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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to a reliable power saving arrangement for hearing
devices, Including increased comfort for the users of the hearing devices. In particular, the
present invention relates to an automatic manner of switching a hearing device on and/or off
using a predetermined human voice vibration signal, or to bring the hearing device in and/or
out of a power saving state using the predetermined human voice vibration signal.

BACKGROUND OF THE INVENTION

[0002] Various automatic power saving arrangements for hearing devices have been
suggested over the years. However, many of the suggested arrangements are unreliable In
that they switch the hearing devices on and/or off at inappropriate times which is very annoying
for the user of the hearing device. Thus, there seems to be a need for reliable automatic power
saving arrangements for hearing devices in order for the hearing aid batteries to last longer,
Moreover, there seems to be a need for reliable automatic power saving arrangements for
hearing devices for increasing the comfort for the hearing device users, and for making the
hearing devices more user-friendly.

[0003] Examples of prior art arrangements are disclosed in for example US 2013/343584 A1,
EP 1 519 625 A2, US 2015/043762 A1, WO 2015/110587 A1 and WO 93/23944 A1. US
2013/343584 A1 relates to a hearing device Involving speech recognition for processing
signals provided by a vibration sensor positioned on an outer surface, 1.e. at a vulnerable
position, of the hearing device. EP 1 519 625 A2 teaches a power saving scheme for a voice
controlled hearing device involving a microphone positioned in an ear canal for detecting the
user's voice. In order to save power an occluded sound is gated off if the occluded sound is not
detected by the microphone In a predetermined time period. US 2015/043762 A1 relates to a
hearing device capable of detecting mouth movements of the user by applying a bone
conduction sensor. WO 2015/110587 relates to bone conduction and teaches that the head
phone housing comprises an opening for accommodating a bone conduction microphone. WO
93/23944 A1 teaches a bone conduction ear piece comprising a housing within which housing
a speaker element and a microphone element is provided.

[0004] It may be seen as an object of embodiments of the present invention to provide a
reliable power saving arrangement for hearing devices, such as hearing aids.

DESCRIPTION OF THE INVENTION
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[0005] The above-mentioned object is complied with by providing, In a first aspect, a hearing
device according to claim 1.

[0006] Thus, the present invention relates to a voice controlled power saving arrangement for
hearing devices. In the present context voice generated vibrations should be understood as
any type of vibration being generated by the vocal cords of the user of the hearing device,
Including speech, growl, humming etc.

[0007] It i1s advantageous that by proper signal processing within the DSP the hearing device
may only react on the voice of the user of the hearing device In that the DSP may be adapted
to apply a voice recognition algorithm to determine the predetermined human voice vibration
signal, in particular the voice of the user of the hearing device.

[0008] Voice generated vibrations may be present only in a certain frequency band. Moreover,
voice generated vibrations may often be comparable to a typical background noise level. Thus,
In order for the voice recognition algorithm to operate properly the vibration sensitive
transducer must have low noise properties as well as a certain frequency response Iin terms of

sensitivity, damping and low frequency roll off.

[0009] The DSP may be a discrete device, or it may form an integral part of the vibration
sensitive transducer. In case of a discrete DSP the DSP may be applied for various signal
processing within the hearing device, such as signal processing of signals from a microphone
or signals to be provided to a receiver. In case of a vibration sensitive transducer comprising
an integrated DSP this DSP may process only vibrations signals, and optionally control another
DSP of the hearing device.

[0010] The DSP may be configured to switch the hearing device on when the predetermined
human voice vibration signal is detected. As previously stated the predetermined human voice
vibration signal is related to the voice of the user of the hearing device. The DSP Is configured
to switch the hearing device off when the predetermined human voice vibration signal is not
detected In a predetermined time period. Again, the predetermined human voice vibration
signal 1s related to the voice of the user of the hearing device.

[0011] The hearing device may further comprise a microphone unit for receiving incoming
acoustical signals and a receiver unit for reproducing the incoming acoustical signals.

[0012] The vibration sensitive transducer is configured to detect human voice generated
vibrations via the skull of the user of the hearing device. In achieve this, the hearing device
comprises a shell being adapted to abut the skin of the skull of the user of the hearing device.
In order to detect human voice generated vibrations the vibration sensitive transducer may be
mechanically connected to said shell, either directly secured to the shell, or connected via a
mechanically rigid connection.

