10

15

30

| APPARATUS AND METHOD FOR OPERATING A HEARING AID This
invention relates to hearing aids and to methods of operating hearing aids.
More specifically, it relates to hearing aid systems comprising hearing
aids, wireless 5 transceivers and remote controls. Hearing aids capable
of being operated by remote controls are known. Remote controls have
been used primarily for selecting among different listening programmes
stored in the hearing aids and for individual adjustment of the output levels
of the 10 hearing aids. The data bandwidth of the communications
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aids is comparatively small and mainly used for simple commands like
"adjust output level up one notch” or "change to program 2", these
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Exisli ireless, communications channels for the.remoge control of 15
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communications channel. Recent developments in hearing aid signal
pgcessors encompass_a multitude of different parameters and settings
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hearing aids via cables and connectors.

Recent developments in hearing aid signal processors encompass a multitude of
different parameters and settings stored in non-volatile memory circuits in the hearing
aid, each setting having a specific relation to the performance of the hearing aid, e.g.
gain and compression levels in different frequency bands. The values of these
parameters and settings will usually be decided and stored in the hearing aid during a
fitting session with the user and a fitter. The effect of changing one or more
parameters in the hearing aid may, to some extent, be monitored by the fitter through
simulation in computer software, and, in some systems, monitored by reading out the

parameters from the hearing aid in real-time, as described in the following,

An industry standard programming interface is the NOAH-Link® interface,
manufactured by Madsen Electronics, Taastrup, Denmark. This programming
interface comprises a transponder unit worn in a string around a hearing aid user’s
neck and connected, during use, to one or two hearing aids via cables and connectors.

The transponder unit is capable of transmitting or receiving digital programming



The transponder unit is capable of transmitting or receiving digital
programming 2 signals from a personal computer equipped with a similar
transponder and running suitable software for the purpose of
programming the hearing aid. The transponders in the programming
device and the personal computer preferably 5 utilize the industry
standard Bluetooth(r) wireless networking interface for communication,
and the personal computer runs a version of the industry standard
Compass(r) hearing aid fitting software. During use, a fitter of hearing aids
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15 However, connector sockets in hearing aids are complicated in design
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However, connector sockets in hearing aids are complicated in design and
manufacture, a potential source of error, and add significantly to the bulk of the
hearing aids. The fitting of hearing aids with cables is a significant complication for

the fitter.

US 5 615 229 describes a magnetically coupled short-range communication system.
for transmitting audio signals between a magnetic transmission element and a
magnetic receiving element in a hearing aid. The audio signals are transmiited as a
time variant modulated, pulse coded data stream. This is a simplex system, and the
magnetic receiving element in the hearing aid appears to be power-intensive, thus

putting a great strain on the hearing aid battery.,

WO 98 48526 devises a magnetic-induction time-multiplexed two-way short-range
communications system for transmission and reception of signals between a telephone
base upit and a portable headset in close proximity to said base umit. It has duplex
capabilities and an adequate bandwidth, but the size of the receiver and transmitter in

this system prohibits its use in hearing aid systems.
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communications system for transmission and reception of signals between
a telephone 30 base unit and a portable headset in close proximity to said
base unit. It has duplex capabilities and an adequate bandwidth, but the
size of the receiver and transmitter in this system prohibits its use in
hearing aid systems. 3 US 2004/0037442 describes a wireless binaural
hearing aid system utilizing direct seqyence spread spectrum technology
to synchronize operation between individual hearing prostheses. This
system enables two hearing aids to communicate wirelessly 5 with each
other for the purpose of synchronizing the sampling of the sounds picked

' id microphones. A remote, control is not involyed.in _.
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cumbersome to use due to the size and power consumption of the
components involved. However, no practical suggestions as to how such
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EP 1 445 982 Al describes an apparatus and method for mutual wireless
communication between one or two hearing aids and a remote control unit for the
purpose of controlling program selection and adjusting output volume. The
communication is controlled by assigning different priorities to the hearing aids and
the remote control unit and making each unit transmit in its own time slot according to
the assigned priority. Apparently, no means to communicate from the remote control
unit by other means than those provided for communication to the hearing aids, are

provided.

EP 1460 769 Al discloses an electronic module and a mobile transceiver comprising
several receivers for receiving electrical or electromagnetic signals carrying audio
signals and a radio transmitter for transmitting radio signals carrying audio signals.
The mobile transceiver comprises a prioritising module and a transmitter for
transmitting audio received by one of the receivers to a hearing aid comprising 2

receiver. The actual transmission scheme used by the mobile transceiver is not
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several receivers for receiving electrical or electromagnetic signals
carrying audio signals and a radio transmitter for transmitting radio
signals carrying audio signals. 30 The mobile transceiver comprises a
prioritising module and a transmitter for transmitting audio received by
one of the receivers to a hearing aid4qcomprising a receiver. The actual
transmission scheme used by the mobile transceiver is not 4 disclosed,

. and no means for transmitting signals from the hearing ajd to the mobile _
disfapReAIEr S RSASAY. BARHEIG Stamdifimdisr iieringentidn Mgynobile
trafpy@ide & ArarinRgdaid system with wireless communication between one

or two hearing aids and a portable device that has sufficient bandwidth for
transmitting digital audio to the hearing aids. Example embodiments of the
Exiysietiomvoaihiayidg andeariratid susiemriRaddas Reakheapabiitider with

.conveying information from the hearing aids to other external equipment.
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that operates with 15 a very low power consumption. Example
embodiments of the invention may provide a hearing aid system with
Exiwir}elle&m@@mmmiﬁaﬂ@Bibbﬁtx&@@mtwgbqﬁﬁn%iai%@éﬁ?gmﬁa@ﬁﬁ&yzXEatahas a
ow, power consumption. 20 Example emhodiments of the invention may
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equibarael to be used for communicating between a remote control and one
or two hearing aids during programming. 25 Example embodiments of the
invention may provide a hearing aid with the capability of wireless
Exffaprmisshodiaidighdapacityvwatioperating atwesy Jonepomehid system with
ﬁ)nsum tion..In accordance tg)a first a%paencé of the present invention

wu:: 5% SOIFRURIERS, e&wﬁana? earing al an extemafumt that operates with

a very low power consumption.

Example embodiments of the invention may provide a hearing aid system with
wireless communication between twohearing aids at high capacity yet at low power

consumption.

Example embodiments of the invention may provide a broadband, bidirectional,
wireless, digital communications channel to be used for communicating between a

remote control and one or two hearing aids during programming.

Example embodiments of the invention may provide a hearing aid with the capability
of wireless transmission at high capacity yet operating at very low power

consumption.

In accordance to a first aspect of the present invention, there is provided a hearing aid
system comprising: a portable module having a first transceiver for transmitting and

receiving electromagnestic signals, a Miller encoder for generating data for
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transmitting and receiving electromagnetic signals, a Miller encoder for
generating data for 4a transmission, a Miller decoder for decoding
received signals and means for producing output data based on the
decoded signals, at least one heariag aid having a second transceiver for
transmitting and receiving electromagnetic signals, a Miller decoder for
decoding received signals, means for storing programming information 5
ragienigeidirom thidaledodmibsighaisdereding fosqrioddciignals oattgutrgignal for
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spratdi shectromdDBER) sigrate based on the output data and modulated
according to a DSSS scheme; receiving the electromagnetic signals
modulated according to a DSSS scheme in a portable module;
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decoded signals. In example embodiments, the hearing aid system uses a
selgfyig) vireRses RithshRvee Epetilesnen ferriMingenBitdRtRs presiagjrput
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electromagnetic signals based on the output data and modulated according to a
DSSS scheme; receiving the electromagnetic signais modulated according to a
DSSS scheme in a portable module;, demodulating and Miller decoding the
electromagnetic signals, and; producing output data in the portable module based on

the Miller decoded signals.

