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(57) Abstract: the invention provides an audio decoder being configured for
decoding a bit- stream so as to produce therefrom an audio output signal, the
bitstream comprising at least an active phase followed by at least an inactive
phase, wherein the bitstream has encoded therein at least a silence insertion
descriptor frame which describes a spectrum of a background noise, the audio
decoder comprising: a silence insertion descriptor decoder configured to de-
code the silence insertion descriptor frame so as to reconstruct a spectrum of
the background noise; a decoding device configured to reconstruct the audio
output signal from the bitstream during the active phase; a spectral converter
configured to determine a spectrum of the audio output signal a noise estimat-
or device configured to determine a first spectrum of the noise of the audio
output signal based on the spectrum of the audio output signal provided by
the spectral converter, wherein the first spectrum of the noise of the audio
output signal has a higher spectral resolution than the spectrum of the back-
ground noise; a resolution converter configured to establish a second spec-
trum of the noise of the audio output signal based on the first spectrum of the
noise of the au- dio output signal, wherein the second spectrum of the noise
of the audio output signal has a same spectral resolution as the spectrum of
the background noise; a comfort noise spectrum estimation device having a
scaling factor computing device configured to compute scaling factors for a
spectrum for a comfort noise based on the spectrum of the background noise
as provided by the silence insertion descriptor decoder and based on the
second spectrum of the noise of the audio output signal as provided by the
resolution converter and having a comfort noise spectrum generator con-
figured to compute the spectrum for a comfort noise based on the scaling

factors; and a comfort noise generator configured to produce the comfort noise during the inactive phase based on the spectrum for

the comfort noise.
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Generation of a comfort noise with high spectro-temporal resolution in

discontinuous transmission of audio signals

Description

The present invention relates to audio signal processing, and, in particular, to

comfort noise addition to audio signals.

Comfort noise generators are usually used in discontinuous transmission
(DTX) of audio signals, in particular of audio signals containing speech. In
such a mode the audio signal is first classified in active and inactive frames
by a voice activity detector (VAD). Based on the VAD result, only the active
speech frames are coded and transmitted at the nominal bit-rate. During long
pauses, where only the background noise is present, the bit-rate is lowered
or zeroed and the background noise is coded episodically and parametrically
using silence insertion descriptor frames (SID frames). The average bit-rate

is then significantly reduced.

The noise is generated during the inactive frames at the decoder side by a
comfort noise generator (CNG). The size of an SID frame is very limited in
practice. Therefore, the number of parameters describing the background
noise has to be kept as small as possible. To this aim, the noise estimation is
not applied directly in the output of the spectral transforms. Instead, it is ap-
plied at a lower spectral resolution by averaging the input power spectrum
among groups of bands, e.g., following the Bark scale. The averaging can be
achieved either by arithmetic or geometric means. Unfortunately, the limited
number of parameters transmitted in the SID frames does not allow to cap-
ture the fine spectral structure of the background noise. Hence only the
smooth spectral envelope of the noise can be reproduced by the CNG. When
the VAD triggers a CNG frame, the discrepancy between the smooth spec-
trum of the reconstructed comfort noise and the spectrum of the actual back-

ground noise can become very audible at the transitions between active
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frames (involving regular coding and decoding of a noisy speech portion of

the signal) and CNG frames.

An object of the present invention is to provide improved concepts for audio
signal processing. More particular, an object of the present invention is to
provide improved concepts for comfort noise addition to audio signals. The
object of the present invention is achieved by an audio decoder according to
claim 1, by a system according to claim 17, by a method according to claim

18 and by a computer program according to claim 19.

In one aspect the invention provides an audio decoder being configured for
decoding a bitstream so as to produce therefrom an audio output signal, the
bitstream comprising at least an active phase followed by at least an inactive
phase, wherein the bitstream has encoded therein at least a silence insertion
descriptor frame which describes a spectrum of a background noise, the au-

dio decoder comprising:

a silence insertion descriptor decoder configured to decode the silence inser-
tion descriptor frame so as to reconstruct a spectrum of the background

noise;

a decoding device configured to reconstruct the audio output signal from the

bitstream during the active phase;

a spectral converter configured to determine a spectrum of the audio output -

signal;

a noise estimator device configured to determine a first spectrum of the noise
of the audio output signal based on the spectrum of the audio output signal
provided by the spectral converter, wherein the first spectrum of the noise of
the audio output signal has a higher spectral resolution than the spectrum of

the background noise as provided by the silence insertion descriptor decod-
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er,

a resolution converter configured to establish a second spectrum of the noise
of the audio output signal based on the first spectrum of the noise of the au-

dio output signal, wherein the second spectrum of the noise of the audio out-
put signal has a same spectral resolution as the spectrum of the background

noise as provided by the silence insertion descriptor decoder;

a comfort noise spectrum estimation device having a scaling factor compu-
ting device configured to compute scaling factors for a spectrum for a comfort
noise based on the spectrum of the background noise as provided by the
silence insertion descriptor decoder and based on the second spectrum of
the noise of the audio output signal as provided by the resolution converter
and having a comfort noise spectrum generator configured to compute the

spectrum for a comfort noise based on the scaling factors; and

a comfort noise generator configured to produce the comfort noise during the

inactive phase based on the spectrum for the comfort noise.

The bitstream contains active phases and inactive phases, wherein an active
phase is a phase, which contains wanted components of the audio infor-
mation, such as speech or music, whereas an inactive phase is a phase,
which does not contain any wanted components of the audio information.
Inactive phases usually occur during pauses, where no wanted components,
such as music or speech, are present. Therefore, inactive phases usually
contain solely background noise. The information in the bitstream containing
an encoded audio signal is embedded in so called frames, wherein each of
these frames contain audio information referring to a certain time. During ac-
tive phases active frames comprising audio information including audio in-
formation regarding the wanted signal may be transmitted within the bit-
stream. In contrast of that, during inactive phases silence insertion descriptor

frames comprising noise information may be transmitted within the bitstream
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at a lower average bit-rate compared to the average bit-rate of the active

phases.

The silence insertion descriptor decoder is configured to decode the silence
insertion descriptor frames so as to reconstruct a spectrum of the back-
ground noise. However, this spectrum of the background noise does not al-
low to capture the fine spectral structure of the background noise due to a
limited number of parameters transmitted in the silence insertion descriptor

frames.

The decoding device may be a device or a computer program capable of de-
coding the audio bitstream, which is a digital data stream containing audio
information, during active phases. The decoding process may result in a digi-
tal decoded audio output signal, which may be fed to a D/A converter to pro-
duce an analogous audio signal, which then may be fed to a loudspeaker, in

order to produce an audible signal.

The spectral converter may obtain a spectrum of the audio output signal
which has a significantly higher spectral resolution than the spectrum of the

background noise as provided by the silence insertion descriptor decoder.

Therefore, the noise estimator may determine a first spectrum of the noise of
the audio output signal based on the spectrum of the audio output signal pro-
vided by the spectral converter, wherein the first spectrum of the noise of the
audio output signal has a higher spectral resolution than the spectrum of the

background noise as provided by the silence insertion descriptor decoder.

