a2 United States Patent

Villemoes et al.

US007965848B2

US 7,965,848 B2
Jun. 21, 2011

(10) Patent No.:
(45) Date of Patent:

(54)

(735)

(73)

")

@
(22)

(65)

(60)

(30)

Mar. 29, 2006

(1)
(52)

(58)

REDUCED NUMBER OF CHANNELS
DECODING

Inventors: Lars Villemoes, Jaerfaella (SE);
Kristofer Kjoerling, Solna (SE); Jeroen
Breebaart, Findhoven (NL)

Assignees: Dolby International AB, Amsterdam
(NL); Koninklijke Philips Electronics
N.V., Eindhoven (NL)

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 1167 days.

Appl. No.: 11/464,149

Filed: Aug. 11, 2006

Prior Publication Data

US 2007/0233293 Al Oct. 4, 2007

Related U.S. Application Data

Provisional application No. 60/788,911, filed on Apr.
3, 2006.

Foreign Application Priority Data
(SE) e 0600713

Int. CL.
HO4R 5/00 (2006.01)
US.ClL ... 381/22; 381/23; 704/200.1; 704/500;
704/501; 704/200; 704/504; 704/E19.005
Field of Classification Search .............. 381/19-23;
700/94; 704/20, 200.1, 500-501, 200, 201,
704/504, E19.005
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

7,394,903 B2* 7/2008 Herreetal ... 381/23
7,765,104 B2* 7/2010 Pangetal. ... 704/500
2002/0067834 Al 6/2002 Shirayanagi
2005/0195981 Al 9/2005 Faller et al.
2009/0129601 Al*  5/2009 Ojalaetal. ..o 381/1
FOREIGN PATENT DOCUMENTS
CA 2148447 C 5/1994
EP 1376538 1/2004
™ 200404222 3/2004
™ 200405673 4/2004
WO WO 2004/019656 A2 3/2004
WO 2005/101370 10/2005
OTHER PUBLICATIONS

English Translation of parallel Taiwan Patent Application No.
095141956, Apr. 2009, (4 pages).

(Continued)

Primary Examiner — Devona E Faulk
Assistant Examiner — Disler Paul

(74) Attorney, Agent, or Firm — Michael A. Glenn; Glenn
Patent Group

(57) ABSTRACT

An intermediate channel representation of a multi-channel
signal can be reconstructed highly efficient and with high
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can be achieved when a parameter re-calculator is used to
derive the upmix parameters that takes into account also
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FIG 2

5-1-5, tree stiucture
G0, 16— (%8 jSU

[€S; ()'[T3 :'"‘ ="
12
24 57
CLD, 1CC— CLD,
v -
res—s  OTT, 011, e
CLD,, W0 ‘Ia 1> 112 [ e
res QTT % i
| D CLD 106
Z res—+ 0T, ——-ul
2 1 1»2 [,
20 L..EE.-_.
5-1-5, tree structure
0D, I6G— (%8 j’“
s 0T,
12 |, l(
24 . ’
CLD,, 1CC— CLD,, 1CC—T f

v
res—  OTT, res,— OTT,

CLD,, ICC,— —l-' 1 12 c
res;— 0TI,

m_.ii L0 fﬁ
oTT,
b

¥

k. J

1-»2 Ife




U.S. Patent Jun. 21,2011 Sheet 3 of 6 US 7,965,848 B2

FIG 3

.............
b

X v w y y
m 1 l
m > >
’ Pre- i T 0 |
decorrelator )
;r_-l ¥. % .
matrix "0 res,—1— matrixi Lo ¢ ’
A1 .
O Tes =R M2] of e | [ 4
JA1 .
) Pt 1ol
o 1 '
gl fes,——o J e
decorrelators s

-l:-/_\/
[amn]
g

)’ 5 -51? 5-1-5,
46 Z42 (48 44



U.S. Patent Jun. 21,2011 Sheet 4 of 6 US 7,965,848 B2

FIG 4

5-1-5, tree structure
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REDUCED NUMBER OF CHANNELS
DECODING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. patent application
Ser. No. 60/788,911 filed Apr. 3, 2006, and Sweden patent
application number 0600713-2, filed Mar. 29, 2006, which
are incorporated herein in their entirety by these references
made thereto.

FIELD OF THE INVENTION

The present invention relates to decoding of audio signals
and in particular to decoding of a parametric multi-channel
downmix of'an original multi-channel signal into a number of
channels smaller than the number of channels of the original
multi-channel signal.

BACKGROUND OF THE INVENTION AND
PRIOR ART

Recent development in audio coding has made available
the ability to recreate a multi-channel representation of an
audio signal based on a stereo (or mono) signal and corre-
sponding control data. These methods differ substantially
from older matrix based solutions such as Dolby Prologic,
since additional control data is transmitted to control the
re-creation, also referred to as upmix, of the surround chan-
nels based on the transmitted mono or stereo channels.

Hence, such a parametric multi-channel audio decoder, e.g.
MPEG Surround, reconstructs N channels based on M trans-
mitted channels, where N>M, and the additional control data.
The additional control data represents a significant lower data
rate than transmitting all N channels, making the coding very
efficient while at the same time ensuring compatibility with
both M channel devices and N channel devices.

These parametric surround coding methods usually com-
prise a parameterization of the surround signal based on 11D
(Inter channel Intensity Difference) and ICC (Inter Channel
Coherence). These parameters describe power ratios and cor-
relation between channel pairs in the upmix process. Further
parameters also used in prior art comprise prediction param-
eters used to predict intermediate or output channels during
the upmix procedure.

Two famous examples of such multi-channel coding are
BCC coding and MPEG surround. In BCC encoding, a num-
ber of audio input channels are converted to a spectral repre-
sentation using a DFT (Discrete Fourier Transform) based
transform with overlapping windows. The resulting uniform
spectrum is then divided into non-overlapping partitions.
Each partition has a bandwidth proportional to the equivalent
rectangular bandwidth (ERB). Then, spatial parameters
called ICLD (Inter-Channel Level Difference) and ICTD (In-
ter-Channel Time Difference) are estimated for each parti-
tion. The ICLD parameter describes a level difference
between two channels and the ICTD parameter describes the
time difference (phase shift) between two signals of different
channels. The level differences and the time differences are
given for each channel with respect to a common reference
channel. After the derivation of these parameters, the param-
eters are quantized and encoded for transmission.

The individual parameters are estimated with respect to
one single reference channel in BCC-coding. In other para-
metric surround coding systems, e.g. in MPEG surround, a
tree-structured parameterization is used. This means, that the
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parameters are no longer estimated with respect to one single
common reference channel but to different reference chan-
nels that may even be a combination of channels of the origi-
nal multi-channel signal. For example, having a 5.1 channel
signal, parameters may be estimated between a combination
of the front channels and between a combination of the back
channels.

