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(57) Abstract: The invention relates to a process for modifying an audio signal that comprises the following steps: a. Determining a
compression parameter (y) of the audio signal that should be modified; b. Fractionizing the audio signal into different frequency bands;
¢. Obtaining the values of the compression parameter (y) for each frequency band; d. Compressing at least a part of the frequency
bands as a function of the determined compression parameter (y); The invention also relates to a device for moditying an audio signal
comprising at least one fractionizing unit (11) for fractionizing an incoming audio signal into different frequency bands, a plurality of
compression units (12) for compression of at least a part of the frequency bands depending on a determined compression parameter
(y) and a control unit (13) for determining the values of a compression parameter (y) by means of a specific I/O function (1-8) for
each frequency band and using a single control parameter (x) as input value. The object of the invention, to simplify the process of
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adjustment of the modification of the audio signal, is met by obtaining the values of the compression parameter (y) by /O functions
(1-8) for each frequency band by using a single control parameter (x) as input value, or by the fact that the control unit (13) controls
all compression units (12).
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Simple control of many parameters

The present invention relates to a process for modifying an audio signal that
comprises the following steps:

a. Determining a compression parameter of the audio signal that should
be modified;

b. Fractionizing the audio signal into different frequency bands;

c. Obtaining the values of the compression parameters for each
frequency band;

d. Compressing at least a part of the frequency bands as a function of

the determined compression parameter.

The invention also relates to a device for modifying an audio signal comprising at
least one fractionizing unit for fractionizing an incoming audio signal into different
frequency bands, a plurality of compression units for compressing at least a part of
the frequency bands as a function of a determined compression parameter and a
control unit for determining the values of the compression parameter by means of a
specific I/0O function for each frequency band and using a single control parameter

as input value.

In many fields of the economy and industry, audio signals have to be modified in
order to fit specific applications. Especially hearing aid devices amplify and alter
audio signals in order to improve perception by hearing-impaired individuals and
increase their understanding of spoken words. Most modern instruments use
multichannel compression with at least one compression parameter per channel,
e.g. compression ratio, time constants (or variables), gain, etc. Even if only a few
channels with different frequency bands are used, a large amount of adjustable
parameters can be defined. Many users of such hearing devices are unable to
understand all technical details of all adjustments available and are overwhelmed

by the task of adjusting it fast in a good manner. Even experts in the field of audio
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signal modification often have difficulties finding the right adjustment due to the

large amount of possible parameters to be modified.

Therefore it is an object of the invention to simplify the process of adjusting the
modification of the audio signal.

According to the invention, this objective is achieved by the process according to
claim 1 or by the device according to claim 6.

By using a single control parameter for all frequency bands, the adjustment of this
control parameter can alter all values of the compression parameter of the bands.
This means that the compression of different frequency bands can be altered in a
different way by only changing one control parameter. This simplifies the
modification of the audio signal significantly and can also be done by a layman
without any knowledge of signal modification. The exact extent of this adjustment
is determined by I/0 functions (Input-Output functions) of the frequency bands.
Each I/0 function can have a different form and determines the manner of

compression made for a specific frequency band.

The value of the control parameter can be adjusted in steps or continuously,
depending on the embodiment. It can be easier for the user if an embodiment is
provided that offers for example only 10 different values for the control parameter
to simplify the adjustment.

The compression parameter selected can be any parameter that alters the manner
of compression or that relates to compression, like for example the amplitude range
that is compressed. Normally, the compression takes place in a certain amplitude
range, while outside of this amplitude range a different modification is made. For
example, louder sounds with higher amplitudes may be amplified linearly or very
high amplitudes may even be reduced, and lower sounds may be damped in order
to inhibit amplifying of unwanted signals. But also, the audio signal can be
compressed within two or more different amplitude ranges, and the compression

characteristics can differ in between these ranges.

In a preferred embodiment, a characteristic gain of the compression is chosen as
the compression parameter. This characteristic gain can be the gain that is set in

the range of compression if it is a linear gain, or it can, for example be the mean
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gain of the amplitude range in which the compression is performed. Another
characteristic gain can be the gain at an amplitude where the gain changes from
one linear phase to another linear phase. In this case, it can be advantageous if not
the absolute gain is used but the change of gain is used as compression parameter.
It can also be advantageous to use the gain at the amplitude where the

compression stops or begins.

In an alternative embodiment, the compression parameter is a characteristic
amplitude in which the gain changes. This could be an amplitude where the
compression stops and an amplitude range with linear gain or no gain begins, or
the amplitude where the gain of the compression changes could also be a good
choice of compression parameter, as these amplitudes mark a significant change in
the way the signal is amplified. But it shall be noted that apart from certain
amplitudes or gains many other compression parameters can be chosen, for
example the curvature of the compression curve or the magnitude of a jump in the

curve,

In a further embodiment of the invention, for every value of the control parameter
the value of the compression parameter of a frequency band is higher than or the
same as the values of the compression parameter of all frequency bands covering
lower frequencies. As hearing loss normally starts with having problems noticing
high frequencies before experiencing problems with lower frequencies, this is
preferred, as the values of the compression parameter of the frequency bands
change in an ascending manner depending on the frequencies covered by the
frequency band. It can be especially beneficial if at lower values of the control
parameter the values of the compression parameter of some lower frequencies are
set to a minimum while only the values of the compression parameter of some
frequency bands covering higher frequencies are altered by changing between
these low values of the control parameter. Also, or in addition to this it can be
beneficial to set the values of the compression parameter of frequency bands
covering high frequencies to a maximum when high values of the control parameter
are set and only the values of the compression parameter of some frequency bands
covering lower frequencies are altered by changing between these high values of
the control parameter. This can be determined by adjusting the I/0 functions of the

frequency bands.
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If two possible compression parameters should be modified in a simple way it can
be advantageous if the values of two compression parameters are obtained by
using two control parameters. In that case the audio signal can be modified by
changing two different compression parameters to different extents depending on
the frequency bands, but the modification can still be made quickly without
difficulty or professional knowledge. Of course, the values of three or more
compression parameters can be obtained by using three or more control
parameters, although an increasing number of control parameters means an
increasing number of possibilities at modifying the audio signal. Therefore the
number should be chosen depending on the knowledge of the user and the

circumstances the process is used in.

