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(54) A HEARING ASSISTANCE SYSTEM COMPRISING ELECTRODES FOR PICKING UP BRAIN

WAVE SIGNALS

(567)  The application relates to a hearing assistance
system comprising first and second spatially separated
parts adapted for being mounted fully or partially at a first
ear and on the head of a user, respectively, the first and
second parts comprising a number of first and second
electrodes located at a surface of first and second hous-
ings, respectively, to allow said first and second elec-
trodes to contact the skin of the user when said parts are
operationally mounted on the user’s head. The first and

second electrodes are adapted to pick up low-voltage
electric signals from the user’s brain and a reference volt-
age, respectively, to provide voltage difference signals.
An improved binaural hearing assistance system further
comprising a comparison unit for determining the voltage
difference signal, and an electric interface allowing the
reference voltage or a measure representative thereof
to be transferred from said second part to said compar-
ison unit is provided.
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Description

TECHNICAL FIELD

[0001] The present application relates to a hearing as-
sistance system comprising electrodes for picking up
brain wave signals.

BACKGROUND

[0002] Hearing instruments comprising electrodes for
picking up low-voltage brainwave signals (e.g. EEG sig-
nals) are known in the art. The brainwave signals have
been proposed for a variety of uses in the hearing aids,
e.g. for a modification of the signal processing of a hear-
ing aid in dependence of the brainwave signals.

[0003] In case, the brainwave signals are not to be
compared and used in the hearing device, where they
are picked up, there is a need for a scheme for allowing
the transmission of the low-voltage potentials to another
device.

SUMMARY

[0004] When picking up brain-wave signals (poten-
tials) using in-the-ear encephalogram (EEG) electrodes
located on the housing of a single ear piece, the distances
between the electrodes are necessarily small (e.g. <10
mm). An electric potential created by accumulation of
charge on a given electrode (provided by neurons in con-
nection with brain activity) at a given location can be de-
termined from a sum of the contributions of each point
charge except for a constant. To be able to compare dif-
ferent brain-wave signals, here termed 'EEG-potentials’
Veeai =1, 2, ..., Nggg, Where Nggg is the number of
EEG-potentials (electrodes) at play, each 'EEG-poten-
tial' Vggg; is preferably referred to a common reference
potential Vggg, €.9. defined by a reference electrode of
the system. To achieve a larger potential difference,
AVeggi = Veegi - VRer: between the active EEG-elec-
trodes (EEGe;) and the reference electrode (REFe, and
possibly to reduce or avoid 'cross-talk’ between them),
the reference electrode is preferably located at a distance
from the EEG-electrodes, e.g. larger away than the typ-
ical distance between the active EEG-electrodes (e.g.
larger than 10 mm, such as larger than 50 mm). Accord-
ing to an embodiment of the present disclosure, the ref-
erence electrode is located on a housing of an opposite
ear piece with respect to the ear piece where the active
EEG electrodes (to be associated with the reference
electrode) are located. Thereby, a sufficiently large dis-
tance between the active EEG electrodes and the refer-
ence electrode is provided. One way or the other, there
is, however, a need to communicate one or more electric
potentials between two separate parts (e.g. two ear piec-
es or one ear pieces and another part) to allow the men-
tioned voltage difference AVggg; to be determined, so
that they can be further processed (and possibly trans-
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mitted to another device, e.g. in a conventional way).
[0005] The ’brain-wave signals (here also termed
'EEG-signals’ or 'EEG-potentials’) at a given electrode
reflect the variation (over time) in electric potentials re-
sulting from varying ionic currents associated with brain
activity. The amplitude variation with time is typically in
the 10s of microvolt range e.g. from 10 nV to 100 wV,
when the electrodes are attached to the skin (scalp) of
the user'shead. The variation in time of EEG-signals may
comprise oscillations at frequencies in the Hzrange, e.g.
in the range from 1 Hz to 20 Hz, such as between 5 Hz
and 10 Hz.

[0006] A hearing device is a portable device of small
size, e.g. energized by a battery. The hearing device
therefore has a limited power budget (due to a relatively
small battery capacity). Hence, there is a restriction of
the allocation of power to any given task of a hearing
device. Wireless transceivers are one of the relatively
large power consumers of a modern hearing device.
Wireless technologies for use in hearing devices are thus
carefully selected, e.g. to optimize their power consump-
tion to bandwidth ratio. The use of ear-to-ear (e2e) com-
munication between two hearing devices is generally lim-
ited (in time and/or bandwidth) for this reason.

[0007] An objectof the present application is to provide
an improved hearing assistance system.

[0008] Objects of the application are achieved by the
invention described in the accompanying claims and as
described in the following.

A hearing assistance system:

[0009] Inanaspectofthe presentapplication, anobject
of the application is achieved by a hearing assistance
system comprising

» afirstpartadapted for being mounted fully or partially
at a first ear or in an ear canal of the first ear of a
user, the first part comprising

o a first housing,

0 a number of first electrodes located at a sur-
face of said first housing to allow said first elec-
trodes to contact the skin of the user when said
first part is operationally mounted on the user,
each of the first electrodes being adapted to pick
up a low-voltage electric signal from the user’s
brain,

* asecond partadapted for being mounted on the body
spatially separated from said first part, the second
part comprising

0 a number of second electrodes arranged to
allow said second electrodes to contact the skin
of the user when second said part is operation-
ally mounted on the user.
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[0010] Atleastone of the second electrodes of the sec-
ond part being configured as a reference electrode and
adapted to pick up a reference voltage intended to con-
stitute a reference voltage for the low-voltage electric sig-
nal(s) from the user’s brain picked up by the first elec-
trodes thereby allowing a voltage difference signal to be
determined for each of said first electrodes The hearing
assistance system comprises a comparison unit for de-
termining said voltage difference signal(s), and an elec-
tric interface allowing said reference voltage or a meas-
ure representative thereof to be transferred from said
second part to said comparison unit.

[0011] This has the advantage of providing a hearing
assistance system with improved capability of measuring
and processing brainwave signals. Embodiments of the
present disclosure provides EEG-potentials related to
nerve responses from a user’s brain. The EEG potentials
are e.g. picked up by an ear piece comprising electrodes
located at or in an ear of the user. A reference potential
from an electrode located elsewhere on the user’s body
(e.g. from another ear piece located in or at the user’s
other ear) is further provided. An electric interface avail-
ing the EEG-potentials and the reference potential in the
same device (e.g. an ear piece or another device) is pro-
vided whereby the EEG-signals can be provided as volt-
age differences. This has the advantage of enabling a
location of a reference electrode a distance away from
EEG-electrodes AND to facilitate that potentials picked
up by the EEG and reference electrodes can be com-
pared in the same device (to refer the EEG potentials to
the reference potential, thus providing individual EEG-
voltage differences that can be processed and transmit-
ted).

[0012] Preferably, the second part is configured to be
mounted on the head, e.g. fully or partially at a second
ear or in an ear canal of the second ear of the user.
[0013] In an embodiment, the second part comprises
a housing. In an embodiment, the second electrodes are
located at (or movable to) a surface of the second housing
to allow the second electrodes to contact the skin of the
user when the second part is operationally mounted on
the user.

[0014] In an embodiment, the hearing assistance sys-
tem comprises a listening device, e.g. a hearing device,
e.g. a hearing aid, e.g. a hearing instrument, e.g. a hear-
ing instrument adapted for being located at the ear or
fully or partially in the ear canal of a user, e.g. a headset,
an earphone, an ear protection device or a combination
thereof.

[0015] In an embodiment (or an alternative aspect),
the first part may be adapted for being partially implanted
in the head (e.g. in or near cochlea) at a first (and/or
second) ear of a user. In an embodiment, an implanted
electrode may be alternatively or additionally used to pick
up a low-voltage electric signal from the user’s brain. In
an embodiment, an implanted electrode may be used as
a reference electrode for referencing low-voltage electric
signal from the user’s brain to provide the brainwave volt-
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age difference signals.

[0016] In an embodiment, the hearing assistance sys-
tem, e.g. a hearing device of the system, is adapted to
provide a frequency dependent gain and/or a level de-
pendent compression and/or atransposition (with or with-
out frequency compression) of one or more frequency
ranges to one or more other frequency ranges, e.g. to
compensate for a hearing impairment of a user. In an
embodiment, the hearing device comprises a signal
processing unit for enhancing an electric input signal rep-
resentative of sound and providing a processed electric
output signal.

[0017] In an embodiment, the hearing assistance sys-
tem, e.g. a hearing device of the system, comprises an
output unit for providing a stimulus perceived by the user
as an acoustic signal based on a processed electric sig-
nal. In an embodiment, the output unit comprises a
number of electrodes of a cochlear implant or a vibrator
of a bone conducting hearing device. In an embodiment,
the output unit comprises a receiver (speaker) for pro-
viding the stimulus as an acoustic signal to the user.
[0018] In an embodiment, the hearing assistance sys-
tem, e.g. a hearing device of the system, comprises an
input unit for providing an electric input signal. In an em-
bodiment, the hearing assistance system comprises a
beamformer adapted to enhance atarget acoustic source
among a multitude of acoustic sources in the local envi-
ronment of the user wearing the hearing assistance sys-
tem.

