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Description
FIELD OF THE INVENTION

[0001] This invention is in the field of processing sig-
nals in or for hearing instruments. It more particularly
relates to a method of controlling a gain setting in a hear-
ing instrument, and to a hearing instrument.

BACKGROUND OF THE INVENTION

[0002] Binaural loudness summation is known in the
field of audiology. Binaural loudness summation is the
effect that the loudness of sound is greater when it is
presented to both ears simultaneously than when it is
presented to one ear alone. The magnitude of this effect
varies between individuals. Usually, the increase in loud-
ness is approximately 3 dB when the intensity level is
near the person’s hearing threshold. The effectincreases
at suprathreshold level.

[0003] Binaural loudness summation is one of the ad-
vantages of binaural amplification. For persons with bi-
lateral hearing loss who are equipped with two hearing
instruments, the applied gain may be reduced. Due to
the reduced gain, the chance of feedback is decreased,
and larger vents may be used.

[0004] Since the optimal gain s different between mon-
aural and binaural fittings, the loss of binaural loudness
summation accounts for a non-ideal gain fitting if a user,
who usually wears two hearing instruments, occasionally
only uses one hearing instrument. This may happen if
the user deliberately only wears one hearing instrument
or if one of the hearing instruments is not available.
[0005] WO 2004/114722 discloses a binaural hearing
aid system, wherein an environment sound is detected
based on a signal from the first hearing instrument and
a signal from the second hearing instrument. The signal
processing algorithm of both hearing instruments is se-
lected based on the environment sound.

[0006] In EP 1 465 454, a hearing instrument is de-
scribed that automatically detects whether it is in the us-
er’s ear.

SUMMARY OF THE INVENTION

[0007] Itisan objectof this invention to provide a meth-
od of controlling a gain in a hearing instrument which
allows to provide optimal gain characteristics in both, sit-
uations when the user wears two hearing instruments
and situations when the user only wears one hearing
instrument.

[0008] According to the invention, in a hearing instru-
ment it is once or repeatedly checked whether a second
hearing instrument is present and active. If a second
hearing instrument is active on the contralateral side, a
first gain setting is adopted. If, however, no further hear-
ing instrument is found to be active, a second gain setting
is chosen. The gain generated by the hearing instrument
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with the first gain setting may correspond to the gain for
binaural fitting, whereas the gain of the second gain set-
ting is increased in comparison. The second gain may
simply correspond to the first gain increased by a certain
dB value. It may as an alternative be a specifically adapt-
ed gain characteristic of a monaural fitting for the user.
[0009] "Gain" is usually defined as the ratio between
an input signal and an output signal. This ratio may be
time-dependent and/or may be frequency dependent. In
addition, the gain may be situation dependent (i.e. differ-
ent gain settings for different hearing programs, which
are associated to different acoustic situations).

[0010] In a preferred embodiment of the invention,
there exists some wireless or wired communication chan-
nel between the hearing instruments, across which there
is a continuous or repeated communication between the
hearing instruments.

[0011] A wireless communication channel may be a
radio signal transmission or an inductive signal transmis-
sion (i.e., using magnetically coupled coils as antennas)
or any other suitable wireless communication channel.
The signal used may be any signal transmitting any in-
formation. In a most simple example, the signal may just
be a characteristic regularly repeated presence signal
(e.g. a radio frequency carrier signal).

[0012] A wired communication channel may for exam-
ple comprise a physical wire or may comprise the frame
of a user’s glasses.

[0013] Since the only information that has to be trans-
mitted is whether or not a second hearing instrument is
active, the communication channel does not have to have
a large bandwidth. Compared to prior art communication
channels between two hearing instruments, the commu-
nication channel may therefore consume comparatively
little power.

