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(54) Text to speech conversion in hearing systems

(57) The invention relates to a hearing system for a
person, comprising: input means (12, 50) for providing
electrical signals produced from sound, signal process-
ing means (14) for processing said electrical signals for
producing audio signals, means (36) for storing digital
text received from a source (32, 46) of digital text, means

(38) for converting digital text from said text storing
means into audio signals, and output transducer means
(16) for converting audio signals into a stimulation of the
person's hearing (18), wherein the hearing system (10)
is designed to be worn within or partly within the per-
son's ear canal or behind the person's ear or to be at
least partially implanted within the person's skull.
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Description

[0001] The present invention relates to a hearing sys-
tem for a person, comprising input means for providing
electric signals, signal processing means for processing
the electrical signals for producing audio signals and
output transducer means for converting audio signals
into a stimulation of the person's hearing. The invention
also relates to a method for operating a hearing system.
[0002] From WO 97/01314 a hearing system is known
which comprises a microphone, a microprocessor for
signal processing and a cochlear electrode array dis-
posed adjacent to the basilar membrane. These com-
ponents may be integrated within an implanted housing
or the microphone and the microprocessor may be inte-
grated within a separate external unit which is connect-
ed to the electrode array via a wireless link. The system
further includes an external remote control keypad con-
nected to the microprocessor via a wireless link. The
keypad serves to enter commands for controlling oper-
ation of the hearing system. The system further includes
a message source consisting of a message memory and
a speech synthesizer for transmitting messages to the
user of the system. The messages are entered into the
system via the microphone and are processed by a
speech processor prior to being stored in the message
memory.
[0003] US 5,721,783 discloses a hearing system
comprising an ear piece which is to be arranged in the
ear canal and a remote processor unit which can be con-
cealed under clothing and which communicates with the
ear piece via a wireless link. The ear piece comprises a
microphone, a transmitter and a speaker, while the re-
mote processor unit provides for processing of audio
signals. The remote processor unit may be connected
to a remote-site computer via a secondary wireless link
for exchanging both digital data and speech signals.
Thereby the hearing system facilitates text-to-speech
translation of electronic mail messages and faxes where
information is received via the secondary link and proc-
essed by the digital signal processor of the remote proc-
essor unit.
[0004] US 2002/0012438 Al relates to a hearing sys-
tem comprising a speech recognition module and a
speech synthesis module as the signal processing unit
between the input transducer and the output transducer,
with the output of the speech recognition module being
input into the speech synthesis module, whereby an ef-
fective reduction of noise is achieved.
[0005] It is an object of the invention to provide for a
hearing system which is able to provide external infor-
mation, such as messages, shopping lists etc. to the us-
er without requiring large memory capacities. It is a fur-
ther object to provide for a corresponding method for
operating a hearing system.
[0006] According to the present invention these ob-
jects are achieved by a hearing system as defined in
claim 1 and a method as defined in claim 33. This solu-

tion is beneficial in that by inputting and storing informa-
tion as digital text in the hearing system prior to convert-
ing the digital text into audio signals, text information to
be provided to the person using the hearing system is
handled and stored in a very compact manner, so that
in particular the storing means only need to have a sig-
nificantly reduced capacity compared to storage of in-
formation as audio signals. Thereby the functionality of
conventional hearing systems can be significantly en-
hanced without the need of a significantly increased sys-
tem complexity.
[0007] The input means may be a microphone. Alter-
natively, the input means may be an input receiver
means for receiving electrical signals from an external
signal source, such as an external microphone, prefer-
ably via a wireless link.
[0008] The source of digital text may be external to
the hearing system, with hearing system comprising an
interface for communication with the external source of
digital text. Alternatively, the source of digital text may
be internal to the hearing system and comprises means
for converting speech to digital text. In addition, also
combined embodiments are perceivable, wherein the
digital text to be stored is provided both from an external
source and from an internal source.
[0009] The signal processing means may be adapted
to provide for a hearing aid function of the hearing sys-
tem, e.g. by amplifying the electrical signals. Alterna-
tively or in addition, the signal processing means may
be adapted to provide for an active hearing protection
function of the hearing system.
[0010] The hearing system may comprise means for
recognizing specific pre-defined non-speech sounds,
means for associating a specific digital text stored in the
text storage means to each of the pre-defined non-
speech sounds, and means for retrieving a specific dig-
ital text associated to the recognized pre-defined non-
speech sound form the text storage means and provid-
ing it to said means for converting digital text into audio
signals. For example, the pre-defined non-speech
sounds comprise alarm signals, with the associated
specific digital text comprising alarm messages. There-
by the user may be safely provided, for example, with
an alarm message while protected from a noisy auditory
scene. Preferably the text converting means comprise
a programmable digital signal processor and a program
memory with a speech synthesis software which may
be input into the hearing system from a programming
unit via the interface.
[0011] The interface may be adapted for wireless
communication based on the Bluetooth standard.
[0012] Preferably the source of digital text is a Per-
sonal Digital Assistant (PDA), a portable computer (i.e.
a notebook or a laptop), a personal computer or a mobile
phone.
[0013] Preferably, the hearing system is adapted for
communication with external fitting means designed for
performing at least one of the following functions: deter-
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mining the language and/or the speaker of the audio sig-
nals converted from the digital text; adjusting the loud-
ness of the audio signals produced by the digital text
converting means; activation or deactivation of the dig-
ital text converting means; controlling mixing of the au-
dio signals produced by the digital text converting
means with the audio signals produced by the signal
processing means from the input electrical signals. The
fitting means may be implemented in the text source or
in the programming unit or in a separate device, such
as a personal computer or a Personal Digital Assistant.
[0014] Further preferred embodiments are described
in the dependent claims.
[0015] In the following, examples of the invention will
be described in detail by referring to the attached draw-
ings.

