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[57] ABSTRACT

A remote-controllable, programmable hearing aid sys-
tem, including of a hearing aid (2) with incorporated
amplifier and with a signal processing circuit whose
transmission characteristic can be determined at any
time by a set of control parameters, and an external
control unit (1) with a transmitter for wireless transmis-
sion of control parameters to the hearing aid. A receiv-
ing circuit for receiving the control parameters is lo-
cated in the hearing aid. This system is characterized in
that an input device (3) is provided for input of data/in-
formation, and a data processing device (4) is provided
for derivation of control parameters from the audiomet-

:ric data/information for transmission from the control

unit to the hearing aid.
7 Claims, 2 Drawing Sheets
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1

REMOTE-CONTROLLABLE, PROGRAMMABLE,
HEARING AID SYSTEM

BACKGROUND OF THE INVENTION

The invention relates to any remote-controllable,
programmable, hearing aid system, e.g., as disclosed in
U.S. Pat. No. 4,947,432,

In this system, a basic transmission characteristic is
permanently set in the actual hearing aid in the individ-
ual stages of the transmission channel from the micro-
phone to the earphone. Other transmission characteris-
tics are stored in an external control unit and can be
optionally selected by operation of a switch or pushbut-
ton and transmitted to the receiver provided in the
hearing aid by means of a transmitter incorporated in
the external control unit.

5

15

After demodulation and corresponding processing, -

the signals picked up by the hearing aid serve the pur-
pose of setting a different transmission characteristic of
the hearing aid between the microphone and earphone
for adaptation to one of several environmental situa-
tions digitally stored in an external control unit, for
example in the form of control parameters.

SUMMARY OF THE INVENTION

However, this already very good system can be fur-
ther improved by moving away completely from fixed
transmission functions both in the hearing aid itself and
in the control unit and thus not just considerably im-
proving the versatility of the device but also decisively
simplifying programming.

This is achieved by the invention by means of the
characteristics of patent claim 1.

Refer to the other claims for further characteristics of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in conjunction
with the accompanying drawings wherein:

FIG. 1is a simplified block diagram of the hearing aid
in accordance with the invention;

FIG. 2 shows an external control unit and

FIG. 3is a block diagram of a further realization form
of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 shows a remote-controllable, programmable
hearing aid system which consists of an external control
unit 1 and an actual hearing aid 2, whereby the latter
may be a device to be worn behind the ear or a device
to be worn in the ear, for example.

In-ear devices may also be devices which are worn
directly at the concha.

The control unit may possibly have the form of a
device shown in U.S. Pat. No. 4,947,432, but may also
be a programming device intended for a hearing aid
acoustic specialist, this then allowing the control unit to
be programmed in accordance with the above patent.

For simplicity’s sake, let us take the first example for
explanation purposes.

The control unit 1 contains a keypad 3 with a large
number of keys or pushbuttons for input of audiometric
data/information, data/information related to environ-
mental situations and for calling data/information for a
display.
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This keypad 3 is connected to a data processor 4, i.e.
microprocessor, to which a first memory 5 for audiome-
try data and a second memory 6 for data describing
various environmental situations are connected in turn.

In addition, a display 7, for example in the form of a
liquid-crystal display, is connected to the data processor.
4. Finally, a transmitter 8 is also connected to the data
processor 4, whereby the former is intended for wireless
transmission of data/parameters to the actual hearing
aid. An antenna 9 is provided on the transmitter for this
purpose.

The hearing aid possesses a receiving antenna 10. The
signals received there are demodulated in a receiver 11
and output to a control parameter register 12. There,
the parameters intended for a specific transmission char-
acteristic are converted from serial form to parallel
form and supplied to individual stages of an amplifier
and signal processor 13 for the respectively required
adjustments of the transmission characteristic between
the microphone 14 and earphone 15.

The control unit 1 with its keypad 3 is used, as al-
ready mentioned, for input of the audiometric data of a
patient. These data relate in each case to the hearing
loss at a number of discrete frequencies, i.e. at 125 Hz,
250 Hz, 500 Hz, 1000 Hz, 2000 Hz etc.

