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(54) Method of manufacturing an active hearing device and fitting system

(57)  Anactive hearing device which is fitted towards
the needs of an individual is manufactured in that an ac-
tive hearing device having at least one adjustable trans-
fer characteristic (3) is manufactured. An acoustic signal
to be applied as a fitting signal for the hearing device is

categorized (5) as belonging to one of several preestab-
lished types of fitting signals. There is automatically de-
termined (7) from the type of said acoustic signal a se-
lection of preferred adjustments to be acted upon at the
device (7) and the adjustment is performed following up
such advice.
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Description

[0001] The present invention departs from the follow-
ing problems:

[0002] Whenever an active hearing device is manu-
factured and sold to an end user - the individual who
finally will wear such hearing device - fitting of the hear-
ing device to such individual's proper needs in its real,
daily acoustic surrounding is difficult to achieve. Thus,
there is a problem to perform hearing device fitting get-
ting real-life acoustic signals well considered, be it within
the fitter's office or by in situ fitting the device under real
life conditions.

[0003] A further problem which is more and more en-
countered in complex multi-transfer characteristics, i.e.
multi-program digital hearing devices is that the fitter
such as e.g. an audiologist has a difficult task to provide
proper fitting of the hearing device to different acoustic
test signals without influencing by one fitting adjustment
operation at least some of the adjustment operations
which have already been performed for other test sig-
nals. Often looping of fitting operations for different test
signals is necessary.

[0004] Still a further problem which is encountered in
the art of hearing device fitting is that often standard test
signals are to be applied if the respective fitter wants to
accurately rely on pre-established fitting rules and fitting
advice provided by fitting system manuals and/or auto-
matic fitting menu control.

[0005] It is an object of the present invention to pro-
vide a solution which is suited to resolve the above men-
tioned problems.

[0006] This is achieved according to the present in-
vention by a method of manufacturing an active hearing
device which is fitted towards the needs of an individual
and which comprises

¢ manufacturing an active hearing device having at
least one adjustable transfer characteristic between
an acoustic input signal and a mechanical output
signal;

e categorizing an acoustic signal to be applied as fit-
ting signal as being one of several pre-established
types of fitting signals;

e automatically determining from said type a selec-
tion of preferred adjustments to be acted upon at
said device;

¢ acting on at least one adjustment selected from said
selection.

Definitions
[0007] We understand under an "active hearing de-

vice" a hearing device which is, on the output side, op-
eratively connectable to the ear of an individual and pro-
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vides there for hearing perception of signals as input.
The output signal is primarily a mechanical signal,
namely an acoustic signal as output by a loudspeaker
arrangement or a movement signal operating upon a
mechanical transducer as implanted or applied to an in-
dividual's ear. Nevertheless, if we address such "output
signal" this may also refer to an electric signal upstream
electric/mechanical conversion.

[0008] Attheinputside the "active hearing device" re-
ceives either directly an acoustic signal which is then
converted to an electric signal as by an acoustic/electric
converter arrangement or an electric representation of
such acoustic signal, whereby the latter is a result of
remote and/or pre-performed acoustic to electric con-
version. The device is called "active", because there is
provided an electronic unit, thereby especially at least
one digital signal processing unit, which operates upon
the input signal with a prevailing transfer characteristic
to provide the output signal.

[0009] Therefore, if we speak generically and in the
following description of an input signal to the active de-
vice, it may be acoustic or electric. In analogy, if we
speak of an output signal of the hearing device, it may
be mechanical or electric.

[0010] If we speak of a "prevailing transfer character-
istic" of the active hearing device, it is the momentarily
active characteristic with which the input signal is trans-
ferred to the output signal primarily by the electronic unit
within the hearing device.

[0011] One hearing device considered may have two
or more transfer characteristics which are selectively ac-
tivatable in the sense of different programs, so e.g. to
perform signal transfer for different acoustic situations.
The one or more than one transfer characteristics are
parameterized by adjustable parameters. Thus, if we
speak of a "selection of adjustments" such selection
may comprise one or more than one transfer character-
istics and adjustable parameters of one or more than
one transfer characteristics.

[0012] If we speak of a "fitting operation" or fitting pro-
cedure, we understand any procedure during which pa-
rameters of one or more than one transfer characteris-
tics are adjusted. A fitting operation may be a "default"
fitting operation of the hearing device, during which a
freshly manufactured device is first adjusted, so that the
one or more than one transfer characteristics are pa-
rameterized on default behavior.

[0013] A fitting operation may also be a "preliminary”
fitting operation, during which, departing from the just
addressed default fitting adjustment, the hearing device
is adjusted with respect to its one or more than one
transfer characteristics to specific needs which are re-
ported by a customer individual of a specific hearing de-
vice. This "preliminary" fitting operation deals with data
specific to that individual which is presentin a prerecord-
ed form, such as e.g. diagnostic data about the specific
hearing ability of that individual.

[0014] A fitting operation may be "fine"-fitting of the
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hearing device to the specific customer individual, which
is done in situ, i.e. during said individual wearing the
hearing device. It is largely controlled by intense com-
munication between the individual and a specialized op-
erator.

[0015] Finally, fitting operation may be "user"-fitting,
where the customer individual wears the hearing device
and adjusts one or more than one parameters of one or
more than one transfer characteristics of the hearing de-
vice in normal life acoustic environment.

[0016] We understand under a "type" of an acoustic
signal or of its electric representation one of several pre-
established categories of acoustic signals. Acoustic sig-
nal types may be e.g.:

from daily life acoustic surrounding:

- speech in specific languages, further dependent on
gender of speaker, etc.;

- different noises, such as e.g. airplane noise, car
noise, wind noise, etc.

- different kinds of music and dependent on prevail-
ing acoustic surrounding such as in the car, in a
small room, in a concert hall, etc.

artificial:

- artificial acoustic signals pre-mixed with specific
spectral power distribution such as e.g. standard
test signals.

[0017] Further, different "types" of acoustical signals
or of their electric representations may be defined by
different basic acoustical parameters as e.g. different
level, different spectra, different time courses of spectral
distribution or levels, etc.

