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Signal Enhancement Processing
FIELD OF THE DISCLOSURE

This invention relates to the field of signal enhancement

processing of audio signals.
BACKGROUND

The quality of today's telephone speech was designed to
achieve a sufficient intelligibility. The acoustic bandwidth
in telephony systems is typically limited to the frequency
range between 300 Hz and 3.4 kHz. However, ﬁhis typical
"telephone sound" cannot satisfy the increased demands as the
perceived speech quality is considerably reduced compared to
the full audio bandwidth. As a reasonable compromise, various
wideband (50 Hz - 7 kHz) speech codecs have been developed
in the past (e.g., the'Adaptive Multi-Rate (AMR) Wideband
Codec) and are about to be introduced in current mobile
networks. Most of these codecs are mainly designed for nearly
noise-free input speech signals and may not perform well when
the input signal is degraded by acoustic background noise.
In order to improve the listening comfort and to keep the high
quality capability also in noisy environments, noise
suppression techniques may be required for wideband

communication systems.

When a speech communication device is used in environments
with high levels of ambient noise, the noise picked up by the

microphone may significantly impair the quality and the
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intelligibility of the transmitted speech signal. In order
to get a reliable separation from the noise signal (e.g.,
engine noise, street noise), noise reduction algorithms have
become part of many digital speech coding and speech
processing systems. They are used for example in mobile

communications, in hearing aids and in hands-free devices.

One of the popular methods for enhancing degraded speech is
based on modeling the noisy input coefficients in the
short-time Fourier transform (STEFT) domain and to apply
individual adaptive gains for each frequency bin. In many
occasions the processing applied to implement such techniques
has been derived for narrowband signals under certain
assumptions about the statistics of the speech and noise

signals.

SUMMARY OF SOME EMBODIMENTS OF THE INVENTION

A method is described, which comprises estimating at least
one parameter based on a first signal component of an audio
signal, the at least one parameter being associated with a
second signal component of the audio signal, wherein the first
signal component 1s assocliated with a first frequency band
and the second signal component is associated with a second
frequency band, and performing a signal enhancement

processing on the second signal component at least based on

the at least one parameter.

Moreover, a first apparatus 1s described, which comprises
means for estimating at least one parameter based on a first
signal component of an audio signal, the at least one

parameter being associated with a second signal component of
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the audio signal, wherein the first signal component is
associated with a first frequency band and the second signal
component is associated with a second frequency band, and
wherein the first apparatus comprises means for performing
a signal enhancement processing on the second signal

component at least based on the at least one parameter.

The means of this apparatus can be implemented in hardware
and/or software. They may comprise for instance a processor
for executing computer program code for realizing the
required functions, a memory storing the program code, or
both. Alternatively, they could comprise for instance a
circuit that is designed to realize the required functions,
for instance implemented in a chipset or a chip, like an

integrated circuit.

Moreover, a second apparatus is described, which comprises
at least one processor and at least one memory including
computer program code, the at least one memory and the
computer program code, with the at least one processor,
configured to cause the apparatus at least to perform the

actions of the presented method.

Moreover, a computer readable storage medium is described,
in which computer program code 1is stored. The computer program
code causes an apparatus to realize the actions of the

presented method when executed by a processor.

The computer readable storage medium could be for example a
disk or a memory or the like. As an example, the memory may
represent a memory card such as SD and micro SD cards or any

other well-suited memory cards or memory sticks. The computer



WO 2011/029484 PCT/EP2009/061884

program code could be stored in the computer readable storage
medium in the form of instructions encoding the
computer-readable storage medium. The computer readable
storage medium may be intended for taking part in the
operation of a device, like an internal or external hard disk
of a computer, or be intended for distribution of the program

code, like an optical disc.

As an example, the signal enhancement processing may
represent noise reduction processing, or a voice enhancement
processing or any other well-suited signal enhancement

processing.

The first frequency band differs from the second frequency
band. For instance, the first frequency band may span a
frequency range from £l to £2, and the second fregquency band
may span a frequency range from £3 to f4, wherein £3>fl and
f4>f2 holds. As an example, the first and second frequency
band may have an overlapping frequency range, i.e. £3<f2
holds, but as another example, the first and second freqguency
band may not overlap, i.e. £3>f2 may hold. For instance, the
first frequency band may span a frequency range from 50 Hz
to 4 kHz, and the second freguency band may span a frequency
range from 4 to 7 kHz. But of course, any other well suited
frequency assignments for the first and second fregquency

range may be applied.

The estimated at least one parameter may represent at least
one parameter which may be beneficial to increase the quality
of the signal enhancement processing. The type of the at least
one parameter may depend on the kind of signal enhancement

processing.
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For instance, the first signal component may be extracted from
the audio signal by means of filtering, e.g. by a lowpass

filter or a bandpass filter, and the second signal component
may be extracted from the audio signal by means of filtering,

e.g. by a highpass filter or a bandpass filter.

As an example, at least one parameter of the at least one
parameter may represent estimations of signal properties of
the second signal component. For instance, these signal
properties may comprise statistical information of the
spectral characteristics of the second signal component.
FE.g., at least one parameter of the at least one parameter
may represent a set of spectral envelope representatives of
the second signal component. Thus, this set of spectral
envelope representatives may comprise estimations of
representations of the spectral envelope of the second signal
component. For instance, this set of spectral envelope
representatives may comprise at least one energy value,
wherein each of the at least one energy value 1s associated
with one freguency sub-band of the second signal component.
Furthermore, at least one parameter of the at least one
parameter may represent further information with respect to

the second signal component.

For instance, the estimation of the at least one parameter

is not based on the second signal component.

Based on this at least one parameter, which has been estimated
based on the first signal component, a signal enhancement
processing is performed to the second signal component. Thus,

spectral dependencies may be exploited between the first
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signal component and the second signal component in order to
perform the signal enhancement on the second signal

component. Accordingly, spectral dependencies between the
first frequency band and the second frequency band may be used

to improve the signal enhancement processing.

For instance, there may be a further signal processing with
respect to the at least one parameter before signal
enhancement processing is performed on the second signal

component.

As an example, the signal enhancement processing on the second
signal may be performed by means of at least one filter, e.g.
in the time~domain or in the frequency domain. As an example,
one filter of this at least one filter may be configured to
be adapted to at least one value, i.e., this at least one value
may be configured to be used to perform a signal enhancement
processing to the second signal component. For instance, this
at least one value may represent at least one filter
coefficient. Accordingly, as an example, the signal
enhancement processing to the second signal component may be
performed based on the at least one parameter by means of the
at least one filter, wherein the at least one value may be
configured to be used to perform a signal enhancement

processing at least based on the at least one parameter.

For instance, this at least one value may comprise at least
one value configured to be used to perform a signal
enhancement processing to the second signal component in the
time-domain. As an example, this at least one value may
represent at least one filter coefficient of a filter

configured to filter the second signal component in the
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time~domain. For instance, this filter may represent a Finite
Impulse Response (FIR) filter or an Infinite Impulse Response
(IIR) filter. As an example, this at least one value may be
determined based on a Minimum Mean Squared Error (MMSE)
criterion or a Zero Forcing (ZF) criterion or any other
well-suited criterion. In this exemplary case, a signal
enhancement processing to the second signal component may be
performed by filtering the second signal component by means

of the respective filter in the time-domain.

Furthermore, as another example, the at least one value may
comprise at least one value configured to be used to perform
a signal enhancement processing to the second signal

component in the frequency-domain.

For instance, the second signal component in the frequency
domain may be represented by M, spectral coefficients at

frequency bin k and frame A given by:

Y, (A, K) =S, (A, k) + N,(A.k) , (1)

where S,(1,k) and N,(A,k) may represent the spectral

coefficients of the audio and the noise signal of the second
signal component, respectively. Correspondingly, the first

signal component in the frequency domain may be represented
by M, spectral coefficients at frequency bin k and frame A

given by

Y (A,k)=S,(A. k) + N,(A. k), (2)
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where S;(1,k) and N,(4,k) may represent the spectral

coefficients of the audio and the noise signal of the first
signal component, respectively. For the sake of brevity, the

frame index A is omitted in the following.

As an example, a converter may be configured to output M,
subcomponents representing the first signal component and a
converter may be configured to output M, subcomponents
representing the second signal component in the

frequency-domain, wherein each subcomponent of the M,

subcomponents is associated with one of M, sub-bands in the

first and second frequency band.

For instance, this converter may represent a Fourier
Transformation, e.g. a FFT, a DFT, a STFT or any other
well-suited transformation. The at least one filter may be
adapted to the at least one value and may be configured to
perform a signal enhancement processing to the second signal
component in the frequency domain. Accordingly, the at least
one filter may be configured to output an enhanced second
signal component in the frequency domain, wherein the at least
one filter is configured to perform this signal enhancement

based on the at least one parameter.

For instance, the at least one value may comprise at least
two gain factors, wherein each of the at least two gain factors
is associated with a separate sub-band of the second frequency
band. As an example, these at least two gain factors may be
determined based on a MMSE criterion or a ZF criterion or any
other well-suited criterion. In this exemplary case, a signal

enhancement processing to the second signal compcnent may be
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performed based on weighting a frequency component of the
second signal associated with a sub-band of the second

frequency band with the respective gain factor of the at least
two gain factors. Thus, for instance, each of the at least
two gain factors is associated with one sub-band of the second

frequency band.

As an example, a signal enhancement processing is performed
on the first signal component in order to obtain an enhanced

first signal component.

For instance, the signal enhancement processing performed on
the first signal component may represent a conventional
signal enhancement processing. This signal enhancement
processing may be of the same type as the signal enhancement

processing performed on the second signal component.

