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Apparatus and Method for Comfort Noise Generation Mode Selection

Description

The present invention relates to audio signal encoding, processing and decoding, and, in

particular, to an apparatus and method for comfort noise generation mode selection.

Communication speech and audio codecs (e.g. AMR-WB, G.718) generally include a
discontinuous transmission (DTX) scheme and a comfort noise generation (CNG)
algorithm. The DTX/CNG operation is used to reduce the transmission rate by simulating
background noise during inactive signal periods.

CNG may, for example, be implemented in several ways.

The most commonly used method, employed in codecs like AMR-WB (ITU-T G.722.2
Annex A) and G.718 (ITU-T G.718 Sec. 6.12 and 7.12), is based on an excitation + linear-
prediction (LP) model. A random excitation signal is first generated, then scaled by a gain,
and finalfy synthesized using a LP inverse fifter, producing the time-domain CNG signal.
The two main parameters transmitted are the excitation energy and the LP coefficients
(generally using a LSF or ISF representation). This method is referred here as LP-CNG.

Another method, proposed recently and described in e.g. the patent application
W02014/096279, “Generation of a comfort noise with high spectro-temporal resolution in
discontinuous transmission of audio signals”, is based on a frequency-domain (FD)
representation of the background noise. Random noise is generated in a frequency-
domain (e.g. FFT, MDCT, QMF), then shaped using a FD representation of the
background noise, and finally converted from the frequency to the time domain, producing
the time-domain CNG signal. The two main parameters transmitted are a global gain and

a set of band noise levels. This method is referred here as FD-CNG.

The object of the present invention is to provide improved concepts for comfort noise
generation. The object of the present invention is solved by an apparatus according to
claim 1, by an apparatus according to claim 10, by a system according to claim 13, by a
method according to claim 14, by a method according to claim 15, and by a computer

program according to claim 16.
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An apparatus for encoding audio information is provided. The apparatus for encoding
audio information comprises a selector for selecting a comfort noise generation mode
from two or more comfort noise generation modes depending on a background noise
characteristic of an audio input signal, and an encoding unit for encoding the audio
information, wherein the audio information comprises mode information indicating the

selected comfort noise generation mode.

Inter alia, embodiments are based on the finding that FD-CNG gives better quality on
high-tilt background noise signals like e.g. car noise, while LP-CNG gives better quality on

more spectrally flat background noise signals like e.g. office noise.

To get the best possible quality out of a DTX/CNG system, according to embodiments,
both CNG approaches are used and one of them is selected depending on the

background noise characteristics.

Embodiments provide a selector that decides which CNG mode should be used, for
example, either LP-CNG or FD-CNG.

According to an embodiment, the selector may, e.g., be configured to determine a tilt of a
background noise of the audio input signal as the background noise characteristic. The
selector may, e.g., be configured to select said comfort noise generation mode from two

or more comfort noise generation modes depending on the determined tilt.

In an embodiment, the apparatus may, e.g., further comprise a noise estimator for
estimating a per-band estimate of the background noise for each of a plurality of
frequency bands. The selector may, e.g., be configured to determine the tilt depending on

the estimated background noise of the plurality of frequency bands.

According to an embodiment, the noise estimator may, e.g., be configured to estimate a
per-band estimate of the background noise by estimating an energy of the background

noise of each of the plurality of frequency bands.

In an embodiment, the noise estimator may, e.g., be configured to determine a low-
frequency background noise value indicating a first background noise energy for a first
group of the plurality of frequency bands depending on the per-band estimate of the
background noise of each frequency band of the first group of the plurality of frequency
bands.
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Moreover, in such an embodiment, the noise estimator may, e.g., be configured to
determine a high-frequency background noise value indicating a second background
noise energy for a second group of the plurality of frequency bands depending on the per-
band estimate of the background noise of each frequency band of the second group of the
plurality of frequency bands. At least one frequency band of the first group may, e.g., have
a lower centre-frequency than a centre-frequency of at least one frequency band of the
second group. In a particular embodiment, each frequency band of the first group may,
e.g., have a lower centre-frequency than a centre-frequency of each frequency band of

the second group.

Furthermore, the selector may, e.g., be configured to determine the tilt depending on the
low-frequency background noise value and depending on the high-frequency background

noise value.

According to an embodiment, the noise estimator may, e.g., be configured to determine
the low-frequency background noise value L according to

1 f<12

L= 71 > Nl

1 i=h

wherein i indicates an i-th frequency band of the first group of frequency bands, wherein
1, indicates a first one of the plurality of frequency bands, wherein I, indicates a second
one of the plurality of frequency bands, and wherein N[i] indicates the energy estimate of

the background noise energy of the i-th frequency band.