[0018] Further, such "types" may be defined by differ-
ent acoustic indicators of content, namely e.g. of music,
speech, traffic noise, etc.

[0019] Still further "types" may be defined on the basis
of different indicators of specific acoustic sources, as e.
g. by specific talkers, specific music instruments, or-
chestras, spatial location, etc.

[0020] Still further, the addressed "types" may be de-
fined on the basis of different indicators of probable
hearing target being associated with an acoustic signal,
as e.g. intelligibility, clarity, audibility, pleasantness,
noisiness, etc.

[0021] Due to the fact that, according to the principal
of the presentinvention, there is automatically proposed
a selection of adjustments for the hearing device which
should be preferably acted upon when fitting for a spe-
cific acoustic signal, even for highly complex multi-trans-
fer characteristic hearing devices, a significant help is
given to the fitter to purposefully perform the adjustment
of the hearing device.

[0022] Further, categorizing of an acoustic signal to
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be applied as a fitting signal and performing the deter-
mination of the proposed selection of preferred adjust-
ments allows to use momentarily prevailing daily signals
for fitting. Such signals are categorized automatically, i.
e. "online" or, if prerecorded e.g. selected by an audiol-
ogist, are pre-categorized. Further, artificial standard
test signals may be used for fitting, which are accord-
ingly categorized in advance. Thus, all kinds of momen-
tarily prevailing or of prerecorded acoustic signals may
be used as fitting test signals and the automatic deter-
mination of a proposed selection for preferred adjust-
ments to be acted upon allows acting upon those ad-
justments which are specific to the test signals. Such
proposed selection will e.g. influence significantly less
the transfer of other signals, which has possibly already
been optimized, than that of the just selected signal.
[0023] From EP 1453 356 itis known to automatically
classify a prevailing acoustic situation and to provide for
a plurality of adjustment configurations in dependency
of the classification result. Selection of a specific adjust-
ment configuration out of a group of adjustment config-
urations is performed interactively. Fitting is realized just
by selecting a preferred adjustment configuration. Thus,
in contrast to the present invention, not a selection of
adjustments which may be obeyed or not is proposed,
but there an adjustment configuration defining for final
quantitative adjustment values is provided. Thereby, e.
g. an individual adjustment taking into account the
needs and possibly even varying needs of such individ-
ual may not be performed.

[0024] From EP 1453 357 itis known, in context with
hearing device fitting, that a user of the hearing device
performs a manual adjustment in an acoustic situation
which is characteristic for the user. After proper adjust-
ment the prevailing acoustic situation is acoustically
measured and the measurement result as well as the
manually selected adjustment is exploited to calculate
a new set of characteristics. Within this set of charac-
teristics a multitude of acoustic situations are assigned
to respective adjustments.

[0025] Finally, itis known from WO 99/53742 from the
same applicant as the present invention to control an
audio storage player unit by a calculator unit of a fitting
system, the audio output of such player unit being op-
erationally connected to a loudspeaker unit. Thereby, it
becomes possible to automatically select an audio test
signal to be presented next for fitting dependent on past
fitting operations.

[0026] Turning back to specific embodiments of the
present invention, in one embodiment categorizing an
acoustic signal to be applied as a fitting signal is per-
formed by analyzing said acoustic signal as prevailing.
Thereby, momentarily prevailing acoustic signals may
be analyzed and categorized, leading to the ability that
an individual wearing the hearing device in situ gets in-
formation about preferred adjustments to be acted upon
for the prevailing acoustic situation. This is due to the
fact that from such categorizing which is based on signal
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analysis, automatically a selection of preferred adjust-
ments is determined as a proposal, which significantly
facilitates the customarily not specialized individual to
perform a fitting adjustment in the prevailing acoustic
surrounding. Such most flexible in situ fitting option al-
lows the end user individual to user fit his hearing device
whenever felt necessary.

[0027] Thereby, in one embodiment the result of sig-
nal analyzing just addressed is compared with prede-
termined values which concomitantly define for pre-es-
tablished types of acoustic signals and thereby the pre-
vailing acoustic signal is assigned to one of these types.
[0028] In one embodiment the addressed analyzing
comprises analyzing of prevailing acoustic signals by at
least one of the following methods:

* analyzing basic acoustical parameters as e.g. level,
spectrum, time course of spectral levels, etc.;

e analyzing acoustic indicators of content type of
acoustic signals as e.g. music, speech, traffic noise,
etc.;

e analyzing acoustic indicators of specific acoustic
sources as e.g. of specific talkers, orchestras, spa-
tial location, etc.;

e analyzing acoustic indicators of a probable hearing
target being associated with an acoustic signal as
e.g. by intelligibility, clarity, audibility, pleasantness,
noisiness, etc.

[0029] In one embodiment the selection of preferred
adjustments as determined comprises one or more than
one adjustment parameters of one or more than one
transfer characteristics of the device as well as the indi-
cation of the respective transfer characteristic or trans-
fer characteristics.

[0030] In a further embodiment the selection of the
preferred adjustment additionally depends on one or
more than one of the following factors:

e current settings of the hearing device;

¢ individual hearing loss of the user of the hearing de-
vice;

¢ individual listening needs of the user of the hearing
device;

* deviation of the current settings of the hearing de-
vice from pre-established output targets for the

acoustic signal;

e previously selected adjustments for the same or for
other acoustic signal types;

e result of previous adjustments for the same or for
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other acoustic signal types.

[0031] In one further embodiment of the method ac-
cording to the present invention the acoustic signal to
be applied is prerecorded. Thereby, the option is opened
that a specialized person such as e.g. an audiologist
may prerecord natural acoustic signals he considers
well suited for hearing device fitting and the type of such
prerecorded signal is either predetermined before a fit-
ting operation is performed and then such predeter-
mined type information is just entered to the fitting sys-
tem for automatically displaying a proposed selection of
adjustments to be acted upon. Alternatively, such pre-
recorded signal may be subjected to automatic catego-
rizing as by the addressed analyzing.

