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Encoder comprising an inter-channel phase difference calculator device and
method for operating such encoder

Description

Inter-channel phase differences (IPDs) describe how aligned two channels are in
terms of the phase of their respective signals. Inter-channel phase differences range
from O (completely phase-aligned) to +/- r (completely out-of-phase). The more out-
of-phase the two channels are, the more problems this can bring when creating a
single downmix channel from them as such phase shifts can lead to severe cancel-
lation effects significantly reducing the energy in the downmix. It is therefore advisa-
ble to estimate and compensate the inter-channel phase differences for strongly out-
of-phase signals in order to avoid these effects. In an audio coder that uses a para-
metric stereo approach, i.e. transmitting only one downmix and side information
used for upmixing the downmix back to a stereo representation, inter-channel phase
differences would typically be part of the side information. They are estimated at the
encoder (either broadband or in multiple smaller frequency bands) and then com-
pensated to align the channels for better downmixing. At the decoder, they are fi-
nally re-applied again as part of the upmix to restore the original phase shift be-
tween the channels.

However, for inter-channel phase difference compensation to have a positive effect
on the eventual audio quality, the stability of the used inter-channel phase differ-
ences plays an important role. If the inter-channel phase differences fluctuate a lot
over time, this will most likely also lead to audible spatial fluctuations in the output,
which will be negatively perceived by listeners.

Stereo coding relying on a single downmix channel and a parametric representation
of the spatial cues is a well-known method for efficient audio data compression of
stereo signals. It has been used in several established technologies, such as Binau-
ral Cue Coding [1] [2] or Parametric Stereo Coding [3] [4].

For some types of signals, e.g. stereo speech signals recorded with an mid-side mi-
crophone setup, it could be shown that using only inter-channel loudness differ-
ences (ILDs) and inter-channel coherence (IC) as stereo parameters is enough to
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achieve high-quality coding results [5, 6]. However, for other types of input, espe-
cially binauralized signals, it has turned out that it is also quite important to consider
inter-channel time differences (ITDs) and inter-channel phase differences for effi-
cient coding of such signals [7].

Later on, further techniques were developed to improve the use of inter-channel
time differences and inter-channel phase differences in audio codecs, like using
whole-band inter-channel time differences/inter-channel phase differences for low-
bitrate scenarios [8], switching inter-channel phase difference compensation on and
off adaptively [9] or usage in a coder specifically tailored towards conversational
speech [10].

For input with strongly frequency-dependent phase differences, e.g. binauralized in-
put, using large bands for estimating the inter-channel phase differences can lead to
large variations of the estimate over short time periods depending on the spectral
distribution of signal in the given frames, even though the actual phase differences
stay more or less constant. This effect can be minimized by estimating the inter-
channel phase differences in smaller bands where they tend to be much more stable
over time. However, transmitting a larger number of inter-channel phase differences
for smaller bands also requires spending more bits on inter-channel phase differ-
ences, which will decrease the number of available bits for everything else. Addition-
ally, compensating a large number of different small-band inter-channel phase differ-
ences at the same time also bears the risk of introducing instabilities. It is therefore
desirable to keep the number of transmitted inter-channel phase differences rela-
tively low while also avoiding strong fluctuations in the inter-channel phase differ-
ences for signals that are actually relatively stable over time. In order to achieve this
a stabilization mechanism based on a finer phase analysis is required.

The problem to be solved is to provide an improved encoder for stereo coding rely-
ing on a single downmix channel and a parametric representation of the spatial

cues.

The problem is solved by an encoder for producing an audio bitstream from a stereo
audio signal and by a method for operating an encoder for producing an audio bit-
stream from a stereo audio signal according to the independent claims.
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In a first aspect, the invention provides an encoder for producing an audio bitstream
from a stereo audio signal. The encoder comprises:

a downmixer configured for downmixing the stereo audio signal in order to produce
a mono audio signal;

an inter-channel phase difference calculator device configured for calculating an in-
ter-channel phase difference for each time segment of a plurality of consecutive time
segments of the stereo audio signal; and

a bitstream producer configured to produce the audio bitstream in such way that the
mono audio signal and the inter-channel phase differences for the plurality of con-
secutive time segments are embedded in the audio bitstream;

wherein the inter-channel phase difference calculator device comprises a global in-
ter-channel phase difference calculator configured for calculating a global inter-
channel phase difference for each time segment of the plurality of consecutive time
segments based on a frequency band of the stereo audio signal,

wherein the frequency band comprises a plurality of subbands, wherein the inter-
channel phase difference calculator device comprises a bandwise inter-channel
phase difference calculator configured for calculating a bandwise inter-channel
phase difference for each of a subset of the subbands for each time segment of the
plurality of consecutive time segments;

wherein the inter-channel phase difference calculator device comprises a bandwise
inter-channel phase difference change calculator configured for calculating a band-
wise inter-channel phase difference change for each of the subset of the subbands
for each time segment of the plurality of consecutive time segments based on the
bandwise inter-channel phase difference of a current time segment of the plurality of
consecutive time segments and the inter-channel phase difference of at least one
previous time segment of the plurality of consecutive time segments of the respec-
tive subband;

wherein the inter-channel phase difference calculator device comprises a mean
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bandwise inter-channel phase difference change calculator configured for calculat-
ing a mean bandwise inter-channel phase difference change for each time segment
of the plurality of consecutive time segments based on the bandwise inter-channel
phase difference changes of each of the subset of the subbands;

wherein the inter-channel phase difference calculator device comprises an inter-
channel phase difference calculator, wherein the inter-channel phase difference cal-
culator is configured for calculating the inter-channel phase difference depending on
the global inter-channel phase difference of the current time segment and depend-
ing on the mean bandwise inter-channel phase difference change of the current time
segment.

The downmixer is a device, which is capable of producing a mono audio signal from
a stereo audio signal. The downmixer may comprise or may be a processor. Both
audio signals may be digital audio signals.

The term processor refers to an electronic device configured for a specific task. A
processor may comprise hardware or a combination of hardware and software. Dif-
ferent processors may share hardware components and/or software components.

