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57 ABSTRACT 
The invention relates to a programmable hearing aid 
with an amplifier and transmission section whose trans 
mission characteristics can be controlled, with a control 
unit (1), with a transmitter for wireless transmission of 
control signals to the hearing aid (6) and a receiver (7) 
located therein for receiving and demodulating control 
signals, whereby the external control unit (1) contains 
an initial memory (20) for some of the parameters which 
determine the transmission characteristics of the hear 
ing aid, a control panel with entry keypad (5) for recall 
ing such parameters from the memory, a transmitter (4) 
which can be modulated with these parameters as con 
trol signals and a digital control unit (3) and whereby 
the hearing aid contains a further control unit (8) which 
can be activated by the control signals after they have 
been demodulated, for control of the transmission sec 
tion. 

15 Claims, 3 Drawing Sheets 
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1. 

PROGRAMMABLE HEARING AD 

BACKGROUND OF THE INVENTION 

The invention relates to a programmable hearing aid 
with an amplifier section and a transmission section 
whose transmission characteristics can be controlled. 
This is the state of the art. 
Thus, for instance, from U.S. Pat. No. 4,187,413, 

corresponding to DE-OS No. 27 16336, we are familiar 
with a hearing aid (HDO unit) on which the analog 
sound signal routed from the microphone, after passing 
through a low-pass filter, is converted to a digital signal 
in an analog-to-digital converter and routed to a dis 
crete signal processing circuit whose transmission func 
tion of the nth order can be controlled on the basis of 
parameters stored in an erasable, programmable read 
only memory (EPROM) by means of a microprocessor 
with an arithmetic unit, for matching to the auditory 
damage. The programming can be changed only by 
erasing the contents of the EPROM and reprogram 
ming it. The digital signal, thus modified, is then con 
verted back to a corresponding analog signal in a digi 
tal-to-analog converter, amplified and routed to the 
earphone. This unit can be matched only to an individ 
ual, pre-determined and quite specific auditory damage 
level at any one time, determined beforehand with an 
audiometer. In addition, from EU No. 0064.042 A 1, we 
are familiar with a circuit arrangement, preferably for a 
hearing aid, in which the parameters for 8 different 
ambient situations, for instance, are stored in a memory. 
The first group of parameters is recalled, for instance, 
by operating a switch and controls a signal processor 
connected between the microphone and earphone via a 
control unit, and the signal processor then sets the first 
transmission function determined for a scheduled ambi 
ent noise situation. All 8 transmission functions can be 
recalled consecutively via a switch until the correct 
transmission function is found. On the other hand, an 
automatic matching facility is provided if the user, for 
instance, leaves a noisy environment and enters a quiet 
environment or vice versa. 

If one wishes to set other transmission functions, the 
contents of the non-volatile memory must be erased and 
the memory must then be reprogrammed with an exter 
nal programming unit. In this case also, it is possible to 
match the unit to a changing auditory damage level 
only with great difficulty. 

Further, more detailed tests aimed at providing an 
improved transmission quality for hearing aids by using 
a specially developed voice processor with voice com 
pression and separation of voiced and unvoiced sounds 
are described for instance in IEEE Transactions on 
Acoustics, Speech and Signal Processing, December 
1976, Pages 473 to 480 in the paper by S. G. Knorr "A 
Hearing Aid for Subjects with extreme High-Fre 
quency Losses'. 
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One further test aimed at improved matching of hear 
ing aids is described in a paper by A. Rihs and D. Wes 
sell "Active Filtering - a step towards the programma 
ble hearing aid' in "Hearing Instruments' Volume 33, 
No. 10, 1982, Pages 20 and 56. 
With the filter arrangement described in the above 

paper, with a filter stage connected between the micro 
phone plus pre-amplifier and output stage with ear 
phone, utilizing the principle of feedback with phase 
rotation, the filter stage, in the feedback path between 
output and input, uses a filter network which is con 

65 

2 
trolled by a programming switch which, in turn, con 
trols groups of various circuits. Each setting of the 
programming switch can be locked in position (detent) 
and calibrated to a close tolerance. This also permits 
matching to the auditory damage level of the patient 
which is admittedly better but, which can be carried 
only once. 
A further filter system for hearing aids is discussed in 

detail in US Pat. No. 4,188,667. With this filter system, 
the pass-band characteristic can be matched to an arbi 
trarily selected spectrum. In one embodiment, the filter 
system is located outside the hearing aid and is con 
nected to it by two high-frequency transmission chan 
nels, each with transmitter and receiver. The external 
filter system can also be connected via wires instead of 
the wireless connection. 