[0032] Aswas mentioned above the presentinvention
makes use of categorizing an acoustic signal to be ap-
plied as a fitting signal as being one of several pre-es-
tablished types of signals. Thereby, and especially with
an eye on default fitting, it is not necessary that such an
acoustic signal be in fact applied to the hearing device
during fitting. Once for an acoustic signal which is suited
as a fitting signal, the type has been found by catego-
rizing, it may be sufficient just to automatically determine
the selection proposal of preferred adjustments for that
specific suited signal and then to act upon such pro-
posed adjustment without really presenting the respec-
tive acoustic signal to the hearing device.

[0033] Thus, e.g. a default fitter may just subsequent-
ly enter different type information to the automatic de-
termination of a respectively proposed selection and
may, following up such proposal, perform adjustments
upon the hearing device without the respective acoustic
signal being presented. Such a fitting without presenting
acoustic signals during fitting may also be performed
possibly for preliminary fitting, i.e. during all fitting oper-
ations, where a customer individual needs not yet be
considered with respect to his individual in situ hearing
perception.

[0034] Whenever the acoustic signal to be applied or
which is suited to be applied is in fact applied to the hear-
ing device and/or to categorizing, in one embodiment
this is performed via an acoustic to electrical conversion.
[0035] In one further embodiment the acoustic signal
to be applied as a fitting signal is presented to an acous-
tic to electric converter arrangement of the hearing de-
vice. This is especially done whenever afitting operation
is performed, whereat the perception of a customer in-
dividual is considered in situ.

[0036] Following up a further embodiment of the
present invention a signal which depends on the output
signal of the hearing device is displayed, e.g. on a dis-
play screen, and the automatically determined pro-
posed selection of preferred adjustments as well.
[0037] Inafurtherembodiment the signal which is dis-
played and which depends on the output signal of the
hearing device may be indicative of at least one or a
combination of the following indicators:
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* basic acoustic parameters as e.g. level, spectrum,
time course of spectral level of the acoustic signals
or their electric representation;

e acoustic indicators of content type of the acoustic
signals or their electric representation as e.g. of mu-
sic, speech, traffic noise;

e acoustic indicators of specific acoustic sources
generating the acoustic signals or their electrical
representations as e.g. specific talkers, specific
grouping of orchestras, specific instruments, spatial
location, etc.;

¢ indicators of probable hearing targets being asso-
ciated with the acoustic signals or their electric rep-
resentations as e.g. intelligibility, clarity, audibility,
pleasantness, noisiness, etc.

[0038] Anindividual which perceives the displayed in-
formation acts upon at least one of the adjustments as
proposed by the displayed selection. This embodiment
is e.g. practiced by a specialized person such as by an
audiologist. Because the displayed selection does not
contain information about quantitative adjustment or
variation of the respective parameters, generically a
specialized person will be necessary to properly select
how much and which of the selected adjustment options
shall be varied. To do so the addressed individual should
know the target of such an adjustment.

[0039] Therefore, in a further embodiment the ad-
dressed individual is provided with target information for
said output signal and the individual performs acting up-
on an adjustment

a) in dependency of such target information,

b) as a function of the automatically determined se-
lection,

c¢) as a function of the prevailing output signal-de-
pendent signal as displayed.

[0040] In a still further embodiment the desired output
signal is electronically provided for the acoustic signal
which is applied. There is further formed, electronically,
a deviation signal between the output signal of the hear-
ing device and the desired output signal. The deviation
signal is fed to an individual. Further, there is fed to the
addressed individual information about the proposed
selection of preferred adjustments and it is this individ-
ual who performs acting upon at least one adjustment
as afunction of the addressed information about the pre-
ferred selection and of the addressed deviation.

[0041] Thereby, in fact, the addressed individual, e.g.
an audiologist, is supplied with automatically calculated
deviation information, i.e. the deviation between the out-
put signal as it should be (target) and the output signal
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as it really is. Due to the proposed selection such indi-
vidual may now easily adjust the hearing device by act-
ing upon one or more than one of the proposed adjust-
ments, which is especially important if at the hearing de-
vice a huge number of different adjustments is available.
[0042] In a further embodiment of the present inven-
tion the hearing device is applied to an individual. The
information about the proposed selection of preferred
adjustment is displayed to such individual, and it is this
individual acting upon the at least one adjustment of the
displayed selection of adjustments.

[0043] Thereby, in fact the individual may especially
be the customer individual and does thereby apply "us-
er" fitting.

[0044] Departing from the just addressed embodi-
ment the information about the proposed selection of
preferred adjustments is transmitted to the individual in
one further embodiment by an automatically generated
acoustic speech signal.

[0045] In a still further embodiment at least the auto-
matic determining is performed within the hearing de-
vice. The individual is provided with voice information
about the proposed selection of preferred adjustments
via the output electric to mechanical converter of the
worn hearing device. Thus, in this embodiment the user
customer may user fit easily the worn hearing device in
normal acoustic surrounding, especially if categorizing
the prevailing acoustic signals is also performed within
the hearing device as by the addressed analyzing.
[0046] Still in a further embodiment of the invention
the acoustic signal to be applied is in fact applied to a
first individual via the hearing device which is worn by
this first individual. The information of the proposed se-
lection of preferred adjustments is provided or displayed
to a second individual. Further, information about hear-
ing perception of the first individual is transmitted to the
second individual, who performs acting upon at least
one adjustment out of said proposed selection.

[0047] The skilled artisan who has been taught by the
presently described invention may realize such inven-
tion in terms of fitting system hardware in a huge number
of different manners. Nevertheless, generic to all such
systems is that such system comprises a unit with an
input operationally connected to an acoustic signal
source which unit generates at an output a signal which
is representative of a selection of preferred adjustments
to be acted upon at a hearing device for fitting such hear-
ing device with respect to a specific acoustical signal.
[0048] Thereby, "operationally connecting" the ad-
dressed signal source to the addressed unit may be
done, as became clear from the explanations already
given above, via a categorizing unit which determines
the type of acoustic signal prevailing or may, most indi-
rectly, be done just by entering information about a pre-
established type of acoustic signal so as to generate by
the cited unit the addressed selection of preferred ad-
justments which should be acted upon. In one embodi-
ment of such fitting system the addressed unit is inte-
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grated into a hearing device, thereby defining for a hear-
ing device with such unit.