In an embodiment, the noise estimator may, e.g., be configured to determine the high-
frequency background noise value /{ according to

1 i<lg

2Nl

[4 _[3 i=13

H=

wherein i indicates an i-th frequency band of the second group of frequency bands,
wherein [; indicates a third one of the plurality of frequency bands, wherein I, indicates a
fourth one of the plurality of frequency bands, and wherein N[i] indicates the energy
estimate of the background noise energy of the i-th frequency band.
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-

According to an embodiment, the selector may, e.g., be configured to determine the tilt 7
depending on the low frequency background noise value L and depending on the high
frequency background noise value H according to the formula

or according to the formula

T =

’

a
L

or according to the formula
I'=L-H |,

or according to the formula
I'=H-L .

In an embodiment, the selector may, e.g., be configured to determine the tilt as a current
short-term tilt value. Moreover, the selector may, e.g., be configured to determine a
current long-term tilt value depending on the current short-term tilt value and depending
on a previous long-term tilt value. Furthermore, the selector may, e.g., be configured to
select one of two or more comfort noise generation modes depending on the current long-

term tilt value.

According to an embodiment, the selector may, e.g., be configured to determine the
current long-term tilt value 7.,y according to the formula:

Teur=alyr+{(1—-a) T,

wherein 7" is the current short-term tilt value, wherein T, 7 is said previous long-term tilt

value, and wherein ¢ is a real number with O < a < 1.

In an embodiment, a first one of the two or more comfort noise generation modes may,
e.g., be a frequency-domain comfort noise generation mode. Moreover, a second one of
the two or more comfort noise generation modes may, e.g., be a linear-prediction-domain
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comfort noise generation mode. Furthermore, the selector may, e.g., be configured to
select the frequency-domain comfort noise generation mode, if a previously selected
generation mode, being previously selected by the selector, is the linear-prediction-
domain comfort noise generation mode and if the current long-term tilt value is greater
than a first threshold value. Moreover, the selector may, e.g., be configured to select the
linear-prediction-domain comfort noise generation mode, if the previously selected
generation mode, being previously selected by the selector, is the frequency-domain
comfort noise generation mode and if the current long-term tilt value is smaller than a

second threshold value.

Moreover, an apparatus for generating an audio output signal based on received encoded
audio information is provided. The apparatus comprises a decoding unit for decoding
encoded audio information to obtain mode information being encoded within the encoded
audio information, wherein the mode information indicates an indicated comfort noise
generation mode of two or more comfort noise generation modes. Moreover, the
apparatus comprises a signal processor for generating the audio output signal by

generating, depending on the indicated comfort noise generation mode, comfort noise.

According to an embodiment, a first one of the two or more comfort noise generation
modes may, e.g., be a frequency-domain comfort noise generation mode. The signal
processor may, e.g., be configured, if the indicated comfort noise generation mode is the
frequency-domain comfort noise generation mode, to generate the comfort noise in a
frequency domain and by conducting a frequency-to-time conversion of the comfort noise
being generated in the frequency domain. For example, in a particular embodiment, the
signal processor may, e.g., be configured, if the indicated comfort noise generation mode
is the frequency-domain comfort noise generation mode, to generate the comfort noise by
generating random noise in a frequency domain, by shaping the random noise in the
frequency domain to obtain shaped noise, and by converting the shaped noise from the

frequency-domain to the time domain.

In an embodiment, a second one of the two or more comfort noise generation modes may,
e.g., be a linear-prediction-domain comfort noise generation mode. The signal processor
may, e.g., be configured, if the indicated comfort noise generation mode is the linear-
prediction-domain comfort noise generation mode, to generate the comfort noise by
employing a linear prediction filter. For example, in a particular embodiment, the signal
processor may, e.g., be configured, if the indicated comfort noise generation mode is the
linear-prediction-domain comfort noise generation mode, to generate the comfort noise by

generating a random excitation signal, by scaling the random excitation signal to obtain a

5
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scaled excitation signal, and by synthesizing the scaled excitation signal using a LP

inverse filter.