All these known arrangements are designed either 
only for a single transmission function or for a pre 
determined number and type of transmission functions, 
and some of them are still equipped with extremely 
expensive and complex filter systems and, in certain 
cases, also require relatively large read-only memories 
whose contents can be erased and reprogrammed. 

SUMMARY OF THE INVENTION 
The object of the invention is to create a programma 

ble hearing aid which will be truly universal and yet 
which can be matched individually and whose transmis 
sion characteristics can be matched easily to all require 
ments of the user in situ under an extremely wide vari 
ety of ambient situations, by simulation by the hearing 
aid acoustician. 

In accordance with the invention, this is achieved for 
a programmable hearing aid by assigning the hearing 
aid an external control unit with a modulatable trans 
mitter for transmission of specific data, determining the 
transmission characteristics, by means of wireless trans 
mission to the hearing aid and by the hearing aid con 
taining a receiver for receiving and demodulating the 
signals transmitted without wires and a digital control 
logic for controlling the transmission section. 

Please refer to the other claims for further embodi 
ments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be explained in further detail 
on the basis of one embodiment, in conjunction with the 
enclosed figures, in which: 

FIG. 1 a schematic diagram of the external control 
unit; 
FIG. 2 a schematic diagram of the important parts of 

the hearing aid; 
FIG. 3 a front view of the external control unit; 
FIG. 4 a block diagram of the external control unit; 
FIG. 5 a block diagram of the related hearing aid and 
FIG. 6 a further embodiment of an external control 

unit. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The external control unit 1, shown schematically in 
FIG. 1, comprises an entry keypad 2, a digital control 
unit 3, capable of controlling a modulatable transmitter 
4, and a programming device 5, with the aid of which 
the digital control unit 3 can be programmed. 
The hearing aid 6, shown in FIG. 2, contains a re 

ceiver 7 with demodulator, a digital control unit 8 
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which can be controlled by this demodulator and an 
audio processor 9 which can be controlled by this con 
trol unit and which acts as a transmission unit connected 
between a microphone 10 and an earphone 11. Of 
course, several microphones with mutually complemen 
tary frequency responses and a telephone coil may be 
provided in place of the one microphone. Likewise, 
several earphones with mutually complementary fre 
quency responses may be used in place of only one 
earphone. 
FIG. 3 shows the entry keypad 2 in detail. One can 

see, drawn purely schematically, a number of adjusting 
slides 12 which may serve to operate the adjusting trim 
mers for instance. The drawing shows 4 adjusting slides, 
designated H, L, C and 0 for higher frequencies, lower 
frequencies, compression and output power. These ad 
justment slides are normally covered and not accessible 
to the user. 
One can also see 4 program keys 13 with which the 

user can select one of 4 previously stored programs. A 
slide switch 14 is also provided and this can be used to 
switch over between programming for a hearing aid to 
be worn in the right ear and a hearing aid to be worn in 
the left ear. This slide switch 14 also has a center posi 
tion with which both hearing aids, each with their indi 
vidual and normally different programmed transmission 
characteristics can be activated should each ear be pro 
vided with a hearing aid. 
A program input switch 15 and a row of pushbuttons 

16 is provided. The volume for the hearing aid can be 30 
increased or reduced with the 2 pushbuttons, each pro 
vided either with an arrow pointing upwards or an 
arrow pointing downwards. The pushbuttons M, MT 
and T serve to connect the microphone, the micro 
phone and the telephone coil or the telephone coil alone 
respectively. 

Finally, one can see an off/on switch marked E/A for 
on/off. 