In example embodiments, the hearing aid system uses a digital wireless transmitter
circuit. Such a transmitter circuit is preferably physically small in size, small enough

to fit into a completely-in-
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in a hearing aid, has to be very low. The maximum power consumption of
a transmitter of this kind is comparable with that of a standard hearing aid
output transducer. 5 A system of this kind has a spatial range of at least 1
meter, a high reliability, preferably with error-correction, being adequate
for avoiding deadlock situations or kss of information due to
simultaneous transmission or interference from similar systems nearby, a
bandwidth wide enough for transmitting (compressed) audio signals 10

the AAH0GUIERIHME SUNBls fehveenRhgingAideRd aRarakle, deNdstused

and an acceptably low power consumption, especially with respect to the
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hearing aids to a portable module, all incorporating an embodiment of the

transdHeShitter circuit for one or more of the following purposes: transferring
audio signals from the hearing aid to the portable module for the purpose

of monitaring the signal processing in the hearing aid, transfeyring . . .
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parameters from the hea,rinlg aid to the portable module for the purpose of
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building into a hearing aid acting as a host system for the transmitter.

heagifeAlf- spectrum transmitter of this kind have several benefits over similar
devices known in the art. They may be made physically very small, thus
fitting well 30 within.the. confined space of a behind-the-ear or an

Using e_eté?rhqggﬁ% %W&ugiﬁ@re ess, digital communications channel is made

available from one or more hearing aids to a portable module, all incorporating an
embodiment of the transmitter circuit for one or more of the following purposes:
transferring audio signals from the hearing aid to the portable module for the purpose
of monitoring the signal processing in the hearing aid, transferring real-time
parameters from the hearing aid to the portable module for the purpose of logging, or
transferring digital real-time signal processing parameters from the hearing aid to the
portable module for the purpose of monitoring the signal processor in the hearing aid
during use. The portable module may then relay the digital signals from the hearing
aids to e.g. a computer or similar means for picking up the relayed signals for analysis

and further processing.

Such a transmitter may preferably be manufactured as an embeddable, monolithic,
electronic module for building into a hearing aid acting as a host system for the
transmitter. Spread spectrum transmitter of this kind have several benefits over similar
devices known in the art. They may be made physically very small, thus fitting well
within the confined space of a behind-the-ear or an in-the-ear hearing aid housing,
they have a noise-like frequency spectrum footprint, thus causing little or no

interference problems, and they consume very little power, making this transmission
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they have a noise-like frequency spectrum footprint, thus causing little or
no interference problems, and they consume very little power, making this
transmission 6 technology very well suited for hearing aid applications
where power consumption and battery life are at a premium. A
spread-spectrum transmitter is characterised by the fact that it transmits
signals, not 5 on a single carrier frequency but instead a range of
frequencies. A frequency-hopping spread-spectrum transmitter transmits
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andPEGRL, $Pe e AhaRsTRiter transmits on practically every frequency
within the range, having a noise-like frequency spectrum footprint. This

allows for excellent immunity to noise, and thus makes the power
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module, proqgramming the hearing aid via the portable module, transferrin
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mogdule, qr transpnitting data wirelessly from an external source, such as a
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forthepadablessnodile, 2Rt RastrianramitisHigteiver combination present in
the hearing aid and the portable module renders the hearing aid system
capable of mutual, bidirectional communication between the hearing aid
and external equipment. This transmitter/receiver combination may

referabl tFe integrated, into a single %g.monolithi.c unit embeddable_into
A T D P oA TS S AT SR, B B BBl
ponsiRimadar saternd dorasma Hangaenids, The tfanseeivar ey ibe4idkirde used
one of three, states or modes c%éé) eration, denoted the "sleep” mode,.the .
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via the portable module, transferring digital audio signals to the hearing aid from the
portable module, transferring programming data to the hearing aid from the portable
module, or transmitting data wirelessly from an external source, such as a personal

computer or similar appliance, wirelessly to the hearing aid via the portable module.

The transmitter/receiver combination present in the hearing aid and the portable
module renders the hearing aid system capable of mutual, bidirectional
communication between the hearing aid and external equipment. This
transmitter/receiver combination may preferably be integrated into a single,
monolithic unit embeddable into a hearing aid or a portable module. In this

application, this combination is hereinafter referred to as a transceiver.

The transceiver may be put into one of three states or modes of operation, denoted the

“sleep” mode, the “receive” mode, and the “transmit” mode, respectively. In the
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7 "sleep" mode, the transceiver is idle, i.e. doing nothing but waiting for a
signal from the host system ordering it to change its state. In this state,

the transceiver circuitry draws very little current from its host system. In

the "receive” mode, the receiver of the transceiver is activated for a
predetermined period and "listening” for 5 transmissions from another
transceiver. Whenever a transmission is detected, the receiver decodes

the message as it is received and presents the decoded, received

message to the host system as a binary bit stream. In the "transmit"
m@ﬂ&pthﬁmﬁé}nﬁmﬁg&ﬁ\tmgrmqeévamg%{m{g@&Mﬁ@%&%%m from
wgfnever a message is ready for transmission. 10 The message tobe
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meter. The "receive" mode may be initiated by e.g. a Wat(c:chdog timer
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01; aJjnessage - is received during a "reception” period, the receiver is left

openyun ian ?éﬁ%%%\'/ledge signal from the host is sent back to the first

transceiver, or until a predetermined time period has elapsed. During this
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picked up, detected and decoded by the receiver of the first transceiver
all G5Reriede® thetDs Heminril pfodestarusiseninndy mnstistd by, the
hoyyerefieNeMRSsageds eftl dhiparphie PradalerRiBeddinge.Recigeh iR ated
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i Broducsd BY TRE R FABESi P 0 cel8oF RS sHidERSS B R 486 Jewiraitted
teckegeig adakaydenhitiitecht) yhir amamniftiag o the transceiver has an effective

range of approximately 1 meter.

The “receive” mode may be initiated by e.g. a watchdog timer preprogrammed with a
predetermined listening period and interval, or triggered by the conclusion of a
transmission. If a message — or a part of a message — is received during a “reception”
period, the receiver is left open until an acknowledge signal from the host is sent back
to the first transceiver, or until a predetermined time period has elapsed. During this
period, a message transmitted by a nearby second transceiver may be picked up,
detected and decoded by the receiver of the first transceiver and transferred to the

hearing aid processor as a binary bit stream. If, however, no message is sent during

- the predetermined time period, the transceiver reenters the “sleep” mode until another

“receive” mode signal is produced by the hearing aid processor.

Transmission of messages from the hearing aid may be initiated by transmitting a
dedicated transmission request message from the transceiver of the portable module
during a “reception” period. When the hearing aid receives the dedicated transmission

request, the hearing aid processor prepares a message for transmission and transmits it
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30 dedicated transmission request message from the transceiver of the
portable module during a "reception! 'period. When the hearing aid
receives the dedicated transmission request, the hearing aid processor
prepares a message for transmission and transmits it 8 using the
“transmit" mode of the transceiver ingthe hearing aid immediately after the
end of the "reception” period. The transmitted messages may comprise,

usibbtiRée-nabshmitedd® acknowiedaevnessageseddantifiigationMessadgtr the
Cfarameter readout messages, signal processing status messages,
cn
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e.g. a personal computer, a fitting system or. an associated remote control
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has an almost rectangular frequency spectrum distribution footprint as
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unigpectrum distribution footprint having more rounded ends. This ensures
that the frequencies at the ends of the utilized frequency range of the
transceiver have a power level that is comparable to the frequencies near

In thepkéreepicralibavthzethiegencyfanganAdvilleriaeding ransoeivesding
may be easily, implemented in current silicon-chip t chnolog{y. Signals _
rapEHHESENin .151."6?6[&&%‘?ﬁ8“8&%32f?8?n‘6?8568h‘%| g Pt dipfdangular
frequichoy sigaalsncahisitionitendestbraquesispbide ntita reghestspeadgectrum
transmitri%(i from ¥1e 20 portable moégulg to the earingtﬁigd,,and signals ded
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the BT Aoy . G 58 g e RSy Gudigh e
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oscillator controlledﬁ)lt@/C said refer nwstal, said master section being

im%ﬁ%‘@ﬁiﬁgﬂ;}“a@{g&ﬂh iR er circuitry. In this embodiment,
the

Signals representing e.g. programming data, remote control signals, real-time audio
signals, condition readout requests or identity requests may be transmitted from the
portable module to the hearing aid, and signals representing e.g. acknowledge signals,
condition readouts, real-time signal processing readouts or identity signals may be

transmitted from the hearing aid to the portable module.

According to a preferred embodiment of the hearing aid system, the transmitter
comprises a master section comprising an output stage, a frequency reference crystal,
and an oscillator controlled by said reference crystal, said master section being
electrically detachable from the transmitter circuitry. In this embodiment, the

transmitter is preferably placed in the portable module.