[0013] In terms of positioning the vibration sensitive transducer may be positioned in the shell



DK/EP 3157270 T3

at a point where the voice generated vibrations are dominant, while other types of vibrations,
such as receiver generated vibrations, are essentially zero.

[0014] During operation the shell of the hearing device Is adapted to be positioned between
the vibration sensitive transducer and the skull of the user of the hearing device. Thus, the
shell of the hearing device is adapted to abut the skin of the skull on one side of the shell, while
the vibration sensitive transducer is secured to the opposite side of the shell.

[0015] The hearing device of the present Invention may further comprise additional
transducers, such as accelerometers, rotation sensors and/or gyroscopes. Such additional
transducers may be advantageous in case the user of the hearing device has a poor bone
conduction transmission through the skull bone. Moreover, additional transducers may be
applied for measuring additional user-related activities, such as foot-step counting, fithess and
health related indicators etc.

[0016] The term hearing device should be understood as any device being capable of
Increasing the hearing capability of a human being. Thus, the term hearing device may
comprise, among other devices, hearing aids being selected from the group consisting of:
behind-the-ear, in-the-ear, in-the-canal, invisible-in-canal and completely-in-canal.

[0017] In a second aspect the present invention relates to a method for operating a hearing
device In accordance with claim 9.

[0018] Again, the term hearing device should be understood as any device being capable of
Increasing the hearing capability of a human being. This may Include hearing aids being
selected from the group consisting of: behind-the-ear, in-the-ear, in-the-canal, invisible-in-canal
and completely-in-canal.

[0019] The predetermined human voice vibration signal may be determined using a voice
recognition algorithm within the DSP. As mentioned In relation to the first aspect the DSP may
be a discrete and multi-purpose component of the hearing device, or it may form an integral
part of the vibration sensitive transducer.

[0020] In terms of controlling the hearing device may be switched on when the predetermined
human voice vibration signal i1s detected. Likewise, the hearing device Is switched off when the
predetermined human voice vibration signal i1s not detected in a predetermined time period.
Similar to the first aspect the predetermined human voice vibration signal is associated with the
voice of the user of the hearing device. Thus, In terms of controlling, such bringing the hearing
device Into or out of a power saving state, the hearing device may be configured to react only
on the voice of its user, I.e. the person wearing the hearing device. The predetermined human
voice vibration signal Is detected via the skull of the user of the hearing device by positioning
the vibration sensitive transducer in mechanical contact with a shell of the hearing device as
explained In relation to the first aspect of the present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The present invention will now be described In further details with reference to the
accompanying figures, wherein

Fig. 1 shows part of an in-the-canal hearing aid including a vibration sensor,
Fig. 2 shows part of a behind-the-ear hearing aid including a vibration sensor, and

Fig. 3 shows a simplified electrical block diagram.

[0022] While the Invention Is susceptible to various modifications and alternative forms specific
embodiments have been shown by way of examples in the drawings and will be described In
details herein. It should be understood, however, that the invention is not intended to be limited
to the particular forms disclosed.

DETAILED DESCRIPTION OF THE INVENTION

[0023] In its broadest aspect the present invention relates to a hearing device, such as a
hearing aid, and an associated method where a human voice generated vibration signal is
used to control the hearing device In a power saving manner. The human voice generated
vibration signal Is provided by a vibration sensitive transducer and an appropriate signal
processing algorithm of a DSP within the hearing device. The processing of the vibration signal
may be performed by a discrete DSP of the hearing device, or it may be performed by a DSP
being integrated with for example the vibration sensitive transducer.

[0024] The vibration sensitive transducer, such as an electret vibration sensor, Is provided for
sensing voice generated vibrations via the skull of the user of the hearing device. A suitable
approach for providing the human voice generated vibration signal is to apply a voice
recognition algorithm to the signal from the vibration sensitive transducer. The voice
recognition algorithm may apply a modulation analysis scheme in that human voice modulation
IS a very unique identifier. By following this approach the hearing device will only respond to
voice vibrations originating from the user of the hearing device.

[0025] In terms of controlling, the hearing device may for example be switched on or switched
off In response to vibrations being generated by the user's voice. However, other control
schemes are also applicable as it will be disclosed in the following.

