix 202
from the alternative down-mix 103 and (a difference between) the modification parameters 105 and the further modification
parameters.
[0030] The modification parameters 105 and the further modification parameters, respectively, may include statistical
properties of the spatial down-mix 202 and the alternative down-mix 103, respectively. These statistical properties such
as variance, correlation and covariance, etc. provide good representations of the signals they are derived from. They
are useful in reconstructing the spatial down-mix 202, e.g. by transforming the alternative down-mix such that its asso-
ciated properties match the properties comprised in the modification parameters 105.
[0031] Figure 3 shows a block diagram of an example of a transmission system 70. The transmission system-70
comprises a transmitter 40 for transmitting an encoded multi-channel audio signal via a transmission channel 30, e.g.
a wired or wireless communication link, to a receiver 50. The transmitter 40 comprises a multi-channel audio encoder
10 as described above for encoding the multi-channel audio signal 101 into a spatial down-mix 102 and associated
parameters 104, 105. The transmitter 40 further comprises means 41 for transmitting an encoded multi-channel audio
signal comprising the parameters 104, 105 and the spatial down-mix 102 or the alternative down-mix 103 via the trans-
mission channel 30 to the receiver 50. The receiver 50 comprises means 51 for receiving the encoded multi-channel
audio signal and a multi-channel audio decoder 20 as described above for decoding the alternative down-mix 103 or
the spatial down-mix 102 and the associated parameters 104, 105 into the multi-channel audio signal 203.
[0032] Figure 4 shows a block diagram of an example of a multi-channel audio player/recorder 60. The audio player/
recorder 60 comprises a multi-channel audio decoder 20 and/or a multi-channel audio encoder 10 according to the
invention. The audio player/recorder 60 can have its own storage for example solid-state memory or hard disk. The
audio player/recorder 60 may also facilitate detachable storage means such as (recordable) DVD discs or (recordable)
CD discs. Stored encoded multi-channel audio signals comprising an alternative down-mix 103 and parameters 104,
105 can be decoded by the decoder 20 and be played or reproduced by the audio player/recorder 60. The encoder 10
may encode multi-channel audio signals for storage on the storage means.
[0033] Figure 5 shows a block diagram of another embodiment of a multi-channel audio encoder 10 according to the
invention. The encoder 10 comprises a first unit 110 and coupled thereto a second unit 120. The first unit 110 receives
a 5.1 multi-channel audio signal 101 comprising left front, left rear, right front, right rear, centre and low frequency
enhancement audio signals lf, lr, rf, rr, co and lfe, respectively. The second unit 120 receives an artistic stereo down-
mix 103 comprising left artistic and right artistic audio signals la and ra, respectively. The multi-channel audio signal 101
and the artistic down-mix 103 are time-domain audio signals. In the first and second units 110 and 120 these signals
101 and 103 are segmented and transformed to the frequency-time domain.
[0034] In the first unit 110, parametric data 104 is derived in three stages. In a first stage, three pairs of audio signals
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lf and rf, rf and rr, and co and Ife, respectively, are segmented and the segmented signals are transformed to the frequency
domain in segmentation and transformation units 112, 113, and 114, respectively. The resulting frequency domain
representations of the segmented signals are shown as frequency domain signals Lf, Lr, Rf, Rr, Co and LFE, respectively.
In a second stage, three pairs of these frequency domain signals Lf and Lr, Rf and Rr, and Co and LFE, respectively,
are down-mixed in down-mixers 115, 116, and 117, respectively, to generate mono audio signals L, R, and C, respectively
and associated parameters 141, 142, and 143, respectively. The down-mixers 115, 116, and 117 may be conventional
MPEG4 parametric stereo encoders. Finally, in a third stage the three mono audio signals L, R and C are down-mixed
in a down-mixer 118 to obtain a spatial stereo down-mix 102 and associated parameters 144. The spatial down-mix 102
comprises signals Lo and Ro.
[0035] The parametric data 141, 142, 143, and 144 are comprised in the first associated parametric data 104. The
parametric data 104 and the spatial down-mix 102 represent the 5.1 input signals 101.
[0036] In the second unit, the artistic down-mix signal 103 represented in time domain by audio signals la and ra,
respectively, is first segmented in segmentation unit 121. The resulting segmented audio signal 127 comprises signals
las and ras, respectively. Next, this segmented audio signal 127 is transformed to the frequency domain by transformer
122. The resulting frequency domain signal 126 comprises signals La and Ra. Finally, the frequency domain signal 126,
which is a frequency domain representation of the segmented artistic down-mix 103, and the frequency domain repre-
sentation of the segmented spatial down-mix 102 are supplied to a generator 123 which generates modification param-
eters 105 which enable a decoder to modify/transform the artistic down-mix 103 so that it more closely resembles the
spatial down-mix 102. The segmented time-domain signal 127 is also fed to a selector 124. The other two inputs to this
selector 124 are the frequency domain representation of the spatial stereo down-mix 102 and a control signal 128. The
control signal 128 determines whether the selector 124 is to output the artistic down-mix 103 or the spatial down-mix
102 as part of the encoded multi-channel audio signal. The spatial down-mix 102 may be selected when the artistic
down-mix is not available. The control signal 128 can be manually set or can be automatically generated by sensing the
presence of the artistic down-mix 103. The control signal 128 may be included in the parameter bit-stream so that a
corresponding decoder 20 can make use of it as described later.
[0037] The output signal 102, 103 of the selector 124 is shown as signals lo and ro. If the artistic stereo down-mix 127
is to be output by the selector 124 the segmented time domain signals las and ras are combined in the selector 124 by
overlap-add into signals lo and ro. If the spatial stereo down-mix 102 is to be output as indicated by the control signal
128, the selector 124 transforms the signals Lo and Ro back to the time domain and combines them via overlap-add
into the signals lo and ro. The time-domain signals lo and ro form the stereo down-mix of the 5.1-to-2 encoder 10.
[0038] A more detailed description of the generator123 is as follows. The function of the generator 123 is to determine
modification parameters that describe a transformation of the artistic down-mix 103 so that it, in some sense, resembles
the original spatial down-mix 102. In general, this transformation can be described as 

wherein La and Ra are vectors comprising samples of a time/frequency tile of the left and right channel of the artistic
down-mix 103, and wherein Ld and Rd are vectors comprising samples of a time/frequency tile of the left and right channel
of the modified artistic down-mix, wherein Al ,..., AN comprise the samples of a time/frequency tile of optional auxiliary
channels, and wherein T is a transformation matrix. Note that any vector V is defined as a column vector. The modified
artistic down-mix is the artistic down-mix 103 that is transformed by the transform so that it resembles the original spatial
down-mix 102. The auxiliary channels Al,..., AN can for instance be de-correlated versions of the artistic down-mix signals
or may contain low-frequency content of the spatial down-mix signals. In the latter case, this low-frequency content may
be included in parameters 105. The (N+2)�2-transformation matrix T describes the transformation from the artistic
down-mix 103 and the auxiliary channels to the modified artistic down-mix. The transformation matrix T or elements
thereof are preferably comprised in the modification parameters 105 so that a decoder 20 can reconstruct at least part
of the transformation matrix T. Thereafter, the decoder 20 can apply the transformation matrix T to the artistic down-mix
103 to reconstruct the spatial down-mix 102 (as describes below).
[0039] Alternatively, the modification parameters 105 comprise signal properties, e.g. energy or power values and/or
correlation values, of the spatial down-mix 102. The decoder 20 can then generate such signal properties from the artistic
down-mix 103. The signal properties of the spatial down-mix 102 and the artistic down-mix 103 enable the decoder 20
to construct a transformation matrix T (described below) and to apply it to the artistic down-mix 103 to reconstruct the
spatial down-mix 102 (also described below).
[0040] There are several possibilities to make the artistic stereo down-mix 103 resemble the original stereo down-mix
102:
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I. Match of waveforms.
II. Match of statistical properties:

a. Match of the energy or power of the left and the right channel.
b. Match of the covariance matrix of the left and right channel.