The transmiiter also comprises a slave section comprising a selectable output stage.
The transceiver uses the phase-locked loop for locking its reception frequency onto

the transmitting frequency of the oscillator in the transceiver acting as master and for
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transmitter is preferably placed in the portable module. 30 The transmitter
also comprises a slave section comprising a selectable output stage. The
transceiver uses the phase-locked loop for locking its reception frequency
onto the transmitting frequency of the oscillator in the transceiver acting
as master and for 9 monitoring this frequency after a master transmission
has terminated, said reception frequency being used as a transmission

moliREHARGY ALY I thenfransGaiesrastingAssi Siavassepgisma acknawiedston
signal following a transmissign from the transceiver actinr]gé as master. In

freginia ) THE R AsieFUBING IR kR ensas A oY RSB dhs FeBRsRidg Bacting as

slaGEystalesaillatamningga ciysiplfraferangedakasiksPace and:iEensiN@sver
power, dispensing with a crystal is a substantial advantage if the
F

aclpg RLBIEFTS 1o BE BUlt itorancPISEqTHRevE the StfisiiBst Resttingedsagnce
cryStgEhaasiREeMBieelyainifeac anaddaesingk &idud Qileo gigclesedised power,
. hearing r(";}'!g?isystem comprising a first hearing aid having means for

ISP HERSSTHEATR U for thHEI L SO YR Ler AL AR SRS Y6 trandmibialy nto.

anlestian)ageptibsigndlssbasachgnife pHtdataanglanadulnind aacomeiatng
. to a DSSS scheme, a second hearing aid having means for processing

ald'rnput data for transmission, and a transmitter for transmitting
electromagnetic signals based on the input data and 15 modulated
t0 a DSSS scheme, and an external unit havigc%ﬁéeceiver for

accorqin
Algp é?%?ﬂ&gél&% TEGR Al SRS HIYLHIE G FEoTEiNg means for
pnﬁ@la?ﬁge, apdia dthOd%f fod@@ﬁﬁﬁﬁﬂgélh%}:IéeCineL@aﬁlﬁﬂﬂfléraridlfﬁrtransmitting
producing output data based on the decoded signals erein,the
el AR o SR A1 A PSP TA RIS, e b o @ DSSS
scteasjngaidmrecadapted fortaondiaating hetsspesijue Hansnissinnsiiion,
{ﬁo order to a\:fid transmission collisions. The trans ei\%&r in he.hearicril d
and, o H ARSIV AGT HR IR RS o AR RSHY fend e%f‘s S8 a AP AR an
modekeptiantiniite is adivsedalarguindinieralgnal theitvwahearing.caids; for

respectively, by a watchdog timer, constituting part of th %%%rin aid
rec R8s S ST i BHOEELE PECH s Whe HaSe Sy SHaT (R 2
dedoadnseiviicotnge thansotitied signals and for producing output data based on the
decoded signals, wherein the transmitter of the first hearing aid and the transmitter of
the second hearing aid are adapted for coordinating their respective transmissions in

order to avoid transmission collisions,

The transceiver in the hearing aids comprising the transmitters are initially in “sleep”
mode, and the “reception” mode is activated at regular intervals in the two hearing
aids, respectively, by a watchdog timer constituting part of the hearing aid processor,
said hearing aid processor acting as the host system to the transceiver, The “transmit”
mode is activated by the hearing aid processor immediately following a reception, and
data is then transmitted from the hearing aid to the portable module dependent of the
contents of the received and decoded message. The hearing aid processor is capable of
transmitting settings, real-time parameters or audio from the hearing aid via the
portable module to the computer. If none of these data is required, the hearing aid

processor transmits a short acknowledge signal.
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mode is activated by the hearing aid processor immediately following a
reception, and data is then transmitted from the hearing aid to the
portable module dependent of the contents of the received and decoded
message. The hearing aid processor is capable of transmitting settings,
real-time parameters or audio from the hearing aid via the 30 portable
module to the computer. If none of these data is required, the hearing aid
Alfrofssseedransmissds ot aekpRwisdae aignakilp AHisedisalosehigiding a
method of programming a hearing aid system comprising a portable ,
POTABH I G G PARAIG Dk 8 UB SRFALERERITHIH ATEEERE 4 ISt pfehearing
aidRBasiperaAlddRCARAAIPE A SPeENtE RFeAdSPECEHM L tNSSaMSiading feans

computer, having means for communicating with the portable module and
f"rrﬁﬂﬂ}ﬁﬁl’%’ﬁﬁﬂ%ﬁe"gﬁ?’ta@@ W’@‘a}ﬁowﬁmﬁn@f@ &gt a?a,ggm it ot

proe@Mpfisingthe steps At deteimitinga Aeaphglesmio hepgoripensatadiby a
the hearing aid, using the computer software to generate a program.for
heatipenlosFing Qi SIMRRIETE %anfiﬁ%%aﬁﬁg &l HERE MG TSR SRTERYE to

gerlad Yol REQIETIAH O SR GRS uRERGEaR: from b samapisier kedhes loss,
portable module via the. means for communicating with the portable .

AR f@“ﬁ%g}#ﬁ%‘ﬂ%fﬁﬁgﬂmf}%féﬁ AEEFENIR P B HTdindbe

poriatifte hediing aid tRinghbasdfirkirspeashafiesttin WansoRiveLreskIVingdule,

the program information_in the hearing aid, transmitting informatiqn from
R ARG e BRI ATS. Eig L ScBRB S hee SHciPantid

usif@fAseEive rseediving then nfgtraatien e the: feaprgaid inhthepadablethe

module, transmitting the information from the portable 15 module to the
e or AP G ERERH 8 A Ry WOy, module
usigativgsaddadney e pregrammeshyihey! beisy @alvasicaihreanogctahiohe

any external hardware, thus eliminating the need for wires and connector
el U G BROEREIS T F Wead EHT RSN dRSERAEE v S B e
modaineciercoathAlse sidalasedis ahniihoethel @paraingomberting aid

system, said method comprising selecting a hearing aid having input

means for receiving input data for transmission;
In this way, hearing aids may be programmed without being galvanically connected to

any external hardware, thus eliminating the need for wires and connectors — and thus

the problems of wear and corrosion associated with this type of connection.

Also disclosed 1s a method of operating a hearing aid system, said method comprising
selecting a hearing aid having input means for receiving input data for transmission;
transmitting from the hearing aid electromagnetic signals based on the input data and
modulated according to a DSSS scheme; receiving in an external unit electromagnetic
signals modulated according to a DSSS scheme, and a decoder for decoding the
received signals; and producing output data of the external unit based on the decoded

signals.

This enables the hearing aid to be operated from e.g. a remote control associated with
the portable module and having means for recalling stored programs in the hearing
aid, adjusting the volume in the hearing aid, or transmitting audio signals to the

hearing aid. The audio signals may, for instance, originate from a telecoil loop system,



transmitting from the hearing aid electromagnetic signals based on the
input data and modulated according to a DSSS scheme; receiving in an
external unit electromagnetic 25 signals modulated according to a DSSS
scheme, and a decoder for decoding the received signals; and producing
output data of the external unit based on the decoded signals. This
enables the hearing aid to be operated from e.g. a remote control
associated with 30 the portable module and having means for recalling
stored programs in the hearing aid, adjusting the volume in the hearing
aid, or transmitting audio signals to the hearing aid. The audio signals

and MRMe N $aNRB o QLiTINaIE frerbR QISR |19QPYSteRIngd b1:200 i@ e hearing
telecoil be disposed in the portable module instead of being placed in the

aid Haiypp dhatithecivasahvat e iandeesvap diainsrtdhas tp rissepidectihg
teleti auRidgRLelaaal 12 Belreeib nationaiitena kedilarteaevemids where
comple er-jn-the-Qf\naI [hearin aids w, ﬁ)r.e space considerations until
|

PR AV BOER WP %efa%%ﬁ PORPE Hottages of the hearing aid

system in example embodiments will now be described in further detalil

ith reference to.the accompanying drawings, where: fig. 1 shows
o A e oin e 51 4 Heding Al s SO e h g be
desbiibell schethatideshowitigrefctinect sehuencergpreddgsireetings, tkkrsteiver

for use in a hearing aid system according to the invention, fig. 3isais a

graph showing the frequency spectrum of a phase modulated spread
fig. Jpdetrirn R v rsduidenchipoaiscardra s sidwing i dragdidacy

spectrum of a spread spectrum (FSK) transceiver, fig. 5 is a graph

showing the frequency spectrum of a squared Miller-coded direct
ﬁg-QeGL?eW%@"sﬁf‘r’éﬁ‘éﬁaéﬁﬁe@é‘ﬂ&frlﬁ&r@ﬁ%’éé‘i\ﬁéﬁ‘(ﬁ@ﬁb@%%@é%%li?i@nﬁéf’c’r’fér for use

in ARVEAIOR; g, <fis A Usring diagramysh@uing the communication between a
master and a slave transceiver, fig. 7 is a prior art hearing aid system with
a wireless programming device used in conjunction with two hearing aids

fig. andsacomputaphalithwing the frequency spectrum of a phase modulated spread

spectrum (PM) transcetiver,
fig. 4 is a graph showing the frequency spectrum of a spread spectrum (FSK) transceiver,

fig. 3 is a graph showing the frequency spectrum of a squared Miller-coded direct