Of course, backward compatibility to already established
audio-standards is highly desirable also for the parametric
coding schemes. For example, having a mono-downmix sig-
nal it is desirable to also provide a possibility to create a
stereo-playback signal with high fidelity. This means that a
monophonic downmix signal has to be upmixed into a stereo
signal, making use of the additionally transmitted parameters
in the best possible way.

One common problem in multi-channel coding is energy
preservation in the upmix, as the human perception of the
spatial position of a sound-source is dominated by the loud-
ness of the signal, i.e. by the energy contained within the
signal. Therefore, utmost care must be taken in the reproduc-
tion of the signal to attribute the right loudness to each recon-
structed channel such as to avoid the introduction of artifacts
strongly decreasing the perceptional quality of the recon-
structed signal. As during the downmix amplitudes of signals
are commonly summed up, the possibility of interference
arises, being described by the correlation or coherence
parameter.

When it comes to the reconstruction of a reduced number
of channels (a number of channels smaller than the original
number of channels of the multi-channel signal), schemes
like BCC are simple to handle, since every parameter is
transmitted with respect to the same single reference channel.
Therefore, having knowledge on the reference channel, the
most relevant level information (absolute energy measure)
can easily be derived for every channel needed for the upmix.
Thus, reduced number of channels can be reconstructed with-
out the need to reconstruct the full multi-channel signal first.
Thus, the energy computations for the energies of the multi-
channel signal is easier in BCC by using single variables
rather than products of variables, but this is only a first step.
When it comes to deriving energies and correlations of a
reduced number of channels which should come as close as
possible to partial downmixes of the original multichannel
signals, the level of difficulty in MPEG Surround and BCC is
comparable.

In contrast thereto, a tree-based structure as MPEG sur-
round uses a parameterization in which the relevant informa-
tion for each individual channel is not contained in a single
parameter. Therefore, in prior art, reconstructing reduced
numbers of channels requires the reconstruction of the multi
channel signal followed by a downmix into the reduced num-
bers of channels to not violate the energy preservation
requirement. This has the obvious disadvantage of extremely
high computational complexity.

SUMMARY OF THE INVENTION

Itis the object of the present invention to provide a concept
for obtaining a reduced number of channels from a parametric
multichannel signal more efficiently.

In accordance with a first aspect of the present invention,
this object is achieved by a parameter calculator for deriving
upmix parameters for upmixing a downmix signal into an
intermediate channel representation of a multi-channel signal
having more channels than the downmix signal and less chan-
nels than the multi-channel signal, the downmix signal hav-
ing associated thereto multi-channel parameters describing
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spatial properties of the multi-channel signal, wherein the
multi-channel signal includes channels not included in the
intermediate channel representation and wherein the multi-
channel parameters include information on the channels not
included in the intermediate channel representation, the
parameter calculator comprising: a parameter recalculator for
deriving the upmix parameters from the multi-channel
parameters using the parameters having information on chan-
nels not included in the intermediate channel representation.

In accordance with a second aspect of the present inven-
tion, this object is achieved by a channel reconstructor having
aparameter reconstructor, comprising: a parameter calculator
for deriving upmix parameters for upmixing a downmix sig-
nal into an intermediate channel representation of a multi-
channel signal having more channels than the downmix sig-
nal and less channels than the multi-channel signal, the
downmix signal having associated thereto multi-channel
parameters describing spatial properties of the multi-channel
signal, wherein the multi-channel signal includes channels
not included in the intermediate channel representation and
wherein the multi-channel parameters include information on
the channels not included in the intermediate channel repre-
sentation, the parameter calculator comprising: a parameter
recalculator for deriving the upmix parameters from the
multi-channel parameters using the parameters having infor-
mation on channels not included in the intermediate channel
representation; and an upmixer for deriving the intermediate
channel representation using the upmix parameters and the
downmix signal.

In accordance with a third aspect of the present invention,
this object is achieved by a method for generating upmix
parameters for upmixing a downmix signal into an interme-
diate channel representation of a multi-channel signal having
more channels than the downmix signal and less channels
than the multi-channel signal, the downmix signal having
associated thereto multi-channel parameters describing spa-
tial properties of the multi-channel signal, wherein the multi-
channel signal includes channels not included in the interme-
diate channel representation and wherein the multi-channel
parameters include information on the channels not included
in the intermediate channel representation, the method com-
prising: deriving the upmix parameters from the multi-chan-
nel parameters using the parameters having information on
channels not included in the intermediate channel represen-
tation.

In accordance with a fourth aspect of the present invention,
this object is achieved by an audio receiver or audio player,
the receiver or audio player having a parameter calculator for
deriving upmix parameters for upmixing a downmix signal
into an intermediate channel representation of a multi-chan-
nel signal having more channels than the downmix signal and
less channels than the multi-channel signal, the downmix
signal having associated thereto multi-channel parameters
describing spatial properties of the multi-channel signal,
wherein the multi-channel signal includes channels not
included in the intermediate channel representation and
wherein the multi-channel parameters include information on
the channels not included in the intermediate channel repre-
sentation, the parameter calculator comprising: a parameter
recalculator for deriving the upmix parameters from the
multi-channel parameters using the parameters having infor-
mation on channels not included in the intermediate channel
representation.

In accordance with a fifth aspect of the present invention,
this object is achieved by a method of receiving or audio
playing, the method having a method for generating upmix
parameters for upmixing a downmix signal into an interme-
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diate channel representation of a multi-channel signal having
more channels than the downmix signal and less channels
than the multi-channel signal, the downmix signal having
associated thereto multi-channel parameters describing spa-
tial properties of the multi-channel signal, wherein the multi-
channel signal includes channels not included in the interme-
diate channel representation and wherein the multi-channel
parameters include information on the channels not included
in the intermediate channel representation, the method com-
prising: deriving the upmix parameters from the multi-chan-
nel parameters using the parameters having information on
channels not included in the intermediate channel represen-
tation.

The present invention is based on the finding that an inter-
mediate channel representation of a multi-channel signal can
be reconstructed highly efficient and with high fidelity, when
upmix parameters for upmixing a transmitted downmix sig-
nal to the intermediate channel representation are derived that
allow for upmix using the same upmixing algorithms as
within the multi-channel reconstruction. This can be achieved
when a parameter re-calculator is used to derive the upmix
parameters taking also into account parameters having infor-
mation on channels not included in the intermediate channel
representation.