Furthermore, a system is provided. The system comprises an apparatus for encoding
audio information according to one of the above-described embodiments and an
apparatus for generating an audio output signal based on received encoded audio
information according to one of the above-described embodiments. The selector of the
apparatus for encoding audio information is configured to select a comfort noise
generation mode from two or more comfort noise generation modes depending on a
background noise characteristic of an audio input signal. The encoding unit of the
apparatus for encoding audio information is configured to encode the audio information,
comprising mode information indicating the selected comfort noise generation mode as an
indicated comfort noise generation mode, to obtain encoded audio information. Moreover,
the decoding unit of the apparatus for generating an audio output signal is configured to
receive the encoded audio information, and is furthermore configured to decode the
encoded audio information to obtain the mode information being encoded within the
encoded audio information. The signal processor of the apparatus for generating an audio
output signal is configured to generate the audio output signal by generating, depending
on the indicated comfort noise generation mode, comfort noise.

Moreover, a method for encoding audio information is provided. The method comprises:

- Selecting a comfort noise generation mode from two or more comfort noise
generation modes depending on a background noise characteristic of an audio

input signal. And:

- Encoding the audio information, wherein the audio information comprises mode

information indicating the selected comfort noise generation mode.

Furthermore, a method for generating an audio output signal based on received encoded

audio information is provided. The method comprises:

- Decoding encoded audio information to obtain mode information being encoded
within the encoded audio information, wherein the mode information indicates an
indicated comfort noise generation mode of two or more comfort noise generation
modes. And:
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- Generating the audio output signal by generating, depending on the indicated

comfort noise generation mode, comfort noise.

Moreover, a computer program for implementing the above-described method when being

executed on a computer or signal processor is provided.

So, in some embodiments, the proposed selector may, e.g., be mainly based on the tilt of
the background noise. For example, if the tilt of the background noise is high then FD-
CNG is selected, otherwise LP-CNG is selected.

A smoothed version of the background noise tilt and a hysteresis may, e.g., be used to

avoid switching often from one mode to another.

The tilt of the background noise may, for example, be estimated using the ratio of the
background noise energy in the low frequencies and the background noise energy in the

high frequencies.

The background noise energy may, for example, be estimated in the frequency domain

using a noise estimator.

In the following, embodiments of the present invention are described in more detail with

reference to the figures, in which:

Fig. 1 illustrates an apparatus for encoding audio information according to an

embodiment,

Fig. 2 illustrates an apparatus for encoding audio information according to another

embodiment,

Fig. 3 illustrates a step-by-step approach for selecting a comfort noise generation

mode according to an embodiment,

Fig. 4 illustrates an apparatus for generating an audio output signal based on
received encoded audio information according to an embodiment, and

Fig. 5 illustrates a system according to an embodiment.
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Fig. 1 illustrates an apparatus for encoding audio information according to an

embodiment.

The apparatus for encoding audio information comprises a selector 110 for selecting a
comfort noise generation mode from two or more comfort noise generation modes

depending on a background noise characteristic of an audio input signal.

Moreover, the apparatus comprises an encoding unit 120 for encoding the audio
information, wherein the audio information comprises mode information indicating the

selected comfort noise generation mode.

For example, a first one of the two or more comfort noise generation modes may, e.g., be
a frequency-domain comfort noise generation mode. And/or, for example, a second one of
the two or more generation modes may, e.g., be a linear-prediction-domain comfort noise

generation mode.

For example, if, on a decoder side, the encoded audio information is received, wherein the
mode information, being encoded within the encoded audio information, indicates that the
selected comfort noise generation mode is the frequency-domain comfort noise
generation mode, then, a signal processor on the decoder side may, for example,
generate the comfort noise by generating random noise in a frequency domain, by
shaping the random noise in the frequency domain to obtain shaped noise, and by

converting the shaped noise from the frequency-domain to the time domain.

However, if for example, the mode information, being encoded within the encoded audio
information, indicates that the selected comfort noise generation mode is the linear-
prediction-domain comfort noise generation mode, then, the signal processor on the
decoder side may, for example, generate the comfort noise by generating a random
excitation signal, by scaling the random excitation signal to obtain a scaled excitation

signal, and by synthesizing the scaled excitation signal using a LP inverse filter.

Within the encoded audio information, not only the information on the comfort noise
generation mode, but also additional information may be encoded. For example,
frequency-band specific gain factors may also be encoded, for example, one gain factor
for each frequency band. Or, for example, one or more LP filter coefficients, or LSF
coefficients or ISF coefficients may, e.g., be encoded within the encoded audio
information. The information on the selected comfort noise generation mode and the

additional information, being encoded within the encoded audio information may then,
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e.g., be transmitted to a decoder side, for example, within an SID frame (SID = Silence

Insertion Descriptor).

The information on the selected comfort noise generation mode may be encoded explicitly

or implicitly.