Further, the resolution converter may establish a second spectrum of the
noise of the audio output signal based on the first spectrum of the noise of
the audio output signal, wherein the second spectrum of the noise of the au-
dio output signal has a same spectral resolution as the spectrum of the back-

ground noise as provided by the silence insertion descriptor decoder.
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The scaling factor computing device may easily compute scaling factors for a
spectrum for a comfort noise based on the spectrum of the background noise
as provided by the silence insertion descriptor decoder and based on the
second spectrum of the noise of the audio output signal as provided by the
resolution converter as the spectrum of the background noise as provided by
the silence insertion descriptor decoder and the second spectrum of the

noise of the audio output signal have the same spectral resolution.

The comfort noise spectrum generator may establish the spectrum for the
comfort noise based on the scaling factors and based on the first spectrum of
the noise of the audio output signal as provided by the noise estimation de-

vice.

Furthermore, the comfort noise generator may produce the comfort noise

during the inactive phase based on the spectrum for the comfort noise.

The noise estimates obtained at the decoder contain information about the
spectral structure of the background noise, which is more accurate than the
information about the smooth spectral envelope of the background noise con-
tained in the SID frames. However, these estimates cannot be updated dur-
ing inactive phases since the noise estimation is carried out on the decoded
audio output signal during active phases. In contrast, the SID frames deliver
new information about the spectral envelope during inactive phases. The de-
coder according to the invention combines these two sources of information.
The scaling factors may be updated during active phases depending on the
noise estimates at the decoder side and during inactive phases depending on
the noise estimates contained in the SID frames. The continuous update of
the scaling factors ensures that there are no sudden changes of the charac-

teristics of the produced comfort noise.
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As the spectrum of the background noise as contained in the SID frames and
the second spectrum of the noise of the audio output signal have the same
spectral resolution the update of the scaling factors and, hence, of the com-
fort noise can be done in an easy way, as for each frequency band group of
the spectrum of the background noise as contained in the SID frames exactly
one frequency band group exists in the second spectrum of the noise of the
audio output signal. It has to be noted that in a preferred embodiment the
frequency band groups of the spectrum of the background noise as con-
tained in the SID frames and the frequency band groups of the second spec-

trum of the noise of the audio output signal correspond to each other.

Further, as the spectrum of the background noise as contained in the SID
frames and the second spectrum of the noise of the audio output signal have
the same spectral resolution the update of the scaling factors produces no or

only barely audible artifacts.

According to a preferred embodiment of the invention the spectral analyzer
comprises a fast Fourier tfransformation device. A fast Fourier transform
(FFT) is an algorithm to compute a discrete Fourier transform (DFT) and it's
inverse, which requires only low computational effort. Therefore, the fast Fou-
rier transformation device may calculate the spectrum of the audio output

signal in an easy way.

According to a preferred embodiment of the invention the noise estimator
device at the decoder comprises a converter device configured to convert the
spectrum of the audio output signal into a converted spectrum of the audio
output signal which has in general a much lower spectral resolution.. By
providing the converted spectrum of the audio output signal the complexity of

subsequent computational steps may be reduced.

According to a preferred embodiment of the invention the noise estimator

device comprises a noise estimator configured to determine the first spec-
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trum of the noise of the audio output signal based on the converted spectrum
of the audio output signal provided by the converter device. When the con-
verted spectrum of the audio output signal is used as a basis for the noise
estimation at the decoder computational efforts may be reduced without low-

ering the quality of the noise estimation.

According to a preferred embodiment of the invention the scaling factor com-
puting device is configured to compute the scaling factors according to the
formula

N&H O

IVLR (L')’

dec

SLR(}) = wherein SFR (i) denotes a scaling factor for a frequency band

group i of the comfort noise, wherein N&R (i) denotes a level of a frequency
band group i of the spectrum of the background noise as contained in the
SID frames, wherein N3 (i) denotes a level of a frequency band group i of
the second spectrum of the noise of the audio output signal, wherein | =

0, ..., L*® — 1, wherein LR is the number of frequency band groups of the
spectrum of the background noise as contained in the SID frames and of the
second spectrum of the noise of the audio output signal. By these features

the scaling factors may be computed in an easy manner.

According to a preferred embodiment of the invention the comfort noise spec-
trum generator is configured to compute the spectrum of the comfort noise
based on the scaling factors and based on the first spectrum of the noise of
the audio output signal as provided by the noise estimation device. By these
features the comfort noise spectrum may be computed in such way that it
has the spectral resolution of the first spectrum of the noise of the audio out-
put signal, which is in general much higher than the spectral resolution ob-

tained from SID frames.

According to a preferred embodiment of the invention the comfort noise spec-
trum generator is configured to compute the spectrum of the comfort noise

according to the formula NFR(k) = S*R(i) . NER(k), wherein N7R (k) denotes
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a level of a frequency band k of the spectrum of the comfort noise, wherein
SR (i) denotes a scaling factor of a frequency band group i of the spectrum
of the background noise as contained in the SID frames and of the second
spectrum of the noise of the audio output signal, wherein NYR (k) denotes a
level of a frequency band k of the first spectrum of the noise of the audio
output signal, wherein k = b'R(Q), ..., b*R(i + 1) — 1, wherein bR (i) is a first
frequency band of one of the frequency band groups, wherein i = 0, ..., LR —
1, wherein LI is the number of frequency band groups of the spectrum of the
background noise as contained in the SID frames and of the second spec-
trum of the noise of the audio output signal. By these features the spectrum

of the comfort noise may be computed at the high-resolution in an easy way.

According to a preferred embodiment of the invention the resolution convert-
er comprises a first converter stage configured to establish a third spectrum
of the noise of the audio output signal based on the first spectrum of the
noise of the audio output signal, wherein the spectral resolution of the third
spectrum of the noise of the audio output signal is higher or the same as the
spectral resolution of the first spectrum of the noise of the audio output sig-
nal, and wherein the resolution converter comprises a second converter
stage configured to establish the second spectrum of the noise of the audio

output signal.

According to a preferred embodiment of the invention the comfort noise spec-
trum generator is configured to compute the spectrum of the comfort noise
based on the scaling factors and based on the third spectrum of the noise of
the audio output signal as provided by the first converter stage of the resolu-
tion converter. By these features a comfort noise spectrum may be obtained
during inactive phases which has a higher specitral resolution than spectral
resolution of the first spectrum of the noise of the audio output signal during

active phases.
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According to a preferred embodiment of the invention the comfort noise spec-
trum generator is configured to compute the spectrum of the comfort noise
according to the formula NFR(k) = SLR(i) . NER (k), wherein NFR (k) denotes
a level of a frequency band k of the spectrum of the comfort noise, wherein
SIR(i) denotes a scaling factor of a frequency band group i of the spectrum
of the background noise as contained in the SID frames and of the second
spectrum of the noise of the audio output signal, wherein NiR.(k) denotes a
level of a frequency band k of the third spectrum of the noise of the audio
output signal, wherein k = bR (i), ... , b R(i + 1) — 1, wherein bR (i) is a first
frequency band of a frequency band group, wherein [ = 0, ..., LR — 1, where-
in LIR is the number of frequency band groups of the spectrum of the back-
ground noise as contained in the SID frames and of the second spectrum of
the noise of the audio output signal. By these features the spectrum of the

comfort noise may be computed at the high-resolution in an easy way.