[0049] The present invention is especially preferred
for appliances where an individual is involved in fitting
adjustment.

[0050] The present invention shall now further be ex-
emplified with a more detailed description of examples
of embodiments, which description shall be done with
the help of figures. These figures show:

Fig. 1 By means of a signal flow/functional
block diagram, the generic principal of
the present invention;

Fig. 2 by means of a signal flow/functional
block diagram, one embodiment of re-
alizing a signal type/adjustment selec-
tion advice conversion unit (ST/ASA)
applied according to the present inven-
tion;

Fig. 3 by means of a simplified signal flow/
functional block diagram, an embodi-
ment according to the present inven-
tion, whereat categorizing of acoustic
signal type is performed previous to a
fitting operation;

Figs. 4a-4e by means of simplified signal flow/func-
tional block diagrams, embodiments of
the present invention with an eye on dif-
ferent techniques of exploiting acoustic
signals which are suited as fitting test
signals;

Figs. 5a-5e by simplified functional block/signal
flow diagrams, different techniques ac-
cording to the present invention to final-
ly act upon the adjustment of a hearing
device in dependency of the informa-
tion about selection of proposed adjust-
ments to be acted upon.

Detailed description of the invention

[0051] In fig. 1 there is shown by means of a signal
flow/functional block diagram most generically a fitting
system according to the presentinvention and operating
according to the present invention so as to manufacture
active hearing devices which are fitted towards the
needs of an individual.

[0052] With the definitions as addressed above in
mind it may be seen that according to fig. 1 an acoustic
signal AS is operatively applied as an input signal I, to
an active hearing device 1. For certain fitting operations
it may not be physically applied to the device 1 but just
be a signal considered to be suited for fitting the hearing
device 1. This shall also be understood as within the
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scope of "operatively applied". An electronic unit 3 within
the hearing device 1, customarily comprising one or
more than one digital signal processing units (DSP) for
digitally treating the input signal applied at |, provides
via a prevailing transfer characteristic for the output sig-
nal A, of the hearing device. As generically shown in the
representation of fig. 1 the electronic unit 3 providing for
the one or, selectably, more than one transfer charac-
teristics, is adjustable, i.e. one or more than one param-
eters of one or more than one transfer characteristics
may be adjusted which is, generically, performed by an
actuation at an input at |5 to the hearing device 1 and
the electronic unit 3. Under a most generic aspect the
adjustment input at |, may be a manual input or may be
an electric input which actuates such adjustment.
[0053] The acoustic signal AS is operationally con-
nected to an input I5 for "type" categorizing as by a unit 5.
[0054] "Type" determination provides for an output
signal Styp Which is indicative of a specific type of a
specific acoustic signal AS out of several such "types".
[0055] According to a pre-established multitude of
"types" of acoustic signals categorizing criteria are pre-
set. Categorizing may be performed at a categorizing
unit 5, which, as will be explained later, may be omitted
if the "type" of acoustic signal AS is known, such as e.
g. having been predetermined.

[0056] Thus, and according to fig. 1 the categorizing
unit 5 represents generically a function resulting in the
knowledge of the "type" of acoustic signal AS suited for
fitting device 1.

[0057] The categorizing unit 5 thus provides at a gen-
eralized output A5 a signal Styp indicative for the "type"
of acoustic signal to be used as a fitting test signal. This
"type" information in Styp is applied to an input I; of a
signal type to adjustment selection advice conversion
unit 7 called ST/ASA conversion unit. This ST/ASA con-
version unit 7 may e.g. incorporate a lookup table, each
"type" of acoustic signal defining for a proposed selec-
tion of adjustments to be possibly acted upon at the elec-
tronic unit 3.

[0058] At an output A7 of ST/ASA conversion unit 7,
an indication signal Spga is generated. As an example:
If the acoustic signal AS represents classical music in a
huge concert hall and is accordingly categorized, the
ST/ASA conversion unit 7 may e.g. output an indication
that for influencing the transfer characteristic of the de-
vice 1 for such an acoustic signal, predominantly trans-
fer characteristic No. X - program No. X - should be ad-
justably acted upon and within such transfer character-
istic No. X, the parameters A, B, C out of parameters A,
B, C, D, E should be varied.

[0059] For a specialized person performing default,
preliminary or individual fitting operation on the device
1 it is a substantial help to get from such information
Sasa the knowledge where primarily to perform an ad-
justment operation at the unit 3.

[0060] As further schematically shown in fig. 1 there
is, most generically, provided an adjustment-performing
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member 9, which on one hand receives the indication
of Spga from conversion unit 7 and, on the other hand,
performs according to such advice contained in Spga
received from conversion unit 7, the respective adjust-
ment or adjustments at the electronic unit 3 of device 1,
thereby acting on |,.

[0061] If the adjustment member 9, which, under the
most generic aspect of the present invention, may be
an individual - preferred - or an electronic unit, shall per-
form an adjustment of a transfer characteristic at unit 3
towards a desired target characteristics in the sense that
a prevailing input signal at |, shall result in a desired
output signal at A4, then - as shown in fig. 1 - the adjust-
ing member 9 additionally receives target output signal
information on one hand and on the other hand prevail-
ing output signal information, i.e. information about the
prevailing output at A,.

[0062] Online categorizing acoustic signals as for ex-
ploiting daily life acoustic surrounding for fitting, neces-
sitates categorizing being online performed. This is
shown schematically and simplified in fig. 2. Thereby,
categorizing a prevailing signal as a specific "type" is
done by online signal analysis and then categorizing the
analyzing result.

[0063] According to fig. 2 acoustic signals AS are in-
put to a categorizing unit 5a. There, in a first stage 11
the input signal is analyzed. Thereby, the acoustic sig-
nals may be analyzed on at least one of the following
criteria:

e basic acoustic parameters, i.e. e.g. level, spectral
distribution, time course of spectral distribution,
etc.;

e acoustic indicators of a content type of the acoustic
signals as e.g. music, speech, traffic noise, etc.;

¢ acoustic indicators of specific acoustic sources as
e.g. specific talkers, spatial location, etc.;

e acoustic indicators of probable hearing targets for
an individual, which are associated with the acous-
tic signal as e.g. intelligibility indicators or indicators
of clarity, audibility, pleasantness, noisiness of the
acoustic signals.

