US 20190327570A1

12) Patent Application Publication (o) Pub. No.: US 2019/0327570 Al

a9y United States

PONTOPPIDAN et al. (43) Pub, Date: Oct, 24, 2019
(54) HEARING ASSISTANCE DEVICE WITH GO6K 9/00 (2006.01)
BRAIN COMPUTER INTERFACE A61B 5/0484 (2006.01)
AGIB 5/00 (2006.01)
(71) Applicant: Oticon A/S, Smorum (DK) GO6F 3/01 (2006.01)
AG6IB 5/12 (2006.01)
(72) Inventors: Niels Henrik PONTOPPIDAN, A61B 5/16 (2006.01)
Smorum (DK); Thomas LUNNER, (52) US.CL
Smorum (DK); Michael Syskind CPC oo, HO04R 25/606 (2013.01); AGIB 5/048
PEDERSEN, Smorum (DK); Lars Ivar (2013.01); A6IB 5/0478 (2013.01); GO6K
HAUSCHULITZ, Valby (DK); Povl 9/00604 (2013.01); HO4R 25/00 (2013.01);
KOCH, Smorum (DK); Graham AG61B 5/04845 (2013.01); A61B 5/6817
NAYLOR, Smorum (DK); Eline Borch (2013.01); HO4R 25/505 (2013.01); GO6F
PETERSEN, Smorum (DK) 3015 (2013.01); A61B 5/121 (2013.01); A61B
L 5/746 (2013.01); A61B 5/165 (2013.01); A61B
(73)  Assignee: Oticon A/S, Smorum (DK) 5/4836 (2013.01); GOGF 3/013 (2013.01);
. A61B 5/6868 (2013.01);, HO4R 25/305
(21)  Appl. No.: 16/504,060 (2013.01)
(22) Filed: Jul. 5, 2019
. (57) ABSTRACT
Related U.S. Application Data
(60)  Continuation of application No. 14/932.534, filed on  The present disclosure relates to communication devices.
Nov.. 4, 2015, now abandoned, which is a division of  Such devices may comprise input for receiving sound signal
application No. 14/303,844, filed on Jun. 13, 2014, 1o be processed and presented to a user, and output for
now Pat. No. 9,210,517. outputting the processed signal to a user perceivable as
. L L sound. Such processing may be performed by use of a
(30) Foreign Application Priority Data processor for processing the sound signal in dependence of
a setting or a set of setting to compensate a hearing loss
Jun. 14, 2013 (EP) .................................. 13172066.6 proﬁle. Further, the communication device may COIIlpI'iSC a
Publication Classification b%o-s.lgnal acquisition and amplifier component in commu-
nication with a user interface for providing the bio-signals as
(51) Imt. CL input to the user interface, the user interface controlling the
HO4R 25/00 (2006.01) setting or set of setting for operation of the communication
AG6IB 5/0478 (2006.01) device.

Avifnsd Rejsotion

P Peabors Eateussion

Frguand
Popne

B g

Do dh

Focwsef State

SamaEacd S




Patent Application Publication  Oct. 24,2019 Sheet 1 of 7

US 2019/0327570 A1

Acoustic
output

Acoustic
output

AC
FB -
N | HA- % [(
— \_,/» AD > nsp » DA
Acoustic
input
LD ~
Fig. 1a
AC
FB <
BN + HA-
K_/’L“” AD |3 Dsp » DA
Acoustic
input Adaptive | 4
Filter
LD
Fig. 1b
ACFE |&
HA-
— > Dsp » DA
Acoustic
input
Algorithm
Y
Filter |=
LD

Fig. 1c

Acoustic
output



Patent Application Publication  Oct. 24,2019 Sheet 2 of 7 US 2019/0327570 A1

ACFB =
vin)
3 HADSP X ”(’l)..[Q —
—p - K Probe Acoustic
e(n ;
Acoustic signal output
input  Xx(n) vh{n) . Algo-
rithm us(n)
Y
Filter |«
LD

FIG. 1d



Patent Application Publication  Oct. 24,2019 Sheet 3 of 7 US 2019/0327570 A1




Patent Application Publication  Oct. 24,2019 Sheet 4 of 7 US 2019/0327570 A1

, le~i Fay ¥ 078y
4 P
ALNT RX/TX > > ouT
L ] L)
e SPU ¢ | ou i
w"]le ] .
g}»ﬁ > ° . {
K Lasl / - SP
MIC IFB, o I QFB;
yCNTC
lA‘ X'CNT
R Hi-1
1A
WLS
...... . ]
1A Hi-2
RTX | xont
A X
MIC FB,  }  jonTob  OFB,
S S SP
NS . . ,
@}’fﬂ INm . E
J | e SPU S| OU brpabs]
ANT . : Y §
/&{:ﬂ Rx/Tx » - ouT
<
lNW*%» IFB,, ¢ OFBio

FIG. 3



Oct. 24,2019 Sheet 5 of 7 US 2019/0327570 A1

Patent Application Publication

FIG5



Patent Application Publication  Oct. 24,2019 Sheet 6 of 7 US 2019/0327570 A1

Aviifnet Bedention Foowetd Brinasn Exteptinn

i :
SRR

Firmped S Mo Fimased By L C o
by okt B0 Sloemnddy

FIG 6

FIG 7aand 7b



Patent Application Publication

Serpdifsrbe vl

Apopiftice fund

B Chanwned Frsbotwenn e gyns)

BEL shanrel T4 ineae aght waed

ot

& i b ki

Arrgbifuscde vt

Oct. 24,2019 Sheet 7 of 7 US 2019/0327570 A1

E0G Thannet e thoheen the e

L H . ,
& & S 1%
Tarvus i3]

B rharmed T8 o roly o)

i
b

FIG 8



US 2019/0327570 Al

HEARING ASSISTANCE DEVICE WITH
BRAIN COMPUTER INTERFACE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of copending
application Ser. No. 14/932,534, filed on Nov. 4, 2015,
which is a Divisional of U.S. application Ser. No. 14/303,
844, filed on Jun. 13, 2014 (now U.S. Pat. No. 9,210,517
issued on Dec. 8, 2015), which claims priority under 35
U.S.C. § 119(a) to Application No. 13172066.6, filed in
Europe on Jun. 14, 2013, all of which are hereby expressly
incorporated by reference into the present application.

TECHNICAL FIELD

[0002] The present application relates to controlling a
hearing assistance device using a brain computer interface.
The application furthermore relates to controlling a hearing
assistance device using an eye monitoring interface.
[0003] Embodiments of the disclosure may e.g. be useful
in applications such as hearing aid devices, headsets, ear
phones, active ear protection systems, handsfree telephone
systems, mobile telephones, teleconferencing systems, pub-
lic address systems, karaoke systems, classroom amplifica-
tion systems, etc.

SUMMARY

[0004] An object of the present invention is to controlling
a hearing assisting device.

[0005] Objects of the application are achieved by the
invention described in the accompanying claims and as
described in the following.

[0006] The present disclosure includes description of a
communication device, which may comprise an input for
receiving a sound signal to be processed and presented to a
user, and an output for outputting a signal to a user perceiv-
able as sound and a processor for processing the sound
signal in dependence of a setting or a set of setting to
compensate a hearing loss profile. Such a device may be a
hearing aid, a headset or any other suitable sound processing
device, which advantageously may be configured to be
placed at or in an ear, e.g. behind the pinna or at least partly
in the ear canal. Further, the communication device may
include a bio-signal acquisition and amplifier component in
communication with a user interface for providing the
bio-signals as input to the user interface, the user interface
controlling the setting or set of setting for operation of the
communication device. This allows the bio-signal compo-
nent to detect and/or record different electrical signal origi-
nating from physical movements and/or thought patterns
relating to movements. This will allow a user, i.e. a wearer,
to for instance think about moving the right arm, which will
then cause a specific pattern of EEG signals that the bio-
signal component may then register. This registered bio-
signal may then be processed for identification and/or clas-
sification, e.g. determining if the signal originates from eye
movement, such as an EOG-signal and/or blinking, a
thought pattern, e.g. wearer thinking of moving an arm or
turning the head, or physical movement of limb.

[0007] The ear EEG electrode may advantageously be
comprised in a mould configured specifically for the wearers
ear canal. This will make the EEG electrode more comfort-
able to wear, and improve the contact between EEG elec-
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trode pad and ear canal, also because the position of the EEG
electrode in the ear canal will be more consistent each time
the ear EEG electrode is placed by the wearer. The EEG
electrode may alternatively be contact-free capacitive elec-
trodes.

[0008] The bio-signal amplifier and acquisition compo-
nent may comprise an ear EEG electrode may be configured
to be inserted into an ear canal or on a skin-part of the head
of a wearer or bio-signal amplifier and acquisition compo-
nent may comprise an implantable EEG electrode config-
ured to be placed under the skin at the head of a wearer or
an implantable EEG electrode configured to be placed on the
ear canal.