The inter-channel phase difference calculator device is a device, which is capable of
calculating and outputting an inter-channel phase difference for each time segment
of a plurality of time segments of a stereo audio, which is received by the inter-chan-
nel phase difference calculator device. The time segment may be a frame of a digital
stereo audio signal. The time segments may have a length between 10 ms and 1 s.
The inter-channel phase difference calculator device may comprise or may be a pro-
cessor.

The bitstream producer is a device capable of producing a digital bitstream compris-
ing the mono audio signal received from the downmixer and the related inter-chan-
nel phase differences received from the inter-channel phase difference calculator
device. The inter-channel bitstream producer may comprise or may be a processor.

The global inter-channel phase difference calculator is a device capable of calculat-
ing a global inter-channel phase difference for each time segment of the plurality of
consecutive time segments based on a frequency band of the stereo audio signal.
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The frequency band may be a broadband frequency band having at least a range
from 40 Hz to 4 kHz, in particular at least from 20 Hz to 8 kHz. The global inter-
channel phase difference calculator may comprise or may be a processor.

The frequency band comprises multiple subbands. The number of subbands may be
different depending on the use case. The number of subbands may be, for example,
in a range from 4 to 16.

The bandwise inter-channel phase difference calculator is a device capable of calcu-
lating a bandwise inter-channel phase difference for each of a plurality of the sub-
bands for each time segment of the plurality of consecutive time segments. The
bandwise inter-channel phase difference calculator may comprise or may be a pro-
cessor.

The bandwise inter-channel phase difference change calculator is a device capable
of calculating a bandwise inter-channel phase difference change for each of a plural-
ity of the subbands for each time segment of the plurality of consecutive time seg-
ments based on the bandwise inter-channel phase difference of a current time seg-
ment of the plurality of consecutive time segments and the bandwise inter-channel
phase difference of at least one previous time segment of the plurality of consecu-
tive time segments of the respective subband. The bandwise inter-channel phase
difference change calculator may comprise or may be a processor.

The mean bandwise inter-channel phase difference change calculator is a device
capable of calculating a mean bandwise inter-channel phase difference change for
each time segment of the plurality of consecutive time segments based on the band-
wise inter-channel phase difference changes for the respective time segment of
each of the plurality the subbands. The mean bandwise inter-channel phase differ-
ence change calculator may comprise or may be a processor.

The inter-channel phase difference calculator is a device, which receives the global
inter-channel phase difference of the current time segment and the mean bandwise
inter-channel phase difference change of the current time segment, and which is ca-
pable of calculating the inter-channel phase difference of the current time segment
depending on the global inter-channel phase difference of the current time segment
and depending on the mean bandwise inter-channel phase difference change of the
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current time segment. The inter-channel phase difference calculator may comprise
or may be a processor.

The invention minimizes unwanted fluctuations in the inter-channel phase differ-
ences embedded into the audio bitstream by analyzing the global inter-channel
phase differences derived from the larger frequency band and by also analyzing the
bandwise inter-channel phase differences derived from the smaller subbands inside
the larger frequency band. For each of the subbands a measure of a bandwise inter-
channel phase difference change is derived from the current bandwise inter-channel
phase difference in the subband of a current time segment and from one or more of
the bandwise inter-channel phase differences from previous time segments in the
same band.

The individual bandwise inter-channel phase difference changes for the different
subbands are then averaged in order to obtain a mean bandwise inter-channel
phase difference change, which is a stability measure for the complete frequency
band. At the same time, a global inter-channel phase difference estimate for the
complete frequency band is calculated. The inter-channel phase difference to be
embedded into the audio bitstream for the current time segment is then calculated
depending on the global inter-channel phase difference of the current time segment
and depending on the mean bandwise inter-channel phase difference change of the
current time segment.

If the mean bandwise inter-channel phase difference change is sufficiently small, in-
dicating high stability in the frequency band, strong fluctuations in the inter-channel
phase difference estimate will be prevented, e.g. by limiting the maximum change of
the inter-channel phase difference from the previous time segment to the current
time segment or even by forcing the current inter-channel phase difference to the
same value as in the previous time segment. The stabilized inter-channel phase dif-
ference is then used at the decoder side for aligning the channels of the recon-
structed stereo audio signal all over the given frequency band.

By such features, strong fluctuations of the inter-channel phase difference may be
avoided. Moreover, for each time segment only one inter-channel phase difference
value needs to be embedded into the audio bitstream.
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As a summary, the invention provides an innovative way to use and transmit inter-
channel phase differences in an efficient manner while also minimizing unwanted
fluctuation effects.

According to some embodiments of the invention, the inter-channel phase difference
calculator is configured in such way that the inter-channel phase difference is an el-
ement of a closed interval, which is limited by the global inter-channel phase differ-
ence of the current time segment and by the inter-channel phase difference of the
last previous time segment. A closed interval is an interval, which includes the upper
and the lower limit. The use of such an interval reduces fluctuations of the inter-
channel phase difference.

According to some embodiments of the invention, the inter-channel phase difference
calculator is configured for using the inter-channel phase difference of the last previ-
ous time segment as the inter-channel phase difference of the current time segment
in case that the mean bandwise inter-channel phase difference change is smaller
than a preset value. Such features further reduce fluctuations of the inter-channel
phase difference.

According to some embodiments of the invention, the inter-channel phase difference
calculator comprises a difference of global inter-channel phase difference calculator
configured for calculating for each time segment a modulus of a difference between
the inter-channel phase difference of the last previous time segment and the global
inter-channel phase difference of the current time segment;

wherein the inter-channel phase difference calculator is configured for using the
global inter-channel phase difference of the current time segment as the inter-chan-
nel phase difference of the current time segment in case that the mean bandwise in-
ter-channel phase difference change is equal to or greater than the preset value and
in case that the modulus of the difference between the inter-channel phase differ-
ence of the last previous time segment and the global inter-channel phase differ-
ence of the current time segment is equal to or smaller than the mean bandwise in-
ter-channel phase difference change.
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The difference of global inter-channel phase difference calculator is a device capa-
ble of calculating for each time segment a modulus of a difference between the in-
ter-channel phase difference of the last previous time segment and the global inter-
channel phase difference of the current time segment. The difference of global inter-
channel phase difference calculator may comprise or may be a processor.

Using the global inter-channel phase difference of the current time segment as the
inter-channel phase difference of the current time segment in this specific case fur-
ther reduce fluctuations of the inter-channel phase difference.

