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Description

[0001] The present invention relates to a hearing as-
sistive system, comprising a personal communication
device and at least one head-worn device. The invention,
more particularly, relates to a method for handling audio-
based communication between the personal communi-
cation device and the at least one head-worn device, and
a method of controlling the head-worn device remotely
from the personal communication device.
[0002] The purpose of the invention is to provide a
hearing assistive system for controlling the radio-fre-
quency signal transmission from a head-worn device.
[0003] US-2008/268776 A1 describes a method of se-
cure pairing of Bluetooth devices. The Bluetooth stand-
ards group offers a Secure Simple Pairing procedure in-
tended to better protect the Bluetooth pairing process
against passive eavesdropping attacks and man-in-the-
middle (MITM) attacks. It is disclosed how a first Blue-
tooth device (mobile phone) sends a series of audio tones
over an audio channel to the second Bluetooth device
(earpiece). The series of audio tones represents a veri-
fication value (e.g., a numeric value as defined by the
Secure Simple Pairing protocol). The first Bluetooth de-
vice then determines whether the series of tones sent to
the second Bluetooth device corresponds to a verification
value independently computed by the second Bluetooth
device. The user in notified about a mismatch and he
may abort the paring according to this.
[0004] US-2010/227549 A2 discloses a method for
sharing a PIN between BluetoothTM devices that share
audio generation and reception in advance of Blue-
toothTM pairing. The acoustic transfer of the PIN occurs
before any radio-based pairing or other radio communi-
cations activity. A button or sequence of button activa-
tions is commonly used to signal to each device that the
user intends to begin the pairing process. PIN based pair-
ing is a part of the original pairing procedure available in
the Bluetooth Specification Version 2.
[0005] US-2008/162937 A1 discloses a method for ex-
changing strong encryption keys between devices using
audio tones for an out-of-band encryption key exchange
during pairing, e.g. according to the Bluetooth protocol.
The pairing mode is initiated by pressing the power button
on the headset for a predetermined period of time. The
out-of-band authentication is e.g. a part of the Secure
Simple Pairing procedure available in the Bluetooth
Specification Version 2.1.
[0006] WO 2015/030783 A1 discloses to emit an inau-
dible (to the human ear) high-pitched coded tone from
one davice to another device, which is in the airplane
mode. Once the other device detects this tone being emit-
ted, it can deactivate its airplane mode setting.
[0007] The present invention is defined in the inde-
pendent claims. The dependent claims define embodi-
ments of the invention.
[0008] According to the invention there is provided a
hearing assistive system, comprising a personal commu-

nication device and a head-worn device. The personal
communication device has a user interface being adapt-
ed for user interaction, a processor controlling the user
interface and being adapted to run an application pro-
gram, a short-range radio, and an output transducer. The
head-worn device having an input transducer adapted
for converting sound into an electric signal applied to a
processor outputting a modified audio signal via an out-
put transducer. The application program is adapted to
generate and output a data packet on an audio carrier
via the output transducer. The head-worn device has an
audio signaling block for detecting and decoding the data
packet received by the input transducer. The head-worn
device comprises a controller for controlling the operation
of a short-range radio. The audio signaling block is adapt-
ed to detect a radio pair command included in the data
packet, and to instruct the controller to enter pairing mode
for the short-range radio, from a radio disabled mode, at
which the short range radio is disabled.
[0009] In one embodiment, the head-worn device is a
hearing assistive device, and the processor is configured
to compensate a hearing loss of the hearing assistive
device user.
[0010] According to the invention there is further pro-
vided a method of controlling a head-worn device remote-
ly from a personal communication device. The personal
communication device has a user interface being adapt-
ed for user interaction, a processor controlling the user
interface and being adapted to run an application pro-
gram, a short-range radio, and an output transducer. The
head-worn device comprises an input transducer adapt-
ed for converting sound into an electric signal applied to
a processor outputting a modified audio signal via an
output transducer, an audio signaling block for detecting
and decoding the data packet received by the input trans-
ducer, and a controller for controlling the operation of a
short-range radio. The method comprises generating
and outputting a data packet on an audio carrier via the
output transducer of the personal communication device;
and receiving the data packet in head-worn device. The
audio signaling block is adapted to detect a radio pair
command included in the data packet, and to instruct the
controller to bring the short-range radio into pairing mode
from a radio disabled mode, at which the short range
radio is disabled.
[0011] According to an example not falling under the
scope of the claims there is provided a head-worn device
has an input transducer adapted for converting sound
into an electric signal applied to a processor, the proc-
essor being configured to output a modified audio signal
via an output transducer. The head-worn device further
comprises a short-range radio controlled by a controller,
and an audio signaling block for detecting and decoding
a data packet sent via an audio carrier and received by
the input transducer. The audio signaling block is adapt-
ed to detect a radio pair command included in the data
packet, and to instruct the controller to bring the short-
range radio into pairing mode, accordingly.
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[0012] Further examples - of which some are not falling
under the scope of the claims - will be described in further
detail with reference to the accompanying drawing, in
which:

fig. 1 illustrates schematically a first example of a
hearing assistive system, comprising a personal
communication device and a head-worn device;

fig. 2 illustrates an example of a personal communi-
cation device having a processor for running an ap-
plication program;

fig. 3 illustrates an example of a head-worn device
having an audio signaling block;

fig. 4 illustrates that an example of the hearing device
may assume several modes;

fig. 5 illustrates the communication paths between a
personal communication device and two head-worn
devices;

fig. 6 illustrates the structure of a data packet on an
audio carrier used for communication;

fig. 7 illustrates a two-way communication session
between a personal communication device and one
head-worn device; and

fig. 8 illustrates as flow chart for the transmission
process in the two-way communication session as
illustrated in fig. 7.