[0009] The EEG electrode may be configured to pick up
intended space gestures constituting an input from a wearer.
Advantageously the bio-signal may represent eye movement
and/or brain activity signals. These may then be intrepreted
by the system as inputs, e.g. by classifying them as specific
movements or movement patterns. One document dealing
with space gestures is LaFleur et. al. ‘Quadcopter control in
three-dimensional space using a noninvasive motor imag-
ery-based brain—computer interface’, 2013 J. Neural Eng.
10 046003.

[0010] The bio-signal amplifier and acquisition compo-
nent may include a wearable camera for eye-tracking. This
allow non-intrusive monitoring of the eyes. A camera may
be combined with an EEG component, which may further
reduce the risk of misinterpreting inputs from the wearer.
[0011] The communication system may further comprise
an alarm device configured to provide an alarm signal if the
bio-signal from the bio-signal acquisition and amplifier is
determined to represent a cognitive state classified as a state
deserving attention, or possibly even a state which may be
dangerous to the persons health, possibly combined with
knowledge of the persons surroundings. This could then be
used to alert the wearer or even another person, such as a
caretaker, that the wearer is entering a state where attention
is needed or no longer needed, e.g. while driving a car the
wearer may become drowsy, or the wearer may experience
a heart attack which needs to be communicated to other
persons so they may take appropriate action. Further, for
example, the device may send a signal to the care-home
supervisor that the patient in room 23 is now asleep, or is no
longer asleep.

[0012] The present disclosure also includes a communi-
cation system comprising two communication devices as
described in other sections of the present disclosure. Each of
such two communication devices may then be configured to
be placed behind or at an ear of the wearer and each
communication device may then comprise a brain-computer
interface comprising an ear EEG electrode configured to be
inserted in a respective ear canal of a wearer.

[0013] The present disclosure further includes a method of
controlling communication device comprising an input for
receiving a sound signal to be processed and presented to a
user, and an output for outputting a signal to a user perceiv-
able as sound, a processor for processing the sound signal in
dependence of a setting or a set of setting to compensate a
hearing loss profile, and a bio-signal acquisition and ampli-
fier component in communication with a user interface for
providing the bio-signals as input to the user interface, the
user interface controlling the setting or set of setting for
operation of the communication device. The method may
comprise obtaining via bio-signal acquisition and amplifier
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component a bio-signal representing a gesture. The method
may comprise analysing the bio-signal for recognising an
intended space gesture. The method may comprise process-
ing the intended space gesture to translate it to an input for
the user interface.

[0014] A user may think of a target direction and the
intended space gesture may then be determined, and the
method may then comprise using the gesture signal as input
for the user interface.

[0015] A user may move a limb in a target direction and
the intended space gesture may be detected or a user may
move one or both eyes in a target direction and the intended
space gesture may be detected.

[0016] A user may imagine moving a limb in a target
direction and the intended space gesture may then be
detected. A user may imagine moving one or both eyes in a
target direction and the intended space gesture may then be
detected based on this.

[0017] The processing of the bio-signal may be translated
into control of directionality pattern of a microphone beam-
former, which may be directing the beamformer in an
intended direction based in the bio-signal input. The pro-
cessing of the bio-signal may be translated into a change of
current program for sound processing, e.g. more or less
noise suppression, enabling or ending a music processing
program.

[0018] A wearable camera may be directed at the eye of
the user, which may then be used to determine the gesture
signal. A combination of several types of sensors, e.g. EEG
sensor and camera, may be envisioned.

[0019] A fatigue level may be determined via the bio-
signal, e.g. using a camera and basing the determination on
images of the pupil, optionally by determining the angular
orientation of the pupil and/or the size of the pupil.

A Hearing Assistance Device

[0020] In a first aspect of the present invention, the object
is achieved by a hearing assistive device comprising brain
interface means adapted to control the hearing assistive
device according to brain signals.

[0021] In a second aspect of the present invention, the
object is achieved by a hearing assistive device comprising
an eye monitoring means adapted to determine the angular
orientation of the pupil as well as the size.

[0022] These aspects and embodiments may be combined
with any feature or features and/or other aspects and/or
embodiments mentioned throughout the present specifica-
tion.

[0023] In an embodiment, the hearing assistance device is
adapted to provide a frequency dependent gain to compen-
sate for a hearing loss of a user. In an embodiment, the
hearing assistance device comprises a signal processing unit
for enhancing the input signals and providing a processed
output signal.

[0024] In an embodiment, the hearing assistance device
comprises an output transducer for converting an electric
signal to a stimulus perceived by the user as an acoustic
signal. In an embodiment, the output transducer comprises a
number of electrodes of a cochlear implant or a vibrator of
a bone conducting hearing device. In an embodiment, the
output transducer comprises a receiver (speaker) for provid-
ing the stimulus as an acoustic signal to the user.

[0025] In an embodiment, the hearing assistance device
comprises an input transducer for converting an input sound
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to an electric input signal. In an embodiment, the hearing
assistance device comprises a directional microphone sys-
tem adapted to enhance a target acoustic source among a
multitude of acoustic sources in the local environment of the
user wearing the hearing assistance device. In an embodi-
ment, the directional system is adapted to detect (such as
adaptively detect) from which direction a particular part of
the microphone signal originates. This can be achieved in
various different ways as e.g. described in the prior art.

[0026] In an embodiment, the hearing assistance device
comprises an antenna and transceiver circuitry for wirelessly
receiving a direct electric input signal from another device,
e.g. a communication device or another hearing assistance
device. In an embodiment, the hearing assistance device
comprises a (possibly standardized) electric interface (e.g. in
the form of a connector) for receiving a wired direct electric
input signal from another device, e.g. a communication
device or another hearing assistance device. In an embodi-
ment, the direct electric input signal represents or comprises
an audio signal and/or a control signal and/or an information
signal. In an embodiment, the hearing assistance device
comprises demodulation circuitry for demodulating the
received direct electric input to provide the direct electric
input signal representing an audio signal and/or a control
signal e.g. for setting an operational parameter (e.g. volume)
and/or a processing parameter of the hearing assistance
device. In general, the wireless link established by a trans-
mitter and antenna and transceiver circuitry of the hearing
assistance device can be of any type. In an embodiment, the
wireless link is used under power constraints, e.g. in that the
hearing assistance device comprises a portable (typically
battery driven) device. In an embodiment, the wireless link
is a link based on near-field communication, e.g. an induc-
tive link based on an inductive coupling between antenna
coils of transmitter and receiver parts. In another embodi-
ment, the wireless 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 modulation) 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 shift keying) or
QAM (quadrature amplitude modulation).

[0027] Inanembodiment, the communication between the
hearing assistance device and the other device is in the base
band (audio frequency range, e.g. between 0 and 20 kHz).
Preferably, communication between the hearing assistance
device and the other device is based on some sort of
modulation at frequencies above 100 kHz. Preferably, fre-
quencies used to establish communication between the hear-
ing assistance device and the other device is below 50 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 or in the 2.4 GHz range. The communication
protocol may for instance be Bluetooth or Bluetooth low-
energy, or based on these protocols.

[0028] In an embodiment, the hearing assistance device
and/or the communication device comprises an electrically
small antenna. An ‘electrically small antenna’ is in the
present context taken to mean that the spatial extension of
the antenna (e.g. the maximum physical dimension in any
direction) is much smaller than the wavelength A, of the
transmitted electric signal. In an embodiment, the spatial
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extension of the antenna is a factor of 10, or 50 or 100 or
more, or a factor of 1 000 or more, smaller than the cartier
wavelength A, of the transmitted signal. In an embodiment,
the hearing assistance device is a relatively small device.
The term ‘a relatively small device’ is in the present context
taken to mean a device whose maximum physical dimension
(and thus of an antenna for providing a wireless interface to
the device) is smaller than 10 cm, such as smaller than 5 cm.
In an embodiment ‘a relatively small device’ is a device
whose maximum physical dimension is much smaller (e.g.
more than 3 times, such as more than 10 times smaller, such
as more than 20 times small) than the operating wavelength
of a wireless interface to which the antenna is intended
(ideally an antenna for radiation of electromagnetic waves at
a given frequency should be larger than or equal to half the
wavelength of the radiated waves at that frequency). At 860
MHz, the wavelength in vacuum is around 35 cm. At 2.4
GHz, the wavelength in vacuum is around 12 cm. In an
embodiment, the hearing assistance device has a maximum
outer dimension of the order of 0.15 m (e.g. a handheld
mobile telephone). In an embodiment, the hearing assistance
device has a maximum outer dimension of the order of 0.08
m (e.g. a head set). In an embodiment, the hearing assistance
device has a maximum outer dimension of the order of 0.04
m (e.g. a hearing instrument).

