
1 Method of processing a signal in a hearing aid, a method of fitting a
hearing aid and a hearing aid The present invention relates to hearing
aids. More specifically, 5 the invention relates in a first aspect to a
method of processing a signal in a hearing aid. In a second aspect the
invention relates to a method of fitting a hearing aid to a hearing aid
user. In a third aspect, the invention relates to a hearing aid
implementing said method of processing a signal. 10Basically, a hearing aid
picks up an input signal and sends out a processed output signal. Said
processing involves amplification of said input signal according to the
user's needs. Amplification is carried out in an amplifier, usually
including a compressor having a compressor gain. Generally, the hearing
loss of a hearing impaired is not linear. 15 That is to say, the hearing
ability may be almost normal at some sound pressure levels - typically at
louder sound pressure levels, while being quite poor at other sound
pressure levels - typically at softer sound pressure levels. The fact that
amplification is needed especially for the softer sound pressure levels
while not so much for the louder sound 20 pressure levels is quite typical
for many of the hearing impaired.          State of the art hearing aids
are adapted to compensate for this common pattern of hearing loss, by means
of a compressor. The compressor is adapted for adjusting the gain so as to
vary with the current sound pressure level of the input signal. The
variation of the level de- 25 pendent compressor gain is defined in a
compression characteristic. A state of the art hearing aid may include a
compression characteristic for each frequency band of the input signal.
Examples of hearing aids wherein the input signal is amplified in a
compressor having a compressor gain that varies with sound pressure 30
level in accordance with a compression characteristic are described in
EP-B1-1059016 and EP-B1-0824845.          Traditionally, fitting of the
hearing aid includes adjusting the compressor gain according to a general
compression characteristic, in  



2 the following referred to as the standard rationale. The standard
rationale takes into account the individual hearing loss, but is apart from
that intended to accommodate the average hearing aid user. However, even
though the hearing loss of many hearing im- 5 paired follow the
above-described pattern regarding the need for a larger amplification of
softer sound pressure levels but not necessarily an equally large
amplification of louder sound pressure levels, individual differences
exist. The need for amplification for one hearing impaired may even vary
greatly from that of another having a similar hearing loss. 10 In an effort
to make a conventional hearing aid compensate better for the specific
hearing loss and preferences of the individual user, the hearing aid is
furthermore fine-fitted to the individual user. The fine-fitting is
traditionally carried out as additional adjustments to the standard fitting
according to the standard rationale. 15One of the problems with the
existing way of fine-fitting a hear- ing aid to the individual user is that
the compressor only provides limited possibility for fine adjusting the
compression characteristic so as to fit the hearing loss of the individual
user sufficiently accurate. This is due to the fact that the number of
adjustment points, in each of which the 20 compression characteristic of
the compressor can be adjusted independently of the other adjustment
points, is traditionally very limited. In many cases, the compression
characteristic only has two adjustment points. Hence, adjustment of the
compressor gain for one sound pressure level influences that of many other
sound pressure levels, which 25 may not be desirable.         Hence, only a
crude fitting of the compression characteristic to the hearing loss of the
individual user is possible. This means that when fitting a hearing aid to
an individual user, a compromise must be made between on one hand providing
a sufficient amplification of the input 30 signal for some sound input
levels while on the other hand avoiding to amplify the input signal for
other sound pressure levels to such an extent that the comfort level of the
user is exceeded.         Another problem concerning the existing way of
processing the input signal of a hearing aid is associated with signal
optimisation. Im- 3 plementation of various types of adaptive processing
such as for instance speech intelligibility optimisation are becoming more
widespread in the signal processing in hearing aids. Unfortunately,
fine-adjustments carried out on the compression 



5 characteristic during the fine-fitting of the hearing aid to the
individual hearing aid user may be regarded as deviations from the optimal
compression characteristic and may therefore to a great extent be
eliminated or reduced by the adaptive processing. Hence, the effect of the
fine-fitting of the hearing aid to the individual user is to a great extent
never 10 experienced by the user.         All in all, the existing method
of processing and fitting has difficulties in meeting any requirement of
individual deviation from the above described typical pattern of hearing
loss of many hearing impaired. 15Hence, a need for a more flexibly
adjustable compressor gain exists so as to be able to fit the actual
hearing loss and individual preferences of the hearing aid user better.
Also, there is a need for a manner of avoiding that the effect of any
fine-fitting is reduced or eliminated by other processing in the hear-20
ing aid, such as for instance adaptive processing.         It is an object
of the present invention to alleviate or overcome at least some of the
above-mentioned problems. The above objects are obtained by providing in a
first aspect of the invention a method of processing a signal in a hearing
aid, compris- 25 ing the steps of picking up an acoustical signal, deriving
an input signal from the acoustical signal, deriving a control signal from
said input sig- nal, processing said input signal in a signal processing
device in accor- dance with said control signal so as to provide an output
signal, where the process of deriving said control signal comprises:
estimating a signal 30 level for the input signal hereby providing an input
signal level estimate, 



