19 DANMARK (10) DK 180923 B1
(12) PATENTSKRIFT

Patent- og
Varemasrkastyraisen

(51)  Int.Cl.: HO4R 25/00 (2006.01)

(21)  Ansggningsnummer: PA 2020 70500

(22) Indleveringsdato: 2020-07-27

(24) Lebedag: 2020-07-27

(41)  Alm. tilgaengelig: 2022-01-28

(45) Patentets meddelelse bkg. og publiceret den: 2022-06-27

(73) Patenthaver:
GN HEARING A/S, Lautrupbjerg 7, 2750 Ballerup, Danmark

(72)  Opfinder:
Thorvaldur Oli Bodvarsson, c/o GN Hearing A/S Att.: Group IPR Lautrupbjerg 7, 2750 Ballerup, Danmark
Soeren Kvist, c/o GN Hearing A/S, Group IPR, Lautrupbjerg 7, 2750 Ballerup, Danmark

(74) Fuldmeegtig:
GUARDIAN IP CONSULTING I/S, Diplomvej 381, 2800 Kongens Lyngby, Danmark

(54) Titel. HOVEDBARBART HOREINSTRUMENT MED FORBEDRET SAMEKSISTENS MELLEM MULTIPLE
KOMMUNIKATIONSGRANSEFLADER

(56) Fremdragne publikationer:

US 2018/0317030 A1
US 2016/0249356 A1
US 2004/0116151 A1
US 2019/0253793 A1
WO 2020/098930 A1
US 2020/0145350 A1
US 2017/0055089 A1
US 2020/0053460 A1
EP 2545719 B1

(57) Sammendrag:
The present invention relates in a first aspect to a head-wearable hearing instrument comprising first and
second housing portions and a radio-frequency data communication interface configured to transmit and
receive data packets at transmit and receipt time slots, respectively, through a wireless communication
channel. The head-wearable hearing instrument comprises a connector assembly configured to electrically
and mechanically interconnect the first housing portion with the second housing portion. The second
housing portion comprises a sensor configured to measure a physical property and generate sensor data
representative of the measured physical property. The head-wearable hearing instrument further
comprises a wired data communication link extending between the first and second housing portions
through the connector assembly for transmission of sensor data during transmit time slots. Said transmit
time slots of the sensor data and at least said receipt time slots of the wireless communication channel are
non-overlapping in time.
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HEAD-WEARABLE HEARING INSTRUMENT WITH IMPROVED CO-
EXISTENCE OF MULTIPLE COMMUNICATION INTERFACES

The present invention relates in a first aspect to a head-wearable hearing instrument
comprising first and second housing portions and a radio-frequency data
communication interface configured to transmit and receive data packets at transmit
and receipt time slots, respectively, through a wireless communication channel. The
head-wearable hearing instrument comprises a connector assembly configured to
electrically and mechanically interconnect the first housing portion with the second
housing portion. The second housing portion comprises a sensor configured to
measure a physical property and generate sensor data representative of the
measured physical property. The head-wearable hearing instrument further
comprises a wired data communication link extending between the first and second
housing portions through the connector assembly for transmission of sensor data
during transmit time slots. Said transmit time slots of the sensor data and at least
said receipt time slots of the wireless communication channel are non-overlapping in

time.

BACKGROUND OF THE INVENTION

Head-wearable hearing instruments such as hearing aids, headsets, active noise

suppressors, are known in the art and typically comprise a microphone arrangement
which includes one or more microphones for receipt of incoming sound such as
speech and music signals. The incoming sound may be converted to an electrical
microphone signal or signals that are amplified and/or processed in a processing
circuit of the instrument. The head-wearable hearing instrument may additionally
comprise an output amplifier that delivers a processed output signal, e.g. hearing
loss compensated output signal, to the user’s ear canal via an output transducer
such as a miniature speaker, receiver or possibly electrode array. The head-
wearable hearing instrument typically comprises a radio-frequency (RF) wireless
data communication interface for communication or streaming of various types of
useful digital signals like sound, music, speech with an external device such as a
smartphone, tablet device, Tv-sets etc. The radio-frequency (RF) wireless data

communication interface may be Bluetooth compliant operating in the 2.4 GHz
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frequency band and thereby allow the head-wearable hearing instrument to

wirelessly connect to numerous types of readily available external devices.

A particular type of head-wearable hearing instruments are known in the art as so-
called Receiver-in-Ear (RIE) instruments t in which a first housing portion, often
designated BTE module or section for hearing aids, is configured for placement at,
or behind, the user’s ear. A second housing portion, often denoted RIE module, is
configured, e.g. shaped and sized, for placement at least partly in the user’s ear
canal. The BTE module and RIE module of this type of head-wearable hearing
instrument are often mechanically and electrically interconnected via a suitable, and
possibly, releasable flexible connector arrangement. The above-mentioned radio-
frequency wireless data communication interface is typically fully or at least partly

arranged inside the BTE module.