[0014] One of the often encountered reasons for a sit-
uation where only one hearing instrument of a binaural
system s available is if the battery is empty. For this case,
the remaining hearing instrument may, according to a
special embodiment of the invention, initiate a signal in-
forming the user of the battery failure of the unavailable
hearing instrument and reminding the user to replace the
battery of said hearing instrument. Such a signal may be
a beep signal, a voice message (like for example "left
hearing aid not available" or "change battery of left hear-
ing aid" etc.), a message displayed on a display unit of
a remote control etc. According to the prior art, it was
possible to produce a warning signal when the battery in
a hearing instrument was not yet empty but found to be
low. However, it is a well-known fact that the battery
charge level in a hearing aid is a quantity that is difficult
to measure, at least without extra hardware, so that the
"battery-low" warning signals are often unreliable.
[0015] A warning signal of this kind is, of course, not
produced upon every check but for example only once
when the other hearing instrument is found to be una-
vailable for the first time. The occurrence of such a signal
may but does not have to depend on a manually set
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switch value. For example, the user may switch to a mon-
aural mode in which he deliberately uses one hearing
instrument only, in which case a signal will not be output.
[0016] A signal warning the user of failure or imminent
failure of the other hearing instrument may also be initi-
ated in situations where, in contrast to the above-de-
scribed principle, the gain setting of the remaining hear-
ing instrument is not adapted in case the other hearing
instrument is inactive.

[0017] The term "hearing instrument" or "hearing de-
vice", as understood here, denotes on the one hand hear-
ing aid devices that are therapeutic devices improving
the hearing ability of individuals, primarily according to
diagnostic results. Such hearing aid devices may be Be-
hind-The-Ear hearing aid devices or In-The-Ear hearing
aid devices (including the so called In-The-Canal and
Completely-In-The-Canal hearing aid devices, as well as
partially and fully implanted hearing aid devices). On the
other hand, the term stands for devices which may im-
prove the hearing of individuals with normal hearing e.g.
in specific acoustical situations as in a very noisy envi-
ronment or in concert halls, or which may even be used
in the context of remote communication or of audio lis-
tening, for instance as provided by headphones.

[0018] The hearing devices addressed by the present
invention are so-called active hearing devices which
comprise at the input side at least one acoustical to elec-
trical converter, such as a microphone, at the output side
at least one electrical to acoustical converter, such as a
loudspeaker (often also termed "receiver"), and which
further comprise a signal processing unit for processing
signals according to the output signals of the acoustical
to electrical converter and for generating output signals
tothe electrical input of the electrical to mechanical output
converter. In general, the signal processing circuit may
be an analog, digital or hybrid analog-digital circuit, and
may be implemented with discrete electronic compo-
nents, integrated circuits, or a combination of both.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] In the following, embodiments of the invention
are described with reference to drawings. The drawings

are all schematical and show:

- Fig. 1abinaural hearing instrument system compris-
ing two hearing instruments,

- Fig. 2 adiagram of a first embodiment of the method
according to the invention,

- Fig. 3 anillustration of a gain increase in accordance
with the first embodiment,

- Fig. 4 a diagram of a second embodiment of the
method according to the invention,

- Fig. 5aniillustration of a gain increase in accordance
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with the second embodiment.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020] The hearing instrument system of Figure 1
comprises a set of two hearing instruments, each includ-
ing at least one acoustic-to-electric converter 1.1, 1.2 (of-
ten, two or even three acoustic-to-electric converters are
available in each hearing instrument), a signal process-
ing unit (SPU) 3.1, 3.2 operable to apply a time- and/or
frequency-dependent gain to the input signal or input sig-
nals S, 4, S, , resulting in output signal Sg ¢, Sg , and at
least one electric-to-acoustic converter 5.1, 5.2. Between
the two hearing instruments - in the shown embodiment
between the signal processing units - there is a commu-
nication channel 6 by which the hearing instruments may
exchange information. The communication interfaces of
the hearing instruments are denoted by 7.1 and 7.2.
[0021] Anembodiment of the method according to the
invention - as implemented in at least one, preferably in
both of the hearing instruments - is illustrated in Figure
2. After initiation 11, a check 12 is carried out by the
hearing instrument via the communication channel. By
the check it is determined whether the second hearing
instrument is active. For example, it is checked whether
a characteristic signal is received by a coil serving as
antenna. The overall gain setting - which may in addition
depend on other parameters such as stored, pre-set user
specific values, detected noise, incoming sound direc-
tion, a loudness level or an amplification level pre-set by
the user etc. - applied to the input signal is chosen de-
pendent on the result of this check (gain application 16).
A first gain setting 13 is applied in the case both hearing
instruments are functional. The first gain setting is adapt-
ed to binaural hearing and accounts for the phenomenon
of binaural loudness summation. In case one of the hear-
ing instruments is not functional, a second gain setting
14 is applied. The second gain setting may be qualita-
tively different from the first gain setting and may be
based on different parameters (for example on different
noise suppression algorithms, on different time con-
stants, etc.). It may as an alternative be calculated from
the first gain setting in an appropriate way, for example
by adding a loudness and frequency dependent value to
the gain.