After the external control unit has been switched on, 
the selector switch is set for the left or right hearing aid 
or for both hearing aids for programming to be carried 
out by a hearing acoustician. The slide switches are then 
set to the required position. One of the 4 program posi 
tions 13 is then selected for this setting, whereupon the 
program entry button 15 is pressed. This causes the 
setting to be stored, as described in greater detail below. 
The program buttons 13 shown for program selection 

are not restricted to the number of buttons shown here, 
i.e. 4. It goes without saying that far more selectable 
programs can be assigned to a corresponding number of 
program buttons. 

FIG. 4 shows a block diagram of the external control 
unit 2. In turn, one can see a schematic representation of 
the entry keypad 2 and the programming device 5 
which is not accessible to the user. A keypad decoder 17 
is connected to the entry keypad 2 whilst a decoder 18 
is connected to the programming device 5 and this 
decoder decodes the setting of the adjusting slides 12. 
Both decoders are connected to a program memory 20 
which preferably incorporates C-MOS circuitry. The 
values which can be set on the programming device 5 
may be either digital or analog values and must be con 
verted accordingly for input to the program memory 
2O. 
The keypad decoder 17 is also connected to a volatile 

memory 19 for storing the setting of the buttons 16. 
Furthermore, a control logic 21 is connected to the 

keypad decoder 17. This control logic, on the one hand, 
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4. 
controls the program memory 20 and, on the other 
hand, controls the volatile memory 19 and a data regis 
ter 23 which can be activated by an identity switch 22. 
This data register is also connected to the outputs of the 
program memory 20 and the volatile memory 19. 
A modulator 24 and a high-frequency oscillator with 

transmitter 25 are connected to the output of the data 
register 23. 
The identity switch 22 serves to identify the actual 

user of the hearing aid so that only the hearing aid(s) 
worn by the user himself or herself can be set to one of 
the pre-stored programs for transmission characteristics 
by his or her external control unit. This prevents a user 
setting someone else's hearing aid to his or her own 
selected programs and also prevents the user's hearing 
aid from being set by someone else with the same type 
of programmable hearing aid to a program not suitable 
for him or her. 

Finally, FIG. 5 shows the hearing aid 7 with digital 
control unit 8, audio processor 9, microphone 10 and 
earphone 11. In particular, the system incorporates a 
receiver 26 to which a demodulator 27 is connected and 
the output circuit of this demodulator is connected to a 
decoder 28 for separating the data and the clock pulses. 
The two corresponding output leads of the decoder 28 
are connected to a control logic 29 which, in turn, con 
trols a serial-to-parallel converter 30 and a program 
memory 31. This program memory may comprise a 
number of interlocking circuits for instance. 
The data for the parameters determining the trans 

mission characteristics read out serially from the con 
trol logic 29 are transferred from the converter 30 in 
parallel to the program memory 31 and remain stored in 
this memory for as long as the hearing aid is operating 
and for as long as an incorporated buffer battery 
supplies adequate voltage. 
The various stages of the audio processor 9 are con 

nected to the outputs of the program memory 31. The 
microphone 10 and a telephone coil 32 are connected to 
a mixer stage 33. Connection of the microphone 10 
and/or the telephone coil is controlled by buttons M, T 
or M/T. This mixer stage 33 is followed by an amplifier 
with high-pass characteristics 34, an amplifier 35 with 
low-pass characteristics, an amplifier 36 for volume 
control and an amplifier 37 for automatic gain control, 
an output amplifier 38 and a limiting amplifier 39. 

In addition, FIG. 3 shows a speaking orifice 40 for a 
further microphone which is a very special aspect of the 
system. This microphone serves to detect the momen 
tary noise level in the environment of the hearing aid 
wearer. This may be the quiet conditions of a library, 
the babble of voices of many people in a heated discus 
sion or the noise of a moving train etc. 
A detector amplifier connected in series with the 

microphone determines this ambient or background 
noise level, compares it with the stored noise level pat 
terns and, via a control circuit, automatically selects one 
of the stored groups of parameters which most closely 
approximate the determined noise level pattern. It thus 
controls transmission of the signals corresponding to 
the parameters to the actual hearing aid. 