Document US 2018/0317030 A1 discloses a method and a hearing device
comprising a first portion adapted for being arranged behind an ear of a user for
providing a signal, an output transducer for converting the signal to an acoustic
output, a coupling element coupled to the first portion, and wherein the coupling
element is adapted for transmitting at least the signal or the acoustic output.
Furthermore, the hearing device comprises an antenna which includes an external
antenna part and an internal antenna part, where the internal antenna part includes
a first antenna element, a second antenna element where a first end of the second
antenna element is arranged at one end of the first antenna element and is
connected thereto, and where a second end of the second antenna element is
connected to a ground plane, and a third antenna element which is spaced at a
distance from the second antenna element and connected to the first antenna
element, a feeding unit configured to supply a current to the antenna via the third
antenna element, a wireless interface for receiving and/or sending data by means of
the antenna, and wherein the coupling element comprises the external antenna part,

and where the external antenna part is connected to the internal antenna part.

The RIE module may comprise one or several sensors that are configured to
measure respective physical properties associated with the operation of the hearing

instrument such as ear canal sound pressure, ear temperature, EEG signals, or



10

15

20

25

30

DK 180923 B1

spatial orientation of RIE module. The sensor signals may be transmitted to a
processor e.g. microprocessor or DSP, of the BTE module as digital data by a
suitable wired data communication interface or link of the RIE module and through

the connector assembly.

There exist a general desire to integrate an increasing number of such sensors in
the RIE module while the sophistication of each of these sensors also tends to
increase with the continuing progress of semiconductor fabrication and MEMS
technologies. These circumstances make it feasible to monitor an increasing
number of parameters associated with the operation of the head-wearable hearing
instrument and as such of potential relevance for e.g. an audiologist’s evaluation of
the performance of the instrument or generally for the user’s experience and

satisfaction with the instrument.

However, the increasing number and sophistication of these sensors in the RIE
module lead to an increasing data rate or frequency on the data communication
interface of the RIE module and possibly to a more continuous streaming of these
data over time to the BTE module via the data communication interface. The
increasing data rate and on the data communication interface unfortunately leads to
an increasing level and bandwidth of EMI noise induced by the wired data
communication interface which noise for example is emitted from wiring of the
connector assembly. This increasing level and bandwidth of EMI noise cause
various interference problems with the radio-frequency (RF) wireless data
communication interface such that wireless data reception at the head-wearable

hearing instrument may be interrupted or the wireless range reduced.

This problem is addressed and solved by the present invention by preventing, for
example by configuration or adaptation of the processor of the BTE module, overlap
between time slots where the wired communication interface of the RIE module is

active and time slots where the wireless data communication interface is active.

SUMMARY OF THE INVENTION

A first aspect of the invention relates to a head-wearable hearing instrument

comprising:



10

15

20

25

30

DK 180923 B1

- a first housing portion configured for placement at, or behind, a user’s ear and
comprising a radio-frequency data communication interface configured to transmit
and receive data packets at transmit and receipt time slots, respectively, through a
wireless communication channel;

- a connector assembly configured to electrically and mechanically interconnect the
first housing portion with a second housing portion. The second housing portion is
configured for placement in the user’s ear canal and comprising a sensor configured
to measure a physical property associated with operation of the head-wearable
hearing instrument and generate sensor data representative of the measured
physical property. The head-wearable hearing instrument further comprises a wired
data communication link extending between the first and second housing portions
through the connector assembly for transmission of sensor data during transmit time
slots defined by a processor e.g. a processor arranged in the first housing portion;
wherein said transmit time slots of the sensor data and at least said receipt time

slots of the wireless communication channel are non-overlapping in time.

The present invention addresses and solves the above-discussed problems with
existing RIE hearing instruments by utilizing non-overlapping time slots for receipt of
the data packets of the wireless communication channel and transmission of sensor

data, e.g. sensor data packets or sensor data messages.

In certain embodiments the transmit time slots of the sensor data or sensor
messages on the wired communication link and said transmit time slots of the
wireless communication channel are non-overlapping in time. The skilled person will
appreciate that the receipt time slots at head-wearable hearing instrument are most
noise and interference critical, because of the relatively high noise sensitivity of
typical radio transceiver circuits as discussed in additional detail below with

reference to the appended drawings.

The first housing portion of the head-wearable hearing instrument may comprise a
processor such as a software programmable microprocessor and/or dedicated
digital computational hardware for example comprising a hard-wired Digital Signal
Processor (DSP). In the alternative, the processor may comprise a software

programmable DSP or a combination of dedicated digital computational hardware
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and the software programmable DSP. The software programmable microprocessor
or DSP may be configured to perform any of the tasks described herein by suitable
program routines or sub-routines or threads of execution each comprising a set of
executable program instructions. The set of executable program instructions may be
stored in a non-volatile memory device of the first housing portion of BTE module.
The microprocessor and/or the dedicated digital hardware may be integrated on an

ASIC or implemented on a FPGA device.

The processor is preferably configured to define the time slots for transmission of
the sensor data messages or packets by polling a data interface in the second
housing portion coupled to the wired data communication link. The processor may
be aware of the transmit time slots and receipt time slots of the wireless
communication channel by knowledge of the communication protocol thereof e.g.
Bluetooth LE and/or knowledge of the current connection parameters. In this
manner, the processor can be configured to poll the data interface of the wired data
communication link at appropriate time instants to ensure non-overlap with the
known transmit time slots and receipt time slots of the wireless communication
channel as discussed in additional detail below with reference to the appended

drawings.