III. Obtain the best possible match of the waveform under the constraint of an energy or power match of the left and
the right channel.
IV. Mixing the above-mentioned methods I-III.
Below, the auxiliary channels Al,..., AN of (1) are not considered, so that the transformation matrix T can be written as 

I. Waveform match (method I)
A match of the waveforms of the artistic down-mix 103 and the spatial down-mix 102 can be obtained by expressing
both the left and the right signal of the modified artistic down-mix as a linear combination of the left and the right
signal of the artistic stereo down-mix 103: 

Then, matrix T of (2) can be written as: 

A way to choose the parameters α1, α2, β1 and β2, is to minimise the square of the Euclidian distance between the
spatial down-mix signals Lo and Ro and their estimations (i.e. the modified artistic down-mix signals Ld and Rd), hence

and 

II. Match of statistical properties (method II)
Method II.a: matching the energies of the left and the right signals is now discussed. The modified left and right
artistic down-mix signal, denoted by Ld and Rd respectively, are now computed as 

where, in the case of real parameters, α and β are given by 
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so that the transformation matrix T can be written as 

With these choices it can be ensured that the signals Ld and Rd, respectively, have the same energy as the signals
Lo and Ro, respectively.
Method II.b: For matching the covariance matrices of the artistic stereo down-mix 103 and the spatial stereo down-
mix 102 these matrices can be decomposed using eigenvalue decomposition as follows: 

where the covariance matrix of the artistic stereo down-mix 103, Ca, is given by 

Ua is a unitary matrix and Sa is a diagonal matrix. C0 is the covariance matrix of the spatial stereo down-mix 102,
Uo is a unitary matrix and So is a diagonal matrix. When computing 

two mutually uncorrelated signals Law and Raw are obtained (due to the multiplication with matrix Ua), which signals

have unit energy (due to the multiplication with matrix ). By computing 

first the covariance matrix of [La Ra] is transformed into a covariance matrix that equals the identity matrix, i.e. the

covariance matrix of . Applying any arbitrary unitary matrix Ur will not change the covariance
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structure, and applying  results in a covariance structure equal to that of the spatial stereo down-mix 102.

Define the matrix S0w and the signals L0w and R0w as follows: 

The matrix Ur can be chosen such that the best possible waveform match, in terms of minimal squared Euclidian
distance, is obtained between the signals L0w and Law and the signals R0w and Raw, where Law and Raw are given
by (11). With this choice for Ur, a waveform match within the statistical method can be used.
From (12) it can be seen that the transformation matrix T is given by 

III. Best waveform match under an energy constraint (method III) Assuming (3) the parameters α1, α2, β1 and β2
can be obtained by minimising (4) and (5) under the energy constraints 

IV. Mixing method (method IV)
As to mixing the different methods, possible combinations are mixing methods II.a and II.b, or mixing methods II.a
and III. One can proceed as follows:

a) If the waveform match between L0 and Ld and between R0 and Rd that is obtained when using method II.b/III
is good: use method II.b/III.
b) If this waveform match is poor, use method II.a.
c) Ensure a gradual transition between the two methods, by mixing their transformation matrices, as a function
of the quality of this waveform match.

[0041] This can be expressed mathematically as follows:

Using (3) and (2) the transformation matrix T can be written in its general
form as 

[0042] This matrix is rewritten using two vectors, TL and TR, as follows

[0043] The quality of the waveform match between L0 and Ld obtained by either using method II.b or method III, is
expressed by γL. It is defined as 
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[0044] The quality of the waveform match between R0 and Rd obtained by either using method II.b or method III, is
expressed by γR. It is defined as 

[0045] Both γL and γR are between 0 and 1. The mixing coefficient of the left channel, δL, and the mixing coefficient
of the right channel, δR, can be defined as follows: 

wherein PL,min, PL,max, PR,min and PR,max are values between 0 and 1, PL,min < PL,max and PR,min < PR,max. Equation
(20) ensures that the mixing coefficients, δL and δR, are between 0 and 1.
[0046] Define the transformation matrix T of method II.a, II.b and III, respectively, as Te, which is given by (8), Ta,
which is given by (14), and Tce, respectively. Each transformation matrix can be split in two vectors, similar to the splitting
of T in (17), as follows:

[0047] The transformation matrix T for mixing method II.a and method II.b is obtained as 

[0048] The transformation matrix T for mixing method II.a and method III is obtained as 

[0049] The elements of the transformation matrix T may be real-valued or complex-valued. These elements may be
encoded into modification parameters as follows: those elements of the transformation matrix T that are real and positive
can be quantised logarithmically, like the IID parameters used in MPEG4 Parametric Stereo. It is possible to set an
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upper limit for the values of the parameters to avoid over-amplification of small signals. This upper limit can be either
fixed or a fimction of the correlation between the automatically generated left channel and the artistic left channel and
the correlation between the automatically generated right channel and the artistic right channel. Of the elements of T
that are complex, the magnitude can be quantised using IID parameters, and the phase can be quantised linearly. The
elements of T are real and possibly negative can be coded by taking the logarithm of the absolute value of an element,
whilst ensuring a distinction between the negative and positive values.
[0050] Figure 6 shows a block diagram of another embodiment of a multi-channel audio decoder 20 according to the
invention. The decoder 20 comprises a first unit 210 and coupled thereto a second unit 220. The first unit 210 receives
down-mix signals lo and ro and modification parameters 105 as inputs. The down-mix signals lo and ro may be part of
a spatial down-mix 102 or an artistic down-mix 103. The first unit 210 comprises a segmentation and transformation unit
211 and a down-mix modification unit 212. The down-mix signals lo and ro, respectively, are segmented and the seg-
mented signals are transformed to the frequency domain in segmentation and transformation unit 211. The resulting
frequency domain representations of the segmented down-mix signals are shown as frequency domain signals Lo and
Ro, respectively. Next, the frequency domain signals Lo and Ro are processed in the down-mix modification unit 212.
The function of this down-mix modification unit 212 is to modify the input down-mix such that it resembles the spatial
down-mix 202, i.e. to reconstruct the spatial down-mix 202 from the artistic down-mix 103 and the modification parameters
105. If the spatial down-mix 102 is received by the decoder 20 the down-mix modification unit 212 does not have to
modify the down-mix signals Lo and Ro and these down-mix signals Lo and Ro can simply be passed on to the second
unit 220 as down-mix signals Ld and Rd of spatial down-mix 202. A control signal 217 may indicate whether there is a
need for modification of the input down-mix, i.e. whether the input down-mix is a spatial down-mix or an alternative down-
mix. The control signal 217 may be generated internally in the decoder 20, e.g. by analysing the input down-mix and
the associated parameters 105 which may describe signal properties of the desired spatial down-mix. If the input down-
mix matches the desired signal properties the control signal 217 may be set to indicate that there is no need for modi-
fication. Alternatively, the control signal 217 may be set manually or its setting may be received as part of the encoded
multi-channel audio signal, e.g. in parameter set 105.
[0051] If the encoder 20 receives the artistic down-mix 103 and the control signal 217 indicates that the received down-
mix signals Lo and Ro are to be modified by the down-mix modification unit 212 then the decoder can operate in two
ways, depending on the representation of the transmitted parameters. If the parameters represent the (relative) trans-
formation from transmitted down-mix to (required properties of the) spatial down-mix, the transformation variables are
obtained directly from the transmitted parameters. With these transformation variables the transformation matrix T is
directly composed.
[0052] On the other hand, if the transmitted parameters represent (absolute) properties of the spatial down-mix, the
decoder first computes the corresponding properties of the actually transmitted down-mix. Using this information (trans-
mitted parameters and computed properties of the transmitted down-mix), the transformation variables are then deter-
mined that describe the transform from (properties of) the transmitted down-mix to (properties of) the spatial down-mix.
To be more specific, transformation matrix T can be determined using either method II.a or (a slightly modified) II.b that
were previously described.
[0053] Method II.a is used if only (absolute) energies are transmitted in the parameter data. The transmitted (absolute)
parameters, ELo and ERo, represent the energy of the left and right signal of the spatial down-mix respectively and are
given by