Fig. 1 shows a schematic block diagram of an exam-
ple of a hearing system according to the inven-
tion; and

Fig. 2 shows a schematic block diagram of an alter-
native example of a hearing system according
to the invention.

[0016] According to the embodiment of Fig. 1, a hear-
ing system 10 comprises input transducer means 12 for
converting ambient sounds into an electrical signal, sig-
nal processing means 14 for processing the electrical
signals of the input transducer means 12 for producing
audio signals and output transducer means 16 for con-
verting audio signals into a stimulation of a person's
hearing 18.
[0017] Usually the input transducer means is a micro-
phone 12. The output transducer means is preferably
an electro-acoustic transducer, i.e. a speaker, which is
located in the ear canal. Alternatively, the output trans-
ducer means may be, for example, a cochlear electrode
array disposed adjacent the basilar membrane for direct
electrical stimulation of the cochlear nerve of the per-
son's ear 18 or an electromechanical transducer for
stimulation of the middle ear or the inner ear of the per-
son. In the case of an electro-acoustic transducer, the
hearing system 10 is designed to be worn in the person's
ear canal ("in-the-ear") or behind the person's ear ("be-
hind-the-ear"). In the other cases, the hearing system
10 will be at least partially implanted in the person's
skull, with at least the output transducer means 16 being
implanted.
[0018] The hearing system 10 further includes a pow-
er supply 20, i.e. a rechargeable or non-rechargeable
battery.
[0019] According to Fig. 1, the signal processing
means 14 includes a programmable digital signal proc-
essor (DSP) 22 and a program memory 24 wherein a
control program for the DSP 22 is stored. In addition, a
data memory 26 is provided wherein person-specific da-
ta needed by the control program for operating the hear-