executing a standard processing including determining for said input sig-
nal a standard compressor gain control output in accordance with a standard
compression characteristic, using the input signal level esti- mate as
input to the standard compressor, hereby providing a standard 4 control
signal component, executing an individualized processing including
determining for said input signal an individualized compressor gain control
output in accordance with an individualized compression characteristic,
using the input signal level estimate as input to the individual- 5 ized
compressor, hereby providing an individualized control signal component,
multiplying the standard and individualized processed control signal
components to form said control signal, wherein the standard, and
individualized processings are carried out in substantially the same
frequency band. 10Two separate and independent compressors are thus
provided, i.e. a standard compressor with a standard compressor gain and an
individualized compressor with an individualized compressor gain. The
provision of two separate compressors is beneficial, as the standard
compression characteristic of the standard compressor may be adjusted in 15
accordance with a standard rationale, while the individualized compression
characteristic may be adjusted in accordance with a fine-fitting profile of
an individual hearing aid user.         In an embodiment according to the
first aspect of the invention the process of deriving the control signal
further comprises the steps of 20 executing an adaptive processing of the
input signal using said standard compressor gain control output so as to
provide an adaptive processed control signal component and multiplying the
standard, individualized and adaptive processed control signal components
to form the control signal, wherein the standard, individualized and
adaptive processings are 25 carried out in substantially the same frequency
band.         The processing of the individualized compressor is
independent of both the standard processing, and the adaptive processing.
This means that when for instance fine-fitting is performed by means of the
individualized compressor, the effect of the fine-fitting is maintained in-
30 dependent on the standard and the adaptive processing. As a result, it
is achieved that the user of the hearing aid is actually able to experience
the effect of fine-fitting of the hearing aid. 



In a preferred embodiment according to the first aspect of the invention,
the adaptive processing comprises optimisation of a speech 5
intelligibility index (SII). A process for optimisation of a speech
intelligibility index (SII) is further described in e.g. EP-B1-1522206.
In this case it is particularly beneficial to carry out the standard
fitting by means of the standard compressor and the fine-fitting by 5 means
of the individualized, independent compressor, since adaptive processing
such as optimization of SII, finds an optimum compression characteristic
based on a multitude of inputs. Deviations from the found optimum
compression characteristic are therefore attempted eliminated or reduced
accordingly. Since the fine-fitting is carried out by means of 10 the
individualized compressor, which is independent of the standard compressor,
the effect of the fine-fitting will not be sought eliminated by the
adaptive processing, and hence the user gets to experience the effect of
the fine fitting.            In other embodiments according to the first
aspect of the inven15 tion, the adaptive processing comprises adaptive
optimisation of loudness or comfort.         In an embodiment of the first
aspect of the present invention, said individualized compressor gain
control output is variable as a function of time. 20The effect is that
acclimatization is rendered possible. By accli- matization is understood
that a user of a hearing aid is being given a certain period of time to
gradually become accustomed to the standard fitting of the hearing aid
without having to perform any adjustments in the course of that time
period. 25Acclimatization may be performed in a number of ways. In one
embodiment according to the first aspect of the present invention, it is
obtained in that the value of said individualized compressor gain control
output increases within a predetermined time. The fact that the value of
the individualized compressor gain 30 control output increases with time,
gives an opportunity to introduce a damping of the amplification of the
hearing aid, which damping is gradually removed with time.         In one
embodiment according to the first aspect of the present invention, said
individualized compression characteristic is adjustable us- 



6 ing a number of predetermined adjustment points distributed over a range
of input levels.         Preferably there are more than two adjustment
points, more preferably there are between 5 and 20 adjustment points, and
most 5 preferably there are 8-12 adjustment points over said range of input
levels.         The fact that more adjustment points are provided compared
to the prior art compressor has the advantage that a more flexible
adjustment of the individualized compressor is obtained. This allows
executing 10 a very precise adjustment that is more likely to fit the
hearing loss and individual preferences of the user accurately, since the
adjustment of the individualized compressor gain for one sound pressure
level does not affect the individualized compressor gain for many other
sound pressure levels. That means that a user's possible need for large
amplification in 15 one range of sound pressure levels but almost none for
other sound pressure levels can be met to a greater extent than before.
Also, in the embodiment discussed above, where an individualized compressor
is used for acclimatization purposes, a better compensation of the user's
hearing loss is possible with a flexible individualized 20 compression
characteristic with a large number of adjustment points.         In an
embodiment according to the first aspect of the present invention, said
input signal is a sound pressure level and the spacing between the
adjustment points is selected within the range of 2 dB to 20 dB, and
preferably within the range of 5 dB to 10 dB. 25This spacing between
adjustment points has proved to be an appropriate compromise between
achieving a proper resolution in order to obtain a sufficiently flexible
adjustment of the individualized compression characteristic while keeping
the complexity of the hearing aid at a suitable level. 30In an embodiment
according to the first aspect of the present invention said standard
compression characteristic is adjustable using a number of predetermined
adjustment points distributed over a range of input levels and said
individualized compression characteristic has more adjustment points than
said standard compression characteristic. 7 