[0054] The energies of the transmitted down-mix, EDLo and EDRo, are computed at the decoder. Using these variables
we can compute the parameters α and β of (7), as follows 

[0055] Transformation matrix T is given by 
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[0056] Method II.b is used if both (absolute) energies and (absolute) correlation are transmitted. The transmitted
(absolute) energy parameters, ELo and ERo, represent the energy of the left and right signal of the spatial down-mix
respectively and are given by (24). These energies and the transmitted correlation between the left and the right signal
of the spatial down-mix, ρLoRo, can be used to determine the covariance matrix of the spatial down-mix, Co, as follows: 

[0057] The covariance matrix of the transmitted down-mix, Ca, is computed at the decoder. By applying eigenvalue
analysis to both covariance matrices, as given by (9), we can compute the transformation matrix T using (14), except
for the arbitrary unitary matrix Ur. Because the waveform of the spatial down-mix is not available, this matrix cannot be
chosen as described previously. It can now e.g. be chosen such that transformation matrix T is as close as possible to
a diagonal structure.
[0058] When auxiliary signals are used, they are also composed. If the received down-mix is not to be modified, the
transformation matrix T is equal to the identity matrix and no auxiliary channels are used. Using equation (1), the output
signals Ld and Rd are computed. It is noted that in the Figures 5 and 6 vectors like Ld and Rd, respectively, are shown
as Ld and Rd, respectively.
[0059] The second unit 220 is a conventional 2-to-5.1 multi-channel decoder which decodes the reconstructed spatial
down-mix 202 and the associated parametric data 104 into a 5.1 channel output signal 203. As described before, the
parametric data 104 comprise parametric data 141, 142, 143 and 144. The second unit 220 performs the inverse
processing of the first unit 110 in the encoder 10. The second unit 220 comprises an up-mixer 221, which converts the
stereo down-mix 202 and associated parameters 144 into three mono audio signals L, R and C. Next, each of the mono
audio signals L, R and C, respectively, are de-correlated in de-correlators 222, 225 and 228, respectively. Thereafter,
a mixing matrix 223 transforms the mono audio signal L, its de-correlated counterpart and associated parameters 141
into signals Lf and Lr. Similarly, a mixing matrix 226 transforms the mono audio signal R, its de-correlated counterpart
and associated parameters 142 into signals Rf and Rr, and a mixing matrix 229 transforms the mono audio signal C, its
de-correlated counterpart and associated parameters 143 into signals Co and LFE. Finally, the three pairs of segmented
frequency-domain signals Lf and Lr, Rf and Rf, Co and LFE, respectively, are transformed to the time-domain and
combined by overlap-add in inverse transformers 224, 227 and 230, respectively to obtain three pairs of output signals
If and Ir, rf and rr, and co and lfe, respectively. The output signals lf, lr, rf, rr, co and Ife form the decoded multi-channel
audio signal 203.
[0060] The multi-channel audio encoder 10 and the multi-channel audio decoder 20 may be implemented by means
of digital hardware or by means of software which is executed by a digital signal processor or by a general purpose
microprocessor.
[0061] The scope of the invention is not limited to the embodiments explicitly disclosed. Any reference signs do not
limit the scope of the claims. The word "comprising" does not exclude the presence of other elements or steps than
those listed in a claim. Use of the word "a" or "an" preceding an element does not exclude the presence of a plurality of
such elements.

Claims

1. A multi-channel audio encoder (10) for encoding N audio signals (101) into M audio signals (102) and associated
parametric data (104, 105). M and N being integers, N > M, M ≥ 1, wherein the multi-channel audio encoder (10)
comprises:

- a first unit (110) for encoding the N audio signals (101) into the M audio signals (102) representing a downmix
and first associated parametric data (104), wherein the M audio signals (102) and the first associated parametric
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data (104) represent the N audio signals (101); and
- a second unit (120) coupled to the first unit (110), the second unit (120) being arranged for generating, from
the M audio signals (102), second associated parametric data (105) representing the M audio signals (102),
the second associated parametric data comprising modification parameters enabling a reconstruction of the M
audio signals (102) from K further audio signals (103) being an alternative downmix of the N audio signals (101)
to the M audio signals (102), and wherein the associated parametric data (104, 105) comprise the first and
second associated parametric data.

2. A multi-channel audio encoder (10) according to claim 1, wherein the second unit (120) is arranged for generating
the second associated parametric data (105) such that the second associated parametric data (105) represent a
property of the M audio signals (102).

3. A multi-channel audio encoder (10) according to claim 1, wherein the second unit (120) is arranged for generating,
from the M audio signals (102) and from the K further audio signals (103), the second associated parametric data
(105) such that the modification parameters represent a difference between the M audio signals (102) and the K
further audio signals (103).

4. A multi-channel audio encoder (10) according to claim 1, wherein the second unit (120) is arranged for generating
the second associated parametric data (105) such that the modification parameters comprise the property of the M
audio signals (102) or a difference between the property of the M audio signals (102) and the property of the K
further audio signals (103).

5. A multi-channel audio encoder (10) according to claim 2, wherein the second unit (120) is arranged for generating
the second associated parametric data (105) such that the property comprises:

- an energy or power value of at least part of the audio signals (102, 103); or
- a correlation value of at least part of the audio signals (102, 103); or
- a ratio between energy or power values of at least part of the audio signals (102, 103).