The second housing portion may comprise:

- a stiff hollow shell accommodating therein at least the miniature loudspeaker, the
sensor and a first data communication interface coupled to the wired data
communication link,

- a compressible elastomeric ear plug or mushroom releasably coupled to the stiff
hollow shell and shaped and sized for placement within the user’s ear canal. In other
embodiments, the stiff hollow shell is customized to the user’s ear canal geometry
and may have been fabricated by an impression or 3D scanning of the user’ ear

canal e.g. using various additive manufacturing techniques.

The second housing portion comprise may one or more additional sensors
configured to measure respective physical properties or variables; said one or more
additional sensors may e.g. be connected to the wired data communication link via

respective data interfaces or through a shared data interface. The sensor or sensors
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arranged in the second housing portion may comprise at least one of:

- a microphone arranged to pick-up ear canal sound pressure of the user or to pick-
up sound pressure from an external environment at the user’s ear;

- ear temperature;

- a spatial orientation of the second housing portion for example using a MEMS
gyroscopic sensor;

- electroencephalography (EEG) signals of the user e.g. via suitable electrodes in

contact with the user ear canal.

The user’s ear canal sound pressure may be helpful to various active occlusion
suppression algorithms or functions executed by the processor while pick-up of
sound pressure from the external environment at the user's ear may be used by a
beamforming algorithm using multiple microphones at different locations of the
head-wearable hearing instrument. The first housing portion may for example

comprise another microphone.

The second housing portion preferably comprises a receiver or miniature loudspeaker
configured to emit sound in accordance with an audio drive signal supplied through at

least two electrically conducting wires or traces of the connector assembly.

The radio-frequency data communication interface may comprises a Bluetooth or
Bluetooth LE compliant interface or other standardized wireless communication
interface for example operating in the 2.4 GHz range. A communication protocol of the
radio-frequency data communication interface may comprise a plurality of successive
connection events defining the receipt time slots and the transmit time slots as
discussed for a Bluetooth LE implementation in additional detail below with reference to
the appended drawings. The radio-frequency data communication interface may
comprise an RF antenna, e.g. configured for operation in the 2.4 GHz band, comprising
at least one electrically conductive wire or trace of the connector assembly, for
example including electrically conductive wires of the wired data communication link.
Alternatively, the RF antenna may be arranged inside the first housing portion and for
example comprise one or more coiled traces of an electronics carrier substrate, e.qg.
multi-layer printed circuit board, supporting the processor and/or other electronic

components of the first housing portion.
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The first housing portion may be physically connected to an external portable or non-
portable communication device such a smartphone or tablet etc. during said
successive connection events and disconnected during intermediate idle time periods

as discussed in additional detail below with reference to the appended drawings.

Other embodiments of the radio-frequency data communication interface may be
based on Near Field Magnetic Induction (NFMI) and operate in a much lower MHz
frequency band or range - for example using a carrier frequency between 1 MHz and
30 MHz, more preferably using a carrier frequency of 10.66 MHz, or 13.56 MHz, or
22.66 MHz, etc. NFMI communication systems have a short range, typically less than 2
m, and these embodiments of the present radio-frequency data communication
interface are particularly well-suited for ear-to-ear communication between a pair of
head-wearable hearing instruments such as left ear and right ear hearing aids of a
binaural hearing aid system. The NFMI antenna of the head-wearable hearing
instrument may be embedded in multilayer printed circuit board (PCB) arranged in the
first housing portion. The NFMI antenna may comprise a coil, preferably a coil with a

magnetic core.

The wired data communication link may be proprietary or compliant with an industry
standard such as I?C, SPI, one-wire, etc. The wired data communication link may
comprise a clock signal that may be helpful to synchronize events of the first housing

portion and events of the second housing portion.

The second housing portion may comprise a volatile or non-volatile memory circuit for
temporary storage of sensor data from the sensor or multiple sets of sensor data from
multiple sensors before these are read-out and transmitted to the first housing portion

through a data interface circuit of the second housing portion.

The connector assembly may comprise a flexible portion or section and may
comprise flexible carrier substrate and/or a flexible outer coating. The connector
assembly preferably comprises a plurality of electrically conducting wires or traces

interconnecting a wired data communication interface of the first housing portion
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with a wired data communication interface of the second housing portion as

discussed in additional detail below with reference to the appended drawings.

The actual number of electrically conducting wires or traces of the connector
assembly may vary depending on characteristics of the second housing portion, for
example the number of transducers e.g. receivers and sensors like microphones,
arranged therein. For practical reasons such as size and costs, the number of
connector wires will typically be less than 10 for example between 2 and 8
connector wires. Various design efforts may be undertaken to minimize the number
of connector wires for example implementing multiple functionalities of a particular

connector wire.

The connector assembly may be coupled to the first or second housing portion in a
releasable manner via a pair of connector elements like plugs and sockets. A first
connector element may comprise a plug with a plurality of electrical terminals and
second connector element may comprise a mating socket, or vice versa, as

discussed in additional detail below with reference to the appended drawings.