sequence spread spectrum transcetver (FSK-DSSS) according to the invention,

fig. 6 is a timing diagram showing the communication between a master and a slave

fransceiver,

fig. 7 is a prior art hearing aid system with a wireless programming device used in

conjunction with two hearing aids and a computer, and
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12 fig 8 is a preferred embodiment with a portable module used as a link
device between two hearing aids and a computer. Fig. 1 shows a hearing
aid 1 placed in. proximity of a portable module 7 according to 5 an
embodiment of the invention. The hearing aid 1 comprises a hearing aid
processor 2 connected to a microphone 4 and a first transceiver 6. The
hearing aid processor 2 is further conpected to an output transducer 3.
The first transceiver 6 is connected to'a first antenna 5. The portable
module 7 comprises a second processor 8 connected to a second

trapSCRiver AR AR INteLRES %&&E%BH&QH%Q@Q%@G L%e\;}g% Hween

inéput/output interface 12, a telecoil 13 and a second antenna
sAVeAgpRFCEEE 38 4P mPPSTable module 7 is capable of communicating
wirelessly with the hearing aid 1 via the second transceiver 9, and capable

of..communicating wirelessly with. a computer or the like (not shown) via
DR § BT e Ay A 58 BB <At doortin o
am&m tigfetﬁhfsim‘tm_ﬁenemeriﬁmﬁtg giﬂléarb:qm’hﬂ:sla&nﬁﬁl@gid processor
receRianal 1o @%&Sgﬁ%éé%ﬁ-ﬁ £%ﬂ£‘?t°fﬁﬂ%%ﬂ%§%%%%% C?“%%H“;%@&%% 2is
program or volume control changes while the hearing ai 15& RIS The
alfifi | eopapidof denabrane reanserest 20 the first ransseisiere$ &igonnected to a

saficipnthanidetie sanuay digitady RaasentedRUAIOHERAIS §Qh8ected to a

hearing aid processor 2 of the hearjng aid 1 for the purpose of acoustic

P SEOR B} Bhe outpuE SR CBP 4 Ceor B SRS B 2
pogtatietpu thitefdcisiCap atite«df theaetatiepdibiabaada 425 signals for
transmission to the hearing aid 1 regarding e.g. program changes or
volume control information. The second transceiver 9 and the second

ahbensraond mresersir digitaltbetnosigaloesie Reisrieapalitt | of lveramaigeating
stﬁm@sr@awﬁigﬁs@tﬁem ihe puyiliany i@&%ﬁmr&c@i@embfr%ﬁoga%&e of

or the telecoil 13, External audio signals may be input to the portable

ORI R e LR SR it efaP s aby Sbsnipatebonnbyiathe aeriliary
audifseU;evinet shgwin) berviatied to the auxiliary interface 10.

The first antenna 5 and the first transceiver 6 of the hearing aid 1 enables reception of
digital dafa signals representing messages concerning e.g. program or volume control
changes while the hearing aid 1 is in use. The available bandwidth of the receiver of
the first transceiver 6 is sufﬁciently wide to convey digitally represented audio signals
to the hearing aid processor 2 of the hearing aid 1 for the purpose of acoustic

reproduction by the output transducer 3.

The second processor 8 of the portable module 7 is capable of generating digital data
signals for transmission to the hearing aid 1 regardiné e.g. program changes or
volume contro] information. The second transceiver 9 and the second antenna 14
transmit digital data signals to the hearing aid 1. The audio signals may originate from
the auxiliary interface 10, the microphone 11, or the telecoil 13. External audio
signals may be input to the portable module 7 via the auxiliary interface 10, either
wireless or by an external audio source (not shown) connected to the auxiliary

interface 10.
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13 Fig. 2 shows a spread-spectrum digital transceiver 39 according to an
embodiment of the invention for use in the hearing aid 1 and the portable
module 7 shown in fig. 1. For simplicity, similar transceiver circuits 39
may be used in both the portable module 7 and the hearing aid 1. The
transceiver 39 comprises two main branches for receiving 5 and
transmitting signals, respectively. The{ ansceiver 39 is capable of
entering either a reception mode or a transmission mode. An input
antenna 72 is provided for reception of wireless signals and an output

aF@nDantd isREvided fer-the HanIRISSIQN L HY LRSS SI0NAS < RS dRRME: of

antenna 72 is connected to the input of a low noise input “amplifier 41 and

thiBRYsataR R Asers D BrmEgairth e BStparas pedide dubivmds fis. 1.
aifyl b‘im;;ﬁa’iﬂyﬁ?rﬁar frassceiseivingusITChAf HaciseansaRitems 9(;53%1@ SEle
a ifier and s section 41 43, 44, 45, 46, .a demodulation , |

R B ey P e 3o o e LB
5@%5@%’.@% simplifiorcspr Sivpeitsdotionetompise sapdbbel ofienioiteg either
l@@&%ﬁl@ﬂ'%o‘h& & MistRreAmplifier 84 AN SLRAND RASS, ST 83,8\ ided for

second preamplifier 44, a second band pass filter 45 and a first limiter 46.
THECRHAH SRS SRS SRtTA BHfHSR BPToNidsd s dudrarsarisgon
fiestvoisipasiriille 8 ifpaecansnimitey 49n 3cRRASAIOMRARRIRPndise input
sgcopgellow pa%astﬁgt%{l%t a tthird L&niter 52 anc%a fit?t multi 'Ieé%r 53. The
dORBTISHUL SR80S QB ANE LA SR SOPREHST obe S HIREER ' PEVGHIfuFPut
dewplbergBiang. aSirst correlator 56. The output of the digital input section

54, 55, 56 is connected to the input of a CPU interface 61. The
transmitting branch comprises a digital output section 62, 63, 64, an

olBRIEReHVERP ISR dBR BartsH 573 S BIiED, BBpietand shtrsiegction
gm:;g, agpﬁm%w% sag&%%ﬁ&lﬁéﬁéiaﬁ@ﬁxﬁiﬁ@gv@rcaaﬁmffliezrs?%%%§9?i9ﬂ 53,
, 69, 70. The digital output sectjon.comprjses a correlator 62, a Miller
efito é#%‘ﬁ%ﬁﬁ“&%f&&gaeg%oﬁrﬁﬁeﬁbgﬁwﬂﬁe{@&%ﬁf\ﬂm&ﬁ%ﬂ%maws a
blosknbike Tihpub utpplifétia GPfitintedacglifitrisizoaneteshnd faes iffwE af, a

' t@&&&&r%l%f’ag{gﬁ@gmﬁ,oécsi@%é%%%g?%%eﬂ?ﬁg ssction éjﬁeffsggﬁ%%cea 46. The

voltage contr oscillator a third low pass arge
plampdediting and limiting section comprise an FM demodulator 47, a first low pass

filter 48, a second limiter 49, a phase comparator 50, a second low pass filter 51, a
third limiter 52 and a first multiplexer 53. The digital input section comprises a clock
data recovery block 54, a Miller decoder 55 and a first cotrelator 56. The output of the
digital input section 54, 55, 56 is connected to the input of a CPU interface 61.

The fransmitting branch comprises a digital output section 62, 63, 64, an oscillator
and phase-lock section 57, 58, 59, 60, 65, a crystal-controlled master oscillator section
66, 67, and a power amplifier output section 68, 69, 70. The digital output section
comprises a correlator 62, a Miller encoder 63 and a voltage conirolled oscillator
(VCO) waveform interface block 64. The output of the CPU interface 61 is connected
to the input of the correlator 62. The oscillator and phase-lock section comprises a
voliage controlled oscillator (VCO) 60, a third low pass filter 59, a charge pump 58, a
second multiplexer 65 and a phase/frequency detector 57. The crystal-controlled

master oscillator section comprises a master oscillator 66 and a frequency-controlling
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30 second multiplexer 65 and a phase/frequency detector 57. The
crystal-controlled master oscillator section comprises a master oscillator
66 and a frequency-controlling 14 crystal reference 67. The power
amplifier output section comprises the master power amplifier (MA) 68,
the slave power amplifier (SL) 69 and the second antenna 70. When the
transceiver 39 is in reception mode, a \Q/ireless spread-spectrum signal
may 5 be picked up by the antenna 7£ and presented to the input of the
low noise amplifier 41. The signal is amplified by the low noise amplifier

41206 he-aneldedaiopalis Henmiesapteddoithedinphalhe ister power

preamplifier 42 for further amplification and impedance-matching. The
SRRl g HMne Ht=Uprdavh phner AR Bealihftetns i cansd dempAss

filter 43, further amplified by the second preamplifier 44, and further 10
ngliﬁitqp bs)é ther§%cond ban spass filter 45. The am {Igieg, band.