This means that the sound volume range, the con 
pression, the output sound pressure and the overall 
transmission characteristic in particular of the actual 
hearing aid can be matched to the relevant ambient 
conditions. 
And now a few remarks on the mode of operation of 

the actual hearing aid: 
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As previously mentioned, the hearing aid contains the 
receiver demodulator 7, the digital control unit 8 and 
the audio processor 9. The digital control unit operates 
as follows: it decodes the data accepted in serial form 
from the external control unit and checks whether the 
accepted data are valid for the hearing aid in question, 
i.e. it checks the ID code. It stores the accepted data in 
the memory, 30, 31. These data are then used for con 
trolling the audio processor with its various stages. 
The audio processor then performs all normal func 

tions of a hearing aid, controlled by the digital output 
signals of the digital control unit. This control function 
comprises pre-defined amplification, maximum output 
power, automatic gain control range, lowest frequency 
which is still to be transmitted, maximum frequency 
which is still to be transmitted, volume control and 
similar functions. 
This new programmable hearing aid permits an ex 

tremely variable setting for various program contents. 
Transmission from the external control to the hearing 
aid, termed wireless transmission, can be carried out for 
instance by ultrasonic signals, infrared radiation or, 
preferably with electromagnetic waves. When selecting 
the frequencies, long-wave carrier frequencies will be 
selected wherever possible, thus permitting the use of 
ferrite antennas. In addition, this ferrite antenna can also 
be used as a telephone coil. 
On the hearing aid described to date, there is, for the 

time being, an external control unit in the form of a 
small box. However, such an auxiliary unit which obvi 
ously shows that the user has a hearing impediment is 
one of the reasons why many users of modern hearing 
aids prefer not to use a modern high-performance hear 
ing aid. This inhibition must be overcome. As shown in 
the embodiment in FIG. 6, the external control unit has 
the form of a wristwatch with a keypad, operating but 
tons and a device for emitting wireless energy. 

In FIG. 6, one can see a housing 41 which looks like 
a wristwatch with digital display. On the front side of 
the housing, one can firstly see a keypad 16 which may 
be assigned various functions. The two pushbuttons, 
one with an arrow pointing upwards and one with an 
arrow pointing downwards, can be used to adjust the 
volume for the hearing aid. 

Buttons M, MT and T serve to connect the micro 
phone, the microphone and telephone coil or the tele 
phone coil alone respectively. The button marked E/A 
serves as an on/off switch. A speaking orifice, marked 
40, is provided for the microphone which serves to 
control selection of the parameters as a function of the 
ambient noise. 
The four control buttons 42, 43, 44 and 45 can be used 

to select the program. These buttons may be designed 
either as detent buttons or non-detent buttons. They 
could also be configured as double buttons so that a 
further function can be selected when the outer, thin 
section is pressed. 

In the case of detent-type operating buttons, the func 
tion could be triggered either by pressing again or by 
pressing another operating button. Finally, these but 
tons could be designed as rotary knobs or as combined 
pushbuttons and rotary knobs. 
One can also see an armband 47 which contains a 

wire loop 48, coupled to the output of the transmitter, 
and which serves as an antenna for instance. 
On the other hand, a ferrite antenna could be pro 

vided in the housing but, in this case, the housing must 
not have a magnetic screening effect. 
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6 
Finally, an ultrasonic emitter could be provided ei 

ther on or in the housing for wireless transmission with 
ultrasonic signals. 

Finally, there is a digital display 49 which may serve 
to display the currently set program for the buttons 
operated etc. by way of example. 
On the other hand, a quartz timer may also be pro 

vided in the housing. A switchover button 50 is pro 
vided for this purpose. This button can be used to 
switch over the display to digital time and/or date dis 
play. 

Finally, it must also be mentioned that the pushbut 
tons on the keypad 16 may also be assigned programs 
for the various transmission characteristics of the hear 
ing aid, which, in the embodiment in question, are as 
signed to the operating buttons. The functions assigned 
to the pushbuttons could then be assigned just as well to 
the operating buttons. 
The housing itself does not have to be round. It may 

also be rectangular, square, hexagonal or octagonal. 
The essential advantages of this new hearing aid ar 

as follows: 
1. The user may select between various possible set 

tings for the actual hearing aid, for example a set 
ting for quiet rooms, a setting for driving in a car 
and another setting for listening to music etc. 