[0022] The second gain (corresponding to the second
gain setting) is higher compared to the first gain. In case
the gain is frequency dependent, this means that an av-
erage of the gain the audible part of the sound spectrum
is higher. The second gain may be specifically adapted
to monaural hearing and to the characteristic hearing
ability of the ear to which the remaining hearing instru-
ment is associated. In other words, the second gain and
possibly also the first gain need not be identical for both
hearing instruments of a hearing instrument system. An
example of a gain increase in case of a frequency de-
pendent gain is illustrated very schematically in Figure
3. Afirstgain curve 23 depicts the frequency dependence
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of the first gain, whereas a second gain curve 24 shows
the frequency dependence of the second gain. The sec-
ond gain does not have to be higher than the first gain
for all frequencies, although preferably in the part of the
frequency spectrum which is most important for speech
perception for the user, the second gain is on average
higher than the first gain.

[0023] The step of checking whether both hearing in-
struments are functional is preferably repeated regularly.
[0024] Once the temporarily unavailable hearing in-
strument becomes available again - for example since
the battery has been replaced or since the instrument is
functional again - this will be detected, and the gain re-
set to "binaural" (i.e. to the first gain setting).

[0025] As an alternative to the repeated checking of
the status of the other hearing instrument ("polling") a
further possibility exists. According to an alternative, a
status information of a hearing instrument is transmitted
to the other hearing instrument proactively, at regular in-
tervals or on special occasions, such as in case of immi-
nent failure (for example before the battery is empty).
Once such a proactively sent status information is re-
ceived, a status information tag (or the like) in a memory
of the receiving hearing instrument may be set to "not
active" (referring to the other hearing instrument). The
step of determining whether the other hearing instrument
is active then includes internally checking the status in-
formation tag. The status information tag is re-set to "ac-
tive" - for example manually or by a status information
transmission by the other hearing instrument when it is
switched on - when the other hearing instrument is acti-
vated again.

[0026] The hearing instrument may optionally once or
repeatedly produce a signal 15 when the check reveals
that the other hearing instrument is not active. The signal
may for example be acoustical or may be a warning mes-
sage displayed on a display field of a remote control (not
shown). By the signal, the user may for example be re-
minded by the still functioning hearing aid to replace the
battery of the other hearing instrument.

[0027] Ifthe signalis acoustical, preferably the hearing
instrument may manually be set to a mode where the
signal does not appear so that the user is not disturbed
by the signal in situations where he deliberately only uses
only one hearing instrument.

[0028] A second embodiment of the method according
to the invention is shown in Figure 4. The embodiment
of Figure 4 may be viewed as special, particularly simple
variant of the embodiment of Figure 2. As in said previous
embodiment, after initiation 11, a check 12 is carried out
by the hearing instrument via the communication chan-
nel. A gain setting determination 31 - the gain may again
depend on parameters such as be fixedly stored, for ex-
ample user-characteristic values, detected noise, incom-
ing sound direction a loudness level or amplification level
pre-set by the user etc. - is carried out before or after or
simultaneously to the check. If the check reveals that the
other hearing instrument is not active, the gain is in-
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creased 32 in a predetermined manner. It may for exam-
ple be increased by adding a fixed dB value (for example
between 2 dB and 5 dB) for all frequencies. This is illus-
trated in Figure 5, where the second gain curve 44 cor-
responds to the first gain curve plus a fixed value which
is constant for all frequencies. As an alternative, a fixed
value which depends on the frequency may be added.
[0029] The embodiment of Figure 4 features the ad-
vantage that it is relatively simple. Also the embodiment
of Figure 4 may comprise providing a signal 15 when it
has been found that the other hearing instrument is not
active.