[0029] In an embodiment, the hearing assistance device is
portable device, e.g. a device comprising a local energy
source, e.g. a battery, e.g. a rechargeable battery. In an
embodiment, the hearing assistance device is a low power
device. The term low power device’ is in the present context
taken to mean a device whose energy budget is restricted,
e.g. because it is a portable device, e.g. comprising an energy
source (e.g. of limited size, e.g. with a maximum capacity of
1000 mAh, such as 500 mAh), which—without being
exchanged or recharged—is of limited duration (the limited
duration being e.g. of the order of hours or days, e.g. max.
1 or 3 or 7 or 10 days (during normal operation of the
device), such duration being limited compared to the
expected life time of the device). In an embodiment, the
energy source of the hearing assistance device is removed of
disconnected, when the hearing assistance device is not in
operational use (whereby data that are not stored in a
non-volatile memory are lost).

[0030] In an embodiment, the hearing assistance device
comprises a forward or signal path between an input trans-
ducer (microphone system and/or direct electric input (e.g.
a wireless 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 according to
a user’s particular needs. In an embodiment, the hearing
assistance 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 embodi-
ment, some or all signal processing of the analysis path
and/or the signal path is conducted in the time domain.

[0031] In an embodiment, an analogue electric signal
representing an acoustic signal is converted to a digital audio
signal in an analogue-to-digital (AD) conversion process,
where the analogue signal is sampled with a predefined
sampling frequency or rate f, f, being e.g. in the range from
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8 kHz to 40 kHz (adapted to the particular needs of the
application) to provide digital samples x, (or x[n]) at dis-
crete points in time t,, (or n), each audio sample representing
the value of the acoustic signal at t, by a predefined number
N, of bits, N, being e.g. in the range from 1 to 16 bits. A
digital sample x has a length in time of I/f, e.g. 50 pus, for
f=20 kHz. In an embodiment, a number of audio samples
are arranged in a time frame. In an embodiment, a time
frame comprises 64 audio data samples. Other frame lengths
may be used depending on the practical application.
[0032] In an embodiment, the hearing assistance devices
comprise an analogue-to-digital (AD) converter to digitize
an analogue input with a predefined sampling rate, e.g. 20
kHz. In an embodiment, the hearing assistance 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.

[0033] In an embodiment, the hearing assistance device,
e.g. the microphone unit, and or the transceiver unit com-
prise(s) a TF-conversion unit for providing a time-frequency
representation of an input signal. In an embodiment, the
time-frequency representation comprises an array or map of
corresponding 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 embodi-
ment, the TF conversion unit comprises a Fourier transfor-
mation unit for converting a time variant input signal to a
(time variant) signal in the frequency domain. In an embodi-
ment, the frequency range considered by the hearing assis-
tance device from a minimum frequency £, to a maximum
frequency f,,,, comprises a part of the typical human audible
frequency range from 20 Hz to 20 kHz, e.g. a part of the
range from 20 Hz to 12 kHz. In an embodiment, a signal of
the forward and/or analysis path of the hearing assistance
device is split into a number NI of frequency bands, where
NI is e.g. larger than 5, such as larger than 10, such as larger
than 50, such as larger than 100, such as larger than 500, at
least some of which are processed individually. In an
embodiment, the hearing assistance device is/are adapted to
process a signal of the forward and/or analysis path in a
number NP of different frequency channels (NP NI). The
frequency channels may be uniform or non-uniform in width
(e.g. increasing in width with frequency), overlapping or
non-overlapping.

[0034] In an embodiment, the hearing assistance device
comprises a level detector (LD) for determining the level of
an input signal (e.g. on a band level and/or of the full (wide
band) signal). The input level of the electric microphone
signal picked up from the user’s acoustic environment is e.g.
a classifier of the environment. In an embodiment, the level
detector is adapted to classify a current acoustic environ-
ment of the user according to a number of different (e.g.
average) signal levels, e.g. as a HIGH-LEVEL or LOW-
LEVEL environment.

[0035] In a particular embodiment, the hearing assistance
device comprises a voice detector (VD) for determining
whether or not an input signal comprises a voice signal (at
a given point in time). A voice signal is in the present context
taken to include a speech signal from a human being. It may
also include other forms of utterances generated by the
human speech system (e.g. singing). In an embodiment, the
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voice detector unit is adapted to classify a current acoustic
environment of the user as a VOICE or NO-VOICE envi-
ronment. This has the advantage that time segments of the
electric microphone signal comprising human utterances
(e.g. speech) in the user’s environment can be identified, and
thus separated from time segments only comprising other
sound sources (e.g. artificially generated noise). In an
embodiment, the voice detector is adapted to detect as a
VOICE also the user’s own voice. Alternatively, the voice
detector is adapted to exclude a user’s own voice from the
detection of a VOICE.

[0036] In an embodiment, the hearing assistance device
comprises an own voice detector for detecting whether a
given input sound (e.g. a voice) originates from the voice of
the user of the system. In an embodiment, the microphone
system of the hearing assistance device is adapted to be able
to differentiate between a user’s own voice and another
person’s voice and possibly from NON-voice sounds.

[0037] In an embodiment, the hearing assistance device
comprises an acoustic (and/or mechanical) feedback sup-
pression system. Acoustic feedback occurs because the
output loudspeaker signal from an audio system providing
amplification of a signal picked up by a microphone is partly
returned to the microphone via an acoustic coupling through
the air or other media. The part of the loudspeaker signal
returned to the microphone is then re-amplified by the
system before it is re-presented at the loudspeaker, and again
returned to the microphone. As this cycle continues, the
effect of acoustic feedback becomes audible as artifacts or
even worse, howling, when the system becomes unstable.
The problem appears typically when the microphone and the
loudspeaker are placed closely together, as e.g. in hearing
aids or other audio systems. Some other classic situations
with feedback problem are telephony, public address sys-
tems, headsets, audio conference systems, etc. Frequency
dependent acoustic, electrical and mechanical feedback
identification methods are commonly used in hearing assis-
tance devices, in particular hearing instruments, to ensure
their stability. Unstable systems due to acoustic feedback
tend to significantly contaminate the desired audio input
signal with narrow band frequency components, which are
often perceived as howl or whistle. It has been proposed that
the stability of a system may be increased by specifically
altering its transfer function at critical frequencies [ Ammitz-
boll, 1987]. This can, for example, be achieved with a
narrow frequency specific stop-band filter, referred to as a
notch-filter [Porayath, 1999]. The disadvantage of this
method is that gain has to be sacrificed at and around critical
frequencies. More advanced techniques suggest feedback
cancellation by subtracting an estimate of the feedback
signal within the hearing assistance device. It has been
proposed to use a fixed coeflicient linear time invariant filter
for the feedback path estimate [ Dyrlund, 1991]. This method
proves to be effective if the feedback path is steady state and,
therefore, does not alter over time. However, the feedback
path of a hearing assistance device, e.g. a hearing aid, does
vary over time and some kind of tracking ability is often
preferred. Adaptive feedback cancellation has the ability to
track feedback path changes over time. It is also based on a
linear time invariant filter to estimate the feedback path but
its filter weights are updated over time [Engebretson, 1993].
The filter update may be calculated using stochastic gradient
algorithms, including some form of the popular Least Mean
Square (LMS) or the Normalized LMS (NLMS) algorithms.
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They both have the property to minimize the error signal in
the mean square sense with the NLMS additionally normal-
izing the filter update with respect to the squared Euclidean
norm of some reference signal. Various aspects of adaptive
filters are e.g. described in [Haykin]. A more advanced
method combines stochastic gradient algorithms with sta-
tistical evaluation of the AFC filter coefficients over time and
employs control circuitry in order to ensure the filter coef-
ficients to be updated adequately in noisy situations [Han-
sen, 1997]. The statistical evaluation is sensible to changes
of the phase response and magnitude-frequency response of
the feedback path. Traditionally, design and evaluation cri-
teria such as mean-squared error, squared error deviation
and variants of these are widely used in the design of
adaptive systems.

[0038] In an embodiment, the hearing assistance device
further comprises other relevant functionality for the appli-
cation in question, e.g. compression, noise reduction, etc.
[0039] In an embodiment, the hearing assistance device
comprises a listening device, e.g. a hearing aid, e.g. a
hearing instrument, e.g. a hearing 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.

[0040] In a further aspect, use of a hearing assistance
device as described above, in the ‘detailed description of
embodiments’ and in the claims, is moreover provided. In an
embodiment, use is provided in a system comprising audio
distribution, e.g. a system comprising a microphone and a
loudspeaker in sufficiently close proximity of each other to
cause feedback from the loudspeaker to the microphone
during operation by a user. In an embodiment, use is
provided in a system comprising one or more hearing
instruments, headsets, ear phones, active ear protection
systems, eftc., e.g. in handsfree telephone systems, telecon-
ferencing systems, public address systems, karaoke systems,
classroom amplification systems, etc.

[0041] 1In a further aspect of the invention, the object is
achieved by a method of performing eve monitoring of the
angular orientation of the pupil as well as the size.

[0042] In a further aspect of the invention, the object is
achieved by a method of controlling the hearing assistive
device according to brain signals.