According to a preferred embodiment of the invention the comfort noise gen-

erator comprises a first fast Fourier converter configured to adjust levels of

~ frequency bands of the comfort noise in a fast Fourier transformation domain

and a second fast Fourier converter to produce at least a part of the comfort
noise based on an output of the first fast Fourier converter. By these features

the background noise can be produced in an easy way.

According to a preferred embodiment of the invention the decoding device

comprises a core decoder configured to produce the audio output signal dur-
ing the active phase. By these features a simple structure of the decoder may
be achieved which is suitable for narrowband (NB) and wideband (WB) appli-

cations.

According to a preferred embodiment of the invention the decoding device
comprises a core decoder configured to produce an audio signal and a

bandwidth extension module configured to produce the audio output signal
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based on the audio signal as provided by the core decoder. By these fea-
tures a simple structure of the decoder may be achieved which is suitable for

super wideband (SWB) applications.

According to a preferred embodiment of the invention the bandwidth exten-
sion module comprises a spectral band replication decoder, a quadrature

mirror filter analyzer, and/or a quadrature mirror filter synthesizer.

According to a preferred embodiment of the invention the comfort noise as
provided by the fast Fourier converter is fed to the bandwidth extension mod-
ule. By this feature the comfort noise as provided by the fast Fourier convert-

er may be transformed into a comfort noise with a higher bandwidth.

According to a preferred embodiment of the invention the comfort noise gen-
erator comprises a quadrature mirror filter adjuster device configured to ad-
just levels of frequency bands of the comfort noise in a quadrature mirror fil-
ter domain, wherein an output of the quadrature mirror filter synthesizer is fed
to the bandwidth extension module. By these features noise information
transmitted by the silence insertion descriptor frames related to noise fre-
quencies above the bandwidth of the core decoder may be used to further

improve the comfort noise.

In a further aspect the invention relates to a system comprising a decoder

and an encoder, wherein the decoder is designed according to the invention.

In another aspect the invention relates to a method of decoding an audio bit-
stream so as to produce therefrom an audio output signal, the bitstream
comprising at least an active phase followed by at least an inactive phase,
wherein the bitstream has encoded therein at least a silence insertion de-
scriptor frame which describes a spectrum of a background noise, the meth-

od comprising the steps:
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decoding the silence insertion descriptor frame so as to reconstruct a spec-

trum of the background noise;

reconstructing the audio output signal from the bitstream during the active

phase;

determining a spectrum of the audio output signal;

determining a first spectrum of the noise of the audio output signal based on
the spectrum of the audio output signal, wherein the first spectrum of the
noise of the audio output signal has a higher spectral resolution than the
spectrum of the background noise as provided by the silence insertion de-

scriptor decoder;

establishing a second spectrum of the noise of the audio output signal based
on the first spectrum of the noise of the audio output signal, wherein the sec-
ond spectrum of the noise of the audio output signal has the same spectral
resolution as the spectrum of the background noise as provided by the si-

lence insertion descriptor decoder;

computing scaling factors for a spectrum for a comfort noise based on the
spectrum of the background noise as provided by the silence insertion de-
scriptor decoder and based on the second spectrum of the noise of the audio

output signal; and

producing the comfort noise during the inactive phase based on the spectrum

for the comfort noise.

in a further aspect the invention relates to a computer program for perform-

ing, when running on a computer or a processor, the inventive method.
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Preferred embodiments of the invention are subsequently discussed with re-

spect to the accompanying drawings, in which:

Fig. 1 illustrates a first embodiment of a decoder according to the in-
vention;

Fig. 2 illustrates a second embodiment of a decoder according to the
invention;

Fig. 3 illustrates a third embodiment of a decoder according to the in-
vention;

Fig. 4 illustrates a first embodiment of an encoder suitable for an in-

ventive system; and

Fig. 5 illustrates a second embodiment of an encoder suitable for an

inventive system.

Fig. 1 illustrates a first embodiment of a decoder 1 according to the invention.
The audio decoder 1 depicted in Fig. 1 is configured for decoding a bitstream
BS so as to produce therefrom an audio output signal OS, the bitstream BS
comprising at least an active phase followed by at least an inactive phase,
wherein the bitstream BS has encoded therein at least a silence insertion
descriptor frame Sl which describes a spectrum SBN of a background noise,

the audio decoder 1 comprising:

a decoding device 2 configured to reconstruct the audio output signal OS

from the bitstream BS during the active phase;

a silence insertion descriptor decoder 3 configured to decode the silence in-
sertion descriptor frame S| so as to reconstruct the spectrum SBN of the

background noise;
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a spectral converter 4 configured to determine a spectrum SAS of the audio

output signal OS;

a noise estimator device 5 configured to determine a first spectrum SN1 of
the noise of the audio output signal OS based on the spectrum SAS of the
audio output signal AS provided by the spectral converter 4, wherein the first
spectrum SN1 of the noise of the audio output signal OS has a higher spec-

tral resolution than the spectrum SBN of the background noise;

a resolution converter 6 configured to establish a second spectrum SN2 of
the noise of the audio output signal OS based on the first spectrum SN1 of
the noise of the audio output signal OS, wherein the second spectrum SN2 of
the noise of the audio output signal OS has a same spectral resolution as the

spectrum SBN of the background noise;

a comfort noise spectrum estimation device 7 having a scaling factor compu-
ting device 7a configured to compute scaling factors SF for a spectrum SCN
for a comfort noise CN based on the spectrum SBN of the background noise
as provided by the silence insertion descriptor decoder 3 and based on the

second spectrum SN2 of the noise of the audio output signal OS as provided
by the resolution converter 6 and having a comfort noise spectrum generator
7b configured to compute the spectrum SCN for a comfort noise CN based

on the scaling factors SF ; and

a comfort noise generator 8 configured to produce the comfort noise CN dur-

ing the inactive phase based on the spectrum SCN for the comfort noise CN.

The bitstream BS contains active phases and inactive phases, wherein an
active phase is a phase, which contains wanted components of the audio
information, such as speech or music, whereas an inactive phase is a phase,

which does not contain any wanted components of the audio information.
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Inactive phases usually occur during pauses, where no wanted components,
such as music or speech, are present. Therefore, inactive phases usually
contain solely background noise. The information in the bitstream BS con-
taining an encoded audio signal is embedded in so called frames, wherein
each of these frames contain audio information referring to a certain time.
During active phases active frames comprising audio information including
audio information regarding the wanted signal may be transmitted within the
bitstream BS. In contrast of that, during inactive phases silence insertion de-
scriptor frames Sl comprising noise information may be transmitted within the
bitstream at a lower average bit-rate compared to the average bit-rate of the

active phases.