[0019] In an embodiment, the electric interface com-
prises a galvanic connection, e.g. comprising one or
more electric conductors. In an embodiment, the refer-
ence voltage (an analogue potential) of the reference
electrode is transferred to the comparison unit via an
electric conductor between said second part and said
comparison unit. In an embodiment, the galvanic con-
nection is established by transmission of an alternating
current via the user’s skin from a transmitting to a receiv-
ing electrode.

[0020] In an embodiment, the electric interface com-
prises a wireless link. In an embodiment, each of the first
and second parts comprises a transceiver unit configured
to establish a (e.g. digital) communication link to another
part of the hearing assistance system allowing reception
and/or transmission of data. Inan embodiment, the trans-
ceiver units comprise appropriate modulation and de-
modulation circuitry to transform signals picked up by the
first and/or second electrodes to/from a frequency range
adapted to the communication link (e.g. in a frequency
band in the MHz or GHz range). In an embodiment, the
system is configured to operate in a part of the frequency
range between 100 kHz and 70 GHz, e.g. in the range
around 2.4 GHz or below 1 GHz. In an embodiment, each
of the first and second parts comprise first and second
common voltages, respectively, to which the brainwave
signals picked up by the first and second electrodes, re-
spectively, are referred. In an embodiment, the brain-
wave signals picked up by the first and/or second elec-
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trodes typically have amplitudes in the range from 10 pV
to 100 nV, and frequencies in the range from 1 Hz to 20
Hz.

[0021] In an embodiment, the hearing assistance sys-
tem, e.g. a transceiver unit, comprises an amplifier unit
operationally connected to at least one of the first or sec-
ond electrode(s) and adapted for amplifying said low volt-
age electric signal(s) or said reference voltage to provide
amplified brain signal(s). In an embodiment, said ampli-
fier unit is connected to a common ground of the part of
the hearing assistance system, where it is located. In an
embodiment, a transceiver unit comprises a transmitter
unit configured to transmit a (possibly amplified) low-volt-
age electric signal. In an embodiment, a transceiver unit
comprises a receiver unit configured to receive a low-
voltage electric signal.

[0022] In an embodiment, the electric interface com-
prises a wireless link based on radiated fields. In an em-
bodiment, the wireless link is based on a digital stand-
ardized scheme, e.g. Bluetooth (e.g. Bluetooth low en-
ergy) or similar technology suitable for portable devices,
and having relatively low power consumption (and pro-
viding relatively low transmission range). In an embodi-
ment, the wireless link is configured to operate in the GHz
range.

[0023] Inanembodiment, the wireless link is based on
near-field coupling, e.g. a link based on near-field com-
munication, e.g. a capacitive or an inductive link. In an
embodiment, the wireless link is configured to operate in
the MHz range.

[0024] A certain application of capacitive human body
transmission is the use in hearing aids and ear-to-ear
communication. Thus, audio range transmission would
be possible to transfer e.g. from one ear piece to another,
via an intermediate (e.g. remote control) device, as e.g.
describedin US7206423. US7206423 deals with the use
of intra-body communication in a hearing aid. An audio
signal picked up by a microphone of a hearing aid (and
possibly further processed) is transmitted to another de-
vice worn by the user via the skin of the user.

[0025] In an embodiment of the present invention, itis
proposed to transmit EEG signals between the ears (or
between devices located at the respective ears of the
user, and possibly involving a third intermediate device).
[0026] In an embodiment, the electric interface com-
prises a body-network. The human body itself may act
as a signal transmission medium (cf. e.g. [Zimmerman;
1996], [Cho et al.; 2007]; [Lucev et al.; 2011]). The ben-
efits of body transmission is low power consumption and
high bandwidth, and the connection is always available.
For many applications related to hearing devices, the
shorttransmission range (2 m =the approximate distance
between the arms) is acceptable. The body capacity
transmission require a number of electrodes, cf. e.g. FIG.
5.

[0027] A reference potential (Vggp) is advantageously
transferred, e.g. from the second to the first part (and/or
to another’auxiliary device’, e.g. a processing or relaying

10

15

20

25

30

35

40

45

50

55

part located on or near the user’s body, cf. e.g. FIG. 2)
thereby enabling the brainwave (or EEG) signals to be
referred to the reference potential Vggg. The EEG signals
are potentials Vggg;, i=1, 2, ..., Ngjge, Picked up by a
number N of electrodes. A further processing of the
voltage differences AVeeg=Veegi-Vrer =1, 2, --) Ngjeos
can then be performed in the first part (cf. e.g. FIG. 1),
or AVggg;i can be transmitted to a dedicated 'processing
part’, e.g. via a conventional (e.g. wireless) communica-
tion link (cf. e.g. processing unit PRO in FIG. 2).

[0028] Inanembodiment, (each of) the firstand second
parts of the hearing assistance system comprise one of
a Tx- and Rx-ground electrodes exhibiting substantially
equal virtual Tx- and Rx-ground potentials established
via a capacitive coupling to an external ground (e.g. earth
ground), at least partly via the user’s body (cf. FIG. 1 B
or FIG. 5).

[0029] In an embodiment, the first and/or second part
comprises an analogue to digital (AD) converter to digi-
tize a voltage difference (AVggg;). In an embodiment, the
voltage difference (AVEggg;) is digitized before being
transmitted to another device (e.g. via a wireless link).
[0030] In an embodiment, the hearing assistance sys-
tem, e.g. a hearing device of the system, comprises an
antenna and transceiver circuitry for wirelessly receiving
or transmitting a direct electric input signal from another
device. In an embodiment, the hearing assistance sys-
tem comprises a (possibly standardized) electric inter-
face (e.g. in the form of a connector) for receiving a wired
direct electric input signal from another device. In an em-
bodiment, the direct electric input signal represents or
comprises an audio signal and/or a control signal and/or
an information signal (e.g. a brainwave signal or a signal
derived therefrom). In an embodiment, the hearing as-
sistance system comprises modulation/demodulation
circuitry for modulating/demodulating the transmitted/re-
ceived signal. In general, the wireless link established by
atransmitter and antenna and transceiver circuitry of the
hearing assistance system can be of any type. In an em-
bodiment, the wireless link is used under power con-
straints, e.g. in that the hearing assistance system com-
prises a portable (typically battery driven) device. In an
embodiment, the wireless link is a link based on near-
field communication, e.g. based on capacitive or an in-
ductive coupling between antenna elements of transmit-
ter and receiver parts. In another embodiment, the wire-
less link is based on far-field, electromagnetic radiation.
In an embodiment, the communication via the wireless
link is arranged according to a specific modulation
scheme, e.g. an analogue modulation scheme, such as
FM (frequency modulation) or AM (amplitude modula-
tion) or PM (phase modulation), or a digital modulation
scheme, such as ASK (amplitude shift keying), e.g. On-
Off keying, FSK (frequency shift keying), PSK (phase
shiftkeying), MSK (minimum shift keying), or QAM (quad-
rature amplitude modulation).

[0031] Inanembodiment,the communication between
the hearing assistance system and other devices is in
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the base band (audio frequency range, e.g. between 0
and 20 kHz). Preferably, communication between the
hearing assistance system and the other device is based
on some sort of modulation at frequencies above 100
kHz. Preferably, frequencies used to establish a commu-
nication link between the hearing assistance system and
other devices is below 70 GHz, e.g. located in a range
from 50 MHz to 50 GHz, e.g. above 300 MHz, e.g. in an
ISM range above 300 MHz, e.g. in the 900 MHz range
orin the 2.4 GHz range or in the 5.8 GHz range or in the
60 GHz range (ISM=Industrial, Scientific and Medical,
such standardized ranges being e.g. defined by the In-
ternational Telecommunication Union, ITU). In an em-
bodiment, the wireless link is based on a standardized
or proprietary technology. In an embodiment, the wire-
less link is based on Bluetooth technology (e.g. Bluetooth
Low-Energy technology).

[0032] In an embodiment, the hearing assistance sys-
tem, e.g. a hearing device of the system, comprises a
forward or signal path between an input transducer (mi-
crophone system and/or direct electric input (e.g. a wire-
less receiver)) and an output transducer. In an embodi-
ment, the signal processing unit is located in the forward
path. In an embodiment, the signal processing unit is
adapted to provide a frequency dependent gain accord-
ing to a user’s particular needs. In an embodiment, the
hearing device comprises an analysis path comprising
functional components for analyzing the input signal (e.g.
determining a level, a modulation, a type of signal, an
acoustic feedback estimate, etc.). In an embodiment,
some or all signal processing of the analysis path and/or
the signal path is conducted in the frequency domain. In
an embodiment, some or all signal processing of the anal-
ysis path and/or the signal path is conducted in the time
domain.