It is beneficial to have the possibility of adjusting the individualized
compression characteristic in more adjustment points than the standard
compression characteristic, since the individualized compression
characteristic corresponds to the fine-fitting of the hearing aid. The 5
need for more detailed control is larger for the fine-fitting than for the
standard fitting taking place by means of the standard compression
characteristic.         An individualized compression characteristic with
many adjustment points for fine-fitting complements a standard compression
charac- 10 teristic with fewer adjustment points for standard fitting well.
In an embodiment according to the first aspect of the present invention,
said individualized processing includes determining for said input signal a
plurality of parallel individualized compressor gain control outputs in
accordance with a corresponding plurality of respective indi- 15 vidualized
compression characteristics, each respective individualized compression
characteristic being adjustable independently of the others.         Having
a number of parallel individualized compressors provides for the
possibility of a more complex fine-fitting of the hearing aid to a hearing
aid user, where each of the individualized compressors may be 20
fine-fitted for each a different sound situation, such as listening to
music, to a speaker at a conference or to multiple, simultaneous
conversations at for instance a cocktail party.         Turning now to the
second aspect of the present invention, the above-mentioned objects are
obtained by providing a method of fitting a 25 hearing aid to a hearing aid
user, comprising the steps of: adjusting a standard compressor gain in
accordance with a standard compression characteristic, adjusting an
individualized compressor gain in accordance with an individualized
compression characteristic, where said individualized compressor gain is
adjusted independently of said standard com- 30 pressor gain.         The
standard compression characteristic may be adjusted in accordance with a
standard rationale, while the individualized compression characteristic may
be adjusted in accordance with a fine-fitting profile of an individual
hearing aid user. This provides for a more manageable and  8 suitable
fitting of the hearing aid to the individual user. 



In an embodiment according to the second aspect of the present invention
said individualized compression characteristic is adjusted using a number
of predetermined adjustment points distributed over a range 5of input
levels.         Preferably more than two adjustment points are provided,
more preferably between 5 and 20. Most preferably 8-12 adjustment points
are provided over the range of input levels. Hence, a very precise
adjustment that is more likely to fit the 10 hearing loss and individual
preferences of the user accurately can be carried out, since the adjustment
of the individualized compression characteristic for one sound pressure
level does not affect the individualized compressor gain for many other
sound pressure levels. That means that a user's possible need for large
amplification in one range of sound pres- 15 sure levels but almost none
for other sound pressure levels can be met to a greater extent than before.
Also, where an individualized compressor is used for acclimatization
purposes, a better compensation of the user's hearing loss is possible with
a flexible individualized compression characteristic with a 20 relatively
large number of adjustment points.         In an embodiment according to
the second aspect of the present invention, said standard compression
characteristic is adjusted using a number of predetermined adjustment
points distributed over a range of input levels, and said individualized
compression characteristic is ad- 25 justed in more points than said
standard compression characteristic.         It is beneficial to have the
possibility of adjusting the individualized compression characteristic in
more adjustment points than the standard compression characteristic, since
the individualized compression characteristic may be used for the
fine-fitting of the hearing aid, and 30 the need for more detailed control
is larger than for the standard fitting carried out by means of the
standard compression characteristic.         In one embodiment according to
the second aspect of the present invention, said individualized compressor
gain is varied as a function of time. The effect of this is that
acclimatization is rendered  9 



possible.         In an embodiment according to the second aspect of the
present invention, said user adjusts said individualized compressor gain.
This enables the user her- or himself to try different adjustments and eva-
5 luate them in everyday use situations and to make adjustments fitting her
or his specific requirements.         In an embodiment according to the
second aspect of the present invention, said method of fitting comprises:
adjusting a plurality of parallel individualized compressor gains in
accordance with a corresponding 10 plurality of respective individualized
compression characteristics, each respective individualized compressor gain
is adjusted independently of the others.         This provides for the
possibility of the complex fine-fitting taking into account the need for
different compression characteristics for differ- 15 ent sound situations,
such as listening to music, to a speaker at a conference or to multiple
simultaneous conversations at for instance a cocktail party.
Turning now to the third aspect of the present invention, the
above-mentioned objects are obtained by providing a hearing aid com- 20
prising means for picking up an acoustical signal; means for deriving an
input signal from the acoustical signal; means for deriving a control
signal from the input signal; means for amplifying the input signal in
accordance with the control signal hereby providing an output signal; and
means for converting the output signal into an acoustical signal, wherein
25 the means for deriving the control signal includes: a standard
compressor having a standard compressor characteristic adapted for
providing a standard control signal component, an individualized compressor
having an individualized compressor characteristic adapted for providing an
individualized control signal component, a signal level estimator for pro-
30 viding the input for the standard and individualized compressor and
multiplication means for multiplying together the standard and the
individualized control signal component to form the control signal.
In the following, embodiments of the different aspects of the invention
will be described by way of example and accompanied by sche- 10 matic
drawings, in which         Fig. 1 is a diagrammatic flow chart representing
an embodiment according to the first aspect of the present invention, 