The decoding device 2 may be a device or a computer program capable of
decoding the audio bitstream BS, which is a digital data stream containing
audio information, during active phases. The decoding process may result in
a digital decoded audio output signal OS, which may be fed to a D/A con-
verter to produce an analogous audio signal, which then may be fed to a

loudspeaker, in order to produce an audible signal.

The silence insertion descriptor decoder 3 is configured to decode the silence
insertion descriptor frames Sl so as to reconstruct a spectrum SBN of the
background noise. However, this spectrum SBN of the background noise
does not allow to capture the fine spectral structure of the background noise
due to a limited number of parameters transmitted in the silence insertion

descriptor frames Sl.

The spectral converter 4 may obtain a spectrum SAS of the audio output sig-
nal OS which has a significantly higher spectral resolution than the spectrum
SBN of the background noise as provided by the silence insertion descriptor

decoder 3.
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Therefore, the noise estimator 10 may determine a first spectrum SN1 of the
noise of the audio output signal OS based on the spectrum SAS of the audio
output signal OS provided by the spectral converter 4, wherein the first spec-
trum SN1 of the noise of the audio output signal OS has a higher spectral

resolution than the spectrum of the background noise SBN.

Further, the resolution converter 6 may establish a second spectrum SN2 of
the noise of the audio output signal OS based on the first spectrum SN1 of
the noise of the audio output signal OS, wherein the second spectrum SN2 of
the noise of the audio output signal OS has a same spectral resolution as the

spectrum of the background noise SBN.

The scaling factor computing device 7a may easily compute scaling factors
SF for a spectrum SCN for a comfort noise CN based on the spectrum SBN
of the background noise as provided by the silence insertion descriptor de-
coder 3 and based on the second spectrum SN2 of the noise of the audio

output signal OS as provided by the resolution converter 6 as the spectrum
SBN of the background noise and the second spectrum SN2 of the noise of

the audio output signal OS have the same specitral resolution.

The comfort noise spectrum generator 7b may establish the spectrum SCN

for the comfort noise CN based on the scaling factors SF.

Furthermore, the comfort noise generator 8 may produce the comfort noise
CN during the inactive phase based on the spectrum SCN for the comfort

noise.

The noise estimates obtained at the decoder 1 contain information about the
spectral structure of the background noise, which is more accurate than the

information about the spectral structure of the background noise contained in
the SID frames Sl. However, these estimates cannot be adapted during inac-

tive phases since the noise estimation is carried out on the decoded audio
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output signal OS. In contrast, the SID frames deliver new information about
the spectral envelope at regular intervals during inactive phases. The decod-
er 1 according to the invention combines these two sources of information.
The scaling factors SF may be updated during active phases depending on
the noise estimates at the decoder side and during inactive phases depend-
ing on the noise estimates contained in the SID frames Sl. The continuous
update of the scaling factors SF ensures that there are no sudden changes of

the characteristics of the produced comfort noise CN.

As the spectrum SBN of the background noise as contained in the SID
frames Sl and the second spectrum SN2 of the noise of the audio output sig-
nal OS have the same spectral resolution the update of the scaling factors
SF and, hence, of the comfort noise CN can be done in an easy way, as for
each frequency band group of the spectrum SBN of the background noise as
contained in the SID frames S| exactly one frequency band group exists in
the second spectrum SN2 of the noise of the audio output signal OS. It has to
be noted that in a preferred embodiment the frequency band groups of the
spectrum of the background noise as contained in the SID frames Sl and the
frequency band groups of the second spectrum SN2 of the noise of the audio

output signal OS correspond to each other.

Further, as the spectrum SBN of the background noise as contained in the
SID frames Sl and the second spectrum SN2 of the noise of the audio output
signal OS have the same spectral resolution the update of the scaling factors

SF produces no or only barely audible artifacts.

According to a preferred embodiment of the invention the spectral analyzer 4
comprises a fast Fourier transformation device. A fast Fourier transform
(FFT) is an algorithm to compute a discrete Fourier transform (DFT) and it's
inverse, which requires only low computational effort. Therefore, the fast Fou-
rier transformation device may calculate the spectrum SAS of the audio out-

put signal OS in an easy way.
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According to a preferred embodiment of the invention the noise estimator
device 5 comprises a converter device 9 configured to convert the spectrum
SAS of the audio output signal OS into a converted spectrum CSA of the au-
dio output signal OS which has the same spectral resolution as the core de-
coder 17. In general the spectral resolution of the spectrum SAS of the audio
output signal OS obtained by a spectral converter 4 is much higher than the
spectral resolution of the core decoder 17. By providing the converted spec-
trum CSA of the audio output signal OS the complexity of subsequent com-

putational steps may be reduced.

According to a preferred embodiment of the invention the noise estimator
device 5 comprises a noise estimator 10 configured to determine the first
spectrum SN1 of the noise of the audio output signal OS based on the con-
verted spectrum CAS of the audio output signal OS provided by the converter
device 9. When the converted spectrum CSA of the audio output signal OS is
used as a basis for the noise estimation at the decoder computational efforts

may be reduced without lowering the quality of the noise estimation.

According to a preferred embodiment of the invention the scaling factor com-
puting device 7a is configured to compute the scaling factors SF according to
the formula

Nsib ()

SER() = R " wherein SFR(i) denotes a scaling factor SF for a frequency

band group i of the comfort noise CN, wherein N5§ (i) denotes a level of a
frequency band group i of the spectrum SBN of the background noise,

wherein N:R (i) denotes a level of a frequency band group i of the second

spectrum SN2 of the noise of the audio output signal, wherein i = 0, ..., LL%

1, wherein L*® is the number of frequency band groups of the spectrum SBN
of the background noise and of the second spectrum SN2 of the noise of the
audio output signal OS. By these features the scaling factors SF may be

computed in an easy manner.
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According to a preferred embodiment of the invention the comfort noise spec-
trum generator 7b is configured to compute the spectrum SCN of the comfort
noise CN based on the scaling factors SF and based on the first spectrum
SN1 of the noise of the audio output signal OS as provided by the noise es-
timation device 5. By these features the comfort noise spectrum SCN may be
computed in such way that it has the spectral resolution of the first spectrum

SN1of the noise of the audio output signal OS.