DETAILED DESCRIPTION

[0013] According to an example, there is provided a
head-worn device 20, preferably embodied as a hearing
assistive device being adapted to at least partly fit into
the ear of the wearer and amplify sound. Hearing assis-
tive devices include Personal Sound Amplification Prod-
ucts and hearing aids. Both Personal Sound Amplifica-
tion Products (PSAP) and hearing aids are small elec-
troacoustic devices which are designed to process, am-
plify or limit sound for the wearer. Personal Sound Am-
plification Products are mostly off-the-shelf amplifiers for
people with normal hearing who need a little adjustment
in volume (such as during hunting, concerts or bird watch-
ing).
[0014] Reference is made to fig. 1, which schematically
illustrates a first example of a hearing assistive system,
comprising a personal communication device 10 and a
head-worn device 20. The head-worn device 20 accord-
ing to the example shown in fig. 1 is a hearing aid or a
hearing assistive device. The personal communication
device 10 may e.g. be a smartphone with an advanced
mobile operating system that combines features of a per-
sonal computer operating system with features useful for

mobile or handheld use.
[0015] The head-worn device 20 or the hearing assis-
tive device has at least one input transducer or micro-
phone 24 picking up an audio signal and transforming it
into an analog signal. An analog-to-digital converter 22
(e.g. a delta sigma converter) receives the analog signal
and provides a digital signal for a digital signal processor
21. The digital signal processor 21 is preferably a spe-
cialized microprocessor with its architecture optimized
for the operational needs of digital signal processing, and
in the illustrated example the processor 21 is adapted for
amplifying and conditioning of the audio signal intended
to become presented for the hearing aid user. The am-
plification and conditioning is carried out according to a
predetermined setting stored in a non-volatile memory 7
(e.g. an EEPROM) in order to alleviate a hearing loss by
amplifying sound at frequencies in those parts of the au-
dible frequency range where the user suffers a hearing
deficit.
[0016] According to the illustrated example the proc-
essor 21 outputs a digital signal fed to a digital output
stage 23 and an output transducer or a speaker 25. The
speaker 25 may be driven as a class D amplifier by the
one-bit digital data stream received.
[0017] The hearing assistive device includes a control-
ler 27 which according to the illustrated example is con-
trolling the operation of a short-range radio 28 and a mag-
netic induction radio 29. The short-range radio 28 is pref-
erably operating according to the Bluetooth™ protocol.
Bluetooth™ is a wireless technology standard for ex-
changing data over short distances using the ISM band
from 2.4 to 2.485 GHz. Bluetooth™ is widely used for
short-range communication, for building personal area
networks (PAN), and is employed in most mobile phones.
Bluetooth™ Low Energy (BLE) has a fixed packet struc-
ture with two types of packets; Advertising and Data. The
data packets may contain payload as audio for audio
streaming or instructions for programming the hearing
assistive device. Programming includes two different as-
pects - acoustic programming refers to setting parame-
ters (e.g. gain and frequency response) affecting the
sound output to the user, which carries risk of potentially
damaging the residual hearing by making wrong settings;
and operational programming refers to settings which do
not affect the sound significantly, such as volume control
and selection of environmental programs.
[0018] The hearing aids 20 according to the illustrated
example are provided to a hearing-impaired user as a
set of binaural hearing aids. The magnetic induction radio
29 provides a low power communication channel for an
inter-ear communication between the two hearing aids
20. The magnetic induction radio 29 may operate as a
Near-Field Magnetic Induction (NFMI) communication
system as known for WBAN systems and may apply FSK
modulation, which is a frequency modulation scheme in
which digital information is transmitted through discrete
frequency changes of a carrier signal. The operational
range for magnetic induction radios 29 is relatively short;
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less that 1-2 meters, and with low power as used in hear-
ing assistive devices, the range may preferably be in the
range of 20-30 cm. The standard modulation schemes
used in typical RF communications (amplitude modula-
tion, phase modulation, and frequency modulation) can
be used in near-field magnetic induction system. As an
alternative to FSK modulation, PSK modulation or m-ary
FSK modulation may be applied. FSK modulation will be
robust even in the absence of line of sight between the
transmitter and the receiver, while PSK modulation will
have a better modulation form for specific use cases. The
magnetic induction radio 29 may be used for exchanging
audio between the binaural hearing aids 20, for exchang-
ing control parameters between the binaural hearing aids
20, or for synchronizing the binaural hearing aids 20.
[0019] Furthermore, the processor 21 incorporates ac-
cording to one example an audio signaling block (ABS)
26 for detecting and decoding one or more data packets
received by the input transducer 24. In another example,
the audio signaling block 26 is adapted for modulating
and coding one or more data packets originated from the
processor 21 and to be output from the head-worn device
20 via the digital output stage 23 and the output trans-
ducer or speaker 25.
[0020] The head-worn device 20 includes a replacea-
ble battery 6 for powering the electronic components. A
push button 5 is illustrated for switching the power on
and off. In practice the powering on and off is controlled
by opening and closing a battery door present in the hous-
ing of the head-worn device 20. The head-worn device
20 furthermore includes a push button switch 8 providing
the user interface for controlling the operation of the
head-worn device 20. The function of the push button
switch 8 depends on the current mode of head-worn de-
vice 20.
[0021] The personal communication device 10 may as
mentioned earlier be able to communicate with the head-
worn device 20 via respective radios supporting e.g.
Bluetooth communication, and in addition to this, the per-
sonal communication device 10 is according to one ex-
ample able to transmit a signal 40 based upon an acoustic
coding scheme to the head-worn device 20. In one ex-
ample, the head-worn device 20 may provide a response
signal 41 to the personal communication device 10 based
upon a similar acoustic coding scheme as indicated with
the arrows 40 and 41 in fig. 1.
[0022] Fig. 2 illustrates the basic elements of a person-
al communication device 10. The personal communica-
tion device 10 includes a general-purpose processor 11,
which is a central processing unit (CPU) that carries out
the instructions of a computer program by performing the
basic arithmetic, logical, control and input/output (I/O)
operations specified by the instructions. The general-pur-
pose processor 11 is associated with memory 16 forming
a computer-readable storage medium having computer-
executable instructions.
[0023] The personal communication device 10 in-
cludes a microphone 14 for picking up audio, primarily