[0030] A process of the kind shown in Figures 2 and 4
may be carried out in both hearing instruments. If one
hearing instrument fails, the other one will switch to the
second gain (or the increased gain).

[0031] A hearing instrument according to the invention
comprises means for carrying out any embodiment of the
above described method. A hearing instrument system
comprises two hearing instruments, shaped and adapted
to be placed behind or in the left and right ear of the user,
respectively. In the case of wireless communication, the
communication interfaces of the two hearing instruments
are for example adjusted to each other so that only sig-
nals of the corresponding hearing instruments of the
hearing instrument system may be detected or that sig-
nals of hearing instruments of other hearing instrument
systems - for example of hearing instruments worn by
other persons nearby - may be distinguished. As an al-
ternative, universal interfaces may be used, so that upon
replacement of one hearing instrument no adaptation has
to be done.

Claims

1. A method of controlling a gain setting of a hearing
instrument, the hearing instrument being operable
to determine an output audio signal from at least one
input signal and to supply said output audio signal
to one ear of a user, the hearing instrument compris-
ing a communication interface (7.1, 7.2) operable to
establish a communication link to a further hearing
instrument associated with the other ear of the user,
characterised in that the method comprises the
steps of determining, using the communication in-
terface, whether the further hearing instrument for
the other ear of the user is active, of adopting a first
gain setting if the further hearing instrument for the
other ear of the user is active, and of adopting a
second gain setting different from the first gain set-
ting if the further hearing instrument is not active.

2. A method according to claim 1, wherein an average
gain value of the first gain setting is lower than an

average gain value of the second gain.

3. A method according to claim 2, wherein the gain in



7 EP 1 558 059 B1 8

accordance with the second gain setting corre-
sponds to the gain in accordance with the first gain
setting increased by a fixed, possibly frequency de-
pendent, dB value.

A method according to any one of the previous
claims, wherein the step of determining whether a
further hearing instrument is active is carried out re-
peatedly at regular or random time intervals.

A method according to any one of the previous
claims, wherein, for determining whether the further
hearing instrument associated with the other ear of
the user is active, the hearing instrument sends a
request signal demanding a status information from
the potential further hearing instrument.

A method according to any one of claims 1 to 4,
wherein, in case the further hearing instrument is
active, it sends a status information to the hearing
instrument proactively.

A method according to any one of the previous
claims, wherein at least once a signal perceivable
by the user is initiated by the still active hearing aid
when the further hearing instrument is not active.

Ahearing instrument system comprising two hearing
instruments, each comprising a signal processing
unit (3.1, 3.2) operable to generate an output signal
(80,1 Sp,2) from at least one input signal (S, 4, S »)
and an electric-to-acoustic converter (5.1, 5.2), an
input of which is operatively connected to an output
of the signal processing unit (3.1, 3.2) and which is
operable to supply an acoustic output signal to one
ear of a user, each of the hearing instruments further
comprising a communication interface (7.1, 7.2) op-
erable to exchange information with the other hear-
ing instrument associated with the other ear of the
user, characterised in that the hearing instruments
are programmed so as to be operable to detect, using
the communication interface, whether the other
hearing instrument associated with the other ear of
the user is active, and to apply afirst gain to the input
signal (S, 4, S, ,) if the other hearing instrument is
found to be active, or to apply a second gain to the
input signal (S, 4 S, ,) if the other hearing instrument
is not found to be active.

A hearing instrument according to claim 8, wherein
the communication interface (7.1, 7.2) is a wireless
communication interface.