limite s@na s then Timite %}?I%lenfﬁlsot miter 46 betor ~g1?ﬁ§ub1}!ex§»§%10may
it dedadbiatingiachdiffitng sectond®, U8, Mpuse Gt 168 iodic Eneplifier
signagf ﬁmél%ﬁﬁﬁﬁé@9%@&1&&%5}@%&9{@;2lt%{Medﬁﬁgﬁﬁyﬂ%ﬁ is

47, the 15 phase comparator 50 and the second multiplexer 65,
ré@?ﬁéefﬁféw?flﬁ‘iﬁéee‘ﬁfb’édﬁﬁ{éﬁtﬁé‘ﬁWﬁéﬁgc@wgffﬁ@ﬁmbﬁ%w and
téamﬁs '_Hagrllémgiﬁ&a@%ﬁ?&ﬁ@ﬁﬁmg ﬁ@ﬂpdré?m@[iﬁ@ﬂ@ kWb SORa h%earw the
signals, and thus two different demodulator means are provi
(ORI  A1TeOBHE O U eSO By e e e

demadiutétir by 7ihilreredcblyativerfisstfitter- $asEHitengBfiahhlinditéditey tignal is
Seeane, 20l %{é&&e{ﬂﬁﬁe@%@%@f&é%%g ﬁqe@adﬁtﬁasgwéﬂ%é@@ H?a%fng and
, are y the

Received BPSK signals, on the other han emodulate
PR AT aPAOr804 Pl el b§%HB second low-pass filter 51, and
limited by the third limiter 52 before being presented to the input of the
f'ﬁ:?multi lexer 53 for conversion irgo a dirqital bit stream. 25 When the

sTgNaT f88 B9 ThR TSR P83 At faccnufairay 16 Bie 54 drmodyaiar & pibe
spteascobipisraligitil hitlstie asoedterslthiolo 66 detpaateyerinblectnibdment
t igital  input sectian of the transgeiver 39.for preconditioning, and th

e B i e ) B SRg Borh
TrdiptitededeEbt sitimtsstradBPSK. signals, and thus two different demodulator

means are provided for. Received, Miller-coded FM-signals are demodulated by the
FM demodulator 47, filtered by the first low-pass filter 48, and limited by the second
limiter 49 before being presented to the first multiplexer 53. Received BPSK signals,
on the other hand, are demodulated by the phase comparator 50, filtered by the second
low-pass filter 51, and limited by the third limiter 52 before being presented to the

input of the first multiplexer 53 for conversion into a digital bit stream.

When the signal leaves the multiplexer 53, it is considered to be a digital signal or bit

- stream. This digital bit stream enters the clock data recovery block 54 in the digital

input section of the transceiver 39 for preconditioning, and the preconditioned bit
stream is output to the Miller decoder 55 for decoding. The Miller-decoded bit stream
is then despread in the first correlator 56, and the decoded, despread bit stream is fed
to the CPU interface 61 for the purpose of being interpreted as digital information by
a CPU (not shown) connected to the CPU interface 61.
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is then despread in the first correlator 56, and the decoded, despread bit
stream is fed 30 to the CPU interface 61 for the purpose of being
interpreted as digital information by a CPU (not shown) connected to the
CPU interface 61. 15 When the transceiver 39 is in transmission mode,
digital information prepared by the CPU (not shown) is processed by the
CPU interface 61 and enters the seco gi correlator 62 as a digital bit
stream. In the second correlator 62, the bit stream is spread, and the
spread bit stream leaves the second correlator 62 and enters the Miller 5

eWRIEME3rANdBe M e:5RGRASH O3 e bl SR I8EANYEIIEH-IR0A by the
S%Pe' géaﬁ/eai}%trum, Miller-encoded bit stream which is fed to the input of
th

BYSHSiRietsech B tsa (o iatRtRY &£ LorrforisiagRefapeond

muodlatingsthes\(COp Rl haseg:on thethit siceamdsarlatae dilleearicetdesn is
63..10,T CO.60 for together with the third low s filter 59, the, .
P R PR R e et e

|oBpartichs sehrabaidiler poseder [0S +hddakssthrarfrds weneyrefitimo a spread-
regedving, brangh.atdheat @P&‘P@éﬂ?ﬁrﬁﬁﬁ%% %rﬁferirfﬁﬁg_ ue ﬁl%y\%@@avefom

transmitter for protf)er receE‘tion of wireless signals, and it determines the

PSRRIk 84 dRnESPBIdRG A aPRkTANaSE RS atnEBe TG} 69 based

ThetlShoupedofihe MERA6r isnteddosthe master power amplifier 68 and
the slave power amplifier 69 in the power amplifier output section for final
amplification before being transmitted wirelessly by the second antenna
76heTHE @ admitintp prthecivith the thirddowives3Blisr Saptislehafgeging g and

%@"%Q@%@%@&Q Rpduaten sohemes £an YaNsHiS .Oghﬁ%uﬁi%%ases. It

Miller-coded frequenc moduiqtlpn éMFM) or binary phase shift )
(9esiiheT Hequra gy is B rifsalnisgobrarehusb dhadsurspigaro eto the carrier

bﬁﬂﬁmﬁ!ﬁd'_ st}oagmmﬁébggaeﬁy@e@m&@@mmh ' ‘i@iﬁlﬁea’?@ﬂ@ﬁl Rd @Eﬁﬁﬁ%{&%ﬁ&_ s
cordin t nof shown) in the portable module or the hearin
Ztlﬁda, r{(léasnﬁgngfsf\}e?yh%%}? 8§J%n8ﬁ)’t§fﬂ‘§5’§ f%f%?grfgr?a%nwg‘ﬁfoa%s €
bastpividfHiR5\Heth 6 dssiedhia shp rogsamyoivangeniptidism aicndvblee power
Cﬁﬁ‘ﬂﬂ? FMALIOo ' ificati EM isused for .
Rl afzt{ir(;grlg ;%1%«!': I’i;r]ljé%@%fé fzﬁ Iﬁg@%%l%%ﬁai%?%n% amp'ﬁﬁéaﬁon Btore being
transmitted wirelessly by the second antenna 70.

The transmitting branch in the transceiver 39 is capable of using one of two different
modulation schemes for transmission, squared Miller-coded frequency modulation
(MFM) or binary phase shift keying (BPSK). The two types of modulation are used
according to the bandwidth demand by the type of information to be sent, and are
selected accordingly by the CPU (not shown) in the portable module or the hearing
aid, respectively. BPSK. modulation is used for information with a modest bandwidth
demand such as program change information, volume change information, and
identification messages. MFM is used for information requiring a higher bandwidth
such as streaming audio, programming information, or real-time parameter readout

from the hearing aid.

In order to keep down costs of manufacture and maintain simplicity, the hearing aid
system according to the invention utilizes similar transceivers 39 for both the master

transceiver 9 placed in the portable module 7 and the slave transceiver 6 placed in the



such as streaming audio, programming information, or real-time
parameter readout from the hearing aid. 30 In order to keep down costs
of manufacture and maintain simplicity, the hearing aid system according
to the invention utilizes similar transceivers 39 for both the master
transceiver 9 placed in the portable module 7 and the slave transceiver 6
placed in the 16 hearing aid 1 as shown in fig. 1, but not all blocks in the
transceiver 39 are used in both master and slave. When the portable
module 7, hereinafter denoted the master, transmits a message, the

MESSAREIS soadAnd eduipte INte A1 WIFRIES SiSIg ahHSINg ., ORe.Af 1hEd in

two available modulation schemes as described previously, theé;f/stal 5
refBremaste A die- nida s enriblespodil eamalisrsgaisde master,
refenemie iageihige, WithibaesecerddnliiglexeibhdDieRirafiibless signal using |
phase-locked log ion 57,.58, 59, 60 of the transceiver 39 for

R e AT RS b B R SRR CHSHREn 8- Sati th oyl
arténers707 a0d| e rdertdocoilséryéqimingrishe asanBeeiver Be:farthee together

hearng A AR HRATRLEEHPIE L AR SV A085 04 5, WAIQSH 55 59, 60

reference crystal 67 or local master oscillator 66 for frequency control, bu
it ttrsseier VO &b asaimsion BEesISerTIEnR R merkifisidiined the
castigideaeaenady.and lock onto a received carrier frequency while

switching off the respective local oscillator 66, 67. This is decided at the
time of 15 manufacture, where the master oscillator 66 and the master

10 oltpudartplifiect8 arovalisbotnestedeldgtoticdibafimnuifcheeshaftdhdenoted

15

20

235

30

%e%@lsi&eaoegrmtExlﬁswamgcam&g#ﬁsé%@g&? @ﬁ&ﬁ%&@&%@&o %Qf?la%‘fit% for

tr,
The slave transceivéer 39 spends the majority of its ‘operative life’ in "sleep

nfBdEeasTOreBtoS b terd et o iFsh Shiss o ren! rewséiition thgapmsate the

SlauRrifiaes CRiN e SRLRABHAKRIAtRIAbARO WA MURAAISa NG SHRYBency while
transceiver 20.39 is put.in "reception” mog for agjr,ed,etermlned period by
o RO PRGOSy VS HIRAY AIELATR0r i (Ot PSP s e of

fropmetasteniransbeiverst9 odiibma foesthde imiseeiveshanthdeodes are

15518 UANRGRIANANS T 10 KRR o000 U5 LERSVER SO B tal
itself is demodulated and decoded In the way

reference 67 is provided to the unit. The slave transceiver 39 spends the majority of its
operative life in “sleep” mode as discussed earlier, where no transmission or reception
by the slave transceiver 39 can take place. At regular intervals, the slave transceiver
39 1s put in “reception” mode for a predetermined period by a watchdog circuit or by

similar means in order to listen for transmissions from a master transceiver 39.