6. A multi-channel audio decoder (20) for decoding K audio signals (103) and associated parametric data (104, 105)
into N audio signals (203), K and N being integers, N > K, K ≥ 1, wherein the K audio signals (103) and the associated
parametric data (104, 105) represent the N audio signals (203) and , and wherein the multi-channel audio decoder
(20) comprises:

- a first unit (210) for reconstructing M further audio signals (102) from the K audio signals representing a
downmix (103) and at least a first part of the associated parametric data (105) comprising modification parameters
enabling a reconstruction of the M further audio signals (202) from the K audio signals (103), the M further audio
signals (102) being an alternative down mix of the N audio channels (101) to the K audio channels (103) and
M being an integer, M ≥ 1, wherein the first part of the associated parametric data (105) represents the M further
audio signals (202); and
- a second unit (220) coupled to the first unit (210), the second unit (220) being arranged for decoding the M
further audio signals (202) and at least a second part of the associated parametric data (104) into the N audio
signals (203), wherein the M further audio signals (202) and the second part of the associated parametric data
(104) represent the N audio signals (203).

7. A multi-channel audio decoder (20) according to claim 6, wherein the first part of the associated parametric data
(105) represents a property of the M further audio signals (202).

8. A multi-channel audio decoder (20) according to claim 6, wherein the modification parameters comprise the property
of the M further audio signals (202) or a difference between the property of the M further audio signals (202) and
the property of the K audio signals (103).

9. A multi-channel audio decoder (20) according to claim 6, wherein the first unit (210) is arranged for generating, from
the K audio signals (103), further modification parameters representing the K audio signals (103), and wherein the
first unit (210) is further arranged for reconstructing the M further audio signals (202) from the K audio signals (103)
and the modification parameters comprised in the first part of the associated parametric data (105) and the further
modification parameters.
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10. A multi-channel audio decoder (20) according to claim 91, wherein the modification parameters comprise the property
of the M further audio signals (202), and wherein the further modification parameters comprise the property of the
K audio signals (103), and wherein the first unit (210) is arranged for reconstructing the M further audio signals (202)
from the K audio signals (103) and a difference between the property of the M further audio signals (202) and the
property of the K audio signals (103).

11. A multi-channel audio decoder (20) according to claim 7, wherein the property comprises:

- an energy or power value of at least part of the audio signals (103, 202); or
- a correlation value of at least part of the audio signals (103, 202); or
- a ratio between energy or power values of at least part of the audio signals (103,202).

12. A method of encoding N audio signals (101) into M audio signals (102) and associated parametric data (104, 105),
M and N being integers, N > M, M ≥ 1, wherein the method comprises:

- encoding the N audio signals (101) into the M audio signals representing a downmix (102) and first associated
parametric data (104), wherein the M audio signals (102) and the first associated parametric data (104) represent
the N audio signals (101); and
- generating, from the M audio signals (102), second associated parametric data (105) representing the M audio
signals (102), the second associated parametric data comprising modification parameters enabling a recon-
struction of the M audio signals (102) from K further audio signals (103) being an alternative downmix of the N
audio signals (101) to the M audio signals (102), and wherein the associated parametric data (104, 105) comprise
the first and second associated parametric data.

13. A method of decoding K audio signals (103) and associated parametric data (104, 105) into N audio signals (203),
K and N being integers, N > K, K ≥ 1, wherein the K audio signals (103) and the associated parametric data (104,
105) represent the N audio signals (203), and wherein the method comprises:

- reconstructing M further audio signals (202) from the K audio signals representing a downmix (103) and at
least a first part of the associated parametric data (105) comprising modification parameters enabling a recon-
struction of the M further audio signals (202) from the K audio signals (103), the M further audio signals (102)
being an alternative down mix of the N audio channels (101) to the K audio channels (103) and M being an
integer, M ≥ 1, wherein the first part of the associated parametric data (105) represents the M further audio
signals (202); and
- decoding the M further audio signals (202) and at least a second part of the associated parametric data (104)
into the N audio signals (203), wherein the M further audio signals (202) and the second part of the associated
parametric data (104) represent the N audio signals (203).

14. An encoded multi-channel audio signal comprising K audio signals representing a downmix (103) and associated
parametric data (104, 105), wherein the K audio signals (103) and the associated parametric data (104, 105) represent
N audio signals (101), K and N being integers, N > K, K ≥ 1, and wherein the associated parametric data (104, 105)
comprise first and second parts, wherein the first part of the associated parametric data (105) represents M further
audio signals (202) and comprises modification parameters enabling a reconstruction of the M further audio signals
(202) from the K audio signals (103), the M further audio signals (102) being an alternative down mix of the N audio
channels (101) to the K audio channels (103) and M being an integer, M ≥ 1, and wherein the M further audio signals
(202) and the second part of the associated parametric data (104) represent the N audio signals (101).

15. A storage medium having stored thereon a signal according to claim 14.

16. A transmission system (70) comprising a transmitter (40) for transmitting an encoded multi-channel audio signal via
a transmission channel (30) to a receiver (50), the transmitter (40) comprising a multi-channel audio encoder (10)
according to claim 1 for encoding N audio signals (101) into M audio signals representing a downmix (102) and
associated parametric (104, 105), the transmitter (40) further comprising means (41) for transmitting the K further
audio signals representing an alternative downmix (103) and the associated parametric data (104, 105) via the
transmission channel (30) to the receiver (50), the receiver (50) comprising means (51) for receiving the K further
audio signals (103) and the associated parametric data (104, 105), the receiver (50) further comprising a multi-
channel audio decoder (20) according to claim 6 for decoding the K further audio signals (103) and the associated
parametric data (104, 105) into the N audio signals (203).
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17. A transmitter (40) for transmitting an encoded multi-channel audio signal, the transmitter (40) comprising a multi-
channel audio encoder (10) according to claim 1 for encoding N audio signals (101) into M audio signals (102) and
associated parametric data (104, 105), the transmitter (40) further comprising means (41) for transmitting the K
further audio signals representing an alternative downmix (103) and the associated parametric data (104, 105).

18. A receiver (50) for receiving an encoded multi-channel audio signal, the receiver (50) comprising means (51) for
receiving K audio signals (103) and associated parametric data (104, 105), the receiver (50) further comprising a
multi-channel audio decoder (20) according to claim 6 for decoding the K audio signals (103) and the associated
parametric data (104, 105) into N audio signals (203).

19. A method of transmitting and receiving an encoded multi-channel audio signal, the method comprising encoding N
audio signals (101) into M audio signals representing a downmix (102) and associated parametric data (104, 105),
M and N being integers, N > M, M ≥ 1, wherein the encoding comprises:

- encoding the N audio signals (101) into the M audio signals (102) and first associated parametric data (104)
according to claim 12
the method further comprising transmitting and receiving the K audio signals representing an alternative downmix
(103) and the associated parametric data (104, 105), decoding the K audio signals (103) and the associated
parametric data (104, 105) into the N audio signals (203) according to claim 13.

20. A method of transmitting an encoded multi-channel audio signal, the method comprising encoding N audio signals
(101) into M audio signals (102) representing a downmix and associated parametric data (104, 105), M and N being
integers, N > M, M ≥ 1 according to claim 12
the method further comprising transmitting the K further audio signals representing an alternative downmix (103)
and the associated parametric data (104, 105).

21. A method of receiving an encoded multi-channel audio signal, the method comprising receiving K audio signals
representing a downmix (103) and associated parametric data (104, 105) and decoding the K audio signals (103)
and the associated parametric data (104, 105) into N audio signals (203), K and N being integers, N > K, K ≥ 1
according to claim 13.