Each of these values is entered by means of the key-
pad 3, whereby the value for each frequency is changed
automatically by step-by-step paging, a process which
can be followed on the microprocessor-controlled dis-
play 7 until the desired input value appears on the dis-
play. This value is then recorded as a control parameter
and stored in memory 5. This same procedure is fol-
lowed for the other values until the whole audiogram is
stored in memory 5.

The transmission characteristic of the hearing aid can
be adjusted for normal operation with the parameter
values determined in this way.

It is known that such a basic setting is not suitable for
a wide variety of environmental situations. For this
reason, the new hearing aid permits calculation or deri-
vation of parameters for various environmental situa-
tions in the same way using the keypad 3 in conjunction
with the display 7 and data processing device 4 with
subsequent storage in memory 6.

If the hearing aid is to be operated with this external
control unit, then several program keys must be pro-
vided. If one of these program keys is then pressed, the
microprocessor calls the corresponding data from mem-
ory 6 and modifies the data stored in memory 5 in order

.to obtain new parameters intended for this particular

environmental situation. These are then transmitted to
the receiver 11 of the hearing aid by the transmitter 8
and are converted into control parameters for the am-
plifier and signal processor. The hearing aid is now
adjusted for this patient and for a certain environmental
situation.

By operation of a different program key, the hearing
aid can be adjusted to a different environmental situa-
tion. Equally, it is also possible to reset the hearing aid
to the basic setting determined by audiometry.

This programming device can also be accommodated
in a programming unit intended for a hearing aid acous-
tic specialist, whereby this can be used for program-
ming a hearing aid as described in the above-mentioned
U.S. Pat. No. 4,947,432. In this way, the new hearing
aid can also be reprogrammed to the changed audiomet-
ric data of the patient at any time. In addition, other
data can be entered and stored to replace already stored
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3
data for environmental situations. This makes this de-
vice extremely versatile.

FIG. 2 shows such an external control unit in sche-
matic form, whereby this may be similar to the control
unit in accordance with the above-mentioned patent.

This control unit 1 possesses a display 7, e.g. in the
form of a liquid-crystal display, and a keypad 3 on its
surface.

The keys marked with arrows on keypad 3 are used
for the above-mentioned paging process when entering
audiometric data. In this design form, the left switch is
used for a hearing aid intended for the left ear and the
right switch for a hearing aid intended for the right ear.
The key M is used for switching on the microphone in
the hearing aid and the key T for switching on a tele-
phone coil. Keys 1 to 4 can be assigned as program keys,
¢.g., for calling different parameter sets from the param-
eter memories § and/or 6, and serve to initiate transmis-
sion of corresponding control parameters to the hearing
aid.

The configuration may be realized, for example, such
that a group of control parameters which takes into
account a certain environmental situation and which is
stored in memory 6 can be called to modify the standard
parameters stored in parameter memory 5. It is thus
possible to take into account several environmental
situations.

Here, the parameters of the standard setting from
memory § are modified by the microprocessor with the
parameters from parameter memory 6, for example, and
the parameters modified in this way are then transmit-
ted to the hearing aid to set the new transmission char-
acteristic of the hearing aid. In other words, the stan-
dard setting is allocated to one of the keys 1 to 4, for the
hearing aid itself does not have a permanent transmis-
sion characteristic setting, but always only the setting
corresponding to one of the program keys.

Since the parameters stored in memories 5 and 6 can
be reprogrammed at any time when required by the
hearing aid acoustic specialist, this device can be
adapted to practically any new situation, something
which is true both for the basic setting and for parame-
ters for various environmental situations.

The additional keypad rows shown in FIG. 2 with
four additional keys in each case are intended only to
symbolically represent the input means for audiometry
data and data for specific environmental situations.
Allocation of individual keys and their number and
layout will naturally be adapted to the respective re-
quirements and this does not form part of the invention.

What is the probably the most elegant variant of the
new hearing aid can be realized with an additional mi-
crophone 16 incorporated in the external control unit in
accordance with FIG. 3. This microphone may be
switched on, for example, by one of the four program
keys, i.e. program key 4.

