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(57) An audio decoder apparatus comprises a recei-
ver (101) receiving amono audio signal being a downmix
of two channel signals of a first audio stereo signal and
upmix parameters comprising a first parameter indicative
of a level difference between the two channel signals, a
second parameter indicative of a correlation between the
two channel signals, and a third parameter indicative of a
phase difference between the two channel signals. A
coefficient generator (107) generates coefficients for
an upmix matrix from the upmix parameters and a gen-

erator (103) generates an output audio stereo signal by
applying the upmix matrix to the mono audio signal and
an auxiliary signal. The coefficient generator (107) de-
termine a signal cancellation measure for signal cancel-
lation in a sum of the channel signals from the upmix
parameters anddetermines the coefficients for the upmix
matrix in dependence on the signal cancellation mea-
sure. The approach may e.g. mitigate numerical proces-
sing issues.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to processing, such as encoding/decoding/ downmixing/upmixing/generation of an audio
stereo signal, and in particular, but not exclusively, to generation of an audio stereo signal from upmixing of a mono
downmix signal using upmix parametric data.

BACKGROUND OF THE INVENTION

[0002] Spatial audio applications have become numerous and widespread and increasingly form at least part of many
audiovisual experiences. Indeed, new and improved spatial experiences and applications are continuously being
developed which result in increased demands on audio processing and rendering.
[0003] For example, in recent years, Virtual Reality (VR) andAugmentedReality (AR) have received increasing interest
and a number of implementations and applications are reaching the consumer market. Indeed, equipment is being
developed for both rendering the experience as well as for capturing or recording suitable data for such applications. For
example, relatively low-cost equipment is being developed for allowing gaming consoles to provide a full VRexperience. It
is expected that this trend will continue and indeed will increase in speed with the market for VR and AR reaching a
substantial sizewithin a short time scale. In the audio domain, a prominent field explores the reproduction and synthesis of
realistic and natural spatial audio. The ideal aim is to produce natural audio sources such that the user cannot recognize
the difference between a synthetic and an original source.
[0004] A lot of research and development effort has focused on providing efficient and high-quality audio encoding and
audio decoding for spatial audio. A frequently used spatial audio representation is multichannel audio representations,
including stereo representation, and efficient encoding of such multichannel audio based on downmixing multichannel
audio signals to downmix channels with fewer channels have been developed. One of the main advances in low bit-rate
audio coding has been the use of parametric multichannel coding where a downmix signal is generated together with
parametric data that can be used to upmix the downmix signal to recreate the multichannel audio signal.
[0005] In particular, instead of traditional mid-side or intensity coding, in parametric multichannel audio coding a
multichannel input signal is downmixed to a lower number of channels (e.g. two to one) and multichannel image (stereo)
parameters are extracted. Then the downmix signal is encoded using a more traditional audio coder (e.g. a mono audio
encoder). The bitstream of the downmix is multiplexed with the encoded multichannel image parameter bitstream. This
bitstream is then transmitted to thedecoder,where theprocess is inverted.First thedownmixaudio signal is decoded,after
which the multichannel audio signal is reconstructed guided by the encoded multichannel image upmix parameters.
[0006] An example of stereo coding is described in E. Schuijers, W. Oomen, B. den Brinker, J. Breebaart, "Advances in
ParametricCoding forHigh-Quality Audio", 114thAESConvention,Amsterdam,TheNetherlands, 2003,Preprint 5852. In
the described approach, the downmixedmono signal is parametrized by exploiting the natural separation of the signal into
three components (objects): transients, sinusoids, and noise. In E. Schuijers, J. Breebaart, H. Purnhagen, J. Engdegård,
"LowComplexity Parametric StereoCoding", 116th AES, Berlin, Germany, 2004, Preprint 6073more details are provided
describing how parametric stereo was realized with a low (decoder) complexity when combining it with Spectral Band
Replication (SBR).
[0007] In the described approaches, the decoding is based on the use of the so-called de-correlation process. The de-
correlation processgenerates adecorrelatedhelper signal from themonaural signal. In the stereo reconstruction process,
both themonaural signal and the decorrelated helper signal are used to generate the upmixed stereo signal based on the
upmix parameters. Specifically, the two signals may bemultiplied by a time‑ and frequency-dependent 2x2matrix having
coefficients determined from the upmix parameters to provide the output stereo signal. The approach allows parametric
stereoencoding/decoding tobe realizedwitha low (decoder) complexitywhencombining itwithSpectralBandReplication
(SBR). The de-correlation process generates a synthetic helper signal d[n] from the monaural signal m[n]. In the stereo
reconstruction process both signals m[n] and d[n] are mixed to form the stereo pair l[n], r[n]. To further reduce (decoder)
complexity, it is also described how the de-correlation process can bemoved into the sub-band domain. This is the form in
which it has also been standardized for HE-AACv2 (see e.g. A. C. den Brinker, J. Breebaart, P. Ekstrand, J. Engdegård, F.
Henn, K. Kjörling, W. Oomen, and H. Purnhagen, "An Overview of the Coding Standard MPEG‑4 Audio Amendments 1
and 2: HE-AAC, SSC, and HE-AAC v2",EURASIP Journal on Audio Speech and Music Processing, January 2009 and
ISO/IEC 14496‑3:2005, Information technology - Coding of audio-visual objects - Part 3: Audio).
[0008] However, although Parametric Stereo (PS) and similar downmix encoding/ decoding approaches were a leap
forward from traditional stereo and multichannel coding, the approach is not optimal in all scenarios. In particular, known
encoding and decoding approaches tend to introduce some distortion, changes, artefacts etc. that may introduce
differences between the (original) stereo audio signal input to the encoder and the stereo audio signal recreated at
thedecoder. Typically, theaudio qualitymaybedegradedand imperfect recreation of themultichannel occurs. Further, the

2

EP 4 498 366 A1

5

10

15

20

25

30

35

40

45

50

55



data rate may still be higher than desired and/or the complexity/ resource usage of the processing may be higher than
preferred. The encoding and decoding process is typically not ideal and in particular for some particular signals, the
process may introduce undesired effects, degradations, inaccuracies, and/or artefacts.
[0009] Hence, an improved approach would be advantageous. In particular, an approach allowing increased flexibility,
improved adaptability, an improved performance, prevention or mitigation of numerical issues of audio processing
including encoding and decoding, increased audio quality, improved audio quality to data rate trade-off, reduced
complexity and/or resource usage, reduced computational load, facilitated implementation and/or an improved spatial
audio experience would be advantageous.