As an example, an enhanced second signal component obtained
by signal enhancement processing performed on the second
signal component may be combined with the enhanced first
signal component to an enhanced audio signal. As an example,
the enhanced audio signal may be fed to a further signal
processing, e.g., to a speech encoder or any other well suited

processing.

Furthermore, as another example, said performing a signal
enhancement processing on the second signal may be based on

a combined signal enhancement processing.

For instance, this combined signal enhancement processing may
be based on a first signal enhancement processing and a second

signal enhancement processing, both of the first and second
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signal enhancement processing may be configured to be applied
to the second signal component, wherein the first signal

enhancement processing is based on the at least one parameter
and the second signal enhancement processing is not based on
the at least one parameter. For instance, the second signal
enhancement processing may represent a conventional signal

enhancement processing.

As an example, the first signal enhancement processing may
be applied to the second signal component in order to obtain
a first enhanced second signal component and the second signal
enhancement processing may be applied to the second signal
component in order to obtain a second enhanced second signal
component, and the first enhanced second signal component and
the second enhanced second signal component may be combined

to the enhanced first signal component.

Or, as another example, the first signal enhancement
processing may be combined with the second signal enhancement
processing in order to be applied as combined signal
enhancement processing on the second signal component. This
example will be explained in more detail in the sequel of this

description.

According to one embodiment, a signal enhancement processing
is performed on the first signal component in order to obtain
an enhanced first signal component, wherein said estimating
at least one parameter is performed on basis of the enhanced

first signal component.

Thus, the enhanced first signal component may be used to

estimate the at least one parameter, which may lead to
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increased quality of the estimated at least one parameter.
In the sequel, it has to be understood, that any determining
or estimation or extraction based on the first signal

component may be based on the enhanced first signal component.

According to one embodiment, at least one parameter of said
at least one parameter represents a set of spectral envelope

representatives of the second signal component.

For instance, this set of spectral envelope representatives
may be estimations of representations of the spectral
envelope of the second signal component. For instance, this
set of spectral envelope representatives may comprise at
least one energy value, wherein each of the at least one energy
value is assoclated with one frequency sub-band of the second
signal component. Furthermore, at least one parameter of the
at least one parameter may represent further information with

respect to the second signal component.

According to one embodiment, at least one feature 1is
determined based on the first signal component, the at least
one feature representing at least signal parameter being
associated with the first signal component, wherein said
estimating the at least one parameter is performed on basis

of the at least one feature.

Tt has to be understood, that determining the at least one
feature may also be performed based on the enhanced first

signal component, as mentioned above.

For instance, at least one feature of the at least one feature

may represent a set of spectral envelope representatives of
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the first signal component. For instance, the at least one
feature of the at least one feature may be at least one energy
representative, wherein each of the at least one energy
representative 1s associated with the energy of the first
signal component. As an example, at least one feature of the
at least one feature may be N; mel-freqguency cepstral
coefficients (MFCCs). Thus the freguency sub-bands
associated with the first frequency band may be equally spaced

on the mel scale.

Furthermore, at least one feature of the at least one feature
may be associated with further information of the first signal
component. For instance, at least one feature of the at least
one feature may be associated with the zero-crossing rate
(ZCR) of the first signal component. The zero-crossing rate
may be the rate of sign-changes along a signal, 1.e., the rate

at which the signal changes from positive to negative or back.

As an example, the at least one feature may be denoted as
vector x (1), where ‘i’ denotes the time index. For instance,
an extractor may configured to output the at least one feature

may be configured to operate on a frame-by-frame basis, i.e.,
for instance, X={x(1l), .. ,x(A)} may represent a sequence of
feature vectors from the first signal component of frames 1

to A. For instance, A designates the current frame.

Thus, for instance this at least one feature may be any

well-suited features of the first signal component which may
be used to exploit a correlation and/or spectral dependencies
to a signal parameter of the second signal component in the

second fregquency band.
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For instance, an estimator may be configured to estimate the
at least one parameter at least based on the at least one

feature.

As an example, the estimator may apply a MMSE criterion, a
Maximum a Posteriori (MAP) criterion, a Maximum Likelihood
(ML) criterion, a ZF criterion or any other well-suited

criterion for estimating the at least one parameter at least
based on the at least one feature. As an example, the estimator
may not apply any information extracted from or based on the
second signal component in order to estimate the at least one
parameter. Thus, for instance, the at least one parameter is
estimated based on features that are determined only from the

first signal component.

As an example, the estimator may be configured to perform the

estimation based on a Hidden Markov Model (HMM).

According to one embodiment, at least one feature of said at
least one feature is a set of spectral envelope
representatives of one out of: the first signal component,

and the enhanced first signal component.

For instance, the at least one feature of said at least one
feature may be represented by vector xz{xKOL“quﬁlg—lﬂ,

wherein x'(j) with jE{O,.ﬂAI}—l} may be a representative of
the energy of the first signal/enhanced first signal in the
ith sub-band of a set of M, ~1 frequency sub-bands of the
first frequency band. As an example, the sub-bands of this
set of M, -1 frequency sub-bands of the first frequency band

may overlap in the frequency range.
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According to one embodiment, said estimating at least one
parameter is further based on at least one previous feature
which has been previously determined based on the first signal

component.

As an example, the estimating may be based on sequence
X={x (A-m), .., %x(A-1),x(A)}, wherein x(A) may represent the
current at least one feature and x({(A-m), .. Xx(A-1) may
represent the m previous at least one features. Thus, in this

case m2>1 holds, m representing an integer.

As an example, under assumption of applying an MMSE
estimation, the estimated at least one parameter, exemplarily

denoted as vector Jp, may be estimated by means of MMSE

criterion for estimation of parameter vector y:

E{ly=3I 1} = min (3)

Equation (3) may be solved by the conditional expectation

)A’MMSE :E{JA’;‘ |X} .

Of course, any other well-suited criterion may used for
estimating the at least one parameter based on seguence

X={x(A-m), .., xX(A=1),x(Ar)}.

It is now assumed, as an example, that at least one parameter
of the at least one parameter is a set of spectral envelope
representatives of the second signal component. For instance,

the estimated at least one parameter may be represented by

N 2
Sz(j)f with

~ 2 A 2
52(0)} ,...g}Sz(M,',—l)} } wherein

vector ﬁz{
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jE{Q”qAﬁrJ} may represent the estimated energy of the second

signal in the ith sub-band of a set of M, -1 frequency
subbands of the second frequency band. As an example, the
sub-bands of this set of M, -1 frequency subbands of the

second frequency band may overlap in the frequency range.

According to one embodiment, at least one parameter of said
at least one parameter 1s a set of spectral envelope
representatives of the second signal component, and said
estimating at least one parameter is further based on a
codebook, the codebook comprising a plurality of sets of
spectral envelope representatives associated with the second

signal component.

For instance, this codebook may represent a precomputed
codebook (?z{ﬂy.ij}for the parameter vectors y comprising

Mc entries. For instance, this codebook may be obtained with
the LBG algorithm presented by Y. Linde, A. Buzo, R.M. Gray
in “An algorithm for vector quantizer design,”, IEEE

Transactions on Communications, wvol. 28, no. 1, pp. 84-95,
Jan. 1980. Of course, any other well-suited codebook may also
be used, e.g. depending on the type of signal enhancement

processing.

As an example, using the codebook C, the MMSE estimate may

be expressed as:

JA’MMSEZZJA’i’P()A’fiX)/ (4)

yeC
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which may represent a weighted sum over the Mc centroids of
the codebook C. The weights P(ﬂ]kﬁ represent a posteriori

probabilities based on the determined sequence X. Thus,

according to equation (4), an a posteriori probability based
on the determined sequence X is determined for each of the
plurality of sets of spectral envelope representatives of the
codebook, and a weighted sum over the plurality of sets of

of spectral envelope representatives is determined, wherein

each set of spectral envelope representatives J, is weighted

by the respective a posteriori probability P(Q|Xj.

According to one embodiment, said estimating comprises:
Determining for each of the plurality of sets of spectral
envelope representatives of the codebook an a posteriori
probability at least based on the at least one feature, and
determining a weighted sum over the plurality of sets of
spectral envelope representatives, wherein each set of
spectral envelope representatives of the plurality of sets
of spectral envelope representatives is weighted by the

respective a posteriori probability.

For instance, the respective a posteriori probability may be
determined based on an offline training phase. Equation (4)
shows an exemplary determining of the weighted sum over the

plurality of sets of spectral envelope representatives.

According to one embodiment, determining the at least one a
posteriori probability is based on a Hidden Markov Model

(HMM) .
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This HMM may be trained during an offline training phase. As
an example, the HMM techniques described by B. Geiser, H.
Taddei and P. Vary in “Artificial Bandwidth Extension without
Side Information for ITU-T G.729.1,” in Proceedings of
European Conference on Speech Communication and Technology

(INTERSPEECH), Antwerp, Belgium, August 2007 may be applied.

According to one embodiment, said performing a signal
enhancement processing on the second signal is based on a
combined signal enhancement processing comprising:
Determining a first set of at least one value configured to
be used to perform a signal enhancement processing on the
second signal component at least based on the at least one
parameter, determining a second set of at least one value
configured to be used to perform a signal enhancement
processing on the second signal component not based on the
at least one parameter, and combining the first set of at least

one value and the second set of at least one value.

As an example, the combined set of at least one value may be
used as the at least one value explained with respect to the
at least one filter. Thus, the combined set of at least one
value may be used to perform a signal enhancement processing
on the second signal component, e.g. in time-domain or in the
frequency domain. For instance, the first signal enhancement
method and the second signal enhancement method may be

combined in order to provide an increased signal enhancement

of the second signal component.