[0064] The analysis result, e.g. spectral power distri-
bution of the input signal, is compared in a subsequent
comparison stage 13 with pre-established values, re-
sulting in the prevailing signal being categorized as one
specific "type". As schematically shown in fig. 2 catego-
rizing criteria are pre-established, input and stored in de-
termination unit 5, as via a set input |,,. For a prevailing
signal AS at I, the determination unit 5, outputs, at out-
put Ag, the signal Styp indicative for the "type" of pre-
vailing signal at I5,. This signal is applied to input I, of
ST/ASA conversion unit 7. By means of a select stage
14 the respective "type" field is addressed in conversion
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stage 15 which is assigned to a specific selection of pre-
ferred adjustments ASA. As an example, whenever a
"type 1" signal is the result of categorizing in unit 5a
there is generated an ASA signal at the output A7 indi-
cating that for fitting the electronic unit 3 of device 1 pre-
dominantly adjustments I, e.g. parameter A of transfer
characteristics | should be acted upon. Accordingly and
as shown fitting for a "type 2" input signal is advised to
be performed by acting at characteristic Il on parame-
ters A and B.

[0065] As schematically shown in fig. 2 the definition
of respective conversion from a signal type to a pre-
ferred adjustment to be acted upon is set at a SET
CONV input to unit 7. One "type" considered may there-
by be linked to more than one different selections of pre-
ferred adjustments. This may be done additionally in de-
pendency on at least one of the following factors:

* the current settings of the hearing device;

* data of an individual hearing loss of the user of the
hearing device;

e individual listening needs of the user wearing the
hearing device;

* deviations of the current settings of the hearing de-
vice from pre-established output targets for the
acoustical signal or from default settings;

e previously selected adjustments for the same or for
other acoustic signal types;

e results of previous adjustments for the same or for
other acoustic signal types.

[0066] Thus, in unit 7 a two- or more-dimensional
lookup table may in fact be implemented assigning to
one specific "type" of signal input at |I; and dependent
on additional parameters input to unit 7 (not shown) se-
lectively different selections of respectively preferred
adjustments to be acted upon at the device 1 of fig. 1.
[0067] In fact by providing signal analyzing and cate-
gorizing at 11, 13, then conversion - 14, 15 -, all kinds
of signals at |5, may be treated. Nevertheless, some
acoustic signals used for fitting are much easier to be
handled, because their "type" is known in advance or
has been defined in advance.

[0068] Whenever the acoustic signals to be exploited
forfitting the hearing device 1 as of fig. 1 are known such
as e.g. pre-recorded, there may be no need to perform
an online signal type analysis as is in fact necessary for
in situ exploiting daily surrounding signals for user fit-
ting. In this case the categorizing unit 5 of fig. 1 such as
a hardware unit may be omitted. This is shown sche-
matically and simplified in fig. 3.

[0069] A pre-established acoustic signal to be used
or which is suited as a fitting test signal for the active
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device 1 is pre-recorded. The "type" of such signal is
also known. E.g. it may have been found by previous
signal analysis and categorizing. The signal as well as
its "type" may be pre-recorded e.g. on a player unit 17,
a CD player, a chip, etc. Whenever a known and pre-
recorded acoustic signal or its electric representation is
selected such as e.g. on the unit 17, the "type" of the
selected signal is also known. The information of "type"
of the signal selected is entered to input |; e.g. by an
audiologist.

[0070] Alternatively and as shown in dashed lines in
fig. 3, this "type" information may automatically be input
to the conversion unit 7 from the player unit 17, at which
the respective signal is selected.

[0071] The ST/ASA conversion unit 7 may be con-
strued in analogy to that which was exemplified with the
help of fig. 2, i.e. by selecting and inputting manually or
automatically the respective "type" of acoustic signals -
and possibly of additional parameters as was addressed
- a respective selection of preferred adjustments is out-
put at A;.

[0072] Nevertheless, itis perfectly clear that also pre-
recorded acoustic signals or their respective electric
representations may be applied to a determination unit
5, as shown in fig. 2, leaving it up to analyzing - 11 - and
categorizing - 13 - such signals to establish their "type".
[0073] Thus, acoustic signals or electric signals rep-
resenting such acoustic signals suited for fitting the ac-
tive hearing device 1 may be prevailing or may be re-
corded. For making use of -online - daily surrounding
signals as for user fitting a signal type analysis is per-
formed so as to categorize such signals into signal
types. For prerecorded signals their type may be pre-
established.

[0074] With an eye on fig. 1 we have yet left open how
the fitting test signals are applied at I to the active hear-
ing device 1 as well as to the ST/ASA conversion unit
7, thereby possibly via the categorizing unit 5. As was
addressed above it may not be necessary at all to
present an acoustic - or electric - input signal to the de-
vice 1, if fitting operation is performed just on the basis
of "type" information, such as e.g. for default fitting.
[0075] According to fig. 4a the acoustic signal AS as
of fig. 1 is picked up by a microphone arrangement 20,
the electric output of which being led to both the electric
input |4 of active hearing device 1 as well as to the elec-
tric input |5, of the categorizing unit 5,. As shown in dot-
ted lines and as an example, in the interconnection be-
tween the output of the microphone arrangement 20 and
the electric input |, there might be provided a processing
unit 22. In fact, in either of the two signal paths to the
respective inputs |4, |5, or in both an additional process-
ing unit such as unit 22 may be provided to first appro-
priately tailor the respective electric signals.

[0076] As also shown in fig. 4a the electric signals
which represent the prevailing acoustic signal AS may
also directly be derived from an electric signal source,
such as from a player unit 21, whereat prerecorded sig-
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nals are selected. Thus, in this embodiment a prevailing
acoustic signal AS is fed to the categorizing unit 5, as
well as to the hearing device 1 as an electric signal.
[0077] The embodiment of fig. 4b is similar to that of
fig. 4a. It shows the simplified embodiment if known
acoustic signals AS are used, wherefrom the "type" too
is known. As a difference to the embodiment of fig. 4a
and as was already addressed the conversion unit 5,
may be omitted and the "type" of prevailing acoustic sig-
nal AS is directly entered to the ST/ASA conversion unit
7. Entering the sound "type" at unit 7 may thereby be
performed manually or automatically. Latter is especial-
ly realized whenever, as shown in dashed lines, the
known acoustic signals are recorded together with their
"type" information, as in a recording unit 21.