[0033] In an embodiment, the hearing assistance sys-
tem, e.g. a hearing device of the system, comprise an
analogue-to-digital (AD) converter to digitize an ana-
logue input (e.g a microphone input signal or a brainwave
signal) with a predefined sampling rate, e.g. 20 kHz. In
an embodiment, the hearing devices comprise a digital-
to-analogue (DA) converter to convert a digital signal to
an analogue output signal, e.g. for being presented to a
user via an output transducer.

[0034] In an embodiment, the hearing assistance sys-
tem, e.g. a hearing device of the system, e.g. an input
unit, and/or a transceiver unit comprise(s) a TF-conver-
sion unit for providing a time-frequency representation
of an input signal. In an embodiment, the time-frequency
representation comprises an array or map of correspond-
ing complex or real values of the signal in question in a
particular time and frequency range. In an embodiment,
the TF conversion unit comprises a filter bank for filtering
a (time varying) input signal and providing a number of
(time varying) output signals each comprising a distinct
frequency range of the input signal. In an embodiment,
the TF conversion unit comprises a Fourier transforma-
tion unit for converting a time variant input signal to a
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(time variant) signal in the frequency domain. In an em-
bodiment, the frequency range considered by the hearing
device from a minimum frequency f,;, to a maximum
frequency f,,,5x comprises a part of the typical human au-
dible frequency range from 20 Hz to 20 kHz, e.g. a part
of the range from 20 Hz to 12 kHz.

[0035] In an embodiment, the hearing assistance sys-
tem, e.g. a hearing device of the system, further com-
prises other relevant functionality for the application in
question, e.g. compression, noise reduction, feedback
suppression, etc.

[0036] In an embodiment, the number of second elec-
trodes is smaller than or equal to five, such as smaller
than three. In an embodiment, the number of second
electrodes is one. In an embodiment, the second part
only comprises one electrode, namely the reference elec-
trode. In an embodiment, the reference electrode is sub-
stantially identical to an EEG-electrode. In an embodi-
ment, the reference electrode has alarger area of contact
than an EEG-electrode. The electrodes are configured
to have a contact with the skin of the user when opera-
tionally mounted, and to thereby establish an electrical
contact to the skin.

[0037] In an embodiment, the hearing assistance sys-
tem is configured to maximize the area of contact of the
reference electrode with the skin. Such optimization of
the area of contact is preferably performed within the size
constraints imposed by the part (and possible other elec-
trodes on the part) where the reference electrode is lo-
cated. In an embodiment, the form of a housing and/or
the location of the electrode(s) on the housing is/are op-
timized to maximize the contact between the electrode(s)
and the skin.

[0038] Inan embodiment, the first partis implemented
as an ear piece (e.g. formed as or comprising an ear
mould) adapted for being located in or at the left and right
ear or ear canals of the user. In an embodiment, the first
part form part of a first hearing device of the hearing as-
sistance system. In an embodiment, the second part is
configured to be located on the head of the user other
than in an ear canal, e.g. at the scalp of the user.
[0039] In an embodiment, the second part is adapted
for being mounted fully or partially at a second ear or in
an ear canal of the second ear of the user. In an embod-
iment, each of the first and second parts comprises a
number of first and second EEG electrodes and a first
and second reference electrode, respectively. In an em-
bodiment, the first and second parts are implemented as
ear pieces (e.g. ear moulds) adapted for being located
in or at the left and right ear or ear canals of the user. In
an embodiment, the first and second parts comprise the
same number of EEG and reference electrodes. In an
embodiment, the reference voltage (Vgggo) picked up by
the reference electrode of the second part is used as a
reference voltage for the EEG potentials (Vggg;) picked
up by the EEG electrodes of the first part, and vice versa.
In an embodiment, the first and second parts form part
of first and second hearing devices of the hearing assist-
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ance system, e.g. providing a binaural hearing assist-
ance system. In an embodiment, each of the first and
second parts comprise 2-5 EEG electrodes and one ref-
erence electrode. In an embodiment, the second ear
piece only comprises one electrode, the reference elec-
trode. In an embodiment, the reference electrode is
adapted to have a substantially circumferential layout
around the second ear piece.

[0040] In an embodiment, the first part comprises the
comparison unit. In an embodiment, the comparison part
form part of a third part, e.g. an auxiliary device, e.g. a
remote control, or other processing part, e.g. a commu-
nication device, such as a SmartPhone. In an embodi-
ment, the second part comprises a second comparison
unit. In an embodiment, separate sets of EEG-potential
differences are generated in the first and second parts.
In an embodiment, one common set of EEG-potential
differences are generated in the first and second parts,
e.g. in that the EEG-potential differences generated in
one partis communicated to the other part via a commu-
nication link, e.g. a wireless link.

[0041] Inafurther aspect, a hearing assistance system
comprising a hearing device as described above, in the
‘detailed description of embodiments’, and in the claims,
AND an auxiliary device is moreover provided.

[0042] In an embodiment, the system is adapted to es-
tablish a communication link between the hearing de-
vice(s) and the auxiliary device to provide that information
(e.g. control and status signals (including EEG-signals),
possibly audio signals) can be exchanged or forwarded
from one to the other.

[0043] In an embodiment, the auxiliary device is or
comprises an audio gateway device adapted for receiv-
ing a multitude of audio signals (e.g. from an entertain-
ment device, e.g. a TV or a music player, a telephone
apparatus, e.g. a mobile telephone or a computer, e.g.
a PC) and adapted for selecting and/or combining an
appropriate one of the received audio signals (or combi-
nation of signals) for transmission to the hearing device.
In an embodiment, the auxiliary device is or comprises
a communication device, e.g. a cellular telephone, such
as a SmartPhpone or an equivalent device. In an em-
bodiment, the auxiliary device is or comprises a user in-
terface (e.g. in the form of a remote control) for controlling
functionality and operation of the hearing device(s). In
an embodiment, the function of the user interface/remote
control is implemented in a SmartPhone, the Smart-
Phone possibly running an APP allowing to control the
functionality of the audio processing device via the
SmartPhone (the hearing device(s) comprising an ap-
propriate wireless interface to the SmartPhone, e.g.
based on Bluetooth or some other standardized or pro-
prietary scheme). In an embodiment, the remote control
is configured to perform processing related to the cap-
tured EEG-signals.

[0044] In the present context, a SmartPhone, may
comprise
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* (A) acellular telephone comprising a microphone, a
speaker, and a (wireless) interface to the public
switched telephone network (PSTN) COMBINED
with

e (B) a personal computer comprising a processor, a
memory, an operative system (OS), a user interface
(e.g. a keyboard and display, e.g. integrated in a
touch sensitive display) and a wireless data interface
(including a Web-browser), allowing a user to down-
load and execute application programs (APPs) im-
plementing specific functional features (e.g. display-
ing information retrieved from the Internet, remotely
controlling another device, combining information
from various sensors of the SmartPhone (e.g. cam-
era, scanner, GPS, microphone, etc.) and/or exter-
nal sensors to provide special features, etc.).

Use:

[0045] In an aspect, use of a hearing device as de-
scribed above, in the 'detailed description of embodi-
ments’ and in the claims, is moreover provided.

Definitions:

[0046] Inthe present context, a ’hearing device’ refers
toadevice, such as e.g. a hearing instrument or an active
ear-protection device or other audio processing device,
which is adapted to improve, augment and/or protect the
hearing capability of a user by receiving acoustic signals
from the user’s surroundings, generating corresponding
audio signals, possibly modifying the audio signals and
providing the possibly modified audio signals as audible
signals to at least one of the user’s ears. A 'hearing de-
vice’ further refers to a device such as an earphone or a
headset adapted to receive audio signals electronically,
possibly modifying the audio signals and providing the
possibly modified audio signals as audible signals to at
least one of the user’s ears. Such audible signals may
e.g. be provided in the form of acoustic signals radiated
into the user’s outer ears, acoustic signals transferred as
mechanical vibrations to the user’s inner ears through
the bone structure of the user’s head and/or through parts
of the middle ear as well as electric signals transferred
directly or indirectly to the cochlear nerve of the user.
[0047] The hearing device may be configured to be
worn in any known way, e.g. as a unit arranged behind
the ear with a tube leading radiated acoustic signals into
the ear canal or with a loudspeaker arranged close to or
in the ear canal, as a unit entirely or partly arranged in
the pinna and/or in the ear canal, as a unit attached to a
fixture implanted into the skull bone, as an entirely or
partly implanted unit, etc. The hearing device may com-
prise a single unit or several units communicating elec-
tronically with each other.

[0048] More generally, a hearing device comprises an
input transducer for receiving an acoustic signal from a
user’s surroundings and providing a corresponding input
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audio signal and/or areceiver for electronically (i.e. wired
or wirelessly) receiving an input audio signal, a signal
processing circuit for processing the input audio signal
and an output means for providing an audible signal to
the user in dependence on the processed audio signal.
In some hearing devices, an amplifier may constitute the
signal processing circuit. In some hearing devices, the
output means may comprise an output transducer, such
as e.g. a loudspeaker for providing an air-borne acoustic
signal or a vibrator for providing a structure-borne or lig-
uid-borne acoustic signal. In some hearing devices, the
output means may comprise one or more output elec-
trodes for providing electric signals.