For instance, the first set of at least one value may comprise

M, values and the second set of at least one value may
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comprise M, values, and a combiner may be configured to

combine one value of the first set of at least one value with
one value of the second set of at lest one value to one combined
value of a set of at least one combined value, wherein the

set of at least one combined value comprises M, combined

values.

For instance, the at least one value of the first set of at
least one value may represent at least one filter coefficient,
wherein a filter adapted to this at least one filter
coefficient may be used to perform the signal enhancement
processing on the second signal component, as explained
above. Determining this first set of at least one value may

depend on the applied signal enhancement processing.

For instance, the at least one value of the second set of at
least one value may represent at least one filter coefficient,
wherein a filter adapted to this at least one filter
coefficient may be used to perform the signal enhancement
processing on the second signal component, as explained
above. Determining this second set of at least one value may

depend on the applied signal enhancement processing.

For instance, the combining may be performed adaptively. As
an example, this adaptively combining may be performed on the

basis of determined signal and/or noise parameters.

According to one embodiment, the first set of at least one
value represents a first set of at least two gain factors and
said second set of at least one value represent a second set

of at least two gain factors, wherein each of the at least
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two gain factors of the first and second set is associated
with a sub-band frequency component of the second signal

component.

As an example, the first set of at least two gain factors may
be configured to be used to perform a spectral welghting of
the second signal based on weighting a sub-band frequency of
the second signal associated with a sub-band of the second
frequency band with the respective gain factor of the at least
two gain factors of the first set. Further, as an example,
the second set of at least two gain factors may be configured
to be used to perform a spectral weighting of the second signal
based on weighting a sub-band frequency of the second signal
associated with a sub-band of the second freguency band with
the respective gain factor of the at least two gain factors

of the second set.

As an example, an SNR estimator may be configured to estimate
at least one SNR representative based on the at least one
parameter and the second signal component. This at least one
SNR representative is associated with the second signal

component. For instance, this at least one SNR representative
may comprise a plurality of SNR representatives, wherein each
of the plurality of SNR representatives is associlated with
one sub-band of a plurality of frequency sub-bands of the
second fregquency band. As an example, the plurality of

frequency sub-bands may comprise M, -1 freqguency sub-bands
of the second frequency band, and, for instance, the sub-bands

of this set of M, -1 frequency sub-bands of the second

frequency band may overlap in the frequency range. As an

example, the plurality of SNR representatives may comprise
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A 2
| o A0
a set of M,-1 a priori SNR values & (j)=——>

A 2/

N, ()

wherein

~ 2
iA@(ﬂl may represent the estimated noise power of the jth

A 2
sub-band of the second signal component and wherein Sﬂjﬂ

represents one of the at least one parameter.

For instance, an entity may be configured to estimate the ]
A 2
noise powers P@(ﬂ‘ with je{Q“qug—l}. As an example, the

estimation of the jth noise power may be written as

$,())

SIPENE ]2 2
8.0 =max([nf -0 o), (5)

wherein Hﬂjﬂz represents the energy of the audio signal in

the jth sub-band of the second frequency band.

Furthermore, as an example, the plurality of SNR

representatives may further comprise a set of M, -1 a
N

%)

~ lZ *

N, ()

posteriori SNR values 7,(j)=

In this exemplary case, the first set of at least two gain
factors is determined at least based on the plurality of SNR

representatives. For instance, the at least two gain factors

of the first set may be represented by G, (j) with

je{Q”ﬂﬂlg—l}, wherein G

bwe

(j) represents the gain factor

associated with the jth sub-band of the M, -1 frequency
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sub-bands of the second frequency band. As an example, under

the exemplary assumption that the signal enhancement
processing is a noise reduction processing, G, (j) may be

calculated as

bee(j) :___5__2__2;1)__ ; OT ( 6a)
1+6()
A,
Gywe(.]>=“——:.-—_,-l (6b)
f 1+7,()

or G,,(j) may be calculated based on 7,(j) and éﬁj), e.g. as

described by Y. Ephraim and D. Malah in “Speech Enhancement
Using a Minimum Mean-Square Error Short-Time Spectral
Amplitude Estimator”, IEEE Transactions on Acoustics,
Speech, and Signal Processing, vol. ASSP-32, no. 6, pp.
1109-1121, December 1984. For instance, the entity may be
configured to determine the first set of at least two gain
factors at least based on the plurality of SNR representatives
based on any other well-suited method or as described by J.
S. Lim and A. V. Oppenheim in “Enhancement and Bandwidth
Compression of Noisy Speech”, Proceedings of the IEEE, vol.

67, no. 12, pp. 1585-1604, December 1979.

Of course, depending on the type of signal enhancement

processing, another calculation of gain factors G, (j) may be

applied.

The first set of at least one value may be associated with
a first signal enhancement processing which is based on the
at least one parameter determined on basis of the first signal

component.
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Furthermore, for instance, the second set of at least two gain
factors may be configured to be used to perform a spectral
weighting of the second signal based on weighting a sub-band
frequency of the second signal associated with a sub-band of
the second frequency band with the respective gain factor of
the at least two gain factors of the second set. For instance,
the at least two gain factors of the second set may be

represented by G, (j) with je{Or.qﬂl}—l}, wherein G, (J)

represents the gain factor associated with the jth sub-band

of the M, -1 frequency sub-bands of the second frequency

band.

As an example, the second set of at least one value may be
associated with a second signal enhancement processing which
is not based on the at least one parameter determined on basis
of the first signal component. For instance, this second

signal enhancement processing may represent a conventional

signal enhancement processing.

As an example, under the assumption that the signal
enhancement processing represents a noise reductiocon
processing, an entity may be configured to perform a noise
power estimation, e.g. as explained by R. Martin in “Noise
Power Spectral Density Estimation Based on Optimal Smoothing
and Minimum Statistics”, IEEE Transactions on Speech and
Audio Processing, vol. 9, no. 5, pp. 501-512, 2001, and to
perform SNR estimation, e.g. as mentioned above, and to
calculate the second set of at least one wvalue, e.g., as
mentioned above with respect to calculating the first set of

at least one value.
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According to one embodiment, the sub-bands associated with
the gain factors are associated with a first frequency
resolution, wherein the combined first set of at least two
gain factors and second set of at least two gain factor are
expanded to a second frequency resolution, the second
frequency resolution being higher than the first frequency

resolution.

As an example, the sub-bands associated with the gain factors
are assoclated with a first frequency resolution may overlap

in the frequency band.

For instance, as explained with respect to equation (1), the

second signal component in the frequency domain may be
represented by M, spectral coefficients. Furthermore, with
respect to the signal processing explained with respect to
the M, sub-bands throughout this specification, M,>M,
may hold, i.e., the signal processing explained with respect
to the M, sub-bands throughout this specification may

represent a signal processing performed with the first
frequency resolution representing a lower frequency
resolution compared to the frequency solution of the spectral
components of first and second signal components (assuming
a frequency domain signal processing). The reduction of
frequency resolution may allow for an increased suppression
of musical tones and may correspond to the properties of the
human auditory system where the frequency selectivity

decreases with higher frequencies.
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For instance, M, gain factors of the second set may be

determined being associated with M, sub-bands of the second
frequency band, and an entity may be configured to decrease

the frequency resolution from M, to M,, i.e. this entity

may be configured to output M, gain factors. This decrease

of frequency resolution may be performed based on combining
frequency~-bins using overlapping Hann windows. Thus, the

variance of the gain factors over time may be reduced.

For instance, an entity may be configured to expand the

frequency resolution of the combined set of gain factors from
M, to M, . For instance, this may be performed based on using

overlap~add of scaled Hann windows, e.g., the same Hann
windows as mentioned above. Based on the frequency expanded
combined set of gain factors the combined signal enhancement
processing may be performed, e.g. by means of spectral

weilighting.

According to one embodiment, said combining is performed

based on at least one cross~fading factor, wherein one of the
at least one cross-fading factor combines one value of the
at least one value of the first set of at least one value with

one value of the at second set of at least one value.

As an example, the first set of at least one value may be

represented by G(j) with je{Quqﬂl—l} and the second set of
at least one value may be represented by G,(j) with
je{Q“qﬁl—i}, wherein M 21 holds. For instance, G,(j) may

correspond to G, (j), G,(j) may correspond to G, (j) and M

cony

may correspond to M, .
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A combiner may be configured to combine the first set of at
least one value and the second set of at least one value by
means of a set of at least one cross-fading factor, wherein

this set of at least one cross-fading factor may be

represented by a(j) with jE{OyH,AJ—l}. For instance, the jth
combined value ¢(j) may be a function of the jth value G(j)

of the first set of at least one value and the jth value G,(j)

of the second set of at least one value and at least of the

jth cross-fading factor a(j).

As an example, the jth combined value c¢(j) of the set of

combined values may be determined as follows:

() =a()) G(N+(1-a(N) G() (7)

Any other well-suited combining based on the set of at least

one cross—-fading factor may also be applied.

Thus, for instance, a welighting between the influence of the
first signal enhancement processing and the second signal

processing may be performed.