When a message is received and decoded by the slave transceiver while it is in
“receive” mode, the received signal itself is demodulated and decoded in the way
described previously. When the demodulated and decoded message is recognized by
- the CPU in the slave system, any required actions contained in the message are carried

out and an acknowledge message is prepared by the CPU.

During preparation, the phase-locked loop 65, 57, 58, 59, 60 is still locked onto the
frequency used at reception of the transmission from the master. When the
transmission is terminated, the phase-lock 57, 58, 59, 60 is opened, thereby enabling

the VCO 60 to run free at approximately the same frequency. This frequency is now
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25 described previously. When the demodulated and decoded message is
recognized by the CPU in the slave system, any required actions

contained in the message are carried out and an acknowledge message

is prepared by the CPU. During preparation, the phase-locked loop 65, 57,
58, 59, 60 is still locked onto the 30 frequency used at reception of the
transmission from the master. When the transmission is terminated, the
phase-lock 57, 58, 59, 60 is opened, thereby enabling the VCO 60 to run
free at approximately the same frequency. This frequency is now 17 used
by:tbe sjaie wanserivaeRefon the BansmissionAf herrRCkROWALER message.
age.. This eliminates the need for a bulky and power-consuming_
B PRHEFIR TS 454 008 PalEy Mo BONE AR ENReH tietrart O7 in the
tralasmierease hoowtedgdifite sSapenvietkaisatondanigens: Hesibenia the
t n e message has been successfully 5 transmitted, the slav
trka%réglgiv%\g@g%et@hs?@%ﬁe s?eeaﬁ rﬁgfgi%ﬁ\s@t%fgﬁepre?ﬁoﬁgﬁ? tﬁléccessgllly
pERsIEBpd s irrtsesiwie 8 tehwoketisvefyleapdestdén "reception”
mode power consumption is typically about ten times that consumed in

"Vséee " ode,_an(i%in “transmission" mode_the power consumption is about

t z@@m%i BV ed B S R SOESHPRIGR R S SOFRPFr 810 B SRivamadest, in
uSuatytiohretatiie o slaodothurapiosman dyifiuaigaBelndh ARYE XERASSHMSumed in

S I GG AL RV, e S e 9 M,

the m%ste_r réceives the sighal from
simescestioniiensis dbedessritedaqpeclivudly. sthe temneseillers’ 3d4tivebtishort

the MR ahARRLRe RiayG a6 canalie My%%MHggﬁ%ga&%{jﬁ%gg?ng

of the two different modulation schemes selectable by t
Uit HaLeHABRCEEyde of communication desired and the bandwidth
required. The types of communication to be exchanged between the
ter.and the slave may incor te, Tbu“ not |imited tQ, identity 20
%&%ﬁgﬁé’é?sf lort ns F’ué?osﬁg?%@%w BV EiNRIEBRIGFATIRAG the same
inforeigitions é@@iﬂg@,_phigi’ﬁaﬂylyeﬁdgs@amdemmﬂﬂﬁdramdih signalser and the
reallime éﬁﬁﬂ%ﬂkﬁwﬁ%xﬁfﬁ&%ﬁﬂ& R ng}%ge(% ’tl?entqwg)h(%tli’léz%ht modulation
schemes selectable by the CPU in either unit based on the type of communication
desired and the bandwidth required. The types of communication to be exchanged
between the master and the slave may incorporate, but is not limited to, identity
handshakes, short instructions, acknowledge signals, programming information,
settings, digitally represented real-time audio signals, real-time readout of signal

processing parameters, and the like.

When transmitting real-time digital audio, usually some kind of digital compression
of the signal is used. The digital representation of the audio signal is collected in a

- buffer (not shown) of adequate capacity, and the master transceiver 39 then fetches

the digital data representing the audio signal in data packets of a size suitable for
transmission using the interface 61. The slave transceiver 39 has a similar buffer (not
shown) for collecting the received data packets for decoding and decompression of
the data packets. Such 2 buffer configuration ensures sufficient bandwidth overhead
for the purpose of transmitting audio without dropouts or data loss, given that the

transceivers are within range of one another. Means for handling retransmission of
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When transmitting real-time digital audio, usually some kind of digital
compression 25 of the signal is used. The digital representation of the
audio signal is collected in a buffer (not shown) of adequate capacity, and
the master transceiver 39 then fetches the digital data representing the
audio signal in data packets of a size suitable for transmission using the
interface 61. The slave transceiver 39 fas a similar buffer (not shown) for
collecting the received data packets for decoding and decompression of
30 the data packets. Such a buffer configuration ensures sufficient

banaigithcoyegrendd fer m@e@mg@%&&{a&aﬂwﬁt&%ﬁw%ﬂgwkem may be

dro OJ.étS or %atétll—’?f e{f?jj’ﬁ’ at the trapsceivers are within range of one
her ans for K ﬁ% ERAEHTREIBhTY 18" hcompletely received

or otherW|se erroneously transmitted data packets may be provided in the

Cﬁ‘gﬁ%@éﬁ‘u@h% Ersm { @Xle 1501@11 (];r ug%él Cgs?ﬁgt%m signal.

showing the power distribution prea spec rum sign € main

cdftemfBogianey earrswn instigws s evéraed Fesiesltdindimgaidingabave an
amwa&mwﬁﬁqmg}a@ﬁé@aﬁ@m?ﬁ& SRRCHRSIPRE M- SBcertain

has a certain, power near the main carrjer frequency and ta ers out at the
eRAXDrIRE Ao IEHE A EHEdHMPUPtHEY raRsHsiQut 2 She sadspeb thenfrequency
tramstrussMnmamm\@ahadpmﬁagmmﬁif@npfﬂi&ﬁ!@ﬁbveral advantages

t fe encies, Itis re atlvel jmmune. t0.1Q
I%ﬁ?g%%&%%{(%@% giss%ln%s | ng%eﬁtio%éwﬁ CJfeequ E?}aébggrﬂﬁ?mne to
fougsfmencsdiiemgatherrigknsisni thansmidiorilistieningotpetorms Gotprint

C%H&ﬂ@'ﬂ%'ﬁ@k U ClEHILRHRAENC USRI DE ARSI ana
power, than fixed- frequency systems because the

‘;Begﬁgé P@éﬁ‘éﬂ%?&glagsﬁﬂw W%@ﬁﬁé%‘ssa&m Isestaonsy Spve fged-

sirepteany tycteniq bedsite thse:fpeciue tey shifikesingndar: divtilizes two

carriers for transmission, and it has a frequency spectrum resembling the
frequency spectrum shown in fig. 4. The FSK power spectrum has a more

réclﬂaﬁg@I@fesﬁéper@héﬁpm@'@pﬂeeimi;pedﬁtmuwﬂﬁqm;sh}ﬁﬁmdﬂﬁbg(EK) It
g INOGBERTi AN SO S GBI IR ;?Hgs%szégﬁgnoy me(%go Orgg%xln {5 the

in power than the carrier of 20 the PM ectru

(EEARTEEL BB SRy Sindg fndbeRSkorgiwer spectrum has a more c rectangular
shape than the spread spectrum technique shown in fig. 3. The two carrier

frequencies, carrier 1 and carrier 2, may be 20 dB lower in power than the carrier of
the PM spread spectrum modulation technique shown in fig. 3, and thus the total
bandwidth of the spread spectrum transmitter may be utilized more efficiently and the

effective transmission range per Watt may be larger.