speech, and generating an electronic representation for
the audio signal to be fed to the general-purpose proc-
essor 11. As modern smartphones are multi-radio devic-
es having radio interfaces towards cellular networks as
GSM, WCDMA and LTE, short-range networks as WLAN
and Bluetooth™, and for positioning as GPS, the person-
al communication device 10 includes a connectivity man-
ager 18 managing telephone calls, data transmission and
data receiving via a multi-mode radio including a short-
range radio 13. The personal communication device 10
includes a user interface 12, such a touchscreen, ena-
bling the user to interact directly with what is displayed.
[0024] Fig. 2 illustrates that user interface 12 displays
a screen shot for a hearing aid control app 19a including
the audio modulator according to an example. The
screen shot for the hearing aid control app 19a includes
a header 12a informing the user about the hearing aid
program currently selected, here "Music stream". The us-
er may select the appropriate program by swiping and
tapping the control area comprising the header 12a. The
list of available hearing aid programs includes traditional
hearing aid programs optimized for specific listening sit-
uations, streaming programs for streaming audio, tele-
phone conversation or music from the personal commu-
nication device 10 to the head-worn device 20, and a
specific flight mode program where the short-range radio
link between the personal communication device 10 and
the head-worn device 20 is shut down. The screen shot
for the hearing aid control app 19a includes further con-
trols, often hearing aid program dependent. A volume
control area 12b indicates the current volume by means
of a movable bar informing the user about the current
volume level relative to the volume range permitted for
user adjustment and marked by a triangle permitting the
user to slide the movable bar between min and max of
the permitted volume range. A hearing aid program con-
trol area 12c permits the user to stop the music stream.
The user may select the appropriate program by swiping
and tapping the hearing aid program control area 12c.
[0025] The personal communication device 10 in-
cludes a speaker 15 for output delivered from the general-
purpose processor 11.
[0026] The memory 16 is illustrated as one unit, but a
man skilled in the art is aware that a computer memory
comprises a volatile memory part acting as working mem-
ory (Random-Access Memory) and requiring power to
maintain the stored information, and a non-volatile mem-
ory part (e. g. Read-Only Memory, flash memory) in which
stored information is persistent after the personal com-
munication device 10 has been powered off.
[0027] The memory 16 may contain computer-execut-
able instructions for a plurality of application programs
19 (apps) including an audio modulation app 19a. The
application programs 19 may be downloaded from an
app store on a remote server or pre-stored in the personal
communication device 10 from factory. The general-pur-
pose processor 11 runs the computer-executable in-
structions for the audio modulation app 19a and provides
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an application program having a user interface 12 being
adapted for user interaction. The audio modulation app
19a includes computer-executable instructions for gen-
erating a command, often in response to a user interac-
tion, embedding the command in data for at least one
data packet 70, modulating the data according to a pre-
determined acoustic coding scheme, and outputting the
data packet 70 on an audio carrier via the output trans-
ducer 15 intended for the head-worn device 20. The com-
mand contained in the data packet 70 controls the mode
of the head-worn device 20. According to the example,
the command contained in the data packet 70 controls
the mode of a radio of the head-worn device 20.
[0028] One example for a data packet 70 is illustrated
with reference to fig. 6. The data packet 70 comprises
control information and user data, which is also known
as the payload. The control information may preferably
be a header 71, e.g. a sync word or a preamble used to
synchronize a data transmission and being a known se-
quence of data used to identify the start of a frame. The
payload 72 may contain predetermined commands in-
structing the head-worn device 20 to perform predeter-
mined actions upon reception of the command. The pay-
load 72 may also contain instructions to store transmitted
data in specified memory locations of the head-worn de-
vice 20. Furthermore, the data packet 70 includes in the
illustrated example a cyclic redundancy check (CRC)
segment 73 comprising an error-detecting code adapted
for detecting accidental changes to raw data. The data
packet 70 has a short check value attached, based on
the remainder of a polynomial division of their contents.
On retrieval, the calculation is repeated and, in the event
the check values do not match, corrective action can be
taken against data corruption.
[0029] Fig. 3 illustrates an example of a head-worn de-
vice 20 comprising the audio signaling block 26. The au-
dio signaling block 26 receives the signal picked up by
the microphone 24 and converted into a digital represen-
tation by the analog-to-digital converter 22 from a branch
from the signal path in the processor 21. In the illustrated
example, Frequency-Shift Keying (FSK) is applied as a
modulation scheme in which digital information is trans-
mitted through discrete frequency changes of a carrier
signal.
[0030] At the input of the audio signaling block 26, a
DC filter 31 removes DC offset present in the digital sig-
nal. A mixer 32 removes a carrier frequency by mixing
down the received signal to base band. Preferably, the
carrier frequency is predefined in the range of 8 - 18 kHz
ensuring that the data packet 70 is present at a sufficiently
high frequency in order not to disturb the environment by
making an annoying sound and in order that the data
packet 70 is present at a sufficiently low frequency so a
hearing aid microphone 24 and smartphone speaker 15
and/or microphone 14 can pick up or, respectively, output
the sound. Preferably, the mixer 32 creates an in-phase
(I) component as well as a quadrature (Q) component
being shifted 90° in phase relatively to the in-phase (I)