According to some embodiments of the invention, the inter-channel phase difference
calculator is configured for using

a sum of the inter-channel phase difference of the last previous time segment and
the mean bandwise inter-channel phase difference change, if the global inter-chan-
nel phase difference of the current time segment is greater than the inter-channel
phase difference of the last previous time segment, or

a difference of the inter-channel phase difference of the last previous time segment
and the mean bandwise inter-channel phase difference change, if the global inter-
channel phase difference of the current time segment is smaller than the inter-chan-
nel phase difference of the last previous time segment,

as the inter-channel phase difference of the current time segment, in case that the
mean bandwise inter-channel phase difference change is equal to or greater than
the preset value and in case that the modulus of the difference between the inter-
channel phase difference of the last previous time segment and the global inter-
channel phase difference of the current time segment is greater than the mean
bandwise inter-channel phase difference change.

Using the sum or the difference of the inter-channel phase difference of the last pre-
vious time segment and the mean bandwise inter-channel phase difference change
as the inter-channel phase difference of the current time segment in this specific
case further reduce fluctuations of the inter-channel phase difference.



10

15

20

25

30

35

WO 2024/121006 PCT/EP2023/083994

According to some embodiments of the invention, the inter-channel phase difference
calculator device comprises a bandwise mean inter-channel phase difference calcu-
lator configured for calculating a bandwise mean inter-channel phase difference for
each of the subset of the subbands for each time segment of the plurality of consec-
utive time segments based on a plurality of the previous bandwise inter-channel
phase differences of the respective subband;

wherein the bandwise inter-channel phase difference change calculator is config-
ured for calculating the bandwise inter-channel phase difference change for each of
the subset of the subbands for each time segment of the plurality of consecutive
time segments based on the bandwise inter-channel phase difference of the current
time segment and based on bandwise mean inter-channel phase difference of the
respective subband.

The bandwise mean inter-channel phase difference calculator is a device capable of
calculating a bandwise mean inter-channel phase difference for each of a plurality of
the subbands for each time segment of the plurality of consecutive time segments
based on a plurality of the previous bandwise inter-channel phase differences of the
respective subband. The bandwise mean inter-channel phase difference calculator
may comprise or may be a processor.

Calculating the bandwise inter-channel phase difference change as specified here,
reduces fluctuations of the inter-channel phase difference further.

According to some embodiments of the invention, the inter-channel phase difference
calculator is configured in such way, that the preset value is equal to or larger than
0.2, and that the preset value is equal to or smaller than 0.4. Such features further
reduce fluctuations of the inter-channel phase difference.

In a second aspect, the invention provides a method for operating an encoder for
producing an audio bitstream from a stereo audio signal, wherein the method com-
prises the steps of:

using a downmixer of the encoder for downmixing the stereo audio signal in order to
produce a mono audio signal,
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using an inter-channel phase difference calculator device of the encoder for calculat-
ing an inter-channel phase difference for each time segment of a plurality of consec-
utive time segments of the stereo audio signal;

using a bitstream producer of the encoder to produce the audio bitstream in such
way that the mono audio signal and the inter-channel phase differences for the plu-
rality of consecutive time segments are embedded in the audio bitstream;

using a global inter-channel phase difference calculator of the inter-channel phase
difference calculator device for calculating a global inter-channel phase difference
for each time segment of the plurality of consecutive time segments based on a fre-
quency band of the stereo audio signal, wherein the frequency band comprises a
plurality of subbands;

using a bandwise inter-channel phase difference calculator of the inter-channel
phase difference calculator device for calculating a bandwise inter-channel phase
difference for each of a subset of the subbands for each time segment of the plural-
ity of consecutive time segments;

using a bandwise inter-channel phase difference change calculator of the inter-
channel phase difference calculator device for calculating a bandwise inter-channel
phase difference change for each of the subset of the subbands for each time seg-
ment of the plurality of consecutive time segments based on the bandwise inter-
channel phase difference of a current time segment of the plurality of consecutive
time segments and the inter-channel phase difference of at least one previous time
segment of the plurality of consecutive time segments of the respective subband,

using a mean bandwise inter-channel phase difference change calculator of the in-
ter-channel phase difference calculator device for calculating a mean bandwise in-
ter-channel phase difference change for each time segment of the plurality of con-
secutive time segments based on the bandwise inter-channel phase difference
changes of each of the subset of the subbands;

using an inter-channel phase difference calculator of the inter-channel phase differ-
ence calculator device for calculating the inter-channel phase difference depending
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1"

on the global inter-channel phase difference of the current time segment and de-
pending on the mean bandwise inter-channel phase difference change of the current
time segment.

In a third aspect, the invention provides a computer program for, when running on a
processor, executing the method according to the invention.

Preferred embodiments of the invention are subsequently discussed with respect to
the accompanying drawings, in which:

Figure 1 illustrates an embodiment of an encoder for producing an audio bit-
stream from a stereo audio signal according to the invention in a
schematic view;

Figure 2 illustrates an embodiment of an inter-channel phase difference calcu-
lator device configured for calculating an inter-channel phase differ-
ence for each time segment of a plurality of consecutive time seg-
ments of the stereo audio signal according to the invention in a sche-
matic view;

Figure 3 shows an exemplary graph of a global inter-channel phase difference
over time, which is derived from a frequency band of a stereo audio
signal;

Figure 4 shows exemplary graphs of bandwise inter-channel phase differences
over time, of which each is derived from one of the subbands of the
frequency band of the audio signal;

Figure 5 shows an exemplary graph of an inter-channel phase difference over
time, wherein the value of the inter-channel phase difference for a
current time segment is derived from the global inter-channel phase
difference of the current time segment, from the global inter-channel
phase difference of a last previous time segment and from the mean
bandwise inter-channel phase difference changes of the subsets of
the frequency band of the current time segment; and
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Figure 6 illustrates the results of a listening test showing the perceived quality
of a play back of the stereo audio signal encoded with an prior art en-
coder and the perceived quality of a play back of the stereo audio sig-
nal encoded with an encoder according to the invention.

Equal or equivalent elements or elements with equal or equivalent functionality are
denoted in the following description by equal or equivalent reference numerals.