[0078] A further embodiment is shown in fig. 4c. Prin-
cipally in this embodiment the prevailing acoustic signal
AS is fed to the active hearing device 1 as an acoustic
signal and, accordingly, input I, as of fig. 1 is an acoustic
input. From the acoustic input | of the hearing device 1
the acoustic/electric conversion is performed by means
of an acoustic/electric converter arrangement 24 inte-
grated in the device 1, i.e. a microphone arrangement
24. Further, the acoustic signal AS is converted to its
electric representation by a microphone arrangement
26, the output thereof being operationally connected to
the electric input |5, of the categorizing unit 5,.

[0079] Thus, in this embodiment and with an eye on
fig. 1 input I, is an acoustic input, whereas |5 is an elec-
tric input.

[0080] According to fig. 4d a known acoustic signal
ASisinputto the acoustic input |, of the device 1, where-
by in analogy to fig. 4b the "type" of signal is input either
manually or automatically directly to the conversion unit
7. Again in dashed lines, the use of a player unit 21 is
shown in this embodiment, whereby the acoustic signal
AS is generated via a loudspeaker to input I, and "type"
setting may be performed automatically by the player
unit 21.

[0081] According to fig. 4e the acoustic signal AS is
input to the acoustic input |4 of the device 1. Thereby,
the microphone arrangement 24 inherent to the device
1 is also used for acoustic/electric conversion of the
acoustic signal AS to be input to the input I, of catego-
rizing unit 5,. Therefore, there is provided at the hearing
device 1 an electric output A, from which the acoustic/
electrically converted signal is led to the input I5,.
[0082] Already here it may be seen that with respect
to allocation of the units 5, and 7 as of fig. 1 the embod-
iment of fig. 4e leads to incorporating these units directly
into the hearing device 1 which finally leads towards in-
corporating all the additional units used for fitting the de-
vice 1 directly into such device 1.

[0083] As has been described above principally the
unit 7 outputs an indication about which adjustments
shall preferably be acted on for fitting the hearing device
at least with respect to a specific type of acoustic signal.
The indication of which adjustment shall be acted on
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may thereby comprise one or more than one transfer
characteristics or programs of the device 1 and thereby
specific adjustable parameters of such characteristics
or programs. The unit 7 does not provide for a quantita-
tive indication, namely of the extent to which such ad-
justment is to be performed, i.e. how much parameters
have to be varied. This because such quantitative ad-
justment may mostly be accurately performed only
based on the knowledge of a target which latter is finally
only defined by a consumer individual.

[0084] Asshowninfig. 1the adjusting member 9 most
generically will perform the quantitative adjustment at
electronic unit 3 on one hand based on the ASA-infor-
mation, i.e. about which program and parameter is to be
acted upon, further based on the information of how the
prevailing transfer characteristic behaves and thirdly
based on the information of how the transfer character-
istic should be optimized still for a specific acoustic test
signal.

[0085] Thus, in the following different embodiments
shall be discussed with respect to realizing the quanti-
tative adjustment of the electronic unit 3, departing from
the adjustment advice ASA at the output of conversion
unit 7.

[0086] The embodiments are different dependent on
how adjusting member 9 as generically shown in fig. 1
is put into practice.

[0087] In a first embodiment according to fig. 5a the
adjustment selection advice Spgp from the conversion
unit 7 is fed to a machine/man interface such as e.g. to
a display unit 27. Thus, e.g. on such a display there will
appear the indication of which program or which pro-
grams and which parameters at such program or pro-
grams should predominantly be adjusted for fitting the
hearing device 1 for a specific prevailing acoustic signal.
Still according to the embodiment of fig. 5a the output
signal A, as of fig. 1 of the active hearing device 1 is
also fed to a machine/man interface such as to a display
unit 28. Thereby, the signal A; exploited here to be dis-
played at the display 28 may directly be the electric sig-
nal output from the electronic unit 3 or may be, as shown
in dashed lines, provided by sensing the mechanical
output signal of the device 1 such as e.g. the acoustic
output of an output electric/acoustic converter of the de-
vice 1. Be it by reconverting the signal from the mechan-
ical output A4 or be it directly by exploiting the signal at
the electric output A, of device 1 in any case there is
displayed at the interface 28 a prevailing result depend-
ent on the prevailing transfer characteristic of electronic
unit 3 upon the prevailing acoustic signal AS as of fig. 1.
[0088] Thus, an individual ID1 has present the result
of the prevailing transfer characteristic - INFO PREV. -
and further the information - INFO ADJ. - about which
adjustments are preferably and predominantly to be act-
ed upon at unit 3 if the prevailing characteristic's result
is not satisfying.

[0089] The individual ID1 further knows as shown in
fig. 5a schematically by INFO DES the desired transfer

10

15

20

25

30

35

40

45

50

55

characteristic's result and will, based on the difference
of the prevailing information INFO PREV and the infor-
mation about the desired result, INFO DES, act on those
adjustment facilities, programs and parameters which
are proposed by the INFO ADJ.

[0090] In a further embodiment as schematically
shown in fig. 5b one part of the task to be performed by
the individual ID1 as of fig. 5a, namely that of establish-
ing the difference between prevailing result and desired
result, is automated, i.e. machine performed.