A second aspect of the invention relates to a method of controlling data transmission
time slots through a wired communication interface between first and second
interconnected housing portions of a head-wearable hearing instrument, said
method comprising:

a) determine receipt time slots of data packets of a radio-frequency data
communication interface of the first housing portion by a processor thereof,

b) measure a physical property associated with the operation of the instrument by at
least one senor of the second housing portion,

C) generate sensor data representative of the measured physical property,

d) transmit the sensor data to the first housing portion through a wired data
communication link extending through a connector assembly between the first and
second housing portions at data transmit time slots defined by the processor,

e) control the data transmit time slots of the wired communication link such that they
do not overlap said receipt time slots of the radio-frequency data communication

interface.
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are described in more detail below in connection with
the appended drawings in which:

FIG. 1 is a schematic drawing of an exemplary Receiver-in-Ear (RIE) hearing
instrument in accordance with various embodiments,

FIG. 2 shows an in-the-ear housing portion and a flexible connector assembly of the
Receiver-in-Ear (RIE) hearing instrument,

FIG. 3 shows a simplified block diagram of various parts of the Receiver-in-Ear
(RIE) hearing instrument and a block diagram of an external mobile terminal; and
FIG. 4 shows a timing diagram for data exchange over a wireless communication
channel and data exchange over a wired data link between a RIE module detection
sub-routine executed by the processor of the Receiver-in-Ear (RIE) hearing

instrument.

DESCRIPTION OF PREFERRED EMBODIMENTS

The following section discloses various exemplary embodiments of a Receiver-in-

Ear (RIE) type of head-wearable hearing instrument are described with reference to
the appended drawings. The skilled person will understand that the appended
drawings are schematic and simplified for clarity and therefore merely show details,
which are essential to the understanding of the invention, while other details have
been left out. Like reference numerals refer to like elements or components
throughout. Like elements or components will therefore not necessarily be described
in detail with respect to each figure. The skilled person will further appreciate that
certain actions and/or steps may be described or depicted in a particular order of
occurrence while those skilled in the art will understand that such specificity with

respect to sequence is not actually required.

FIG. 1 shows a schematic drawing of an exemplary Receiver-in-Ear (RIE) type of
head-wearable hearing instrument in accordance with various embodiments of the
present invention. The RIE hearing instrument 100 comprises a first housing portion

102 and a second housing portion 300 mechanically and electrically connected to
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each other via a flexible connector assembly 200. The flexible connector assembly
200 may for example comprises flexible carrier substrate and/or an elastomeric or
plastic tube 202 or coating and additionally comprises a plurality of electrically
conducting wires or traces interconnecting a wired data communication interface of
the first housing portion 102 with corresponding wired data communication interface
of the second housing portion 304. The elastomeric or plastic tube 202 or coating

preferably surrounds and protects the plurality of connector wires or traces.

The skilled person will appreciate that the first housing portion 102, or BTE module
102, typically is shaped and sized for placement at or behind a hearing impaired
user’s left or right ear — for example behind a back of the user’s pinna where it may
be at least partly hidden. The second housing portion 300 or RIE module 300 is
typically shaped and sized for, or configured for, placement at least partly inside the
user’s ear canal. The RIE module 300 may comprise a stiff hollow shell customized
shell (not shown) with an outer surface of geometry fitting to the user’s ear canal.
The customized shell (not shown) may have been fabricated from an impression or
3D scanning of the user’ ear canal e.g. using various additive manufacturing
techniques. The customized shell (not shown) may accommodate therein at least a
miniature loudspeaker (not shown) for receipt of an audio drive signal through a pair
of connector wires as discussed below in additional detail. The miniature
loudspeaker (not shown) may be enclosed within the customized shell (not shown)
and serve to attenuate sound pressure leakage and protect the miniature
loudspeaker from potentially harmful forces and contaminants of the external

environment such as dust, humidity, light and mechanical shocks.

Alternative embodiments of the RIE module 300 has no customized shell but utilizes
a standardized rigid and hollow housing 304 surrounded by a compressible plug or
mushroom 302 which is shaped and sized for anchoring within the user’s ear canal.
The compressible plug 302 may comprise an elastomeric substance, e.g. silicone,
and preferably comprises a sound channel or port 306 transmitting or conveying
sound signals, or output sound pressure, generated by the miniature loudspeaker
towards the eardrum of the user. The compressible plug 302 is configured to be
comfortably positioned and retained within user’s ear canal during use of the RIE

hearing instrument 100. The compressible plug 302 may be interchangeable and
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comprise various types of elastomeric compounds or foam compounds with suitable
wear-and-tear properties. The skilled person will appreciate that the compressible
plug 302 may be fabricated in numerous sizes to fit different ear canal sizes of
different hearing aid users. The RIE module 300 additionally comprises at least one
sensor 310 (not shown here but refer to FIG. 2) configured to measure a physical
property for example property associated with operation of the head-wearable
hearing instrument and generate sensor data representative of the measured

physical property.