SUMMARY OF THE INVENTION

[0010] Accordingly, the Invention seeks topreferablymitigate, alleviate or eliminate oneormoreof theabovementioned
disadvantages singly or in any combination.
[0011] According to an aspect of the invention there is provided apparatus for generating an output audio stereo signal,
the apparatus comprising: a receiver arranged to receive an audio data signal comprising: a mono audio signal being a
downmix of two channel signals of a first audio stereo signal; upmix parameters for themono audio signal, the set of upmix
parameters comprising a first parameter indicative of a level difference between the two channel signals, a second
parameter indicative of a correlation between the two channel signals, and a third parameter indicative of a phase
difference between the two channel signals; a coefficient generator arranged to generate coefficients for an upmix matrix
from the upmix parameters; a generator arranged to generate the output audio stereo signal by applying the upmixmatrix
to samples of the mono audio signal and an auxiliary mono audio signal; wherein the coefficient generator is arranged to:
determine a signal cancellationmeasure from theupmix parameters, the signal cancellationmeasure being indicative of a
signal cancellation in a summation of the two channel signals; and determine the coefficients for the upmix matrix in
dependence on the signal cancellation measure.
[0012] The approach may provide an improved audio experience in many embodiments and applications. For many
signals and scenarios, the approach may provide improved generation/ reconstruction of a stereo audio signal with an
improved perceived audio quality.
[0013] The approach may provide an efficient implementation and may in many embodiments allow a reduced
complexity and/or resource usage. The approach may in many scenarios allow a reduced data rate for data representing
a multichannel audio signal using a downmix signal.
[0014] The approach may in particular mitigate and compensate for numerical issues, and may typically provide more
well-behaved parameter values and/or calculations. In particular, the processing and parameter determination may
prevent that denominators for equations evaluated to determine the upmix coefficients approach zero. The approachmay
preventor reduce the riskof parameter values (whether finalor intermediate)exceedingsuitabledynamic ranges,andmay
specifically prevent or reduce the risk of these parameter values approaching infinity. The approach may further achieve
such effects while allowing optimum (or improved) determination of upmix parameters for most scenarios. For example,
modifications that prevent or mitigate numerical issues may be focused on scenarios where these are likely to occur
without having a significant impact on the operation in other scenarios.
[0015] As a specific example, an approach for determining upmix parameters may closely follow the approach of
ISO/IEC14496‑3:2005 formanyscenarioswhile specificallypreventingormitigatingnumerical issuesassociatedwith this
approach for some scenarios and signals.
[0016] The approach may reduce distortions and artefacts resulting from numerical issues when determining upmix
parameter values.
[0017] Further, theapproachmayallowencoder anddecoder sidecoordination. Inparticular, inmanyembodiments, the
apparatus for generating an output audio stereo signal may determine the signal cancellationmeasure based only on the
receivedupmixparameters, and thesemayspecifically reflect propertiesof thechannel signals of the input stereosignal at
the encoder. Accordingly, the same information may be available at both the encoding and decoding side and the same
signal cancellation measure may be determined at the encoding and decoding side. The upmix parameters may
accordingly be determined to match the applied downmix parameters at the encoding side. In particular, the upmix
parameters may be determined such that the upmix matrix closely complements the downmix matrix. Specifically, the
upmix matrix may be determined as the inverse of the downmix matrix thereby resulting in the sequence of the downmix
matrix multiplication and the upmix matrix multiplication resulting in the unity matrix.
[0018] The samples of the mono audio signal may be frequency domain samples, or may span a particular time and
frequency range (specifically subband domain samples). The samples of an auxiliary audio signal may be time domain
samples, may be frequency domain samples, or may span a particular time and frequency range (specifically subband
domain samples).
[0019] The upmix parametric datamay comprise data being indicative of relative properties between channel signals of
the first stereo audio signal. The upmix parameters may comprise data being indicative of differences in properties
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between channels of the stereo audio signal. The upmix parameters comprise data being perceptually relevant for the
synthesis of the output stereoaudio signal. Thepropertiesmay for example bedifferences in phaseand/or intensity and/or
timing and/or correlation. The upmix parameters may in some embodiments and scenarios represent abstract properties
not directly understandable by a human person/expert (but may typically facilitate a better reconstruction/lower data rate
etc). The upmix parameters may comprise data including at least one of interchannel intensity differences, interchannel
timing differences, interchannel correlations and/or interchannel phase differences for channel signals of the stereo audio
signal.
[0020] The upmix parameters may specifically include Interaural Intensity Differences (IIDs), Interaural Level Differ-
ences (ILD), Inter-channel Phase Differences (IPDs), Overall Phase Differences (OPDs), Inter-channel Cross Correla-
tions (ICCs), Channel Phase Differences (CPDs) parameters
[0021] The generator may be arranged to generate the output stereo audio signal by applying a matrix multiplication to
themonoaudiosignal and theauxiliaryaudio signalwith thecoefficientsof theupmixmatrix beingdeterminedasa function
of parameters of the upmix parameters. The upmix matrix be time- and frequency-dependent. Equivalently, the upmix
matrix may be provided for a time and/or frequency segment, and different matrices may be provided for different time
and/or frequency segments.
[0022] Theauxiliary signalmay be adecorrelated signal generated from themonoaudio signal. The decorrelated signal
may be generated to have the same level and/or frequency distribution as themono audio signal. The auxiliary signalmay
in somecases bea signal receivedwith themonoaudio signal, andmay in particular be a side or residual signal for the first
audio stereo signal.
[0023] Thesignal cancellationmeasuremaybe indicativeofadegreeor level of signal cancellation inasummationof the
two channel signals. The signal cancellationmeasuremay be indicative of a signal level/power/amplitude of a sum signal
being a summation of the two channel signals relative to the sum of the signal level/power/ amplitudes of the two channel
signals.
[0024] Thesignal cancellationmeasuremaybe indicative of a (degree/level) of signal cancellation in a summationof the
two channel signals and/or equivalently may be indicative of a (degree/level) of signal cancellation in a difference/sub-
traction between the two channel signals (which may be considered a negative signal cancellation for the sum signal).
[0025] The signal cancellation measure may in some embodiments be a normalized signal cancellation measure, and
specifically normalizedwith respect to a level/power/energy of the first stereo signal. Thesignal cancellationmeasuremay
in someembodimentsbe in the range from ‑1 to+1. Insomeembodiments, thesignof thesignal cancellationmeasuremay
indicate whether signal cancellation occurs in a summation of the channel signals and/or in a difference/ subtraction
between the channel signals.
[0026] According to an optional feature of the invention, the coefficient processor is arranged to adapt the upmix
coefficients to deviate from coefficients for the mono audio signal being a sum signal of the channel signals for the signal
cancellation measure meeting a first signal cancellation requirement.
[0027] Thismayprovideaparticularly advantageous implementationand/orperformance, andmay inparticular inmany
scenario prevent or mitigate numerical issues, artefacts, and/or signal distortions.
[0028] According to an optional feature of the invention, the coefficient processor is arranged to increase a deviation of
upmix coefficients from coefficients for the mono audio signal being a sum signal of the channel signals for the signal
cancellation measure being indicative of an increasing signal cancellation in the sum signal of the channel signals.
[0029] Thismayprovideaparticularly advantageous implementationand/orperformance, andmay inparticular inmany
scenario prevent or mitigate numerical issues, artefacts, and/or signal distortions.
[0030] According to an optional feature of the invention, the coefficient processor is arranged to increase a deviation of
upmix coefficients from coefficients for the mono audio signal being a sum signal of the channel signals for the signal
cancellation measure being indicative of an increasing signal cancellation in a difference signal of the channel signals.
[0031] Thismayprovideaparticularly advantageous implementationand/orperformance, andmay inparticular inmany
scenario prevent or mitigate numerical issues, artefacts, and/or signal distortions.
[0032] According to an optional feature of the invention, the coefficients for themono audio signal being a sum signal of
the channel signals are given as

where
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in which IID is an Interaural Intensity Differences upmix parameter, ICC is an Interchannel Cross Correlations upmix
parameter, and IPD is an Inter-channel Phase Difference upmix parameter
[0033] Thismayprovideaparticularly advantageous implementationand/orperformance, andmay inparticular inmany
scenario prevent or mitigate numerical issues, artefacts, and/or signal distortions.
[0034] According to an optional feature of the invention, the signal cancellationmeasure is determined substantially as:

where IID is an Interaural Intensity Difference upmix parameter, ICC is an Inter-channel Cross Correlations upmix
parameter, and IPD is an Inter-channel Phase Difference upmix parameter.
[0035] Thismayprovideaparticularly advantageous implementationand/orperformance, andmay inparticular inmany
scenario prevent or mitigate numerical issues, artefacts, and/or signal distortions.
[0036] According to an optional feature of the invention, the coefficient processor is arranged to generate a first
intermediate parameter indicative of a prediction of a difference signal for the channel signals from themono audio signal,
and to generate the upmix coefficients in response to the first intermediate parameter, the first intermediate parameter
being dependent on the signal cancellation measure.
[0037] Thismayprovideaparticularly advantageous implementationand/orperformance, andmay inparticular inmany
scenario prevent or mitigate numerical issues, artefacts, and/or signal distortions.
[0038] According toanoptional feature of the invention, thecoefficient processor (107) is arranged togenerateasecond
intermediate parameter indicative of a residual signal for the prediction, and to generate theupmix coefficients in response
to the intermediate parameter, the second intermediate parameter being dependent on the signal cancellation measure.
[0039] Thismayprovideaparticularly advantageous implementationand/orperformance, andmay inparticular inmany
scenario prevent or mitigate numerical issues, artefacts, and/or signal distortions.
[0040] According to an optional feature of the invention, the coefficient processor (107) is arranged to generate the
upmix matrix as:

where c is a gain parameter and α and β are parameters dependent on the upmix parameters and the signal cancellation
measure, and the parameters g1,1, g1,2, g2,1, and g2,2, are dependent on the signal cancellation measure.
[0041] According to an optional feature of the invention, the coefficient processor (107) is arranged to generate the
upmix matrix as:

where c is a gain parameter and
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with:

[0042] In which IID is an Interaural Intensity Differences upmix parameter, ICC is an Interchannel Cross Correlations

upmix parameter, and IPD is an Inter-channel Phase Difference upmix parameter; and wherein is a
dependent on the signal cancellation measure.
[0043] Thismayprovideaparticularly advantageous implementationand/orperformance, andmay inparticular inmany
scenario prevent or mitigate numerical issues, artefacts, and/or signal distortions.
[0044] In some embodiments,

where z is dependent on the signal cancellation measure.
[0045] Thismayprovideaparticularly advantageous implementationand/orperformance, andmay inparticular inmany
scenario prevent or mitigate numerical issues, artefacts, and/or signal distortions.
[0046] According to an optional feature of the invention,

where ∈1 and ∈2 are dependent on the signal cancellation measure.
[0047] Thismayprovideaparticularly advantageous implementationand/orperformance, andmay inparticular inmany
scenario prevent or mitigate numerical issues, artefacts, and/or signal distortions.
[0048] According to an aspect of the invention, there is provided an apparatus for generating an audio data signal, the
apparatus comprising: a receiver arranged to receive an audio stereo signal comprising two channel signals; a downmixer
arranged to generate amono audio signal as a combination of the two channel signals in dependence on a set of downmix
coefficients; aparameter generator arranged togenerateaset of upmixparameters comprisingafirst parameter indicative
of a level difference between the two channel signals, a second parameter indicative of a correlation between the two
channel signals, and a third parameter indicative of a phase difference between the two channel signals; a downmix
coefficient processor arranged to generate the set of downmix coefficients in dependence on the set of upmix parameters;
a data signal generator arranged to generate the audio signal to include the mono audio signal and the set of upmix
parameters; a signal cancellation estimator which is arranged to determine a signal cancellation measure from the set of
upmix parameters, the signal cancellation measure being indicative of a signal cancellation in a summation of the two
channel signals; andwherein the downmix coefficient processor is arranged to generate the set of downmix coefficients in
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dependence on the signal cancellation measure
[0049] According to an aspect of the invention, there is provided a method of generating an output audio stereo signal,
the method comprising: receiving an audio data signal comprising: a mono audio signal being a downmix of two channel
signals of a first audio stereosignal; upmixparameters for themonoaudio signal, theset of upmixparameters comprisinga
first parameter indicative of a level difference between the two channel signals, a second parameter indicative of a
correlation between the two channel signals, and a third parameter indicative of a phase difference between the two
channel signals; generating coefficients for an upmix matrix from the upmix parameters; generating the output audio
stereosignal byapplying theupmixmatrix to samplesof themonoaudiosignal andanauxiliarymonoaudiosignal;wherein
generating the coefficients comprises: determining a signal cancellation measure from the upmix parameters, the signal
cancellationmeasure being indicative of a signal cancellation in a summation of the two channel signals; and determining
the coefficients for the upmix matrix in dependence on the signal cancellation measure.
[0050] According toanaspectof the invention, there isprovidedamethodofgeneratinganaudiodatasignal, themethod
comprising: receiving an audio stereo signal comprising two channel signals; generating a mono audio signal as a
combination of the two channel signals in dependence on a set of downmix coefficients; generating a set of upmix
parameters comprising a first parameter indicative of a level difference between the two channel signals, a second
parameter indicative of a correlation between the two channel signals, and a third parameter indicative of a phase
difference between the two channel signals; generating the set of downmix coefficients in dependence on the set of upmix
parameters; generating the audio signal to include themono audio signal and the set of upmix parameters; determining a
signal cancellationmeasure from the set of upmix parameters, the signal cancellationmeasure being indicative of a signal
cancellation in a summation of the two channel signals; and wherein generating the set of downmix coefficients is in
dependence on the signal cancellation measure.
[0051] These and other aspects, features and advantages of the invention will be apparent from and elucidated with
reference to the embodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] Embodiments of the inventionwill be described, byway of example only, with reference to the drawings, in which

FIG. 1 illustrates some elements of an example of an audio apparatus in accordance with some embodiments of the
invention;
FIG. 2 illustrates some elements of an example of an audio apparatus in accordance with some embodiments of the
invention;
FIG. 3 illustrates an example of a parameter determination flow foreign object an audio apparatus of FIG. 1 or 2;
FIG. 4 illustrates in example of a signal cancellationmeasure in accordancewith someembodiments of the invention;
FIG.5 illustratesanexampleof an intermediateparameterasa functionof upmixparameters inaccordancewith some
embodiments of the invention;
FIG.6 illustratesanexampleof an intermediateparameterasa functionof upmixparameters inaccordancewith some
embodiments of the invention;
FIG.7 illustratesanexampleof an intermediateparameterasa functionof upmixparameters inaccordancewith some
embodiments of the invention;
FIG.8 illustratesanexampleof an intermediateparameterasa functionof upmixparameters inaccordancewith some
embodiments of the invention; and
FIG. 9 illustrates someelements of a possible arrangement of a processor for implementing elements of an apparatus
in accordance with some embodiments of the invention.

DETAILED DESCRIPTION OF SOME EMBODIMENTS OF THE INVENTION

[0053] FIG. 1 and 2 illustrate elements of audio apparatuses in accordance with some embodiments of the invention.
The audio apparatus of FIG. 1 may typically be considered to perform a decoding and upmix function/ operation and will
accordingly also for brevity be referred to as a decoder. The audio apparatus of FIG. 2 may typically be considered to
perform an encoding and downmix function/ operation and will accordingly also for brevity be referred to as an encoder.
[0054] The audio apparatus of FIG. 1 comprises a receiver 101 which is arranged to receive a data signal/ bitstream
comprising a downmixmono audio signal that is a downmix of a stereo audio signal which comprises two channel signals,
typically corresponding to a left channel signal and a right channel signal. The stereo signal is in the specific example one
that has been provided to the encoder of FIG. 2 and downmixed to the mono audio signal by this encoder.
[0055] In addition, the received data signal includes upmix parametric data for upmixing the downmix audio signal. The
upmix parametric data may specifically be a set of parameters that indicate relationships between the signals of the two
different audio channels of the stereo audio signal, i.e. of the channel signals that are combined into the downmix mono
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audio signal. Typically, the upmix parameters may be indicative of time differences, phase differences, level/intensity
differences and/or ameasure of similarity, such as correlation, between the two channel signals (i.e. between the input left
and right signal). Typically, theupmixparameters areprovidedonaper timeandper frequencybasis (time frequency tiles).
For example, new parameters may periodically be provided for a set of subbands. Parameters may specifically include
Interaural Intensity Differences (IIDs), Interaural Level Differences (ILD), Inter-channel PhaseDifferences (IPDs), Overall
Phase Differences (OPDs), Inter-channel Cross Correlations (ICCs), Channel Phase Differences (CPDs) parameters as
known from Parametric Stereo encoding (as well as from higher channel encodings).
[0056] Typically, themono audio signal is an encoded audio signal that has been encoded in accordancewith a suitable
mono signal encoding standard or approach, and the receiver 101 may decode the received encoded mono audio signal
using a decoding approach corresponding to the encoding approach of the encoder.
[0057] The receiver 101 is coupled to a generator 103 which generates an output stereo audio signal corresponding to
the stereo audio signal from the downmix signal. The generator 103 is arranged to generate the output stereo audio signal
from themono audio signal and an auxiliary audio signal in dependence on the parametric upmix data. The generatormay
specifically generate the output stereo audio signal by applying a 2x2 matrix multiplication to the samples of the mono
audio signal and the auxiliary audio signal. The coefficients of the 2x2 matrix, also known as an upmix matrix, are
determined from the upmix parameters of the upmix parametric data, typically on a time and frequency band basis.
[0058] Typically, the upmixing includes generating an auxiliary audio signal in the form of a decorrelated signal of the
mono audio signal. It has been found that by generating a decorrelated signal andmixing this with themono audio signal,
an improved quality of the upmix signal is perceived and therefore decoders have been developed to exploit this. The
decorrelated signal is typically generatedbyadecorrelator 105, suchasanall-phase filter that is applied to themonoaudio
signal. In somecases, theauxiliary signalmaybeasignal received togetherwith themonoaudio signal, in specificallymay
be a signal generated froma received residual or side signal generated at the encoder side and transmitted to the decoder
side.
[0059] In the apparatus of FIG. 1, only a mono audio signalm is received and a decorrelator 105 is used to generate a
decorrelated signaldasadecorrelated version of themonoaudio signal (typicallywith the sameenergy/ level and spectral
shape as the mono audio signal). The output stereo audio signal l’,r’ (where ‘ indicates that it is the decoder replica of the
original input stereo audio signal provided to the encoder) is generated by multiplying the (samples of) the mono audio
signalmand thedecorrelatedsignaldby theupmixmatrixH togenerate the (samplesof) theoutput stereoaudiosignal l’,r’:

[0060] The decoder of FIG. 1 further comprises a coefficient processor 107 which is arranged to generate the
coefficients for the upmix matrix H from the received upmix parameters as will be described in more detail later. In
particular, the coefficients for the upmix matrix H may be generated from received IID, ICC, IPD parameters.
[0061] The coefficients of the upmix matrix may in some examples be generated for each sample instant of the signals
but is typically generated at amuch lower update rate. In such cases, the same coefficientsmay for example be used for a
group/block/segment of samples, or the coefficient processor 107 may for example be arranged to interpolate between
determined values. For example, the upmix matrix Hmay be defined at discrete time points sampled at a lower rate than
that which the samples are determined and temporal interpolation may be used to provide more appropriate time varying
coefficients.
[0062] FIG. 2 illustrates an example of an apparatus, henceforth also referred to as an encoder, whichmaygenerate the
audio data signal that may be received by the decoder of FIG. 1.
[0063] In the example, the encoder comprises a receiver 201 which receives an input stereo audio signal that is to be
encoded and transmitted. The stereo audio signal includes two channel signals l,r that are fed to a downmixer 203which is
arranged to generate amono audio signal comprising themajority of the signal energy of the channel signals l,r aswell as
typically a residual signal or side signal s.
[0064] The encoder further comprises an upmix parameter generator 205 which is arranged to determine upmix
parameters characterizing properties of the input channel signals l,r. In particular, the upmix parameter generator 205 is
arranged to generate IID, ICC, IPD parameters.
[0065] Theencoder further comprisesadownmix coefficient processor 207which is arranged todetermine thedownmix
coefficients for the downmix based on the upmix parameters (which accordingly may also be considered to be downmix
parameters). The upmix/downmix parameters may specifically reflect how the downmix is performed in the encoder and
how the upmix should be performed in the decoder.
[0066] The encoder further comprises a data signal generator 209 which is arranged to receive at least the downmix
mono signalm and the upmix parameters and to generate the data signal to include these. The data signal generator 209
may specifically be arranged to generate suitable data representing these signals and parameters and may thus include
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suitable encoder functions, bitstream formatting functions, etc. as will be well known to the skilled person. In many
embodiments, thedatasignal generator 209 is arranged togenerate thedata signal tonot include the residual/side signal s
but in someembodiments this signalmay also be encodedand included in the data signal. In such cases, the residual/side
signal s is typically encoded at a much lower data rate than the mono audio signal m reflecting the reduced energy and
reduced perceptual impact on the stereo signal generated at the decoder side.
[0067] An approach for Parametric Stereo is defined by Moving Pictures Expert Group (MPEG) of the International
Organization for Standardization/International Electrotechnical Commission in ISO/IEC 23003‑3:2020, Information
technology - MPEG audio technologies - Part 3: Unified speech and audio coding.
[0068] In the standard, the upmix (for each parametric stereo band) is described as a generalized 2x2 mixing of a
downmix mono signal m and a decorrelated signal d:

[0069] Thedecorrelated signald is derivedbyapplyinga reverberant typeprocessingon the signalm. Inmoredetail, the
upmix can be described as (for convenience the notation uses the opposite sign of α than used in the standard
specification):

[0070] The approach uses a set of intermediate parameters α, β and c that are all a function of the IID, ICC and IPD
parameters. FIG. 3 shows the parameter flowchart. From the IID, ICCand IPDparameters the intermediate parameters c,
α and β are calculated. These are then used to calculate the entries of the H matrix.
[0071] The c, α and β parameters are specifically defined as:

[0072] The rationalebehind thisupmix canbeseenbydissecting the inverseof thisupmixmatrix, i.e. thedownmixmatrix
that is used by the encoder/ downmixer 203:

[0073] The dissection shows the corresponding structure:

[0074] In the first step (the most right hand matrix multiplication), traditional mid and side signals are formed as
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respectively a sum signal l+r and a difference signal l-r.
[0075] In the second step, the best possible (least squares) prediction of the side signal from themonosignal is realized.
Thus, theparameter valueα is a complexvalue that is determined toprovide theoptimal predicationof thedifferencesignal
from the sum signal, and thus specifically of the difference signal from the mono audio signal m that is generated (noting
that the remaining matrix multiplication retain the m signal as a direct sum signal l+r).
[0076] The residual signal of thedifferencesignal is thenscaled in the third step toensure that both signalsmandd’have
equal signal power. Thus, the parameter value β is a gain parameter that adapts the level of the decorrelated signal d’ to
have a signal power corresponding to that of the mid/sum signal m. It should be noted that the residual signal is
uncorrelated from the mid (mono) signal (due to the prediction using the parameter α).
[0077] The last parameter c is a coefficientwhich is used tomaintain signal power in thedownmix and specifically it is set
to ensure that c·(l+r) has approximately the same power as the sum of the signal powers of left and right channel signals.
The value is clipped/limited to a value of cmax in order to maintain a practical range of values.
[0078] The standardized approach for parametric stereo encoding and decoding provides for a very advantageous
operation, and in particular providesahighaudioquality to data rate ratio/trade-off.However, the Inventor has realized that
in some situations, and in particular for some signals, the standardized approach leads to less than optimal encoding, and
indeedmay lead to significant degradationanddistortion in someparticular situations.Aswill bedescribed in the following,
the Inventor has furthermore realized that such effects and scenariosmay bemitigated or reduced by performing specific
modified operations.
[0079] The Inventor has in particular realized that issues may occur when the channel signals of the input stereo audio
signal are identical or are identical except for being 180° out of phase. In such cases, the intermediate parameters may
approach values that result in numerical problemsand issues in theprocessing resulting in degradations anddistortions to
the resulting decoded stereo audio signal. In particular, in these scenarios, values of the encoding and/or decoding may
approach infinite values that cannot be appropriately represented.
[0080] For example, in the case of the channel signals being identical but 180° out of phase, l=‑r, the upmix parameters
will have the following values:

[0081] However, this results in parameters:

[0082] As a result, all parameters are troublesome to handle numerically resulting both in encoder and decoder
problems.
[0083] Thus, the Inventor has realized thatwhen the channel signals are substantially identical but 180° out of phase (l=-
r), all parameters becomenumerically unstable. In addition, thedownmix signalmaystart to include (time-frequency) gaps
in which the sum signal may essentially have no energy (i.e. a zero signal), and this may make it extremely difficult to
reconstruct a stereo signal.
[0084] In the encoder and decoder apparatuses of FIGs. 2 and 1, an approach is adoptedwhich inmany scenariosmay
mitigate and address such issues.
[0085] In the approach, the coefficient generator 107 is arranged to determine intermediate parameters from the upmix
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parameters and then to determine the upmix matrix coefficients from the intermediate parameters. The intermediate
parametersmay correspond closely to those applied in ISO/IEC 23003‑3:2020 butmay bemodified in particular for some
specific inter-signal properties.
[0086] Further, in the decoder of FIG. 1, the coefficient processor 107 is arranged to determine a signal cancellation
measure from the upmix parameters where the signal cancellation measure is indicative of a signal cancellation in a
summation of the two channel signals of the original input stereo audio signal to the encoder. The properties of these
channel signals of the original input stereo audio signal are represented by the upmix parameters. Indeed, the upmix
parameters, suchas specifically the IID, IPD, and ICC, are dependent on the input channel signals, and in particular on the
relative differences between the input channel signals. Indeed, typically, the upmix parameters are dependent only on
properties of the channel signals, and specifically the relative properties of the channel signals.
[0087] Accordingly, the coefficient processor 107may on the basis of the information provided by the upmix parameters
indicating relative properties of the channel signals proceed to determine howmuch signal cancellationwould result when
adding the channel signals together. The signal cancellation measure may be indicative of the energy/power/amplitude
(square root of power)/ signal level for the sum signal 1+r of the channel signals relative to the sum/combination of the
energy/power/amplitude (square root of power)/ signal level of the two individual channel signals 1 and r.
[0088] For example, in the casewhere 1=-r, i.e. the two signals are identical but have a phase offset of π, the sum signal
1+r=0, i.e. the two channel signals will cancel completely if added together/summed. Further, for this specific case IID=1,
ICC=1, IPD= π, and thus the situation can be detected by evaluating these upmix parameters.
[0089] In the case where 1=r, i.e. the two signals are identical, the sum signal of 1+r=21=2r and accordingly there is a
negative signal cancellation with indeed the signal energy of the sum signal being four times that of the left or right signal
individually. Further, for this specific case IID=1, ICC=1, IPD=0, and thus the situation canbedetected byevaluating these
upmix parameters.
[0090] These two examples may be considered to correspond to the extreme cases of signal cancellation.
[0091] As mentioned, the signal cancellation measure may be indicative of a sum signal energy measure determined
from the upmix parameterswhere the sumsignal energymeasuremaybe indicative of an energy level of a sumsignal that
is a summation of the channel signals relative to combination/summation of an energy level of the individual channel
signals.
[0092] Asa lowcomplexity example, asignal cancellationmeasuremaybegenerated to reflect adifferencebetween the
received upmix parameters and the upmix parameters corresponding to the extreme scenarios of in-phase or out-of-
phasesignal cancellation.For example, the signal cancellationmeasuremaybedeterminedbasedonacomparisonof the
received upmix parameters relative to the upmix parameters that correspond to the maximum cancellation and/or the
minimum (the inverse) cancellation (i.e. amplification) of the sum signal.
[0093] In many embodiments, the signal cancellation measure may be determined as a function of the upmix
parameters. For example, the signal cancellation measure may be determined as:

[0094] This value will attain the value of 1 and ‑1 respectively in the extreme situations of complete signal cancellation
andprovide increasingly different values for other valuesof theupmix parameters. Itmay thusprovide a suitable indication
of how close the stereo signal is to respectively a scenario where the channel signals cancel out in the sum signal 1+r or in
the difference signal 1-r (corresponding to a maximum negative signal cancellation for the sum signal).
[0095] For thespecific signal cancellationmeasure, the closer theabsolute value is to1, thecloser the input stereoaudio
signal is to a scenario inwhich the input channel signals cancel out in either the sumsignal or the difference signal. Further,
the sign of the signal cancellation measure indicates in which of these signals the cancellation occurs.
[0096] Another example of a signal cancellation measure is the following:

[0097] This signal cancellation measure has some properties that are particular advantageous in many scenarios and
embodiments. Since
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and

it follows that

[0098] Further, R approaches ‑1 only for highly correlated out-of-phase channel signals, i.e. when the two channel
signals cancel each other in a sum signal. R=‑1 accordingly indicates that if the two channel signals were added together,
theywould cancel, resulting in a zero signal. Also, R approaches 1 only for highly correlated in-phase channel signals, i.e.
when the two channel signals cancel each other in a difference signal. R=1 thus indicates that if one of the two channel
signals was subtracted from the other, then they would cancel resulting in a zero signal.
[0099] Thespecific signal cancellationmeasureR is particularly advantageous inmanyscenarios.Considering the ratio
of the power of the unadjusted mid‑ and side-signals:

theremay be identified two terms that can potentially cancel out: IID + 1 and 2 · ICC · . The ratio of
these two factorsmayprovideaparticularlyadvantageoussignal cancellationmeasure for indicatinghowclose thecurrent
scenario is to the problematic in-phase and out-of-phase scenarios, and in particular how close the current scenario is to a
full signal cancellation in either the sum of the channel signals or the difference of the channel signals. The specific signal
cancellationmeasuredescribedaboveaccordingly providesaparticularly advantageousmeasure inmanyembodiments.
[0100] FIG. 4 illustrates how the R value above varies with the upmix parameters. As can be seen, it provides a good
indication of when signal cancellation may occur.
[0101] The following description will focus on the use of this specific signal cancellationmeasure which has been found
to provide particularly advantageous performance and allowing improved encoding, decoding, and rendering.However, it
will be appreciated that other values and formulas for determining the signal cancellation measure from the upmix
parameters may be used in other embodiments.
[0102] Thecoefficient processor 107 is arranged todetermine the coefficients for theupmixmatrix in dependenceon the
signal cancellationmeasure. In particular, the coefficient processor 107maybearranged tomodify operation such that the
operation isadapted to compensate/modify theoperation in scenarioswhere signal cancellationmayoccur ina sumsignal
and/or a difference signal.
[0103] The coefficient processor 107 may specifically be arranged to modify the determination of the coefficients for
situations approaching signal cancellation such that the numerical problems aremitigated, and in particular such that the
determination, and in particular intermediate parameters, do not approach problematic values, and specifically that they
do not approach infinity. The coefficient processor 107may specifically be arranged to adapt the operation/ equations for
determining the coefficients such that the required dynamic ranges of intermediate calculations and intermediate
parameters may be more constrained thereby allowing practical applications and reducing the numerical challenges
and issues.
[0104] In the example, the coefficient processor 107 is arranged to adapt the upmix coefficients (H11, H21) for themono
audio signal to deviate from coefficients for the mono audio signal being a sum signal of the channel signals for the signal
cancellationmeasuremeeting a first signal cancellation requirement. Indeed, in the casewhere themono audio signal is a
sum signal, the optimum coefficients for determining the channel signals of the output stereo signals will be given as a
function of the upmix parameters. However, the coefficient processor 107 may be arranged to generate the coefficients
such that they differ and deviate from such values in case of the signal cancellation measure meeting a requirement.
Specifically, the coefficient processor 107may bearranged to differ from these values if the signal cancellationmeasure is
indicative of a signal cancellation in the sum and/or difference signal above a given threshold.
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[0105] The cancellation requirement may require the signal cancellation measure to be indicative of a signal cancella-
tionof thesumsignal abovea threshold.Thus, in contrast toexisting systemswhere thecalculationof thecoefficients in the
encoder is based on the received mono audio signal (the mid signal) being a sum signal/downmix of the original input
channel signals, the coefficient processor 107 in theapproach of FIG. 1 proceeds to, for at least somevalues, deviate from
the values that are optimum for the mono audio signal being a sum signal.
[0106] In many embodiments, the degree of deviation from the coefficients for a mono signal being a sum signal of the
channel signals may depend on the signal cancellation measure, and may specifically be a monotonically increasing
functionof a degreeof signal cancellation in a sumof the channel signals. Thus, as the signal cancellation in the sumsignal
increases, the determination of the coefficients is modified to increasingly deviate from the coefficients that would be
determined for the mono audio signal being a sum signal. In particular, for an increasing signal cancellation (and thus
reduced signal level) of a sum signal, the upmix coefficients determined for amono audio signal being a direct sum signal
may become increasingly large andmay indeed approach infinity or be non-defined. However, in the described approach,
the signal cancellation measure is determined and used to control the coefficient determination such that this is mitigated
and prevented, and thus coefficients are determined which deviate from the potentially ideal coefficients for a sum signal,
but which have reduced numerical issues.
[0107] Inmany embodiments, the coefficient processor 107 is arranged to increase a deviation of the upmix coefficients
for themonoaudio signal from thecoefficient values for themonoaudio signal being a sumsignal of the channel signals for
the signal cancellationmeasure being indicative of an increasing signal cancellation in a sum signal for a sum signal of the
channel signals. Thus, the deviation from reference coefficient values increases for the signal cancellationmeasure being
indicative of an increasing signal cancellation in the sum of the channel signals where the reference coefficient values are
(optimum) coefficients for the mono audio signal being a sum signal.
[0108] Inmany embodiments, the coefficient processor 107 is arranged to increase a deviation of upmix coefficients for
the mono audio signal from the coefficient values for the mono audio signal being a difference/subtraction signal of the
channel signals for the signal cancellation measure being indicative of an increasing signal cancellation in a difference/
subtraction signal for a difference/subtraction signal of the channel signals. Thus, the deviation from reference coefficient
values increases for the signal cancellationmeasure being indicative of an increasing signal cancellation in the difference
betweenof the channel signalswhere the referencecoefficient valuesare (optimum) coefficients for themonoaudio signal
being a sum signal.
[0109] Inmanyembodiments, thecoefficient processor107 isarranged todetermine theupmix coefficients for themono
audio signal tobecoefficients for themonoaudio signal beingasumsignal of thechannel signals for thesignal cancellation
measure meeting a second signal cancellation requirement. In particular, for the signal cancellation measure being
indicative of the signal cancellation in the sum signal of the channel signals being below a threshold, the coefficient
processor 107 may generate the coefficients based on the mono audio signal being a sum signal, and indeed in some
embodiments, the coefficient processor 107may in this scenario determine the coefficients substantially as defined in e.g.
ISO/IEC 23003‑3:2020.
[0110] In many embodiments, the coefficient processor 107 may be arranged to generate the upmix coefficients as
(optimum) coefficients for the mono audio signal being a sum signal of the input channel signals when the signal
cancellationmeasure is indictive of a low signal cancellation in the sumand/or difference signal and to generate the upmix
coefficients to deviate from upmix coefficients that are optimum for the mono audio signal being a sum signal when the
signal cancellation measure is indicative of high signal cancellation.
[0111] In most embodiments, the above described approach may be applied to all the coefficients of the upmix matrix,
and indeed all of the coefficientsmay be determined to deviate from the coefficients that would apply to a sum signal for at
least some values of the signal cancellation measure. However, it will be appreciated that in some embodiments, the
approachmay only be applied to a subset of one, two, or three of the coefficients. Specifically, in some embodiments, the
approach may only be applied to the coefficients for the mono audio signal or for the coefficients for the auxiliary audio
signal.
[0112] A similar approach may be used for the upmix coefficients (H12, H22) for the auxiliary signal but in this case with
the deviation being introduced for signal cancellation in the difference signal of the channel signals, corresponding to a
maximum negative cancellation in the sum signal (i.e. maximum level increase in the sum signal).
[0113] The coefficients for the mono audio signal being a sum signal of the channel signals, henceforth for brevity also
referred to as reference coefficients,may specifically beoptimumcoefficients for generating theoutput stereo audio signal
fromamono audio signal being a sumsignal of the input channel signals and an auxiliary signal, which specificallymay be
a decorrelated version of the mono audio signal.
[0114] The reference coefficients (the coefficients for themono audio signal being a sum signal 1+r) may specifically be
the coefficients determined in accordance with the approach defined by ISO/IEC 23003‑3:2020, i.e. the reference
coefficients may specifically be determined as:
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where

in which IID is an Interaural Intensity Differences upmix parameter, ICC is an Interchannel Cross Correlations upmix
parameter, and IPD is an Inter-channel Phase Difference upmix parameter.
[0115] The values IID, ICC, and IPD may specifically be determined in accordance with ISO/IEC 23003‑3:2020. In
particular, the upmix parameters IID, ICC, and IPD may be determined as:

[0116] With the Hilbert inner product defined for complex-valued coefficients as:

[0117] The summation over i could refer to a group of frequency domain coefficients, or could refer to a summation both
over a window in time and frequency in case of (complex-valued) subband representations.
[0118] It should be noted that the upmix parameters IID, ICC, and IPD depend only on the input signals and are not
modified based on the downmix, signal cancellation, or indeed any part of the processing or encoding of the input stereo
signal. This is highly beneficial inmany scenarios and embodiments. Indeed, a particular advantage is that the perceptual
sensitivities of the parameters are well known and understood.
[0119] Thus, the coefficient processor 107 may be arranged to determine coefficients that deviate from the optimum
coefficients thatwould beapplied to amonoaudio signal being a sumsignal of the channel signals. However, the deviation
is dependent on the signal cancellation measure and thus may specifically be targeted at the specific situations where
signal cancellation will occur in the sum signal. Thus, although the approachmay accordingly deviate from the theoretical
or optimumprocessing, itmay in practicemitigate andoften removenumerical issuesand thedifficulties anddegradations
associated therewith. This may provide improved audio quality, improved robustness, and/or reduced degradation/

14

EP 4 498 366 A1

5

10

15

20

25

30

35

40

45

50

55



artefacts in many scenarios.
[0120] In some embodiments, this approachmay be usedwith an encoder that fixedly generates themono audio signal
as a sum signal, and thus a suboptimal upmixing may be performed. However, the benefit of mitigating and reducing
numerical problemsand issuesmayoften substantially outweigh theeffectsofmodifying theupmix coefficients, especially
as this canbe limited to specific scenarios inwhich thenumerical issueswould behighly detrimental andcause substantial
distortion.
[0121] However, in many embodiments and systems, the encoder may be arranged to also determine the downmix
coefficients to reflect the differences in the upmix coefficients, i.e. the deviation of the upmix coefficients may be
complemented by a corresponding operation at the encoder such that the generated mono audio signal (and possibly
a residual signal) is modified in scenarios where the signal cancellation may exceed a given level. Thus, in many
embodiments, the downmixing at the encoder and the upmixing at the decoder may be complementary and both may be
dependent on the signal cancellation in a sum/difference of the two input channel signals.
[0122] For example, in some embodiments, themono audio signal may in the encoder be generated as a sum signal of
the input channel signals, i.e. asm=l+r.However, in the specific scenario where l=-r, the signal may bemodified to not be
determined simply as the sum signal. In particular, if the signal cancellation in the sum signal increases towards complete
cancellation, themono audio signal may be generated to include a component of the difference signal s=1-r. As a result, a
minimum level of the mono audio signal may be retained.
[0123] However, as the generation of themono audio signal has changed, the decodermay be arranged to complement
and compensate for this changed operation. In particular, for situations where the encoder modifies the operation to
prevent signal cancellation, the upmixing at the decoder side may be modified correspondingly.
[0124] A similar approach may be used for signal cancellation in the difference signal. In this case, when the input
channel signals are such that the difference signal approaches l=r such that 1-r will approach zero, the generation of the
difference signal may be modified to include an element of the sum signal thereby preventing that the signal level falls
below a given value.
[0125] Thus, in many embodiments, the encoder maymodify the downmixing depending on the signal cancellation in a
sum and/or difference signal for the two channel signals, and in particular may modify the downmixing coefficients of the
downmixing matrix generating the mono audio signal, and optionally a side or auxiliary signal.
[0126] The encoder of FIG. 2 accordingly also includes a signal cancellation estimator 211 which receives the upmix
parameters determined by the upmix parameter generator 205. The signal cancellation estimator 211 is then arranged to
determine a signal cancellationmeasure from the set of upmix parameterswhere the signal cancellationmeasure is again
indicative of a signal cancellation in a summation of the two channel signals of the input stereo signal. The signal
cancellation estimator 211 may specifically be arranged to determine the signal cancellation measure using the same
algorithm, formulas, and approach as the coefficient processor 107 of the decoder. Thus, the description provided on the
generation of the signal cancellation measure by the coefficient processor 107 apply equally (mutatis mutandis) to the
determination of the signal cancellation measure signal generated by the cancellation estimator 211.
[0127] The signal cancellation estimator 211may accordingly generate a signal cancellationmeasurewhich is identical
to that generated by the coefficient processor 107 of the decoder. The encoder and decoder may accordingly in many
embodiments generate the same signal cancellation measure, and thus may be arranged to use coordinated and
complementary approaches for generating the coefficients for respectively the downmix matrix of the encoder and the
upmixmatrix of the encoder. Indeed, inmany embodiments, the coefficientsmay be generated such that the twomatrices
are the inverse of each other thereby resulting in an overall downmix and upmix operation that restores the original input
stereo signal.
[0128] In the following, specific approaches will be described that may provide particularly advantageous implementa-
tions. The described approaches may typically provide a compatibility with existing Standards and Technical Specifica-
tions, such as the ISO/IEC 23003‑3:2020 specification.
[0129] As previously mentioned, an encoder matrix corresponding to the decoder matrix of ISO/IEC 23003‑3:2020 can
be represented by:

[0130] The parameters α,β, and c are parameters determined from the upmix parameters to provide specific functions/
compensate for specific properties of the channel signals. It should be noted that the signal d’ is typically not explicitly
calculated in the encoder but the parameters α, β, and c involved in generating this signal are determined.
[0131] Specifically, the parameter value α is determined to be generate a prediction of the difference signal 1-r from the
sum signal l+r. It is thus a parameter that indicates a prediction of the difference signal from the sum signal.
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[0132] Theparameterβ is a gain parameterwhich adapts thegain of the decorrelated signal d’ tomatch that of themono
audio signal m. Thus, the parameterβ is determined to indicate the relative difference (and specifically the ratio) between
energies/levels/ amplitudes of the residual signal resulting from the prediction and the generated mono audio signal.
[0133] Finally, the parameter is determined to adjust the overall gain/energy of the mono audio signal.
[0134] In some embodiments of the approach of the apparatuses of FIG. 1 and 2, such a downmix matrix may be
modified to include an additional matrix multiplication, such as for example by adding an additional gain matrix that is
multiplied with the sum and difference signals resulting from the first matrix multiplication, e.g.:

[0135] The gains/coefficients g11, g12, g21 and g22 of the gain matrix may then be determined to compensate for signal
cancellation in the sum signal and difference signal respectively. Accordingly, the gains/coefficients may be determined
based on a signal cancellation measure that is determined in the encoder and which reflects the signal cancellation in the
sum and/or difference signals for the input channel signals.
[0136] Further, the gain coefficients may be determined as a function of the upmix parameters/ parametric stereo
parameters. These values are only dependent on the input signals and represent properties of the input stereo audio
signal. In particular, the upmix parameters are not dependent on the output mono audio signal but can be determined
directly from the input stereo audio signal without any consideration of any other signals.
[0137] Specifically, the encoder may be arranged to determine the upmix parameters ICC, IID, and IPD from the input
stereo audio signal, i.e. from the input channel signals. It may then determine the gains/coefficients of the gainmatrix from
the upmix parameters. Specifically, the gains/coefficientsmay be determined such that for the input channel signals being
substantially identical but out of phase, corresponding to a high signal cancellation for the sum signal, the gain matrix
multiplication results in some of the difference signal being added to the mid signal, i.e. the gain matrix multiplication may
results in thesumsignal beingmodified to includesomeof thedifferencesignal therebypreventinga full signal cancellation
in the sum signal.
[0138] Similarly, the gains/coefficients may be determined such that for the input channel signals being substantially
identical and in phase, corresponding to a high signal cancellation for the difference signal, the gain matrix multiplication
results in some of the sum signal being added to the difference signal, i.e. the gain matrix multiplication may results in the
difference signal being modified to include some of the sum signal thereby preventing a full signal cancellation for the
difference signal.
[0139] The gains may (also) be determined as a function of the upmix/ parametric stereo parameters thereby allowing
them to be determined equally at the encoder and decoder side.
[0140] The matrix can be condensed into a single matrix:

[0141] For the case of

this can be further simplified to:

[0142] In someembodiments, the downmix coefficient processor 207may bearranged to determine the gains such that
for scenarios in which signal cancellation does not occur to a significant degree in the sum or difference signals (as
indicated by the signal cancellationmeasure), thematrixmaybedetermined to closely resemble theunitymatrix (g11 =g22
= 1, g12 = g21 = 0).
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[0143] The coefficient processor 107 may then for a scenario in which significant signal cancellation occurs in the
difference signal 1-r (IID≈1, ICC≈1, IPD≈0), determine the gain matrix to have the following properties:

[0144] In this case, the downmix operation is modified to such that some of the sum signal is mixed into the different
signal.
[0145] The coefficient processor 107 may then for a scenario in which significant signal cancellation occurs in the
difference signal 1-r (IID≈1, ICC≈1, IPD≈π), determine the gain matrix to have the following properties:

[0146] In this case, the downmix operation is modified to such that some of the difference signal is mixed into the sum
signal to generate the mono audio signal.
[0147] Alternatively or additionally, the encoder may for highly correlated out-of-phase signals modify the downmix
coefficients such that some of the difference signal ’leaks’ (is added) to the sum signal. This may ensure that the situation
where the sum signal/ mono audio signal diminishes is prevented.
[0148] For other scenarios, the downmixing may remain close to the approach of e.g. the ISO/IEC 23003‑3:2020
specification.
[0149] For the decoder, the upmix matrix can be realized by inverting each matrix of the above described downmix:

Inversion leads to:

which can be written as a single matrix as:

[0150] With the above definition of
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[0151] This simplifies to:

[0152] For the unity matrix this upmix reduces to the traditional PS prediction upmix.
[0153] Thegeneralizedequations forαandβaregivenbelow. It is noted that thesesimplify for thedifferent gainmatrices
G and G‑1 as described above.

and with:

[0154] In the approach, the parameter c is a gain parameter/ coefficient that in many embodiments may be set to a
suitable valueby thedecoder, and specifically itmaybeadesignparameter that canbeset in accordancewith any suitable
algorithm or criterion.
[0155] Forexample, in someembodiments similar anddetailed formulasmaybeused todetermine thegainparameter c
from received upmix parameters, and further the gain coefficient cmay be dependent on the signal cancellationmeasure.
However, in other cases (e.g.whenbackwardscompatibility towardsmono isnot considered relevant), cmaysimplybeset
to a constant value, e.g. c=0.5.

[0156] The values of the gainmatrix are dependent on the signal cancellationmeasure but it will
be appreciated that the exact dependency will depend on the specific preferences and requirements of the individual
embodiment and application.
[0157] FIG. 5 and 6 illustrate an example of the absolute difference between the intermediate parameter α determined
from the equations above and from the equations of ISO/IEC 14496‑3:2005.
[0158] FIG. 7 and 8 illustrate an example of the absolute difference between the intermediate parameter β determined
from the equations above and from the equations of ISO/IEC 14496‑3:2005.
[0159] As can be seen, the approach allows for the deviation from the parameter values of ISO/IEC 14496‑3:2005 to
mainly be restricted to scenarios where the upmix parameters indicate that substantial signal cancellation occurs.
[0160] In some embodiments, the gain matrix may advantageously be given by:
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with the decoder inverse matrix:

[0161] Theparameter-dependent gainmatrixGcan thenbeestablishedbydefiningsome function γ= f(R). For example:

whereΥmax is a value denoting themaximumallowedmixing, e.g. , andm is a suitable value, typically a high
value (e.g. 4) thatmay ensure thatmodifications to a traditional approach only start to occur close to the critical scenarios.
[0162] In some embodiments, the gain matrix may advantageously be given by:

with inverse matrix:

[0163] Similarly, z = f(R), e.g., z = zmax·|R|m, with e.g. zmax = 1 and m=4.
[0164] Theabove gainmatrix definitions are symmetric, resulting in easily invertiblematrices.However, that has a small
disadvantage that there is unnecessary power loss for the in-phase and out-of-phase cases, e.g. if z is small in option A2,
this alsomeans that themid signal is (unnecessarily) scaledwith a factor smaller than 1. An alternative asymmetricmatrix
can be defined as:

with inverse matrix:

[0165] The weights ∈1 and ∈2 can for example be defined as a function of the upmix parameters as following:

[0166] It is noted that in this case the inversematrix further simplifies as the determinant of thematrixGalways equals 1:
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[0167] It will be appreciated that other approaches and gain matrices may be used in other embodiments.
[0168] In the described approach, the coefficient processor 107 may accordingly proceed to generate an intermediate
parameter α in dependence on the upmix parameters and the signal cancellation measure (as the gains g are dependent
on the signal cancellation measure). The intermediate parameter α is indicative of the prediction of a difference signal of
the channel signals from themono audio signal where the difference signal may specifically be a subtraction signal 1-r (or
r‑1). The coefficient processor 107 may then generate the coefficients of the upmix matrix in dependence on the first
intermediate parameter.
[0169] Further, the coefficient processor 107may be arranged to generate a second intermediate parameter βwhich is
indicative of a residual signal that results after the prediction based on the first intermediate parameter α. The second
intermediateparameterβ is determined independenceon theupmixparametersand thesignal cancellationmeasure.The
coefficient processor 107 may then proceed to generate the upmix matrix coefficients in dependence on these inter-
mediate parameters.
[0170] As another example, the default encoder matrix may be extended by adding two additional gain matrices, one
prior to prediction and one after prediction:

[0171] This can be written as a single matrix operation as:

[0172] The decoder upmix matrix may be determined as the inverse of the encoder downmix matrix:

[0173] This can be written as a single matrix operation as:

[0174] In this case the α and β parameters may again be determined using the equations above.
[0175] Again, the same signal cancellation measure Rmay be employed to control the first additional gain matrix (ε1):

[0176] The weights ε1 and ε2 can for example be defined as a function of the signal cancellation measure, and thus the
upmix parameters, as follows:
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[0177] It should be noted that the combined encoder downmix matrices in the examples are given as:

and

[0178] If the normalizing factor of the determinant (g11 g22 - g12 g21) is disregarded, it can be seen that:

[0179] The normalizing factor of the determinant can be included in/ compensated for by the gain factor c and
accordingly it can be seen that the approaches of the examples are equivalent.
[0180] The audio apparatus(es) may specifically be implemented in one or more suitably programmed processors. In
particular, the artificial neural networks may be implemented in one more such suitably programmed processors. The
different functional blocks, and in particular the artificial neural networks, may be implemented in separate processors
and/or may e.g. be implemented in the same processor. An example of a suitable processor is provided in the following.
[0181] FIG. 9 is a block diagram illustrating an example processor 900 according to embodiments of the disclosure.
Processor 900may be used to implement one ormore processors implementing an apparatus as previously described or
elements thereof (including in particular onemore artificial neural network). Processor 900may be any suitable processor
type including, but not limited to, a microprocessor, a microcontroller, a Digital Signal Processor (DSP), a Field
ProGrammable Array (FPGA) where the FPGA has been programmed to form a processor, a Graphical Processing
Unit (GPU), an Application Specific IntegratedCircuit (ASIC) where the ASIC has been designed to form a processor, or a
combination thereof.
[0182] The processor 900may include one or more cores 902. The core 902may include one or more Arithmetic Logic
Units (ALU) 904. In some embodiments, the core 902may include a Floating Point Logic Unit (FPLU) 906 and/or a Digital
Signal Processing Unit (DSPU) 908 in addition to or instead of the ALU 904.
[0183] The processor 900 may include one or more registers 312 communicatively coupled to the core 902. The
registers 912 may be implemented using dedicated logic gate circuits (e.g., flip-flops) and/or any memory technology. In
some embodiments the registers 912 may be implemented using static memory. The register may provide data,
instructions and addresses to the core 902.
[0184] In some embodiments, processor 900 may include one or more levels of cache memory 910 communicatively
coupled to the core 902. The cache memory 910 may provide computer-readable instructions to the core 902 for
execution. Thecachememory910mayprovidedata for processingby the core 902. In someembodiments, the computer-
readable instructions may have been provided to the cache memory 910 by a local memory, for example, local memory
attached to the external bus 916. The cachememory 910 may be implemented with any suitable cachememory type, for
example, Metal-Oxide Semiconductor (MOS) memory such as Static Random Access Memory (SRAM), Dynamic
Random Access Memory (DRAM), and/or any other suitable memory technology.
[0185] The processor 900 may include a controller 914, which may control input to the processor 900 from other
processors and/or components included in a system and/or outputs from the processor 900 to other processors and/or
components included in the system. Controller 914 may control the data paths in the ALU 904, FPLU 906 and/or DSPU
908. Controller 914 may be implemented as one or more state machines, data paths and/or dedicated control logic. The
gates of controller 914 may be implemented as standalone gates, FPGA, ASIC or any other suitable technology.
[0186] The registers 912 and the cache 910may communicatewith controller 914 and core 902 via internal connections
920A, 920B, 920Cand920D. Internal connectionsmaybe implementedasabus,multiplexer, crossbar switch, and/or any
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other suitable connection technology.
[0187] Inputs and outputs for the processor 900 may be provided via a bus 916, which may include one or more
conductive lines. Thebus916maybecommunicatively coupled tooneormore componentsof processor 900, for example
the controller 914, cache 910, and/or register 912. The bus 916maybe coupled to oneormore components of the system.
[0188] The bus 916may be coupled to one ormore external memories. The external memoriesmay include ReadOnly
Memory (ROM)932.ROM932maybeamaskedROM,ElectronicallyProgrammableReadOnlyMemory (EPROM)orany
other suitable technology. The external memory may include Random Access Memory (RAM) 933. RAM 933 may be a
static RAM, battery backed up static RAM,Dynamic RAM (DRAM) or any other suitable technology. The externalmemory
may include Electrically Erasable Programmable ReadOnlyMemory (EEPROM) 935. The external memorymay include
Flashmemory934.TheExternalmemorymay includeamagnetic storagedevicesuchasdisc936. In someembodiments,
the external memories may be included in a system.
[0189] The invention can be implemented in any suitable form including hardware, software, firmware or any combina-
tion of these. The invention may optionally be implemented at least partly as computer software running on one or more
data processors and/or digital signal processors. The elements and components of an embodiment of the invention may
bephysically, functionally and logically implemented in any suitableway. Indeed the functionalitymaybe implemented in a
single unit, in a plurality of units or as part of other functional units. As such, the invention may be implemented in a single
unit or may be physically and functionally distributed between different units, circuits and processors.
[0190] Although thepresent inventionhasbeendescribed in connectionwith someembodiments, it is not intended tobe
limited to the specific form set forth herein. Rather, the scope of the present invention is limited only by the accompanying
claims.Additionally, althougha featuremayappear to bedescribed in connectionwith particular embodiments, one skilled
in the art would recognize that various features of the described embodiments may be combined in accordance with the
invention. In the claims, the term comprising does not exclude the presence of other elements or steps.
[0191] Furthermore, although individually listed, a plurality of means, elements, circuits or method steps may be
implemented by e.g. a single circuit, unit or processor. Additionally, although individual features may be included in
different claims, thesemay possibly be advantageously combined, and the inclusion in different claims does not imply that
a combination of features is not feasible and/or advantageous. Also, the inclusion of a feature in one category of claims
does not imply a limitation to this category but rather indicates that the feature is equally applicable to other claim
categories as appropriate. Furthermore, the order of features in the claims do not imply any specific order in which the
featuresmust beworked and in particular the order of individual steps in amethod claimdoes not imply that the stepsmust
beperformed in this order.Rather, the stepsmaybeperformed inany suitableorder. In addition, singular referencesdonot
exclude a plurality. Thus, references to "a", "an", "first", "second" etc do not preclude a plurality. Reference signs in the
claims are provided merely as a clarifying example shall not be construed as limiting the scope of the claims in any way.