In the following description, a plurality of details is set forth to provide a more thor-
ough explanation of embodiments of the present invention. However, it will be ap-
parent to one skilled in the art that embodiments of the present invention may be
practiced without these specific details. In other instances, well-known structures
and devices are shown in block diagram form rather than in detail in order to avoid
obscuring embodiments of the present invention. In addition, features of the different
embodiments described hereinafter may be combined with each other, unless spe-
cifically noted otherwise.

Figure 1 illustrates an embodiment of an encoder 1 for producing an audio bitstream
BS from a stereo audio signal SAS according to the invention in a schematic view.
The encoder 1 comprises:

a downmixer 2 configured for downmixing the stereo audio signal SAS in order to
produce a mono audio signal MAS;

an inter-channel phase difference calculator device 3 configured for calculating an
inter-channel phase difference ICPD for each time segment of a plurality of consec-
utive time segments of the stereo audio signal SAS; and

a bitstream producer 4 configured to produce the audio bitstream BS in such way
that the mono audio signal MAS and the inter-channel phase differences ICPD for
the plurality of consecutive time segments are embedded in the audio bitstream;

wherein the inter-channel phase difference calculator device 3 comprises a global
inter-channel phase difference calculator 5 configured for calculating a global inter-
channel phase difference GICPD for each time segment of the plurality of consecu-
tive time segments based on a frequency band of the stereo audio signal SAS;
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wherein the frequency band comprises a plurality of subbands, wherein the inter-
channel phase difference calculator device 3 comprises a bandwise inter-channel
phase difference calculator 6 configured for calculating a bandwise inter-channel
phase difference BICPD for each of a subset of the subbands for each time segment
of the plurality of consecutive time segments;

wherein the inter-channel phase difference calculator device 3 comprises a band-
wise inter-channel phase difference change calculator 7 configured for calculating a
bandwise inter-channel phase difference change BICPDC for each of the subset of
the subbands for each time segment of the plurality of consecutive time segments
based on the bandwise inter-channel phase difference BICPD of a current time seg-
ment of the plurality of consecutive time segments and the bandwise inter-channel
phase difference BICPD of at least one previous time segment of the plurality of
consecutive time segments of the respective subband;

wherein the inter-channel phase difference calculator device 3 comprises a mean
bandwise inter-channel phase difference change calculator 8 configured for calculat-
ing a mean bandwise inter-channel phase difference change MBICPDC for each
time segment of the plurality of consecutive time segments based on the bandwise
inter-channel phase difference changes BICPDC of each of the subset of the sub-
bands;

wherein the inter-channel phase difference calculator device 3 comprises an inter-
channel phase difference calculator 9 configured for calculating the inter-channel
phase difference ICPD of the current time segment depending on the global inter-
channel phase difference GICPD of the current time segment and depending on the
mean bandwise inter-channel phase difference change MBICPDC of the current
time segment.

According to some embodiments of the invention, the inter-channel phase difference
calculator 9 is configured in such way that the inter-channel phase difference ICPD
is an element of a closed interval, which is limited by the global inter-channel phase
difference GICPD of the current time segment and by the inter-channel phase differ-
ence ICPD of the last previous time segment.
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In a further aspect, the invention provides a method for operating an encoder 1 for
producing an audio bitstream BS from a stereo audio signal SAS, wherein the
method comprises the steps of:

using a downmixer 2 of the encoder 1 for downmixing the stereo audio signal SAS in
order to produce a mono audio signal MAS;

using an inter-channel phase difference calculator device 3 of the encoder 1 for cal-
culating an inter-channel phase difference ICPD for each time segment of a plurality
of consecutive time segments of the stereo audio signal SAS;

using a bitstream producer 4 of the encoder 1 to produce the audio bitstream BS in
such way that the mono audio signal MAS and the inter-channel phase differences
ICPD for the plurality of consecutive time segments are embedded in the audio bit-
stream BS;

using a global inter-channel phase difference calculator 5 of the inter-channel phase
difference calculator device 3 for calculating a global inter-channel phase difference
GICPD for each time segment of the plurality of consecutive time segments based
on a frequency band of the stereo audio signal SAS, wherein the frequency band
comprises a plurality of subbands;

using a bandwise inter-channel phase difference calculator 6 of the inter-channel
phase difference calculator device 3 for calculating a bandwise inter-channel phase
difference BICPD for each of a subset of the subbands for each time segment of the
plurality of consecutive time segments;

using a bandwise inter-channel phase difference change calculator 7 of the inter-
channel phase difference calculator device 3 for calculating a bandwise inter-chan-
nel phase difference change BICPDC for each of the subset of the subbands for
each time segment of the plurality of consecutive time segments based on the band-
wise inter-channel phase difference BICPD of a current time segment of the plurality
of consecutive time segments and the bandwise inter-channel phase difference
BICPD of at least one previous time segment of the plurality of consecutive time
segments of the respective subband;
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using a mean bandwise inter-channel phase difference change calculator 8 of the
inter-channel phase difference calculator device 3 for calculating a mean bandwise
inter-channel phase difference change MBICPDC for each time segment of the plu-
rality of consecutive time segments based on the bandwise inter-channel phase dif-
ference changes BICPDC of each of the subset of the subbands;

using an inter-channel phase difference calculator 9 of the inter-channel phase dif-
ference calculator device 3 for calculating the inter-channel phase difference ICPD
of the current time segment depending on the global inter-channel phase difference
GICPD of the current time segment and depending on the mean bandwise inter-
channel phase difference change MBICPDC of the current time segment.

In a further aspect, the invention provides a computer program for, when running on
a processor, executing the method according to the invention.

Figure 2 illustrates an embodiment of an inter-channel phase difference calculator
device 3 configured for calculating an inter-channel phase difference ICPD for each
time segment of a plurality of consecutive time segments of the stereo audio signal
SAS according to the invention in a schematic view.

According to some embodiments of the invention, the inter-channel phase difference
calculator 9 is configured for using the inter-channel phase difference ICPD of the
last previous time segment as the inter-channel phase difference ICPD of the cur-
rent time segment in case that the mean bandwise inter-channel phase difference
change MICPDC is smaller than a preset value.