When explicitly encoding the selected comfort noise generation mode, then, one or more
bits may, for example, be employed to indicate which one of the two or more comfort
noise generation modes the selected comfort noise generation mode is. In such an

embodiment, said one or more bits are then the encoded mode information.

In other embodiments, however, the selected comfort noise generation mode is implicitly
encoded within the audio information. For example, in the above-mentioned example, the
frequency-band specific gain factors and the one or more LP (or LSF or ISF) coefficients
may, e.g., have a different data format or may, e.g., have a different bit length. If, for
example, frequency-band specific gain factors are encoded within the audio information,
this may, e.g., indicate that the frequency-domain comfort noise generation mode is the
selected comfort noise generation mode. If, however, the one or more LP (or LSF or ISF)
coefficients are encoded within the audio information, this may, e.qg., indicate that the
linear-prediction-domain comfort noise generation mode is the selected comfort noise
generation mode. When such an implicit encoding is used, the frequency-band specific
gain factors or the one or more LP (or LSF or ISF) coefficients then represent the mode
information being encoded within the e;ncoded audio signal, wherein this mode information

indicates the selected comfort noise generation mode.

According to an embodiment, the selector 110 may, e.g., be configured to determine a tilt
of a background noise of the audio input signal as the background noise characteristic.
The selector 110 may, e.g., be configured to select said comfort noise generation mode

from two or more comfort noise generation modes depending on the determined tilt.

For example, a low-frequency background noise value and a high-frequency background
noise value may be employed, and the tilt of the background noise may, e.g., be
calculated depending on the low-frequency background noise value and depending on the

high-frequency background-noise value.

Fig. 2 illustrates an apparatus for encoding audio information according to a further
embodiment. The apparatus of Fig. 2 further comprises a noise estimator 105 for

estimating a per-band estimate of the background noise for each of a plurality of
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frequency bands. The selector 110 may, e.g., be configured to determine the tilt

depending on the estimated background noise of the plurality of frequency bands.

According to an embodiment, the noise estimator 105 may, e.g., be configured to estimate
a per-band estimate of the background noise by estimating an energy of the background

noise of each of the plurality of frequency bands.

In an embodiment, the noise estimator 105 may, e.g., be configured to determine a low-
frequency background noise value indicating a first background noise energy for a first
group of the plurality of frequency bands depending on the per-band estimate of the
background noise of each frequency band of the first group of the plurality of frequency
bands.

Moreover, the noise estimator 105 may, e.g., be configured to determine a high-frequency
background noise value indicating a second background noise energy for a second group
of the plurality of frequency bands depending on the per-band estimate of the background
noise of each frequency band of the second group of the plurality of frequency bands. At
least one frequency band of the first group may, e.g., have a lower centre-frequency than
a centre-frequency of at least one frequency band of the second group. In a particular
embodiment, each frequency band of the first group may, e.g., have a lower centre-
frequency than a centre-frequency of each frequency band of the second group.

Furthermore, the selector 110 may, e.g., be configured to determine the tilt depending on
the low-frequency background noise value and depending on the high-frequency

background noise value.

According to an embodiment, the noise estimator 105 may, e.g., be configured to
determine the low-frequency background noise value [ according to

1 i<ly

L:fz—f > Nli]

1 i=/)

wherein i indicates an i-th frequency band of the first group of frequency bands, wherein
I, indicates a first one of the plurality of frequency bands, wherein 7, indicates a second
one of the plurality of frequency bands, and wherein N[i] indicates the energy estimate of
the background noise energy of the i-th frequency band.

10
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Similarly, in an embodiment, the noise estimator 105 may, e.g., be configured to
determine the high-frequency background noise value H according to

1 i<ig

o= R, > N[

3 =13

wherein i indicates an i-th frequency band of the second group of frequency bands,
wherein /5 indicates a third one of the plurality of frequency bands, wherein [, indicates a
fourth one of the plurality of frequency bands, and wherein N[i] indicates the energy
estimate of the background noise energy of the i-th frequency band.

According to an embodiment, the selector 110 may, e.g., be configured to determine the
tilt 7" depending on the low frequency background noise value L and depending on the

high frequency background noise value /{ according to the formula:

T =

’

L
H
or according to the formula

T =

"
I
or according to the formula
I'=L-H |,

or according to the formula

I'=H-L .

For example, when L and H are represented in a logarithmic domain, one of the

subtraction formulae (T=L —~ H or 7= H - L) may be employed.

In an embodiment, the selector 110 may, e.g., be configured to determine the tilt as a
current short-term tilt value. Moreover, the selector 110 may, e.g., be configured to
determine a current long-term tilt value depending on the current short-term tilt value and
depending on a previous long-term tilt value. Furthermore, the selector 110 may, e.g., be

11
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configured to select one of two or more comfort noise generation modes depending on the

current long-term tilt value.