[0049] In some hearing devices, the vibrator may be
adapted to provide a structure-borne acoustic signaltran-
scutaneously or percutaneously to the skull bone. In
some hearing devices, the vibrator may be implanted in
the middle ear and/or in the inner ear. In some hearing
devices, the vibrator may be adapted to provide a struc-
ture-borne acoustic signal to a middle-ear bone and/or
to the cochlea. In some hearing devices, the vibrator may
be adapted to provide a liquid-borne acoustic signal to
the cochlear liquid, e.g. through the oval window. In some
hearing devices, the output electrodes may be implanted
in the cochlea or on the inside of the skull bone and may
be adapted to provide the electric signals to the hair cells
of the cochlea, to one or more hearing nerves, to the
auditory cortex and/or to other parts of the cerebral cor-
tex.

[0050] A’hearing assistance system’referstoasystem
comprising one or two hearing devices, and a 'binaural
hearing assistance system’ refers to a system comprising
one or two hearing devices and being adapted to coop-
eratively provide audible signals to both of the user's
ears. Hearing assistance systems or binaural hearing as-
sistance systems may further comprise "auxiliary devic-
es’, which communicate with the hearing devices and
affect and/or benefit from the function of the hearing de-
vices. Auxiliary devices may be e.g. remote controls, au-
dio gateway devices, mobile phones, public-address sys-
tems, car audio systems or music players. Hearing de-
vices, hearing assistance systems or binaural hearing
assistance systems may e.g. be used for compensating
for a hearing-impaired person’sloss of hearing capability,
augmenting or protecting a normal-hearing person’s
hearing capability and/or conveying electronic audio sig-
nals to a person.

[0051] Further objects of the application are achieved
by the embodiments defined in the dependent claims and
in the detailed description of the invention.

[0052] Asused herein, the singular forms "a," "an," and
"the" are intended to include the plural forms as well (i.e.
to have the meaning "at least one"), unless expressly
stated otherwise. It will be further understood that the
terms "includes," "comprises," "including," and/or "com-
prising," when used in this specification, specify the pres-
ence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the pres-
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ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof. It will also be understood that when an element
is referred to as being "connected" or "coupled" to an-
other element, it can be directly connected or coupled to
the other element or intervening elements may be
present, unless expressly stated otherwise. Further-
more, "connected" or "coupled" as used herein may in-
clude wirelessly connected or coupled. As used herein,
the term "and/or" includes any and all combinations of
one or more of the associated listed items. The steps of
any method disclosed herein do not have to be performed
in the exact order disclosed, unless expressly stated oth-
erwise.

BRIEF DESCRIPTION OF DRAWINGS

[0053] The disclosure will be explained more fully be-
low in connection with a preferred embodiment and with
reference to the drawings in which:

FIG. 1 shows first (FIG. 1 A) and second (FIG. 1 B)
embodiments of a hearing assistance system con-
figured for picking up brainwave (e.g. EEG) signals
from a user’s brain, and comprising first and second
parts adapted for being mounted on the head of the
user,

FIG. 2 shows use scenarios of first (FIG. 2A), second
(FIG. 2B) and third (FIG. 2C) embodiments of a hear-
ing assistance system comprising EEG and refer-
ence electrodes according to the present disclosure,

FIG. 3 shows exemplary first and second parts of a
hearing assistance system according to the present
disclosure, the first and second parts being form as
ear moulds comprising EEG and reference elec-
trodes, the ear moulds being adapted to fit into an
ear canal of a user,

FIG. 4 shows an embodiment of a binaural hearing
aid system comprising first and second hearing de-
vices each comprising EEG and reference elec-
trodes according to the present disclosure,

FIG.5schematically shows electricfield lines around
a user’s body when wearing a hearing assistance
system comprising EEG electrodes according to the
present disclosure (FIG. 5A) and an equivalent elec-
tric diagram for using the body to communicate a
reference potential from one part of the hearing as-
sistance system to the other (FIG. 5B),

FIG. 6 shows an embodiment of a binaural hearing
aid system according to the present disclosure com-
prising first and second hearing devices in commu-
nication with an auxiliary device functioning as a user
interface for the binaural hearing aid system, and
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FIG. 7 shows two different configurations (FIG. 7A,
7B) of a hearing assistance system according to the
present disclosure.

[0054] The figures are schematic and simplified for
clarity, and they just show details which are essential to
the understanding of the disclosure, while other details
are left out. Throughout, the same reference signs are
used for identical or corresponding parts.

[0055] Further scope of applicability of the present dis-
closure will become apparent from the detailed descrip-
tion given hereinafter. However, it should be understood
that the detailed description and specific examples, while
indicating preferred embodiments of the disclosure, are
given by way of illustration only. Other embodiments may
become apparent to those skilled in the art from the fol-
lowing detailed description.

DETAILED DESCRIPTION OF EMBODIMENTS

[0056] The detailed description set forth below in con-
nection with the appended drawings is intended as a de-
scription of various configurations. The detailed descrip-
tion includes specific details for the purpose of providing
athorough understanding of various concepts. However,
it will be apparent to those skilled in the art that these
concepts may be practiced without these specific details.
Several aspects of the apparatus and methods are de-
scribed by various blocks, functional units, modules,
components, circuits, steps, processes, algorithms, etc.
(collectively referred to as "elements"). Depending upon
particular application, design constraints or other rea-
sons, these elements may be implemented using elec-
tronic hardware, computer program, or any combination
thereof.

[0057] The electronic hardware may include micro-
processors, microcontrollers, digital signal processors
(DSPs), field programmable gate arrays (FPGASs), pro-
grammable logic devices (PLDs), gated logic, discrete
hardware circuits, and other suitable hardware config-
ured to perform the various functionality described
throughout this disclosure. Computer program shall be
construed broadly to mean instructions, instruction sets,
code, code segments, program code, programs, subpro-
grams, software modules, applications, software appli-
cations, software packages, routines, subroutines, ob-
jects, executables, threads of execution, procedures,
functions, etc., whether referred to as software, firmware,
middleware, microcode, hardware description language,
or otherwise.

[0058] Embodiments of the present application relates
to hearing assistance systems e.g. comprising two hear-
ing assistances devices configured to enable communi-
cation between the two devices (termed ear-to-ear com-
munication, in the present disclosure). Embodiments of
the present application further relates to the recording of
brainwave signals using electrodes forming part of at
least one of the hearing devices. Embodiments of the
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disclosure relates specifically to a hearing assistance
system comprising a reference electrode for capturing a
reference voltage, and to the expression of the brainwave
signals as potential differences relative to the reference
voltage. In an aspect, the application relates to the use
of a hearing assistance system.

[0059] Embodiments ofthe disclosure maye.g. be use-
ful in applications such as binaural hearing assistance
systems.

[0060] The present disclosure deals with the use of a
body worn communication system to pick up brainwave
(EEG) signals from a user’s brain and in particular with
the communication of an electric field potential from one
part of the system (e.g. from one body worn device) to
another. Thereby the problem of creating a remote
reference voltage Vgygg for EEG signals is addressed.
One way of addressing the problem is to establish a
galvanic contact between the locations/devices where
the respective EEG and reference electrodes are located
(cf. e.g. FIG. 1A). Otherwise, a voltage difference AVggp
is needed to be able to electrically transfer the reference
voltage Vger from one location to another, e.g. via a
(wireless) communication link, see e.g. FIG. 1B). In a
preferred embodiment, EEG-electrodes (EEGe) are
located in a first hearing device positioned at a first ear
and a corresponding reference electrode (REFe) is
located in a second hearing device positioned at a second
ear (cf. e.g. FIG. 4). Thereby a relatively large distance
between the active EEG-electrodes and the reference
electrode can be provided. In an embodiment, a virtual
ground (VyT1.gnp) Created via the user’'s body and the
surrounding 'earth’ is used as reference (ground) for the
reference voltage Vrgr (cf. so-called body-networks, cf.
e.g. FIG. 5, e.g. Txgnp (Estgnp) in FIG. 5B). Thereby, a
reference voltage difference AVggr = Vrer - Vyt.anp (CF
e.9. Vrero-TXgnp in FIG. 5B) can be transmitted to
another device using a conventional (e.g. wireless)
communication link (or alternatively, via the skin of the
body), cf. e.g. dashed arrows denoted AVgggrq and
AVRgpo, respectively, between the two hearing devices
in FIG. 4. In the receiving device, a virtual ground can
similarly be established (cf. e.g. Rxgnp (Extgnp) in FIG.
5B), whereby the original reference voltage Vrgr can be
determined (Vgrgr = AVRer + Vy1-gnD) fOr use with the
EEG-voltages Vggg;. The EEG-voltages Vggg; can then
be referred to EEG-reference voltages Vggr (providing
voltage difference signals AVgggi = Veggi - Vrers =1,
2, ..., N, where N is the number of EEG-electrodes) and
subsequently be processed and/or transmitted to
another device(s), cf. e.g. dashed arrows denoted
AVEggg4i and AVgggo;, respectively, between the two
hearing devices. Thereby larger EEG-(difference)
signals can be provided compared to a situation where
EEG and reference electrodes are located in the same
device (e.g. a hearing device).