[0043] It is intended that some or all of the structural
features of the device described above, in the ‘detailed
description of embodiments’ or in the claims can be com-
bined with embodiments of the method, when appropriately
substituted by a corresponding process and vice versa.
Embodiments of the method have the same advantages as
the corresponding devices. Further, any feature, detail, struc-
ture and/or aspect may be combined individually or in their
entirety with any other feature, detail, structure and/or aspect
in the present specification.

[0044] In an aspect, a tangible computer-readable medium
storing a computer program comprising program code
means for causing a data processing system to perform at
least some (such as a majority or all) of the steps of the
method described above, in the ‘detailed description of
embodiments” and in the claims, when said computer pro-
gram is executed on the data processing system is further-
more provided by the present application. In addition to
being stored on a tangible medium such as diskettes, CD-
ROM-, DVD-, or hard disk media, or any other machine
readable medium, and used when read directly from such
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tangible media, the computer program can also be transmit-
ted via a transmission medium such as a wired or wireless
link or a network, e.g. the Internet, and loaded into a data
processing system for being executed at a location different
from that of the tangible medium.

[0045] A data processing system:

[0046] In an aspect, a data processing system comprising
a processor and program code means for causing the pro-
cessor to perform at least some (such as a majority or all) of
the steps of the method described above, in the ‘detailed
description of embodiments’ and in the claims is further-
more provided by the present application.

[0047] A listening system:

[0048] In a further aspect, a listening system comprising a
hearing assistance device as described above, in the ‘detailed
description of embodiments’, and in the claims, AND an
auxiliary device is moreover provided.

[0049] In an embodiment, the system is adapted to estab-
lish a communication link between the hearing assistance
device and the auxiliary device to provide that information
(e.g. control and status signals, possibly audio signals) can
be exchanged or forwarded from one to the other.

[0050] In an embodiment, the auxiliary device is or com-
prises an audio gateway device adapted for receiving a
multitude of audio signals (e.g. from an entertainment
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 combination of signals) for
transmission to the hearing assistance device. In an embodi-
ment, the auxiliary device is or comprises a remote control
for controlling functionality and operation of the hearing
assistance device(s).

[0051] In an embodiment, the auxiliary device is another
hearing assistance device. In an embodiment, the listening
system comprises two hearing assistance devices adapted to
implement a binaural listening system, e.g. a binaural hear-
ing aid system.

Definitions

[0052] Inthe present context, a ‘hearing assistance device’
refers to a device, 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 cortesponding
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.

[0053] A ‘hearing assistance device’ 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 trans-
ferred 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.
[0054] The hearing assistance 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
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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 assistance device may comprise a single unit or
several units communicating electronically with each other.
[0055] More generally, a hearing assistance device com-
prises an input transducer for receiving an acoustic signal
from a user’s surroundings and providing a corresponding
input audio signal and/or a receiver 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 assistance devices, an amplifier may constitute the
signal processing circuit. In some hearing assistance
devices, the output means may comprise an output trans-
ducer, such as e.g. a loudspeaker for providing an air-borne
acoustic signal or a vibrator for providing a structure-borne
or liquid-borne acoustic signal. In some hearing assistance
devices, the output means may comprise one or more output
electrodes for providing electric signals.

[0056] In some hearing assistance devices, the vibrator
may be adapted to provide a structure-borne acoustic signal
transcutaneously or percutaneously to the skull bone. In
some hearing assistance devices, the vibrator may be
implanted in the middle ear and/or in the inner ear. In some
hearing assistance devices, the vibrator may be adapted to
provide a structure-borne acoustic signal to a middle-ear
bone and/or to the cochlea. In some hearing assistance
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 assistance 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 cortex.

[0057] A “listening system’ refers to a system comprising
one or two hearing assistance devices, and a ‘binaural
listening system’ refers to a system comprising one or two
hearing assistance devices and being adapted to coopera-
tively provide audible signals to both of the user’s ears.
Listening systems or binaural listening systems may further
comprise ‘auxiliary devices’, which communicate with the
hearing assistance devices and affect and/or benefit from the
function of the hearing assistance devices. Auxiliary devices
may be e.g. remote controls, audio gateway devices, mobile
phones, public-address systems, car audio systems or music
players. Hearing assistance devices, listening systems or
binaural listening systems may e.g. be used for compensat-
ing for a hearing-impaired person’s loss of hearing capabil-
ity, augmenting or protecting a normal-hearing person’s
hearing capability and/or conveying electronic audio signals
to a person.

[0058] Further objects of the application are achieved by
the embodiments defined in the dependent claims and in the
detailed description of the invention.

[0059] As used 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 “comprising,”
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, and/or
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components, but do not preclude the presence 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 another element, it can be
directly connected or coupled to the other element or intet-
vening elements may be present, unless expressly stated
otherwise. Furthermore, “connected” or “coupled” as used
herein may include wirelessly connected or coupled. As
used herein, the term “and/or” includes any and all combi-
nations 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 otherwise.

BRIEF DESCRIPTION OF DRAWINGS

[0060] The disclosure will be explained more fully below
in connection with a preferred embodiment and with refer-
ence to the drawings in which:

[0061] FIG. 1a-1d shows four embodiments of a hearing
assistance device,

[0062] FIG. 2 shows an embodiment of a listening system
comprising a hearing assistance device and an audio gate-
way, the system being adapted for establishing a communi-
cation link between the two devices,

[0063] FIG. 3 shows an embodiment of a binaural hearing
aid system comprising first and second hearing instruments,
[0064] FIG. 4 shows a first embodiment of a hearing
assistance device comprising a brain interface means,
[0065] FIG. 5 shows a second embodiment of hearing
assistance device comprising brain interface means,

[0066] FIG. 6 shows a model for extraction of features of
a power spectral within an alpha band, and

[0067] FIG. 7a and FIG. 75 show two embodiments eye
monitoring means for controlling for a hearing assistance
device.

[0068] FIG. 8 illustrates an example of the EEG and the
EOG that can be extracted from it, based on independent
components analysis for an electrode position frontally,
close to the eyes, and an electrode on the side of the head
near the right ear.

[0069] The figures are schematic and simplified for clarity,
and they just show details which are essential to the under-
standing of the disclosure, while other details are left out.
Throughout, the same reference signs are used for identical
or corresponding parts.

[0070] Further scope of applicability of the present dis-
closure will become apparent from the detailed description
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 appat-
ent to those skilled in the art from the following detailed
description.

DETAILED DESCRIPTION OF EMBODIMENTS

[0071] FIGS. 1a-1d show four embodiments of a hearing
assistance device. FIG. la shows a simple hearing aid
comprising a forward or signal path from an input transducer
to an output transducer and a forward path being defined
there between and comprising a processing unit HA-DSP for
applying a frequency dependent gain to the signal picked up
by the microphone and providing an enhanced signal to the
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output transducer. Hearing aid feedback cancellation sys-
tems (for reducing or cancelling acoustic feedback from an
‘external’ feedback path (AC FB) from output to input
transducer of the hearing aid) may comprise an adaptive
filter (Adaptive filter’ in FIG. 1b), which is controlled by a
prediction error algorithm, e.g. an LMS (Least Means
Squared) algorithm, in order to predict and cancel the part of
the microphone signal that is caused by feedback (from the
receiver of the hearing aid. FIG. 15 and 1c¢ illustrate
examples of this. The adaptive filter (in FIG. 1¢ comprising
a variable ‘Filter’ part end a prediction error or ‘Algorithm’
part) is (here) aimed at providing a good estimate of the
‘external’ feedback path from the digital-to-analogue (DA)
to the analogue-to-digital (AD) converters. The prediction
error algorithm uses a reference signal (e.g. the output
signal) together with a signal originating from the micro-
phone signal to find the setting of the adaptive filter that
minimizes the prediction error when the reference signal is
applied to the adaptive filter. The forward path of the hearing
aid comprises signal processing (‘HA-DSP’ in FIG. 1) e.g.
adapted to adjust the signal to the impaired hearing of a user.
The estimate of the feedback path provided by the adaptive
filter is (FIGS. 15 and 1c¢) subtracted from the microphone
signal in sum unit ‘+’ providing a so-called ‘error signal’ (or
feedback-corrected signal), which is fed to the processing
unit HA-DSP and to the algorithm part of the adaptive filter
(FIG. 1¢). To provide an improved decorrelation between the
output and input signal, it may be desirable to add a probe
signal to the output signal. This probe signal can be used as
the reference signal to the algorithm part of the adaptive
filter, as shown in FIG. 14 (output of block ‘Probe signal” in
FIG. 1d), and/or it may be mixed with the ordinary output of
the hearing aid to form the reference signal.