2. The hearing aid can be operated inconspicously by 
pressing a corresponding button whilst the external 
control unit is accommodated in a jacket pocket or 
a handbag. 

3. The control unit can also be used by persons who 
would normally have difficulties operating ex 
tremely small operating elements such as those 
frequently encountered on modern hearing aids 
since the keypad has relatively large and easy-to 
operate buttons. 

4. The external control unit for the hearing aid per 
mits the hearing aid to be matched very elegantly 
and effectively to the hearing impediment of the 
user. The hearing aid acoustician can select the 
settings for the various ambient influences to the 
full satisfaction of the user by adjusting the unit 
interactively together with the user. 

5. Thanks to the additional microphone in the exter 
mal control unit, the transmission characteristic of 
the hearing aid can be controlled completely auto 
matically for matching to the currently dominant 
ambient noise conditions, in particular in respect of 
compression, frequency response and output sound 
pressure etc. 

A detector amplifier, connected in series with the 
microphone and which preferably controls a corre 
spondingly designed microprocessor which then 
selects the parameter signals to be transmitted to 
the actual hearing aid and then transmits these 
signals is used for this purpose. 

The following points must also be mentioned: 
Ideally, the actual hearing aid has neither controls 

nor switches but only a battery compartment. The hear 
ing aid is controlled and set by wireless transmission at 
the control unit. The hearing aid can be used by the user 
even without the external control unit. However, with 
out the external control unit, it is then not possible to 
control the hearing aid or switch it on and off. 

Alternatively, the actual hearing aid could also be 
provided with an on/off switch and a volume control 
for manual operation for cases in which it is impractical 
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for the wearer to have the control unit with him or her 
(e.g. when swimming). 

Overall, this invention represents a modern hearing 
aid which is capable of meeting a wide variety of re 
quirements in exemplary fashion. 

I claim: 
1. A remote controlled programmable hearing aid 

system of the type comprising an amplifier and signal 
processing section with remotely controllable transfer 
characteristics, wherein the transfer characteristics at 
any given time are determined by a group of parame 
ters, said system further comprising user-operable exter 
nal control unit and a transmitter for wireless transmis 
sion of control signals, a hearing aid and a receiver 
located in said hearing aid for receiving and demodulat 
ing said control signals, characterized in that: 

said external control unit comprises: a memory (20) 
for storing a plurality of groups of parameters each 
for determining a different transfer characteristic 
of the hearing aid; a control panel with user-opera 
ble entry means (2) for randomly accessing and 
recalling a stored group of parameters from said 
memory; and a transmitter (4) for transmitting said 
recalled parameters as control signals; and 

said hearing aid contains a hearing aid control unit (8) 
responsive to demodulated control signals from 
said receiver for controlling the transfer character 
istics of said signal processing section. 

2. Programmable hearing aid in accordance with 
claim 1, characterized in that the control unit contains a 
microphone, a detector circuit connected to it and a 
control circuit controlled by the detector circuit and 
that the control circuit automatically controls selection 
of the parameters stored for such ambient noise for 
transmission to the hearing aid (6), dependent upon the 
ambient noise detected by the microphone. 

3. Programmable hearing aid in accordance with 
claim 1, characterized in that a programming device (5), 
not accessible to the user, is provided in the external 
control unit (1) for entry of data into said memory. 

4. Programmable hearing aid in accordance with 
claim 1, characterized in that the signal processing sec 
tion includes a plurality of stages and in that the hearing 
aid, between said hearing aid control unit and signal 
processing section, contains a stage (30) for serial-to 
parallel conversion and a memory (31) having outputs 
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connected to respective stages of the signal processing 
section. 

5. Programmable hearing aid in accordance with 
claim 4, characterized in that the signal processing sec 
tion includes controllable amplifiers (34,35) with differ 
ing pass-band, with volume control (36), with automatic 
gain control (37), with compression control (38) and 
with limiting of the maximum output power (39), and 
that the amplifiers can be controlled by the hearing aid 
control unit (8), dependent upon the transmitted param 
eters. 