Claims

1. An apparatus for generating an output audio stereo signal, the apparatus comprising:

a receiver (101) arranged to receive an audio data signal comprising:

a mono audio signal being a downmix of two channel signals of a first audio stereo signal;
upmix parameters for the mono audio signal, the set of upmix parameters comprising a first parameter
indicative of a level difference between the two channel signals, a second parameter indicative of a
correlation between the two channel signals, and a third parameter indicative of a phase difference between
the two channel signals;
a coefficient generator (107) arranged to generate coefficients for an upmix matrix from the upmix para-
meters;
a generator (103) arranged to generate the output audio stereo signal by applying the upmix matrix to
samples of the mono audio signal and an auxiliary mono audio signal;
wherein
the coefficient generator (107) is arranged to:

determine a signal cancellation measure from the upmix parameters, the signal cancellation measure
being indicative of a signal cancellation in a summation of the two channel signals; and
determine the coefficients for the upmix matrix in dependence on the signal cancellation measure.

2. Theapparatus of claim1wherein the coefficient processor (107) is arranged to adapt the upmix coefficients to deviate
from coefficients for the mono audio signal being a sum signal of the channel signals for the signal cancellation
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measure meeting a first signal cancellation requirement.

3. The apparatus of claim 1 or 2 wherein the coefficient processor (107) is arranged to increase a deviation of upmix
coefficients from coefficients for the mono audio signal being a sum signal of the channel signals for the signal
cancellation measure being indicative of an increasing signal cancellation in the sum signal of the channel signals.

4. The apparatus of any previous claim wherein the coefficient processor (107) is arranged to increase a deviation of
upmix coefficients from coefficients for the mono audio signal being a sum signal of the channel signals for the signal
cancellationmeasurebeing indicativeof an increasing signal cancellation inadifferencesignal of the channel signals.

5. The apparatus of any of claims 2 to 4 wherein the coefficients for the mono audio signal being a sum signal of the
channel signals are given as

where

in which IID is an Interaural Intensity Differences upmix parameter, ICC is an Interchannel Cross Correlations upmix
parameter, and IPD is an Inter-channel Phase Difference upmix parameter.

6. The apparatus of any previous claim wherein the signal cancellation measure is determined substantially as:

where IID is an Interaural Intensity Difference upmix parameter, ICC is an Inter-channel Cross Correlations upmix
parameter, and IPD is an Inter-channel Phase Difference upmix parameter.

7. The apparatus of any previous claims wherein the coefficient processor (107) is arranged to generate a first
intermediate parameter in dependence on the upmix parameters and the signal cancellation measure, the first
intermediate parameter indicative of a prediction of a difference signal for the channel signals from the mono audio
signal, and to generate the coefficients in dependence on the first intermediate parameter.

8. The apparatus of claim 7 wherein the coefficient processor (107) is arranged to generate a second intermediate
parameter indicative of a residual signal for the prediction in dependence on the upmix parameters and the signal
cancellation measure, and to generate the coefficients in dependence on the intermediate parameter.

9. Theapparatusofanypreviousclaimswherein thecoefficient processor (107) is arranged togenerate theupmixmatrix
as:
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where c is a gain parameter and α and β are parameters dependent on the upmix parameters and the signal
cancellationmeasure, and theparametersg1,1, g1,2, g2,1, andg2,2, aredependent on thesignal cancellationmeasure.

10. Theapparatusofanypreviousclaimswherein thecoefficient processor (107) is arranged togenerate theupmixmatrix
as:

where c is a gain parameter and

with:

In which IID is an Interaural Intensity Differences upmix parameter, ICC is an Interchannel Cross Correlations upmix

parameter, and IPD is an Inter-channel Phase Difference upmix parameter; and wherein is a
dependent on the signal cancellation measure.

11. The apparatus of claim 9 wherein:

where ε1 and ε2 are dependent on the signal cancellation measure.

12. An apparatus for generating an audio data signal, the apparatus comprising:

a receiver (201) arranged to receive an audio stereo signal comprising two channel signals;
a downmixer (203) arranged to generate a mono audio signal as a combination of the two channel signals in
dependence on a set of downmix coefficients;
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a parameter generator (205) arranged to generate a set of upmix parameters comprising a first parameter
indicative of a level difference between the two channel signals, a second parameter indicative of a correlation
between the two channel signals, and a third parameter indicative of a phase difference between the two channel
signals;
adownmix coefficient processor (207) arranged togenerate the set of downmix coefficients in dependenceon the
set of upmix parameters;
adata signal generator (209) arranged togenerate theaudio signal to include themonoaudio signal and the set of
upmix parameters;
a signal cancellation estimator (211)which is arranged to determine a signal cancellationmeasure from the set of
upmix parameters, the signal cancellationmeasure being indicative of a signal cancellation in a summation of the
two channel signals; and
wherein the downmix coefficient processor (207) is arranged to generate the set of downmix coefficients in
dependence on the signal cancellation measure.

13. A method of generating an output audio stereo signal, the method comprising:
receiving an audio data signal comprising:

a mono audio signal being a downmix of two channel signals of a first audio stereo signal;
upmix parameters for themono audio signal, the set of upmix parameters comprising a first parameter indicative
of a level difference between the two channel signals, a second parameter indicative of a correlation between the
two channel signals, and a third parameter indicative of a phase difference between the two channel signals;
generating coefficients for an upmix matrix from the upmix parameters;
generating theoutput audiostereosignal byapplying theupmixmatrix to samplesof themonoaudio signal andan
auxiliary mono audio signal;
wherein
generating the coefficients comprises:

determining a signal cancellation measure from the upmix parameters, the signal cancellation measure
being indicative of a signal cancellation in a summation of the two channel signals;
and determining the coefficients for the upmix matrix in dependence on the signal cancellation measure.

14. A method of generating an audio data signal, the method comprising:

receiving an audio stereo signal comprising two channel signals;
generating amono audio signal as a combination of the two channel signals in dependence on a set of downmix
coefficients;
generating a set of upmix parameters comprising a first parameter indicative of a level differencebetween the two
channel signals, a second parameter indicative of a correlation between the two channel signals, and a third
parameter indicative of a phase difference between the two channel signals;
generating the set of downmix coefficients in dependence on the set of upmix parameters;
generating the audio signal to include the mono audio signal and the set of upmix parameters;
determining a signal cancellation measure from the set of upmix parameters, the signal cancellation measure
being indicative of a signal cancellation in a summation of the two channel signals; and
wherein generating the set of downmix coefficients is in dependence on the signal cancellation measure.

15. A computer program product comprising computer program codemeans adapted to perform all the steps of claim 14
when said program is run on a computer.
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