According to a preferred embodiment of the invention the comfort noise spec-
trum generator 7b is configured to compute the spectrum SCN of the comfort
noise CN according to the formula NFR (k) = SIR(i) . NiR(k), wherein NFR (k)
denotes a level of a frequency band k of the spectrum SCN of the comfort
noise CN, wherein S$'R(i) denotes a scaling factor SF of a frequency band
group i of the spectrum SBN of the background noise and of the second
spectrum SN2 of the noise of the audio output signal OS, wherein [Vé*e%(k)
denotes a level of a frequency band k of the first spectrum SN1 of the noise
of the audio output signal OS, wherein k = b*R(i), ... ,b*R(i + 1) — 1, wherein
b R (i) is a first frequency band of one of the frequency band groups,

in i =0,.., kX% — 1, wherein L'R is the number of frequency band groups of
the spectrum SBN of the background noise and of the second spectrum SN2
of the noise of the audio output signal. By these features the spectrum SCN
of the comfort noise CN may be computed at a high-resolution in an easy

way.

According to a preferred embodiment of the invention the resolution convert-
er 6 comprises a first converter stage 11 configured to establish a third spec-
trum SN3 of the noise of the audio output signal OS based on the first spec-
trum SN1 of the noise of the audio output signal OS, wherein the spectral
resolution of the third spectrum SN3 of the noise of the audio output signal

OS is same or higher as the spectral resolution of the first spectrum SN1 of
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the noise of the audio output signal OS, and wherein the resolution converter
6 comprises a second converter stage 12 configured to establish the second

spectrum SN2 of the noise of the audio output signal OS.

According to a preferred embodiment of the invention the comfort noise spec-
trum generator 7b is configured to compute the spectrum SCN of the comfort
noise CN based on the scaling factors SF and based on the third spectrum
SN3 of the noise of the audio output signal OS as provided by the first con-
verter stage 11 of the resolution converter 6. By these features a comfort
noise spectrum SCN may be obtained which has a higher spectral resolution
then the background noise spectrum SBN provided by the silence insertion

descriptor decoder 3.

According to a preferred embodiment of the invention the comfort noise spec-
trum generator 7b is configured to compute the spectrum SCN of the comfort
noise according to the formula NFR (k) = SR (i) . NER (k), wherein NFR (k)
denotes a level of a frequency band k of the spectrum SCN of the comfort
noise CN, wherein SR (i) denotes a scaling factor SF of a frequency band
group i of the spectrum SCN of the background noise and of the second
spectrum SN2 of the noise of the audio output signal OS, wherein NiX (k)
denotes a level of a frequency band k of the third spectrum SN3 of the noise
of the audio output signal OS, wherein k = b*R(i), ... ,b*R(i + 1) — 1, wherein
bR (1) is a first frequency band of a frequency band group, wherein i =

0, ..., L'R — 1, wherein L R is the number of frequency band groups of the
spectrum SBN of the background noise and of the second spectrum SN2 of
the noise of the audio output signal OS. By these features the spectrum SCN
is of the comfort noise may be computed at the high-resolution in an easy

way.

According to a preferred embodiment of the invention the comfort noise gen-

erator 8 comprises a first fast Fourier converter 15 configured to adjust levels
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of frequency bands of the comfort noise CN in a fast Fourier transformation
domain and a second fast Fourier converter 16 to produce at least a part of
the comfort noise CN based on an output of the first fast Fourier converter

15. By these features the comfort noise can be produced in an easy way.

According to a preferred embodiment of the invention the decoding device 2
comprises a core decoder 17 configured to produce the audio output signal
OS during the active phase. By these features a simple structure of the de-
coder may be achieved which is suitable for narrowband (NB) and wideband

(WB) applications.

According to the preferred embodiment of the invention the audio decoder 1
comprises a header reading device 18, which is configured to discriminate
between active phases and inactive phase. The header reading device 18 is
further configured to switch a switch device 19 in such way that the bitstream
BS during active phases is fed to the core decoder 17 and that the silence
insertion descriptor frames during the inactive phases are fed to the silence
insertion descriptor decoder 3. Additionally, an inactive phase flag is transmit-
ted to the background noise generator 8 so that the generation of the comfort

noise CN may be triggered.

Fig. 2 illustrates a second embodiment of an audio decoder 1 according to
the invention. The decoder 1 depicted in Fig. 2 is based on the decoder 1 of
Fig. 1. In the following only the differences will be explained. The audio de-
coder 1 of a second embodiment of the invention comprises a bandwidth ex-
tension module 20 to which the output signal of the core decoder 17 is fed.
The bandwidth extension module 20 is configured to produce a bandwidth
extended output signal EOS based on the audio output sighal OS. By these
features a simple structure of the decoder 1 may be achieved which is suita-

ble for super wideband (SWB) applications.
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According to a preferred embodiment of the invention the comfort noise CN
as provided by the fast Fourier converter 16 is fed to the bandwidth extension
module 20. By this feature the comfort noise CN as provided by the fast Fou-
rier converter 16 may be transformed into a comfort noise CN with a higher

bandwidth.

According to a preferred embodiment of the invention the comfort noise gen-
erator 8 comprises a quadrature mirror filter adjuster device 24 configured to
adjust levels of frequency bands of the comfort noise CN in a quadrature mir-
ror filter domain, wherein an output of the quadrature mirror filter synthesizer
24 is fed to the bandwidth extension module 20 as an additional comfort
noise CN’. QMF levels contained in the silence insertion descriptor frames Sl
may be fed to the quadrature mirror filter synthesizer device 24. By these
features noise information transmitted by the silence insertion descriptor
frames Sl related to noise frequencies above the bandwidth of the core de-

coder 17 may be used to further improve the comfort noise CN.

According to a preferred embodiment of the invention the bandwidth exten-
sion module 20 comprises a spectral band replication decoder 21, a quadra-

ture mirror filter analyzer 22, and/or a quadrature mirror filter synthesizer 23.

Fig. 3 illustrates a third embodiment of a decoder 1 according to the inven-
tion. The decoder 1 of Fig. 3 is based on the decoder 1 of Fig. 2. The follow-

ing only the differences to be discussed.

According to a preferred embodiment of the invention the decoding device 2
comprises a core decoder 17 configured to produce an audio signal AS and a
bandwidth extension module 20 configured to produce the audio output sig-
nal OS based on the audio signal AS as provided by the core decoder 17. By
these features a simple structure of the decoder may be achieved which is

suitable for super wideband (SWB) applications.
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In principle the bandwidth extension module 20 of Fig. 3 is the same as the
bandwidth extension module 20 of Fig. 2. However, in the third embodiment
of the audio decoder 1 according to the invention the bandwidth extension
module 20 is used to produce the audio output signal OS, which is fed to the
spectral converter 4. By these features the entire bandwidth can be used for

producing comfort noise.

Regarding the three embodiments of the audio decoder according to the in-
vention it may be added: At the decoder side, a random generator 8 may be
applied to excite each individual spectral band in the FFT domain, as well as
in the QMF domain for SWB modes. The amplitude of the random sequences
should be individually computed in each band such that the spectrum of the
generated comfort noise CN resembles the spectrum of the actual back-

ground noise present in the bitstream.