[0061] FIG. 1 shows first (FIG. 1A) and second (FIG.
1B) embodiments of a hearing assistance system con-
figured for picking up brainwave (e.g. EEG) signals from
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a user’s brain, and comprising first and second parts
adapted for being mounted on the head of the user.
[0062] FIG. 1A shows an embodiment of a hearing as-
sistance system (HAS) comprising a first part (P1) adapt-
ed for being mounted at an ear of a user and a second
part (P2) adapted for being mounted on the head of the
user spatially separated from the first part. The first part
(P1) comprises a first housing (H7), and a number of first
electrodes (EEGe1) located at or accessible from a sur-
face of the first housing (H17) to allow the first electrodes
to contact the skin (SKIN) of the user when the first part
is operationally mounted at the ear of the user. Each of
the first electrodes (EEGe1) are adapted to pick up a low-
voltage electric signal (EEG-signal) from the user’s brain
(Veegt Veego ---» VEegn, Where Nis the number of EEG-
electrodes). The second part (P2) comprises a second
housing (H2), and a number of second electrodes (here
one electrode, a reference electrode (REFe2), is shown)
located at or accessible from a surface of the second
housing to allow the second electrodes to contact the
skin (SKIN) of the user when the second part is opera-
tionally mounted on the head of the user. Alternatively,
the second electrode(s) is/are (an) independent elec-
trode(s), which is not mounted on a second housing. In
an embodiment, the second part (P2) does not comprises
a (second) housing (H2). Atleast one of the second elec-
trodes (REFe2) is configured as a reference electrode
and adapted to pick up a reference voltage Vggg, intend-
ed to constitute a reference voltage for the low-voltage
electric signal(s) from the user's brain (EEG-signal)
picked up by the first electrodes (EEGe1) thereby allow-
ing a voltage difference signal AVggg; to be determined
for each of the EEG-signals picked up by the (N) first
electrodes. The determination of voltage difference sig-
nals AVggg; is performed in a comparison unit (COMPU),
here showntobe locatedin thefirst part (P7). The hearing
assistance system (HAS) further comprises an electric
interface (E/) allowing the reference voltage Vggro Or @
measure representative thereof to be transferred from
the second part (P2) to the comparison unit (COMPU)
located in the first part (P7). In the embodiment of FIG.
1A, the electric interface (E/) comprises a galvanic con-
nection between the first and second parts, electrically
connecting the reference electrode (REFe2) to the com-
parison unit (COMPU). Thereby the EEG-signals from
theuser's brain (Veegs, Vegga, - VEEGN) €an be directly
compared to the reference voltage Vgeg,. The electrical
conductor providing the galvanic connection may be an
isolated wire located at the surface of the head of the
user (e.g. hidden in the hair of the user) or be fully or
partially buried under the skin of the user’'s head. The
comparison unit (COMPU) (or the signal processing unit
SPU) may perform further processing of the reference
voltage and/or of the EEG signals (voltages or voltage
differences). A time average (e.g. an accumulated time
average) of the reference voltage may e.g. be performed
by the comparison unit (COMPU) before being used to
calculate the EEG-voltage differences.

10

15

20

25

30

35

40

45

50

55

[0063] The first part (P1) form part of (e.g. integrated
with or connected to) a hearing device (HAD). The hear-
ing device (HAD) comprises a forward path for propagat-
ing a signal representing sound from an input unit (/U) to
an output unit (OU). The hearing device comprises an
input unit (/U) for providing an electric input signal INR
based on an input signal INS representing sound. The
input unit (/U) may comprise an input transducer, e.g. a
microphone or an accelerometer or other vibration sen-
sor. The hearing device (e.g. the forward path) comprises
a signal processing unit (SPU), e.g. adapted to provide
a frequency dependent gain to compensate for a hearing
loss of a user, and/or to otherwise enhance the input
signal INR and provide a processed output signal OUT.
The hearing device further comprises an output unit (OU)
for providing a stimulus OUS perceived by the user as
an acoustic signal based on a processed electric signal
(OUT). In an embodiment, the output unit comprises a
number of electrodes of a cochlear implant or a vibrator
of a bone conducting hearing device. In an embodiment,
the output unit comprises a receiver (speaker) for pro-
viding the stimulus as an acoustic signal to the user.
[0064] The signal processing unit (SPU) is configured
to process the electric input signal INR depending on a
number of processing algorithms and to provide a result-
ing processed signal OUT. One or more of the signal
processing algorithms are parameterized and parame-
ters controllable in dependence on detectors or analysis
of properties of the present environment of the user
and/or of the present condition of the user. For example
(as illustrated in FIG. 1), the processing performed by
the signal processing unit (SPU) may be influenced by
the resulting EEG measurements (e.g. based on voltage
difference signal AVggg; or data derived therefrom, pos-
sibly combined with other parameters or properties). This
is illustrated in FIG. 1A by control signal CEEG from the
comparison unit (COMPU) to the signal processing unit
(SPU).

[0065] FIG. 1 B shows an embodiment of a hearing
assistance system (HAS) as described in connection with
FIG. 1A, but where the electric interface (El) comprises
a wireless link instead of a galvanic connection for the
transfer of the reference voltage from the second part
(P2) to the first part (P7). The wireless link comprises
antenna and transceiver circuitry in the transmitting (P2)
and receiving (P1) parts, respectively, allowing the trans-
mission of a voltage difference AV, from the second
(P2) to the first part (P1). In the second part a transmitter
ground V(Txgpp) is used as reference for the reference
voltage Ve, provided by reference electrode RFEe2.
The two voltages are fed to wireless transmitter unit Tx,
e.g. comprising an analogue to digital (AD) converter
and/or appropriate modulation/coding circuitry. In an em-
bodiment, the antenna and transceiver circuitry is adapt-
ed to establish a digital link, e.g. according to Bluetooth
(e.g. Bluetooth Low Energy) or other low power wireless
transmission technology (e.g. ZigBee). In an embodi-
ment, the wireless link is based on near-field communi-
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cation, e.g. based on capacitive or inductive coupling be-
tween corresponding antenna elements in the first and
second parts of the hearing assistance system. The first
part (P1) forming part of a hearing device (HAD) com-
prises antenna and transceiver circuitry allowing the re-
ception of the voltage difference AVpgg, from the second
part (P2). The transceiver of the first part (P7) comprises
wireless receiver Rx, e.g. comprising a low-noise ampli-
fier and/or demodulation/decoding circuitry to extract
voltage difference AVggr, and to provide reference volt-
age Vgego by addition of receiver ground V(Rxgpp). In
the embodiment of FIG. 1B, the resulting EEG-signal volt-
age differences AVggs4 are forwarded from the compar-
ison unit (COMPU) to the signal processing unit (SPU)
for further processing and/or as inputs to the control of a
processing algorithm (cf. control signal CEEG InFIG. 1A)
[0066] FIG. 2 shows use scenarios of first (FIG. 2A),
second (FIG. 2B) and third (FIG. 2C) embodiments of a
hearing assistance system comprising EEG and refer-
ence electrodes according to the present disclosure. FIG.
2illustrates embodiments of a hearing assistance system
comprising first and second hearing devices (HAD;,
HAD,) mounted at or in the respective ears of a user (U).
The firstand second hearing devices (HAD,, HAD ,) each
comprises first and second ear pieces (EarP;, EarP,)
(constituting or forming part of parts P1, P2), respectively,
each being adapted to be located at the ear, fully or par-
tially in the ear canal, and each comprising a number of
first and second electrodes (EEGe1, EEGe2), respec-
tively. When the first and second hearing devices are
operationally mounted on the user, the electrodes of the
ear pieces are positioned to have electrical contact with
the skin of the user to enable the sensing of brainwave
signals. The hearing assistance system further compris-
es an optional auxiliary device (PRO), e.g. for processing
EEG-signals (and optionally performing other processing
tasks related to the hearing assistance system) and/or
providing a user interface for the hearing assistance sys-
tem. Each of the first and second hearing devices (HAD/,
HAD,) and the auxiliary device (PRO) comprises anten-
na and transceiver circuitry (Rx/Tx) configured to estab-
lish a wireless link (WLCon) to each other.