22. A multi-channel audio player (60) comprising a multi-channel audio decoder (20) according to claim 6.

23. A multi-channel audio recorder (60) comprising a multi-channel audio encoder (10) according to claim 1.

24. A computer program product operative to cause a processor to perform the steps of the method as claimed in any
one of claims 12, 13, 19, 20 and 21.

Patentansprüche

1. Ein Mehrkanalaudiocodierer (10) zum Codieren von N Audiosignalen (101) zu M Audiosignalen (102) und zu ge-
ordneten Parameterdaten (104, 105), wobei M und N Ganzzahlen sind, N > M, M ≥ 1, wobei der Mehrkanalaudio-
codierer (10) folgende Merkmale aufweist:

- eine erste Einheit (110) zum Codieren der N Audiosignale (101) zu den M Audiosignalen (102), die eine
Abwärtsmischung darstellen, und ersten zugeordneten Parameterdaten (104), wobei die M Audiosignale (102)
und die ersten zugeordneten Parameterdaten (104) die N Audiosignale (101) darstellen; und
- eine zweite Einheit (120), die mit der ersten Einheit (110) gekoppelt ist, wobei die zweite Einheit (120) ange-
ordnet ist zum Erzeugen zweiter zugeordneter Parameterdaten (105), die die M Audiosignale (102) darstellen,
aus den M Audiosignalen (102), wobei die zweiten zugeordneten Parameterdaten Modifikationsparameter auf-
weisen, die eine Rekonstruktion der M Audiosignale (102) aus K weiteren Audiosignalen (103) ermöglichen,
die eine alternative Abwärtsmischung der N Audiosignale (101) zu den M Audiosignalen (102) sind, und wobei
die zugeordneten Parameterdaten (104, 105) die ersten und die zweiten zugeordneten Parameterdaten auf-
weisen.

2. Ein Mehrkanalaudiocodierer (10) gemäß Anspruch 1, bei dem die zweite Einheit (120) angeordnet ist zum Erzeugen
der zweiten zugeordneten Parameterdaten (105) derart, dass die zweiten zugeordneten Parameterdaten (105) eine
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Eigenschaft der M Audiosignale (102) darstellen.

3. Ein Mehrkanalaudiocodierer (10) gemäß Anspruch 1, bei dem die zweite Einheit (120) angeordnet ist zum Erzeugen
der zweiten zugeordneten Parameterdaten (105) aus den M Audiosignalen (102) und aus den K weiteren Audiosi-
gnalen (103) derart, dass die Modifikationsparameter eine Differenz zwischen den M Audiosignalen (102) und den
K weiteren Audiosignalen (103) darstellen.

4. Ein Mehrkanalaudiocodierer (10) gemäß Anspruch 1, bei dem die zweite Einheit (120) angeordnet ist zum Erzeugen
der zweiten zugeordneten Parameterdaten (105) derart, dass die Modifikationsparameter die Eigenschaft der M
Audiosignale (102) oder eine Differenz zwischen der Eigenschaft der M Audiosignale (102) und der Eigenschaft
der K weiteren Audiosignale (103) aufweisen.

5. Ein Mehrkanalaudiocodierer (10) gemäß Anspruch 2, bei dem die zweite Einheit (120) angeordnet ist zum Erzeugen
der zweiten zugeordneten Parameterdaten (105) derart, dass die Eigenschaft Folgendes aufweist:

- einen Energie- oder Leistungswert von zumindest einem Teil der Audiosignale (102, 103); oder
- einen Korrelationswert von zumindest einem Teil der Audiosignale (102, 103); oder
- ein Verhältnis zwischen Energie- oder Leistungswerten von zumindest einem Teil der Audiosignale (102, 103).

6. Ein Mehrkanalaudiodecodierer (20) zum Decodieren von K Audiosignalen (103) und zugeordneten Parameterdaten
(104, 105) zu N Audiosignalen (203), wobei K und N Ganzzahlen sind, N > K, K ≥ 1, wobei die K Audiosignale (103)
und die zugeordneten Parameterdaten (104, 105) die N Audiosignale (203) darstellen und wobei der Mehrkanalau-
diodecodierer (20) folgende Merkmale aufweist:

- eine erste Einheit (210) zum Rekonstruieren von M weiteren Audiosignalen (102) aus den K Audiosignalen
(103), die eine Abwärtsmischung darstellen, und zumindest einem ersten Teil der zugeordneten Parameterdaten
(105), die Modifikationsparameter aufweisen, die eine Rekonstruktion der M weiteren Audiosignale (202) aus
den K Audiosignalen (103) ermöglichen, wobei die M weiteren Audiosignale (102) eine alternative Abwärtsmi-
schung der N Audiokanäle (101) zu den K Audiokanälen (103) sind und M eine Ganzzahl ist, M ≥ 1, wobei der
erste Teil der zugeordneten Parameterdaten (105) die M weiteren Audiosignale (202) darstellt; und
- eine zweite Einheit (220), die mit der ersten Einheit (210) gekoppelt ist, wobei die zweite Einheit (220) ange-
ordnet ist zum Decodieren der M weiteren Audiosignale (202) und zumindest eines zweiten Teils der zugeord-
neten Parameterdaten (104) zu den N Audiosignalen (203), wobei die M weiteren Audiosignale (202) und der
zweite Teil der zugeordneten Parameterdaten (104) die N Audiosignale (203) darstellen.

7. Ein Mehrkanalaudiodecodierer (20) gemäß Anspruch 6, bei dem der erste Teil der zugeordneten Parameterdaten
(105) eine Eigenschaft der M weiteren Audiosignale (202) darstellt.

8. Ein Mehrkanalaudiodecodierer (20) gemäß Anspruch 6, bei dem die Modifikationsparameter die Eigenschaft der M
weiteren Audiosignale (202) oder eine Differenz zwischen der Eigenschaft der M weiteren Audiosignale (202) und
der Eigenschaft der K Audiosignale (103) aufweisen.

9. Ein Mehrkanalaudiodecodierer (20) gemäß Anspruch 6, bei dem die erste Einheit (210) angeordnet ist zum Erzeugen
weiterer Modifikationsparameter, die die K Audiosignale (103) darstellen, aus den K Audiosignalen (103), und wobei
die erste Einheit (210) ferner angeordnet ist zum Rekonstruieren der M weiteren Audiosignale (202) aus den K
Audiosignalen (103) und den Modifikationsparametern, die in dem ersten Teil der zugeordneten Parameterdaten
(105) und den weiteren Modifikationsparametern enthalten sind.

10. Ein Mehrkanalaudiodecodierer (20) gemäß Anspruch 91, bei dem die Modifikationsparameter die Eigenschaft der
M weiteren Audiosignale (202) aufweisen, und wobei die weiteren Modifikationsparameter die Eigenschaft der K
Audiosignale (103) aufweisen, und wobei die erste Einheit (210) angeordnet ist zum Rekonstruieren der M weiteren
Audiosignale (202) aus den K Audiosignalen (103) und einer Differenz zwischen der Eigenschaft der M weiteren
Audiosignale (202) und der Eigenschaft der K Audiosignale (103).