In one embodiment of the present invention, a decoder is
capable of reconstructing a stereo output signal from a para-
metric downmix of a 5-channel multi-channel signal, the
parametric downmix comprising a monophonic downmix
signal and associated multi-channel parameters. According to
the invention, the spatial parameters are combined to derive
upmix parameters for the upmix of a stereo signal, wherein
the combination also takes into account multi-channel param-
eters not associated to the left-front or the right-front channel.
Hence, absolute powers for the upmixed stereo-channels can
be derived and a coherence measure between the left and the
right channel can be derived allowing for a high fidelity stereo
reconstruction of the multi-channel signal. Moreover, an ICC
parameter and a CLD parameter are derived allowing for an
upmixing using already existing algorithms and implemen-
tations. Using parameters of channels not associated to the
reconstructed stereo-channels allows for the preservation of
the energy within the signal with higher accuracy. This is of
most importance, as uncontrolled loudness variations are dis-
turbing the quality of the playback signal most.

Generally, the application of the inventive concept allows a
reconstruction of a stereo upmix from a mono-downmix of'a
multi-channel signal without the need of an intermediate full
reconstruction of the multi-channel signal, as in prior art
methods. Evidently, the computational complexity on the
decoder side can thus be decreased significantly. Using also
multi-channel parameters associated to channels not included
in the upmix (i.e. the left front and the right front channel)
allows for a reconstruction that does not introduce any addi-
tional artifacts or loudness-variations but preserves the
energy of the signal perfectly instead. To be more specific, the
ratio of the energy between the left and the right reconstructed
channel is calculated from numerous available multi-channel
parameters, taking also into account multi-channel param-
eters not associated to the left front and the right front chan-
nel. Evidently, the loudness ratio between the left and the
right reconstructed (upmixed) channel is dominant with
respect to the listening quality of the reconstructed stereo
signal. Without using the inventive concept a reconstruction
of channels having the precisely correct energy ratio is not
possible in tree-based structures discussed within this docu-
ment.
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Therefore, implementing the inventive concept allows for a
high-quality stereo-reproduction of a downmix of a multi-
channel signal based on multi-channel parameters, which are
not derived for a precise reproduction of a stereo signal.

It should be noted, that the inventive concept may also be
used when the number of reproduced channels is other than
two, for example when a center-channel shall also be recon-
structed with high fidelity, as it is the case in some playback
environments.

A more detailed review of the prior art, multi-channel
encoding schemes (particularly of tree-based structures) will
be given within the following to outline the high benefit of the
inventive concept.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention are subse-
quently described by referring to the enclosed drawings,
wherein:

FIG. 1 shows examples for tree-based parameterizations;

FIG. 2 shows examples for tree-structured decoding
schemes;

FIG. 3 shows an example of a prior-art multi-channel
encoder;

FIG. 4 shows examples of prior-art decoders;

FIG. 5 shows an example for prior-art stereo reconstruction
of'a downmix multi-channel signal;

FIG. 6 shows ablock diagram of an example of an inventive
parameter calculator;

FIG. 7 shows an example for an inventive channel recon-
structor; and

FIG. 8 shows an example for an inventive receiver or audio
player.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The inventive concept will in the following be described
mainly with respect to MPEG coding, but is as well applicable
to other schemes based on parametric coding of multi-chan-
nel signals. That is the embodiments described below are
merely illustrative for the principles of the present invention
for reduced number of channels decoding for tree-structured
multi-channel systems. It is understood that modifications
and variations of the arrangements and the details described
herein will be apparent to others skilled in the art. It is the
intent, therefore, to be limited only by the scope of the
impending patent claims and not by the specific details pre-
sented by way of description and explanation of the embodi-
ments herein.

As mentioned above, in some parametric surround coding
systems, e.g. MPEG Surround, a tree-structured parameter-
ization is used. Such a parameterization is sketched in FIG. 1
and FIG. 2.

FIG. 1 shows two ways of parameterizing a standard 5.1
channel audio scenario, having a left front channel 2, a center
channel 3, a right front channel 4, a left surround channel 5
and a right surround channel 6. Optionally, a low-frequency
enhancement channel 7 (LFE) may also be present.

Generally, the individual channels or channel pairs are
characterized with respect to each other by multi-channel
parameters, such as for example a correlation parameter ICC
and a level parameter CLD. Possible parameterizations will
be shortly explained in the following paragraph, the resulting
tree-structured decoding schemes are then illustrated in FIG.
2.
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In the example shown in the left side of FIG. 1 (5-1-5,
parameterization), the multi-channel signal is characterized
by CLD and ICC parameters describing the relation between
the left surround channel 5 and the right surround channel 6,
the left front channel 2 and the right front channel 4 and
between the center channel 3 and the low-frequency enhance-
ment channel 7. However, as the whole configuration shall be
downmixed into one single mono channel, for a full descrip-
tion of the set of channels, additional parameters are required.
Therefore, additional parameters (CLD,, ICC,) are used,
relating a combination of the LFE-speaker 7 and the center
speaker 3 to a combination of the left front channel 2 and the
right front channel 4. Furthermore, one additional set of
parameters (CLD,, ICC,) is required, those parameters
describing a relation between the combined surround chan-
nels 5 and 6 to the rest of the channels of the multi-channel
signal.

Inthe parameterization on the right side (5-1-5, parameter-
ization) parameters are used, relating the left front channel 2
and the left surround channel 5, the right front channel 4 and
the right surround channel 6 and the center channel 3 and the
low-frequency enhancement channel 7. Additional param-
eters (CLD, and ICC,) describe a combination of the left
channels 2 and 5 with respect to a combination of the right
channels 4 and 6. A further set of parameters (CLD, and
ICC,) describes the relation of a combination of the center
channel 3 and the LFE-channel 7 with respect to a combina-
tion of the remaining channels.

FIG. 2 illustrates the coding concepts underlying the dif-
ferent parameterizations of FIG. 1. At the decoder side so
called OTT (One To Two) modules are used in a tree-like
structure. Every OTT module upmixes a mono-signal into
two output signals. When decoding, the parameters for the
OTT boxes have to be applied in the reverse order as in
encoding. Therefore, in the 5-1-5, tree structure, OTT module
20, receiving the downmix signal 22 (M) is operative to use
parameters CL.D, and ICC, to derive two channels, one being
a combination of the left surround channel 5 and the right
surround channel 6 and the other channel being still a com-
bination of the remaining channels of the multi-channel sig-
nal.