A proximal end 213 of the previously discussed flexible connector assembly 200
may be fixedly terminated at the rigid housing structure 304 of the RIE module 300
and the plurality of electrical connector wires or traces connected to the electrical
circuitry held in the rigid housing structure 304. As illustrated on FIG. 2, in certain
embodiments of the RIE hearing instrument 100, a plug 218 comprising a plurality of
electrical terminals or pads 215a-215h such as more than 4 or 6 or 10 terminals
arranged at distal end of the flexible connector assembly 200. Each of the electrical
terminals or pads 215a-215h may mate in a releasable manner to a corresponding
electrical terminal (not shown) of a corresponding connector element or connector

socket (not visible) arranged at a rear surface of the first/BTE housing portion 102.

The connector assembly 200 typically comprises a plurality of electrically conducting
wires or traces 208a-h (shown on FIG. 3) - for example between 2 and 10, such as
eight, individual electrical wires configured to interconnect various electrical circuit
components of the BTE and ITC housing portions 102, 304 as discussed below in

additional detail.

The BTE housing portion 102 may comprise a hollow relatively rigid housing
structure 103 accommodating therein various electronic circuitry of the first housing
portion 102. This rigid housing structure 103 may be fabricated by injection moulding
of a suitable elastomeric compound. The rigid housing structure 103 serves to
protect the components and electronic circuitry of the first housing portion 102 from
potentially harmful forces and contaminants of the external environment such as
dust, humidity, light and mechanical shocks. The first housing portion 102 may

comprise a battery chamber 105 for holding a disposable battery such as a Zinc-Air
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battery cell. Other embodiments of the RIE hearing instrument 100 may comprise a
rechargeable battery cell or cells. The first housing portion 102 may comprise a front
microphone (not shown) and/or a rear microphone (not shown) for conversion of an
acoustic sound signal into respective audio sound signals and one or several A/D
converters (not shown) for conversion of the audio sound signals into respective
digital audio signals. The first housing portion 102 may comprise a processor 111,
such as software programmable microprocessor or DSP 111, configured to generate
a hearing loss compensated sound signal based on the digital audio signals
supplied by the microphone(s). The software programmable microprocessor or DSP
111, may additionally be configured to handle various control and I/O data
transmission tasks of the RIE hearing instrument 100. The software programmable
microprocessor or DSP 111 may additionally be configured to generate a hearing
loss compensated output signal, or audio drive signal, computed by a hearing loss
compensation algorithm executing on the software programmable microprocessor or
DSP 111. The audio drive signal may be transmitted through a dedicated pair of
connector wires of the plurality of connector wires discussed above to a receiver or
miniature loudspeaker enclosed within the second housing portion 300. The first
housing portion 102 may comprise various user interface features such as a user
actuable button or switch 108 allowing the user to control various functions and
settings of the RIE hearing instrument 100 in accordance with his/hers own
preferences such as a volume setting and preset program selection etc. The first
housing portion 102 further comprises a radio-frequency data communication
interface which includes an RF antenna 104 coupled to a wireless transceiver 116
and wireless interface 114. The skilled person will understand that the wireless
transceiver 116 and wireless interface 114 may be separate circuit blocks or be
integrated with the processor 111 on a common semiconductor substrate or die. The
radio-frequency data communication interface is configured to transmit and receive
data packets at transmit and receipt time slots, respectively, through a wireless
communication channel 400 as discussed in additional detail below with reference to
FIGS 3 and 4.

The RF antenna 104 is arranged inside the first housing portion 102 and for
example comprise one or more coiled traces of an electronics carrier substrate (not

shown) supporting the processor 111. In alternative embodiments the RF antenna
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104 comprises at least one electrically conductive wire or trace 208a-h (on FIG. 3) of
the connector assembly 200, for example including electrically conductive wires of

the wired data communication link.

FIG. 3 shows a simplified block diagram of various parts of the Receiver-in-Ear
(RIE) hearing instrument 100 and a block diagram of an external terminal 500 which
is wirelessly connected to the RIE hearing instrument 100 via a bidirectional or one-
way wireless communication channel 400. The external terminal may comprise a
battery powered portable or mobile device like a smartphone or may alternatively
comprise a stationary mains powered device like a Tv streamer etc. FIG. 3 also
shows a simplified electric block diagram of the exemplary RIE hearing instrument
100 discussed above. The illustrated embodiment of the RIE Module 300 comprises,
in addition to the previously discussed miniature loudspeaker or receiver 308, a
microphone 310 arranged to pick-up ear canal sound pressure, p_ear, of the user.
In other embodiments of the RIE Module 300 the microphone may be arranged to
pick-up sound pressure from an external environment at the user’s ear, i.e. the
microphone sound inlet may be oriented in an opposite direction. The skilled person
will appreciate that other embodiments of the RIE Module 300 may comprise
additional sensor(s) or alternative types of sensor(s) for example least one of:

- ear temperature measurement device;

- a spatial orientation of the second housing portion 300;

- electroencephalography (EEG) signals of the user for example via suitable

electrodes contacting the ear canal wall of the user.