According to an embodiment, the selector 110 may, e.g., be configured to determine the

current long-term tilt value 7,7 according to the formula:

Tr=alyr+(1-a)T,

wherein 7"is the current short-term tilt value, wherein 7),,7 is said previous long-term tilt

value, and wherein «a is a real number with 0 < a < 1.

In an embodiment, a first one of the two or more comfort noise generation modes may,
e.g., be a frequency-domain comfort noise generation mode FD CNG. Moreover, a
second one of the two or more comfort noise generation modes may, e.g., be a linear-
prediction-domain comfort noise generation mode LP_CNG. The selector 110 may, e.g.,
be configured to select the frequency-domain comfort noise generation mode FD CNG, if
a previously selected generation mode cng mode prev, being previously selected by the
selector 110, is the linear-prediction-domain comfort noise generation mode LP_CNG and
if the current long-term tilt value is greater than a first threshold value #4r,. Moreover, the
selector 110 may, e.g., be configured to select the linear-prediction-domain comfort noise
generation mode LP CNG, if the previously selected generation mode cng mode prev,
being previously selected by the selector 110, is the frequency-domain comfort noise
generation mode FD CNG and if the current long-term tilt value is smaller than a second

threshold value thrs.

In some embodiments, the first threshold value is equal to the second threshold value. In
some other embodiments, however, the first threshold value is different from the second

threshold value.

Fig. 4 illustrates an apparatus for generating an audio output signal based on received

encoded audio information according to an embodiment.

The apparatus comprises a decoding unit 210 for decoding encoded audio information to
obtain mode information being encoded within the encoded audio information. The mode
information indicates an indicated comfort noise generation mode of two or more comfort

noise generation modes.

12
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Moreover, the apparatus comprises a signal processor 220 for generating the audio
output signal by generating, depending on the indicated comfort noise generation mode,

comfort noise.

According to an embodiment, a first one of the two or more comfort noise generation
modes may, e.g., be a frequency-domain comfort noise generation mode. The signal
processor 220 may, e.g., be configured, if the indicated comfort noise generation mode is
the frequency-domain comfort noise generation mode, to generate the comfort noise in a
frequency domain and by conducting a frequency-to-time conversion of the comfort noise
being generated in the frequency domain. For example, in a particular embodiment, the
signal processor may, e.g., be configured, if the indicated comfort noise generation mode
is the frequency-domain comfort noise generation mode, to generate the comfort noise by
generating random noise in a frequency domain, by shaping the random noise in the
frequency domain to obtain shaped noise, and by converting the shaped noise from the

frequency-domain to the time domain.

For example, the concepts described in WO 2014/096279 A1 may be employed.

For example, a random generator may be applied to excite each individual spectral band
in the FFT domain and/or in the QMF domain by generating one or more random
sequences (FFT = Fast Fourier Transform; QMF = Quadrature Mirror Filter). Shaping of
the random noise may, e.g., be conducted by individually computing the amplitude of the
random sequences in each band such that the spectrum of the generated comfort noise
resembles the spectrum of the actual background noise present, for example, in a
bitstream, comprising, e.g., an audio input signal. Then, for example, the computed
amplitude may, e.g., be applied on the random sequence, e.g., by multiplying the random
sequence with the computed amplitude in each frequency band. Then, converting the

shaped noise from the frequency domain to the time domain may be employed.

In an embodiment, a second one of the two or more comfort noise generation modes may,
e.g., be a linear-prediction-domain comfort noise generation mode. The signal processor
220 may, e.g., be configured, if the indicated comfort noise generation mode is the linear-
prediction-domain comfort noise generation mode, to generate the comfort noise by
employing a linear prediction filter. For example, in a particular embodiment, the signal
processor may, e.g., be configured, if the indicated comfort noise generation mode is the
linear-prediction-domain comfort noise generation mode, to generate the comfort noise by

generating a random excitation signal, by scaling the random excitation signal to obtain a

13
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scaled excitation signal, and by synthesizing the scaled excitation signal using a LP

inverse filter.

For example, comfort noise generation as described in G.722.2 (see ITU-T G.722.2
Annex A) and/or as described in G.718 (see ITU-T G.718 Sec. 6.12 and 7.12) may be
employed. Such comfort noise generation in a random excitation domain by scaling a
random excitation signal to obtain a scaled excitation signal, and by synthesizing the

scaled excitation signal using a LP inverse filter is well known to a person skilled in the art.