11. Ein Mehrkanalaudiodecodierer (20) gemäß Anspruch 7, bei dem die Eigenschaft Folgendes aufweist:

- einen Energie- oder Leistungswert von zumindest einem Teil der Audiosignale (103, 202); oder
- einen Korrelationswert von zumindest einem Teil der Audiosignale (103, 202); oder
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- ein Verhältnis zwischen Energie- oder Leistungswerten von zumindest einem Teil der Audiosignale (103, 202).

12. Ein Verfahren zum Codieren von N Audiosignalen (101) zu M Audiosignalen (102) und zu geordneten Parameter-
daten (104, 105), wobei M und N Ganzzahlen sind, N > M, M ≥ 1, wobei das Verfahren folgende Schritte aufweist:

- Codieren der N Audiosignale (101) zu den M Audiosignalen (102), die eine Abwärtsmischung darstellen, und
ersten zugeordneten Parameterdaten (104), wobei die M Audiosignale (102) und die ersten zugeordneten
Parameterdaten (104) die N Audiosignale (101) darstellen; und
- Erzeugen zweiter zugeordneter Parameterdaten (105), die die M Audiosignale (102) darstellen, aus den M
Audiosignalen (102), wobei die zweiten zugeordneten Parameterdaten Modifikationsparameter aufweisen, die
eine Rekonstruktion der M Audiosignale (102) aus K weiteren Audiosignalen (103) ermöglichen, die eine alter-
native Abwärtsmischung der N Audiosignale (101) zu den M Audiosignalen (102) sind, und wobei die zugeord-
neten Parameterdaten (104, 105) die ersten und die zweiten zugeordneten Parameterdaten aufweisen.

13. Ein Verfahren zum Decodieren von K Audiosignalen (103) und zugeordneten Parameterdaten (104, 105) zu N
Audiosignalen (203), wobei K und N Ganzzahlen sind, N > K, K ≥ 1, wobei die K Audiosignale (103) und die
zugeordneten Parameterdaten (104, 105) die N Audiosignale (203) darstellen und wobei das Verfahren folgende
Schritte aufweist:

- Rekonstruieren von M weiteren Audiosignalen (102) aus den K Audiosignalen (103), die eine Abwärtsmischung
darstellen, und zumindest einem ersten Teil der zugeordneten Parameterdaten (105), die Modifikationspara-
meter aufweisen, die eine Rekonstruktion der M weiteren Audiosignale (202) aus den K Audiosignalen (103)
ermöglichen, wobei die M weiteren Audiosignale (102) eine alternative Abwärtsmischung der N Audiokanäle
(101) zu den K Audiokanälen (103) sind und M eine Ganzzahl ist, M ≥ 1, wobei der erste Teil der zugeordneten
Parameterdaten (105) die M weiteren Audiosignale (202) darstellt; und
- Decodieren der M weiteren Audiosignale (202) und zumindest eines zweiten Teils der zugeordneten Para-
meterdaten (104) zu den N Audiosignalen (203), wobei die M weiteren Audiosignale (202) und der zweite Teil
der zugeordneten Parameterdaten (104) die N Audiosignale (203) darstellen.

14. Ein codiertes Mehrkanalaudiosignal, das K Audiosignale (103), die eine Abwärtsmischung darstellen, und zugeord-
nete Parameterdaten (104, 105) aufweist, wobei die K Audiosignale (103) und die zugeordneten Parameterdaten
(104, 105) N Audiosignale (101) darstellen, wobei K und N Ganzzahlen sind, N > K, K ≥ 1, und wobei die zugeordneten
Parameterdaten (104, 105) einen ersten und einen zweiten Teil aufweisen, wobei der erste Teil der zugeordneten
Parameterdaten (105) M weitere Audiosignale (202) darstellt und Modifikationsparameter aufweist, die eine Rekon-
struktion der M weiteren Audiosignale (202) aus den K Audiosignalen (103) ermöglichen, wobei die M weiteren
Audiosignale (102) eine alternative Abwärtsmischung der N Audiokanäle (101) zu den K Audiokanälen (103) sind
und M eine Ganzzahl ist, M ≥ 1, und wobei die M weiteren Audiosignale (202) und der zweite Teil der zugeordneten
Parameterdaten (104) die N Audiosignale (101) darstellen.

15. Ein Speichermedium, auf dem ein Signal gemäß Anspruch 14 gespeichert ist.

16. Ein Übertragungssystem (70), das einen Sender (40) zum Senden eines codierten Mehrkanalaudiosignals über
einen Übertragungskanal (30) an einen Empfänger (50) aufweist, wobei der Sender (40) einen Mehrkanalaudioco-
dierer (10) gemäß Anspruch 1 zum Codieren von N Audiosignalen (101) zu M Audiosignalen (102), die eine Ab-
wärtsmischung darstellen, und zugeordneten Parameterdaten (104, 105) aufweist, wobei der Sender (40) ferner
eine Einrichtung (41) zum Senden der K weiteren Audiosignale (103), die eine alternative Abwärtsmischung dar-
stellen, und der zugeordneten Parameterdaten (104, 105) über den Übertragungskanal (30) an den Empfänger (50)
aufweist, wobei der Empfänger (50) eine Einrichtung (51) zum Empfangen der K weiteren Audiosignale (103) und
der zugeordneten Parameterdaten (104, 105) aufweist, wobei der Empfänger (50) ferner einen Mehrkanalaudiode-
codierer (20) gemäß Anspruch 6 zum Decodieren der K weiteren Audiosignale (103) und der zugeordneten Para-
meterdaten (104, 105) zu den N Audiosignalen (203) aufweist.

17. Ein Sender (40) zum Senden eines codierten Mehrkanalaudiosignals, wobei der Sender (40) einen Mehrkanalau-
diocodierer (10) gemäß Anspruch 1 zum Codieren von N Audiosignalen (101) zu M Audiosignalen (102) und zuge-
ordneten Parameterdaten (104, 105) aufweist, wobei der Sender (40) ferner eine Einrichtung (41) zum Senden der
K weiteren Audiosignale (103), die eine alternative Abwärtsmischung darstellen, und der zugeordneten Parameter-
daten (104, 105) aufweist.
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18. Ein Empfänger (50) zum Empfangen eines codierten Mehrkanalaudiosignals, wobei der Empfänger (50) eine Ein-
richtung (51) zum Empfangen von K Audiosignalen (103) und zugeordneten Parameterdaten (104, 105) aufweist,
wobei der Empfänger (50) ferner einen Mehrkanalaudiodecodierer (20) gemäß Anspruch 6 zum Decodieren der K
Audiosignale (103) und der zugeordneten Parameterdaten (104, 105) zu N Audiosignalen (203) aufweist.

19. Ein Verfahren zum Senden und Empfangen eines codierten Mehrkanalaudiosignals, wobei das Verfahren ein Co-
dieren von N Audiosignalen (101) zu M Audiosignalen (102), die eine Abwärtsmischung darstellen, und zugeordneten
Parameterdaten (104, 105) aufweist, wobei M und N Ganzzahlen sind, N > M, M ≥ 1, wobei das Codieren folgenden
Schritt aufweist:

- Codieren der N Audiosignale (101) zu den M Audiosignalen (102) und ersten zugeordneten Parameterdaten
(104) gemäß Anspruch 12,
wobei das Verfahren ferner ein Senden und Empfangen der K Audiosignale (103), die eine alternative Abwärts-
mischung darstellen, und der zugeordneten Parameterdaten (104, 105), ein Decodieren der K Audiosignale
(103) und der zugeordneten Parameterdaten (104, 105) zu den N Audiosignalen (203) gemäß Anspruch 13
aufweist.