The high-resolution noise estimates obtained at the decoder 1 capture infor-
mation about the fine spectral structure of the background noise. However,
these estimates cannot be adapted during inactive phases since the noise
estimation is carried out on the decoded signal OS. In contrast, the SID
frames Sl deliver new information about the spectral envelope at regular in-
tervals during inactive phases. The present decoder 1 combines these two
sources of information in an effort to reproduce the fine spectral structure
captured from the background noise present during active phases, while up-
dating only the spectral envelope of the comfort noise CN during inactive

parts with the help of the SID information.

To achieve this goal, an additional noise estimator 5 is used in the decoder 1,
as shown in Figs. 1 to 3. Hence, noise estimation is carried out at both sides
of the transmission system, but applying a higher spectral resolution at the
decoder 1 than at the encoder 100. One way to obtain a high spectral resolu-
tion at the decoder 1 is to simply consider each spectral band individually (full

resolution) instead of grouping them via averaging like in the encoder 100.
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Alternatively, a trade-off between spectral resolution and computational com-
plexity can be obtained by carrying out the spectral grouping also in the de-
coder 1 but using an increased number of spectral groups compared to the
encoder 100, yielding thereby a finer quantization of the frequency axis in the

decoder.

Note that the decoder-side noise estimation operates on the decoded signal
OS. In a DTX-based system, it should be therefore capable of operating dur-
ing active phases only, i.e., necessarily on clean speech or noisy speech

contents (in contrast to noise only).

The high-resolution (HR) noise power spectrum NR computed at the decod-
er may be first interpolated (e.g., using linear interpolation) to provide a full-
resolution (FR) power spectrum NEX . It may then be converted to a low-
resolution (LR) power spectrum NiX by spectral grouping (i.e., averaging)
just as done in the encoder. The power spectrum NR exhibits therefore the
same spectral resolution as the noise levels N&Y gained from the SID frames
SI. Comparing the low-resolution noise spectra N} and N&R, the full-
resolution noise spectrum NiX can be finally scaled to yield a full-resolution

power spectrum as follows:

NFR(k) = S“’E i NER (k) k =bMR(@), .., b*R(i + 1) — 1,
dec

i=0,.. LR ~-1,
where L*F is the number of spectral groups used by the low-resolution noise
estimation in the encoder, and bR (i) denotes the first spectral band of the ith
spectral group, i=0,..,L""-1. The full-resolution noise power spectrum
NFR(k) can finally be used to accurately adjust the level of comfort noise

generated in each individual FFT or QMF band (the latter for SWB modes
only).
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In Figs. 1 and 2, the above mechanism is applied to the FFT coefficients on-
ly. Hence, for SWB systems, it is not applied in the QMF bands capturing the
high-frequency content left over by the core. Since these frequencies are
perceptually less relevant, reproducing the smooth spectral envelope of the

noise for these frequencies is sufficient in general.

To adjust the level of comfort noise applied in the QMF domain for frequen-
cies which are above the core bandwidth in SWB modes, the system relies
solely on the information transmitted by the SID frames. The SBR module is
thus bypassed when the VAD triggers a CNG frame. In WB modes, the CNG
module does not take the QMF bands into account since blind bandwidth

extension is applied to recover the desired bandwidth.

Nevertheless, the scheme can be easily extended to cover the entire band-
width by applying the decoder-side noise estimator at the output of the
bandwidth extension module instead of applying it at the output of the core
decoder. This extension as shown in Fig. 3 causes an increase in computa-
tional complexity since the high frequencies captured by the QMF filterbank

have to be considered as well.

Fig. 4 illustrates a first embodiment of an encoder 100 suitable for an in-
ventive system. The input audio signal IS is fed to a first spectral converter
25 configured to transfer that time domain signal IS into a frequency domain.
The first spectral converter 25 may be a quadrature mirror filter analyzer. The
output of the first spectral converter 25 is fed to a second spectral converter
26 which is configured to transfer the output of the first spectral converter 25
to a domain. The second spectral converter 26 may be a quadrature mirror
filter synthesizer. The output of the second spectral converter 26 is fed to a
third spectral converter 27 which may be a fast Fourier transforming device.
The output of the third spectral converter 27 is fed to a noise estimator device

28 which consists of a convert device 29 and a noise estimator 30.
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Further, the encoder 100 comprises a signal activity detector 31 which is con-
figured to switch the switch device 32 in such way that during active phases

input signal is fed to a core encoder 33 and that in SID frames during inactive
phases a noise estimation created by the noise estimating device 28 is fed to
a silence insertion descriptor encoder 35. Further, in inactive phases an inac-

tivity flag is fed to a core updater 34.

The encoder 100 further comprises a bitstream producer 36 which receives
silence insertion descriptor frames Sl from the silence insertion descriptor
encoder 35 and an encoded input signal ISE from the core encoder 33 in or-

der to produce the bitstream BS therefrom.

Fig. 5 illustrates a second embodiment of an encoder 100 suitable for an in-
ventive system which is based on the encoder 100 of first embodiment. The
additional features of a second embodiment will briefly be explained in the
following. The output of the first converter 25 is also fed to the noise estima-
tor device 28. Further, during active phases, a spectral band replication en-
coder 37 produces an enhancement signal ES which contains information
about higher frequencies in the input audio signal IS. That enhancement sig-
nal 37 is also transferred to the bitstream producer 36 so as to embed that

enhancement signal ES into the bitstream BS.

Regarding the encoders shown in Figs. 4 and 5 following information may be
added: In case the VAD triggers a CNG phase, SID frames containing infor-
mation about the input background noise are transmitted. This should allow
the decoder to generate an artificial noise resembling the actual background
noise in terms of spectro-temporal characteristics. To this aim, a noise esti-
mator 28 is applied at the encoder side to track the spectral shape of the

background noise present in the input signal IS, as shown in Figs. 4 and 5

In principle, noise estimation can be applied with any spectro-temporal anal-

ysis tool decomposing a time-domain signal into multiple spectral bands, as
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long as it offers sufficient spectral resolution. In the present system, a QMF
filterbank is used as a resampling tool to downsample the input signal to the
core sampling rate. It exhibits a significantly lower spectral resolution than the

FFT which is applied to the downsampled core signal.

Since the core encoder 33 already covers the entire NB bandwidth and since
WB modes rely on blind bandwidth extension, the frequencies above the core
bandwidth are irrelevant and can be simply discarded for NB and WB sys-
tems. In SWB modes, in contrast, those frequencies are captured by the up-

per QMF bands and need to be taken into account explicitly.

The size of an SID frame Sl is very limited in practice. Therefore, the number
of parameters describing the background noise has to be kept as small as
possible. To this aim, the noise estimation is not applied directly in the output
of the spectral transforms. Instead, it is applied at a lower spectral resolution
by averaging the input power spectrum among groups of bands, e.g., follow-
ing the Bark scale. The averaging can be achieved either by arithmetic or
geometric means. In the SWB case, the spectral grouping is carried out for
the FFT and QMF domains separately, whereas the NB and WB modes rely

on the FFT domain only.

Note that reducing the spectral resolution is also advantageous in terms of
computational complexity since the noise estimation needs to be applied to
only a small number of spectral groups instead of considering each spectral

band individually.