component.
[0031] An FSK demodulator 33 receives the in-phase
(I) component and the quadrature (Q) component and
uses a conventional matched filter approach in FSK to
detect which frequency the incoming signal has. Prefer-
ably, the received signal is mixed with the possible signal
frequencies, and the resulting signal with the highest lev-
el corresponds to the transmitted frequency. The highest
magnitude for the various frequencies is selected and
the corresponding symbol is assigned.
[0032] An FSK detector 34 is adapted to detect the
start of the data packet 70 based on the data contained
in the header 71, to validate an error free reception based
upon the error-detecting code contained in the cyclic re-
dundancy check (CRC) segment 73, and to take correc-
tive action against data corruption if possible. When the
data packet 70 has been successfully detected, the FSK
detector 34 extracts the payload 72 and supplies data to
a controller 27. The controller 27 translates the data re-
ceived from the FSK detector 34 into commands to per-
form predetermined actions or into instructions to store
transmitted data in specified memory locations of the
head-worn device 20.
[0033] The audio modulation app 19a of the personal
communication device 10 has a modulator for modulating
audio data signals targeted for the head-worn device 20.
The audio signaling block 26 of the head-worn device 20
demodulates the audio data signal and extracts the con-
tent. The audio signaling block 26 of the head-worn de-
vice 20 has a modulator for modulating audio data signals
targeted for the personal communication device 10. For
this purpose, the audio modulation app 19a of the per-
sonal communication device 10 has demodulation facil-
ities for demodulating the audio data signal and extract-
ing the content. Hereby a return way for remote control
commands is established, and the head-worn device 20
may acknowledge that a command has been received
successfully and that the instructions have been carried
out. The personal communication device 10 may retrans-
mit a command if the head-worn device 20 has not ac-
knowledged the reception of an original command within
a predetermined period of time.
[0034] The example is also applicable in a fitting situ-
ation as the personal communication device 10 transmits
data packets to the head-worn device 20. The data pack-
ets 70 contain instructions to store transmitted data in
specified memory locations of the head-worn device 20.
The transmitted data comprise settings by which the
processor 21 is adapted to alleviate a hearing loss by
amplifying sound at frequencies in those parts of the au-
dible frequency range where the user suffers a hearing
deficit. The personal communication device 10 succes-
sively transmits programming data packets 70, for each
packet awaiting a responding data package from the
head-worn device 20 verifying that the previous program-
ming data packet 70 has been successfully received and
handled.
[0035] When the controller 27 identifies a need for
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sending a message to the personal communication de-
vice 10, a response unit 35 is instructed to prepare an
appropriate command for a data packet 70. The data
packet 70 is then transferred to a modulator 36 providing
the audio FSK modulation. The audio FSK modulated
data packet 70 is added to the output from the DSP proc-
essor 21 in a summation point 37, and thereafter con-
verted to sound by means of the output stage 23 and the
speaker 25.
[0036] The audio signaling block 26 includes a detector
block (the DC filter 31, the mixer 32, the FSK demodulator
33, and the FSK detector 34) adapted to detect and de-
code the data packet (70) received by the input trans-
ducer (24); and a response block (response unit 35 and
the modulator 36) adapted to generate a data packet (70)
modulated on an audio carrier and output via the output
transducer (25).
[0037] The commands from the personal communica-
tion device 10 may include a radio control command,
such as a "radio disable command" or a "radio enable
command". These commands control the radios of the
head-worn device 20. In one example, the short-range
radio 28 is a Bluetooth radio with a 10-meter range, and
thereby compelled by the guidelines from Federal Avia-
tion Administration to be suspended in certain situations
(The U.S. Department of Transportation’s Federal Avia-
tion Administration (FAA) announced in 2013 that it has
been determined that airlines can safely expand passen-
ger use of Portable Electronic Devices (PEDs) during all
phases of flight.). The magnetic induction radio 29 has a
significantly shorter range and the inter-ear communica-
tion between two head-worn devices 20 will therefore not
have to be suspended according to the guidelines from
Federal Aviation Administration. When the head-worn
devices 20 in a radio enabled mode 60 (e.g. normal hear-
ing aid mode), as illustrated with reference to fig. 4, re-
ceive a "radio disable command", the controller 27 sus-
pends or disables the short-range radio 28 and enters a
radio disabled mode 62 (e.g. the flight mode) as indicated
by the arrow 64. The head-worn device 20 stays in this
mode until the controller 27 receives a "radio enable
command" from the audio signaling block 26. Then the
controller 27 enables the short-range radio 28 and enters
the radio enabled mode 60 as indicated by the arrow 63.
[0038] According to one example, the audio modula-
tion app 19a is controlled by the connectivity manager of
the personal communication device 10. When the user
turns the personal communication device 10 into flight
mode as prescribed by guidelines from Federal Aviation
Administration, the audio modulation app 19a interprets
the mode change of the personal communication device
10 as a trigger for automatically instructing the head-worn
device 20 to follow the mode change by automatically
sending a "radio disable command". Hereby the head-
worn device 20 follows the mode of the personal com-
munication device 10 and enters and leaves automati-
cally the radio disabled mode 62 without any head-worn
device 20 dedicated user interaction.

[0039] When a user receives a new head-worn device
20 and he intends to pair a personal communication de-
vice 10 to the head-worn device 20, according to one
example , the user downloads an app having an audio
signaling block 26 according to the example and the user
initiates the transmission of a "radio pair command".
The head-worn device 20 will while un-paired be in the
radio disabled mode 68.
[0040] When the audio signaling block 26 detects a
"radio pair command" included in the data packet 70,
the controller 27 initiates a pairing mode 61 for the short-
range radio link between the personal communication
device 10 and the head-worn device 20. The entering of
paring mode is indicated with an arrow 66 and is initiated
from the radio disabled mode 68. Hereby it becomes eas-
ier to pair the two devices, as the head-worn device 20
no longer needs to be re-booted to initiate paring mode
61. The head-worn device 20 remains in pairing mode
61 for a predetermined period of time, e.g. 2 minutes, or
until pairing has been completed. If pairing was success-
ful, the head-worn device 20 enters the radio enabled
mode 60 as indicated by an arrow 65. If no pairing has
been achieved after the predetermined period of time,
the head-worn device 20 resumes the radio disabled
mode 68 as indicated by an arrow 67.
[0041] It is also possible for the head-worn device 20
to enter pairing mode 61 from the radio enabled mode
60 in case the user indicates via the app that he intends
to pair the head-worn device 20 with an additional per-
sonal communication device 10. The "radio pair com-
mand" may in one example include a user ID previously
linked to and known by the personal communication de-
vice 10.
[0042] According to one example , the reception of a
radio control command will cause the processor 21, when
the contained instruction has been executed, to retrieve
a pre-recorded or pre-synthesized speech sequence
from an associated memory 7 of the head-worn device
20 and play the speech sequence via the speaker 25
verifying for the user that the instruction has been exe-
cuted. The "radio disable command" may have an as-
sociated speech sequence output saying: "flight mode
has been entered".
[0043] Fig. 5 illustrates the communication paths be-
tween the personal communication device 10 and the
two head-worn devices 20-Left and 20-Right according
to one example . The two head-worn devices 20-Left and
20-Right each includes the magnetic induction radio 29
(fig. 1) being responsible for the inter-ear communication
75 between two head-worn devices 20. The inter-ear
communication 75 is not regulated by the flight mode
guidelines from Federal Aviation Administration and may
therefore be mode independent and enabled whenever
the two head-worn devices 20-Left and 20-Right are in
operation.
[0044] The short-range radio link 76 and 77 between
the personal communication device 10 and the respec-
tive one of the two head-worn devices 20-Left and 20-
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Right is in one example provided by respective Bluetooth
radios, and thereby required by the guidelines from Fed-
eral Aviation Administration to be suspended. The short-
range radio links 76 and 77 are mode dependent and will
be enabled when the personal communication device 10
and the two head-worn devices 20-Left and 20-Right all
are in radio enabled mode 60 or pairing mode 61.
[0045] The acoustic communication link 78 and 79 be-
tween the personal communication device 10 and the
respective one of the two head-worn devices 20-Left and
20-Right is according to the example provided by the
audio modulator app 19a in the personal communication
device 10 and the audio signaling block 26 of the respec-
tive one of the two head-worn devices 20-Left and 20-
Right. The acoustic communication link 78 and 79 is not
subject to the flight mode guidelines from Federal Avia-
tion Administration and is enabled when the two head-
worn devices 20-Left and 20-Right and the personal com-
munication device 10 are in operation. The means that
the personal communication device 10 is able to act as
remote control while the two head-worn devices 20-Left
and 20-Right are in flight mode 62, and, very importantly
be able to bring back the two head-worn devices 20-Left
and 20-Right to normal radio enabled mode 60 again.
[0046] During a binaural fitting session based upon the
acoustic communication link 78 and 79 (in case these
are one-way), the inter-ear communication link 75 based
upon an inductive link may improve robustness as the
two head-worn devices 20-Left and 20-Right may detect
the same acoustically transmitted data. Then the acous-
tically transmitted data is exchanged/negotiated by the
two head-worn devices 20-Left and 20-Right via the inter-
ear communication 75. This may reduce the head shad-
ow effect, that may limit robustness when sending pack-
ets to a contra laterally positioned head-worn device 20
(hearing aid) relative to the personal communication de-
vice 10 (smartphone).