The RIE Module 300 and the BTE housing portion 102 are mechanically and
electrically interconnected in a releasable manner via the previously discussed
mating pairs of connector terminals P1-P8 and their associated connector wires.
The miniature loudspeaker 308 (refer to FIG. 3) is connected to complementary
phases of the previously discussed audio drive signal delivered by an H-bridge
output driver (not shown) through the connector terminals 215a, 215b and their
associated connector wires. An H-bridge class D output driver (not shown) may be
integrated on a common semiconductor substrate or die together with the DSP or
microprocessor 101 of the first housing portion 102. The microphone 310 of the RIE

Module 300 may be energized by one more wires 208a-h of the flexible connector
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assembly 200 which are connected to the appropriate electronic circuitry, e.g. a
regulated DC voltage supply, of the first housing portion 102. An output signal of the
microphone 308 is electrically connected to a data interface circuit 307 which
preferably comprises an A/D converter to digitize the microphone output signal in an
appropriate format e.g. 16 bits at 16 kHz. The data interface circuit 307 is configured
to convert the raw digital microphone signal into an appropriate data format before
transmission as sensor data messages over a wired data communication link 312
extending through the flexible connector assembly 200 using one or several wires to
a corresponding or compatible data interface 112 arranged inside the BTE housing
portion 102 for example integrated on the microprocessor 111 as schematically
indicated. The data interface circuits 307, 107 and wired data communication link
312 may be configured to transmit/receive data by a proprietary protocol or by
standardized data communication protocol like I1°C, SPI, one-wire, etc. Data
transmitted through the one-wire data interface may for example be Manchester

encoded.

Certain embodiments of the RIE module 300 may comprise a non-volatile memory
circuit 212 for example comprising an EEPROM, EPROM or flash memory that
stores various types of calibration data or parameters and/or ID data associated with
the sensor or sensors, e.g. the microphone 310, and/or other components of the RIE
module 300.

The wireless communication channel 400 may be exploited to communicate various
types of data between the BTE housing portion 102/hearing instrument 100 and
various types of an external portable, or non-portable, devices 500 such as
smartphones, laptop computers, Tv-sets, alarm systems etc. These data may
comprise streaming of audio data such as music or speech from the external device

500 to the head-wearable hearing instrument 100.

FIG. 4 shows an exemplary timing diagram 600 for data exchange over the wireless
communication channel 400 and data exchange over the wired data communication
link 312 extending between the RIE module 300 and BTE housing portion 102
through the flexible connector assembly 200. The wireless communication channel

400 and the data interface circuits 307, 107 are Bluetooth or Bluetooth LE compliant
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in the present embodiment but the skilled person will understand that other types of
proprietary or standardized wireless interfaces may be utilizes with preference for
communication standards that are low-power in view of the typically limited battery

power and energy storage of batteries of hearing instruments.

The protocol of the Bluetooth LE compliant wireless communication channel 400
and interface comprises a plurality of successive so-called connection events Ci1,
Ci2, Ci3 etc. in which the BTE housing portion 102 is physically, via the
electromagnetic air interface, connected to the external device 500. The connection
events Ci1, Ci2, Ci3 etc. are separated by intermediate idle time periods Uc,1 Uc2
etc. where the external device 500 and BTE housing portion 102 are disconnected.
The connection events may be separated in time by between 2 ms and 25 ms such
as about 15 ms and each connection event may last between 10 pys and 1000 us
such as about 565 us. The RF transceiver 114, 116 in the BTE housing portion 102
may be powered-down during the idle-time periods Uc1, Uc2 etc. to conserve
power.

In the present embodiment of the radio-frequency data communication interface and
wireless communication channel 400 each of the connection events Ci1, Ci2, Ci3
are used as respective receipt time slots and transmit time slots of the wirelessly
transmitted data packets or messages P1 — P5 such that data packets P1 and P2
are transmitted in the first connection event Ci1 and data packets P3, P4 and P5 are
transmitted in the subsequent connection event Ci2 and so forth. The first data
packet P1 may for example be transmitted by the external device 500 to the hearing
instrument 100 where it is received via the RF antenna 104 and radio
transceiver/interface circuit 114, 116 and conveyed to the processor 111 for
decoding/unpacking and storage. The hearing instrument 100 responds to receipt of
the first data packet P1 with transmission of the second data packet P2 to the

external device 500.

Hence, in the perspective of the hearing instrument 100 the beginning and end of
the first data packet P1 defines a receipt time slot while the beginning and end of the
second data packet P2 defines a transmit time slot. The second data packet P2 may
for example include an acknowledgement bit or indicator signaling safe receipt of

the first data packet P1 to the external device 500. The data packet P1, and the data
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packets P2 — P5, are formatted in accordance with the communication protocol in
question which may be Bluetooth LE. Each of the data packets P1 — P5 may
therefore comprise a header section and payload section holding various types of
control information and audio data, respectively. Hence, in the present embodiment,
each of the connection events Ci1, Ci2, Ci3 comprises both transmit and receipt

time slots of the wireless communication channel 400.

During the first idle time period Uc1, the wireless communication channel 400 is
silent or inoperative, e.g. because the wireless transceivers are powered down or
shut down, while the respective sensor data packets or messages from sensor 1
and sensor 2 successively are transmitted during respective transmit time slots by
the data interface circuit 307 of the RIE module 300 over the wired data
communication link 312. These transmit time slots are defined by the processor 111
of the BTE housing portion 102. In the next connection event Ci2, the data packets
P3, P4 and P5 are exchanged during respective transmit and receipt time slots of
the wireless communication channel 400 and so forth. During the second idle-time
period Uc2, the wireless communication channel 400 is again silent or inoperative
while the respective new or updated sensor data packets or messages are
transmitted by the data interface circuit 307 of the RIE module 300 during respective
transmit time slots from sensor 1 and sensor 2 over the wired data communication
link 312.