This microphone picks up the current environmental
situation, e.g. noise in a living room, in a train compart-
ment or tram or reception with many participants, as an
audio signal and supplies to this to the analysis and
evaluation circuit 17. This circuit analyzes this signal
according to its energy content over the whole fre-
quency range in question here and determines a set of
control parameters corresponding to the recorded
audio signal for transmission to the hearing aid. This is
done by means of one or more stored algorithms with
the assistance of the microprocessor of the data process-
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4

ing device 4 in conjunction with the control parameters
derived from the audiometric data.

It is possible to go one step further and omit the pro-
gram keys and input keys for environmental situations
and the memory for environmental parameters.

In this case, the external control unit is provided with-
a memory for the control parameters derived from the
audiometric data for the basic setting in addition to the
input keypad for the audiometric data. All other settings
are then determined, collected or derived automatically
via the external control unit and the microphone 16
incorporated in this by analysis of the sound pattern or
noise pattern by the microprocessor with the assistance
of stored algorithms. These settings are then used di-
rectly to control the transmission characteristic of the
hearing aid.

These algorithms can either be stored in a read-only
memory outside or inside the data processing device or
they may also be located in a2 dynamic volatile memory
which is either connected to the data processing device
or contained in this. In this case, the algorithms can be
changed if required.

It is thus ensured that the hearing aid can be used
directly for any environmental situation and that it auto-
matically adapts itself to a new listening situation as
result of a change to a different environmental situation.

In such a configuration, it is possible to control opera-
tion of the new hearing aid completely by means of the
display by having all information intended for operator
prompting shown on the display.

It has thus been shown that the known hearing aid
has been decisively improved by the invention.

What is claimed is:

1. A remote-controllable, programmable hearing air
system, comprising an external control unit (1) and a
hear air (2), said external control unit includes an input
device (3), a display (7) for operator prompting and a
transmitter for optional transmission of different groups
of control parameters to said hearing air, said hearing
aid having a receiving circuit and a signal processing
circuit whose transmission characteristic can be option-
ally adjusted at any time by a set of said control parame-
ters transmitted by said external control unit, wherein
said remote control unit contains a first memory (5) for
storing audiometric data, a second memory (6) for stor-
ing data characterizing different environmental situa-
tions, and a data processing device (4) for determination
of a set of control parameters from the contents of said
first and second memories.

2. A hearing aid system in accordance with claim 1,
wherein said data processing device comprises a micro-
processor connected to said input device, said display,
said first and second memories and said transmitter.

3. A hearing aid system in accordance with claim 1,
wherein said external control unit includes a third mem-
ory for storing at least one algorithm, and wherein said
data processing device determines said set of control
parameters in accordance with said algorithm.

4. A hearing aid system in accordance with claim 3,
wherein at least one of said first and second memories
and the third memory are integrated in the micro-
PTOCessOr.

5. A hearing aid system in accordance with claim 1,
wherein said external control unit is equipped with an
additional microphone (16) providing an output repre-
senting current environmental conditions, character-
ized in that the data processing device is responsive to
said output of said microphone to derive control param-
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eters corresponding to said current environmental con-
ditions for transmission to said hearing aid.
6. A hearing aid in accordance with claim 5, wherein

said external control unit further includes an analysis -

and evaluation circuit (17) for evaluating said current
environmental conditions and for providing an output
to said data processing device.

7. A hearing aid system in accordance with claim 1,
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6

characterized in that the display is provided for display
of data/information stored in the storage media of the
hearing aid system, for display of data/information
which has been processed or derived by said data pro-
cessing device as well as for display of the information
for operator prompting.

& * % =% =



UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENTNO. : 5,202,927
DATED . April 13, 1993

INVENTORY(S) : Topholm

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below:

Column 4, line 34, delete "hearing air" and insert
--hearing aid--.

line 36, delete "hear air" and insert
--hearing aid--. )

line 39, delete "hearing air" and insert
--hearing aid--.

Signed and Sealed this
Fourth Day of January, 1994

Atest: QM Ze/cmu\

BRUCE LEHMAN

Attesting Officer Commissioner of Patents and Trademarks
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