Two-way acoustic communication link

[0047] The acoustic communication link 78 and 79 may
operate well as one-way communication channels, but
from an error-control perspective, it is desired that either
the hearing aid user receives some kind of notification
about that a transferred have been successfully received
as indicated earlier by playing back a pre-recorded se-
quence.
[0048] However, it is preferred that the personal com-
munication device 10 and the two head-worn devices 20-
Left and 20-Right are able to establish a signaling dialog.
This may be beneficial in e. g. a hearing aid fitting pro-
cedure, a pairing procedure, a self-test procedure or a
remote fitting procedure.
[0049] In one example, the two head-worn devices 20-
Left and 20-Right can only listen on one channel at a
time. The personal communication device 10 may initiate
a two-way acoustic communication link 78 and 79 by in-
structing the two head-worn devices 20-Left and 20-Right

to apply a specific frequency channel which may be in
the audible range and may have higher data capacity.
The two head-worn devices 20-Left and 20-Right of a
binaural set of hearing aids could be assigned different
sync words 71 to effectively establish two two-way acous-
tic communication links 78 and 79.
[0050] On each acoustic communication link 78 and
79, the personal communication device 10 would send
a packet 70 and listen for answer from the two head-worn
devices 20-Left and 20-Right. If a response is received,
the personal communication device 10 will send a new
packet 70 - otherwise it will resend the last packet after
a certain period of time. This error control method is called
Automatic Repeat reQuest (ARQ) and may be used for
establishing a reliable link. The communication protocol
on top of the physical layer can include: an ARQ scheme,
separate control and user planes (control plane could be
used to communicate about e.g. encryption or transmis-
sion speed), fragmentation of long payloads, multiplexing
of logical channels.
[0051] Using the acoustic communication links 78 and
79 for two-way communication requires that there is a
substantially free line of sight between the transducers
(microphones and speakers) of the personal communi-
cation device 10 and the head-worn devices 20 and a
short distance, preferably be less than 20 cm, and even
better below 10 cm.

Fitting

[0052] The smallest hearing aids available on the mar-
ket, e.g. Completely-In-Canal (CIC) hearing aids, are of-
ten offered without radios to minimize its volume. This
means that the hearing aid has no Bluetooth radio or
inductive radio for providing a reliable link for program-
ming or fitting. According to the example, the acoustic
communication link 78 and 79 may be used for transfer-
ring fitting data (settings) to the hearing aids to alleviate
the hearing loss of the user.
[0053] In this scenario the personal communication de-
vice 10 updates the fitting data of the hearing aids or the
head-worn devices 20 by writing fitting data to the non-
volatile memory 7 (e.g. EEPROM). The scenario also
covers fine-tuning which differs from the initial hearing
aid fitting in the amount of data transferred. By transfer-
ring fitting data in smaller packets, the fitter may monitor
the progress of the transfer as the head-worn devices 20
reports the successful reception during the fitting proc-
ess. Especially in the case of fine-tuning taking place
remotely via the Internet (from the computer of the audi-
ologist via the smart phone app 19a), the writing of EEP-
ROM data can be accomplished directly from the per-
sonal communication device 10 (smartphone) with no
intermediary fitting assistive devices. The app 19a of the
personal communication device 10 may also read log
data from the head-worn devices 20 and send these to
the clinic (audiologist) or a central server for use in a
data-driven update of the fitting. The remote fine-tuning
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may also be an update that the personal communication
device 10 generates based on the user’s input to e.g.
Interactive Personalization as described in
WO2016004983 A1. If the user wants to store the settings
permanently (e.g. as a new program), the personal com-
munication device 10 needs to write data to the non-vol-
atile memory 7 (EEPROM) and require acknowledge in
this process.

Acoustic communication pairing

[0054] In order to improve security for the acoustic
communication links 78 and 79, a pairing procedure for
the personal communication device 10 and the two head-
worn devices 20-Left and 20-Right may be set up. During
the acoustic communication pairing, the personal com-
munication device 10 and the two head-worn devices 20-
Left and 20-Right may define a communication ID for
each of the two acoustic communication links 78 and 79.
The communication ID is used in packets sent on the
one-way link (e.g. remote control commands) in order to
ensure that the users personal communication device 10
is the only device permitted to control the two head-worn
devices 20-Left and 20-Right.
[0055] The communication ID can be e.g. an 8 or 10-
bit sequence that must be contained or otherwise encod-
ed into the data packet, e.g. in the sync word 71 or the
payload 72. The two head-worn devices 20-Left and 20-
Right will react only to packets containing the correct
communication ID. Advantageously, the communication
ID may be generated by the head-worn devices 20-Left
and 20-Right (or programmed by the fitting software used
when fitting a hearing aid or embedded into the hearing
aid during the production). This enables that one or more
personal communication devices 10 may be paired with
the hearing aid.
[0056] As the two-way acoustic communication link 78
and 79 requires the head-worn devices 20-Left and 20-
Right (e.g. hearing aids) are currently not worn, the use
of acoustic communication pairing as a pre-pairing for a
later Bluetooth pairing provides an improved protection
against spurious Bluetooth pairings. For instance, if the
hearing aids are available for one-way Bluetooth pairing
for 2-3 minutes after boot, the chance of a spurious pair-
ing is more likely than if the hearing aids must be placed
next to the phone to make two-way acoustic communi-
cation pairing.
[0057] The two-way acoustic communication pairing
allows the personal communication device 10 to read the
program stack of the head-worn devices 20-Left and 20-
Right for display on the display. This is an improved user
experience.
[0058] If different hearing aid models use different
acoustic communication channels (frequencies, modu-
lation type and speed), the personal communication de-
vice 10 may try all of these and thus find the appropriate
one for the specific hearing aid model. This allows that
the hearing aid manufacturer may change the commu-