ing system 10 is stored.
[0020] The hearing system 10 further includes an in-
terface 28 for wireless communication with an external
programming unit 30 which serves to individually adapt
the hearing system 10 to the person by inputting person-
specific data into the data memory 26. In addition, the
programming unit 30 may serve to update the control
software in the program memory 24.
[0021] Preferably, the interface 28 is adapted for wire-
less communication based on the so-called "Bluetooth"
standard, for example a standard available under the
trademark "NOAHLink".
[0022] The components described so far may also
form part of a conventional hearing system. By contrast,
the features described in the following are specific to
embodiments of the present invention.
[0023] The interface 28 is also adapted for wireless
communication not only with the programming unit 30
but also with a source 32 of digital text which preferably
is a Personal Digital Assistant (PDA), a portable com-
puter such as a laptop or a notebook, a non-portable
personal computer or a mobile phone. Preferably, com-
munication between the text source 32 and the interface
28 uses the same standard as the communication be-
tween the programming unit 30 and the interface 28.
This can be achieved, for example, by providing the text
source 32 with an appropriate added device 34, such as
a plug-in USB device or personal computer card device.
[0024] Digital text received from the text source 32 is
stored in a non-volatile text memory 36. The signal
processing means 14 includes means 38 for converting
digital text received from the text memory 36 into audio
signals which are converted by the output transducer
means 16 into a stimulation of the person's ear 18. The
text converting means 38 are represented by a speech
synthesis function provided by the DSP 22 in combina-
tion with a corresponding speech synthesis software
stored in the program memory 24. For initiating speech
synthesis, the digital text output from the text memory
36 is controlled by activation means 40 which, in turn,
may be controlled or activated by a timer 42 or operating
means 44 to be operated by the person. The operating
means may be represented, for example, by a manual
switch or a voice control module.
[0025] The audio signals produced by speech synthe-
sis may be mixed with the audio signals produced from
the signals of the microphone 12, or may be provided to
the output transducer 16 alternately with the audio sig-
nals produced from the signals of the microphone 12.As
indicated by a dashed line in Fig. 1, the text converting
means 38 also my be capable of receiving and convert-
ing the digital text input received directly from the inter-
face 28 and not stored in the text memory 36.
[0026] Preferably, the hearing system 10 is adapted
for communication with external fitting means designed
for performing at least one of the following functions: de-
termining the language and/or the speaker of the audio
signals converted from the digital text, adjusting the
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loudness of the audio signals produced by the digital text
converting means 38, activation or deactivation of the
digital text converting means 38, and controlling the mix-
ing of the audio signals produced by the digital text con-
verting means 38 with the audio signals produced by the
signal processing means 14 from the input electrical sig-
nals (e.g. controlling the loudness ratio of the two sig-
nals). The fitting means may implemented in the text
source 32 or in the programming unit 38. Alternatively ,
the fitting means may be implemented in a separate de-
vice 48, such as a personal computer, a Personal Digital
Assistant or a mobile phone, which communicates with
hearing system 10 via the interface 28, preferably via a
wireless link.
[0027] In addition, the signal processing means 14
may include means 46 for voice and/speech recognition
in order to achieve a significantly improved signal to
noise ratio by converting the electrical signal from the
microphone 12 into text by the speech recognition
means 46 and recreating speech (i.e. an audio signal
corresponding to speech) by the speech synthesis func-
tion 38.
[0028] The digital text provided by the text source 32
may be all kind of messages and information, such as
telephone numbers, addresses, shopping lists, agenda
information etc. By using the timer 42 such information
may be provided by the hearing system 10 the person's
ear 18 at a given time as a reminder. Alternatively, the
desired text information may be retrieved by the person
from the text memory 36 by acting on the operating
means 44.
[0029] In a modified embodiment, if this is desired for
some reason, a separate interface may be provided for
the text source 32 and the speech synthesis function 38
may be provided separate from the signal processing
means 14.
[0030] Fig. 2 shows an alternative embodiment which
differs from the embodiment of Fig. 1 in that the micro-
phone 12 internal to the hearing system 10 is replaced
by an input receiver means 50 for receiving electrical
input signals from an external signal source 52, such as
an external microphone, via a wireless link, such as a
RF link.
[0031] Such a configuration may be employed, for ex-
ample, for the wireless communication between per-
sons in a noisy environment, such as in an air plane or
on a boat. In this case the external signal source 52 is
a microphone worn by another person. The hearing sys-
tem 10 may be integrated within a noise protection de-
vice worn at or within the user's ear.
[0032] In another modified embodiment, the external
digital text source 32 may be supplemented of replaced
by an internal digital text source formed by the speech
recognition means 46 where selected speech signals
received from the microphone 12 or the input receiver
means 50 are converted to digital text which can be
stored in the text memory 36 for later, e.g. upon request
by the user, being retrieved by the activation means 40