Fig. 5 illustrates a system according to an embodiment. The system comprises an
apparatus 100 for encoding audio information according to one of the above-described
embodiments and an apparatus 200 for generating an audio output signal based on
received encoded audio information according to one of the above-described

embodiments.

The selector 110 of the apparatus 100 for encoding audio information is configured to
select a comfort noise generation mode from two or more comfort noise generation modes
depending on a background noise characteristic of an audio input signal. The encoding
unit 120 of the apparatus 100 for encoding audio information is configured to encode the
audio information, comprising mode information indicating the selected comfort noise
generation mode as an indicated comfort noise generation mode, to obtain encoded audio

information.

Moreover, the decoding unit 210 of the apparatus 200 for generating an audio output
signal is configured to receive the encoded audio information, and is furthermore
configured to decode the encoded audio information to obtain the mode information being
encoded within the encoded audio information. The signal processor 220 of the apparatus
200 for generating an audio output signal is configured to generate the audio output signal

by generating, depending on the indicated comfort noise generation mode, comfort noise.

Fig. 3 illustrates a step-by-step approach for selecting a comfort noise generation mode

according fo an embodiment.

In step 310, a noise estimator is used to estimate the background noise energy in the
frequency domain. This is generally performed on a per-band basis, producing one energy
estimate per band

N[i] with 0 <i < N and N the number of bands (e.g.N = 20)

14
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Any noise estimator producing a per-band estimate of the background noise energy can
be used. One example is the noise estimator used in G.718 (ITU-T G.718 Sec. 6.7).

In step 320, the background noise energy in the low frequencies is computed using

1 |
b= 2 M

=l

with I; and [, can depend on the signal bandwidth, e.g. I, = 1,1, = 9 for NB and
I, =0,1, = 10 for WB.

L may be considered as a low-frequency background noise value as described above.

in step 330, the background noise energy in the high frequencies is computed using

i<l,

H=rm Y N
=77 2Nl
i=ly

with I3 and I, can depend on the signal bandwidth, e.g. I3 = 16,1, = 17 for NB and
I; = 19,1, = 20 for WB.

H may be considered as a high-frequency background noise value as described above.

Steps 320 and 330 may, e.g., be conducted subsequently or independently from each
other.

In step 340, the background noise tilt is computed using

T_L
" H

Some embodiments may, e.g., proceed according to step 350. In step 350, the
background noise tilt is smoothed, producing a long-term version of the background noise
tilt

TLT = QTL?‘ + (1 - CZ)T

15
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with « is e.g. 0.9. In this recursive equation, the 7,y on the left side of the equals sign is
the current long-term tilt value 7,7 mentioned above, and the 777 on the right side of the

equals sign is said previous long-term tilt value 7,7 mentioned above.

In step 360, the CNG mode is finally selected using the following classifier with hysteresis

If (cng_mode_prev == LP_CNG and T,y > thry) then cng_mode = FD_CNG

If (cng_mode_prev == FD_CNG and Ty < thr,) then cng_mode = LP_CNG

wherein thr; and thr, can depend on the bandwidth, e.g. thr; = 9,thr, = 2 for NB and
thr, = 45, thr, = 10 for WB.

cng mode is the comfort noise generation mode that is (currently) selected by the selector
110.

cng mode prev is a previously selected (comfort noise) generation mode that has

previously been selected by the selector 110.

What happens when none of the above-conditions of step 360 are fulfilled, depends on
the implementation. In an embodiment, for example, if none of both conditions of step 360
are fulfilled, the CNG mode may remain the same as it was, so that

cng mode = cng mode prev .

Other embodiments may implement other selection strategies.

While in the embodiment of Fig. 3, thr, is different from thr,, in some other embodiments,

however, thry is equal to thr,.

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 apparatus.
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The inventive decomposed signal can be stored on a digital storage medium or can be
transmitted on a transmission medium such as a wireless transmission medium or a wired

transmission medium such as the Internet.

Depending on certain implementation requirements, embodiments of the invention can be
implemented in hardware or in software. The implementation can be performed using a
digital storage medium, for example a floppy disk, a DVD, 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 the respective method is performed.

Some embodiments according to the invention comprise a non-transitory data carrier
having electronically readable control signals, which are capable of cooperating with a
programmable computer system, such that one of the methods described herein is

performed.

Generally, embodiments of the present invention can be implemented as a computer
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 computer. The

program code may for example be stored on a machine readable carrier.

Other embodiments comprise the computer program for performing one of the methods

described herein, stored on a machine readable carrier.