[0026] Referring now to Fig. 1 a part of an in-the-canal hearing aid 100 is depicted. As seen In
Fig. 1 the vibration sensor 102 iIs secured directly to the shell 101 of the hearing aid. In this
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way human voice generated vibrations may be detected when the shell is positioned in the ear
canal. In Fig. 2 a part of a behind-the-ear hearing aid 200 is depicted. As seen the vibration
sensor 202 Is secured directly to the shell 201 so that vibrations may be detected via the skull
when the hearing device 200 i1s positioned behind the ear. Additional electronic components
203 are also shown In Fig. 2. Fig. 3 shows a simplified electronic block diagram 300. The block
diagram 300 shows a DSP 301 being adapted to process signals from a microphone 303
before forwarding it to the receiver 304 for reproduction. A vibration sensor 302 iIs provided for
sensing voice generated vibrations. The vibration sensor 302 is operatively connected to the
DSP 301 so that the software provided therein may be used to process the vibration signals In
order to identify predetermined human voice vibration signals. Such signals may be identified
using voice recognition programs, including for example modulation analysing programs. The
DSP s configured to control the hearing device In response to the detection of the

predetermined human voice vibration signals, cf. the description below.

[0027] The signal from the vibration sensitive transducer may be passed through a band- pass
filter in order to remove noises and disturbances.

[0028] Generally, a hearing device may apply a vibration sensitive transducer for automatic
on/off control as well as other ways to change the power state of the hearing device. The
various vibration-based control scenarios may be divided as follows:

6) Basic setup

/) Using sleep mode

8) Using other sensors

9) Using wired or wireless recharging

10) Improvements

[0029] The basic setup has already been disclosed above, I.e. an arrangement for automatic
on/off control of a hearing device. Such an arrangement can only work in a reliable manner If a
characteristic being unique to a human being can be applied, in particular a parameter that has
a unigue range.

[0030] One possible approach to gain information would be to pick-up the vibrations generated
by a human voice In the ear-canal using the vibration sensor, such as an electret vibration
sensor which Is hermetically closed. In an electret vibration sensor a moving back-plate i1s used
to get a large moving mass and thus the required sensitivity. A MEMS-based vibration sensor
may be applicable as well despite its lower sensitivity.

The basic setup:



DK/EP 3157270 T3

[0031] The vibration sensor requires mechanical contact to the human skull through either the
skin In the ear-canal, or the skin around the ear in case of a BTE. The vibration sensor Is
always switched on, but uses only very little current (down to 2 yA). Thus, when the hearing
device I1s positioned In a drawer, on a table or in another position where it is not in vibrational
contact with a human being, only a very little amount of electrical power is used. The remaining
components of the hearing device use very little power as well. For example only part of the
DSP 1s applied to process the signal from the vibration sensor. A significant amount of power
can also be saved by only processing the vibration sensor signal at a low duty cycle, and only If

the vibration sensor signal is above a certain level. The total quiescent current may be as low
as 20 pA.

[0032] If the signal from the vibration sensor i1s above a certain level the DSP will determine If
the signal resembles a human voice using the same software as used for classifying the
acoustic scene In the hearing device. For Iinstance the DSP software may analyze the
modulation of the vibration sensor signal since the human voice has a very unigue modulation.
If the vibration signal does not resemble the human voice no change of the state of operation
of the hearing device Is provided. On the other hand if the voice of the user of the hearing
device Is recognized, then the hearing device will switch on, assuming that it 1s positioned In
either 1) the ear-canal or 2) on/behind the ear. The hearing device stays in the on-state for at
least a certain time of period, say for example 30 minutes. During this period of time the
hearing device will at least once process the vibration signal again and act in response thereto.

[0033] If the user of the hearing device has been silent for a period of time the hearing device
will provide a warning signal, such as a beep or a message, before eventually switching off.
The beep or message informs the user that the hearing device will switch off within a certain
period of time, such as within one a minute. Then the hearing device goes Iinto a super
sensitive mode to detect a swallow, scratching throat or other patterns as a special event. If the
user of the hearing device reacts to the warning signal by in somehow using his/hers voice or
any predetermined patterns, the hearing device will stay switched on. It should be noted
however that other control schemes are applicable as well. If the user of the hearing device
does not react on the warning signal, the hearing device will switch off in order to save power.

[0034] To make the hearing device a user-friendly device, it will provide a beep or the like
when starting up since the typical startup cycle might take 10 seconds for some hearing aids.
The user might get confused If he puts the hearing device In his ear-canal or on/behind his ear.
The user of the hearing device must be Iinstructed to in somehow use his voice (scratch the
throat, say any word etc.). This way of controlling the hearing device i1s completely reliable In
that If a third person talks to the user of the hearing device, and the user does not understand,
the user will say at least some words which will initiate switch on of the hearing device. The
hearing device will then provide a beep or the like and subsequently startup. The user of the
hearing device will then be able to hear again.