The objective can also be solved by a device previously described in which the
control unit controls all compression units. The control unit can receive the single
control parameter from a switch with various settings. There can be a specified
number of settings or an infinite number. Depending on the setting, the control
parameter can be chosen by a user. This one control parameter then sets the
values of the compression parameter of all compression units by their specific I/0O
functions and transmits them to the respective compression units. Therefore the
user can modify the audio signal significantly and to different extents within

different frequency bands by setting just one switch.

Brief description of the drawings:

Fig. 1 is a graphic illustrating the I/O functions of an embodiment of the invention;

Fig. 2 is a schematic diagram of an embodiment of the invention.

Detailed description of the drawings:

Fig. 1 shows I/0 functions of a preferred embodiment. An inputted audio signal is
fractionized into eight frequency bands, therefore eight I/0 functions 1-8 are
shown. The I/0 functions 1-8 have essentially the same form but are shifted
relative to each other along the x-axis that represents the value of the control
parameter x. The frequency bands are distributed over the frequency spectrum of
the audio signal that is hearable for individuals with normal hearing abilities so that

the first frequency spectrum covers the lowest hearable frequencies and the eighth
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frequency band covers the highest hearable frequencies. In a preferred
embodiment, the frequency bands are set to cover all frequencies within the
hearable frequency spectrum, therefore they can overlap with each other. The
scope of the frequency bands can be chosen differently. For each frequency band a
I/0 function is assigned, whereby the first I/O function 1 is assigned to the first
frequency band, the second I/0 function 2 to the second frequency band and so on.
The I/0 functions 1-8 shown define the values of the compression parameter y as a
function of control parameter x. In the shown embodiment, the control parameter x
can only be chosen among eleven different values, ranging between 0 and 1. At the
value 0 of the control parameter x, the determined values of the compression
parameter y are determined by the I/0 functions 1-8 and in this case are 0O for all
I/0 functions 1-8. This marks a default setting, where the compression is done in
the same way on a basic level for all frequencies. If the value of the control
parameter x is changed, for example to 0.4, the value of the compression
parameter y of the eighth frequency band is already at the maximum, 1, as
determined by I/0 function 8. At the same time, the value of the compression
parameter y of the seventh frequency band is only at 0.8 while the values of the
compression parameter y of the third, second and first frequency bands are still 0.

Fig. 2 shows a preferred embodiment of a device according to the invention in a
schematic block diagram. A fractionizing unit 11, e.g. a filter, receives an incoming
audio signal via an input 10 and fractionizes the audio signal into three frequency
bands. Each of these frequency bands is sent to one of three compression units 12.
A control unit 13 is connected to a switch 14 that has different settings and
determines the value of a control parameter x as a function of the setting. A user
can change the setting of the switch and thereby modify the control parameter x.
Using the inputted value of the control parameter x the control unit 13 calculates
three different values of a compression parameter y, based on three I/0 functions,
and sends them to the compression units 12. Each compression unit 12 compresses
the frequency band provided to it by using the incoming value of the compression
parameter y to determine the manner of the compression. Thus every frequency
band can be modified in a different way but just setting one single switch 14. The
modified frequency bands are summed up via a summing device 15 thus providing

the modified audio signal at output 16.
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CLAIMS

1. A process for modifying an audio signal that comprises the following steps:

a. Determining a compression parameter (y) of the audio signal that
should be modified;

b. Fractionizing the audio signal into different frequency bands;

c. Obtaining the values of the compression parameter (y) for each
frequency band;

d. Compressing at least a part of the frequency bands as a function of
the determined compression parameter (y);

characterized in that

e. The values of the compression parameter (y) are obtained by I/0O
functions (1-8) for each frequency band by using a single control

parameter (x) as input value.

2. The process of claim 1, characterized in that the compression parameter (y) is

a characteristic gain of the compression.

3. The process of claim 1, characterized in that the compression parameter (y) is

a characteristic amplitude at which the gain changes.

4. The process of one of the previous claims, characterized in that for every
value of the control parameter (x) the value of the compression parameter (y)
of a frequency band is higher or the same as the values of the compression
parameter (y) of all frequency bands covering lower frequencies.

5. The process of one of the previous claims, characterized in that the values of

two compression parameters (y) are obtained by using two control parameters

(x).
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A device for modifying an audio signal comprising at least one fractionizing
unit (11) for fractionizing an incoming audio signal into different frequency
bands, a plurality of compression units (12)for compression of at least a part
of the frequency bands depending on a determined compression parameter (y)
and a control unit (13) for determining the values of a compression parameter
(y) by means of a specific I/O function (1-8) for each frequency band and
using a single control parameter (x) as input value, characterized in that the

control unit (13) controls all compression units (12).
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