[0067] The embodiment of FIG. 2A comprises a spe-
cific second part (P2) comprising a reference electrode
(REFe) and an electric interface (E/) providing a galvanic
connection to a first part (P7) forming part of the first
hearing device (HAD,). The reference electrode of the
second part is e.g. located in the scalp of the user (U),
e.g. substantially in a symmetry point between the left
and right ears of the user. The respective transceiver
units (Rx/Tx) comprise appropriate connection of a con-
ductor from the reference electrode (REFe) of the second
part (P2) to the comparison (COMPU, see FIG. 1) of the
first part (P7). In the embodiment of FIG. 2A, the electric
interface (E/) also provides a galvanic (wired) connection
WCon between the second part (P2) and the second
hearing device (HAD,). Thereby, EEG signals in both of
the first and second hearing devices (HAD,, HAD,) can
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be referenced to the same reference voltage Vg, and
theresulting EEG voltage difference signals can be trans-
mitted to another device (e.g. auxiliary device PRO)
and/or exchanged between the first and second hearing
devices (HAD,, HAD,), either directly or via the auxiliary
device (e.g. using wireless links WLCon).

[0068] Inthe embodiment of FIG. 2B, the first and sec-
ond hearing devices (HAD,, HAD,) comprises first and
second parts (P71, P2). The first hearing device (HAD;)
comprises EEG-electrodes (EEGe1, e.g. four) arranged
around the outer surface of the ear piece (EarP1), e.g.
to separate the EEG-electrodes maximally from each
other, while ensuring good electrical contact to the skin
of the user when mounted. The second hearing device
(HAD,) comprises reference-electrode (REFe2) located
along the periphery of the ear piece (EarP,). The ear
piece (EarP,) and the reference electrode is preferably
configured to maximize the area of contact of the refer-
ence electrode (REFe2) with the skin. The reference volt-
age Vggr picked up by reference electrode (REFe2) may
e.g. be communicated to the first hearing device (HAD,)
via electric interface (E/), e.g. comprising a wireless link,
e.g. an analogue or digital wireless link, and/or to the
auxiliary device (PRO), e.g. via one or more wireless links
(WLCon), as mentioned above, e.g. in connection with
FIG. 1B. Alternatively, the electricinterface (E/) may com-
prise a galvanic connection between the first and second
hearing devices (HAD,, HAD,) as discussed in connec-
tion with FIG. 1A and 2A. Further alternatively, the refer-
ence voltage Vggp picked up by reference electrode
(REFe2) may be communicated to the first hearing de-
vice (HAD,), and/or to the auxiliary device (PRO), using
body communication, as discussed in connection with
FIG. 5.

[0069] Inthe embodimentof FIG. 2C, the first and sec-
ond hearing devices (HAD,, HAD,) comprises first and
second parts (P1, P2), respectively. Further, the first
hearing devices (HAD,, HAD,) each comprises EEG-
electrodes (EEGe1, EEGe?2) and a reference electrode
(REFe1, REFe?2), respectively, arranged on the outer
surface of the respective ear pieces (EarP1, EarP,). Each
of the firstand second parts (P1, P2) comprises a number
of EEG-electrodes (EEGe1, EEGe2), here 3 are shown
(but more or less may be present in practice depending
on the application), and a reference electrode (REFe1,
REFe2). Thereby the reference voltage (Vggp,) picked
up by the reference electrode (REFe2) of the second part
(P2) can be used as a reference voltage for the EEG
potentials (Vggg4;) picked up by the EEG electrodes
(EEGe1) of the first part (P17), and vice versa. In an em-
bodiment, the first and second hearing devices provides
abinauralhearing assistance system. The reference volt-
ages (Vgrer1, Vrepo) May be transmitted from one part
to the other (P1 <-> P2) via electric interface El (and
optionally auxiliary device PRO) as discussed in connec-
tion with FIG. 2A, 2B and FIG. 1A, 1B. The two sets of
EEG-signal voltage differences (AVgggs, AVeggo) can
be used separately in each of the respective first and
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second hearing devices (HAD,, HAD,) (e.g. to control
processing of an input audio signal) or combined in one
of the hearing devices and/or in the auxiliary device
(PRO, e.g. for display and/or further processing).
[0070] FIG. 3 shows exemplary first and second parts
of a hearing assistance system according to the present
disclosure, the first and second parts being formed as
ear moulds ((ear)parts EarP,, EarP,, respectively) com-
prising EEG- (EEGe1, EEGe2) and reference- (REFe1,
REFe?2) electrodes, the ear moulds being adapted to fit
into an ear canal of a user. Two EEG-electrodes and one
reference-electrode are exemplarily shown. The firstand
second ear moulds comprise or constitute first and sec-
ond housings (H7, H2), respectively, the first and second
electrodes being located at or accessible from a surface
of the first and second housings (H1, H2) to allow the
first and second electrodes to contact the skin (SKIN) of
the user in the ear or ear canal, when the first and second
parts are operationally mounted at the respective ears
of the user. FIG. 3 illustrates a practical embodiment of
ear pieces (EarP,, EarP,) of the respective first and sec-
ond hearing devices (HAD,, HAD,) of FIG. 2C. The ear
pieces (EarP,, EarP,) may constitute the respective first
and second parts (P1, P2), or the respective first and
second hearing devices (HAD,, HAD,), or alternatively
be in operational communication with other parts, e.g.
first and second BTE-parts adapted for being located be-
hind respective ears of the user. The BTE-parts may com-
prise some of the components for picking up, processing
and presenting audio signals, e.g. one or more input
transducers, a signal processing unit and one or more
output transducers. The respective BTE parts and ear
pieces may be connected via electrical conductors and/or
wireless links. In the embodiment of FIG. 3, first and sec-
ond output units (OU,, OU,) (e.g. loudspeakers, cf. e.g.
SP unitsin FIG. 4) of the first and second hearing devices
(HAD,, HAD,), respectively, are further schematically,
indicated.

[0071] FIG. 4 shows anembodimentofabinaural hear-
ing aid system comprising first and second hearing de-
vices (HAD,, HAD,), each comprising EEG and refer-
ence electrodes according to the present disclosure. The
first and second hearing devices (HAD,, HAD,) are
adapted for being located at or in left and right ears of a
user. The hearing devices are adapted for exchanging
information (including EEG signals, e.g. voltage refer-
ence signals AVggg) between them via a wireless com-
munication link (constituting the electric interface (E/) be-
tween the first and second parts of the hearing assistance
system), e.g. a specific inter-aural (I1A) wireless link (/A-
WLS). The two hearing devices (HAD 4, HAD,) are adapt-
ed to allow the exchange of status signals, e.g. including
the transmission of reference voltages and/or EEG-sig-
nals generated by electrodes of one device at a particular
ear to the device at the other ear. To establish the inter-
aural link (IA-WLS), each hearing device comprises an-
tenna and transceiver circuitry (here indicated by block
IA-Rx/Tx). Each of the (e.g. substantially identical) hear-
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ing devices (HAD,, HAD,) of FIG. 4 may comprise the
same functional components as described in connection
with FIG. 1 and 2.

[0072] Each of the hearing devices comprises com-
prises a forward path for propagating a signal represent-
ing sound from an input unit (/U) to an output unit (OU),
cf.e.g.FIG. 1. Theforward path processes aninput signal
in the time-frequency domain. The input unit comprises
a microphone (MIC) for converting an input sound to an
electric input signal (/Nm). The input unit further compris-
es antenna and transceiver circuitry (ANT, Rx/Tx) for
wirelessly receiving a direct electric input signal (INw)
representing audio. The input unit further comprises an
analysis filter bank (A-FB). The time domain input signals
(INm, INw) are fed to the analysis filter bank (A-FB) for
providing one of the input signals (INm, INw) or a weight-
ed combination of the input signals (INm, INw) in a
number N/ of input frequency bands (cf. (time-variant)
input band signals IFB,, ..., IFBy,). The input frequency
bands may be processed individually in signal processing
unit (SPU) providing a number NO of output frequency
band signals OFBy, ..., OFBp. The output unit compris-
es a synthesis filter bank (S-FB) and an output transduc-
er. The output frequency band signals OFBy, ..., OFByg
from the signal processing unit (SPU) are synthesized to
a time domain output signal OUT in synthesis filter bank
(S-FB). The resulting processed electric (time-domain)
output signal OUT is fed to the output transducer, here
loudspeaker (SP) for being presented to the user as an
output sound.

[0073] Each of first and second hearing devices
(HAD4, HAD,) comprises EEG and reference electrodes
as described in connection with FIG. 2C. The EEG-volt-
ages (Veeg11:Veeatn) and VeegaiVeegzn) and the ref-
erence voltages Vrgrq and Vggro (AVRep), respectively,
are fed to the respective comparison units (COMPU) to-
gether with a reference voltage difference AVggg re-
ceived from the contralateral hearing device via the elec-
tric interface (El), here inter-aural wireless link /A-WL.
The number of EEG-signals of the first and second hear-
ing devices (HAD,, HAD,) may be identical (N) or differ-
ent (Nzgg1, Ngego) and will typically correspond to the
respective number of EEG electrodes. The EEG-voltage
difference signals AVggg are fed to the signal processing
unit (SPU) for further processing and/or control of a signal
processing algorithm in one or more frequency bands.
Each of the first and second hearing devices (HAD,,
HAD,) further comprises a user interface (U/) for influ-
encing the function of the hearing assistance system
and/or displaying information of relevance to the user,
e.g. regarding the current analysis of the EEG-signals,
cf. e.g. FIG. 6.