In other words, an embodiment of the inventive method is, therefore, a computer program
having a program code for performing one of the methods described herein, when the

computer program runs on a computer.

A further embodiment of the inventive methods is, therefore, a data carrier (or a digital
storage medium, or a computer-readable medium) comprising, recorded thereon, the

computer program for performing one of the methods described herein.

A further embodiment of the inventive method is, therefore, a data stream or a sequence
of signals representing the computer program for performing one of the methods
described herein. The data stream or the sequence of signals may for example be
configured to be transferred via a data communication connection, for example via the

Internet.

17
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A further embodiment comprises a processing means, for example a computer, or a
programmable logic device, configured to or adapted to perform one of the methods

described herein.

A further embodiment comprises a computer having installed thereon the computer

program for performing one of the methods described herein.

In some embodiments, a programmable logic device (for example a field programmable
gate array) may be used to perform some or all of the functionalities of the methods
described herein. In some embodiments, a field programmable gate array may cooperate
with a microprocessor in order to perform one of the methods described herein. Generally,

the methods are preferably performed by any hardware apparatus.

The above described embodiments are merely illustrative for the principles of the present
invention. It is understood that modifications and variations of the arrangements and the
details described herein will be apparent to others skilled in the art. It is the intent,
therefore, to be limited only by the scope of the impending patent claims and not by the
specific details presented by way of description and explanation of the embodiments

herein.
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Claims

An apparatus for encoding audio information, comprising:

a selector for selecting a comfort noise generation mode from two or more comfort
noise generation modes depending on a background noise characteristic of an
audio input signal, and

an encoding unit for encoding the audio information, wherein the audio information
comprises mode information indicating the selected comfort noise generation

mode,

wherein a first one of the two or more comfort noise generation modes is a
frequency-domain comfort noise generation mode, and wherein the frequency-
domain comfort noise generation mode indicates that the comfort noise shall be
generated in a frequency domain and that the comfort noise being generated in the
frequency domain shall be frequency-to-time converted.

An apparatus according to claim 1,

wherein the selector is configured to determine a tilt of a background noise of the
audio input signal as the background noise characteristic, and

wherein the selector is configured to select said comfort noise generation mode
from two or more comfort noise generation modes depending on the determined
tilt.

An apparatus according to claim 2,

wherein the apparatus further comprises a noise estimator for estimating a
per-band estimate of the background noise for each of a plurality of frequency

bands, and

wherein the selector is configured to determine the tilt depending on the estimated
background noise of the plurality of frequency bands.

An apparatus according to claim 3,
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wherein, the noise estimator is configured to determine a low-frequency
background noise value indicating a first background noise energy for a first group
of the plurality of frequency bands depending on the per-band estimate of the
background noise of each frequency band of the first group of the plurality of
frequency bands,

wherein the noise estimator is configured to determine a high-frequency
background noise value indicating a second background noise energy for a second
group of the plurality of frequency bands depending on the per-band estimate of
the background noise of each frequency band of the second group of the plurality
of frequency bands, wherein at least one frequency band of the first group has a
lower centre-frequency than a centre-frequency of at least one frequency band of
the second group, and

wherein the selector is configured to determine the tilt depending on the low-
frequency background noise value and depending on the high-frequency
background noise value.

An apparatus according to claim 4,

wherein the noise estimator is configured to determine the low-frequency
background noise value L according to

wherein i indicates an i-th frequency band of the first group of frequency bands,
wherein [; indicates a first one of the plurality of frequency bands, wherein I,
indicates a second one of the plurality of frequency bands, and wherein NJi]
indicates the energy estimate of the background noise energy of the i-th frequency
band,

wherein the noise estimator is configured to determine the high-frequency
background noise value H according to

1 i<ly

> Nli]

Iy —1; i=I3

H =
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wherein i indicates an i-th frequency band of the second group of frequency
bands, wherein I5 indicates a third one of the plurality of frequency bands, wherein
1, indicates a fourth one of the plurality of frequency bands, and wherein NJ[i]
indicates the energy estimate of the background noise energy of the i-th frequency
band.

An apparatus according to claim 4 or 5,
wherein the selector is configured to determine the tilt 7 depending on the low

frequency background noise value L and depending on the high frequency
background noise value H according to the formula

T=—
H

or according to the formula

T =

"
.
or according to the formula
T=L-H |,

or according to the formula
T=H-L .

An apparatus according to one of claims 2 to 6,

wherein the selector (is configured to determine the tilt as a current short-term tilt
value,

wherein the selector is configured to determine a current long-term tilt value
depending on the current short-term tilt value and depending on a previous long-
term tilt value,
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wherein the selector is configured to select one of two or more comfort noise
generation modes depending on the current long-term tilt value.