According to one embodiment, each of the at least one

cross—-fading factor is calculated on the basis of one value
of the first set of at least one value, of one value of the
second set and of at one reference value of a set of at least
one reference value, the set of at least one reference value
representing at least one reference value configured to be
used to perform a reference enhanced signal processing on the

second signal component.
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As an example, the first set of at least one value may be

represented by G(j) with je{O,.qﬁl—l}, the second set of at
least on value may be represented by G,(j), and the set of at

least one reference value may be represented by G.(j). The at

least one reference value is configured to be used to perform
a reference enhanced signal processing on the second signal
component. For instance, the at least one reference value may
represent reference filter values or weighting factor
configured to perform a reference filtering in order to
perform the enhanced signal processing on the second signal
component. E.g., each of the at least one reference value may
be determined during a training process for each frame. The
method of determining each of the at least one reference value
may depend on the signal enhancement processing. For
instance, during this training process reference signal
parameters may be determined in order to obtain the at least

one reference value.

For instance, a cross-fading factor a(j) of the set of at
least on cross fading factors may be determined based on the

respective value G(j) of the first set of at least on value,

based on the respective value G,(j) of the second set of at

least on value and based on the respective cross-fading factor
a(j) of the set of at least on cross fading factor. For

instance, this may be performed as follows:

(G.(H-G())
(G.(N-GW) +(G(N-Go()Y

a(j) =
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As an example, assuming that the signal enhancement
processing represents a noise reduction on the audio signal
as mentioned above, the at least one reference value G.(j) may
represent at least one reference weighting factor which may
be determined from a clean audio and noise signal. For

instance, this determining may be performed on a reference

0
a posteriori SNR 7Aj)=i:££&5 and/or on a reference a priori
N, ()
|2
N |S2(./>' . NE .
SNR 5(])~(———Tf, whereln_iAgQﬂ\ may represent the noise
N, ()

power of the jth sub-band of the second signal component and
wherein‘|Sﬁjﬂ2 represents power of jth sub-component of

second signal, associated with the Jjth sub-band.

According to one embodiment, said at least one cross-fading
vector is determined based on a plurality of reference
cross-fading factors and estimations of signal parameters
associated with the first and second frequency band, wherein
the plurality of reference cross-fading factors has been
determined during a training process, wherein each reference
cross-fading factor of the plurality of reference
cross-fading factors is associated with at least one signal
parameter of the first frequency band and at least one signal

parameter of the second frequency band.

For instance, during a training process, which may be
performed for every frame A and/or for every sub-band of the
i sub-bands of the second frequency band, a plurality of

reference cross-fading vectors may be determined, wherein



WO 2011/029484 PCT/EP2009/061884
28

each reference cross-fading factor of the plurality of
reference cross-fading factors is associated with respective
at least one signal parameter of the first frequency band and
a respective at least one signal parameter of the second

frequency band.

The at least one signal parameter of the first frequency band
and the at least one signal parameter of the second frequency
band may represent any well-suited signal parameter

associated with the first signal component and the second

signal component.

As an example, based on training data, a look-up table for
the estimation of cross-fading values «(j) may be generated
for each of the j sub-bands. For instance, p; may represent
the signal parameter of the first frequency band and p; may
represent the signal parameter of the second frequency band,
wherein p; and p; are determined for each cross-fading value
a(j) obtained during a training process based on training

data. pl and p; may be quantized, and the final loock-up table
may provide one reference cross-fading value a(j) for each

guantized combination of p; and p2.

For instance, pl may represent a first SNR associated with
the first frequency band and p2 may represent a second SNR

associated with the second frequency band.

As an example, the at least one signal parameter of the first

frequency band may represent the averaged SNR

_ 1 Mp-1 Y N
&, = Ilﬁﬂlz of the first signal component in the first
MF =0 lNl,r (.]);
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frequency band, and the at least one signal parameter of the

second fregquency band may represent the reference a priori

l 2(])‘

SNR ¢,.())= NOT

of the respective jth sub-band.

For instance, as a non-limiting example, a first reference
cross-fading value «a,(j) is obtained in a training process,

e.g. for every frame A and/or for every sub-band j, e.g. as

mentioned above. In addition, the reference a priori SNR

E.(J )—} AJ” of the respective jth sub-band and the averaged
N, (D
M1 NE
; _ 1%E RO . . .
SNR éw: > of the first signal component in the
My = ‘Nl,r(j)b

first frequency band may be determined. On this basis, the
plurality of reference cross-fading value a,(j) may be

determined being associated with the respective reference a

2
S (i
priori SNRs 5#j)=l¥44l5 of the respective jth sub-band and
iNz(J)I
M1 ]2
. - 1M YO |
the respective averaged SNRs ;J“ - of the first
My 35 N, )

signal component in the first frequency band.

As an example, based on training data, a look-up table for
the estimation of cross-fading values a(j) may be generated
for each of the j sub-bands. Therefore, ¢&,(j) and Em may be
quantized (e.g., 1 dB step size or another well-suited step
size) and the associated reference cross-fading values a.(j)

of the j sub-bands define the at least one reference

cross-fading value. Thus, the final look-up table may provide



WO 2011/029484 PCT/EP2009/061884
30

one reference cross-fading value a(j) for each quantized

combination of ¢&.(j) and aw.

Accordingly, the first and second signal enhancement
processing can be combined in an adaptive way based on the

at least one reference cross-fading value.

For instance, a cross-fading value «a(j) may be determined by
means of interpolation between at least two reference

cross—-fading values.

Furthermore, as an example, the respective SNR estimates of
the SNR associated with the first freguency band and the SNR
associated with the second frequency band may be determined

based on the above mentioned conventional techniques.

According to one embodiment, said signal enhancement

processing represents noise reduction processing.

The features of the present invention and of its exemplary
embodiments as presented above shall also be understood to

be disclosed in all possible combinations with each other.

It is to be noted that the above description of embodiments
of the present invention is to be understood to be merely

exemplary and non-limiting.

Further aspects of the invention will be apparent from and
elucidated with reference to the detailed description

presented hereinafter.
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BRIEEF DESCRIPTION OF THE FIGURES

In the figures show:

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

la

1b

2a

2b

3a

3b

4da

4b

4c

4d

is a schematic block diagram which illustrates a
first exemplary apparatus;

is a schematic block diagram which illustrates a
second exemplary apparatus;

is a flow chart illustrating a first exemplary
method;

is a flow chart illustrating a second exemplary
method;

is a schematic block diagram which illustrates a
first exemplary filtering;

is a schematic block diagram which illustrates a
second exenplary filtering;

is a schematic block diagram which illustrates an
exemplary entity configured to estimate the at least
one parameter;

is a schematic block diagram which illustrates a
first exemplary determining of a first set of at
least one value configured to be used to perform a
signal enhancement processing on the second signal
component;

is a schematic block diagram which illustrates a
first exemplary entity configured to determine a
second set of at least one value configured to be used
to perform a signal enhancement processing on the
second signal component;

is a schematic block diagram which illustrates a
second exemplary entity configured to determine a

second set of at least one value configured to be used
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to perform a signal enhancement processing on the
second signal component;

Fig. 5a is a schematic block diagram which illustrates an
exemplary combiner; and

Fig. 5b 1is a schematic block diagram which illustrates a

second exemplary combiner.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE
INVENTION

In the following detailed description, exemplary embodiments
of the present invention will be described in the context of

exemplary methods and apparatuses.

Figure la is a schematic block diagram which illustrates a
first exemplary apparatus. This first exemplary apparatus
will be described in conjunction with the flow chart of a first

exemplary method depicted in figure Za.

The method comprises estimating 210 at least one parameter
150 based on a first signal component 130 of an audic signal
101, the at least one parameter 150 being associated with a
second signal component 140 of the audio signal 210, and the
method comprises performing 220 a signal enhancement

processing on the second signal component 140 at least based

on the at least one parameter.

As an example, the signal enhancement processing may
represent noise reduction processing, or a voice enhancement
processing or any other well-suited signal enhancement

processing.
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The first signal component is associated with a first
frequency band and the second signal component is associated
with a second frequency band. The first frequency band differs

from the second frequency band.

For instance, the first frequency band may span a frequency
range from fl to £2, and the second frequency band may span
a frequency range from £3 to £4, wherein £3>fl and £4>f2 holds.
As an example, the first and second frequency band may have
an overlapping frequency range, i.e. £3<f2 holds, but as
another example, the first and second frequency band may not
overlap, i.e. £3>f2 holds. For instance, the first frequency
band may span a frequency range from 50 Hz to 4 kHz, and the
second frequency band may span a frequency range from 4 to
7 kHz. But of course, any other well suited freqguency
assignments for the first and second frequency range may be

applied.

The estimated at least one parameter may represent at least
one parameter which may be beneficial to increase the quality
of the signal enhancement processing. The type of the at least
one parameter may depend on the kind of signal enhancement

processing.

For instance, the first signal component 130 may be extracted
from the audio signal 101 by means of filtering, e.g. by a
lowpass filter or a bandpass filter, and the second signal
component 140 may be extracted from the audio signal 101 by
means of filtering, e.g. by a highpass filter or a bandpass
filter. Such a filtering is depicted in the exemplary systems
depicted in figures 1lc and 1d, respectively, wherein the audio

signal 101 is filtered by first filter 103 in order to output
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the first signal component 130 and filtered by second filter
104 in order to output the second signal component 140. For
instance, the first and second filters 103, 104 may further
be configured to perform a downsampling. As an example, the
first filter 103 and the second filter 104 may represent a
2-channel Finite Impulse Response (FIR) Quadrature Mirror

Filter (QMF) bank.

Entity 110 is configured to estimate the at least one
parameter 150 at least based on the first signal component
130. For instance, this estimation is not based on the second

signal component 140.