The estimated noise levels (one for each spectral group) can be jointly en-
coded in SID frames using vector quantization techniques. In NB and WB
modes, only the FFT domain is exploited. In contrast, for SWB modes, the
encoding of SID frames can be performed for both FFT and QMF domains
jointly using vector quantization, i.e., resorting to a single codebook covering

both domains.
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Although some aspects have been described in the context of an apparatus,
it is clear that these aspects also represent a description of the correspond-
ing method, where a block or device corresponds to a method step or a fea-
ture 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. Some or all of the method steps may
be executed by (or using) a hardware apparatus, like for example, a micro-
processor, a programmable computer or an electronic circuit. In some em-
bodiments, some one or more of the most important method steps may be

executed by such an apparatus.

Depending on certain implementation requirements, embodiments of the in-
vention can be implemented in hardware or in software. The implementation
can be performed using a non-transitory storage medium such as a digital
storage medium, for example a floppy disc, a DVD, a Blu-Ray, a CD, a ROM,
a PROM, and EPROM, an EEPROM or a FLASH memory, having electroni-
cally readable control signals stored thereon, which cooperate (or are capa-
ble of cooperating) with a programmable computer system such that the re-
spective method is performed. Therefore, the digital storage medium may be

computer readable.

Some embodiments according to the invention comprise a data carrier hav-
ing electronically readable control signals, which are capable of cooperating
with a programmable computer system, such that one of the methods de-

scribed 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.
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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 com-
puter program having a program code for performing one of the methods de-

scribed herein, when the computer program runs on a computer.

A further embodiment of the inventive method is, therefore, a data carrier (or
a digital storage medium, or a computer-readable medium) comprising, rec-
orded thereon, the computer program for performing one of the methods de-
scribed herein. The data carrier, the digital storage medium or the recorded

medium are typically tangible and/or non-transitionary.

A further embodiment of the invention 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.

A further embodiment comprises a processing means, for example, a com-
puter 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.

A further embodiment according to the invention comprises an apparatus or a
system configured to transfer (for example, electronically or optically) a com-
puter program for performing one of the methods described herein to a re-

ceiver. The receiver may, for example, be a computer, a mobile device, a
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memory device or the like. The apparatus or system may, for example, com-

prise a file server for transferring the computer program to the receiver .

In some embodiments, a programmable logic device (for example, a field
programmable gate array) may be used to perform some or all of the func-
tionalities 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.

Reference signs:

audio decoder
decoding device

silence insertion descriptor decoder

1

2

3

4 spectral converter
5 noise estimator device

6 resolution converter

7 comfort noise spectrum estimation device
7a scaling factor computing device

7b  comfort noise spectrum generator

8 comfort noise generator

9 converter device

10 noise estimator

11 first converter stage
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12 second converter stage
15 first fast Fourier converter
16  second fast Fourier analyzer
17  core decoder
18 header reading device
19 switch device
20 bandwidth extension module
21 spectral band replication decoder
22 quadrature mirror filter analyzer
23 quadrature mirror filter synthesizer
24  quadrature mirror filter adjuster device
25 first spectral converter
26 second spectral converter
27 third spectral converter
28 noise estimator device
29 converter device
30 noise estimator
31 signal activity detector
32 switch device
33 core encoder
34 core updater
35 silence insertion descriptor encoder
36  bitstream producer
37 spectral band replication encoder
100 encoder
BS  bitstream
OS  audio output signal
S silence insertion descriptor frame
SBN spectrum of the background noise
SAS spectrum of the audio signal
SN1 first spectrum of the noise of the audio signal

PCT/EP2013/077525
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SN2 second spectrum of the noise of the audio signal
SF  scaling factors
SCN spectrum of the comfort noise
CN  comfort noise
AS  output signal
CSA converted spectrum of the audio signal
SN3 third spectrum of the noise of the audio signal
EOS bandwidth extended output signal
IS input audio signal
ISE  encoded input signal
ES enhancement signal

PCT/EP2013/077525
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Claims

Audio decoder for decoding a bitstream (BS) so as to produce there-
from an audio output signal (OS), the bitstream (BS) comprising at least
an active phase followed by at least an inactive phase, wherein the bit-
stream (BS) has encoded therein at least a silence insertion descriptor
frame (SI) which describes a spectrum of a background noise (SBN),

the audio decoder (1) comprising:

a silence insertion descriptor decoder (3) configured to decode the si-
lence insertion descriptor frame (Sl) so as to reconstruct the spectrum

(SBN) of the background noise;

a decoding device (2) configured to reconstruct the audio output signal

(OS) from the bitstream during the active phase;

a spectral converter (4) configured to determine a spectrum (SAS) of

the audio output signal (OS);

a noise estimator device (5) configured to determine a first spectrum
(SN1) of the noise of the audio output signal (OS) based on the spec-
trum (SAS) of the audio output signal (OS) provided by the spectral
converter (4), wherein the first spectrum (SN1) of the noise of the audio
output signal (OS) has a higher spectral resolution than the spectrum
(SBN) of the background noise;

a resolution converter (6) configured to establish a second spectrum
(SN2) of the noise of the audio output signal (OS) based on the first
spectrum (SN1) of the noise of the audio output signal (OS), wherein
the second spectrum (SN2) of the noise of the audio output signal (OS)
has a same spectral resolution as the spectrum (SBN) of the back-

ground noise;
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a comfort noise spectrum estimation device (7) having a scaling factor
computing device (7a) configured to compute scaling factors (SF) for a
spectrum (SCN) for a comfort noise (CN) based on the spectrum (SBN)
of the background noise as provided by the silence insertion descriptor
decoder (3) and based on the second spectrum (SN2) of the noise of
the audio output signal (OS) as provided by the resolution converter (6)
and having a comfort noise spectrum generator (7b) configured to com-
pute the spectrum (SCN) for a comfort noise (CN) based on the scaling
factors (SF); and

a comfort noise generator (8) configured o produce the comfort noise
(CN) during the inactive phase based on the spectrum (SCN) for the

comfort noise (CN).

Audio decoder according to the preceding claim, wherein the spectral

analyzer (4) comprises a fast Fourier transformation device (4).

Audio decoder according to one of the preceding claims, wherein the
noise estimator device (5) comprises a converter device (9) configured
to convert the spectrum (SAS) of the audio output signal (OS) into a
converted spectrum (CSA) of the audio output signal (OS) which has
same or lower spectral resolution than the spectrum (SAS) of the output
audio signal and a higher spectral resolution than the spectrum (SBN)

of the background noise.