In this application, Miller coding is to be understood as a preferred method of
encoding serial, digital data such as data for the purpose of wireless transmission. The
bit period, i.e. the duration of one bit, “1°*or “0”, respectively, has to be determined in
advance. The information is encoded into the digital bit stream as the spacings
between signal transitions without regard to polarity. Allowed spacings between
transitions in Miller coding are 1, 1.5, and 2 bit periods. An input of “1” gives a
transition at the end of a bit period, i.e. one bit period, an input of “0” gives a
transition in the middle of a bit period, i.e. 1.5 bit periods, unless a transition took

place at the start of the same bit period, in that case nothing is done, i.e. two bit
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bandwidth of the spread spectrum transmitter may be utilized more
efficiently and the effective transmission range per Waft may be larger. In
this application, Miller coding is to be understood as a preferred method of
25 encoding serial, digital data such as data for the purpose of wireless
transmission. The bit period, i.e. the duration of one bit, "1" or "0",
respectively, has to be determined in ggvance. The information is

encoded into the digital bit stream as the spacings between signal
transitions without regard to polarity. Allowed spacings between

trasidona itOMlis oo iq B’r&éﬁs ;1355;61516@&&&@&&@@@8@@&39%%%% Beriod. A
giv: ransition at the end of.a riod, i.e. one, bit period, an input
o G TSP s s e v i
ublierss i gansitoferdolenptace at the start of the same bit period, in that
case nothing is done, i.e. two bit 19 periods. A "0" following a "1" thus
never produces a transition during a bit period. A history of the last bit
r&%ﬁigags‘;‘agéd’m’ffﬁéc&@é@aﬁfg? Hiel buReHind | serdingreonnspondingtevatic bit

IRECOHMEHEN MANGEE. it @@%Iﬂt Iﬂr%@ﬁgrbw@@@b_ rﬁ&@&péi%%gf‘aﬁwg;tﬁg last b
period.spac rrespangdi e bit, combination "01". A one bi period
stS?;iiOg ’ca&éggﬁcc%dsﬁtd%ﬁft' 'V Be last bl WisPaaodrgmasRopRe o il if
titee flast it wass 01, and 1h6 Iitqpertdeh Gonré@poifidsetastiifvae jast bit was

"0", and the bit combination "00" if the last bit was "1 ". 10 An even more
preferred transmission technique is to use Miller-coding together with
FEkeurbBYe firittekprasmispr taahnigns e bsss Vil -isdiregoeetbyr with
SERICIRIFCiSsfuenc? ifpfitdSspSuaiha rordubaian, sehe mefaas ROt Wilize 8 i

_ c%rrier Ezrlegu.eg%ﬁ?% such, Qut is pr':marily defined bgi its bandwidth and its

O dhce. MR AdDadtiagee RS- RS diiresk sprgersirequency as
testniguesgrenhslgakeimedthdisdameéniibhaddor k&d¢ & RIS STRVEdvantages
Hler- 1 } Ission is eyen more efficient. Thus jt
o D AR P o et P cynond -
1B viut %H%?ﬁﬂ%rﬁSEr@ﬁﬁﬁyﬁwﬁmﬁséfandbimﬁemme@ﬁman@hus it
@REBrReE YNl e iBSARMIR RIUI &N Bansmission system where low power

consumption, immunity to noise and interference, and long range per Watt are

essential requirements.

Figure 6 is a timing diagram showing the relative timings involved during a
communication between a master transceiver and one or two slave transceivers. Three
timelines show the master transmission timing denoted Master Tx, slave listening
timing denoted Slave listen, and slave transmission timing denoted Slave Tx. The
timings are denoted T1: master transmission period, T2: timing gap period between
two independent master transmissions, allowing the master to listen for signals from
the slave, T3: slave wakeup and listening period, T4: the time period elapsed between
the starting times of two consecutive slave listening periods, T5: the slave
transmission period, and T6: the time elapsed between the starf of a master

transmitting and the end of the slave transmitting an acknowledge signal.

Note that T5 is divided into two parts, denoted R and L, respectively, each allowing a

transmission from a respective slave unit. This is a way of allowing the slave units in
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20 Figure 6 is a timing diagram showing the relative timings involved
during a communication between a master transceiver and one or two
slave transceivers. Three timelines show the master transmission timing
denoted Master Tx, slave listening timing denoted Slave listen, and slave
transmission timing denoted Slave Tx. The timings are denoted TI:
master transmission period, T2: timing,gap period between 25 two
independent master transmissions, allowing the master to listen for
signals from the slave, T3: slave wakeup and listening period, T4: the

f_imﬂlperi@ghe ﬂa;em% hedweana the: skesting _Hmmﬁm %ﬁ_ﬂ}%eﬁ#f@éﬁoﬂévt% the
Istenin 0 - the slave transmissio erioaq,.an . the time

e B e O B o, e deley e o the
skgFeotrsErisnmittihonar bitkrdaviedges signéis3@ddabe telat-Tdntivigedsatd that
eLRARS: SERPEHE AN the E%é&ﬁg%éeiyae%?&ﬂl alioin %% 5&%@%@“&?&'@@5@\4

from a'respective slave unit. This iS a way of allowingt ave units’i

Bt R dhtiredrmbaheaing aiders paighher aitpSdrrsiaariine to respond to
the messages from the master. In practice, this is done by adding a delay

iod to response time of one of the slave units - in this case the left
TR kB et B P e P, 12
dedslierteebitiritae FgdnngdridtE RROME the menfchat eedRs thel hRREAY an

| j ' id. Note.that 3l ma of variable length .
D B, T R R S
orler thedmsweroran thasterads deseiivelehdrbiodean saekisothiedte ifomer

hotbnelihealaveserdidominus TS de atal deeths s DibeinalesRetgs r:?'l]e?‘ YWPE0m

t 3 tr%gmgceiver in the slave is deactivated, and is always smaller than T6
in‘Grdar to ensure that a listening period in the slave overlaps a full
transmission period from the master. When a transmission from the

rasterJs i ' ds,out a series of. start, 15 sequences at regular
inte rvaléf%]r[&%%%g i gaﬁﬁgnmo tﬁejn%)ag}r?(lgd1 &Fﬁ%ﬁeéﬁa{gtg?l %Se S¥hau §%§To?fh§§‘m
daraeRATORT R Hlerdatey de fibléhto derative of réspprrselfiDim Ehslanester then

pauses for the duration of T2 in order to be able fo receive a response from a slave.
The slaves listen at regular intervals T3 initiated periodically at intervals T4.
Whenever a slave recognizes part of a start sequence from a master when listening,
the slave prepares to decode the start sequence in order to verify that it is in fact the
particular unit addressed by the master. If this is the case, the slave prepares an
acknowledge response and waits until the end of ‘T1 before it transmits the
acknowledge response during T5. The master receives and decodes the acknowledge
response sent by the slave during T2, and, if the slave transmission is approved, the

master transmits data to the slave.

The start sequence is usually only used initially to establish communication between a
master and a slave for the first time or in case communication is lost due to a
transmission error. In case of a first time communication between a master and a
slave, unique identification tags, device status, and the like, are exchanged in order for
the master and slave to be able to recognize each other more easily and securely

during subsequent transmissions. In cases where two hearing aids are employed for
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The slaves listen at regular intervals T3 initiated periodically at intervals

T4. Whenever a slave recognizes part of a start sequence from a master
when listening, the slave prepares to decode the start sequence in order

to verify that it is in fact the 20 particular unit addressed by the master. If
this is the case, the slave prepares an acknowledge response and waits
until the end of Ti before it transmits thg acknowledge response during

T5. The master receives and decodes the acknowledge response sent by
the slave during T2, and, if the slave transmission is approved, the
nasturdr alismiitiodath toltheisiaiess 2 heastartsaguiance st sitaliyoslyo be

usedJaifiglly iRGsiRRlpNcommynica Qpﬂﬁ%}j;{een a master and a slave

for the first fime or in case comniunicatio ost due to a transmission
error. In case of a first time communication between a master and a

skvgng Rigueridensicat ﬂeaiﬁggsai@%yl&ﬁﬁ%ﬁﬁé&%amﬁﬁ%ﬁtﬁ@f it is intended
exchanged in order for 30 the master and slave tg be able to recognize
each St B &YV aAdEbsately g St denddntighhsrmidenifs. shve
ctsasnitheretwo hsahmingbaits:aie chaployedifgr 24 binaunatalleyiatian ofher
r . naster transmits g start sequence to icked up b
R RS A SR AR R P TR e
a‘i’&rﬁéléﬁ Ui pedismispioinieatingslveis iafen dedssittngsdninoadeighit earoid
OfigflseRh fHNRAIRGAE o Qaﬁnrdgﬁ'éc%@rt{'ﬁﬁrﬁﬁﬁ@l\/ﬁo}@aﬂ&?&%‘%ﬁ For

at§ described earlier, but a hearing aid for the left ear, on the other ha

h gﬂ?ﬁ'ﬁ?{smitter set up to await the expiry of a built-in delay equivalent

to the duration of a transmission from a slave, befor transmitting, in order
tQ %Ild ransmissiqn collisions with.the acknawledge transmissigon from .
the%ﬁearﬁ'lr%g aid for - %5){#8%6%?%3@ Anpﬁ%r art BB Ay CRHSy R fyice 30 is
sHanasted g twobbeegaepio fRamhidgvikevibée 80 58 aehiEctdlid@ivggamming
Q{%@{é@gg@!d@ Jcl&f@ﬁgn}éa. e QQQL‘?&&? %Hdalébnr%}n&p 539[%%{](}%@9& wireless
device 30 is communicating wirelessly with a computer 31 through a
Wii@fuyaications channel 100 for the purpose of programming the hearing aids with
prescribed frequency responses, respectively, in order to alleviate a user’s hearing

Ioss.