As an example, at least one parameter of the at least one
parameter 150 may be estimations of signal properties of the
second signal component 140. For instance, these signal
properties may comprise statistical information of the
spectral characteristics of the second signal component.
E.g., at least one parameter of the at least one parameter
may represent a set of spectral envelope representatives of
the second signal component. Thus, this set of spectral
envelope representatives may be estimations of
representations of the spectral envelope of the second signal
component 140. For instance, this set of spectral envelope
representatives may comprise at least one energy value,
wherein each of the at least one energy value 1s associated
with one frequency sub-band of the second signal component.
Furthermore, at least one parameter of the at least one
parameter may represent further information with respect to

the second signal component.
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Based on this at least one parameter 150, which has been
estimated based on the first signal component 130, a signal
enhancement processing is performed to the second signal
component 140, as indicated by entity 120 in figure la,
wherein entity 120 is configured to output an enhanced second
signal component 142. For instance, in case the signal
enhancement processing represents a noise reduction
processing, the enhanced second signal component 142 may
represent a noise reduced second signal component 142 or the
weighting gains to perform the noise reduction in the

fregquency domain.

Thus, spectral dependencies may be exploited between the
first signal component 130 and the second signal component
140 in order to perform the signal enhancement processing on
the second signal component 140. Accordingly, spectral
dependencies between the first frequency band and the second
frequency band may be used to improve the signal enhancement

processing.

The dashed arrow depicted in figure la illustrates that there
may be a further signal processing with respect to the at least
one parameter 150 before signal enhancement processing to the

second signal component 140 is performed.

For instance, entity 120 may comprise at least one filter 145
configured to perform a signal enhancement processing to the
second signal component 140, as depicted in figure 1lb. As an
example, one filter 145 of this at least one filter may be
configured to be adapted to at least one value 150’7, i.e. this
at least one value 150’ may be configured to be used to perform

a signal enhancement processing to the second signal
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component 140. For instance, this at least one value 150’ may
represent at least one filter coefficient. Accordingly, as
an example, the signal enhancement processing to the second
signal component 140 may be performed based on the at least
one parameter 150 by means of filter 145, wherein the at least
one value 150’ may be determined at least based on the at least

one parameter 150.

For instance, this at least one value 150’ may comprise at
least one value configured to be used to perform a signal
enhancement processing to the second signal component 140 in
the time-domain. As an example, this at least one value may
represent at least one filter coefficient of a filter
configured to filter the second signal component 140 in the
time-domain. For instance, this filter may represent a Finite
Impulse Response (FIR) filter or an Infinite Impulse Response
(ITR) filter. As an example, this at least one value may be
determined based on a Minimum Mean Squared Error (MMSE)
criterion or a Zero Forcing (ZF) criterion or any other
well-suited criterion. In this exemplary case, a signal
enhancement processing to the second signal component is
performed by filtering the second signal component by means

of the respective filter in the time-domain.

Figure lc depicts such a £filtering in the time~domain, wherein
filter 141 is adapted to the at least one value 150’ and
configured to perform a signal enhancement processing to the
second signal component 140. Accordingly, filter 141 is
configured to output an enhanced second signal component 142,
wherein filter 141 is configured to perform this signal

enhancement based on the at least one parameter 150.
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Similarly, filter 131 is configured to perform a signal
enhancement processing to the first signal component 130 and
to output an enhanced first signal component 132. This filter
131 may be adapted to at least one value 116 configured to
be used to perform a signal enhancement processing to the
first signal component 130. For instance, this at least one
value 116 may be determined based on the first signal
component 130. The system depicted in figure lc comprises a
third and fourth filter 193, 194 and a combiner 195 configured
to combine the enhanced first signal component 132 and the
enhanced second signal component 142 to a combined enhanced
output audio signal 199 having the same bandwidth like the
input audio signal 101. For instance, the third filter and
fourth filter 193, 194 may be configured to perform an
upsampling to the respective input signal. Furthermore, as
an example, the third and fourth filter may represent a FIR
QMF bank configured to combine the enhanced first and second

signal components 132, 142 to the wideband output signal 199.

Furthermore, as another example, the at least one value 150’
may comprise at least one value configured to be used to
perform a signal enhancement processing to the second signal
component 140 in the frequency-domain. Figure 1d depicts such
a filtering in the frequency-domain, wherein converters 170
are configured to perform a conversion from time-domain to
frequency-domain. Thus, converters 170 may convert the time
domain first and second signal components 130, 140 into
frequency domain first and second signal components 1307,
140’ , respectively. As an example, the converter 170 may be

configured to output M, subcomponents representing the

respective first and second signal component 130’7, 140’ in
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the frequency-domain, wherein each subcomponent of the M,

subcomponents is associated with one of M, sub-bands in the

first and second frequency band.

For instance, converter 170 may represent a Fourier
Transformation, e.g. a FFT, a DFT, STFT or any other
well-suited transformation. Filter 141’ is adapted to the at
least one value 150’ and configured to perform a signal
enhancement processing to the second signal component 1407
in the frequency domain. Accordingly, filter 141’ 1is
configured to output an enhanced second signal component 142/
in the frequency domain, wherein filter 141" is configured
to perform this signal enhancement based on the at least one

parameter 150.

Similarly, filter 131’ is configured to perform a signal
enhancement processing to the first signal component 130’ in
the freguency domain and to output an enhanced first signal
component 132’ in the frequency domain. This filter 131’ may
be adapted to at least one value 116 configured to be used
to perform a signal enhancement processing to the first signal
component 130. For instance, this at least one value 116 may
be determined based on the first signal component 130. The
system depicted in figured 1ld further comprises converters
175 configured to perform a conversion from frequency-domain
to time-domain. Thus, converters 175 may convert the enhanced
frequency-domain first and second signal components 1327,
142" to enhanced time-domain first and second signal
components 132, 142, respectively. Of course, the converters
170 and 175 may be re-arranged. For instance, time-domain to

frequency-domain conversion may be applied to the audio
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signal 101 before being filtered by the first and second
filter 103, 104, and/or frequency-domain -to time-domain
conversion may be applied to output signal 199 after being
combined by combiner 195. In this exemplary case, the first,
second, third and fourth filter 103, 104, 193, 194 and
combiner 195 are configured to operate in the frequency

domain.

For instance, the at least one value 150’ may comprise at least
two gain factors, wherein each of the at least two gain factors
is associated with a separate sub-band of the second frequency
band. As an example, these at least two'gain factors may be
determined based on a MMSE criterion or a ZF criterion or any
other well-suited criterion. In this exemplary case, a signal
enhancement processing to the second signal component 140
may be performed based on weighting a frequency component of
the second signal 140’ associated with a sub-band of the

second frequency band with the respective gain factor of the
at least two gain factors. Thus, for instance, each of the
at least two gain factors is associated with one sub-band of

the second frequency band.

Figure 3a is a schematic block diagram which illustrates a
first exemplary filtering in the frequency domain based on
the at least one value 150’ configured to be used to perform
a signal enhancement processing to the second signal

component 140’ in the frequency-domain. As an example, the

second signal component 140’ comprises M, sub-components

301, 302 .. 303 representing the second signal component 1407

in the freguency-domain, wherein each subcomponent 301, 302

.. 303 of the M, subcomponents is associated with one of M,
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sub-bands in the second frequency band. The at least two gain
factors 150 are represented by M, gain factors 321, 322 ..

323 which are fed to filter 141'. For instance, a first
multiplier 331 multiplies the first subcomponent 301 with the
first gain factor 321, a second multiplier 332 multiplies the

second subcomponent 302 with the second gain factor 322, and

so on until the M, th multiplier 333 multiplies the M,th
subcomponent 301 with the M, th gain factor 333. Thus, the

filter 141’ is configured to output M, enhanced
sub-components 311, 312 .. 313 which have been weighted by the

respective gain factors of the M, gain factors, wherein

these M, enhanced sub-components 311, 312 .. 313 may

represent the enhanced second signal component 142’. As an
example, the filter 131’ depicted in figure 1ld may be realized
in the same way as filter 141’ depicted in figure 3. Of course,
any other weighting implementation may be applied in order
to perform the signal enhancement processing to the second

(or first) signal component.

Thus, in the time-domain as well as in the frequency domain
a signal enhancement processing on the second signal
component 140 may be performed based on the at least one
parameter determined on the basis of the first signal

component 130.

Figure la depicts that the at least one parameter 150 is
estimated based on the first signal component 130. This has
to be understood, for instance, that the at least one
parameter may be estimated based on the first signal component
130 in the time-domain, or based on the first signal component

130’ in the frequency-domain, or based on the enhanced signal
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component 132 in the time-domain, or based on the enhanced

signal component 132’ in the frequency domain.

Fig. 2b depicts a flow chart illustrating a second exemplary

method based on the first exemplary method.

This second exemplary method comprises performing 205 a
signal enhancement processing to the first signal component
130, 130’ in order to obtain an enhanced first signal
component 132, 132'. For instance, this signal enhancement
processing to the first signal component 130, 130" may be
performed as explained with respect to figures 1lb and lc, but
any other well-suited signal enhancement may alsoc be applied.
Then, estimating 210 the at least one parameter is performed
based on the enhanced first signal component 132, 1327.
Accordingly, the input of entity 110 depicted in figure la
may be replaced with an enhanced first signal component 132,
132" . Thus, regarding the estimation of the at least one
parameter 150, it has to be understood that the term based
on the first signal component may include based on the

enhanced first signal component.

Fig. 4a depicts a schematic block diagram which illustrates
an exemplary entity 110’ configured to estimate the at least
one parameter 150 based on the first signal component 130.
For instance, this exemplary entity 110’ may represent the

entity 110 depicted in figure la.