and reconverted to audio signals by the speech synthe-
sis function 38.
[0033] According to one embodiment, the hearing
system 10 includes a hearing aid function, in particular
for use by persons having an impaired hearing. To this
end, the signal processing means 14 is adapted to pro-
vide for a hearing aid function, e.g. by amplifying and
person-specifically modifying the electrical signals pro-
vided by the microphone 12 or the input receiver means
50.
[0034] Alternatively or in addition, the hearing system
10 may include an active hearing protection function. To
this end, the signal processing means 14 may be adapt-
ed to attenuate the electrical signals provided the micro-
phone 12 . In this respect, the signal processing means
14 may include a sound analyzing processor for control-
ling the active hearing protection function depending on
the analyzed auditory scene. For example, in a silent
environment no attenuation will take place, while in a
noisy environment attenuation will be applied with an
appropriate level depending on the noise level. Alterna-
tively, the signal processing means 14 may be adapted
to invert the electrical signals provided by the micro-
phone 12 in phase for producing "anti-noise" in order to
reduce the noise level.
[0035] In general, signal processing means 14 sys-
tem may comprise means for recognizing specific pre-
defined non-speech sounds, means for associating a
specific digital text stored in the text memory 36 to each
of the pre-defined non-speech sounds, and means for
retrieving a specific digital text associated to the recog-
nized pre-defined non-speech sound from the text mem-
ory 36 and providing it to the means 38 for converting
digital text into audio signals. For example, the pre-de-
fined non-speech sounds may comprise alarm signals,
with the associated specific digital text comprising cor-
responding alarm messages. Thereby the user may be
safely provided, for example, with an alarm message
while protected from a noisy auditory scene. This fea-
ture is particularly beneficial for being used together with
the active hearing protection function, but may also be
used together with the hearing aid function.
[0036] Preferably, the signal processing means 14 is
adapted to mix the audio signals produced from the as-
sociated specific digital text with audio signals produced
from electrical signals of microphone 12 or the input re-
ceiver means 50.
[0037] The hearing system may include means 54 for
storing pre-defined non-speech sounds which are pre-
recorded.
[0038] The signal processing means 14 may include
means for controlling operation of the hearing system
10 according to pre-defined speech commands detect-
ed by the speech recognition means 46, thereby ena-
bling voice control of the hearing system 10. Alternative-
ly or in addition signal processing means 14 may include
means for recognizing specific pre-defined non-speech
sound commands and means for controlling operation
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of the hearing system according to the pre-defined non-
speech sound commands when detected.

Claims

1. A hearing system for a person, comprising: input
means (12, 50) for providing electrical signals pro-
duced from sound, signal processing means (14)
for processing said electrical signals for producing
audio signals, means (36) for storing digital text re-
ceived from a source (32, 46) of digital text, means
(38) for converting digital text from said text storing
means into audio signals, and output transducer
means (16) for converting audio signals into a stim-
ulation of the person's hearing (18), wherein the
hearing system (10) is designed to be worn within
or partly within the person's ear canal or behind the
person's ear or to be at least partially implanted
within the person's skull.

2. The hearing system of claim 1, wherein said source
(32) of digital text is external to said hearing system
(10) and wherein said hearing system comprises an
interface (28) for communication with said external
source of digital text.

3. The hearing system of one of claims 1 or 2, wherein
said input means is an input transducer (12) for con-
verting ambient sounds into said electrical signals.

4. The hearing system of one of claims 1 or 2, wherein
said input means is an input receiver means (50)
for receiving electrical signals from an external sig-
nal source (52).

5. The hearing system of claim 4, wherein said input
receiver means (50) is connected to said external
signal source (52) via a wireless link.

6. The hearing system of claim 5, wherein said exter-
nals signal source (52) comprises a microphone for
converting ambient sounds into said electrical sig-
nals.

7. The hearing system of one of the preceding claims,
wherein said text converting means (38) comprise
a programmable digital signal processor (22) and a
program memory (24) with a speech synthesis soft-
ware.

8. The hearing system of claim 7, wherein the hearing
system (10) is adapted for communication with ex-
ternal fitting means designed for performing at least
one of the following functions: determining the lan-
guage and/or the speaker of the audio signals con-
verted from the digital text, adjusting the loudness
of the audio signals produced by said digital text

converting means (38), activation or deactivation of
said digital text converting means; controlling mix-
ing of the audio signals produced by said digital text
converting means with the audio signals produced
by said signal processing means (14) from said in-
put electrical signals.

9. The hearing system of claim 8, wherein the hearing
system (10) is adapted for communication with said
external fitting means via said interface (28).

10. The hearing system of one of claims 8 or 9, wherein
said fitting means is implemented in the text source
(32) or in an external programming unit (30) or in a
separate device (48), such as a personal computer
or a Personal Digital Assistant.

11. The hearing system of claim 7, wherein the signal
processing means (14) comprises said programma-
ble digital signal processor (22) and said program
memory (24), said program memory comprising a
control software, and wherein means (26) for stor-
ing person-specific data used by said control soft-
ware are provided.

12. The hearing system of claim 11, wherein said inter-
face (28) is designed to input at least one of said
speech synthesis software, said control software
and said person-specific data into the hearing sys-
tem from an external programming unit (30).

13. The hearing system of one of the preceding claims,
wherein said interface (28) is adapted for wireless
communication.

14. The hearing system of claim 13 wherein said inter-
face (28) is adapted for wireless communication
based on the Bluetooth standard.

15. The hearing system of one of the preceding claims,
wherein said source (32) of text is a Personal Digital
Assistant, a portable computer, a personal compu-
ter, or a mobile telephone.