The sleep mode:
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[0035] In order to save power, modern microphones/vibration sensors may have a build-in
sleep mode. In this sleep mode they use only very little power, 1.e. a very low average current
where the performance is low as well. Alternatively, the power saving mode may be provided
by operating at a low duty cycle. Even iIn this power saving mode modern
microphones/vibration sensors can wake up and are still able to process the voice identification
on their own. In that case the DSP Is completely switched off and all the intelligence is

positioned In the modern microphone/vibration sensor for switching the hearing device on.
However, the DSP still plays a role when the hearing device is to be switched off.

[0036] Alternatively, the DSP itself can also have a sleep mode. For example when the user of
the hearing device does not use his voice above a certain level perhaps for some time, it must
be assumed that the user is also In a situation where speech communication is not taking
place, or at least Is less important. If the user of the hearing device does not communicate,
uses his/hers voice, then the user related voice level picked-up by the hearing device
decreases and the acoustical signal processing can be used for switching the DSP to a sleep
mode. The hearing device then goes into a power saving mode with reduced processing. For
example the hearing device could switch off all advanced signal processing. The same
algorithms may be applied for voice detection as well.

[0037] Thus, according to the present invention the vibration sensor may be used to switch the
DSP Into a sleep mode. The hearing device will leave the sleep mode when the user of the
hearing device uses his voice above a certain sound level.

[0038] Another Interesting possibility would be to use the same setup to open and close a
valve. The following approach could be imagined in relation to anti-occlusion: If the user of the
hearing device uses his voice a valve could open (and have no occlusion). VWhen the user of
the hearing device stops talking the valve is closed which enables very high gain.

Using other types of sensors:

[0039] In general, the process of putting the hearing device In a different power state could
also be Initiated by other types of sensors, such as for example rotation sensors,
accelerometers, gyroscopes or other sensors that are capable of indicating that the hearing
device In somehow moves. The overall functioning would however be the same as In the case
of a vibration sensor.

Wired or wireless charging:

[0040] VWhen using wireless or wired charging, the hearing device will know that it Is In a
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charging mode and can always be switched off in that situation.

Improvements:

[0041] During fitting of the hearing device, or after any startup of the hearing device the
classification software can be calibrated to the user. For instance each hearing device user has
a different spectrum for the vibration which is pretty unique. The combination of the basic
resonance frequency In the low frequency end, the higher resonances due to the size and
mechanical behavior of the ear canal, the mechanical transmission paths between where the
user's voice Is generated and where the vibration signal i1s picked up, defines a unique 'finger
print'. This may also help In relation to the very small percentage of hearing device users that
have a much lower vibration transmission. In this case, a software backup I1s needed, for
example the user of the hearing device can tap on the hearing device to avoid sleep mode or
switching off the device. There might be cases where one has to switch off the system and rely
on other things.
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PATENTKRAV

Horeaggregat (100), der omfatter

— en vlibrationsfgolsom transducer (102), der er

1ndrettet 11 at detektere vibrationer, der

—

fremkaldes af en menneskelilig stemme, 0g

—
-

— en digital silgnalprocessor til Dbehandling af

signaler fra den vibrationsfglsomme transducer

(102) med henblilk pa at 1dentificere et pa forhand

fastlagt vibrationssignal fra en menneskelilqg

— pr—

stemme, der er knyttet til stemmen af brugeren af

pre——

horeaggregatet (100) og styring af hgoreaggregatet

(100) 1 overensstemmelse hermed

hvor den vibrationsfglsomme transducer (102) er

fastgjort til en skal (101) af horeaggregatet (100),

—
-

saledes at vibrationerne detekteres via kraniet af

brugeren af horeaggregatet (100),

—

kendetegnet ved, at skallen (101) af horeaggregatet
(100), under drift, er 1ndrettet til at blive anbragt

mellem den vibrationsfglsomme transducer (102) 0og

— pr—

kraniet af brugeren af horeaggregatet (100), wved at

skallen (101) af horeaggregatet (100) er 1ndrettet til

—
-

at ligge op til huden pa kraniet pa den ene side af

skallen (101), mens den vibrationsfglsomme transducer

—

(102) er fastgjort til den modsatte side af skallen
(101), og at

den digltale silgnalprocessor er konfigureret til at

slukke for horeaggregatet (100), nar det pa forhand

fastlagte vibrationssignal fra en menneskellg stemme

1kke identificeres 1 en pa forhand fastlagt

tldsperiode.
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Horeaggregat (100) 1folge krav 1, kendetegnet wved, at

den dilgitale signalprocessor er 1ndrettet til at

anvende en stemmegenkendelsesalgoritme for at

ldentificere det pa forhand fastlagte vibrationssignal

fra en menneskelig stemme.