For instance, the input 430 depicted in figure 4a may
represent the first signal component 130, 130’ or the enhanced
first signal component 132, 132’. In the sequel, it is

referred to the first signal component 130, 130’7, but the
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enhanced first signal component 132, 132’ may also be used

as input.

Entity 110’ comprises a unit 410 and an estimator 420. The
unit 410 is configured to determine at least one feature 440
based on the first signal component 130, 130’ representing
at least one signal parameter being associated with the first
signal component 130, 130’ . At least one feature of the least
one feature 440 may represent a set of spectral envelope
representatives of the first signal component 130, 130" . For
instance, the at least one feature of the at least one feature
may be at least one energy representative, wherein each of
the at least one energy representative is associated with the
energy of the first signal component or the enhanced first
signal component in a frequency sub-band of the first
frequency band. As an example, at least one feature of the
at least one feature 440 may be N, mel-frequency cepstral
coefficients (MFCCs). Thus the frequency sub-bands
associated with the first frequency band are equally spaced

on the mel scale.

Furthermore, at least one feature of the at least one feature
may comprise further information of the first signal

component 130, 130’. For instance, at least one feature of
the at least one feature may be associated with the

zero-crossing rate (ZCR) of the first signal component 130,
130’ . The zero-crossing rate may be the rate of sign-changes
along a signal, i.e., the rate at which the signal changes

from positive to negative or back.

As an example, the at least one feature 440 may be denoted

as vector x(i), where ‘i’ denotes the time index. For



WO 2011/029484 PCT/EP2009/061884
43

instance, unit 410 may operate on a frame-by-frame basis,
i.e., for instance, X={x (1), .. ,%x(A)} may represent a sequence
of feature vectors from the first signal component 130, 130’

of frames 1 to A. For instance, A designates the current frame.

The estimator 420 is configured to estimate the at least one
parameter 150 at least based on the at least one feature 440.
For instance, the estimator 420 may be configured to perform

the estimation based on a Hidden Markov Model (HMM).

For instance, the estimator may apply a MMSE criterion, a
Maximum a Posteriori (MAP) criterion, a Maximum Likelihood
(ML) criterion, a Zero Forcing (ZF) criterion or any other
well-suited criterion for estimating the at least one

parameter at least based on the at least one feature 440. As
an example, the estimator 420 may not apply any information
extracted from or based on the second signal component 140,
140’ in order to estimate the at least one parameter 150. Thus,
for instance, the at least one parameter is estimated based
on features that are determined only from the first signal

component 130, 130’.

The estimation may be based on at least one feature which has
been previously determined by unit 410. As an example, the
estimating may be based on sequence X={x(A-m), .., x(A-1),
,X{A)}, wherein x(A) may represent the current at least one
feature and x{(A-m) .. x(A-1) may represent the m previous at
least one features. Thus, in this case m21 holds, m

representing an integer.

As an example, under assumption of applying an MMSE

estimation, the at least one estimated parameter 150,
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exemplarily denoted as vector J, may be estimated by means

of MMSE criterion for estimation of parameter vector y:
Al12 .
E“b—y“}X}zmm, (9)

For instance, equation (9) may be solved by the conditional

expectation P =E{J|X}.

It is now assumed, as an example, that at least one parameter
of the at least one parameter represents a set of spectral
envelope representatives of the second signal component 140,

140’ . For instance, the estimated at least one parameter may

3*2(0)]2,...,

A 2
be represented by vector }={ Sgﬂi}—lﬂ}, wherein

A 2
Ingﬂ with,tie{O,.qﬁl}—l} may represent the estimated energy

of the second signal in the jth sub-band of a set of M, -1
frequency sub-bands of the second frequency band. As an
example, the sub-bands of this set of M, -1 frequency

sub-bands of the second frequency band may overlap in the

frequency range.

Furthermore, the estimation may further be based on a
codebook, the codebook comprising a plurality of sets of
spectral envelope representatives associated with the second

signal component 140. This codebook may represent a
precomputed codebook C={J,...,J,} for the parameter vectors y
comprising Mc entries. For instance, this codebook may be
obtained with the LBG algorithm presented by Y. Linde, A.

Buzo, R.M. Gray in “An algorithm for vector quantizer

design,”, IEEE Transactions on Communications, vol. 28, no.
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1, pp. 84-95, Jan. 1980. Of course, any other well-suited

codebook may also be used.

Using the codebook (', the MMSE estimate may be expressed as:

j}MMSEZZ)’}i'P(J;ilX)I (10)

e

which may represent a weighted sum over the Mc centroids of
the codebook (. The weights P(ﬁ|3ﬁ represent a posteriori

probabilities based on the determined sequence X. Thus,

according to equation (10), an a posteriori probability based
on the determined sequence X is determined for each of the
plurality of sets of spectral envelope representatives of the
codebook, and a weighted sum over the plurality of sets of

spectral envelope representatives is determined, wherein

each set of spectral envelope representatives J, is weighted

by the respective a posteriori probability P(ﬁ]kﬂ.

For instance, determining the at least one a posteriori
probability may be based on a Hidden Markov Model (HMM). This
HMM may be trained during an offline training phase. As an
example, the HMM techniques described by B. Geiser, H. Taddeil
and P. Vary in “Artificial Bandwidth Extension without Side
Information for ITU-T G.728.1,” in Proceedings of European
Conference on Speech Communication and Technology

(INTERSPEECH), Antwerp, Belgium, August 2007 may be applied.

Thus, the entity 110’ depicted in figures 4a is configured
to estimate at least one parameter 150 based on the first

signal component 130, 130'.
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Figure 4b is a schematic block diagram which illustrates a
first exemplary determining of a first set of at least one
value 450 configured to be used to perform a signal
enhancement processing on the second signal component 140,
140’ . For instance, this at least one value 450 may represent
at least one filter coefficient, wherein a filter adapted to
this at least one filter coefficient may be used to perform
the signal enhancement processing on the second signal
component 140, 140’, as explained above. As an example, the
at least one value 450 may represent the first set of at least
two gain factors configured to be used to perform a spectral
weighting of the second signal 140’ based on weighting a
sub-band frequency of the second signal associated with a
sub-band of the second frequency band with the respective gain
factor of the at least two gain factors, as exemplarily

depicted in figure 3a or 3b.

As an example, under the assumption that the at least one value
450 represents the first set of at least two gain factors,
entity 460 may represent an SNR estimator 460 which is

configured to estimate at least one SNR representative 465
based on the at least one parameter 150 and the second signal
component 140, 140’ . This at least one SNR representative is
assoclated with the second signal component 140, 140’. For
instance, this at least one SNR representative may comprise
a plurality of SNR representatives, wherein each of the

plurality of SNR representatives is associated with one

sub-band of a plurality of frequency sub-bands of the second
frequency band. As an example, the plurality of frequency

sub-bands may comprise M, -1 freguency sub-bands of the

second frequency band, and, for instance, the sub-bands of
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this set of M, -1 frequency sub-bands of the second frequency
band may overlap in the frequency range. As an example, the

plurality of SNR representatives may comprise a set of M, -1

5,00
&G0

represent the estimated noise power of the jth sub-band of

N A 2
a priori SNR values &(j)= wherein b@(ﬂl may

N 2
ngﬂ represents one

the second signal component and wherein

of the at least one parameter 150. For instance, the entity
~ 2
460 may be configured to estimate the j noise powers vajﬂ

with je{0,...,M} -1} . For instance, the estimation of the jth

noise power may be written as
~ . 2 2 ~ . 2
8.0 = max( . 18,00 0], (1)

wherein ﬁgQﬂF represents the energy of the audio signal in

the jth sub-band of the second frequency band.

Furthermore, as an example, the plurality of SNR

representatives may further comprise a set of M, -1 a
12

A0S

~ ’2'

N, (D)

posteriori SNR values 7,(j)=

In this exemplary case, i.e., under the assumption that the
at least one value 450 represents the first set of at least
two gain factors, entity 470 may be configured to determine
the first set of at least two gain factors at least based on

the plurality of SNR representatives. For instance, the at
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least two gain factors of the first set may be represented

by G,

we

(j) with je{0,...,M} -1}, wherein G

bwe(j) represents the
gain factor associated with the jth sub-band of the M-I

frequency sub-bands of the second frequency band. As an
example, under the exemplary assumption that the signal

enhancement processing is a noise reduction processing,

G,,.(j) may be calculated as

L&)
G,,.(J) =—=>—, or (12a)
' 1+&,())
A
G =i 12b
bwe (J) 1+ 7//\2 (]) ( )

or G,,(j) may be calculated based on 7,(j) and E(), e.g. as

described by Y. Ephraim and D. Malah in “Speech Enhancement
Using a Minimum Mean-Square Error Short-Time Spectral
Amplitude Estimator”, IEEE Transactions on Acoustics,
Speech, and Signal Processing, vol. ASSP-32, no. 6, pp.
1109-1121, December 1984. For instance, entity 470 may be
configured to determine the first set of at least two gain
factors at least based on the plurality of SNR representatives
based on any other well-suited method or as described by J.
S. Lim and A. V. Oppenheim in “Enhancement and Bandwidth
Compression of Noisy Speech”, Proceedings of the IEEE, vol.

67, no. 12, pp. 1585-1604, December 1979.

As another example, under the assumption that the at least
one value represents at least one filter coefficient of a
time-domain filter, the at least one value 465 may comprise
a plurality of SNR representatives or other statistical

representatives of the second signal component which may be



WO 2011/029484 PCT/EP2009/061884
49

used by entity 470 to determine the at least one filter

coefficient.

The first set of at least one value 450 may be associated with
a first signal enhancement processing which is based on the
at least one parameter 150 determined on basis of the first

signal component 130, 130'.