The skilled person will appreciate the processor 111 controls data communication
such that the transmit and receipt time slots of the wireless communication channel
400 both are non-overlapping with the transmit time slots of the sensor data packets
on the wired data communication link 312. Preferably, at least the receipt time slots,
again as seen from the hearing instrument 100, of the wireless communication
channel 400 and the transmit time slots of the wired data communication link 312 do
not overlap in time because of the relatively high noise sensitivity of the radio
transceiver/interface circuit 114, 116 which may corrupt the received data packets of
the wireless channel 400. A minimum of signal interference or noise is secured by
merely transmitting the sensor data packets or messages on the wired data

communication link 312 when the wireless communication channel 400 is silent or
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inoperative and this feature prevents corruption of the wireless data packets and/or

allows a higher data rate on the wireless communication channel 400.

The skilled person will therefore appreciate that other embodiments of the present
invention may utilize overlapping transmit time slots between the wireless
communication channel 400 and the wired data communication link 312 because
noise in the radio transceiver/interface circuit 114, 116 is less damaging such that
for example transmission of the data packet P2 may overlap the sensor data

message Sensor 1.

The processor 111 preferably ensures that the transmit and receipt time slots of the
wireless communication channel 400 are non-overlapping with the transmit time
slots of the sensor data packets or messages on the wired data communication link
312 by polling the data interface circuit 307 through the wired data communication
link 312. The processor 111 is aware of the transmit time slots and receipt time slots
of the wireless communication channel 400 by knowledge of the protocol thereof
e.g. Bluetooth LE and/or knowledge of the current connection parameters. This is
the case both when the processor 111 is configured as a master device and slave

device of the wireless communication channel 400.

The processor 111 may therefore write a particular command to a suitable register
of the data interface circuit 307 at known time instants such that the data interface
circuit 307 in response transmits the sensor data message. The processor 111 may
alternatively simply use a general purpose input-output port (GPIO) to assert a pin of
the data interface circuit 307 by switching this pin between logic low and logic high
or vice versa through the electrically conducting wires or traces of the flexible
connector assembly 200. The state switching of the pin of the data interface circuit

307 may force the latter to transmit the sensor data message or messages.
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PATENTKRAV
1. Hovedbeerbart hgreinstrument (100), der omfatter:

- en farste husdel (102), som er konfigureret til placering pa eller bagved en
brugers @re og omfatter en radiofrekvensdatakommunikationsgraenseflade, som er
konfigureret til at overfere og modtage datapakker indenfor henholdsvis overfersels-

og modtagelsestidsvinduer gennem en tradlas kommunikationskanal (400);

- en forbindelsessamling (200), som er konfigureret til elektrisk og

mekanisk at sammenkoble den fgrste husdel (102) med en anden husdel (300);

- idet den anden husdel (300) er konfigureret til placering i brugerens
gregang og omfatter en sensor (310), som er konfigureret til at male en fysisk
egenskab, der forbindes med drift af det hovedbaerbare hereinstrument (100), og

generere sensordata, der er repraesentative for den malte fysiske egenskab,

- en kablet datakommunikationsforbindelse (312), der streekker sig mellem
den ferste (102) og den anden (300) husdel gennem forbindelsessamlingen (200)
til overfarsel af sensordata, kendetegnet ved, at overfarsel af sensordataene sker

I lebet af overfarselstidsvinduer, som defineres af en processor (111); hvor

overfarselstidsvinduerne for sensordataene og mindst
modtagelsestidsvinduerne for den tradlese datakommunikationskanal (400) ikke

overlapper hinanden tidsmeessigt.

2. Hovedbeerbart hereinstrument (100) ifalge krav 1, hvor
overferselstidsvinduerne for sensordataene pa den kablede
kommunikationsforbindelse og overfarselstidsvinduerne for den tradlase

datakommunikationskanal ikke overlapper hinanden.

3. Hovedbeerbart hereinstrument (100) ifalge krav 1 eller 2, hvor processoren

(111) tilherende den farste husdel (102) er konfigureret til at definere tidsvinduerne for
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overfarsel af sensordatapakkerne ved polling af en datagreenseflade, der er koblet til

den kablede datakommunikationsforbindelse (312) i den anden husdel (300).

4, Hovedbeerbart hareinstrument (100) ifglge et hvilket som helst af de
foregéende krav, hvor den anden husdel (300) omfatter én eller flere yderligere
sensorer (310), som er konfigureret til at male respektive fysiske egenskaber; idet
den ene eller flere yderligere sensorer (310) er forbundet med den kablede
datakommunikationsforbindelse (312) via respektive datagreenseflader eller

gennem en feelles datagreenseflade.

5. Hovedbeerbart hareinstrument (100) ifalge et hvilket som helst af de

foregaende krav, hvor den anden husdel (300) yderligere omfatter:

- en receiver eller miniaturehgjtaler (308), som er konfigureret til at udsende
lyd i overensstemmelse med et audiodrivsignal, der leveres gennem mindst to
elektrisk ledende ledninger eller baner (208a-h) tilh@rende forbindelsessamlingen
(200).