[0074] FIG. 5 schematically shows electric field lines
around a user’s (U) body when wearing a hearing assist-
ance system comprising EEG-electrodes according to
the present disclosure (FIG. 5A) and an equivalent elec-
tric diagram for using the body as transmission medium
to communicate a reference potential from one part of
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the hearing assistance system to the other (FIG. 5B).
[0075] FIG. 5A illustrates the use of a hearing assist-
ance system as discussed in connection with FIG. 2B.
Each of the first and second hearing devices (HAD; com-
prising first part P1, HAD, comprising second part P2)
comprises a separate ground electrode (Rxgyp and
Txgnp, respectively) adapted to provide a virtual ground
for reception/transmission of signals between the two de-
vices. Txgpp is a virtual ground for transmitter (Tx) for
transmitting a reference voltage picked up at the second
hearing device (HAD,) to the receiver (Rx) for receiving
the reference voltage difference (AVRrgg,, in the form of
reference voltage Vg, relative to virtual ground Txgnp)
in the first hearing device (HAD,). One of the electrodes
(RxREFe1) of first hearing device (HAD,) is connected
to the receiver (Rx) and used to receive the reference
voltage difference AVggp,. The virtual Tx-and Rx-ground
are substantially equal and established via the capacitive
coupling to the external ground (Extgyp) partly via the
user’s body.

[0076] FIG. 5B shows an equivalent model of the ca-
pacitive coupling of an electric signal from a transmitter
(Tx) to areceiver (Rx) via a user’'s body. The comparison
unit (COMPU) of the first hearing devices (HAD,) com-
prising EEG-electrodes EEGe1 picks up EEG-voltages
and receives reference voltage Vggg, from the receiver
Rx.

[0077] In an alternative embodiment (or additionally),
the system further comprises a body-worn auxiliary de-
vice (AD in FIG. 5A), e.g. configured to be worn on an
arm (Armin FIG. 5A), e.g. the wrist. The body-worn aux-
iliary device comprises an electrode in contact with the
skin of the user, and is adapted to receive a signal from
one or both of the first and second hearing devices
(HAD,, HAD,) by body communication (cf. receiver Rx
and electrode on auxiliary device AD). Inan embodiment,
the reference voltage Vggp, relative to virtual ground
Txgnp) is propagated from the second first hearing de-
vice (HAD,) to the auxiliary device (AD) via body com-
munication, and propagated from the auxiliary device to
the first hearing device (HAD,) either via body commu-
nication, or via a conventional wireless link (e.g. depend-
ing on the application or the link quality), cf. dotted and
dashed arrows denoted altpin FIG. 5A. This solution may
be provided as an alternative path to the direct path from
the first (HAD,) to the second (HAD,) hearing device, cf.
bold, dotted arrow, denoted dirp in FIG. 5A. The path
from the second hearing device (HAD,) to the auxiliary
device (AD) positioned on the user’s arm (Arm) in the
same side as the ear where the second hearing device
is positioned may (at certain conditions) prove more suit-
ed for body communication than the direct path (dirp)
from the second to the first hearing device. In an embod-
iment, the provision of the reference voltage Vggps is
provided by the second part to the first part with a view
to minimizing the disturbance of the measured EEG-sig-
nals. Inan embodiment, the measurements and/or trans-
mission of the reference voltage Vggg, are performed in
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particular time slots, e.g. repeatedly. In an embodiment,
the EEG measurements are performed in time slots
where the reference voltage Vgggs is not transmitted.
[0078] US7978063 deals with a wireless network for
monitoring a person including a physiological condition
sensor, e.g. an electrocardiograph (ECG). The network
comprises a relay system for communicating data from
the sensor via the person’s body using a near field ca-
pacitive body coupled communication technology.
[0079] FIG.6showsanembodimentofa binaural hear-
ing aid system according to the present disclosure com-
prising first and second hearing devices in communica-
tion with an auxiliary device functioning as a user inter-
face for the binaural hearing aid system.

[0080] FIG.6showsanembodimentofabinaural hear-
ing aid system comprising left (first) and right (second)
hearing devices (HAD,, HAD,) in communication with a
portable (handheld) auxiliary device (AD), e.g. a remote
control or a SmartPhone, functioning as a user interface
(UJ) for the binaural hearing aid system. Each of the first
and second hearing devices (HAD,, HAD,) comprises a
BTE- and an ITE-part adapted for being located behind
andinan ear, respectively of the user, and e.g. electrically
connected via a connecting element (CN,, CN, in FIG.
6). The first and second ITE-parts (EarP; and EarP,, re-
spectively, in FIG. 6) comprise EEG and reference elec-
trodes as discussed in connection with FIG. 1 to FIG. 5.
The first and second ITE-parts may further (each) e.g.
comprise one or more input transducers, and an output
transducer. In an embodiment, the BTE-parts (and the
connecting elements) are dispensed with, so that all func-
tionality of the hearing devices (HAD,, HAD,) is located
in the respective ITE-parts (EarP,, EarP,). The first and
second BTE-parts (BTE,, BTE, in FIG. 6) may e.g. com-
prise a battery, one or more input transducers, a signal
processing unit and wireless transceivers. In an embod-
iment, first and second BTE-parts (BTE,, BTE,) each
comprise an output transducer and the attached first and
second connecting elements (CN,, CN,) each comprise
an acoustic conductor, e.g. e tube, for propagating sound
from the output transducer of a BTE-part to the corre-
sponding ITE-part (and thus to the ear drum of the ear
in question). In an embodiment, the binaural hearing aid
system comprises the auxiliary device (and the user in-
terface) and is e.g. configured to display information re-
lated to the system, e.g. to the measurement and analysis
of the EEG-signals, e.g. an estimate of a present cogni-
tive state of the user, or an estimate of the location of an
audio source that the user is most likely trying to listen
to. The user interface displaying information of the bin-
aural hearing aid system may be implemented as an APP
of the auxiliary device (e.g. a SmartPhone). In the em-
bodiment of FIG. 6, the available wireless links (consti-
tuting the electric interface E/) are denoted 7S-WL (e.g.
an inductive link between the hearing devices) and
2nd_Wi (1) and 29-WL (2) (e.g. RF-links between the aux-
iliary device and the left and between the auxiliary device
and the right hearing device, respectively). The 1st and
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2nd wireless interfaces are implemented in the left and
right hearing devices (HAD,, HAD,) by antenna and
transceiver circuitry ((Rx1/Tx1);, (Rx2/Tx2);) and
((Rx1/Tx1),, (Rx2/Tx2),), respectively. The auxiliary de-
vice (AD) comprising the user interface (Ul) is adapted
for being held in a hand (Hand) of a user (U), and hence
convenient for displaying information to the user and to
be used by the user for controlling the system. The APP
EEG-assisted sound source identification displays cur-
rently present sound sources (Sy, Sy, S3) and their esti-
mated localization (d, d,, d;) relative to the user (U). By
correlating the captured EEG signals and the individual,
currently present sound source signals (as e.g. provided
by a source separation algorithm of the hearing device),
sound sources having a correlation with the EEG signals
below a predefined threshold value are denoted with "Low
correlation’ (dotted arrow, here sources S;, S;) and
sound sources having a correlation with the EEG signals
above a predefined threshold value are denoted with
‘High correlation’ (full line arrow, here source S,). Such
information may be used to automatically and/or manu-
ally bring beamformers of the first and second hearing
devices (HAD,, HAD,) to focus on the sound source (S,)
having the relatively higher correlation with the EEG sig-
nals. Thereby an improved perception (e.g. intelligibility
of speech) of sound in a multi-sound source environment
may be provided. The (automatic) correlation of brain-
wave signals and current sound source signals is e.g.
dealtwithinUS2014098981A1. US2014098981A1 deals
with a hearing device comprising a sensor for measuring
brainwaves of the user of the hearing device and which
adapts its audio processing in dependence on the meas-
ured brainwaves, in particular of the coherence between
the measured brainwaves and an audio signal picked up
by and processed by a forward path of the hearing device.
A manual selection of the sound source (e.g. S,) currently
having the relatively higher correlation with the (current
EEG-signals) may e.g. be performed via the user inter-
face (Ul), e.g. by touching the source in question (e.g.
S,) on the display. The calculations of correlation be-
tween audio sources and brainwave signals may e.g. be
performed in the respective hearing devices and the re-
sults transmitted to the auxiliary device for comparison
(evaluation) and display. Alternatively, the calculations
may be performed in the auxiliary device to save power
in the hearing devices.

[0081] FIG. 7 shows two different configurations (FIG.
7A, 7B) of a hearing assistance system according to the
present disclosure.