Figure 4c is a schematic block diagram which illustrates a
first exemplary entity 480 configured to determine a second
set of at least one value 490 configured to be used to perform
a signal enhancement processing on the second signal
component 140, 140’. For instance, this at least one value
490 may represent at least one filter coefficient, wherein
a filter adapted to this at least one filter coefficient may
be used to perform the signal enhancement processing on the
second signal component 140, 140’, as explained above. As an
example, the at least one value 490 may represent second set
of at least two gain factors configured to be used to perform
a spectral weighting of the second signal 140’ based on
weighting a sub-band frequency of the second signal
associated with a sub-band of the second freguency band with
the respective gain factor of the at least two gain factors,
as exemplarily depicted in figure 3a or 3b. For instance, the

at least two gain factors of the second set may be represented

by G,

cony

(/) with je{0,...,M} -1}, wherein G

cony

(J) represents the

gain factor associated with the jth sub-band of the M-I

frequency sub-bands of the second frequency band.

The second set of at least one value 490 may be associated

with a second signal enhancement processing which is not based
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on the at least one parameter 150 determined on basis of the
first signal component 130, 130’. For instance, this second
signal enhancement processing may represent a conventional

signal enhancement processing.

As an example, under the assumption that the signal
enhancement processing represents a noise reduction
processing, entity 480 may be configured to perform a noise
power estimation, e.g. as explained by R. Martin in “Noise
Power Spectral Density Estimation Based on Optimal Smoothing
and Minimum Statistics”, IEEE Transactions on Speech and
Audio Processing, vol. 9, no. 5, pp. 501-512, 2001, and to
perform SNR estimation, e.g. as mentioned above with respect
to figure 4b, and to calculate the set of at least one value

490, e.g. as mentioned above with respect to figure 4b.

Figure 4d is a schematic block diagram which illustrates a
second exemplary entity 480’ configured to determine a second
set of at least one value 490’ configured to be used to perform
a signal enhancement processing on the second signal

component 140’ in the frequency domain. For instance, the
second signal component 140’ in the frequency domain, e.g.
determined as explained with respect to figure 1ld, may be

represented by M, spectral coefficients at frequency bin k

and frame A given by:

Y, (2. k) = 8,2 k) + N, (A, k), (13)

where S,(4,k) and N,(1,k) represent the spectral coefficients

of the audio and the noise signal. For the sake of brevity,

the frame index A is omitted in the following. Furthermore,
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M,>M, may hold, i.e., the signal processing explained with
respect to the M, sub-bands throughout this specification

may represent a signal processing performed with a lower
frequency resolution compared to the freguency solution of
the first and second signal components 1307, 140’ outputted
by converters 170 depicted in figure 1ld. In case the signal
enhancement processing comprises noise reduction, the
reduction of frequency resolution may allow for an increased
suppression of musical tones and may correspond to the
properties of the human auditory system where the frequency

selectivity decreases with higher frequencies. For instance,

entity 480’ may be configured to output M, gain factors

being associated with M, sub-bands of the second frequency
band, and an entity 495 is configured to decrease the

frequency resolution from M, to M), i.e. the entity 495 may
be configured to output M, gain factors. This decrease of

frequency resolution may be performed based on combining
frequency-bins using overlapping Hann windows. Thus, the

variance of the gain factors may be reduced.

For instance, under the assumption that M, >M, holds, the

second exemplary filtering depicted in figure 3b may be used
for performing the spectral weighting based on the at least
one value 1507, wherein the at least one value 150’ represent

at least two gain factors associated with frequency
resolution M, . Entity 350 may be configured to expand the
frequency resolution from M, to M, . For instance, this may

be performed based on using overlap-add of scaled Hann

windows, e.g. the same Hann windows as mentioned above. Thus,

as an example, entity 350 is configured to output a M, gain
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factors 150’/ which are representatives of inputted M, gain

factors 150’ . The remaining signal processing of the second
exemplary filtering corresponds to the first exemplary

filtering.

Figure 5a is a schematic block diagram which illustrates an
exemplary combiner 510 configured to combine the first set
of at least one value 450 and the second set of at least one
value 490 to a combined set of at least one value 550. As an
example, the combined set of at least one value 550 may be
used as the at least one value 150’ explained with respect
to one of figures 1b, 1c, 1d, 3a, 3b and 4b. Thus, the combined
set of at least one value 550 may be used to perform a signal
enhancement processing on the second signal component 140,
140", e.g. in time-domain or in the frequency domain. For
instance, the first signal enhancement method and the second
signal enhancement method may be combined in order to provide
an increased signal enhancement of the second signal

component 140, 1407.

For instance, the first set of at least one value 450 may

comprise M, values and the second set of at least one value

490 may comprise M, values, and the combiner 510 may be

configured to combine one value of the first set of at least
one value with one value of the second set of at lest one value
to one combined value of the set of at least one combined value
550, wherein the set of at least one combined value comprises

M, combined values.
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This combining may be performed adaptively. As an example,
this adaptively combining may be performed on the basis of

determined signal and/or noise parameters.

Figure 5b is a schematic block diagram which illustrates a
second exemplary combiner 510’ configured to combine the

first set of at least one value 450 and the second set of at
least one value 490 to a combined set of at least one value
550, wherein the second exemplary combiner 510’ is based on

the first exemplary combiner 510.

As an example, the first set of at least one value 450 may

be represented by G(j) with je{Q”qu—i} and the second set
of at least on value 490 may be represented by G,(j) with
je{anﬂl—J}, wherein M 21 holds. For instance, G(j) may

correspond to G, (j), G,(j) may correspond to G

COnY

(j)) and M

may correspond to M .

The combiner 550’ may be configured to combine the first set
of at least one value 450 and the second set of at least one
value 490 by means of a set of at least one cross-fading

factor, wherein this set of at least one cross-fading factor
may be represented by a(j) with je{Q“wﬁl-Q. For instance,
the jth combined value ¢(j) may be a function of the jth value
G,(j) of the first set of at least one value 450 and the jth
value G,(j) of the second set of at least one value 490 and

at least of the jth cross-fading factor a(j).

Thus, for instance, said combining may be performed based on

at least one cross-fading factor, wherein one of the at least
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one cross-fading factor combines one value of the at least
one value of the first set of at least one value 450 with one

value of the at least second set of at least one value 490.

As an example, as exemplarily depicted in figure 5b, the jth
combined value c¢(j) 550’ of the set of combined values 550 may

be determined as follows:

() =a())-G(N+(1-a()) G (14)

For example, reference sign 545 may be associated with the

set of cross-fading factors a(j), and reference sign 535 may
be associated with a second set of cross-fading factors o,(J),

wherein in this exemplary case a,(j)=1-a(j) holds. The

multipliers 535 and 540 and the adder 560 may perform the

mathematical operations and may be implemented J-times.

Of course, the second set of cross-fading factors 535 may be
independent from the set of cross-fading factors 545, or there
may exist another correlation between the set of cross-fading

factors 545 and the second set of cross-fading factors 535.

For instance, each of the at least one cross-fading factor
is calculated on the basis of one value of the first set of
at least one value 450, of one value of the second set of at
least one value 490 and of at one reference value of a set
of at least one reference value, the set of at least one

reference value representing at least one reference value
configured to be used to perform a reference enhanced signal

processing on the second signal component.
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As an example, the first set of at least one value 450 may

be represented by G/()) with_‘je{Oy.wAJ—l}, the second set of

at least one value 490 may be represented by G,(j), and the
set of at least one reference value may be represented by
G.(j). The at least one reference value is configured to be
used to perform a reference enhanced signal processing on the
second signal component. E.g., each of the at least one
reference value may be determined during a training process
for each frame. The method of determining each of the at least
one reference value may depend on the signal enhancement
processing. For instance, during this training process
reference signal parameters may be determined in order to

obtain the at least one reference value.

For instance, a cross-fading factor a(j) of the set of at

least on cross fading factors may be determined based on the
respective value G(j) of the first set of at least on value
450, the respective value G,(j) of the second set of at least

on value 490 and the respective cross-fading factor a(j) of

the set of at least on cross fading factor, e.g. as follows:

(G.()H-G()) -
(G,()-GW) +(GWN-G())

a(j) =

As an example, assuming that the signal enhancement

processing represents a noise reduction on the audio signal
as mentioned above, the at least one reference value G,(j) may

represent at least one reference weighting factor which may

be determined from a clean audio and noise signal. For
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instance, this determining may be performed on a reference

2
V(i
a posteriori SNR yij)zliigi; and/or on a reference a priori
N, (D)
S N
SNR éxj)z%Qéi%;, wherein D@(ﬂf may represent the noise
N, (D)

power of the jth sub-band of the second signal component and
wherein ngﬂz represents power of jth sub-component of

second signal, associated with the jth sub-band.

For instance, during a training process, which may be
performed for every frame A and/or for every sub-band of the
j sub-bands of the second frequency band, a plurality of
reference cross-fading vectors may be determined, wherein
each reference cross-fading factor of the plurality of
reference cross-fading factors is associated with a first SNR
associated with the first frequency band and with a second

SNR associated with the second fregquency sub-band.