According to some embodiments of the invention, the inter-channel phase difference
calculator 9 comprises a difference of global inter-channel phase difference calcula-
tor 10 configured for calculating for each time segment a modulus MOD of a differ-
ence between the inter-channel phase difference ICPD of the last previous time seg-
ment and the global inter-channel phase difference GICPD of the current time seg-
ment;

wherein the inter-channel phase difference calculator 9 is configured for using the
global inter-channel phase difference GICPD of the current time segment as the in-
ter-channel phase difference ICPD of the current time segment in case that the
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mean bandwise inter-channel phase difference change MICPDC is equal to or
greater than the preset value and in case that the modulus MOD of the difference
between the inter-channel phase difference ICPD of the last previous time segment
and the global inter-channel phase difference GICPD of the current time segment is
equal to or smaller than the mean bandwise inter-channel phase difference change
MICPDC.

According to some embodiments of the invention, the inter-channel phase difference

calculator 9 is configured for using

a sum of the inter-channel phase difference ICPD of the last previous time segment
and the mean bandwise inter-channel phase difference change MICPDC, if the
global inter-channel phase difference GICPD of the current time segment is greater

than the inter-channel phase difference ICPD of the last previous time segment, or

a difference of the inter-channel phase difference ICPD of the last previous time
segment and the mean bandwise inter-channel phase difference change MICPDC, if
the global inter-channel phase difference GICPD of the current time segment is
smaller than the inter-channel phase difference ICPD of the last previous time seg-

ment,

as the inter-channel phase difference ICPD of the current time segment, in case that
the mean bandwise inter-channel phase difference change MICPDC is equal to or
greater than the preset value and in case that the modulus of the difference between
the inter-channel phase difference ICPD of the last previous time segment and the
global inter-channel phase difference GICPD of the current time segment is greater

than the mean bandwise inter-channel phase difference change MICPDC.

According to some embodiments of the invention, wherein the inter-channel phase
difference calculator device 3 comprises a bandwise mean inter-channel phase dif-
ference calculator 11 configured for calculating a bandwise mean inter-channel
phase difference BMICPD for each of the subset of the subbands for each time seg-
ment of the plurality of consecutive time segments based on a plurality of the band-
wise inter-channel phase differences BICPD of previous of the time segments of the

respective subband,;
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wherein the bandwise inter-channel phase difference change calculator 7 is config-
ured for calculating the bandwise inter-channel phase difference change BICPDC
for each of the subset of the subbands for each time segment of the plurality of con-
secutive time segments based on the bandwise inter-channel phase difference
BICPD of the current time segment and based on bandwise mean inter-channel

phase difference BMICPD of the respective subband.

According to some embodiments of the invention, the inter-channel phase difference
calculator 9 is configured in such way, that the preset value is equal to or larger than

0.2, and that the preset value is equal to or smaller than 0.4.

The invention may be used for different coding schemes. In particular, the invention
may be used for the upcoming audio codec IVAS (Immersive Voice and Audio Ser-
vices) which, amongst other input and output configurations, includes a parametric
stereo coder as described in [11]. At the encoder 1, this parametric coder performs a
downmixing of the given input stereo audio signal SAS to a single mono audio signal
MAS and an extraction of stereo parameters, both of which are transmitted in the
bitstream. At the decoder, the mono audio signal MAS is then upmixed back to ste-
reo using the stereo parameters.

For each time segment (frame), these parameters may comprise bandwise infor-
mation on channel panning via inter-channel loudness differences and decorrelation
via inter-channel coherence as well as one single inter-channel time difference and
one single inter-channel phase difference ICPD each. In this embodiment, the newly
devised method of stabilizing the single inter-channel phase difference ICPD is ex-
plained in detail.

The global inter-channel phase difference GICPD may be computed at the global in-
ter-channel phase difference calculator 5 of the encoder 1 over a large frequency
band, for example a large range of DFT bins starting with the first complex bin (ex-
cluding the DC component) up to certain maximum bin, via the following formula:

i=1

max_bin
gIPD = angle <Z LiRE‘) = atan2(y, x)

with
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max_bin
= E i1 Li.imagRi,real - Li,realRi,imag
i=

and

max_bin
X = Z ) Li,realRi,imag + Li,realRi,imag;
i=

wherein g/PD denotes the global inter-channel phase difference GICPD and wherein
L denotes the left channel of the stereo audio signal SAS and R denotes the right
channel of the stereo audio signal SAS.

In prior art, this global inter-channel phase difference GICPD was simply quantized
and directly transmitted as the inter-channel phase difference ICPD for the current
time frame in the audio bitstream BS without further processing.

For the new stabilization of the inter-channel phase difference ICPD, estimates of
bandwise inter-channel phase differences BICPD of subbands inside the frequency
band, which are calculated by the bandwise inter-channel phase difference calcula-
tor 6, are also taken into account. These may be denoted as /PD, and calculated for
each subband b, which may be represented by one of the bins, as

IPD, = angle (Zmax‘bm” LL-R;*) = atan2(yp, Xp),

i=min_binp

with

max_biny
Yp = E Li,imagRi,real - Li,realRi,imag

i=min_binp
and
_ max_biny
Xp = Zi:min_binb Li,realRi,real + Li,imagRi,imag-

Additionally, in each subband a bandwise mean inter-channel phase difference
BMICPD over previous time segments (for example five time segments in the imple-
mentation of the embodiment) may be calculated by the bandwise mean inter-chan-
nel phase difference calculator 11. Since distances between phases are ambiguous
(2 possible directions on a circle) a meaningful bandwise mean inter-channel phase
difference BMICPD cannot always be calculated by standard averaging (only if all
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phases are within the same semi-circle). Instead, the bandwise mean inter-channel
phase difference BMICPD of a subband, denoted as IPD,,.,, ,, May be initialized
with 0 and then updated iteratively with
i 1 .
IPDmean,b = #IPDmean,b + EIPDprev,b [l]
where i =0, ...,4 is the index over the previous inter-channel phase difference val-

ues of the band. After each iteration, the distance /PDg of the current result to the
next value in the IPD,, ,,,..,, buffer is calculated:

IPDyiss = |IPDmeanp — IPDprevpli + 1]

If IPDff is greater than m, i.e. more than a half-circle rotation in the given direction,
IPDyyean p NEEds to be temporarily shifted outside of the [—m, 7] range by adding or

subtracting 2 depending on which side of the circle it lies on:
IPDpeanp = IPDppegnp + 21, if IPDyognp <0
or
IPDyoanp = IPDyognp — 27, if IPDpegnp > 0.