An apparatus according to claim 7,

wherein the selector is configured to determine the current long-term tilt value T,
according to the formula:

Tur=oaTyr+(1-a) T,

wherein T is the current short-term tilt value,

wherein T}, 7 is said previous long-term tilt value, and

wherein a is a real number with 0 < a < 1.

An apparatus according to claim 7 or 8,

wherein a first one of the two or more comfort noise generation modes is a
frequency-domain comfort noise generation mode,

wherein a second one of the two or more comfort noise generation modes is a
linear-prediction-domain comfort noise generation mode,

wherein the selector is configured to select the frequency-domain comfort noise
generation mode, if a previously selected generation mode, being previously
selected by the selector, is the linear-prediction-domain comfort noise generation
mode and if the current long-term tilt value is greater than a first threshold value,
and

wherein the selector is configured to select the linear-prediction-domain comfort
noise generation mode, if the previously selected generation mode, being
previously selected by the selector, is the frequency-domain comfort noise
generation mode and if the current long-term tilt value is smaller than a second
threshold value.

An apparatus for generating an audio output signal based on received encoded
audio information, comprising:
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a decoding unit for decoding encoded audio information to obtain mode
information being encoded within the encoded audio information, wherein the
mode information indicates an indicated comfort noise generation mode of two or
more comfort noise generation modes, and

a signal processor for generating the audio output signal by generating, depending
on the indicated comfort noise generation mode, comfort noise,

wherein a first one of the two or more comfort noise generation modes is a
frequency-domain comfort noise generation mode, and

wherein the signal processor is configured, if the indicated comfort noise
generation mode is the frequency-domain comfort noise generation mode, to
generate the comfort noise in a frequency domain and by conducting a frequency-
to-time conversion of the comfort noise being generated in the frequency domain.

An apparatus according to claim 10,

wherein a second one of the two or more comfort noise generation modes is a
linear-prediction-domain comfort noise generation mode, and

wherein the signal processor is configured, if the indicated comfort noise
generation mode is the linear-prediction-domain comfort noise generation mode, to
generate the comfort noise by employing a linear prediction filter.

A system comprising:

an apparatus according to one of claims 1 to 9 for encoding audio information, and

an apparatus according to claim 10 or 11 for generating an audio output signal
based on received encoded audio information,

wherein the selector of the apparatus according to one of claims 1 to 9 is
configured to select a comfort noise generation mode from two or more comfort
noise generation modes depending on a background noise characteristic of an
audio input signal,
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wherein the encoding unit of the apparatus according to one of claims 1 to 9 is
configured to encode the audio information, comprising mode information
indicating the selected comfort noise generation mode as an indicated comfort
noise generation mode, to obtain encoded audio information,

wherein the decoding unit of the apparatus according to claim 10 or 11 is
configured to receive the encoded audio information, and is furthermore configured
to decode the encoded audio information to obtain the mode information being
encoded within the encoded audio information, and

wherein the signal processor of the apparatus according to claim 10 or 11 is
configured to generate the audio output signal by generating, depending on the
indicated comfort noise generation mode, comfort noise.

A method for encoding audio information, comprising:

selecting a comfort noise generation mode from two or more comfort noise
generation modes depending on a background noise characteristic of an audio
input signal, and

encoding the audio information, wherein the audio information comprises mode
information indicating the selected comfort noise generation mode,

wherein a first one of the two or more comfort noise generation modes is a
frequency-domain comfort noise generation mode, and wherein the frequency-
domain comfort noise generation mode indicates that the comfort noise shall be
generated in a frequency domain and that the comfort noise being generated in the
frequency domain shall be frequency-to-time converted.

A method for generating an audio output signal based on received encoded audio
information, comprising:

decoding encoded audio information to obtain mode information being encoded
within the encoded audio information, wherein the mode information indicates an
indicated comfort noise generation mode of two or more comfort noise generation
modes, and
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generating the audio output signal by generating, depending on the indicated
comfort noise generation mode, comfort noise,

wherein a first one of the two or more comfort noise generation modes is a
frequency-domain comfort noise generation mode, and

wherein, if the indicated comfort noise generation mode is the frequency-domain
comfort noise generation mode, the comfort noise is generated in a frequency
domain and a frequency-to-time conversion of the comfort noise being generated
in the frequency domain is conducted.

A computer program for implementing the method of claim 13 or 14 when being
executed on a computer or signal processor.