As an example, a first reference cross-fading value «,(j) is

obtained in a training process, e.g. for every frame A and/or

for every sub-band j, e.g. as mentioned above. In addition,

2
S (i
the reference a priori SNR §Aj)=l4£41; of the respective jth
|N2(J)|
Mp- |2
: _ 1E [KO) |
sub-band and the averaged SNR ¢, = >~ of the first
My & N,

signal component in the first frequency band may be

determined.
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Based on training data, a look-up table for the estimation

of cross-fading values a(j) may be generated for each of the
j sub-bands. Therefore, &.(j) and am may be quantized (e.g.,
1 dB step size or another well-suited step size) and the
associated reference cross-fading values «,.(j) of the J
sub-bands define the at least one reference cross-fading

value. Thus, the final look-up table may provide one reference

cross-fading value «aj) for each quantized combination of

&(j) and 51, £(j) representing the SNR associated with the

second frequency band and am representing the SNR associated

with the first frequency band. Thus, the SNR associated with
the second frequency band may represent a SNR associated with

a sub-band of the second freguency band.

Accordingly, the first and second signal enhancement
processing can be combined in an adaptive way based on the

at least one reference cross-~fading value.

A cross-fading value «a(j) may be determined by means of

interpolation between at least two reference cross-fading

values.

Furthermore, the respective SNR estimates of the SNR
associated with the first frequency band and the SNR
associated with the second frequency band may be determined

based on the above mentioned conventional techniques.

Furthermore, it is readily clear for a person skilled in the
art that the logical blocks in the schematic block diagrams

as well as the flowchart and algorithm steps presented in the
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above description may at least partially be implemented in
electronic hardware and/or computer software, wherein it may
depend on the functionality of the logical block, flowchart
step and algorithm step and on design constraints imposed on
the respective devices to which degree a logical block, a
flowchart step or algorithm step is implemented in hardware
or software. The presented logical blocks, flowchart steps
and algorithm steps may for instance be implemented in one
or more digital signal processors (DSPs), application
specific integrated circuits (ASICs), field programmable
gate arrays (FPGAs) or other programmable devices. The
computer softwaﬁe may be stored in a variety of
computer-readable storage media of electric, magnetic,
electro-magnetic or optic type and may be read and executed
by a processor, such as for instance a microprocessor. To this
end, the processor and the storage medium may be coupled to
interchange information, or the storage medium may be

included in the processor.

Any presented connection in the described embodiments is to
be understood in a way that the involved components are

operationally coupled. Thus, the connections can be direct
or indirect with any number or combination of intervening
elements, and there may be merely a functional relationship

between the components.

Any of the processors mentioned in this text could be a

processor of any suitable type. Any processor may comprise
but is not limited to one or more microprocessors, one or more
processor (s) with accompanying digital signal processor (s),
one or more processor (s) without accompanying digital signal

processor (s), one or more special-purpose computer chips,
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one or more field-programmable gate arrays (FPGAS), one or
more controllers, one or more application-specific

integrated circuits (ASICS), or one or more computer(s). The
relevant structure/hardware has been programmed in such a way

to carry out the described function.

Any of the memories mentioned in this text could be
implemented as a single memory or as a combination of a
plurality of distinct memories, and may comprise for example
a read-only memory, a random access memory, a flash memory

or a hard disc drive memory etc.

Moreover, any of the actions described or illustrated herein
may be implemented using executable instructions in a

general-purpose or special-purpose processor and stored on
a computer-readable storage medium (e.g., disk, memory, or
the like) to be executed by such a processor. References to
“computer-readable storage medium’ should be understood to
encompass specialized circuits such as FPGAs, ASICs, signal

processing devices, and other devices.

Tt will be understood that all presented embodiments are only
exemplary, that features of these embodiments may be omitted
or replaced and that other features may be added. Any
mentioned element and any mentioned method step can be used
in any combination with all other mentioned elements and all
other mentioned method step, respectively. It is the
intention, therefore, to be limited only as indicated by the

scope of the claims appended hereto.
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CLAIMS

1. A method comprising:

- estimating at least one parameter based on a first signal
component of an audio signal, the at least one parameter
being associated with a second signal component of the
audio signal; wherein

- the first signal component is associated with a first
frequency band and the second signal component is
associated with a second frequency band; and

- performing a signal enhancement processing on the second
signal component at least based on the at least one

parameter.

2. The method according to claim 1, comprising performing
a signal enhancement processing on the first signal
component in order to obtain an enhanced first signal
component, wherein said estimating at least one parameter
is performed on basis of the enhanced first signal

component.

3. The method of one of the preceding claims, wherein at
least one parameter of said at least one parameter
represents a set of spectral envelope representatives of

the second signal component.

4. The method according to one of the preceding claims,
comprising determining at least one feature based on the

first signal component representing at least signal
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parameter being associated with the first signal
component, wherein said estimating the at least one
parameter is performed on basis of the at least one

feature.

5. The method according to claim 4, wherein at least one
feature of said at least one feature is a set of spectral
envelope representatives of one out of:

- the first signal component; and

- the enhanced first signal component.

6. The method according to one of claims 4 and 5, wherein
said estimating at least one parameter is further based
on at least one previous feature which has been previously

determined based on the first signal component.

7. The method of one of claims 4 to 6, wherein at least one
parameter of said at least one parameter represents a set
of spectral envelope representatives of the second signal
component, and wherein said estimating at least one
parameter is further based on a codebook, the codebook
comprising a plurality of sets of spectral envelope
representatives associated with the second signal

component.

8. The method of claim 7, wherein said estimating comprises:

- determining for each of the plurality of sets of spectral
envelope representatives of the codebook an a posteriori
probability at least based on the at least one feature;
and

- determining a weighted sum over the plurality of sets of

spectral envelope representatives, wherein each set of
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spectral envelope representatives of the plurality of
sets of spectral envelope representatives is weighted by

the respective a posteriori probability.

The method of claim 8, wherein determining the at least
one a posteriori probability is based on a Hidden Markov

Model.

The method according to one of claims 1 to 9, wherein said
performing a signal enhancement processing on the second
signal is based on a combined signal enhancement
processing comprising:

determining a first set of at least one value configured
to be used to perform a signal enhancement processing on
the second signal component at least based on the at least
one parameter,

determining a second set of at least one value configured
to be used to perform a signal enhancement processing on
the second signal component not based on the at least one
parameter, and

combining the first set of at least one value and the

second set of at least one value.

The method according to claim 10, wherein said first set
of at least one value represents a first set of at least
two gain factors and said second set of at least one value
represent a second set of at least two gain factors,

wherein each of the at least two gain factors of the first
and second set is associated with a sub-band frequency

component of the second signal component.
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The method according to claim 11, wherein the sub-bands
assoclated are associated with a first frequency

resolution, the method comprising expanding the combined
first set of at least two gain factors and second set of
at least two gain factor to a second frequency resolution,
the second freguency resocolution being higher than the

first frequency resolution.

The method according to one of claims 10 to 12, wherein
said combining is performed based on at least one
cross-fading factor, wherein one of the at least one
cross—-fading factor combines one value of the at least
one value of the first set of at least one value with one

value of the second set of at least one wvalue.

The method according to claim 13, wherein each of the at
least one cross-fading factor is calculated on the basis
of one value of the first set of at least one value, of
one value of the second set and of at one reference value
of a set of at least one reference value, the set of at
least one reference value representing at least one

reference value configured to be used to perform a

reference enhanced signal procéssing'on the second signal

component.

The method according to one of claim 13 and 14, comprising
determining said at least one cross-fading vector based
on a plurality of reference cross-fading factors and
estimations of signal parameters associated with the
first and second freguency band, wherein the plurality
of reference cross-fading factors has been determined

during a training process, wherein each reference
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cross-fading factor of the plurality of reference
cross-fading factors is associated with at least one
signal parameter of the first frequency band and at least

one signal parameter of the second frequency band.

The method according to one of the preceding claims,
wherein said signal enhancement processing represents

noise reduction processing.

An apparatus comprising:

means for estimating at least one parameter based on a
first signal component of an audio signal, the at least
one parameter being associated with a second signal
component of the audio signal; wherein the first signal
component is associated with a first frequency band and
the second signal component is associlated with a second
frequency band; and |

means for performing a signal enhancement processing on
the second signal component at least based on the at least

one parameter.

The apparatus according to claim 17, comprising means for
performing a signal enhancement processing on the first
signal component in order to obtain an enhanced first
signal component, wherein said estimating at least one
parameter is performed on basis of the enhanced first

signal component.

The apparatus according to one of claims 17 to 18, wherein
the apparatus is one of:
a chip;

an integrated circuit; and
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an audloc device.

An apparatus comprising at least one processor and at
least one memory including computer program code, the at
least one memory and the computer program code, with the
at least one processor, configured to cause the apparatus
at least to perform:

estimating at least one parameter based on a first signal
component of an audio signal, the at least one parameter
being associated with a second signal component of the
audio signal; wherein

the first signal component 1s associated with a first
frequency band and the second signal component is
associated with a second frequency band; and
performing a signal enhancement processing on the second
signal component at least based on the at least one

parameter.

The apparatus according to claim 20, wherein the at least
one memory and the computer program code, with the at
least one processor, are configured to cause the

apparatus to perform a signal enhancement processing on
the first signal component in order to obtain an enhanced
first signal component, wherein said estimating at least
one parameter is performed on basis of the enhanced first

signal component.

The apparatus according to one of claims 20 to 21, wherein
the apparatus is one of:

a chip:;

an integrated circuit; and

an audio device.
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A computer program code causing an apparatus to perform
the following when executed on a processor:

estimating at least one parameter based on a first signal
component of an audio signal, the at least one parameter
being associated with a second signal component of the
audio signal; wherein

the first signal component is associated with a first
frequency band and the second signal component is
assoclated with a second frequency band; and
performing a signal enhancement processing on the second
signal component at least based on the at least one

parameter.

A computer readable storage medium in which the computer

program code according to claim 23 is stored.
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