[0072] FIG. 2 shows an embodiment of a listening system
comprising a hearing assistance device and an audio gate-
way, the system being adapted for establishing a communi-
cation link between the two devices. FIG. 2 shows an
application scenario of an embodiment of a portable listen-
ing system according to the present invention, wherein the
audio gateway device 1 comprises an audio selection device
adapted for receiving a multitude of audio signals (here
shown from an entertainment device, e.g. a TV 52, a
telephone apparatus, e.g. a mobile telephone 51, a computer,
e.g. a PC 53, and an external microphone xMIC for picking
up sounds xIS from the environment, e.g. the voice of
another person). In the embodiment of FIG. 2, the micro-
phone 11 of the audio gateway device is adapted for picking
up the user’s own voice 31 and capable of being connected
to one or more of the external audio sources 51, 52, 53 via
wireless links 6, here in the form of digital transmission
links according to the Bluetooth standard as indicated by the
Bluetooth transceiver 14 (BT-Tx-Rx) in the audio gateway
device 1. The audio sources and the audio gateway device
may be paired using the button BT-pair. Once paired, the
BT-address of the audio source may be stored in a memory
of the audio gateway device for easy future pairing. The
links may alternatively be implemented in any other con-
venient wireless and/or wired manner, and according to any
appropriate modulation type or transmission standard, pos-
sibly different for different audio sources. Other audio
sources than the ones shown in FIG. 2 may be connectable
to the audio gateway, e.g. an audio delivery device (such as
a music player or the like). The audio gateway device 1
further comprises a selector/combiner unit (not shown in



US 2019/0327570 Al

FIG. 2) adapted for selecting and/or combining an appro-
priate signal or combination of signals for transmission to
the hearing assistance device 2. The intended mode of
operation of the listening system can be selected by the user
via mode selection buttons Model and Mode2. Here Model
indicates e.g. a telephone conversation mode (where the
audio signal from a currently actively paired mobile tele-
phone is selected) and Mode2 indicates e.g. an entertainment
device mode (where the audio signal from a currently
actively paired entertainment device, e.g. the TV or a music
player, is selected). The particular selected mode determines
the signals to be selected/combined in the selector/combiner
unit for transmission to the hearing assistance device. In
Model, the incoming signal from the mobile telephone is
transmitted to the hearing assistance device (optionally
combined with an own voice signal picked up by micro-
phone 11). In Mode2, the audio signal from an entertainment
device is selected and transmitted to the hearing assistance
device. The audio gateway device may further have the
function of a remote control of the hearing assistance device,
e.g. for changing program or operating parameters (e.g.
volume, cf. Vol-button) in the hearing assistance device.
[0073] The hearing assistance device 2 is shown as a
device mounted at the ear of a user 3. The hearing assistance
device 2 of the embodiment of FIG. 2 comprises a wireless
transceiver, here indicated to be based on inductive com-
munication (I-Rx). The transceiver (at least) comprises an
inductive receiver (i.e. an inductive coil, which is induc-
tively coupled to a corresponding coil in a transceiver (I-Tx)
of the audio gateway device 1), which is adapted to receive
the audio signal from the audio gateway device (either as a
baseband signal or as a modulated (analogue or digital)
signal, and in the latter case to extract the audio signal from
the modulated signal).

[0074] The inductive link 41 between the audio gateway
device and the hearing assistance device is indicated to be
one-way, but may alternatively be two-way (e.g. to be able
to exchange control signals between transmitting 1 and
receiving 2 device, e.g. to agree on an appropriate transmis-
sion channel). Alternatively or additionally, the hearing
assistance device (and/or the audio gateway device) may be
adapted to receive an audio signal from a telecoil (T-coil) in
the environment of the device.

[0075] The audio gateway device 1 is shown to be carried
around the neck of the user 3 in a neck-strap 42. The
neck-strap 42 may have the combined function of a carrying
strap and a loop antenna into which the audio signal from the
audio gateway device is fed for better inductive coupling to
the inductive transceiver of the hearing assistance device.
[0076] FIG. 3 shows an embodiment of a binaural hearing
system comprising first and second hearing instruments. The
binaural hearing system comprises first and second hearing
instruments (HI-1, HI-2) adapted for being located at or in
left and right ears of a user. The hearing instruments are
adapted for exchanging information between them via a
wireless communication link, e.g. a specific inter-aural (IA)
wireless link (IA-WLS). The two hearing instruments HI-1,
HI-2 are adapted to allow the exchange of status signals, e.g.
including the transmission of characteristics of the input
signal received by a device at a particular ear to the device
at the other ear. To establish the inter-aural link, each hearing
instrument comprises antenna and transceiver circuitry (here
indicated by block IA-Rx/Tx). Each hearing instrument HI-1
and HI-2 is an embodiment of a hearing assistance devise as

Oct. 24, 2019

described in the present application, here as described in
connection with FIG. 8. In the binaural hearing system of
FIG. 3, a control signal X-CNTc generated by a control part
of the control and processing unit (SPU) of one of the
hearing instruments (e.g. HI-1) is transmitted to the other
hearing instrument (e.g. HI-2) and/or vice versa. The control
signals from the local and the opposite device are e.g. used
together to influence a decision or a parameter setting in the
local device. The control signals may e.g. comprise infor-
mation that enhances system quality to a user, e.g. improve
signal processing. The control signals may e.g. comprise
directional information or information relating to a classi-
fication of the current acoustic environment of the user
wearing the hearing instruments, etc. In an embodiment, the
listening system further comprises an audio gateway device
for receiving a number of audio signals and for transmitting
at least one of the received audio signals to the hearing
assistance devices (e.g. hearing instruments). In an embodi-
ment, the listening system is adapted to provide that a
telephone input signal can be received in the hearing assis-
tance device(s) via the audio gateway.

[0077] A brain-computer interface (BCI) is a communica-
tion system that can help users interact with the outside
environment by translating brain signals into machine com-
mands. The use of electroencephalographic (EEG) signals
has become the most common approach for a BCI because
of their usability and strong reliability. Many EEG-based
BCI devices have been developed with traditional wet- or
micro-electro-mechanical-system (MEMS)-type EEG sen-
sors. However, those traditional sensors have uncomfortable
disadvantage and require conductive gel and skin prepara-
tion on the part of the user. Therefore, acquiring the EEG
signals in a comfortable and convenient manner is an
important factor that should be incorporated into a novel
BCI device.

[0078] Brain Computer Interfaces to control a mouse on a
screen are being developed. From MIT Technology Review
May 16 2013: Roozbeh Jafari, at the University of Texas and
Samsung researchers working with a Brain Computer Inter-
face (BCI) to test how people can use their thoughts to
launch an application, select a contact, select a song from a
playlist, or power up or down a Samsung Galaxy Note 10.1.
Such a system could be described as a system sensitive to
space gestures. While Samsung has no immediate plans to
offer a brain-controlled phone, the early-stage research,
which involves a cap studded with EEG-monitoring elec-
trodes, shows how a brain-computer interface could help
people with mobility issues complete tasks that would
otherwise be impossible. Brain-computer interfaces that
monitor brainwaves through EEG have already made their
way to the market. NeuroSky’s headset uses EEG readings
as well as electromyography to pick up signals about a
person’s level of concentration to control toys and. Emotiv
Systems has a headset that reads EEG and facial expression
to enhance the experience of gaming. To use EEG-detected
brain signals to control a smartphone, the Samsung and UT
Dallas researchers monitored well-known brain activity pat-
terns that occur when people are shown repetitive visual
patterns. In their demonstration, the researchers found that
people could launch an application and make selections.
Jafari’s research is addressing another challenge—develop-
ing more convenient EEG sensors. Classic EEG systems
have gel or wet contact electrodes, which means a bit of
liquid material has to come between a person’s scalp and the
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sensor. “Depending on how many electrodes you have, this
can take up to 45 minutes to set up, and the system is
uncomfortable,” says Jafari. His sensors, however, do not
require a liquid bridge and take about 10 seconds to set up,
he says.

[0079] But they still require the user to wear a cap covered
with wires. The concept of a dry EEG is not new, and it can
carry the drawback of lower signal quality, but Jafari says
his group is improving the system’s processing of brain
signals. Ultimately, if reliable EEG contacts were conve-
nient to use and slimmed down, a brain-controlled device
could look like “a cap that people wear all day long,” says
Jafari.

[0080] Manual or automatic control of Hearing aid param-
eters (to invoke directionality, noise reduction, change vol-
ume, change program etc) are today either made by button
presses either though buttons on the hearing aid/streamer/
smartphone or automatically invoked based on algorithms
that take use patterns or environmental patterns into account.