Accordingly, OTT module 24 derives, using CLD, and
ICC,, first channel being a combined channel of the center
channel 3 and the low-frequency channel 7 and a second
channel being a combination of the left front channel 2 and
the right front channel 4. In the same way, OTT module 26
derives the left surround channel 5 and the right surround
channel 6, using CLD, and ICC,. OTT module 27 derives the
center channel 3 and the low-frequency channel 7, using
CLD, and OTT module 28 derives the left front channel 2 and
the right front channel 4, using CLD; and ICC;. Finally, a
reconstruction of the full set of channels 30 is derived from a
single monophonic downmix channel 22. For the 5-1-5, tree
structure, the general layout of the OTT module is equivalent
to the 5-1-5, tree structure. However, the single OTT modules
derive different channel combinations, the channel combina-
tions corresponding to the parameterization outlined in FIG.
1 for the 5-1-5,-case.

It becomes evident from FIGS. 1 and 2, that the tree-
structure of the different parameterizations is only a visual-
ization for the parameterization used. It is furthermore impor-
tant to note that the individual parameters are parameters
describing a relation between different channels in contrast
to, for example, the BCC-coding scheme, wherein similar
parameters are derived with respect to one single reference
channel.
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Therefore, in the parameterizations shown, individual
channels cannot be simply derived using the parameters asso-
ciated to the OTT-boxes in the visualization, but some or all of
the remaining parameters have to be taken into account addi-
tionally.

The tree-structure of the parameterization is only a visual-
ization for actual signal flow or processing shown in FIG. 3,
illustrating the upmix from a transmitted low number of chan-
nels is achieved by matrix multiplication. FIG. 3 shows
decoding based on a received downmixed channel 40. The
downmixed channel 40 is input into an upmix block 42 deriv-
ing the reconstructed multi-channel signal 44, wherein the
channel composition differs between the parameterizations
used. The matrix elements of the matrix used by the recon-
struction block 42 are, however, directly derived from the
tree-structure. The reconstruction block 42 may, for illustra-
tive purposes only, be further decomposed into a pre-decorr-
elator matrix 46, deriving additional decorrelated signals
from the transmitted channel 40. These are then input into a
mix matrix 48 deriving multi-channel signals 44 by mixing
the individual input channels.

As shown in FIG. 4, a straightforward approach to reduce
the number of reconstructed channels would be to simply
“prune” the tree of the one to two boxes. FIG. 4 illustrates a
possible pruning of the trees by dashed lines, the pruning
omitting OTT modules at the right hand side of the tree during
reconstruction, thus reducing the number of output channels.
However, using prior art parameterizations of shown in FIGS.
1 and 2, introduced because they offer low-bit rate coding at
highest possible quality, simple pruning is not possible to
obtain a stereo output representing a left side downmix and a
right side downmix of the original multichannel signal prop-
erly. FIG. 5 shows a prior art approach of creating a stereo
output from the signals described above, using the obvious
approach of first reconstructing the multi-channel signal
completely before subsequently downmixing the signal into
the stereo representation using an additional downmixer 60.
This has evidently several disadvantages, such as high com-
plexity and inferior sound quality.

A solution to the afore-mentioned problem of obtaining
stereo output from a mono downmix and parametric surround
parameters in a parameterization that does not naturally sup-
port “pruning” down to a stereo output will in the following be
derived for the general case. This is followed by two specific
embodiments showing the use of the inventive concept in the
parameterizations described above. Thus, solutions are pro-
vided to the problem of obtaining stereo output from a mono
downmix and parametric surround parameters in a parameter-
ization that does not support “pruning” down to a stereo
output.

The general approach of the parameter recalculation will
be outlined below. In particular, it applies to the case of
computing stereo output parameters from an arbitrary num-
ber of multi-channel audio channels N. It is furthermore
assumed that the audio signal is described by a subband
representation, derived using a filter bank that could be real
valued or complex modulated.

Let all signals considered be finite vectors of subband
samples corresponding to a time frequency tile defined by the
spatial parameters and let the subband samples of a recon-
structed multi-channel audio signal y be formed from sub-
band samples of audio channels m,,m,, . . . ,m,,and decor-
related subband samples of audio channels d,,d,, . . . ,d,
according to a matrix upmix operation

y=Rx, where
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All signals are regarded as row vectors. The matrix R is of
size Nx(M+D) and represents the combined eftect of the
matrices M1 and M2 of FIG. 3 and as such the upmix block
42. A general method for achieving suitable power and cor-
relation parameters of a downmixed version to N, channels
of' the original multichannel audio signal subband samples is
to form the covariance matrix of the virtual downmix defined
by a N,xN downmix matrix D,

yp=Dy.

This covariance matrix can be computed by multiplication
with complex conjugate transposed to be

Yoy*p=Dyy*D*=DRxx*R*D*,

where the inner covariance matrix xx* is often known from
the properties of decorrelators and the transmitted param-
eters.

An important special case where this holds true is for M=1,
and frequently this inner covariance matrix is then actually
equal to the identity matrix of size M+D. As a consequence,
for a stereo output where N,=2, the CLD and ICC parameters
can be read from

Lo

<lo, ro)}
{ro, lo)

YpYp = [ Ro

in the sense that

CLD = 101og10(ﬂ),

Ro
and
Re(/,
1oC < (lo, ro)_
VLoRg

Note that here and in the following, the following notation
is applied. For complex vectors x,y, the complex inner prod-
uct and squared norm is defined by

@ = xy ),

n

X =l = @y = ) kil

Y= =09 = D el

where the star denotes complex conjugation.

Subsequently, two embodiments of the present invention
shall be derived for the different parameterizations (5-1-5,
and 5-1-5,) shown in FIGS. 1 and 2. In the embodiments of
the present invention it is taught that in order to output stereo
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signals based on a mono downmix and corresponding MPEG
surround parameters (multi-channel parameters), upmix-pa-
rameters need to be recalculated to a single set of CLD and
ICC parameters that can be used for a direct upmix of a stereo
signal from the mono signal.

It is furthermore assumed that the processing of the indi-
vidual audio channels is done frame wise, i.e. in discrete time
portions. Thus, when talking about powers or energies con-
tained within one channel, the term “power” or “energy” is to
be understood as the energy or power contained within one
frame of one specific channel.

Generally, parameters as for example CLD and ICC are
also valid for one single frame. Having a frame with k sample
values a,, the energy E within the frame can for example be
represented by the squared sum of the subband sample values
within the frame:

E=

B

*
i

k
a;a;
=1

Channel level differences (CLD) transmitted and used for
the calculation of upmix parameters for upmixing the down-
mix signal M into an intermediate channel representation
(stereo) of the multi-channel signal are defined as follows:

CLD = 101og10(%),

wherein L, and R, denote the power of the signals in question
within the frame for which the parameter CLD shall be
derived.

Therefore, for the 5-1-5, case, the four CLD parameters
CLD,, X=0,1,2,3, can be used to obtain channel powers
normalized by the power of the mono downmix channel m.