Audio decoder according to the preceding claim, wherein the noise es-
timator device (5) comprises a noise estimator (10) configured to de-
termine the first spectrum (SN1) of the noise of the audio output signal
(OS) based on the converted spectrum (CSA) of the audio output signal
(OS) provided by the converter device (9).
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Audio decoder according to one of the preceding claims, wherein the
scaling factor computing device (7a) is configured to compute the scal-

ing factors (SF) according to the formula

SER(i) = %?;2——% wherein S¥R (i) denotes a scaling factor (SF) for a fre-
quency band group i of the comfort noise (CN), wherein N5¥ (i) denotes
a level of a frequency band group i of the spectrum (SBN) of the back-
ground noise, wherein Nt& (i) denotes a level of a frequency band
group i of the second spectrum (SN2) of the noise of the audio output
signal (OS), wherein i = 0, ..., L‘R — 1, wherein L*® is the number of fre-
quency band groups of the spectrum (SBN) of the background noise
and of the second spectrum (SN2) of the noise of the audio output sig-

nal (OS).

Audio decoder according to one of the preceding claims, wherein the
comfort noise spectrum generator (7b) is configured to compute the
spectrum of the comfort noise (SCN) based on the scaling factors (SF)
and based on the first spectrum (SN1) of the noise of the audio output

signal (OS) as provided by the noise estimation device (5).

Audio decoder according to one of the preceding claims, wherein the
comfort noise spectrum generator (7b) is configured to compute the
spectrum (SCN) of the comfort noise according to the formula NFR (k) =
SER(D) . NiR(k), wherein NFR (k) denotes a level of a frequency band k
of the spectrum of the comfort noise (SCN), wherein $27(i) denotes a
scaling factor (SF) of a frequency band group i of the spectrum (SBN)
of the background noise and of the second spectrum (SN2) of the noise
of the audio output signal, wherein ﬁg?é(k) denotes a level of a fre-
quency band k of the first spectrum (SN1) of the noise of the audio out-
put signal (OS), wherein k = b“R(i), ... ,b"R(i + 1) — 1, wherein bR (i) is

a first frequency band of one of the frequency band groups, wherein i =
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ini=0,.., L% — 1, wherein L*® is the number of frequency band groups
of the spectrum (SBN) of the background noise and of the second spec-

trum (SN2) of the noise of the audio output signal (OS).

Audio decoder according to one of the preceding claims, wherein the
resolution converter (6) comprises a first converter stage (11) config-
ured to establish a third spectrum (SN3) of the noise of the audio output
signal (OS) based on the first spectrum (SN1) of the noise of the audio
output signal (OS), wherein the spectral resolution of the third spectrum
(SN3) of the noise of the audio output signal (OS) is same or higher as
the spectral resolution of the first spectrum (SN1) of the noise of the
audio output signal (OS), and wherein the resolution converter (6) com-
prises a second converter stage (12) configured to establish the second

spectrum (SN2) of the noise of the audio output signal (OS).

Audio decoder according to the preceding claim, wherein the comfort
noise spectrum generator (7b) is configured to compute the spectrum of
the comfort noise (SCN) based on the scaling factors (SF) and based
on the third spectrum (SN3) of the noise of the audio output signal (OS)

as provided by the first converter stage (11) of the resolution converter

(6).

Audio decoder according to claim eight or nine, wherein the comfort
noise spectrum generator (7b) is configured to compute the spectrum
(SCN) of the comfort noise according to the formula N& (k) =

SIR(i) . NER (k), wherein NR (k) denotes a level of a frequency band k
of the spectrum of the comfort noise (SCN), wherein SR (i) denotes a
scaling factor (SF) of a frequency band group i of the spectrum (SBN)
of the background noise and of the second spectrum (SN2) of the noise
of the audio output signal, wherein N§§C(lc) denotes a level of a fre-

quency band k of the third spectrum (SN3) of the noise of the audio
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output signal (OS), wherein k = bR(i), ... , b R(i + 1) — 1, wherein
bR (i) is a first frequency band of a frequency band group, wherein { =
ini=0,.., L' — 1, wherein L'® is the number of frequency band groups
of the spectrum (SBN) of the background noise and of the second spec-

trum (SN2) of the noise of the audio output signal (OS).

Audio decoder according to one of the preceding claims, wherein the
comfort noise generator (8) comprises a first fast Fourier converter (15)
configured to adjust levels of frequency bands of the comfort noise (CN)
in a fast Fourier transformation domain and a second fast Fourier con-
verter (16) to produce at least a part of the comfort noise based on an

output of the first fast Fourier converter (15).

Audio decoder according to one of the preceding claims, wherein the
decoding device (2) comprises a core decoder (17) configured to pro-

duce the audio output signal (OS) during the active phase.

Audio decoder according to one of the claims 1 to 11, wherein the de-

coding device (2) comprises a core decoder (17) configured to produce
an audio signal (AS) and a bandwidth extension module (20) configured
to produce the audio output signal (OS) based on the audio signal (AS)

as provided by the core decoder (17).

Audio decoder according to the preceding claim, wherein the bandwidth
extension module (20) comprises a spectral band replication decoder
(21), a quadrature mirror filter analyzer (22), and/or a quadrature mirror

filter synthesizer (23).

Audio decoder according to claim 13 or 14, wherein the comfort noise
(CN) as provided by the fast Fourier synthesizer (15) is fed to the

bandwidth extension module (17).
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Audio decoder according to one of the claims 13 to 15, wherein the
comfort noise generator (8) comprises a quadrature mirror filter adjuster
device (24) configured to adjust levels of frequency bands of the com-
fort noise (CN) in a quadrature mirror filter domain, wherein an output of
the quadrature mirror filter synthesizer (24) is fed to the bandwidth ex-

tension module (20).

A system comprising a decoder (1) and an encoder (100), wherein the

decoder (1) is designed according to one of the claims 1 to 16.

A method of decoding an audio bitstream (BS) so as to produce there-
from an audio output signal (OS), the bitstream (BS) comprising at least
an active phase followed by at least an inactive phase, wherein the bit-
stream (BS) has encoded therein at least a silence insertion descriptor
frame (SI) which describes a spectrum of a background noise (SBN),

the method comprising the steps:

decoding the silence insertion descriptor frame (Sl) so as to reconstruct

the spectrum (SBN) of the background noise;

reconstructing the audio output signal (OS) from the bitstream during

the active phase;

determining a spectrum (SAS) of the audio output signal (OS);

determining a first spectrum (SN1) of the noise of the audio output sig-
nal (OS) based on the spectrum (SAS) of the audio output signal (OS),
wherein the first spectrum (SN1) of the noise of the audio output signal
(OS) has a higher spectral resolution than the spectrum (SBN) of the

background noise;

establishing a second spectrum (SN2) of the noise of the audio output
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signal (OS) based on the first spectrum (SN1) of the noise of the audio
output signal (OS), wherein the second spectrum (SN2) of the noise of
the audio output signal (OS) has a same spectral resolution as the

spectrum (SBN) of the background noise;

computing scaling factors for a spectrum (SCN) for a comfort noise
(CN) based on the spectrum (SBN) of the background noise and based
on the second spectrum (SN2) of the noise of the audio output signal
(OS); and

producing the comfort noise (CN) during the inactive phase based on
the spectrum (SCN) for the comfort noise (CN).

Computer program for performing, when running on a computer or a

processor, the method of claim 18.
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