[0081] The following problems are identified based on the
prior art:
[0082] (1) Automatic control of hearing aid parameters

does not account for the intent of the user. The only way
to get user intent is through manual button presses.
[0083] (2) Brain Computer Interfaces are large and
requires either an EEG hat, headband or similar to host
the EEG electrodes. This makes the equipment vulner-
able to electrode movements and limits the measure
precision from the equipment, since the electrodes are
not fixated. This also requires re-calibration each time
the equipment is removed.
[0084] FIGS. 4 and 5 respectively show a first and second
embodiment of the invention, which solves the above iden-
tified problem by having either monaural or binaural ear
EEG electrodes inserted to the ear canal. The Ear Electrodes
picks up the intended space gestures, e.g. think of a space to
the left of you to control e.g. the directionality pattern of a
beamformer, and appropriate algorithms.
[0085] The invention solves the fixation and calibration
problem by making individualized earmoulds (FIG. 5) that
contains ear EEG electrodes (the blue pads) which ensure
that insertion and re-insertion puts the electrodes in almost
the exact place.
[0086] One embodiment of the invention takes monaural
(or binaural) ear EEG signals. To amplify and filter the EEG
signals, a pre-amplifier, a band-pass filter (0.5-50 Hz) and an
analog-to-digital converter (ADC) are embedded into a
circuit board as a bio-signal amplifier and acquisition com-
ponent modules. The gain of the amplifier and acquisition
component can be set to approximately 5500. An ADC with
12-bit resolution can be used to digitize the EEG signals,
with a sampling rate of 256 Hz for the amplified and filtered
EEG signals. In the microprocessor component, the EEG
signals are probed using an ADC were digitally stored. A
moving average filter with the frequency at 50 Hz or 60 Hz
was then applied to reject any power-line interference. One
example of an algorithm is presented by Lun-De Liao et al,
2012. To change the hearing aid parameters the user should
be trained intend to make the hearing aid change according
to the following.
[0087] The users have to make a moving gesture—e.g. to
move a directional microphone target to the left or right
thinking of the target direction; they then obtain a score
based on the distance between the achieved direction on the
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target and the center of the target. In the training session
there can be a screen that indicates a bar on the screen. There
can be a bar on the right of the screen, a target at the center
of the screen, and a score at the top right of the screen. The
bar indicate the focusing level (FL) of this user during the
steering of the directional microphone. In other words, the
FL value was the main controller. If the value of the FL is
high, then the target directionality is close to the center of the
target, and then the score will be high. If the value of the FL.
was low, the targeting of the directionality was far from the
center of the target and resulted in a lower score. The user’s
task will be to make the FL value as high as possible by
trying to focus the directionality to the center of the target
[0088] To measure the FL values of the users, a simple,
real-time, mental focusing level detection algorithm for
gaming control can be used. The flowchart of this FL
detection algorithm is shown in the FIG. 6. The FL detection
algorithm includes three major steps: 1) rejection of the
artifact signals, 2) extraction of the focusing feature and 3)
determination of the FL, values. First, preprocessing of the
original EEG signals will be performed to reject the noise
signals. It is well known that the mentally focused state is
highly associated with the alpha rhythm (8-12 Hz) of an
EEG, and the noise artifacts were located in frequency
regions that were different from the alpha rhythm frequency
range. Accordingly, to reject the artifacts, a fast Fourier
Transform was performed to obtain the EEG power spec-
trum patterns of the signals, and signals within the alpha
band were retained.

[0089] Secondly, extraction of the focus feature was per-
formed on the power spectrum within the alpha band.
Previous studies have shown that the power of the alpha
rhythm of an EEG grows as the user’s mental state changes
from focused to unfocused cognitive states. Therefore, the
alpha band is the main frequency band that we used to
indicate the user’s focused state in the present study, and the
8-12 Hz frequency band of the original EEG signals was
selected for the FL detection algorithm. The Focus Feature
(FF) is defined as the inverse of the average power in the
alpha rhythm, as shown in equations (1-3):

X=X 5 X Xy X))

=1 5 Y Yoss Yosel

Y=FFT(X) M
P.~1/5%, 47, 2
FF=PR.=1/P. 3)
[0090] X indicates the recorded samples in 2-s, where Xn

is the nth sample. Y is the power spectrum of X, which is
calculated by the FFT; Yn indicates the power in the nth
thythm.

[0091] The average power within the alpha band Pa is
obtained by averaging the value of Y in the range from 8 to
12 Hz. PRa is the inverse of this average power in the alpha
rhythm. The FF value is assumed to be equal to PRa. The
power of the alpha rhythm has a negative relationship with
the value of the FF. If the user is not focused, the power of
the alpha rhythm will increase, and the value of the FF will
decrease.

[0092] Lastly, a comparison of the user’s current FF value
with that at baseline was used to confirm whether or not the
user was in a focused state and then to determine the FL
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based on the user’s focused state. We assumed based on user
feedback that the user was in a focused state in the beginning
(baseline) and defined the user’s FF at baseline as the
baseline FF (BFF), which is the average of the FFs within
the initial ten seconds. After we determined the BFF, the FF
values were calculated every 2 s and were compared to the
BFF. If the current FF value was higher than the BFF value,
the user was considered to be in the focused state. If the
current FF value was lower than the BFF value, the user was
considered to be in the unfocused state. Finally, the values
of the FL variation were determined according to the user’s
mental focus state. If the user was focused, the FL increased
and vice-versa.

[0093] FIGS. 7¢ and 7b show a hearing device control
using eye tracking and wearable camera.

[0094] The problem to be solved by this embodiment is
that hearing devices cannot see what the wearer sees and
cannot sense what the wearer is attending to. It is possible
to correlate EEG signals with the sound signal to assess
which signal the wearer is attending to. The EEG signals
also provide insights into much the current tasks load the
wearer. However, is the same information available from
other devices without the need for correlation between
sound input and brain wave signals?

[0095] In many situations the wearer’s attention can be
estimated from inferring what the wearer is looking at. For
hearing impaired listeners that additionally rely on lip read-
ing this is certainly true. Thus the somewhat complicated
task of correlating input sound and EEG signals can be
replaced by eye tracking.

[0096] Additionally, eye tracking also enable an alterna-
tive way of measuring the cognitive load and the cognitive
fitness (reciprocal of fatigue) by monitoring the pupil size
and pupil reaction time.

[0097] The solution is combination of the functionality of
at least one eye tracking device, at least one camera, and at
least one hearing device. The combination can be achieved
as a single device or as separate devices that communicate
together.

[0098] Moreover, this allows the overall device to measure
when the individual parameters of the hearing device have
become outdated with respect to the wearer.

[0099] For smaller adjustments of the parameters, the
device may try new parameter settings and monitor the
benefit of those new parameter settings by comparing the
cognitive load measures with the objective measures of the
sound environment for several parameter configurations.
[0100] Wearable eye tracking may be an alternative to
EEG for measuring cognitive function. Moreover when it is
combined with the functionality of wearable cameras and
infrared sensors (see FIG. 1) it provides information about
what the wearer hears (the sound), sees (the picture), where
the focus is (where the eyes point), how hard the listener is
working to understand the scene (puppilomtry). This opens
up for a novel use and operation of hearing devices.
[0101] The continuous measurement of the cognitive
function of the wearer via pupilometry (ie. determining
angular orientation and size of pupil of an eye) allows the
hearing aid to adapt to the cognitive load of the wearer such
that processing adapts to the cognitive capacity (eGo pro-
cessing). European patent application no.: EP12190377.7,
which is incorporated herein by reference, describes hearing
device with brain-wave dependent audio processing pro-
vides an example of monitoring the fit of the hearing device.
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[0102] The continuous measurement of cognitive function
along with the objective measures of the sound environment
allows the device to monitor when the cognitive load is
increasing in all sound environments. This may indicate that
an adjustment of the hearing device is necessary.

[0103] This is achieved change detection on the relation
between sound environment parameters and cognitive func-
tion.

[0104] The hearing device can make small adjustments to
parameters in specific algorithms and monitor impact on the
cognitive load in comparable sound environments to adapt
the parameters of the hearing device to the user. This allows
the hearing device to become more individualized as well as
adjust to changes in the wearer needs.

[0105] As a diagnostic device it may operate without the
functionality of the hearing device. Instead it measures the
cognitive load of the wearer in certain controlled or ordinary
environments and group the wearers hearing capabilities by
comparing the cognitive load to objective measures of the
sound environment with databases of such. This allows for
screening and for more specific characterisation of the
hearing capabilities of the wearer.

[0106] A further embodiment of the invention is a bone-
conduction implant with EEG electrodes. It is known to
control a hearing device in dependence on EEG signals
measured on the user of the hearing aid. For instance, a
hearing device may be fitted using hearing thresholds
derived from EEG measurements. A hearing device having
physical contact to the user’s skin may have electrodes on its
outside, which enables it to perform the EEG measurement
without the use of external equipment.

[0107] The problem with the prior art is that bone-an-
chored hearing devices do typically not have contact with
the user’s skin and therefore cannot benefit from such a
solution.

[0108] The solution is to place the EEG electrodes in the
implant and let the hearing device connect to the EEG
electrodes through conductive paths on or in the implant.
The EEG electrodes may both be arranged in the portion of
the implant which is located deep in the skull bone or one or
both may be arranged nearer to the outer side of the skull
bone.