16. The hearing system of one of the preceding claims,
further comprising activation means (40) for initiat-
ing conversion of digital text from said text storing
means (36) into audio signals, said activation
means being controlled by a timer (42) or by oper-
ating means (44) to be operated by the person.

17. The hearing system of one of the preceding claims,
wherein said signal processing means (14) com-
prises means (46) for speech recognition.

18. The hearing system of claim 17, wherein said
speech recognition means (46) are adapted to con-
vert speech into digital text and wherein the output
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of said speech recognition means is connected to
said means (38) for converting digital text into audio
signals.

19. The hearing system of one of the preceding claims,
wherein said output transducer means (16) is an
electro-acoustic transducer, an electromechanical
transducer for stimulation of the middle or the inner
ear or a cochlear electrode array for direct electrical
stimulation of the cochlear nerve.

20. The hearing system of one of the preceding claims,
wherein said means (38) for converting digital text
from said storing means (36) are also adapted to
convert digital text from said interface (28) into au-
dio signals.

21. The hearing system of claim 1, wherein said source
of digital text is internal to said hearing system and
comprises means (46) for converting speech to dig-
ital text.

22. The hearing system of one of the preceding claims,
wherein said signal processing means (14) are
adapted to provide for a hearing aid function of the
hearing system (10).

23. The hearing system of one of the preceding claims,
wherein said signal processing means (14) are
adapted for providing for an active hearing protec-
tion function of the hearing system (10).

24. The hearing system of claim 23, wherein said signal
processing means (14) are adapted to invert said
electrical signals provided by said input means (12,
50) in phase for providing for said active hearing
protection function of the hearing system (10).

25. The hearing system of claim 23, wherein said signal
processing means (14) are adapted to attenuate
said electrical signals provided by said input means
(12, 50) in phase for providing for said active hear-
ing protection function of the hearing system (10),
said attenuation depending on the noise level de-
tected by said hearing system.

26. The hearing system of one of the preceding claims,
further comprising means (14) for recognizing spe-
cific pre-defined non-speech sounds, means (14)
for associating a specific digital text stored in the
text storage means (36) to each of the pre-defined
non-speech sounds, and means (40) for retrieving
a specific digital text associated to the recognized
pre-defined non-speech sound from the text stor-
age means and providing it to said means (38) for
converting digital text into audio signals.

27. The hearing system of claim 26, wherein said pre-

defined non-speech sounds comprise alarm sig-
nals, with the associated specific digital text com-
prising alarm messages.

28. The hearing system of one of claims 26 or 27, fur-
ther comprising means (54) for storing said pre-de-
fined non-speech sounds.

29. The hearing system of one of claims 26 to 28,
wherein said signal processing means (14) is
adapted to mix said audio signals produced from
said associated specific text with audio signals pro-
duced from said electrical signals of said input
means (12, 50).

30. The hearing system of claim 23, further comprising
a sound analyzing processor (14) for controlling
said active hearing protection function depending
on the analyzed auditory scene.

31. The hearing system of one of claims 18 or 21, fur-
ther comprising means (14) for controlling operation
of the hearing system (10) according to pre-defined
speech commands recognized by said means (46)
for converting speech to digital text.

32. The hearing system of one of the preceding claims,
further comprising means (14) for recognizing spe-
cific pre-defined non-speech sound commands and
means (14) for controlling operation of the hearing
system (10) according to said pre-defined non-
speech sound commands detected by said means
for recognizing specific pre-defined non-speech
sound commands.

33. A method for operating a hearing system (10) which
is worn within or partly within a person's ear canal
or behind a person's ear or is at least partially im-
planted within a person's skull, comprising: input-
ting digital text from a source (32) into the hearing
system, storing digital text received from said
source of digital text within the hearing system, con-
verting stored digital text into audio signals, and
converting audio signals into a stimulation of the
person's hearing (18).

34. The method of claim 33, further comprising: con-
verting within the hearing system (10) ambient
sounds into electrical signals, and processing said
electrical signals for producing audio signals.

35. The method of claim 33, further comprising: exter-
nally converting ambient sounds into electrical input
signals, transmitting said electrical input signals to
the hearing system (10), and processing said elec-
trical signals for producing audio signals.

36. The method of one of claims 34 or 35, further com-
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prising: mixing the audio signals produced from said
digital text with the audio signals produced from
converted ambient sounds.

37. The method of one of claims 33 to 36, wherein said
digital text is input from an external source (32).

38. The method of one of claims 33 to 36, further com-
prising: converting speech to digital text within said
hearing system as said digital text source (46).
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