Patentanspriiche

Verfahren zur Steuerung einer Verstarkungseinstel-
lung eines Horgerats, wobei das Hoérgerat so betrie-
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ben werden kann, dass es aus mindestens einem
Eingangssignal ein Ausgangsaudiosignal ermittelt
und dieses Ausgangsaudiosignal einem Ohr eines
Benutzers bereitstellt, wobei das Horgerat eine
Kommunikationsschnittstelle (7.1, 7.2) aufweist,
welche so betrieben werden kann, dass sie eine
Kommunikationsverbindung zu einem weiteren HOr-
gerat aufbaut, welches dem anderen Ohr des Be-
nutzers zugeordnet ist, dadurch gekennzeichnet,
dass das Verfahren folgende Schritte aufweist:

Feststellen mittels der Kommunikationsschnitt-
stelle, ob das weitere Horgerat fiir das andere
Ohr des Benutzers aktiv ist;

Festlegung einer ersten Verstarkungseinstel-
lung, wenn das weitere Horgerat fur das andere
Ohr des Benutzers aktiv ist; und

Festlegung einer zweiten Verstarkungseinstel-
lung, welche sich von der ersten Verstarkungs-
einstellung unterscheidet, wenn das weitere
Horgerat nicht aktiv ist.

Verfahren gemal Anspruch 1, wobei ein mittlerer
Verstarkungswert der ersten Verstarkungseinstel-
lung niedriger ist als ein mittlerer Verstarkungswert
der zweiten Verstarkung.

Verfahren gemal Anspruch 2, wobei die der zweiten
Verstarkungseinstellung zugeordnete Verstarkung
der der ersten Verstarkungseinstellung zugeordne-
ten Verstarkung, erhdht um einen festen, eventuell
frequenzabhangigen dB-Wert, entspricht.

Verfahren gemal} einem der vorhergehenden An-
spriiche, wobei der Schritt des Feststellens, ob ein
weiteres Horgerat aktiv ist, wiederholt in regelmafi-
gen oder zufalligen Zeitintervallen ausgefiihrt wird.

Verfahren gemaf einem der vorhergehenden An-
spriiche, wobei zur Feststellung, ob das weitere Hor-
gerat, welches dem anderen Ohr des Benutzers zu-
geordnetist, aktiv ist, das Horgerat ein Abfragesignal
sendet, welches eine Statusinformation von dem
eventuell weiteren Horgerat abfragt.

Verfahren gemaf einem der Anspriiche 1 bis 4, wo-
bei fur den Fall, dass das weitere Horgerat aktiv ist,
dieses eine Statusinformation proaktivzum Hérgerat
sendet.

Verfahren gemaf einem der vorhergehenden An-
spruche, wobei mindestens einmalig ein flir den Be-
nutzer wahrnehmbares Signal durch das immer
noch aktive Hérgerat veranlasst wird, wenn das wei-
tere Horgerat nicht aktiv ist.

System von Horgeraten, welches zwei Horgerate
aufweist, wobei jedes eine Signalverarbeitungsein-
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heit (3.1, 3.2) aufweist, welche so betrieben werden
kann, dass sie ein Ausgangssignal (Sg 1, Sg ») aus
zumindest einem Eingangssignal (S, 4, S;,) gene-
riert, sowie einen elektroakustischen Wandler (5.1,
5.2), dessen Eingang in Wirkverbindung mit einem
Ausgang der Signalverarbeitungseinheit (3.1, 3.2)
steht, und der so betreiben werden kann, dass er ein
akustisches Ausgangssignal einem Ohr des Benut-
zers bereitstellt, wobei jedes Horgerat weiterhin eine
Kommunikationsschnittstelle (7.1, 7.2) aufweist,
welche so betrieben werden kann, dass sie Informa-
tionen mit dem anderen Hérgerat, welches dem an-
deren Ohr des Benutzers zugeordnet ist, austau-
schen kann, dadurch gekennzeichnet, dass die
Hoérgerate so programmiert sind, dass sie so betrie-
ben werden kdnnen, dass sie mittels der Kommuni-
kationsschnittstelle detektieren kbnnen, ob das an-
dere Horgerat, welches dem anderen Ohr des Be-
nutzers zugeordnet ist, aktiv ist, und eine erste Ver-
starkung auf das Eingangssignal (S, 4, S, ) anwen-
den, wenn das andere Horgerat aktiviert vorgefun-
den wird, oder eine zweite Verstarkung auf das Ein-
gangssignal (S, 4, S, o) anwenden, wenn das andere
Horgerat nicht als aktiviert vorgefunden wird.