nication channel for one-way communication mode from
series to series, and just must update the app 19a for
adding new communication channels (frequencies, mod-
ulation type and speed).

Self-test / performance assessment

[0059] The two-way acoustic communication link 78
and 79 may be used to enable a self-test of the hearing
aid (head-worn device 20) and report data back to the
personal communication device 10 to display for the user
or to send report data to an audiologist at the clinic. The
self-test may ensure that different parts of the electronics
function as desired or ensure the integrity of the non-
volatile memory 7 (e.g. EEPROM) by checking e.g. a
hash value.
[0060] The two-way acoustic communication link 78
and 79 may also be used to read out metrics related to
the current hearing aid performance, e.g. battery level,
active sound classes or other parameters logged by a
logging function built into the hearing aid or related to the
hearing aid performance/usage. The self-test is carried
out by placing the personal communication device 10
adjacent to the hearing aids, e.g. on a table. By placing
the personal communication device 10 and the head-
worn devices 20 adjacent to each other, it is avoided that
the hearing aids are not worn during the self-test, as these
are resting safely in the table. Therefor the potential risk
of generating loud sounds by the hearing aids in the ear
of a user is eliminated.
[0061] Furthermore, hearing aids may not operate as
in normal mode when performing the self-test, and there-
fore it is an advantage to know that the hearing aids are
not being worn. Furthermore, it will be possible to read-
out performance data from the HA without a radio con-
nection, e.g. Bluetooth or magnetic induction (NFMI).
[0062] Fig. 7 illustrates a two-way communication pat-
tern between the personal communication device 10 and
one of the head-worn devices 20. The data session is
spilt up in smaller sub-sections, #1 - #n. Each sub-section
is in the illustrated example initiated by the personal com-
munication device 10 transmitting a sub-session initiating
data packet 80.1. In response to the reception of the in-
itiating data packet 80.1, the head-worn device 20 trans-
mits a responding data packet 81.1, e.g.

- confirming a successful reception of the initiating da-
ta packet 80.1;

- confirming a successful execution of instructions
contained the initiating data packet 80.1;

- confirming a successful writing in a memory of data
contained the initiating data packet 80.1; or

- containing data read from a memory specified by
data contained the initiating data packet 80.1.

[0063] This communication pattern is controlled by the
personal communication device 10, and is continued until
all subsection, #1 - #n, have been completed success-
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fully.
[0064] Fig. 8 illustrates as flow chart for the transmis-
sion process in the two-way communication session as
illustrated in fig. 7. In step 90, the personal communica-
tion device 10 transmits a sub-session initiating data
packet 80.1 and waits in step 91 for a response from the
head-worn device 20. If the personal communication de-
vice 10 receives a responding data packet 81.1 within a
predefined time limit, e.g. 8 seconds, from the head-worn
device 20, the personal communication device 10 deems
the first sub-section of the data section to be successfully
completed and progresses to step 92, in which the per-
sonal communication device 10 checks whether further
data packets are present in a transmission queue. If this
is the case, the personal communication device 10 trans-
mits the next sub-session initiating data packet 80.2 and
waits, in step 91, for a response. The loop is repeated
until the personal communication device 10, in step 92,
find the transmission queue empty. Then the personal
communication device 10 deems the data session to be
completed and displays, in step 94, a notification in the
display 12 for the manual operator of the personal com-
munication device 10 and terminates, in step 95, the ses-
sion. The retransmission counter is reset.
[0065] In case the personal communication device 10
does not receive the responding data packet 81.1 within
a predefined time limit in step 91, the personal commu-
nication device 10 checks, in step 96, whether the
number of retransmissions has exceeded a predefined
number. The predefined may be set to a fixed number,
e.g. 8, or to a floating number depending on the number
of planned sub-sections, e.g. one per sub-section. If the
predefined number of retransmission has not been
reached yet, the personal communication device 10 re-
transmits the same sub-session initiating data packet
80.1, increments the retransmission counter by one, and
waits, in step 91, for a response.
[0066] If the personal communication device 10, in step
96, detects that the number of retransmissions has ex-
ceeded a predefined number, the personal communica-
tion device 10 interrupts, in step 98, the data session and
displays an error message for the manual operator of the
personal communication device 10 providing hints about
establishing a better connection (lees noisy environment,
recommended positioning for the head-worn devices 20
relatively to the personal communication device 10 etc.).
The personal communication device 10 and terminates,
in step 95, the session and resets the retransmission
counter.

Claims

1. A hearing assistive system, comprising

- a personal communication device (10) having
a user interface (12) being adapted for user in-
teraction, a processor (11) controlling the user

interface (12) and being adapted to run an ap-
plication program, a short range radio (13), and
an output transducer (15), and
- a head-worn device (20) having an input trans-
ducer (24) adapted for converting sound into an
electric signal applied to a processor (21) out-
putting an amplified and conditioned audio sig-
nal via an output transducer (25);
- wherein the application program is adapted to
generate and output a data packet (70) on an
audio carrier via the output transducer (15) of
the personal communication device;
- wherein the head-worn device (20) comprises
an audio signaling block (26) for detecting and
decoding the data packet (70) received by the
input transducer (24);
- wherein the head-worn device (20) comprises
a controller (27) for controlling the operation of
a short range radio (28); wherein
the audio signaling block (26) is adapted
- to detect a radio pair command included in
the data packet (70), and
- to instruct the controller (27) to enter, from a
radio disabled mode (68), at which the short
range radio (28) is disabled, pairing mode (61)
for the short range radio (28) when the radio pair
command has been detected in said data packet
(70).