Fig. 2 is a diagrammatic flow chart representing another em- 5 bodiment
according to the first aspect of the present invention, Fig. 3 is a
diagrammatic flow chart representing an embodiment according to the first
aspect of the present invention,         Fig. 4 represents an example of an
individualized compression characteristic, 10Fig. 5 represents another
example of an individualized compres- sion characteristic, and Fig. 6 is a
diagrammatic flow chart representing yet another embodiment according to
the first aspect of the present invention. In the following, similar
features are denoted with the same ref- 15 erence numerals.
Referring first to the embodiment shown in Fig. 1, an input signal 1 is
picked up at the location marked 'IN'. Normally, the input signal 1 is at
this point already split in various frequency bands. In the following, if
nothing else is stated, it is understood that the input signal has al- 20
ready been split up in frequency bands, among which one is illustrated in
Fig. 1. An output signal 2 is sent out at the location marked 'OUT'. A
control signal 3 is derived from the input signal 1. In multiplication
point 24 the input signal 1 is multiplied by a number derived from said
control signal 3 to provide the output signal 2. 25A signal path 4 extends
between 'IN' and 'OUT'. The paths, which extend below the signal path 4 in
fig. 1, form control signal paths. In the following, if nothing else is
stated, it is understood that the level of the input signal 1 in the
control signal paths is estimated by signal level estimation means (not
shown) before being applied as input to the 



30 various processings.         The process of deriving the control signal
3 from the input signal 1 comprises a standard processing 6 taking place in
a standard compressor. The standard processing 6 includes determining for
the input signal 1 a standard compressor gain control output in accordance
with a stan-  11 dard compression characteristic 20, e.g. in accordance
with the standard rationale. Hereby a standard processed control signal
component 7 is provided. The process of deriving the control signal 3 from
the input signal 5 1 further comprises at least one adaptive processing 8
of the input signal 1. In fig. 1 only a single adaptive processing 8 is
depicted, but evidently there could be more. The adaptive processing 8 uses
the standard processed control signal component 7 to provide an adaptive
processed control signal component 9. 10The process of deriving the control
signal 3 from the input signal 1 further comprises an individualized
processing 10, which is independent of both the standard 6 and the adaptive
8 processing and takes place in an individualized compressor. The
individualized processing 10 is independent of the standard 6 and adaptive
8 processing, as only the input 15 signal 1 serves as input for the
individualized processing 10. The individualized processing 10 includes
determining for the input signal 1 an individualized compressor gain
control output in accordance with an individualized compression
characteristic 23 to provide an individualized processed control signal
component 11. As will be explained below, this 20individualized processing
could e.g. constitute a fine-fitting.         The standard 7, adaptive 9
and individualized 11 processed control signal components are multiplied
together in an appropriate number of multiplication points 19 to form said
control signal 3. The control signal components may represent values that
are given in dB, in which case 25 the multiplication is replaced by a
summation. This will be readily appreciated by one skilled in the art.
As the input signal 1 has already been split into frequency bands prior to
'IN' in the figure, the standard 6, adaptive 8 and individualized 10
processing are carried out in the same frequency band. It is under- 30
stood that the processing displayed in fig. 1 takes place for each
frequency band of the hearing aid. This is illustrated by the underlying
partly concealed individualized processing blocks 10. The presence of up to
around fifteen frequency bands is quite normal for modern hearing aids. 



12         As is seen, both the standard processed control signal component
7 and the input signal 1 serve as inputs for the adaptive processing 8. The
adaptive processing 8 thus depends on the standard processing 6.
Contrarily, the individualized processing 10 is independent of both the 5
standard processing 6 and the adaptive processing 8 in the sense that only
the input signal 1 is input to the individualized processing 10, as
mentioned above. This way, the standard processing 6 may be used to
implement a standard fitting of the hearing aid, while the individualized
processing 10 may be used to implement a fine-fitting of the hearing aid 10
to the individual user, since the fine-fitting this way will not be
eliminated by the adaptive processing.         The adaptive processing 8
could be various types of adaptive processing. In the embodiment shown,
there is a single block representing an adaptive process for optimisation
of SII. Embodiments with more 15 kinds of adaptive processing are of course
also conceivable.          Now referring to fig. 2, another embodiment
according to the first aspect of the invention is shown. In this
embodiment, the individualized processing 10 is used for acclimatization
purposes. It is a fact that many hearing impaired have suffered from a
reduced sense of hearing 20 for quite some time before they are equipped
with a hearing aid. Hence, they have become used to perceiving only a
reduced part of the sound environment from their surroundings. Suddenly
being able to hear well again with the aid of a hearing aid may be an
overwhelming experience, which is why in many cases a period of
acclimatization is needed. 25 In a preferred embodiment of the invention,
the individualized compression characteristic of the individualized
compressor used for acclimatization is set to suppress sound pressure
levels at frequencies that correspond to the sound pressure levels and
frequencies that the hearing impaired does not experience or only
experiences to a limited degree 30 when not wearing the hearing aid. The
individualized compressor is thus used to mimic the hearing loss of the
hearing aid user. When the damping, which mimics the hearing loss, is
gradually eliminated, it has the effect that the user is progressively
becoming accustomed to the amplification of the hearing aid. 13         In
the embodiment shown in fig. 2, the individualized processing 10, which is
independent of the standard processing 6, includes determining for the
input signal 1 an individualized compressor gain control output 22 in
accordance with an individualized compression characteris- 5tic 23.
The individualized processing 10 further includes multiplication of the
individualized compressor gain control output 22 by a multiplication factor
12, which varies with time, so as to provide an individualized processed
control signal component 11. The multiplication takes place in 