Lf:(clocllcl_’:)za
R/:(Clocuczs)za
C:(Cloczl)za
Li~(¢20¢12)’

R ~(¢20020)*-

The channel gains are defined by

10CLD /10
X EN Ty 1000w

and

1

The final goal is to derive optimal stereo channels 1, and r,,
in the sense that appropriate estimates of the normalized
powers and correlation of the stereo channels (intermediate
channel representation) formed by

lo=l+qc, with I=G(L+,), such that L=L +L,

ro=r+qc, with r=G(rptr,), such that R=R+R...
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are found, wherein the center downmix weight is qg=1//2.
Computing powers from this assumption gives the result

LO:L+q20+2Re<z,qc>,

Ry=R+?C2ReSngc)

Itturns out to be most advantageous to assume that both the
combined left channel 1 and the combined right channel rare
uncorrelated with the center channel c, rather than attempting
to incorporate the correlation information carried by the
parameters ICC,”", X=0,1. The normalized powers of the
stereo output channels are therefore estimated by

C
Lo=Lf+Li+ =,

R0=Rf+RS+

2

Having derived the powers of the output channels, the
desired CLD parameter can easily be computed using the
definition of the CLD parameter given above.

According to the inventive concept, an ICC parameter is
derived to allow a stereo upmix. The correlation between the
two output channels is defined by the following expression:

P :Re<lo, r0>:q2C+Re <Z,r>+qRe<c, Z+r>.

An attractive set of simplifying assumptions is here again
that the combined left channel 1 and the combined right chan-
nel r are uncorrelated with the center channel ¢, and moreover
that the surround channels are uncorrelated with the front
channels. These assumptions can be expressed by

Re<c,l+r>:0,
ReQ,r>:Rle,rf +ReQS, rs>.

The resulting estimate for p depends on the two ICC
parameters ICC,, X=2.3, which describe normalized left/
right correlations

c
p=s+ ICCVILR, +1CC5A[ LR, ,

which can be written out as

C
p=5+ ICCyc3ye120m + ICC3(crocry ) e13cs.

Thus, the final correlation value depends on numerous
parameters of the multi-channel parameterization, allowing
for the high fidelity reconstruction of the signal. The ICC
parameter is finally derived using the following formula:

ICC = max{—.99, min{l,

el

According to the inventive concept, the power distribution
between the reconstructed channels is reconstructed with
high accuracy. However, a global power scaling applied to
both channels may be additionally necessary, to assure for
overall energy preservation. As the relative energy distribu-
tion between the channels is vital for the spatial perception of
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the reconstructed signal, global scaling may deteriorate the
perceptual quality of the reconstructed signal. It is to be
emphasized that the global scaling is only global inside a
parameter defined time-frequency tile. This means that wrong
scalings will affect the signal locally at the scale of parameter
tiles. In other words both frequency and time depending gains
will be applied which lead to both spectral colorization and
time modulation artifacts. A gain adjustment factor for global
scaling is necessary to assure that the stereo upmix process is
preserving the power of the mono downmix channel m.

However, this factor is defined by g=VL,+R,, which
amounts to g=1 for the 5-1-5, configuration, since
Lo+Ry=LARACHL AR =1.

As a further embodiment, the application of the inventive
concept to the 5-1-5, tree-structure will be outlined within the
following paragraphs. For the creation of a high-fidelity ste-
reo signal, the two first CLD and ICC parameter sets corre-
sponding to the top branches of the tree are relevant.

The two CLD parameters CLD, for X=0,1, are used first to
obtain normalized channel powers of the combined left and
right channels and the center channel

L:(cloc“)z,
R:(Cloczl)za

e 2
C=cy7,

where the channel gains are defined by

10CLDx /10
X =Y Ty 109D

and

1
X =y T+ 107000

The goal is to derive the powers and correlation of the
downmix channels

ly=Il+qc,

Fo=r+gc,

where the center downmix weight is g=1/4/2. Computing
powers from this assumption gives the result

LO:L+q20+2Re<z,qc>,

Ry=R+q?C12RSgc)

An advantageous assumption is here that both the ICC
between the channels 1 and ¢ and between channels r and cis
the same as the given ICC, between the channels 1+r and c.
This assumption leads to the estimates

Re<Z,c>:ICC0\/R‘,

RreSweY-rcc/mT

such that the estimates of the normalized powers become

c
10=L+5+\/TICCOVLC,

c
R0=R+5+\/71ccox/Rc.

12

As in the preceding embodiment, having the power values
L, and R, the desired CLD parameter can be derived:

CLD = 101og10(1%).

Deriving the correlation and finally the ICC parameter

o starts from the general definition of the correlation value:
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p:Re<Zo,r0>:q2C+Re<Z,r>+qRe<c,Z+r>.
All the necessary information is available from the param-
eters of the 5-1-5, tree structure since

re Ler)=ICC YT+,
srP=L+R 2R,

ReQ,r)zlcclw/m

The final results can be written out as

C

Ly=L+ 5 + V2 ICCyci9c11¢20,
C

Ro=R+ 5 + V2 ICCyc19c21¢20,

C 1
p=—=+ CIO(ICCICIOCHCZI + —1CCycrgV 1 + ICCcy cn ]
2 V2

The required gain adjustment factor g is defined by:

g :\/Lo"'Ro

It may be noted, that the generated CLD and ICC param-
eters may further be quantized, to enable the use of lookup
tables in the decoder for upmix matrix creation rather than
performing the complex calculations. This further increases
the efficiency of the upmix process.

Generally, upmix is possible using already existing OTT
modules. This has the advantage that the inventive concept
can be easily implemented in already existing decoding sce-
narios.

Generally, the upmix matrix can be described as follows:

[ 2 cicos(a+ B)  cisinfa + f)
- [hzl ha } =& [ cpcos(—a + ) cpsin(—a + ﬁ)}

where

10CLD/10 1
1=y 15 1ocioio and ¢, = 1+ 10CLD/Io

and where:

pB= arctan(tan(oz) e-a ),

2+ Cy

and

1
o= zarccos(lCC).

Therefore, having inventively derived the parameters CL.D
and ICC, stereo upmix of a transmitted downmix can be
performed with high fidelity using standard upmix modules.

In a further embodiment of the present invention, an inven-
tive Channel reconstructor comprises a parameter calculator
for deriving upmix parameters and an upmixer for deriving an
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intermediate channel representation using the upmix param-
eters and a transmitted downmix signal.