Horeaggregat (100) 1fglge krav 1 eller 2, kendetegnet
ved, at den digitale signalprocessor er en diskret
anordning, eller hvor den digitale silgnalprocessor

pr——

danner en 1ntegreret del af den vibrationsfglsomme

transducer (102).

—
-

Horeaggregat (100) 1fglge et hvilket som helst at

kravene 1 til 3, kendetegnet ved, at den digiltale

—

signalprocessor er konfilgureret ti1l at tende for

hegreaggregatet (100), nar det pa forhand fastlagte

pr—

vibrationssignal fra en menneskellg stemme

identificeres.

pre——

Horeaggregat (100) 1fglge et hvilket som helst at

kravene 1 ti1il 4, der desuden omfatter en mikrofonenhed

—

11l modtagelse af 1ndgaende akustiliske signaler og en

—
e

lydglverenhed t1l reproduktion af de 1ndgaende

akustiske signaler.

pre——

Horeaggregat (100) 1fglge et hvilket som helst at

kravene 1 t1l b, kendetegnet ved, at den

vibrationsfglsomme transducer (102) er fastgjort

p—

mekanisk til skallen af hgoreaggregatet.

—

Horeaggregat (100) 1fglge et hvilket som helst af de

foregaende krav, der desuden omfatter vderligere

transducere sSom f.eks. accellerometre,

rotationssensorer og/eller gyroskoper.

Horeaggregat (100) 1feolge et hvilket som helst af de

foregaende krav, hvilket hegreaggregat (100) omfatter et
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—
-

horeapparat, der udvalges fra gruppen bestaende af:

"bag-ved-gret", "i1-gret", "i1-kanalen", Tusynligt-1-

kanalen" og "fuldstendigt-i-kanalen".

Fremgangsmade ti1l at drive et hgoreaggregat (100), der

omfatter en vibrationsfglsom transducer (102), der er

driftsmessigt forbundet med en digital signalprocessor,

hvor den vibrationsfglsomme transducer (102) er

fastgjort til en skal (101) af horeaggregatet (100), og

hvor den vibrationsfglsomme transducer (102) er

—
-

indrettet ti1l at detektere vibrationer via kraniet af

brugeren af hereaggregatet (100), hvilken fremgangsmade

omfatter folgende trin:

— identifikation af et pa forhand fastlagt

vibratlionssignal fra en menneskellg stemme ved

p—

hjelp af den vibrationsfglsomme transducer (102)

pr—

ole signalbehandlingsevnen at den digltale

signalprocessor, hvor det pa forhand fastlagte

vibrationssignal fra en menneskelilig stemme er

—

knyttet til stemmen af brugeren af hgreaggregatet
(100), og

- styring af heoreaggregatet (100) 1 overensstemmelse

med det 1dentificerede 1pa forhand fastlagte

vibrationssignal fra en menneskellg stemme

kendetegnet ved, at skallen (101) af horeaggregatet

(100) er anbragt mellem den vibrationsfglsomme

pre—— pre——

Cransducer (102) ole kraniet af brugeren af

hogreaggregatet (100), ved at skallen (101) pa
hegreaggregatet (100) ligger op til huden pa kraniet pa

—

den ene slde af skallen (101), mens den

vibrationsfglsomme transducer (102) er fastgjort til

p—

den modsatte side af skallen (101), og ved at




10.
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hegreaggregatet (100) slukkes, nar det pa forhand

fastlagte vibrationssignal fra en menneskelilig stemme

1kke identificeres 1 en pa forhand fastlagt
tidsperiode.

Fremgangsmade 1fglge krav 9, kendetegnet wved, at
vibratlionssilignalet fra den menneskelilge stemme
identificeres ved hyelp at en
stemmegenkendelsesalgorlitme 1 den digltale

slgnalprocessor.

Fremgangsmade 1fgolge krav 9 eller 10, kendetegnet wved,

at horeaggregatet

identificeres.

(100) tendes, nar det pa forhand

fastlagte vibrationssignal fra en menneskelilig stemme
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DRAWINGS
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