10multiplication point 18.         As is indicated in fig. 2, the
individualized compression characteristic 23 is configured to provide a
negative amplification of the input signal 1. The multiplication factor 12
is, as indicated, gradually decreasing from a value of 1 to a value of 0
over a period of time needed for the 15 acclimatization. The duration of
the acclimatization period may vary from one user to another but typically
lasts for some months. In the embodiment shown, the acclimatization period
lasts for three months.         According to an embodiment the variation of
the multiplication factor is determined based on a usage log in the hearing
aid. Hereby it is 20 secured that the progress of the acclimatization only
depends on the time the hearing aid has been used.         Similar to the
embodiment of fig. 1, the input signal 1 is picked up at 'IN' and the
output signal 2 is sent out at 'OUT'. A signal path 4 extends between 'IN'
and 'OUT', and the control signal 3 is derived from 25 the input signal 1.
In multiplication point 24 the input signal 1 is multiplied by a number
derived from said control signal 3 to provide the output signal 2. The
paths, which extend below the signal path 4, form control signal paths. The
process of deriving the control signal 3 from the input signal 30 1
comprises, besides the above-mentioned individualized processing, a
standard processing 6, which includes determining for the input signal 1 a
standard compressor gain control output in accordance with a standard
compression characteristic 20. A standard processed control signal
component 7 is thereby provided.  14         Although not shown in fig. 2,
the presence of one or more kinds of adaptive processing as discussed above
is of course also conceivable in this embodiment. The standard 7 and
individualized 11 processed control signal components are multiplied
together in an appropriate number 5 of multiplication points 19 to form
said control signal 3.         According to another embodiment two or more
individualized processings can be combined, e.g. for implementing both
acclimatization and fine fitting. Fig. 3 presents an alternative way of
implementing acclimatiza- 



10 tion. The embodiment of fig. 3 is corresponding to that of fig. 2 in
that it presents an input signal 1, an output signal 2, a control signal 3,
a signal path 4 and control signal paths. In multiplication point 24 the
input signal 1 is multiplied by a number derived from said control signal 3
to provide the output signal 2. Also a standard processing 6 and an
individual- 15 ized processing 10 takes place providing standard 7 and
individualized 11 processed control signal components, which are multiplied
together in an appropriate number of multiplication points 19 so as to form
the control signal 3. However, the acclimatization is in this embodiment
controlled by the user as indicated by block 14 representing user input.
The 20 user is free to control the level of suppression.         The
skilled person will understand that the application of user control is not
limited to acclimatization, but may also be applicable in connection with
for instance the fine-fitting of the hearing aid. Another alternative way
of implementing a form of acclimatiza- 25 tion is by increasing the value
of the individualized compressor gain control output within a predetermined
time. Where the increase is achieved by means of a multiplication factor,
the individualized compressor may be set to a final individualized
compression characteristic and the multiplication factor to increase from a
value of 0 to a final value of 1 over a 30 specified period of time to
obtain the required acclimatization effect. However, this solution is not
preferred, as there is no initial damping that mimics the hearing loss of
the hearing aid user, only a gradual introduction of a fine-fitting. In
either embodiment, when acclimatization is over, the indivi-  15 dualized
compressor may be used for fine-fitting of the hearing aid. Alternatively,
a further individualized compressor may be provided so that one
individualized compressor is used for undertaking the fine-fitting of the
hearing aid and one individualized compressor is used for undertak- 5ing
the acclimatization.         In another embodiment a set of individualized
compression characteristics are stored in the hearing aid, where each of
the individualized compression characteristics is adapted to a given stage
of acclimatization. At a given stage in the acclimatization process a
corresponding 10 individualized compression characteristic is selected from
the stored set to be used in the hearing aid. According to a specific
embodiment four of such individualized compression characteristics are
stored in the hearing aid. According to an embodiment the stage of the
acclimatization 



15 process, and thus the individualized compression characteristic to be
selected, is determined in response to a usage log in the hearing aid.
Hereby it is secured that the progress of the acclimatization only depends
on the time the hearing aid has been used. In yet another embodiment the
stage of the acclimatization 20 process is determined in response to a
comparison of the usage logs in a first hearing aid and a second hearing
aid respectively, where the two hearing aids together form a binaural
hearing aid system. In a specific embodiment the two hearing aids are
synchronized in order to ensure that the acclimatization stage is the same
in the two hearing aids. Ac- 25 cording to an embodiment this is done by
wirelessly exchanging a parameter representing the lapse of acclimatization
time in each of the two hearing aids. According to an embodiment the most
advanced stage of acclimatization is chosen for both hearing aids in case
the parameter representing the lapse of acclimatization time implies
different stages of 30 acclimatization in the two hearing aids.         In
an embodiment the hearing aid user is capable of overruling the
automatically determined stage of acclimatization, hereby ensuring that the
stage of acclimatization is in accordance with the users preferences.  16
According to one embodiment the stage of acclimatization is changed through
manipulation of a user input in the hearing aid.         According to
another embodiment the stage of acclimatization is changed when the hearing
aid recognizes a given sequence of Dual-Tone 5 Multi-Frequency tones
(DTMF). In a typical situation the hearing aid user may call up a dispenser
and ask the dispenser to produce the required sequence of DTMF tones in the
hearing aid user's telephone by pressing the corresponding keys on the
dispenser's telephone while the hearing aid user holds the telephone
speaker close to the hearing aid micro- 10 phones. It is to be appreciated
that the acclimatization process according to the invention is very well
suited for this type of remote controlling because the DTMF tones are only
required to transmit a simple command that allows the preferred stage of
acclimatization to be selected, hereby selecting the appropriate
individualized compression characteristic. In 15 this manner inconvenient
visits to the dispenser can be avoided, being replaced by a simple
telephone call.         In another embodiment the automatic determination
of acclimatization stage is carried out at power up of the hearing aids,
and the result of the automatic determination of the acclimatization stage
is com- 20 municated to the user through a pre-recorded sound message
played in the hearing aids. 