The inventive concept is again outlined in FIG. 6, showing
an inventive parameter calculator 502, receiving numerous
ICC parameters 504 and numerous CLD parameters 506.
According to one embodiment of the present invention, the
inventive parameter calculator 502 derives a single CLD
parameter 508 and a single ICC parameter 510 for the recre-
ation of a stereo signal, using also multi-channel parameters
(ICC and CLD) having information on channels not included
or related to channels of the stereo-upmix.

It may be noted, that the inventive concept can easily be
adapted to scenarios with an upmix comprising more than two
channels. The upmix is in that sense generally defined as an
intermediate channel representation of the multi-channel sig-
nal, wherein the intermediate channel representation has
more channels than the downmix signal and less channels
than the multi-channel signal. One common scenario is a
configuration in which an additional center channel is recon-
structed.

The application of the inventive concept is again outlined
in FIG. 7, showing an inventive parameter calculator 502 and
a1-to-2 box OTT 520. The OTT box 520 receives as input the
transmitted mono signal 522, as already detailed in FIG. 6.
The inventive parameter calculator 502 receives several ICC
values 504 and several CLD values 506 to derive a single
CLD parameter 508 and a single ICC parameter 510.

The single CLD and ICC parameters 508 and 510 are input
in the OTT module 520 to steer the upmix of the monophonic
downmix signal 522. Thus, at the output of the OTT module
520, a stereo signal 524 can be provided as an intermediate
channel representation of the multi-channel signal.

FIG. 8 shows an inventive receiver or audio player 600,
having an inventive audio decoder 601, a bit stream input 602,
and an audio output 604.

A bit stream can be input at the input 602 of the inventive
receiver/audio player 600. The decoder 601 then decodes the
bit stream and the decoded signal is output or played at the
output 604 of the inventive receiver/audio player 600.

Although the inventive concept has been outlined mainly
with respect to MPEG surround coding, it is of course by no
means limited to the application to the specific parametric
coding scenario. Because of the high flexibility of the inven-
tive concept, it can be easily applied to other coding schemes
as well, such as for example to 7.1 or 7.2 channel configura-
tions or BCC schemes.

Although the embodiments of the present invention relat-
ing to MPEG-coding introduce some simplifying assump-
tions for the generation of the common CLD and ICC param-
eter, this is not mandatory. It is of course also possible to not
introduce those simplifications.

Depending on certain implementation requirements of the
inventive methods, the inventive methods can be imple-
mented 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 per-
formed. Generally, the present invention is, therefore, a com-
puter 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 the inventive
methods when the computer program runs on a computer.
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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 spirit and scope thereof. It is to be under-
stood that various changes may be made in adapting to dif-
ferent embodiments without departing from the broader con-
cepts disclosed herein and comprehended by the claims that
follow.

What is claimed is:

1. Parameter calculator for deriving upmix parameters, the
parameter calculator comprising:

a parameter recalculator for deriving the upmix parameters
from multi-channel parameters using parameters having
information on channels not included in an intermediate
channel representation,

wherein the parameter recalculator is adapted to use cor-
relation parameters (ICC) having information on a cor-
relation and level parameters (CLD) having energy
information for a channel or a combination of channels
of the multi-channel signal with respect to another chan-
nel or another combination of channels of a multi-chan-
nel signal,

wherein the parameter calculator is configured to use
multi-channel parameters for a multi-channel signal
comprising a left front (LF), a left surround (LS), a right
front (RF), a right surround (RS) and a center channel
(C), and the parameter recalculator is operative to derive
upmix parameters for an intermediate channel represen-
tation having two channels, the upmix parameters
including one CLD parameter and one ICC parameter,

wherein the parameter recalculator is operative to derive
the CLD parameter having energy information for a left
and a right channel of the intermediate channel repre-
sentation using:

a first CLD parameter (CLD,) having energy informa-
tion for a combination of the LF and LR channel and
a combination of the remaining channels of the multi-
channel signal;

a second parameter (CLD, ) having energy information
for a combination of the LF and RF channel and the
center channel (C);

a third parameter (CLD,) having energy information for
the LS and the RS channel; and

afourth CLD parameter (CLD;) having energy informa-
tion for the LF and the RF channel, and

wherein the parameter calculator comprises a hardware
implementation.

2. Parameter calculator in accordance with claim 1, in
which the parameter recalculator is adapted to use multi-
channel parameters describing signal properties of a channel
or a combination of channels of the multi-channel signal with
respect to another channel or another combination of chan-
nels of the multi-channel signal.

3. Parameter calculator in accordance with claim 2, in
which the parameter recalculator is operative to derive upmix
parameters describing the same signal properties of the chan-
nels of the stereo representation as the multi-channel param-
eters.

4. Parameter calculator in accordance with claim 1, in
which the parameter recalculator is operative to derive the
CLD parameter according to the following formula:
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CLD = 101og10(%),

. . . 5
in which L, and R,, are normalized powers of stereo output

channels L. and R derived by

X

=L;+1L,
Ly £+ S+2

Ro =Ry +Rs+

PRl

2

wherein the powers of the multi-channel signals are derived
from the CLD parameters as follows:

Ly = (crocrien)s

Ry = (croc1ic2)?,
_ 2

C = (c10c21)"s

Ly = (ca0c12)%,

2
Rs =(c0022)",

10CLDX/10 1
=N Trmgemem = Ty

5. Parameter calculator in accordance with claim 1, in
which the parameter recalculator is operative to derive the
ICC parameter using:

a first CLD parameter (CLD,) having energy information
for a combination of the LF and LR channel and a
combination of the remaining channels of the multi-
channel signal:

a second parameter (CLD, ) having energy information for
a combination of the LF and RF channel and the center
channel (C):

a third parameter (CLLD,) having energy information for
the LS and the RS channel; and

a fourth CLD parameter (CLD;) having energy informa-
tion for the LF and the RF channel;

a first ICC parameter (ICC,) having information on a cor-
relation between the LS and the RS channel; and

a second ICC parameter (ICC;) having information on a
correlation between the LF and the RF channel.

6. Parameter calculator in accordance with claim 5, in

which the ICC parameter is derived according to the follow-
ing formula:

ICC = max{—.99, min{l,

il

in which a correlation estimate p is defined as

C
p=3+ ICCycBgenren + ICCs(croen Fepsen,

wherein

10CLDX/10 1
x = 1+10CLD)(/10 and C2x = 1+10CLD)(/10 °
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7. Parameter calculator in accordance with claim 1, in
which the parameter recalculator is operative to derive the
CLD parameter using:

afirst CLD parameter CL.D,, having energy information for

the center channel (C) and a combination of the other
channels of the multi-channel signal;

a second CLD parameter (CLD,) having energy informa-

tion for a combination of the LF and LS channel and a
combination of the RF and RS channel;

an ICC parameter (ICC,) having correlation information
between the center channel (C) and a combination of the
other channels of the multi-channel signal.