6. Hovedbeerbart hareinstrument (100) ifglge et hvilket som helst af de
foregéende krav, hvor radiofrekvensdatakommunikationsgraensefladen omfatter

en Bluetooth- eller Bluetooth LE-kompatibel greenseflade.

7. Hovedbeerbart hereinstrument (100) ifalge krav 6, hvor en
kommunikationsprotokol for radiofrekvensdatakommunikationsgreensefladen omfatter
en flerhed af successive forbindelsesbegivenheder, der definerer

modtagelsestidsvinduerne og overfarselstidsvinduerne.

8. Hovedbeerbart hereinstrument (100) ifalge krav 7, hvor den ferste husdel
(102) fysisk forbindes med en ekstern baerbar kommunikationsenhed i Igbet af de
successive forbindelsesbegivenheder og frakobles i Izbet af mellemliggende

hvileperioder.

9. Hovedbeerbart hareinstrument (100) ifalge et hvilket som helst af de
foregaende krav, hvor den kablede datakommunikationsforbindelse (312) er

kompatibel med en branchestandard sasom I°C, SPI, one-wire osv.
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10. Hovedbeerbart hareinstrument (100) ifalge et hvilket som helst af de

foregaende krav, hvor den anden husdel (300) omfatter:

- en stiv hul skal (304), som deri rummer mindst miniaturehgjtaleren (308),
sensoren (310) og en farste datakommunikationsgreenseflade, der er koblet til

den kablede datakommunikationsforbindelse,

- en sammentrykkelig elastomer areprop eller “mushroom” (302), der
udl@seligt er koblet til den stive hule skal (304) og formet og dimensioneret til

placering inden i brugerens sregang.

11. Hovedbeerbart hareinstrument (100) ifalge et hvilket som helst af de
foregaende krav, hvor radiofrekvensdatakommunikationsgreensefladen omfatter en
RF-antenne (104), der omfatter mindst én elektrisk ledende ledning eller én elektrisk
ledende bane tilh@rende forbindelsessamlingen (200), og som for eksempel
indbefatter elektrisk ledende ledninger tilh@rende den kablede

datakommunikationsforbindelse.

12. Hovedbaerbart hgreinstrument (100) ifalge et hvilket som helst af kravene
1-9, hvor radiofrekvensdatakommunikationsgreensefladen omfatter en RF-
antenne (104), der er anbragt inde i den fgrste husdel (102), og som for
eksempel omfatter én eller flere spoleformede bane(r) af et

elektronikbaerersubstrat, der understatter processoren (111).

13. Hovedbaerbart hgreinstrument (100) ifalge et hvilket som helst af de
foregaende krav, hvor sensoren eller sensorerne (310), der er anbragt i den

anden husdel (300), mindst omfatter én af:

- mikrofon, der er anbragt til at opfange @regangslydtryk hos brugeren eller

at opfange lydtryk fra et eksternt milj@ ved brugerens @re;
- eretemperatur;
- en rumlig orientering af den anden husdel (300);

- elektroencefalografi-(EEG)-signaler hos brugeren.
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14. Hovedbaerbart hereinstrument {100} ifpige et hvilket som helst af de
foregdende krav, hvor den anden husdel {300) omfatter et flygtigt eller ikke-

flygligt hukommeiseskredsligb til midlertidig lagring af sensordata.

15. Hovedbeerbart hereinstrument {100) foige et hvilket som helst af de
foregaende krav, hvor forbindelsessamlingen (200) omfatter fleksibelt baerersubstrat
elier fleksibel yderbelaegning og fortrinsvis omfatler en flerhed af elekirisk ledende
ledninger eller baner {208a-h}, som sammenkabler en kablet
datakommunikationsgraensefiade for den fgrste husdel {102) med en kablet

datakommunikationsgreenseflade for den anden husde! {300).

186. Fremgangsmade til styring af dataoverfgrselstidsvinduer gennem en kablst
kommunikationsgrasnseflade mellem ferste og anden sammenkoblede husdele af et

hovedbaerbart hgreinstrument, hvilken fremgangsméade omfatter:

a) bestemme modtagelsestidsvinduer for datapakker for en
radiofrekvensdatakommunikationsgraenseflade for den forsie husdel ved hjaslp af

en processor deraf,

b} male en fysisk egenskab, der er forbundet med driften af instrumentet,

ved hjselp af mindst én sensor tithprende den anden husdel,
C) generere sensordata, som er repressentative for den matte fysiske egenskab,

d} overfgre sensordataene Bl den ferste husdel gennem en kablet
datakommunikationsforbindelse, der strackker sig gennem en forbindelsessamiing

meilem den farste og den anden husdel, kendetegnet ved, at

sensordataene overfgres inden for dalaoverfgrselstidsvinduer, der

defineres af processoren, oy

e} styre overfgrselstidsvinduerne for den kablede
kommunikationsforbindelse, saledes at de ikke overlapper

modtagelsestidsvinduerne for radiofrekvensdatakommunikalionsgreensefladen.
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