Then the bandwise mean inter-channel phase difference BMICPD will be updated

using this shifted version which now has a distance of less than & to the next value
iN IPDyyey - If after the update IPD,,qy , is still outside [—m, 7] the shift is reversed

before the next iteration.

Now the bandwise inter-channel phase difference change BICPDC, denoted as /PD-
change,b, DEtween the current bandwise inter-channel phase differences BICPD (IPD,)
and the bandwise mean inter-channel phase difference BMICPD (IPDy,¢q4y, ) IS COM-

puted by the bandwise inter-channel phase difference change calculator 7 for each
subband with

IPDchange,b = IPDb - IPDmean,b

with
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IPDchange,b =21 — IPDchange,b» if IPDchange,b > T

From the individual bandwise inter-channel phase difference change BICPDC in
each subband a mean bandwise inter-channel phase difference change MBICPD,
denoted as IPD.range) Over all subbands is computed by a mean bandwise inter-
channel phase difference change calculator 8:

Band
Zgzgn SIPDchange,b

nBands

IPDchange =

This mean bandwise inter-channel phase difference change MBICPD is taken as an
overall indication of the stability of the bandwise inter-channel phase difference
BICPD in the current time segment and is now used to force a similar level of stabil-
ity on the inter-channel phase difference ICPD.

For very small values of the mean bandwise inter-channel phase difference change
MBICPD (smaller than 0.3 in the implementation of the embodiment) the inter-chan-
nel phase difference ICPD of the last previous time segment is used as the inter-
channel phase difference ICPD and embedded into the audio bitstream BS for the
current time segment:

IPD = IPDyyoy,  if IPDenange < 0.3,

wherein /PD is the inter-channel phase difference ICPD for the current time segment
and IPDyr, is the inter-channel phase difference ICPD for the current time segment
is the inter-channel phase difference ICPD for the last previous time segment.

For larger values of the mean bandwise inter-channel phase difference change
MBICPD a modulus MOD of a difference between the inter-channel phase differ-
ence ICPD of the last previous time segment and the global inter-channel phase dif-
ference GICPD of the current time segment, which is denoted as g/PDgyy, may be
computed by the difference of global inter-channel phase difference calculator 10:

gIPDyizs = |gIPD — IPDp, |
with
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gIPDdiff > IPDchange1

which means that the modulus MOD of the difference between the inter-channel
phase difference ICPD of the last previous time segment and the global inter-chan-
nel phase difference GICPD of the current time segment is larger than the mean
bandwise inter-channel phase difference change MBICPD, the maximum allowed
change of the inter-channel phase difference ICPD of the last previous time seg-
ment is limited to the mean bandwise inter-channel phase difference change
MBICPD, so that the inter-channel phase difference ICPD is calculated as:

IPD = IPD,y 0, + IPDepanges  if GIPD > IPD,,,,

or

IPD = gIPDpyoy, — IPDepanger  if IPD < IPDpyq,.

If, however,

gIPDdiff < IPDchange7

which means that the modulus MOD of the difference between the inter-channel
phase difference ICPD of the last previous time segment and the global inter-chan-
nel phase difference GICPD of the current time segment is equal to or smaller than
the mean bandwise inter-channel phase difference change MBICPD, the global in-
ter-channel phase difference GICPD of the current time segment is used as the in-
ter-channel phase difference ICPD for the current time frame, so that the inter-chan-
nel phase difference ICPD may be calculated as:

IPD = gIPD

The inter-channel phase difference ICPD stabilized as described above, can now be
quantized and transmitted as a side parameter in the audio bitstream BS.
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Figure 3 shows an exemplary graph of a global inter-channel phase difference
GICPD over time, which is derived from a full or at least broad frequency band of a
stereo audio signal SAS. The graph shows the value of a global inter-channel phase
difference GICPD which is estimated over a large frequency band. It is obvious that
this global inter-channel phase difference GICPD is anything but stable but fluctu-
ates wildly between 0.3 and -1r. Thus, simply using this global inter-channel phase
difference GICPD as the inter-channel phase difference ICPD to be embedded into
the audio bitstream BS would - without further processing — would result in a low
quality of a playback of the reconstructed stereo audio signal at the decoder side.

Figure 4 shows exemplary graphs of bandwise inter-channel phase differences
BICPD over time, of which each is derived from one of the eight subbands of the
larger frequency band of the audio signal SAS, which is shown in Figure 3. Here it
can be seen that the bandwise inter-channel phase differences BICPD vary between
the subbands but are in general much more stable over time than the global inter-
channel phase difference GICPD of the complete frequency band.

Figure 5 shows an exemplary graph of an inter-channel phase difference ICPD over
time, wherein the value of the inter-channel phase difference ICPD for a current time
segment is derived from the global inter-channel phase difference GICPD of the cur-
rent time segment and from the mean bandwise inter-channel phase difference
changes MBICPDC of the subsets of the frequency band of the current time seg-
ment. Due to the stability of the bandwise inter-channel phase differences BICPD
the inter-channel phase difference ICPD is now also forced to remain stable com-
pared to the global inter-channel phase difference GICPD shown in Figure 3.

Figure 6 illustrates the results of a listening test showing the perceived quality of a
play back of the stereo audio signal encoded with an prior art encoder and the per-
ceived quality of a play back of the stereo audio signal encoded with an encoder ac-
cording to the invention.

The listening test has been done as a MUSHRA listening test with binauralized
clean speech input coded with the IVAS stereo coder at 24.4 kbps. MUSHRA stands
for Multiple Stimuli with Hidden Reference and Anchor and is a methodology for
conducting a codec listening test to evaluate the perceived quality of the output from
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lossy audio compression algorithms. It is defined by ITU-R recommendation
BS.1534-3.

Seven expert listeners have assessed the quality of an audio playback from an au-
dio bitstream, which has been encoded using a unstabilized broadband inter-chan-
nel phase difference according to prior art, and the quality of an audio playback from
an audio bitstream, which has been encoded using the stabilized inter-channel
phase difference according to the invention.

The results make it clear that there is an obvious improvement of the stabilized ver-
sion over the version without any inter-channel phase difference stabilization.