Turning now to fig. 4, this shows an example of an individualized
compression characteristic 23 as e.g. used in the first embodiment
according to the first aspect of the invention, but in principle applicable
25 to any of the previous embodiments according to the first aspect of the
invention. In any of those embodiments, the standard compression
characteristic may be adjusted in accordance with a standard rationale,
while the individualized compression characteristic may be adjusted in
accordance with a fine-fitting profile of an individual hearing aid user.
30 As is seen in fig. 4, the individualized compression characteristic 23
provides a sound pressure level dependent amplification of an input signal.
The input sound pressure level is measured in dB, and the amplification is
expressed in terms of a gain, also measured in dB. As can be seen, the
individualized compression characteristic 23 17 shown in fig. 4 is
configured to amplify the softer sound pressure levels to a greater extent
than the louder sound pressure levels. Actually, the louder sound pressure
levels are even dampened due to the negative amplification in the example
shown. 5Each arrow extending from the abscissa in fig. 4 represents an
adjustment point 13. An adjustment point is a point, in which the
compression characteristic 23 may be adjusted without influencing the
compression characteristic 23 in other adjustment points 13. As is seen, an
adjustment point 13 is provided for every 10 dB 10 of the input sound
pressure level. A higher or lower resolution of adjustment points is of
course conceivable. Preferably, the pitch or spacing between two adjacent
adjustment points 13 is selected within the range of 2 dB to 20 dB, and
preferably within the range of 5 dB to 10 dB. An adjustment point for
substantially every 10 dB of input 15 sound pressure level has proven to be
a suitable compromise between on one hand obtaining a sufficiently flexible
adjustment of the individualized compression characteristic while on the
other hand keeping the complexity of the hearing aid at a suitable level.
In the exemplary embodiment shown in Fig. 4, the adjustment 20 points 13
are distributed equidistantly over the range of input sound pressure
levels. This provides for simple implementation. Other arrangements are of
course conceivable. According to an embodiment the pitch of the adjustment
points 



is selected using an exponential function with a base of 2 and an expo- 25
nent that is selected from the natural numbers. According to a preferred
embodiment a pitch of 8 dB is selected. According to a further embodi- ment
the gain values of the adjustment points are stored in a simple look-up
table, numbered from one and up. For any given input sound pressure level
the adjacent adjustment points and the corresponding 30 gain values are
required in order to determine, based on interpolation, the relevant gain.
Having a pitch of 8, the numbers in the look-up table containing the gain
values of the adjacent adjustment points can be de- termined by simply
shifting the binary representation of the value of the input sound pressure
level three places to the left. Hereby a very effi- 18 cient digital
implementation is provided.         The individualized compression
characteristic 23 of fig. 4 is a continuous function of the input sound
pressure level. That ensures that no jumps or discontinuities occur in the
individualized compressor gain, 5 and hence in the amplification, which
could otherwise lead to bad sound quality. 



Still, in practice limitations exist as to the possible variation of the
individualized compression characteristic 23 from one adjustment point 13
to an adjacent adjustment point 13. A compression characteris- 10 tic with
a too large difference between the gain values of two adjacent adjustment
points may cause bad sound quality. For instance, an individualized
compression characteristic presenting a gain of 15 dB for a sound pressure
level of 30 dB, while presenting a gain of -15 dB for a sound pressure
level of 40 dB at the same frequency is an example of a 15 variance from
one adjustment point to an adjacent adjustment point being too large to
result in proper sound quality.         Fig. 5 shows another example of an
individualized compression characteristic 23, which is expressing the
individualized compressor gain as a continuous function of the input sound
pressure level. Adjustment 20 points 13 are distributed equidistantly over
the entire input range. As is seen, this particular individualized
compression characteristic 23 provides amplification of the softer sound
pressure levels, and yet no amplification of the louder sound pressure
levels. The individualized compression characteristic 23 of fig. 5 would 25
for instance be suitable for a user having an almost normal hearing as to
the louder sound pressure levels, say between 60 dB-100 dB, in the
particular frequency band, while at the same time experiencing a rather
severe hearing loss as to the softer sound pressure levels, say between 0
dB-50 dB, as the individualized compression characteristic 23 provides 30
almost no amplification of the input signal for the louder sound pressure
levels and yet at the same time amplifies the input signal for the softer
sound pressure levels.         This illustrates the flexibility of the
adjustment possibilities of the individualized compression characteristic.
Whereas the exemplary 19 compression characteristic of fig. 4 may fit one
individual hearing aid user, the exemplary compression characteristic of
fig. 5 may fit another individual hearing aid user. Although not described
in detail herein, the standard compres- 5 sion characteristic of the
standard compressor in any of the embodiments according to the first aspect
of the invention may of course also be adjustable using a number of
predetermined adjustment points distributed over a range of input levels as
described above for the individualized compression characteristic of the
individualized compressor. 10 Preferably, however, said individualized
compression characteristic still has more adjustment points than said
standard compression characteristic. Thereby the standard compression
characteristic may be adjusted in accordance with a standard rationale,
while the individualized compression characteristic may be adjusted in
accordance with a fine- 15fitting profile of an individual hearing aid
user. 