20. Ein Verfahren zum Senden eines codierten Mehrkanalaudiosignals, wobei das Verfahren ein Codieren von N Au-
diosignalen (101) zu M Audiosignalen (102), die eine Abwärtsmischung darstellen, und zugeordneten Parameter-
daten (104, 105), wobei M und N Ganzzahlen sind, N > M, M ≥ 1, gemäß Anspruch 12 aufweist,
wobei das Verfahren ferner ein Senden der K weiteren Audiosignale (103), die eine alternative Abwärtsmischung
darstellen, und der zugeordneten Parameterdaten (104, 105) aufweist.

21. Ein Verfahren zum Empfangen eines codierten Mehrkanalaudiosignals, wobei das Verfahren ein Empfangen von
K Audiosignalen (103), die eine Abwärtsmischung darstellen, und zugeordneter Parameterdaten (104, 105) und ein
Decodieren der K Audiosignale (103) und der zugeordneten Parameterdaten (104, 105) zu N Audiosignalen (203),
wobei K und N Ganzzahlen sind, N > K, K ≥ 1, gemäß Anspruch 13 aufweist.

22. Eine Mehrkanalaudiospieler (60), der einen Mehrkanalaudiodecodierer (20) gemäß Anspruch 6 aufweist.

23. Einen Mehrkanalaudioaufzeichner (60), der einen Mehrkanalaudiocodierer (10) gemäß Anspruch 1 aufweist.

24. Ein Computerprogrammprodukt, das wirksam ist, um zu bewirken, dass ein Prozessor die Schritte des Verfahrens
gemäß einem der Ansprüche 12, 13, 19, 20 und 21 durchführt.

Revendications

1. Codeur audio multicanal (10) pour le codage de N signaux audio (101), pour obtenir M signaux audio (102) et des
données paramétriques associées (104, 105), M et N étant des nombres entiers, N > M, M ≥ 1, où le codeur audio
multicanal (10) comprend:

- une première unité (110) destinée à coder les N signaux audio (101), pour obtenir les M signaux audio (102)
représentant un mélange vers le bas et des premières données paramétriques associées (104), où les M
signaux audio (102) et les premières données paramétriques associées (104) représentent les N signaux audio
(101); et
- une deuxième unité (120) couplée à la première unité (110), la deuxième unité (120) étant aménagée de
manière à générer, à partir des M signaux audio (102), des deuxièmes données paramétriques associées (105)
représentant les M signaux audio (102), les deuxièmes données paramétriques associées comprenant des
paramètres de modification permettant une reconstruction des M signaux audio (102) à partir de K autres
signaux audio (103) constituant un mélange vers le bas alternatif des N signaux audio (101) en M signaux audio
(102), et où les données paramétriques associées (104, 105) comprennent les premières et deuxièmes données
paramétriques associées.

2. Codeur audio multicanal (10) selon la revendication 1, dans lequel la deuxième unité (120) est aménagée de manière
à générer les deuxièmes données paramétriques associées (105) de sorte que les deuxièmes données paramétri-
ques associées (105) représentent une propriété des M signaux audio (102).
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3. Codeur audio multicanal (10) selon la revendication 1, dans lequel la deuxième unité (120) est aménagée de manière
à générer, à partir des M signaux audio (102) et des K autres signaux audio (103), les deuxièmes données para-
métriques associées (105) de sorte que les paramètres de modification représentent une différence entre les M
signaux audio (102) et les K autres signaux audio (103).

4. Codeur audio multicanal (10) selon la revendication 1, dans lequel la deuxième unité (120) est aménagée de manière
à générer les deuxièmes données paramétriques associées (105) de sorte que les paramètres de modification
comprennent la propriété des M signaux audio (102) ou une différence entre la propriété des M signaux audio (102)
et la propriété des K autres signaux audio (103).

5. Codeur audio multicanal (10) selon la revendication 2, dans lequel la deuxième unité (120) est aménagée de manière
à générer les deuxièmes données paramétriques associées (105) de sorte que la propriété comprenne:

- une valeur d’énergie ou de puissance d’au moins une partie des signaux audio (102, 103); ou
- une valeur de corrélation d’au moins une partie des signaux audio (102, 103); ou
- un rapport entre les valeurs d’énergie ou de puissance d’au moins une partie des signaux audio (102, 103).

6. Décodeur audio multicanal (20) pour décoder K signaux audio (103) et les données paramétriques associées (104,
105), pour obtenir N signaux audio (203), K et N étant des nombres entiers, N > K, K ≥ 1, dans lequel les K signaux
audio (103) et les données paramétriques associées (104, 105) représentent les N signaux audio (203), et dans
lequel le décodeur audio multicanal (20) comprend:

- une première unité (210) destinée à reconstruire M autres signaux audio (102) à partir des K signaux audio
représentant un mélange vers le bas (103) et d’au moins une première partie des données paramétriques
associées (105) comprenant des paramètres de modification permettant une reconstruction des M autres si-
gnaux audio (202) à partir des K signaux audio (103), les M autres signaux audio (102) étant un mélange vers
le bas alternatif des N canaux audio (101), pour obtenir les K canaux audio (103) et M étant un nombre entier,
M ≥ 1, où la première partie des données paramétriques associées (105) représente les M autres signaux audio
(202); et
- une deuxième unité (220) couplée à la première unité (210), la deuxième unité (220) étant aménagée de
manière à décoder les M autres signaux audio (202) et au moins une deuxième partie des données paramétriques
associées (104), pour obtenir les N signaux audio (203), où les M autres signaux audio (202) et la deuxième
partie des données paramétriques associées (104) représente les N signaux audio (203).

7. Décodeur audio multicanal (20) selon la revendication 6, dans lequel la première partie des données paramétriques
associées (105) représente une propriété des M autres signaux audio (202).

8. Décodeur audio multicanal (20) selon la revendication 6, dans lequel les paramètres de modification comprennent
la propriété des M autres signaux audio (202) ou une différence entre la propriété des M autres signaux audio (202)
et la propriété des K signaux audio (103).

9. Décodeur audio multicanal (20) selon la revendication 6, dans lequel la première unité (210) est aménagée de
manière à générer, à partir des K signaux audio (103), d’autres paramètres de modification représentant les K
signaux audio (103), et dans lequel la première unité (210) est par ailleurs aménagée de manière à reconstruire les
M autres signaux audio (202) à partir des K signaux audio (103) et des paramètres de modification compris dans
la première partie des données paramétriques associées (105) et des autres paramètres de modification.

10. Décodeur audio multicanal (20) selon la revendication 9, dans lequel les paramètres de modification comprennent
la propriété des M autres signaux audio (202), et dans lequel les autres paramètres de modification comprennent
la propriété des K signaux audio (103), et dans lequel la première unité (210) est aménagée de manière à reconstruire
les M autres signaux audio (202) à partir des K signaux audio (103) et d’une différence entre la propriété des M
autres signaux audio (202) et la propriété des K signaux audio (103).