8. Parameter calculator in accordance with claim 7, in

15 which the CLD parameter is derived from the following for-
mula:

Lo
. CLD = 101og10(R—0),

in which L, and R,, are normalized powers of stereo output
channels L. and R derived by

25
c
Ly=L+5+ V2 iccyVLe
c
Ro=R+> +V2 1cCoVRC,
30 ]
wherein
L=(ciocr1)?,
R=(cioca1 ),
35 C=ck,
and
10CLDX/10 1
“x =y Ty poamym M e = Tgamym
40

9. Parameter calculator in accordance with claim 1, in
which the parameter recalculator is operative to derive the
ICC parameter using:

afirst CLD parameter CL.D,, having energy information for
the center channel (C) and a combination of the other
channels of the multi-channel signal;

a second CLD parameter (CLD,) having energy informa-
tion for a combination of the LF and LS channel and a
combination of the RF and RS channel;

a first ICC parameter (ICC,) having correlation informa-
tion between the center channel (C) and a combination
of the other channels of the multi-channel signal; and

55 asecond ICC parameter (ICC,) having correlation infor-

mation between a combination of the LF and the LS
channel and a combination of the RF and RS channel.

10. Parameter calculator in accordance with claim 9, in

which the parameter recalculator is operative to derive the
ICC value using the following formula:

ICC = max{—.99, min{l,

el

65
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wherein a correlation measure p is derived as

C 1
p== +clo(1CC1010011021 + —=1ICCycroV 1 + ICCcyicn ],
2 V2

with
1QCLDx /10 1
X =\ Trroemwm A4 X =\ Tgamgm
and
C= c%o.

11. Parameter calculator in accordance with claim 1, in
which the parameter recalculator is operative to use multi-
channel parameters describing a subband representation of
the multi-channel signal.
12. Parameter calculator in accordance with claim 1, in
which the parameter recalculator is operative to use complex
valued multi-channel parameters.
13. Parameter calculator in accordance with claim 1,
wherein the parameter calculator is configured for upmixing
a downmix signal into an intermediate channel representation
of a multi-channel signal having more channels than the
downmix signal and less channels than the multi-channel
signal, the downmix signal having associated thereto multi-
channel parameters describing spatial properties of the multi-
channel signal, wherein the multi-channel signal includes
channels not included in the intermediate channel represen-
tation, and wherein the multi-channel parameters include
information on the channels not included in the intermediate
channel representation.
14. Channel reconstructor comprising:
a parameter reconstructor for deriving upmix parameters
for upmixing a downmix signal into a repres entation of
a multi-channel signal having more channels than the
downmix signal and less channels than the multi-chan-
nel signal, the downmix signal having associated thereto
multi-channel parameters describing spatial properties
of the multi-channel signal, wherein the multi-channel
signal includes channels not included in the representa-
tion and wherein the multi-channel parameters include
information on the channels not included in the stereo
representation, the parameter reconstructor comprising:
a parameter calculator for deriving the upmix param-
eters from the multi-channel parameters using the
parameters having information on channels notincluded
in the representation of the multi-channel signal,

wherein the parameter calculator is adapted to use corre-
lation parameters (ICC) having information on a corre-
lation and level parameters (CLD) having energy infor-
mation for a channel or a combination of channels of the
multi-channel signal with respect to another channel or
another combination of channels of a multi-channel sig-
nal,
wherein the parameter calculator is configured to use
multi-channel parameters for a multi-channel signal
comprising a left front (LF), a left surround (LS), a right
front (RF), a right surround (RS) and a center channel
(C), and the parameter calculator is operative to derive
upmix parameters for an intermediate channel represen-
tation having two channels, the upmix parameters
including one CLD parameter and one ICC parameter,

wherein the parameter calculator is operative to derive the
CLD parameter having energy information for a left and
a right channel of the intermediate channel representa-
tion using:
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a first CLD parameter (CLD,) having energy informa-
tion for a combination of the LF and LR channel and
a combination of the remaining channels of the multi-
channel signal;

a second parameter (CLD, ) having energy information
for a combination of the LF and RF channel and the
center channel (C);

a third parameter (CLD,) having energy information for
the LS and the RS channel; and

afourth CLD parameter (CLD;) having energy informa-
tion for the LF and the RF channel,

an upmixer for deriving the stereo representation using the
upmix parameters comprising the CLD parameter and
the ICC parameter and the mono downmix signal,

wherein the channel reconstructor comprises a hardware
implementation.

15. Method for generating upmix parameters, comprising:

deriving the upmix parameters from multi-channel param-
eters using parameters having information on channels
not included in an intermediate channel representation,

wherein correlation parameters (ICC) having information
on a correlation and level parameters (CLLD) having
energy information for a channel or a combination of
channels of the multi-channel signal with respect to

another channel or another combination of channels of a

multi-channel signal are used,

wherein multi-channel parameters for a multi-channel sig-
nal comprising a left front (LF), a left surround (LS), a
right front (RF), a right surround (RS) and a center
channel (C), are used, and upmix parameters for an
intermediate channel representation having two chan-
nels are derived, the upmix parameters including one
CLD parameter and one ICC parameter,

wherein the CLD parameter having energy information for
a left and a right channel of the intermediate channel
representation are derived using:

a first CLD parameter (CLD,) having energy informa-
tion for a combination of the LF and LR channel and
a combination of the remaining channels of the multi-
channel signal;

a second parameter (CLD, ) having energy information
for a combination of the LF and RF channel and the
center channel (C);

athird parameter (CLD,) having energy information for
the LS and the RS channel; and

a fourth CLD parameter (CLD,) having energy informa-
tion for the LF and the RF channel,

wherein the method is performed by a hardware apparatus.