Furthermore, by using the existing standard compressor as basis for the
further addition of an individualized compressor, the advantages of a
proven design, facilitated implementation and adjustment are obtained.
Thus, the further functionalities of the individualized compres- 20 sor are
provided without unnecessarily increasing the overall complexity of the
hearing aid.          Although not preferred, an embodiment where said
standard compressor has as many as, or more adjustment points than, said
individualized compressor is of course also conceivable. 25Turning now to
fig. 6, yet another embodiment of the present invention according to the
first aspect of the present invention is shown. The embodiment in fig. 6 is
generally similar to the embodiment shown in fig. 1, however, the
individualized processing 10 of the embodiment of fig. 6 comprises three
parallel individualized compressors 21a, 21b and 30 21c, each having
respective individualized compression characteristics 23a, 23b and 23c.
Each respective individualized compression characteristic 23a, 23b, 23c is
adjustable independently of the others.         This embodiment is
particularly useful in connection with sound environment specific
fine-fitting. "Sound environment" in this context 20 means an environment,
in which certain acoustic conditions prevail. Examples of different sound
environments may be listening to music, listening to a lecture, listening
to simultaneous conversations in a crowd such as at a party, being in
nearly quiet surroundings or being in some 5 sort of vehicle such as in a
car, bus or train.          Different sound environments may require
different fine-fitting of the hearing aid. For instance, an individualized
compressor which is fine-fitted for the sound environment of listening to a
lecture may be set to amplify sound pressure levels and frequencies typical
for speech. 10 Another individualized compressor which is fine-fitted for
the sound environment of listening to music may be set to amplify
frequencies corresponding to treble or bass according to individual
requirements of the hearing aid user. As is indicated in fig. 6, each
individualized compression charac- 15 teristic 23a, 23b, 23c is configured
differently from the others. In the embodiment shown the topmost
individualized compressor 21a has an individualized compression
characteristic 23a that provides an equally large amplification over the
entire input range. The midmost individualized compressor 21b has an
individualized compression characteristic 20 23b that is configured to
provide little or no amplification in the softer as well as in the louder
sound pressure input levels, while providing more amplification of the
intermediate sound pressure input levels. The bottommost individualized
compressor 21c has an individualized compression characteristic 23c that is
configured to provide amplification at the 



25 softer sound pressure input levels, and a negative amplification at the
louder sound pressure input levels, while little or no amplification at the
intermediate sound pressure input levels. The illustrated individualized
compressor characteristics 23a, 23b and 23c are chosen arbitrarily and are
not meant to be specifically suited for any given sound situation. 30 As
indicated by switch 15, only one individualized compressor is switched in
at a time, namely that individualized compressor, whose compression
characteristic corresponds to the prevailing sound environment.  21
termined different acoustic conditions. On basis of that, the classifier is
able to decide which sound environment prevails at a certain moment and
switch in an individualized compressor with an individualized compression
characteristic corresponding to that sound environment. An ex- 5 ample of a
classifier is given in US-5202927.         Means for obtaining a smooth
transition from one individualized compression characteristic to another
individualized compression characteristic may be provided to obtain a more
continuous sound experience especially when the user is in an environment
in which more simultane- 10 ous sound situations rival.         A
possibility for the user him- or herself to switch between the different
individualized compressors 21a, 21b, 21c may be provided. The possibility
of a user input is indicated by the block 17 in fig. 6. The user input 17
may be provided as an alternative to the classifier 16 or, as 15 shown, in
addition to the classifier 16.         It is to be understood that the
invention is not limited to the embodiments shown and/or described in the
above. Various modifications and variations may be carried out without
departing from the scope the appended claims. 20  22 PATENT CLAIMS 



1. A method of processing a signal in a hearing aid, comprising the steps
of:  picking up an acoustical signal, 5- deriving an input signal from the
acoustical signal,  deriving a control signal from the input signal,
processing the input signal in a signal processing device in accordance
with the control signal so as to provide an output signal, where the
process of deriving said control signal comprises: 10- estimating a signal
level for the input signal hereby providing an input signal level estimate,
- executing a standard processing, including determining for the input
signal a standard compressor gain control output in accordance with a
standard compression characteristic, using the input signal level 15
estimate as input to the standard compressor, hereby providing a standard
control signal component,          executing an individualized processing,
including determining for the input signal an individualized compressor
gain control output in accordance with an individualized compression
characteristic, using the 20 input signal level estimate as input to the
individualized compressor, hereby providing an individualized control
signal component, and          multiplying the standard and individualized
control signal components to form said control signal,              wherein
the standard and individualized processings are carried 25 out in
substantially the same frequency band.          2. The method according to
claim 1, comprising the step of: setting the individualized compression
characteristic to mimic the hearing loss of the intended hearing aid user.
3. The method according to claim 1 or 2, comprising the step 30 of:
multiplying the individualized compressor gain control output by an
acclimatization parameter that is variable as a function of time. 