11. Décodeur audio multicanal (20) selon la revendication 7, dans lequel la propriété comprend:

- une valeur d’énergie ou de puissance d’au moins une partie des signaux audio (103, 202); ou
- une valeur de corrélation d’au moins une partie des signaux audio (103, 202); ou
- un rapport entre les valeurs d’énergie ou de puissance d’au moins une partie des signaux audio (103, 202).
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12. Procédé pour coder N signaux audio (101) en M signaux audio (102) et des données paramétriques associées
(104, 105), M et N étant des nombres entiers, N > M, M≥ 1, dans lequel le procédé comprend:

- coder les N signaux audio (101), pour obtenir les M signaux audio représentant un mélange vers le bas (102)
et des premières données paramétriques associées (104), où les M signaux audio (102) et les premières
données paramétriques associées (104) représentent les N signaux audio (101), et
- générer, à partir des M signaux audio (102), des deuxièmes données paramétriques associées (105) repré-
sentant les M signaux audio (102), les deuxièmes données paramétriques associées comprenant des paramè-
tres de modification permettant une reconstruction des M signaux audio (102) à partir de K autres signaux audio
(103) qui sont un mélange vers le bas alternatif des N signaux audio (101), pour obtenir les M signaux audio
(102), et où les données paramétriques associées (104, 105) comprennent les premières et deuxièmes données
paramétriques associées.

13. Procédé pour coder N signaux audio (103) et des données paramétriques associées (104, 105) en N signaux audio
(203), K et N étant des nombres entiers, N > K, K ≥ 1, dans lequel les K signaux audio (103) et les données
paramétriques associées (104, 105) représentent les N signaux audio (203), et dans lequel le procédé comprend:

- reconstruire M autres signaux audio (202) à partir des K signaux audio représentant un mélange vers le bas
(103) et d’au moins une première partie des données paramétriques associées (105) comprenant des para-
mètres de modification permettant une reconstruction des M autres signaux audio (202) à partir des K signaux
audio (103), les M autres signaux audio (102) étant un mélange vers le bas alternatif des N canaux audio (101),
pour obtenir les K canaux audio (103) et M étant un nombre entier, M ≥ 1, où la première partie des données
paramétriques associées (105) représente les M autres signaux audio (202); et
- décoder les M autres signaux audio (202) et au moins une deuxième partie des données paramétriques
associées (104), pour obtenir les N signaux (203), où les M autres signaux audio (202) et la deuxième partie
des données paramétriques associées (104) représentent les N signaux audio (203).

14. Signal audio multicanal codé comprenant K signaux audio représentant un mélange vers le bas (103) et des données
paramétriques associées (104, 105), dans lequel les K signaux audio (103) et les données paramétriques associées
(104, 105) représentent N signaux audio (101), K et N étant des nombres entiers, N > K, K ≥ 1, et dans lequel les
données paramétriques associées (104, 105) comprennent une première et une deuxième partie, dans lequel la
première partie des données paramétriques associées (105) représente M autres signaux audio (202) et comprend
des paramètres de modification permettant une reconstruction des M autres signaux audio (202) à partir des K
signaux audio (103), les M autres signaux audio (102) étant un mélange vers le bas alternatif des N canaux audio
(101), pour obtenir les K canaux audio (103) et M étant un nombre entier, M ≥ 1, et dans lequel les M autres signaux
audio (202) et la deuxième partie des données paramétriques associées (104) représente les N signaux audio (101).

15. Support de mémoire présentant, y mémorisé, un signal selon la revendication 14.

16. Un système de transmission (70) comprenant un émetteur (40) destiné à émettre un signal audio multicanal codé,
via un canal d’émission (30), vers un récepteur (50), l’émetteur (40) comprenant un codeur audio multicanal (10)
selon la revendication 1 destiné à coder N signaux audio (101), pour obtenir M signaux audio représentant un
mélange vers le bas (102) et des données paramétriques associées (104, 105), l’émetteur (40) comprenant par
ailleurs un moyen (41) destiné à émettre les K autres signaux audio représentant un mélange vers le bas alternatif
(103) et les données paramétriques associées (104, 105), via le canal de transmission (30), vers le récepteur (50),
le récepteur (50) comprenant un moyen (51) destiné à recevoir les K autres signaux audio (103) et les données
paramétriques associées (104, 105), le récepteur (50) comprenant par ailleurs un décodeur audio multicanal (20)
selon la revendication 6 destiné à décoder les K autres signaux audio (103) et les données paramétriques associées
(104, 105), pour obtenir les N signaux audio (203).

17. Emetteur (40) pour émettre un signal audio multicanal codé, l’émetteur (40) comprenant un codeur audio multicanal
(10) selon la revendication 1 destiné à coder N signaux audio (101), pour obtenir M signaux audio (102) et des
données paramétriques associées (104, 105), l’émetteur (40) comprenant par ailleurs un moyen (41) destiné à
émettre les K autres signaux audio représentant un mélange vers le bas alternatif (103) et les données paramétriques
associées (104, 105).

18. Emetteur (40) pour émettre un signal audio multicanal codé, l’émetteur (40) comprenant un moyen (51) destiné à
recevoir K signaux audio (103) et des données paramétriques associées (104, 105), le récepteur (50) comprenant
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par ailleurs un décodeur audio multicanal (20) selon la revendication 6 destiné à décoder les K signaux audio (103)
et les données paramétriques associées (104, 105), pour obtenir N signaux audio (203).

19. Procédé pour émettre et recevoir un signal audio multicanal codé, le procédé comprenant le fait de coder N signaux
audio (101), pour obtenir M signaux audio représentant un mélange vers le bas (102) et des données paramétriques
associées (104, 105), M et N étant des nombres entiers, N > M, M ≥ 1, dans lequel le codage comprend:

- coder les N signaux audio (101), pour obtenir les M signaux audio (102) et des premières données paramé-
triques associées (104) selon la revendication 12;
- le procédé comprenant par ailleurs le fait d’émettre et de recevoir les K signaux audio (103) et les données
paramétriques associées (104, 105), de décoder les K signaux audio (103) et les données paramétriques
associées (104, 105), pour obtenir les N signaux audio (203) selon la revendcation 13.

20. Procédé pour émettre un signal audio multicanal codé, le procédé comprenant le fait de coder N signaux audio
(101), pour obtenir M signaux audio (102) représentant un mélange vers le bas et des données paramétriques
associées (104, 105), M et N étant des nombres entiers, N > M, M ≥ 1 selon la revendication 12;
le procédé comprenant par ailleurs le fait d’émettre les K autres signaux audio représentant un mélange vers le bas
alternatif (103) et les données paramétriques associées (104, 105).

21. Procédé pour recevoir un signal audio multicanal codé, le procédé comprenant le fait de recevoir K signaux audio
représentant un mélange vers le bas (103) et des données paramétriques associées (104, 105) et de décoder les
K signaux audio (103) et les données paramétriques associées (104, 105), pour obtenir N signaux audio (203), K
et N étant des nombres entiers, N > K ≥ K selon la revendication 12.

22. Reproducteur audio multicanal (60) comprenant un décodeur audio multicanal (20) selon la revendication 6.

23. Enregistreur audio multicanal (60) comprenant un codeur audio multicanal (10) selon la revendication 1.

24. Programme d’ordinateur opérationnel pour faire exécuter par un processeur les étapes du procédé selon l’une
quelconque des revendications 12, 13, 19, 20 et 21.
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