2. The hearing assistive system according to claim 1,
wherein the head-worn device (20) is a hearing as-
sistive device, and the processor (21) is configured
to compensate a hearing loss of the hearing assistive
device user.

3. The hearing assistive system according to claim 1,
wherein the controller (27) enters pairing mode for
the short range radio (28) for a predetermined period
of time.

4. The hearing assistive system according to claim 3,
wherein the controller (27) is adapted to switch off
the short range radio (28) if no pairing has been
achieved after the predetermined period of time.

5. The hearing assistive system according to claim 1,
wherein said head-worn device (20) further compris-
es a magnetic induction radio (29) in addition to the
short range radio (28), wherein the magnetic induc-
tion radio (29) is not affected by a change in the op-
eration of the short range radio (28).

6. A method of controlling a head-worn device (20) re-
motely from a personal communication device (10),
wherein the personal communication device has a
user interface (12) being adapted for user interac-
tion, a processor (11) controlling the user interface
and being adapted to run an application program, a

15 16 



EP 3 358 861 B1

10

5

10

15

20

25

30

35

40

45

50

55

short range radio (13), and an output transducer (15),
and wherein the head-worn device (20) comprises
an input transducer (24) adapted for converting
sound into an electric signal applied to a processor
outputting an amplified and conditioned audio signal
via an output transducer (25), an audio signaling
block (26) for detecting and decoding a data packet
received by the input transducer, and a controller
(27) for controlling the operation of a short range
radio (28), wherein the method comprises

- generating and outputting the data packet on
an audio carrier via the output transducer (15)
of the personal communication device;
- in 2. the head-worn device, receiving the data
packet, wherein the audio signaling block is
adapted
- to detect a radio pair command included in
the data packet, and
- to instruct the controller to bring the short range
radio from a radio disabled mode (68), at which
the short range radio (28) is disabled, into pairing
mode (61) when the radio pair command has
been detected in said data packet (70).

7. The method according to claim 6, wherein said head-
worn device (20) further comprises a magnetic in-
duction radio (29) in addition to the short range radio
(28), wherein the operation of the magnetic induction
radio is unaffected by a change of the operation for
the short range radio.

Patentansprüche

1. Hörhilfesystem, umfassend

- eine persönliche Kommunikationsvorrichtung
(10), die eine Anwenderschnittstelle (12), die zur
Anwenderinteraktion angepasst ist, einen Pro-
zessor (11) zum Steuern der Anwenderschnitt-
stelle (12) und angepasst, ein Anwendungspro-
gramm abzuspielen, einen Kurzstreckenfunk
(13) und einen Ausgangswandler (15) aufweist,
und
- eine kopfgetragene Vorrichtung (20), die einen
Eingangswandler (24) aufweist, der angepasst
ist, Schall in ein elektrisches Signal umzuwan-
deln, das an einen Prozessor (21) angelegt wird,
der ein verstärktes und konditioniertes Audiosi-
gnal über einen Ausgangswandler (25) ausgibt;
- wobei das Anwendungsprogramm angepasst
ist, ein Datenpaket (70) auf einem Audioträger
über den Ausgangswandler (15) der persönli-
chen Kommunikationsvorrichtung zu erzeugen
und auszugeben;
- wobei die kopfgetragene Vorrichtung (20) ei-
nen Audiosignalisierungsblock (26) zum Detek-

tieren und Decodieren des Datenpakets (70),
das von dem Eingangswandler (24) empfangen
ist, umfasst;
- wobei die kopfgetragene Vorrichtung (20) eine
Steuerung (27) zum Steuern des Betriebs eines
Kurzstreckenfunks (28) umfasst; wobei
der Audiosignalisierungsblock (26) angepasst
ist zum
- Detektieren eines Funkkopplungsbefehls,
der in dem Datenpaket (70) beinhaltet ist, und
- Anweisen der Steuerung (27), aus einem funk-
deaktivierten Modus (68), bei dem der Kurzstre-
ckenfunk (28) deaktiviert ist, in einen Kopp-
lungsmodus (61) für den Kurzstreckenfunk (28)
einzutreten, wenn der Funkkopplungsbefehl in
dem Datenpaket (70) detektiert wurde.

2. Hörhilfesystem nach Anspruch 1, wobei die kopfge-
tragene Vorrichtung (20) eine Hörhilfevorrichtung ist
und der Prozessor (21) konfiguriert ist, einen Hör-
verlust des Anwenders der Hörhilfevorrichtung zu
kompensieren.

3. Hörhilfesystem nach Anspruch 1, wobei die Steue-
rung (27) in einen Kopplungsmodus für den Kurz-
streckenfunk (28) für eine vorgegebene Zeitdauer
eintritt.

4. Hörhilfesystem nach Anspruch 3, wobei die Steue-
rung (27) angepasst ist, den Kurzstreckenfunk (28)
auszuschalten, falls nach der vorgegebenen Zeit-
dauer keine Kopplung erzielt wurde.

5. Hörhilfesystem nach Anspruch 1, wobei die kopfge-
tragene Vorrichtung (20) weiter einen Magnetinduk-
tionsfunk (29) zusätzlich zu dem Kurzstreckenfunk
(28) umfasst, wobei der Magnetinduktionsfunk (29)
nicht von einer Änderung des Betriebs des Kurzstre-
ckenfunks (28) beeinträchtigt wird.