4. The method according to claim 3, comprising the step of: decreasing the
acclimatization parameter after the lapse of a predetermined
acclimatization time span. 23         5. The method according to claim 1 or
2, comprising the step of selecting an individualized compression
characteristic among a number of predetermined individualized compression
characteristics in response to the lapse of a predetermined acclimatization
time span. 56. The method according to any one of the preceding claims,
comprising the step of determining the lapse of acclimatization time based
on the status of a hearing aid usage log.         7. The method according
to any one of the preceding claims, comprising the steps of: 10-
exchanging, between a first and a second hearing aid in a bin- aural
hearing aid system, a first and a second parameter representing the lapse
of acclimatization time in the first and the second hearing aid
respectively,               comparing, said parameters in the first and the
second hearing 15 aid respectively,          selecting a common stage of
acclimatization, in the binaural hearing aid system, based on this
comparison.         8. The method according to claim 7, comprising the step
of selecting the most advanced stage of acclimatization. 209. The method
according to any one of the preceding claims, comprising the step of
selecting an individualized compression characteristic among a number of
predetermined individualized compression characteristics in response to a
user interaction.             10. The method according to any one of the
preceding claims, 25 comprising the step of playing a sound message
indicating the stage of acclimatization.          11. The method according
to claim 1, where the process of deriving the control signal further
comprises: 



executing an adaptive processing of the input signal using said 30 standard
compressor gain control output so as to provide an adaptive processed
control signal component, and          multiplying the standard,
individualized and adaptive processed control signal components to form the
control signal, wherein the standard, individualized and adaptive
processings 24 are carried out in substantially the same frequency band.
12. The method according to claim 11, wherein the adaptive processing
comprises optimisation of a speech intelligibility index.            13.
The method according to claim 11 or 12, wherein the indi5 vidualized
compressor characteristic is set according to the individual preferences of
the intended user.          14. The method according to claim 1, comprising
the step of: adjusting the individualized compression characteristic using
a number of predetermined adjustment points distributed over a range of
com- 10 pressor input levels.          15. The method according to claim
14, where the compressor input is an estimate of the sound pressure level,
and the pitch of the adjustment points is selected within the range of 2 dB
- 20 dB, and preferably 5 dB - 10 dB. 1516. The method according to claim
14, where the compressor input is an estimate of the sound pressure level,
and the pitch of the adjustment points is selected using an exponential
function with a base of 2 and an exponent that is selected from the natural
numbers.                17. The method according to claim 16, where the
pitch of the 20 adjustment points is selected to be 8 dB.          18. The
method according to any one of the claims 14 - 17, wherein the standard
compression characteristic is adjustable using a number of predetermined
adjustment points distributed over a range of compressor input levels, and
wherein the individualized compression 25 characteristic has more
adjustment points than said standard compression characteristic. 



19. The method according to any one of the claims 11 - 18, comprising the
steps of:                determining a plurality of individualized
compression charac30 teristics corresponding to a plurality of sound
environments, and           selecting an individualized compressor gain
control output in accordance with an individualized compression
characteristic corresponding to a current sound environment. 20. A method
of fitting a hearing aid to a hearing aid user, com- 25 prising the steps
of:          adjusting a standard compressor gain according to a standard
rationale hereby providing a standard compression characteristic, and
adjusting an individualized compressor gain in accordance with 5 the
preferences of the hearing aid user hereby providing the individualized
compression characteristic.          21. The method according to claim 20,
wherein the standard compression characteristic is adjusted using a number
of predetermined adjustment points distributed over a range of compressor
input levels, 10 and wherein the individualized compression characteristic
is adjusted in more points than said standard compression characteristic.
22. A method of fitting a hearing aid to a hearing aid user comprising the
steps of:               adjusting a standard compressor gain according to a
standard 15 rationale hereby providing a standard compression
characteristic,          adjusting an individualized compressor gain in
accordance with a first stage of acclimatization hereby providing an
individualized compression characteristic, adapted for a first stage of
acclimatization, and          adjusting an individualized compressor gain
in accordance with 20 a second stage of acclimatization hereby providing an
individualized compression characteristic, adapted for a second stage of
acclimatization, 



23. The method according to claim 22, wherein the individualized compressor
characteristic mimics the corresponding characteristics 25 of the hearing
loss of the intended hearing aid user.          24. A hearing aid
comprising: means for picking up an acoustical signal; means for deriving
an input signal from the acoustical signal; means for deriving a control
signal from the input signal; means for amplifying the input signal in
accordance with the control signal hereby 30 providing an output signal;
and means for converting the output signal into an acoustical signal,
wherein the means for deriving the control signal includes: a standard
compressor having a standard compressor characteristic adapted for
providing a standard control signal component, an individualized compressor
having an individualized compressor char-  26 acteristic adapted for
providing an individualized control signal component, a signal level
estimator for providing the input for the standard and individualized
compressor and multiplication means for multiplying together the standard
and the individualized control signal component to 5 form the control
signal.         25. The hearing aid according to claim 24, comprising:
adaptive processing means adapted for providing an adaptive control signal
component and multiplication means for multiplying together the adaptive
control signal component and the control signal. 1026. The hearing aid
according to claim 24 or 25, wherein the adaptive processing means are
adapted for optimising a speech intelligibility index. 