[0091] Thus, according to fig. 5b there is formed at a
comparison unit 29 a difference A between the result of
the prevailing transfer characteristic at device 1 and a
desired result. As an example, there is provided a mod-
elling unit 31. A signal which represents the prevailing
acoustic signal AS as of fig. 1 is applied to the input I3,
of the modeling unit 31 and the information about the
"type" of prevailing acoustic signal is derived from the
input side of the conversion unit 7 and also applied to
the modeling unit 31. On the basis of "type" information
in the modeling unit 31 there is selected in unit 31 a de-
sired transfer characteristic which has been experi-
enced as optimum for that type of acoustic signal. Thus,
in fact the modeling unit 31 establishes for a model of
optimally fitted hearing device 1 at least for specific
acoustic signals. The signal input to |54 is acted upon by
the type-dependently selected optimum transfer char-
acteristic so that at the output A4 a signal is generated
which represents the desired result to be established at
the hearing device 1. At the output of comparator unit
29 there appears thus the signal A which represents the
deviation of the prevailing characteristic result of device
1 from such desired characteristic result. A is displayed
at a machine/man interface such as e.g. the display 33.
The adjustment advice at the output A; of conversion
unit 7 is again displayed e.qg. at the display unit 35. Thus,
the individual ID1 is informed on one hand of the pre-
ferred adjustment to be acted upon by INFO ADJ as well
as by the quantitative information INFO A about the dif-
ference of prevailing result and desired result. It is still
up to the individual ID1 to more or less accurately adjust
the electronic unit 3 of device 1 so as to reduce the de-
viation A.As in this embodiment there is in fact provided
a model of the optimal hearing device transfer charac-
teristic specifically at least for each type of acoustic sig-
nal presented, a further embodiment consists of directly
acting with the deviation A upon the adjustment facilities
of the electronic unit 3. Thereby, the adjustment advice
information which is realized by the ST/ASA conversion
unit 7, which is still common to all embodiments of the
present invention, is exploited too: The adjustments to
be performed are still selected in dependency of the out-
put of conversion unit 7 and are quantitatively performed
as controlled by the desired result to prevailing result
deviation A. This fully automated fitting adjustment is
shown in dashed lines also in fig. 5b. Exploiting the out-
put ASA information of unit 7 allows, also in fully auto-
mated fitting, as exemplified in fig. 5b, to more rapidly
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and efficiently act upon the most effective adjustment
possibilities provided at the electronic processing unit 3
of device 1.

[0092] As shown inthe embodiments of fig. 5a and 5b
the output signals of the device 1 is either exploited as
an electric signal or, if exploited as a mechanical output
signal, is reconverted to an electric signal which may
also be done in the embodiment of fig. 5b. Therefore,
these embodiments are primarily suited for fitting the re-
spective active hearing device 1 ex situ, which is done
predominantly for default and preliminary fitting. For in-
dividual fitting and for user fitting of the device 1 to spe-
cific needs of an individual which wears such device 1,
this individual is to be integrated in the quantitative ad-
justment proceeding downstream of the conversion unit
7 as of fig. 1. An embodiment applied for in situ fitting to
an individual is shown in fig. 5¢. Thereby, an individual
ID2 wears the hearing device 1, which thus acts by its
output electric/mechanical converter arrangement 35
upon individual ID2.

[0093] The individual ID2 to which, in situ, the hearing
device 1 is to be fitted does evaluate from listening to
the prevailing acoustic signal AS as of fig. 1 the deviation
A' of the perceived signal to his individual perception
needs. The individual ID2 and according to the embod-
iment of fig. 5¢ e.g. orally transmits that information IN-
FO A' to the fitting individual ID1 who receives the ad-
justment advice information INFO ADJ e.g. as was ex-
plained in context with the fig. 5a embodiment. Clearly
instead of communicating the INFO A’ orally to the fitting
individual ID1 such information may also be communi-
cated from ID1 to ID2 electronically in that the individual
ID2 makes use e.g. of a well-known scaling unit,
whereat e.g. perceived intensity levels may be numeri-
cally scaled and transmitted to the fitting individual ID1.
The embodiment of fig. 5c is e.g. applied for individual
fitting.

[0094] In a still further embodiment according to fig.
5d the individual ID2 which is wearing the device 1 is
simultaneously the fitting individual as of ID1 of the em-
bodiment of fig. 5¢c. Thereby, as a difference to the em-
bodiment of fig. 5c, at the output side of ST/ASA con-
version unit 7 the adjustment advice is displayed in a
most easily understandable manner. As shown in fig. 5d
this is e.g. performed by transmitting the adjustment ad-
vice Spgp to the hearing device wearing individual 1D2
by a speech advice, via an output speaker 40 at the out-
put of conversion unit 7. Thereby, the adjustment facili-
ties which are operable by the individual ID2 are also
reduced and are easily to be operated. They may be e.
g. program selection ability and loudness control. Ac-
cordingly, the speech advice will be restricted e.g. to the
advice as to which program, i.e. transfer characteristic,
to be selected by the individual ID2 and, once selected
at the hearing device 1, the individual may just vary the
loudness.

[0095] At a further embodiment which departs from
that schematically shown in fig. 5d and according to fig.
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5e the categorizing unit 5 as of fig. 1 as well as ST/ASA
conversion unit 7 are integrated within the hearing de-
vice 1. Switched into fitting mode (not shown) the pre-
vailing acoustic signal of acoustic surrounding to the in-
dividual ID2 wearing the hearing device 1 is analyzed
with respect to its "type" and from the output of conver-
sion unit 7 a speech signal of adjustment advice Sygp
is transmitted via the electric/mechanical output con-
verter of the device 1 to the individual ID2 in situ. Upon
the advice, e.g. to adjust volume in one or the other of
the programs, the individual ID2 may easily and in its
actual acoustic surrounding, switch the hearing device
to the respective program which is predominant for
processing the prevailing type of acoustic signal and
may there adjust the volume up to perceiving the pre-
vailing acoustic signal according to his proper instanta-
neous needs. This fitting accords with user fitting as de-
fined above.

[0096] Looking back on the different embodiments
described for realizing the present invention, the skilled
artisan is led to a multitude of further possibilities to ad-
vantageously apply the ST/ASA conversion. Thereby,
different possibilities also become evident with respect
to integrating at least a part of the units that were de-
scribed into the hearing device.

[0097] By the present invention, e.g. realized by the
embodiment of fig. 5d or 5e, afitting method and respec-
tive apparatus is realized that is sensitive for real-life
hearing experience optimization in an improved man-
ner. Real-life sounds are getting easily exploitable for
fitting the hearing device, be it within a specialized office
such as of an audiologist or be it for continued fitting by
the individual wearing the specific device in situ and in
real-life. With an eye on user fitting in real-life there is
no need for a specialized person accompanying the in-
dividual wearing the hearing device, which would make
real-life fitting impracticable.