Depending on certain implementation requirements, embodiments of the inventive
device and system can be implemented in hardware and/or in software. The imple-
mentation can be performed using a digital storage medium, for example a floppy
disk, a DVD, a Blu-ray Disc, a CD, a ROM, a PROM, an EPROM, an EEPROM or a
FLASH memory, having electronically readable control signals stored thereon, which
cooperate (or are capable of cooperating) with a programmable computer system
such that one or more or all of the functionalities of the inventive device or system is
performed.

In some embodiments, a programmable logic device (for example a field program-
mable gate array) may be used to perform one or more or all of the functionalities of
the devices and systems described herein. In some embodiments, a field program-
mable gate array may cooperate with a microprocessor in order to perform one or
more or all of the functionalities of the devices and systems described herein.

Although some aspects have been described in the context of an apparatus, it is
clear that these aspects also represent a description of the corresponding method,
where a block or device corresponds to a method step or a feature of a method
step. Analogously, aspects described in the context of a method step also represent
a description of a corresponding block or item or feature of a corresponding appa-
ratus.
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Depending on certain implementation requirements, embodiments of the inventive
method can be implemented using an apparatus comprising hardware and/or soft-
ware. The implementation can be performed using a digital storage medium, for ex-
ample a floppy disk, a DVD, a Blu-ray Disc, a CD, a ROM, a PROM, an EPROM, an
EEPROM or a FLASH memory, having electronically readable control signals stored
thereon, which cooperate (or are capable of cooperating) with a programmable com-
puter system such that the respective method is performed.

Depending on certain implementation requirements, embodiments of the inventive
method can be implemented using an apparatus comprising hardware and/or soft-
ware.

Some or all of the method steps may be executed by (or using) a hardware appa-
ratus, like a microprocessor, a programmable computer or an electronic circuit.
Some one or more of the most important method steps may be executed by such an
apparatus.

Some embodiments according to the invention comprise a data carrier having elec-
tronically readable control signals, which are capable of cooperating with a program-
mable computer system such that one of the methods described herein is per-
formed.

Generally, embodiments of the present invention can be implemented as a com-
puter program product with a program code, the program code being operative for
performing one of the methods when the computer program product runs on a com-
puter. The program code may for example be stored on a machine readable carrier.

Other embodiments comprise the computer program for performing one of the meth-
ods described herein, which is stored on a machine readable carrier or a non-transi-
tory storage medium.

A further embodiment comprises a processing mean, for example a computer, or a
programmable logic device, in particular a processor comprising hardware, config-
ured or adapted to perform one of the methods described herein.
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A further embodiment comprises a computer having installed thereon the computer
program for performing one of the methods described herein.

Generally, the methods are advantageously performed by any apparatus comprising
hardware and or software.

While this invention has been described in terms of several embodiments, there are
alterations, permutations, and equivalents which fall within the scope of this inven-
tion. It should also be noted that there are many alternative ways of implementing
the methods and compositions of the present invention. It is therefore intended that
the following appended claims be interpreted as including all such alterations, per-
mutations and equivalents as fall within the true spirit and scope of the present in-
vention.

Reference signs:

1 encoder

2 downmixer

3 inter-channel phase difference calculator device

4 bitstream producer

5 global inter-channel phase difference calculator

6 bandwise inter-channel phase difference calculator

7 bandwise inter-channel phase difference change calculator
8 mean bandwise inter-channel phase difference change calculator
9 inter-channel phase difference calculator

10 difference of global inter-channel phase difference calculator
11 bandwise mean inter-channel phase difference calculator
BS audio bitstream

SAS stereo audio signal

MAS mono audio signal

ICPD inter-channel phase difference

GICPD global inter-channel phase difference

BICPD bandwise inter-channel phase difference

BICPDC bandwise inter-channel phase difference change
MBICPDC mean bandwise inter-channel phase difference change



10

15

20

25

30

WO 2024/121006 PCT/EP2023/083994

MOD

26

modulus of a difference between the inter-channel phase difference of
the last previous time segment and the global inter-channel phase differ-
ence of the current time segment

BMICPD bandwise mean inter-channel phase difference
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Claims

. An encoder for producing an audio bitstream (BS) from a stereo audio signal

(SAS), wherein the encoder (1) comprises:

a downmixer (2) configured for downmixing the stereo audio signal (SAS) in or-
der to produce a mono audio signal (MAS);

an inter-channel phase difference calculator device (3) configured for calculating
an inter-channel phase difference (ICPD) for each time segment of a plurality of
consecutive time segments of the stereo audio signal (SAS); and

a bitstream producer (4) configured to produce the audio bitstream (BS) in such
way that the mono audio signal (MAS) and the inter-channel phase differences
(ICPD) for the plurality of consecutive time segments are embedded in the audio
bitstream;

wherein the inter-channel phase difference calculator device (3) comprises a
global inter-channel phase difference calculator (5) configured for calculating a
global inter-channel phase difference (GICPD) for each time segment of the plu-
rality of consecutive time segments based on a frequency band of the stereo au-
dio signal (SAS);

wherein the frequency band comprises a plurality of subbands, wherein the in-
ter-channel phase difference calculator device (3) comprises a bandwise inter-
channel phase difference calculator (6) configured for calculating a bandwise in-
ter-channel phase difference (BICPD) for each of a subset of the subbands for
each time segment of the plurality of consecutive time segments;

wherein the inter-channel phase difference calculator device (3) comprises a
bandwise inter-channel phase difference change calculator (7) configured for
calculating a bandwise inter-channel phase difference change (BICPDC) for
each of the subset of the subbands for each time segment of the plurality of con-
secutive time segments based on the bandwise inter-channel phase difference
(BICPD) of a current time segment of the plurality of consecutive time segments
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and the bandwise inter-channel phase difference (BICPD) of at least one previ-
ous time segment of the plurality of consecutive time segments of the respective
subband;

wherein the inter-channel phase difference calculator device (3) comprises a
mean bandwise inter-channel phase difference change calculator (8) configured
for calculating a mean bandwise inter-channel phase difference change
(MBICPDC) for each time segment of the plurality of consecutive time segments
based on the bandwise inter-channel phase difference changes (BICPDC) of
each of the subset of the subbands;

wherein the inter-channel phase difference calculator device (3) comprises an
inter-channel phase difference calculator (9) configured for calculating the inter-
channel phase difference (ICPD) of the current time segment depending on the
global inter-channel phase difference (GICPD) of the current time segment and
depending on the mean bandwise inter-channel phase difference change
(MBICPDC) of the current time segment.