[0109] The EEG electrodes may be arranged on the out-
side of the implant similar to what is disclosed in patent
EP1843138B1. A number of processes exist to apply non-
conductive and conductive paths and layers to metal objects,
such as an implant. The hearing device may have a set of
contacts arranged to connect to corresponding contacts on
the implant when 1t 1s mechanically connected to the implant
(or abutment).

[0110] A further embodiment of the invention is use of a
measured EEG signal to distinguish between own voice and
other sounds. It is known that EEG can be used for speaker
recognition, i.e. by correlating sound signals and EEG
signals, it can be determined from the EEG signals who the
person is listening to.

[0111] Tt is likely that it also could be determined from the
EEG signals if the person himself is talking, i.e. use EEG for
own voice detection. The idea is that different parts of the
brain are when a person is talking and when a person is
listening, and therefore it may be possible to distinguish own
voice from other people talking.

[0112] A further embodiment of the invention is a hearing
device with EEG-based feedback cancellation.
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[0113] Hearing devices tend to produce howls and other
artefacts when the acoustic gain is high. Various methods to
suppress such artefacts are known in the art. In many of
these methods, it remains a challenge to distinguish between
artefacts and howl-like sounds from the environment.
[0114] Since artefacts generally deteriorate the sound
quality and thus cause irritation to the user, EEG signals
measured on the user probably show some indication
whether a howl currently being heard is an artefact or a
wanted signal, such as e.g. a flute note in a concert.
[0115] The solution is therefore to use EEG signals to
assist the already available feedback cancellation system in
deciding whether a howl-like sound should be attenuated or
not.

[0116] The hearing device preferably has electrodes on the
outside of its housing and thus measures EEG signal. When
a howl is detected in the feedback cancelling system, the
EEG signals are evaluated to determine whether the user is
annoyed with the howl or not, and if the user is annoyed, the
howl is attenuated.

[0117] A further embodiment of the invention is an ear-
level listening device with EEG-controlled music selection
[0118] Many people listen to music via an ear-level lis-
tening device, such as an earphone connected to a music
player, smartphone or the like. Wearers of hearing aids may
listen to music using their hearing devices essentially as
earphones. Listening to music from a limited music collec-
tion does not provide satisfactory variation in the music. On
the other hand, searching for and retrieving new music, e.g.
via the internet, disturbs the relaxation or invigoration
experienced by the music listening.

[0119] Since a hearing device, such as a hearing aid or an
earphone, could be provided with EEG electrodes for other
purposes, the EEG signals could also be used to determine
how much the wearer likes the music presently being played.
By analysing features of liked and non-liked music, the
hearing device could then predict features of likable music
and search available music resources—such as the inter-
net—for random music having such features and add found
music to the collection.

[0120] Several studies were made that indicate that there
is a correlation between listened-to music and EEG signals.
Also, algorithms are known that suggest new music based on
previously played (and supposedly liked) music. These
could be combined in a hearing device provided with EEG
electrodes, in a binaural system comprising such hearing
devices, and/or in a smartphone connected to such hearing
device(s).

[0121] A further aspect of the present disclosure deals with
hearing instrument with implantable EEG electrode. The use
of EEG electrodes is discussed in other parts of the present
disclosure, which may be combined with any part of this
aspect in whole or in parts.

[0122] Establishing good contact with skin for an EEG
electrode embodied in an In-The-Ear or Behind-The-Ear
hearing instrument is challenging. Moreover it is also chal-
lenging to achieve sufficient distance between the elec-
trodes. Therefore it is an advantage to improve signal
reception, as signals received by an EEG electrode may be
weak and/or noise filled. Thus, an implantable hearing
instrument is advantageously connected or connectable to
one or more BEEG electrodes that may be positioned under
the skin at positions where they will be able to achieve
appropriate signal conditions.
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[0123] For a bone-anchored hearing instrument, there
could be a number of electrodes connected to a titanium
anchor of the bone-anchored instrument, which may then be
positioned in a star shape around the titanium anchor in the
implanted state. Similar positions for a cochlear implant
could be envisioned, with approximately similar location/
distribution as in the case of a titanium anchor.

[0124] For implantable hearing instruments and middle
ear prostheses, the electrodes are best placed or positioned
on the ear canal surface near the implantable instrument or
prosthesis and around the microphone in a configuration
similar to the titanium anchor or cochlear implant case
above.

[0125] This part of the present disclosure may be charac-
terised by the following items:

[0126] 1. Ahearing instrument connectable to an implant-
able EEG electrode, wherein the implantable EEG electrode
is configured to be placed under the skin at the head of a user.
[0127] 2. The hearing instrument according to item I,
wherein the hearing instrument is a bone anchored instru-
ment or cochlear implant.

[0128] 3. The hearing instrument according to item 1 or 2,
wherein a plurality of implantable EEG electrodes are
connected to the hearing instrument.

[0129] 4. The hearing instrument according to item 2 or 3,
wherein one or more of the EEG electrodes are connected to
a titanium anchor of the bone anchored instrument.

[0130] 5. The hearing instrument according to item 2 or 3,
wherein one or more of the EEG electrodes are connected to
a lead of a cochlear implant.

[0131] 6. The hearing instrument according to any one of
items 2-4, wherein one or more of the EEG electrodes are
configured to be arranged in a star-pattern around the
hearing instrument in an implanted state.

[0132] 7. The hearing instrument according to any one of
items 1-6, wherein the EEG electrode or EEG electrodes are
configured to be placed at the ear canal surface near the
implantable instrument or prosthesis.

[0133] In a still further aspect the present disclosure
presents eye-movement tracking from in-ear devices.
[0134] Observation of a person’s eyes can be used to
provide information about the cognitive state of the person,
and also provides a means for the person to control external
devices. Examples of the former are frequency and duration
of eye blinks, which can be used to indicate cognitive load,
fatigue or sleepiness (e.g. Caffier et al 2003). Examples of
the latter are direction and change of direction of gaze,
which can be used to interact with and control electronic
devices (e.g. Singh & Singh 2012).

[0135] Common techniques for recording eye blink and
gaze activity include video-based eye-tracking (e.g. Bergasa
et al 2006) and EOG (Electrooculography) (Singh & Singh
2012). The former technique requires video equipment,
either stationary or body-mounted, the most compact
example to date being mounted on an eyeglass-like device.
The latter technique requires a plurality of electrodes in
contact with the scalp. The most compact examples to date
encompass lightweight skeleton headsets. None of the cur-
rent solutions for recording eye activity enable cosmetically
acceptable forms of device, thus limiting their application to
artificial or highly constrained situations.

[0136] When measuring EEG, EOG is an unavoidable
artifact arising from the electrical signals generated by the
electrical potential differences between the back of the
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eyeball (the retina) and the front (the cornea). Due to the
large negative potential of the optic nerve, exiting the eye at
the retina, the eyeball forms a large electrical dipole gener-
ating changes in the electrical potentials when moved.
Shifting gaze is associated with horizontal and vertical
movement of the eyes. Also during eye blink, the eyeballs
are turned upwards which, together with the muscle activity
required to close and open the eyelids, generate very distinct
patterns in the EEG, larger in magnitude than the brain EEG
itself. Due to the large amplitude of the eye movements,
these are often identified and removed using techniques such
as independent component analysis, before analyzing the
EEG. The same technique can instead be applied to extract
the EOG from the EEG for further analysis of the eye
movements.

[0137] It has been demonstrated that EEG signals of
usable quality can be obtained from closely-spaced elec-
trodes placed within the human outer ear canal. By com-
bining this technology with signal processing algorithms in
a small in-ear device, it is possible to detect eye activity such
as blinks and changes of gaze direction. FIG. 8 illustrates an
example of the EEG and the EOG that can be extracted from
it, based on independent components analysis for an elec-
trode position frontally, close to the eyes, and an electrode
on the side of the head near the right ear. From FIG. 8 it is
evident that it is possible to identify both blinks and gaze
shifts based on the EEG near the right ear. Simple detection
algorithms can be applied to detect the blinks, seen as large
spikes of activity, and gaze shift, seen as intervals of baseline
shifts, to compute features such as gaze and blink rate,
direction, and duration.

[0138] Combining the EEG recording in-ear device with
wireless data transmission to remote devices, actions can be
initiated dependent on the detected state of blinking or eye
movements, such as warnings of fatigue or control of
arbitrary apparatus. With the addition of sound-producing
components to the in-ear device, it becomes possible to
make an unobtrusive, self-contained system capable of issu-
ing warnings to the wearer when he/she is approaching or is
in a state deserving of attention, such as a state of fatigue or
drowsiness. Furthermore, if the device is a communication
device such as a hearing aid, it becomes possible to control
the behaviour of the device by deliberate blinking or gaze
direction, or on the basis of the detected cognitive state.

[0139] The wearer’s cognitive state could be distinguish-
able states categorised as: drowsy, alert, awake, sleeping,
calm, stressed. Further or alternative categories may be
envisioned. One or more threshold values or set or sets of
threshold values may be used for determining which state
the user is in.