[0098] Due to the fact that in some embodiments
voice instructions are given by the hearing device to the
individual from the inventively applied ST/ASA conver-
sion unit such real-life fitting procedure becomes most
easily feasible.

[0099] By inventively providing, within the fitting sys-
tem, the ST/ASA conversion unit it becomes also pos-
sible e.g. for an audiologist, to record in normal life
acoustic signals he feels representative for his custom-
er's normal acoustic surrounding such as e.g. speech
of a certain language and to present such acoustic sig-
nal as pre-established and recorded acoustic signals of
pre-established type or to have such signals flexibly an-
alyzed and categorized in "types" online by a categoriz-
ing unit as was described.

[0100] Thereby, also for a specialized person such as
e.g. default fitting or for preliminary fitting it is a signifi-
cant advantage to receive information about where to
perform fitting adjustments upon specific acoustic test
signals.

[0101] Whenever a customer complains about unsat-
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isfying signal transfer by his hearing device in certain
acoustic situations, the audiologist or more generically
the person fitting the device may select a respective au-
dio signal and receives as a significant help information,
information about which transfer characteristic and
thereat which parameters to vary so as to cope with cus-
tomer's problem at that specific acoustic situation and
without affecting and possibly negatively affecting the
behavior of the active hearing device in other acoustic
situations. Thus, the generic aspect of the present in-
vention, namely to provide for a signal-type to adjust-
ment selection advice conversion, facilitates default fit-
ting, preliminary fitting, as well as individual fitting and
further in fact renders user fitting practicable.

Claims

1. A method for manufacturing an active hearing de-
vice which is fitted towards the needs of an individ-
ual comprising

e manufacturing an active hearing device with at
least one adjustable transfer characteristic be-
tween an acoustic input signal and a mechani-
cal output signal;

e categorizing an acoustic signal to be applied as
a fitting signal as being one of several pre-es-
tablished types of signals;

e automatically determining from said one type a
selection of preferred adjustments to be acted
upon at said device;

e acting on at least one adjustment selected from
said selection.

2. The method of claim 1, wherein said categorizing
comprises analyzing said prevailing acoustic sig-
nal.

3. The method of claim 2, wherein said categorizing
further comprises comparing a result of said ana-
lyzing with predetermined values defining said pre-
established types of acoustic signals.

4. The method of claim 2, wherein said analyzing com-
prises spectral analyzing of said prevailing acoustic
signal by at least one of the following methods:

* analyzing basic acoustical parameters;

e analyzing acoustic indicators of content type of
acoustic signal;

* analyzing acoustic indicators of specific acous-
tic source;
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10.
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12.

20

* analyzing acoustic indicators of the probable
hearing target being associated with the acous-
tic signal.

The method of claim 1, wherein said selection of
preferred adjustments comprises indication of one
or more than one adjustment parameters of one or
more than one transfer characteristics of the hear-
ing device and an indication of the respective trans-
fer characteristic.

The method of claim 1, wherein said selection of
preferred adjustments depends additionally to one
or more than one of the following factors:

» current settings of the hearing device;

e individual hearing loss of the user of the hearing
device;

* individual listening needs of the user of the
hearing device;

* deviation of the current settings of the hearing
device from a pre-established output target for
said acoustic signal;

* previously selected adjustments for the same
or for other acoustic signal types;

e result of previous adjustments for the same or
for other acoustic signal types.

The method of claim 1, further comprising prere-
cording said acoustic signal to be applied.

The method of claim 7, further comprising pre-cat-
egorizing said pre-recorded acoustic signal.

The method of claim 8, further comprising perform-
ing said automatic determining from the result of
said pre-categorizing.

The method of claim 1, further comprising applying
said acoustic signal to be applied by means of the
result of an acoustic to electric conversion to said
hearing device and/or to said categorizing.

The method of claim 1, further comprising present-
ing said acoustic signal to be applied to an acoustic
to electric converter arrangement of said hearing
device.

The method of claim 1, further comprising display-
ing a signal depending on said output signal of said
device and displaying said selection of preferred
adjustments to an individual, said individual acting
on said at least one adjustment.
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The method of claim 12, said signal depending on
said output signal comprising one or a combination
of the acoustic indicators mentioned in claim 4.

The method of claim 12, further comprising provid-
ing for said individual information about a target of
said output signal, said individual performing said
acting upon said adjustment as a function of said
output signal display, said selection of preferred ad-
justments display and said target information.

The method of claim 1, further comprising electron-
ically providing a desired output signal of said hear-
ing device for said acoustic signal being applied,
forming electronically a deviation signal between
the output signal of said hearing device and said
desired output signal, feeding information about
said deviation signal to an individual, feeding to said
individual information about said selection of pre-
ferred adjustments, said individual performing act-
ing upon at least one adjustment as a function of
said information about selection of preferred adjust-
ments, information about said deviation.

The method of claim 1, further comprising applying
said hearing device to an individual and displaying
information about said selection of preferred adjust-
ments to said individual, said individual acting upon
at least one adjustment of said selection.

The method of claim 16, wherein said information
about selection of preferred adjustments is trans-
mitted to said individual by an automatically gener-
ated acoustic speech signal.

The method of claim 17, further comprising per-
forming at least said automatically determining
within said hearing device and providing said indi-
vidual with said information about said selection of
preferred adjustments via an output electric to me-
chanical converter of said hearing device.

The method of claim 1, further comprising applying
said acoustic signal to be applied to a first individual
via said hearing device worn by said first individual,
providing information of said selection of preferred
adjustments to a second individual;

providing information about hearing perception of
said first individual to said second individual and
performing said acting upon at least one adjustment
out of said selection.

A fitting system for a hearing device comprising a
unit with an input operationally connected to an
acoustic signal source and generating at an output
a signal representative of a selection of preferred
adjustments to be acted upon at a hearing device
for fitting same with respect to a specific signal.
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21. The system of claim 20, wherein said unit is inte-
grated into a hearing device.
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