Hoérgerat gemal Anspruch 8, wobei die Kommuni-
kationsschnittstelle (7.1, 7.2) eine drahtlose Kom-
munikationsschnittstelle ist.

Revendications

Procédé de contrdle du réglage du gain d’'un instru-
ment auditif, 'instrument auditif pouvant étre utilisé
pour définir un signal audio de sortie a partir d’au
moins un signal d’entrée et pour délivrer ledit signal
audio de sortie dans une oreille d’un utilisateur, I'ins-
trument auditif comprenant une interface de commu-
nication (7.1, 7.2) qui peut étre utilisée pour établir
une liaison de communication avec un autre instru-
ment auditif associé a 'autre oreille de I'utilisateur,
caractérisé en ce que le procédé comprend les éta-
pes qui consistent a déterminer a I'aide de l'interface
de communication si I'autre instrument auditif prévu
pour l'autre oreille de I'utilisateur est actif, a adopter
un premier réglage du gain sil'autre instrument audi-
tif destiné a I'autre oreille de I'utilisateur est actif et
a adopter un deuxieme réglage du gain différent du
premier réglage du gain si I'autre instrument auditif
n’est pas actif.

Procédé selon la revendication 1, dans lequel la va-
leur moyenne du gain du premier réglage de gain
estinférieure ala valeur moyenne du gain du deuxié-
me réglage de gain.

Procédé selon la revendication 2, dans lequel le gain
du deuxiéme réglage de gain correspond au gain du
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premier réglage de gain augmenté d’une valeur en
dB fixe et éventuellement dépendante de la fréquen-
ce.

Procédeé selon I'une quelconque des revendications
précédentes, dans lequel I'étape qui consiste a dé-
terminer si un autre instrument auditif est actif est
exécutée a répétition a des intervalles de temps ré-
guliers ou aléatoires.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel pour déterminer si 'autre
instrument auditif associé a I'autre oreille de I'utilisa-
teur est actif, I'instrument auditif envoie un signal de
requéte qui demande une information de statut a
I'autre instrument auditif éventuellement présent.

Procédé selon 'une quelconque des revendications
1 a 4, dans lequel, si 'autre instrument auditif est
actif, il envoie proactivement une information de sta-
tut a l'instrument auditif.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel un signal perceptible par
I'utilisateur est émis au moins une fois par I'acces-
soire auditif encore actif lorsque I'autre instrument
auditif n’est pas actif.

Systéme d’instruments auditifs qui comprend deux
instruments auditifs qui comprennent chacun une
unité (3.1, 3.2) de traitement de signaux utilisés pour
émettre un signal de sortie (Sg 1, Sg ) & partir d'au
moins un signal d’entrée (S, 4, S, ,) et un convertis-
seur électrique-acoustique (5.1, 5.2) dontune entrée
est reliée fonctionnellement a une sortie de 'unité
(3.1, 3.2) de traitement de signaux et qui peut étre
utilisée pour délivrer un signal acoustique de sortie
dans une oreille d'un utilisateur, chacun des instru-
ments auditifs comprenant en outre une interface de
communication (7.1, 7.2) qui peut étre utilisée pour
échanger des informations avec I'autre instrument
auditif associé a I'autre oreille de I'utilisation, carac-
térisé en ce que les instruments auditifs sont pro-
grammeés de maniére a pouvoir détecter a I'aide de
l'interface de communication si I'autre instrument
auditif associé a'autre oreille de I'utilisateur est actif,
a appliquer sur le signal d’entrée (S, 4, S, ,) un pre-
mier gain si'autre instrument auditif s’avére étre actif
et a appliquer un deuxiéme gain au signal d’entrée
(81,1, S o) sil'autre instrument auditif s’avére ne pas
étre actif.

Instrument auditif selon la revendication 8, dans le-
quel l'interface de communication (7.1, 7.2) est une
interface de communication sans fil.
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