The encoder according to the previous claim, wherein the inter-channel phase
difference calculator (9) is configured in such way that the inter-channel phase
difference (ICPD) is an element of a closed interval, which is limited by the
global inter-channel phase difference (GICPD) of the current time segment and
by the inter-channel phase difference (ICPD) of the last previous time segment.

The encoder according to one of the previous claims, wherein the inter-channel
phase difference calculator (9) is configured for using the inter-channel phase
difference (ICPD) of the last previous time segment as the inter-channel phase
difference (ICPD) of the current time segment in case that the mean bandwise
inter-channel phase difference change (MICPDC) is smaller than a preset value.

The encoder according to the previous claim, wherein the inter-channel phase
difference calculator (9) comprises a difference of global inter-channel phase dif-
ference calculator (10) configured for calculating for each time segment a modu-
lus (MOD) of a difference between the inter-channel phase difference (ICPD) of
the last previous time segment and the global inter-channel phase difference
(GICPD) of the current time segment;
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wherein the inter-channel phase difference calculator (9) is configured for using
the global inter-channel phase difference (GICPD) of the current time segment
as the inter-channel phase difference (ICPD) of the current time segment in case
that the mean bandwise inter-channel phase difference change (MICPDC) is
equal to or greater than the preset value and in case that the modulus (MOD) of
the difference between the inter-channel phase difference of the last previous
time segment and the global inter-channel phase difference of the current time
segment is equal to or smaller than the mean bandwise inter-channel phase dif-
ference change (MICPDC).

The encoder according to the previous claim, wherein the inter-channel phase
difference calculator (9) is configured for using

a sum of the inter-channel phase difference (ICPD) of the last previous time seg-
ment and the mean bandwise inter-channel phase difference change (MICPDC),
if the global inter-channel phase difference (GICPD) of the current time segment
is greater than the inter-channel phase difference (ICPD) of the last previous
time segment, or

a difference of the inter-channel phase difference (ICPD) of the last previous
time segment and the mean bandwise inter-channel phase difference change
(MICPDC), if the global inter-channel phase difference (GICPD) of the current
time segment is smaller than the inter-channel phase difference (ICPD) of the
last previous time segment,

as the inter-channel phase difference (ICPD) of the current time segment, in
case that the mean bandwise inter-channel phase difference change (MICPDC)
is equal to or greater than the preset value and in case that the modulus of the
difference between the inter-channel phase difference (ICPD) of the last previ-
ous time segment and the global inter-channel phase difference (GICPD) of the
current time segment is greater than the mean bandwise inter-channel phase
difference change (MICPDC).

The encoder according to one of the previous claims, wherein the inter-channel
phase difference calculator device (3) comprises a bandwise mean inter-channel
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phase difference calculator (11) configured for calculating a bandwise mean in-
ter-channel phase difference (BMICPD) for each of the subset of the subbands
for each time segment of the plurality of consecutive time segments based on a
plurality of the bandwise inter-channel phase differences (BICPD) of previous of
the time segments of the respective subband;

wherein the bandwise inter-channel phase difference change calculator (7) is
configured for calculating the bandwise inter-channel phase difference change
(BICPDC) for each of the subset of the subbands for each time segment of the
plurality of consecutive time segments based on the bandwise inter-channel
phase difference (BICPD) of the current time segment and based on bandwise
mean inter-channel phase difference (BMICPD) of the respective subband.

The encoder according to one of the claims 3 to 6, wherein the inter-channel
phase difference calculator (9) is configured in such way, that the preset value is
equal to or larger than 0.2, and that the preset value is equal to or smaller than
0.4.

A method for operating an encoder (1) for producing an audio bitstream (BS)
from a stereo audio signal (SAS), wherein the method comprises the steps of:

using a downmixer (2) of the encoder (1) for downmixing the stereo audio signal
(SAS) in order to produce a mono audio signal (MAS);

using an inter-channel phase difference calculator device (3) of the encoder (1)
for calculating an inter-channel phase difference (ICPD) for each time segment
of a plurality of consecutive time segments of the stereo audio signal (SAS);

using a bitstream producer (4) of the encoder (1) to produce the audio bitstream
(BS) in such way that the mono audio signal (MAS) and the inter-channel phase
differences (ICPD) for the plurality of consecutive time segments are embedded
in the audio bitstream (BS);

using a global inter-channel phase difference calculator (5) of the inter-channel
phase difference calculator device (3) for calculating a global inter-channel
phase difference (GICPD) for each time segment of the plurality of consecutive
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time segments based on a frequency band of the stereo audio signal (SAS),
wherein the frequency band comprises a plurality of subbands;

using a bandwise inter-channel phase difference calculator (6) of the inter-chan-
nel phase difference calculator device (3) for calculating a bandwise inter-chan-
nel phase difference (BICPD) for each of a subset of the subbands for each time
segment of the plurality of consecutive time segments;

using a bandwise inter-channel phase difference change calculator (7) of the in-
ter-channel phase difference calculator device (3) for calculating a bandwise in-
ter-channel phase difference change (BICPDC) for each of the subset of the
subbands for each time segment of the plurality of consecutive time segments
based on the bandwise inter-channel phase difference (BICPD) of a current time
segment of the plurality of consecutive time segments and the bandwise inter-
channel phase difference (BICPD) of at least one previous time segment of the
plurality of consecutive time segments of the respective subband;

using a mean bandwise inter-channel phase difference change calculator (8) of
the inter-channel phase difference calculator device (3) for calculating a mean
bandwise inter-channel phase difference change (MBICPDC) for each time seg-
ment of the plurality of consecutive time segments based on the bandwise inter-
channel phase difference changes (BICPDC) of each of the subset of the sub-
bands;

using an inter-channel phase difference calculator (9) of the inter-channel phase
difference calculator device (3) for calculating the inter-channel phase difference
(ICPD) of the current time segment depending on the global inter-channel phase
difference (GICPD) of the current time segment and depending on the mean
bandwise inter-channel phase difference change (MBICPDC) of the current time
segment.

A computer program for, when running on a processor, executing the method
according to the preceding claim.