6. Verfahren zum Fernsteuern einer kopfgetragenen
Vorrichtung (20) von einer persönlichen Kommuni-
kationsvorrichtung (10) aus, wobei die persönliche
Kommunikationsvorrichtung eine Anwenderschnitt-
stelle (12), die für Anwenderinteraktion angepasst
ist, einen Prozessor (11), der die Anwenderschnitt-
stelle steuert und angepasst ist, ein Anwendungs-
programm abzuspielen, einen Kurzstreckenfunk
(13) und einen Ausgangswandler (15) aufweist und
wobei die kopfgetragene Vorrichtung (20) einen Ein-
gangswandler (24), der zum Umwandeln von Schall
in ein elektrisches Signal angepasst ist, das an einen
Prozessor angelegt wird, der ein verstärktes und
konditioniertes Audiosignal über einen Ausgangs-
wandler (25) ausgibt, einen Audiosignalisierungs-
block (26) zum Detektieren und Decodieren eines
Datenpakets, das von dem Eingangswandler emp-
fangen wird, und eine Steuerung (27) zum Steuern
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des Betriebs eines Kurzstreckenfunks (28) umfasst,
wobei das Verfahren umfasst

- Erzeugen und Ausgeben des Datenpakets auf
einem Audioträger über den Ausgangswandler
(15) der persönlichen Kommunikationsvorrich-
tung;
- in der kopfgetragenen Vorrichtung, Empfan-
gen des Datenpakets, wobei der Audiosignali-
sierungsblock angepasst ist zum
- Detektieren eines Funkkopplungsbefehls,
der in dem Datenpaket beinhaltet ist, und
- Anweisen der Steuerung, den Kurzstrecken-
funk aus einem funkdeaktivierten Modus (68),
bei dem der Kurzstreckenfunk (28) deaktiviert
ist, in einen Kopplungsmodus (61) zu bringen,
wenn der Funkkopplungsbefehl in dem Daten-
paket (70) detektiert wurde.

7. Verfahren nach Anspruch 6, wobei die kopfgetrage-
ne Vorrichtung (20) weiter einen Magnetinduktions-
funk (29) zusätzlich zu dem Kurzstreckenfunk (28)
umfasst, wobei der Betrieb des Magnetinduktions-
funks von einer Änderung des Betriebs für den Kurz-
streckenfunk unbeeinträchtigt ist.

Revendications

1. Système de correction auditive comprenant

- un dispositif de communication personnel (10)
ayant une interface utilisateur (12) qui est adap-
tée pour une interaction d’utilisateur, un proces-
seur (11) commandant l’interface utilisateur (12)
et étant adapté pour exécuter un programme
d’application, une radio à courte portée (13) et
un transducteur de sortie (15), et
- un dispositif porté sur la tête (20) ayant un
transducteur d’entrée (24) adapté pour convertir
un son en un signal électrique appliqué à un
processeur (21) délivrant en sortie un signal
audio amplifié et conditionné via un transducteur
de sortie (25) ;
- dans lequel le programme d’application est
adapté pour générer et délivrer en sortie un pa-
quet de données (70) sur un support audio via
le transducteur de sortie (15) du dispositif de
communication personnel ;
- dans lequel le dispositif porté sur la tête (20)
comprend un bloc de signalisation audio (26)
pour détecter et décoder le paquet de données
(70) reçu par le transducteur d’entrée (24) ;
- dans lequel le dispositif porté sur la tête (20)
comprend un dispositif de commande (27) pour
commander le fonctionnement d’une radio à
courte portée (28) ; dans lequel le bloc de signa-
lisation audio (26) est adapté

- pour détecter une commande d’appairage ra-
dio incluse dans le paquet de données (70), et
- pour donner instruction au dispositif de com-
mande (27) de passer, à partir d’un mode dé-
sactivé radio (68) dans lequel la radio à courte
portée (28) est désactivée, dans un mode d’ap-
pairage (61) pour la radio à courte portée (28)
quand la commande d’appairage radio a été dé-
tectée dans ledit paquet de données (70).

2. Système de correction auditive selon la revendica-
tion 1, dans lequel le dispositif porté sur la tête (20)
est un dispositif de correction auditive et le proces-
seur (21) est configuré pour compenser une perte
auditive de l’utilisateur de dispositif de correction
auditive.

3. Système de correction auditive selon la revendica-
tion 1, dans lequel le dispositif de commande (27)
passe dans un mode d’appairage pour la radio à
courte portée (28) pendant une période de temps
prédéterminée.

4. Système de correction auditive selon la revendica-
tion 3, dans lequel le dispositif de commande (27)
est adapté pour éteindre la radio à courte portée (28)
si aucun appairage n’a été obtenu après la période
de temps prédéterminée.

5. Système de correction auditive selon la revendica-
tion 1, dans lequel ledit dispositif porté sur la tête
(20) comprend en outre une radio à induction ma-
gnétique (29) en plus de la radio à courte portée (28),
dans lequel la radio à induction magnétique (29)
n’est pas affectée par un changement dans le fonc-
tionnement de la radio à courte portée (28).

6. Procédé de commande d’un dispositif porté sur la
tête (20) à distance à partir d’un dispositif de com-
munication personnel (10), dans lequel le dispositif
de communication personnel a une interface utilisa-
teur (12) qui est adaptée pour une interaction d’uti-
lisateur, un processeur (11) commandant l’interface
utilisateur et étant adapté pour exécuter un program-
me d’application, une radio à courte portée (13) et
un transducteur de sortie (15), et dans lequel le dis-
positif porté sur la tête (20) comprend un transduc-
teur d’entrée (24) adapté pour convertir un son en
un signal électrique appliqué à un processeur déli-
vrant en sortie un signal audio amplifié et conditionné
via un transducteur de sortie (25), un bloc de signa-
lisation audio (26) pour détecter et décoder un pa-
quet de données reçu par le transducteur d’entrée,
et un dispositif de commande (27) pour commander
le fonctionnement d’une radio à courte portée (28),
dans lequel le procédé comprend

- la génération et la fourniture en sortie du paquet
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de données sur un support audio via le trans-
ducteur de sortie (15) du dispositif de commu-
nication personnel ;
- dans le dispositif porté sur la tête, la réception
du paquet de données, dans lequel le bloc de
signalisation audio est adapté
- pour détecter une commande d’appairage ra-
dio incluse dans le paquet de données, et
- pour donner instruction au dispositif de com-
mande d’amener la radio à courte portée, à partir
d’un mode désactivé radio (68) dans lequel la
radio à courte portée (28) est désactivée, dans
un mode d’appairage (61) quand la commande
d’appairage radio a été détectée dans ledit pa-
quet de données (70).

7. Procédé selon la revendication 6, dans lequel ledit
dispositif porté sur la tête (20) comprend en outre
une radio à induction magnétique (29) en plus de la
radio à courte portée (28), dans lequel le fonction-
nement de la radio à induction magnétique n’est pas
affecté par un changement du fonctionnement pour
la radio à courte portée.
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