16. Audio receiver or audio player, the receiver or audio

player comprising:

a parameter calculator for deriving upmix parameters for
upmixing a downmix signal into an intermediate chan-
nel representation of a multi-channel signal having more
channels than the downmix signal and less channels than
the multi-channel signal, the downmix signal having
associated thereto multi-channel parameters describing
spatial properties of the multi-channel signal, wherein
the multi-channel signal includes channels not included
in the intermediate channel representation and wherein
the multi-channel parameters include information on the
channels not included in the intermediate channel rep-
resentation, the parameter calculator comprising:

a parameter recalculator for deriving the upmix parameters
from the multi-channel parameters using the parameters
having information on channels not included in the inter-
mediate channel representation,
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wherein the parameter recalculator is adapted to use cor-

relation parameters (ICC) having information on a cor-
relation and level parameters (CLD) having energy
information for a channel or a combination of channels
of'the multi-channel signal with respect to another chan-
nel or another combination of channels of a multi-chan-
nel signal,

wherein the parameter calculator is configured to use

multi-channel parameters for a multi-channel signal
comprising a left front (LF), a left surround (LS), a right
front (RF), a right surround (RS) and a center channel
(C), in which the parameter calculator is operative to
derive upmix parameters for an intermediate channel
representation having two channels, the upmix param-
eters including one CLD parameter and one ICC param-
eter,

wherein the parameter calculator is operative to derive the

CLD parameter having energy information for a left and
a right channel of the intermediate channel representa-
tion using:

a first CLD parameter (CLDg)having energy informa-
tion for a combination of the LF and LR channel and
a combination of the remaining channels of the multi-
channel signal;

a second parameter (CLD, ) having energy information
for a combination of the LF and RF channel and the
center channel (C);

a third parameter (CLD,) having energy information for
the LS and the RS channel; and

afourth CLD parameter (CLD;) having energy informa-
tion for the LF and the RF channel.

17. Method of receiving or audio playing, comprising:

a method for generating upmix parameters for upmixing a

downmix signal into an intermediate channel represen-
tation of a multi-channel signal having more channels
than the downmix signal and less channels than the
multi-channel signal, the downmix signal having asso-
ciated thereto multi-channel parameters describing spa-
tial properties of the multi-channel signal, wherein the
multi-channel signal includes channels not included in
the intermediate channel representation, the method
comprising:

deriving the upmix parameters from the multi-channel

parameters using the parameters having information on
channels not included in the intermediate channel rep-
resentation

wherein correlation parameters (ICC) having information

on a correlation and level parameters (CLD) having
energy information for a channel or a combination of
channels of the multi-channel signal with respect to
another channel or another combination of channels of a
multi-channel signal are used,

wherein multi-channel parameters for a multi-channel sig-

nal comprising a left front (LF), a left surround (LS), a
right front (RF), a right surround (RS) and a center
channel (C), are used, and upmix parameters for an
intermediate channel representation having two chan-
nels are derived, the upmix parameters including one
CLD parameter and one ICC parameter,

wherein the CLD parameter having energy information for

a left and a right channel of the intermediate channel

representation are derived using:

a first CLD parameter (CLD,) having energy informa-
tion for a combination of the LF and LR channel and
a combination of the remaining channels of the multi-
channel signal;
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a second parameter (CLD, ) having energy information
for a combination of the LF and RF channel and the
center channel (C);

athird parameter (CLD,) having energy information for
the LS and the RS channel; and

afourth CLD parameter (CLD;) having energy informa-
tion for the LF and the RF channel,

wherein the method is performed by a hardware apparatus.

18. Non-transitory storage medium having stored thereon a

computer program, comprising:

a program code for performing, when running on a com-
puter, a method for generating upmix parameters for
upmixing a downmix signal into an intermediate chan-
nel representation of a multi-channel signal having more
channels than the downmix signal and less channels than
the multi-channel signal, the downmix signal having
associated thereto multi-channel parameters describing
spatial properties of the multi-channel signal, wherein
the multi-channel signal includes channels not included
in the intermediate channel representation and wherein
the multi-channel parameters include information on the
channels not included in the intermediate channel rep-
resentation, the method comprising:

deriving the upmix parameters from the multi-channel
parameters using the parameters having information on
channels not included in the intermediate channel rep-
resentation

wherein correlation parameters (ICC) having information
on a correlation and level parameters (CLLD) having
energy information for a channel or a combination of
channels of the multi-channel signal with respect to
another channel or another combination of channels of a
multi-channel signal are used,

wherein multi-channel parameters for a multi-channel sig-
nal comprising a left front (LF), a left surround (LS), a
right front (RF), a right surround (RS) and a center
channel (C), are used, and upmix parameters for an
intermediate channel representation having two chan-
nels are derived, the upmix parameters including one
CLD parameter and one ICC parameter,

wherein the CLD parameter having energy information for
a left and a right channel of the intermediate channel
representation are derived using:

a first CLD parameter (CLD,) having energy informa-
tion for a combination of the LF and LR channel and
a combination of the remaining channels of the multi-
channel signal;

a second parameter (CLD, ) having energy information
for a combination of the LF and RF channel and the
center channel (C);

athird parameter (CLD,) having energy information for
the LS and the RS channel; and

afourth CLD parameter (CLD;) having energy informa-
tion for the LF and the RF channel.

19. Non-transitory storage medium having stored thereon a

computer program comprising:

a program code for performing, when running on a com-
puter, a method for receiving or audio playing, the
method having a method for generating upmix param-
eters for upmixing a downmix signal into an intermedi-
ate channel representation of a multi-channel signal hav-
ing more channels than the downmix signal and less
channels than the multi-channel signal, the downmix
signal having associated thereto multi-channel param-
eters describing spatial properties of the multi-channel
signal, wherein the multi-channel signal includes chan-
nels not included in the intermediate channel represen-
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tation and wherein the multi-channel parameters include
information on the channels not included in the interme-
diate channel representation, the method comprising:

deriving the upmix parameters from the multi-channel
parameters using the parameters having information on
channels not included in the intermediate channel rep-
resentation,

wherein correlation parameters (ICC) having information
on a correlation and level parameters (CLD) having
energy information for a channel or a combination of
channels of the multi-channel signal with respect to
another channel or another combination of channels of a
multi-channel signal are used,

wherein multi-channel parameters for a multi-channel sig-
nal comprising a left front (LF), a left surround (LS), a
right front (RF), a right surround (RS) and a center
channel (C), are used, and upmix parameters for an
intermediate channel representation having two chan-
nels are derived, the upmix parameters including one
CLD parameter and one ICC parameter,

wherein the CLD parameter having energy information for
a left and a right channel of the intermediate channel
representation are derived using:
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a first CLD parameter (CLD,) having energy informa-
tion for a combination of the LF and LR channel and
a combination of the remaining channels of the multi-
channel signal;

a second parameter (CLD, ) having energy information
for a combination of the LF and RF channel and the
center channel (C);

athird parameter (CLD,) having energy information for
the LS and the RS channel; and

afourth CLD parameter (CLD;) having energy informa-
tion for the LF and the RF channel.

20. Method in accordance with claim 15, wherein the
method is for upmixing a downmix signal into an intermedi-
ate channel representation of a multi-channel signal having
more channels than the downmix signal and less channels
than the multi-channel signal, the downmix signal having
associated thereto multi-channel parameters describing spa-
tial properties of the multi-channel signal, wherein the multi-
channel signal includes channels not included in the interme-
diate channel representation and wherein the multi-channel
parameters include information on the channels not included
in the intermediate channel representation.
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