[0082] In an aspect, at least one of the electrodes of
the hearing assistance system is fully or partially implant-
ed in the head of the user. In an embodiment the first
part may be adapted for being partially implanted in the
head (e.g. in or near cochlea) at a first (and/or second)
ear of a user. In an embodiment, an implanted electrode
is used as a reference electrode for referencing low-volt-
age electric signal from the user’s brain to provide the
brainwave voltage difference signals (cf. FIG. 7A). In an
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embodiment, an implanted electrode is used to pick up
alow-voltage electric signal from the user’s brain (cf. FIG.
7B).

[0083] FIG. 7A llustrates a hearing assistance system
comprising a first hearing assistance device (HAD,) lo-
cated at a first ear (ear?) of a user (U) and comprising a
number of first electrodes (EEGe1), e.g. three or four,
located at a surface of a first housing to allow the first
electrodes to contact the skin of the user when the first
hearing assistance device is operationally mounted on
the user. At least some of the first electrodes (EEGe1,
and possibly the first hearing assistance device) are
adapted to pick up a low-voltage electric signal from the
user’s brain. The first hearing assistance device may e.g.
be a bone anchored type or an air conduction type hear-
ing assistance device providing an output stimulus con-
figured to be perceived by the user as an auditory signal
(sound). The hearing assistance system further compris-
es a second hearing assistance device (HAD,) located
at a second ear (ear2) and comprising reference elec-
trode (RFEeZ2) implanted into the user’s head at a second
ear (ear2). The reference electrode is in the embodiment
of the FIG 7A located near but outside cochlea (and may
e.g. additionally form a reference electrode of a mul-
tichannel cochlearimplant electrode (Cle) implanted into
the users cochlea (cochlea, as indicated in FIG. 7A)).
The second hearing assistance device (HAD,) (indicated
by the bold dotted enclosure) comprises an external part
(EXcom) as well as the implanted part (REFe2, Cle, CI-
com). The implanted part comprises communication unit
(Clcom) adapted to transmit reference voltage Vggps to
external communication unit EXcom. The hearing assist-
ance system comprises an electrical interface (E/) as dis-
cussed in connection with previous drawings (FIG. 1 to
FIG. 5). The reference voltage Vggr», may be communi-
cated to the first hearing assistance device (HAD;) by
any of the methods discussed in connection with FIG. 1
to FIG. 5.

[0084] FIG. 7B illustrates a hearing assistance system
comprising first and second hearing assistance devices
(HAD,, HAD,) of the cochlear implant type. Each of the
first and second hearing assistance devices comprises
an implanted part comprising a reference electrode
(REFe1, REFe2, respectively) located (e.g. near, but)
outside cochlea and a multichannel cochlear implant
electrode (Cle1, Cle2) implanted into (or near) the users
cochlea (cochlea). The multichannel cochlear implant
electrodes are configured to (electrically) stimulate the
cochlear nerve of the user (and optionally for capturing
evoked potentials (ECAPSs) resulting from nerve stimu-
lation). Each of the first and second hearing assistance
devices comprises further comprises an implanted com-
munication unit (Clcom1, Clcom2, respectively) adapted
to transmit the respective reference voltage (Vggrs,
VRrero) to an external communication unit (EXcom1,
EXcom?2, respectively) adapted for receiving the refer-
ence voltage in question. The external communication
units are electrically connected to respective BTE-parts
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(BTE,, BTE,), here via electric cable (CN,, CN,). The
BTE parts (BTE,, BTE,) may e.g. comprise processing
units, input transducer(s), wireless transceivers, etc. The
implanted and external communication units (Clcom1,
Clcom2, and EXcom1, EXcom2, respectively) may fur-
ther implement a link for transferring electric stimuli (or
coded electric stimuli) from the BTE-part to the implanted
part to be applied to (at least some of) the respective
cochlear implant electrodes. Likewise, evoked poten-
tials, e.g. brainwave signals, may be transferred from the
implanted part to the BTE-part for further processing via
the link provided by the implanted and external commu-
nication units. In an embodiment, the multichannel coch-
lear implant electrodes (Cle1, Cle2) are used to record
brainwave signals and the respective reference elec-
trode (REFe1, REFe2) are used as reference potentials
for the corresponding brainwave signals (to provide re-
spective brainwave voltage difference signals in the first
and second hearing assistance devices. In an embodi-
ment, the reference potentials Vrgggq and Vgeggpo picked
up by the first and second reference electrodes (REFe1,
REFe2, respectively) are exchanged between the two
hearing assistance devices (HAD,, HAD,). In an embod-
iment, the first reference potential Vggggq picked up by
thefirstreference electrode REFe1is used as areference
voltage forthe brainwave signals picked up by the second
multichannel cochlear implant electrode (Cle2) and vice
versa. This may have the advantage of proving larger
brainwave voltage differences. The reference voltages
Vregs and Vgepo, may be communicated to the second
and first hearing assistance devices (HAD, and HAD,),
respectively, via the electrical interface (E/) by any of the
methods discussed in connection with FIG. 1 to FIG. 5.
[0085] The brainwave voltage differences may e.g.
provide information about the current state of the user or
which audio source the user is currently focusing on, etc.,
and may be used to influence the stimulation of the elec-
trodes of the multi-electrode arrays (C/1 and CI2, respec-
tively) to provide an improved perception by the user of
an audio signal picked up or received by the hearing as-
sistance system.

[0086] The invention is defined by the features of the
independent claim(s). Preferred embodiments are de-
fined in the dependent claims. Any reference numerals
in the claims are intended to be non-limiting for their
scope.

[0087] Some preferred embodiments have been
shown in the foregoing, but it should be stressed that the
invention is not limited to these, but may be embodied in
other ways within the subject-matter defined in the fol-
lowing claims and equivalents thereof.
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Claims
1. A hearing assistance system comprising

« a first part adapted for being mounted fully or
partially at a first ear or in an ear canal of the
first ear of a user, the first part comprising

o a first housing,

0 a number of first electrodes located at a
surface of said first housing to allow said
first electrodes to contact the skin of the user
when said first partis operationally mounted
on the user, each of the first electrodes be-
ing adapted to pick up a low-voltage electric
signal from the user’s brain,

» a second part adapted for being mounted on
the body spatially separated from said first part,
the second part comprising

0 a number of second electrodes arranged
to allow said second electrodes to contact
the skin of the user when second said part
is operationally mounted on the user,

o at least one of the second electrodes of
the second part being configured as a ref-
erence electrode and adapted to pick up a
reference voltage intended to constitute a
reference voltage for the low-voltage elec-
tric signal(s) from the user’s brain picked up
by the first electrodes thereby allowing a
voltage difference signal to be determined
for each of said first electrodes,

wherein

the hearing assistance system comprises a compar-
ison unit for determining said voltage difference sig-
nal(s), and an electric interface allowing said refer-
ence voltage or a measure representative thereof to
be transferred from said second part to said com-
parison unit.
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A hearing assistance system according to claim 1
wherein the electric interface comprises a galvanic
connection.

A hearing assistance system according to claim 1
wherein the electric interface comprises a wireless
link.

A hearing assistance system according to claim 3
wherein the wireless link is based on radiated fields
or on near-field coupling.

A hearing assistance system according to any one
ofclaims 1-4 wherein the electricinterface comprises
a body-network.

A hearing assistance system according to claim 5
wherein each of the first and second parts of the
hearing assistance system comprises one of a Tx-
and Rx-ground electrode exhibiting substantially
equal virtual Tx- and Rx-ground potentials estab-
lished via a capacitive coupling to an external
ground, at least partly via the user’s body.

A hearing assistance system according to any one
of claims 1-6 comprising a hearing aid, a headset,
an earphone, an ear protection device or a combi-
nation thereof.

A hearing assistance system according to any one
of claims 1-7 the hearing assistance system is con-
figured to maximize the area of contact of the refer-
ence electrode with the skin.

A hearing assistance system according to any one
of claims 1-8 wherein the first part is implemented
as an ear piece adapted for being located in or at
one of the left or right ear or ear canals of the user.

A hearing assistance system according to any one
of claims 1-9 wherein each of the first and second
parts comprises a number of first and second EEG
electrodes and a first and second reference elec-
trode, respectively.

A hearing assistance system according to any one
of claims 1-10, wherein the first part comprises the
comparison unit.

A hearing assistance system according to any one
of claims 1-11, wherein the first and second parts
form part of first and second hearing devices, e.g.
first and second hearing aids.

A hearing assistance system according to claim 12,
further comprising an auxiliary device, and wherein
the system is adapted to establish a communication
link between the hearing device(s) and the auxiliary
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device to provide that information can be exchanged
between them, or forwarded from one to the other.

A hearing assistance system according to claim 13
wherein the auxiliary device comprises a Smart-
Phone configured to provide the function of a user
interface of the hearing device.

Use of a hearing assistance system according to any
one of claims 1-14.
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