6. Programmable hearing aid in accordance with 
claim 1, characterized in that the external control unit 
has the form of a wristwatch (41) with a housing, a 
microphone, a keypad (16) and operating buttons (42 to 
45) and a device (48) for emitting wireless energy. 

7. Hearing aid in accordance with claim 6, character 
ized in that a digital display panel (46) is provided on 
the external control unit. 

8. Hearing aid in accordance with claim 6, character 
ized in that the housing (41) contains an ultrasonic gen 
erator. 
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9. Hearing aid in accordance with claim 6, character 
ized in that the housing contains a ferrite antenna. 

10. Hearing aid in accordance with claim 6, further 
including an armband connected to said housing, and 
characterized in that an antenna (48) is provided in the 
form of a wire loop in said armband and further charac 
terized in that the wire loop is coupled to the output of 
the transmitter. 

11. Hearing aid in accordance with claim 6, charac 
terized in that the housing contains a digital clock. 

12. Hearing aid in accordance with claim 6, charac 
terized in that the operating buttons (41 to 44) are de 
signed as detent-type single pushbuttons. 

13. Hearing aid in accordance with claim 6, charac 
terized in that the operating buttons are designed as 
non-detent single pushbuttons. 

14. Hearing aid in accordance with claim 6, charac 
terized in that the operating buttons are designed as 
double pushbuttons. 

15. Hearing aid in accordance with claim 6, charac 
terized in that the operating buttons are designed as 
rotary knobs. 

k is 
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57 ABSTRACT 
The invention relates to a programmable hearing aid 
with an amplifier and transmission section whose trans 
mission characteristics can be controlled, with a control 
unit (1), with a transmitter for wireless transmission of 
control siganls to the hearing aid (6) and a receiver (7) 
located therein for receiving and demodulating control 
signals, whereby the external control unit (1) contains 
an initial memory (20) for some of the parameters which 
determine the transmission characteristics of the hear 
ing aid, a control panel with entry keypad (5) for recall 
ing such parameters from the memory, a transmitter (4) 
which can be modulated with these parameters as con 
trol signals and a digital control unit (3) and whereby 
the hearing aid contains a further control unit (8) which 
can be activated by the control signals after they have 
been demodulated, for control of the transmission sec 
tion. 

  

Exhibit 1031 
Page 10 of 11



B1 4,947,432 
1 2 

ing section by setting the transfer characteristic of the hear 
REEXAMINATION CERTIFICATE ing aid to the fixed transfer characteristic represented by 
ISSUED UNDER 35 U.S.C. 307 said demodulated control signals. 

17. A programmable hearing aid in accordance with 
THE PATENT IS HEREBY AMENDED AS claim 1, wherein said signal processing section includes a 

INDICATED BELOW. plurality of stages operating in accordance with respective 
parameters, and wherein said hearing aid control unit 

Matter enclosed in heavy brackets appeared in the includes means for coupling said parameters to respective 
patent, but has been deleted and is no longer a part of the stages of said signal processing section. 
patent; matter printed in italics indicates additions made 18. A programmable hearing aid in accordance with 
to the patent. claim 1, wherein said entry means comprises a plurality of 

selection switches each corresponding to a different prede 
ASA RESULT OF REEXAMINATION, IT THAS termined one of said plurality of different transfer charac 
BEEN DETERMINED THAT: 15 teristics. 

19. A programmable hearing aid in accordance with 
claim I, wherein said hearing aid includes a memory stor 
ing only a single one of said groups of parameters. 

20. A programmable hearing aid in accordance with 
20 claim I, wherein said hearing aid does not store plural 

16. A programmable hearing aid in accordance with groups of parameters, whereby changing the parameter 
claim I, wherein each of said plurality of groups of paran- group currently determining the transfer characteristics of 
eters represents a different fixed transfer characteristic of said hearing aid requires the transmission of a new param 
said hearing aid, and wherein said hearing aid control unit eter set from said external control unit. 
controls the transfer characteristics of said signal process- six sk 

The patentability of claims 1-15 is confirmed. 

New claims 16-20 are added and determined to be 
patentable. 
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