[0140]

[0141] 1. A communication device worn in or on the ear,
which could be a hearing aid or a telephone headset. The
device is equipped with EEG electrodes and includes eye-
activity detection algorithms. This device could issue
audible warning to the user in case of undesirable cognitive
state (e.g. drowsiness) being detected, or change its mode of
action dependent on the detected cognitive state, for
example increase the degree of microphone directivity or
noise reduction when cognitive load is high. Given wireless
data transmission capabilities, it could relay information
about the wearer’s cognitive state to remote devices and
people (work supervisors, care-givers etc.)

Two examples:
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[0142] 2. A communication device worn in or on the ear,
such a device could be a hearing aid or a telephone headset.
BEquipped with EEG electrodes and including eye activity
detection algorithms, this device could be controlled by
deliberate patterns of eye-blinking by the user. For example,
if devices are in both ears and there is communication
between the two devices, blink the left eye to steer direc-
tional microphones to the left and vice versa.

[0143] Additionally, if the user is wearing such a device in
both ears, communication of EEG signal parameters, pre-
liminary decisions, or raw EEG signals between the two
devices could be used to improve the accuracy and reliabil-
ity of eye activity classification.

[0144] The EEG electrode or EEG electrodes may be
positioned in or at an ear, e.g. in the ear canal or behind the
ear, on the skin of the user, e.g. at an area of the skin behind
the ear or near the temple, implanted under the skin, or any
other suitable place depending on the type of EEG electrode
used.

[0145] This part of the present disclosure may be charac-
terized by the following items:

[0146] 1. A communication device comprising an EEG
electrode configured to receive electrical signals represent-
ing eye activity of a wearer, a processor configured for
analysing the electrical signals representing eye activity so
as to detect eye movement pattern, the processor further
configured to operate the communication device based on
the detected pattern.

[0147] 2. The communication device according to item 1,
further comprising a memory device storing a number of eye
movement patterns and corresponding operation instruc-
tions, the processor configured to select from the number of
operation instructions based on the detected pattern.
[0148] 3. A communication device comprising an EEG
electrode configured to receive electrical signals represent-
ing eye activity of a wearer, a processor configured for
analysing the electrical signals representing eye activity so
as to detect eye movement pattern, the processor configured
to determine a cognitive state of a user based on the detected
eye movement pattern, an alarm device in communication
with the processor, the processor configured to operate the
alarm in respouse the determined cognitive state.

[0149] 4. The communication device according to item 3,
wherein the cognitive states are classified as: deserving of
attention or not deserving of attention, and the processor is
configured to operate the alarm device when a shift from not
deserving of attention state to a deserving of attention state
is detected.

[0150] 5. A method of operating a communication device
comprising an EEG electrode configured to receive electri-
cal signals representing eye activity of a wearer and a
processor, the method comprising:

[0151] processing signals from the EEG electrode to
classify eye activity,

[0152] determining, using the processor, if changes to
the operating state of the communication device is
required based on the classification of eye activity,
operating the communication device accordingly.

[0153] 6. The method according to item 5, wherein the
communication device further comprises an alarm device,
and the method further comprises: provided the classifica-
tion of the eye activity results in determination of a state
being classified as deserving of attention, operating the
alarm device accordingly.
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[0154] 7. The method according to item 5, wherein the
communication device comprises a directional microphone
system having adaptable directionality, the method com-
prises:

[0155] operating the directional microphone system

based on the classification of the eye activity.

[0156] 8. The method according to item 7, wherein the
classification of the eye movement includes classifying eye
movement as left and/or right shift in directionality of
directional microphone system.
[0157] These and other items may be combined with any
features mentioned through out the present disclosure.
[0158] 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 following claims and
equivalents thereof. In addition, the embodiments of the
invention may be combined together to form a wide variety
of hearing assistance devices.
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1. A hearing aid device comprising:

an input for receiving a sound signal to be processed and
presented to a user, and an output for outputting a signal
to a user perceivable as sound,
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a processor for processing the sound signal in dependence
of a setting or a set of settings to compensate a hearing
loss profile, and

a bio-signal acquisition and amplifier component com-
prising at least one of the following for acquiring an
EEG signal:
an ear EEG electrode configured to be inserted into an

ear canal or on a skin-part of the head of a wearer,
an implantable EEG electrode configured to be placed
under the skin at the head and/or skull of a wearer,
and
an implantable EEG electrode configured to be placed
on the ear canal, and

wherein the bio-signal acquisition and amplifier compo-
nent is configured to extract an EOG signal based on
the EEG signal for identifving eye movements of the
wearer.

2. The hearing aid device according to claim 1, wherein
the bio-signal acquisition and amplifier component com-
prises an ear EEG electrode comprised in a mould config-
ured specifically for the wearer’s ear canal.

3. The hearing aid device according to claim 1, wherein
the bio-signal acquisition and amplifier component is in
communication with a user interface for providing the
bio-signals as input to the user interface, the user interface
controlling the setting or set of settings for operation of the
hearing aid device.

4. The hearing aid device according to claim 1, wherein
the bio-signal acquisition and amplifier component identifies
intended space gestures based on the eye movements.

5. The hearing aid device according to claim 1, wherein
the bio-signal acquisition and amplifier component is further
configured to analyze brain activity signals from the EEG
signal.

6. The hearing aid device according to claim 1, wherein
the bio-signal acquisition and amplifier component com-
prises two EEG electrodes, the bio-signal acquisition and
amplifier component being configured to perform indepen-
dent component analysis on the respective EEG signals from
the two EEG electrodes to extract the EOG signal.

7. A system comprising two hearing aid devices according
to claim 1, wherein each hearing aid device is configured to
be placed behind or at an ear of the wearer and each
bio-signal acquisition and amplifier component comprises
an ear EEG electrode configured to be inserted in a respec-
tive ear canal of a wearer.

8. A method of controlling a hearing aid device that
includes an input for receiving a sound signal to be pro-
cessed and presented to a user, an output for outputting a
signal to a user perceivable as sound, a processor for
processing the sound signal in dependence of a setting or a
set of settings to compensate a hearing loss profile, and a
bio-signal acquisition and amplifier component comprising
at least two EEG electrodes, the method comprising:

obtaining respective EEG signals via the at least two EEG
signals in the bio-signal acquisition and amplifier com-
ponent;

performing independent component analysis on the
respective EEG signals to extract an EOG signal; and

controlling the hearing aid device on the basis of the EOG

signal.



[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

KRN

IPCHRS

CPCH%E=

L5
S\EReERE

BE@®F)

ERFSRBEERE, IHENRETUSEATRERELEHZNEA
FHEEESHRA , URATRAEENESHHATRIANEZTH ot

RPHEE, BT EALERFRERTIMET HIREBRE — 7
F-ARERLEFFESRKITIMAE, A, BERZTUSE

BERRIItEHEO BT R

US20190327570A1 K (AE)B
US16/504060 FER
BUEERRA T

OTICONA/S

OTICONA/S

PONTOPPIDAN NIELS HENRIK
LUNNER THOMAS

PEDERSEN MICHAEL SYSKIND
HAUSCHULTZ LARS IVAR
KOCH POVL

NAYLOR GRAHAM

PETERSEN ELINE BORCH

PONTOPPIDAN, NIELS HENRIK
LUNNER, THOMAS

PEDERSEN, MICHAEL SYSKIND
HAUSCHULTZ, LARS IVAR
KOCH, POVL

NAYLOR, GRAHAM

PETERSEN, ELINE BORCH

patsnap

2019-10-24

2019-07-05

HO04R25/00 A61B5/0478 GO6K9/00 A61B5/0484 A61B5/00 GO6F3/01 A61B5/12 A61B5/16

HO04R25/552 GO6F3/013 GO6F3/015 A61B5/746 A61B5/165 H04R2225/41 H04R25/505 H04R25/70
A61B5/048 A61B5/04845 H04R25/453 H04R25/40 H04R2225/67 H04R2225/43 A61B5/6817 A61B5
/121 H04R25/305 A61B5/0478 G06K9/00604 HO4R2225/61 HO4R25/00 A61B5/0482 A61B5/4836

H04R25/606 A61B5/6868

2013172066 2013-06-14 EP

Espacenet USPTO

Focused Feature Extraction

Artifact Rejectinn
?msmm
e
X {without Adifacs)

SAFEOBENENESHKRANRARZAN  ATHENESENR

ARBSGA/ED  ZAFBROZEFBERENEENRERRES,

o

Determination of Focusing Level

Comgeine ¥ o BFE

e

Average FFy
i Tuitial 16 Seconds


https://share-analytics.zhihuiya.com/view/19a6d8ba-9637-44c7-9e35-44aeb7132f6d
https://worldwide.espacenet.com/patent/search/family/050841677/publication/US2019327570A1?q=US2019327570A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190327570%22.PGNR.&OS=DN/20190327570&RS=DN/20190327570