During use, the hearing aids 1R and 1L are connected to the programming device 30
via the cables 15R and 15L. The programming device 30 communicates with the
computer 31 via the communications channel 100 in order to convey programming
information fo the hearing aids 1R, 1L. The programming device 30 may receive
information regarding the programming from the hearing aids IR, 1L via the
communications channel 100, for instance the locations of the various hearing
programmes available to the user, initial sound levels for the individual programs, use

of telecoil etc.

Fig 8 shows an embodiment of the hearing aid system of the invention, comprising a
portable module 7 having a transceiver (not shown), a computer 31, and a right and a
left hearing aid IR and 1L also having transcejvers (not shown). The portable module
7 communicates with the computer 31, running hearing aid fitting software, via a first

communications link 100, and with hearing aids 1R and 1L via a second and a third
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15 communications channel 100 for the purpose of programming the
hearing aids with prescribed frequency responses, respectively, in order
to alleviate a user's hearing loss. During use, the hearing aids 1R and 1L
are connected to the programming device 30 20 via the cables 15R and
15L. The programming device 30 communicates with the computer 31 via
the communications channel 100 in order to convey programming
information to the hearing aids 1R, 1L. The programming device 30 may
receive information regarding the programming from the hearing aids 1R,

1@%&3%@%@@@%@ pd}l@@@@e%%%@@ﬁp@@@@%ﬁﬁn@ﬁ@m% %Hlaex 00,
various. heari 5 programmes available tQ the user, initial sound levels
(A tnd YO B OER AL TEISS FOPRETBRERS RS shows an

embodiment of the hearing aid system of the invention, comprising a

PptaRk le-7 ing.a transceiver (not.shown), a computer 31, and a
e e e P ST A I B8

SsPswARIR tUicme] ot ias it o ki dr dodmheaitageridvithinseseBmpatamsing on the
rdpRingcearingAiliiing seftwalg, Mig.afirstaconeY @@ﬂ%ﬁtﬁ%&@i& 10%ute 7

and with_hearing aids 1R and 1L via a second and a third ) )
COMMIEATEARSHETIHCT AR it 600 rERpeetivbly. TradiHret Eatim i trssled
lipesctip@orb0 Fitind dave didire tiéanag, wikelERsaammumicaidonsdmnksnd third
Duri itting of on ring, aigd,or a pajr of hearing aids, the fitter.
B R A TSt by or e
JoTeragad Ao of freingerfipntends oThhprekelipsiornalrfinip g dtyiaes30 of

tegopmiites eiherpariabie MOAME: inyidhe il CRMBINRISAHORS HkL%,,

The partable module 7 transmits the received prescriptional fitting data to

tAE e Rrirlg- it R Ther POyiablR skt g akliehirerfeaifinstiedisng of the

linksntiod ansblkopregapaatively plsisiprieielradambosisnerof #ag 19 hearing

hearing.aid system of the invention leaves out the wireless programming
R oL (R A e b TORCSSP I P et e

presgiragaid ingudtbereagragmainis deRicd.L built into the portable module 7.

This preferred embodiment of the

A suitable transmission frequency for the hearing aid system according to the
invention is about 12 MHz. The bandwidth of the signal makes it possible to execute
transmissions with a data rate of up fo around 100 kbit/s upstream and 10 kbit/s
downstream, thus rendering the system capable of real-time tfransmission of
(compressed) audio signals upstream or continuously variable parameters upstream or
downstream. Direct communication between the hearing aids is also possible at a bit
rate of up to 100 kbit/s.

The DSSS coded signals possess an inherently high immunity to noise and
interference; and if e.g- eight different spreading codes are used for the DSSS, up to
eight similar systems may be used simultaneously within the reliable range of the
system of about 1 m. Alternative embodiments may also utilize other frequency bands
for transmission, enabling larger bandwidths and thus higher data throughput rates to

be used.



invention enables programming a prescriptional fitting into one or a pair of
hearing aids without the need for any electrical wires or connectors
connected between the 15 hearing aigs and the programming device. A
suitable transmission frequency for the hearing aid system according to
the invention is about 12 MHz. The bandwidth of the signal makes it
possible to execute transmissions with a data rate of up to around 100
CLAMRNES upstream and 10 kbit/s 20 downstream, thus rendering the system
capable of real-time transmission of (compressed) audio signals
upstream or continuously variable parameters upstream or downstream.
1. Dirdchearmyait casambeimessithe hearing aids is also possible at a bit

ratea rﬁgﬁg&éoﬁ?\&m - @;FBGEP%&S' ﬁ%ﬂ@ge%/gpaéérp%ﬁgﬁﬁ%@eﬁb'”&‘?&e%%wmg

high immunity to noise and interference,- and if e.g_ eight different

spr@ﬁﬂﬁ@%@"ér@%’%‘d fbMIH@rD'@S@euﬁ%Qélﬁﬁﬁgﬂﬂlfﬁtwﬁeﬁ?@?ﬁﬁ?ﬁm a

be usest sisadlianeeurlyoyitiyndbaveliaklraiangr: ohéans sysisorotiabautdut data
in. Alterr&atlv%embocg ?ents 2y also utilize other frequency bands for
transmlssmn enaebﬁln arg(fer andwidths and thus higher data throughput
rated! tBasohe h@@@@@dmmmg sepone Aiang ety stelirrenifingiagddeceiving

prr@?@&@mﬁﬂ@tm\/‘dﬁg 18 fﬁ;m@wgsr for @@%‘éﬁﬂt tl%@e?«%i:: I9§RBH Gheans for
electromagnetic si nas inier encoqge ar

o G R A LR GHBRIGP L e e Bra S cgans for
for produomwa]iuquwdaianaiam%mhbajmw signals, andeabdtitereencoder for
neagt ARG B ERRhItanReaikarHEnPRItg B #RESIMI%he second

electromagnetlc signals, a Miller decoder for decoding received signals,

medROY6F o AG AR Ah FHOTHANG, G TREE S Milefependsd sionals

signatgjutaeahsdardimgdolaingsn sedpetcgnakhdsed anuth¢Eeddetheme.
signals, and a Miller encoder for generating data for transmission,

characterised in that the first and the second
2. The system, according to claim 1, wherein the first transceiver comprises a first

modulator, having means for producing bipolar phase-shift keying. (BPSK)-

modulated signals.

3. The system according to claim 1 or 2, wherein the first transceiver comprises a
second modulator having means for producing frequency shift keying {FSK)-

modulated signais.

4, The system according to claim 1, wherein the first fransceiver comprises a first

demodulator having means for demodulating BPSK-modulated signais.

5, The system according fo claim 1 or 4, wherein the first transceiver comprises a

second demodulator having means for demodulating FSK-modulated signals.

6. The system according to claim 1, wherein the first transceiver comprises a master

section comprising an output stage, a frequency reference crystal, and
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11.
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13.

transceiver are adapted for transmitting and receiving Miller-encoded
signals modulated according to a direct sequence spread spectrum
(DSSS) scheme. 2. The system, acceyling to claim 1, wherein the first
transceiver comprises a first modulator, having means for producing
bipolar phase-shift keying. (BPSK)- modulated signals. 3. The system
according to claim | or 2, wherein the first transceiver comprises a second

modylQhaying ReRas g 95@%%“%9%¥%ifﬁwm%@§%ster section

modulated signals. 4. The System according to claim 1,"wherein the first
trarﬁ%@ﬂ@%&%ﬁs@%‘:ﬂ e JEmblin SR FHREIY for demodulating

BPSK-modulated signals. 5. The system according to claim 1 or 4,

whetein ? irst cejv ri§e ££o gﬁl%tror I8
me(zwﬁf?sg3 fé %é‘#noa L%%E%? F?él%-qr%ﬂﬁdulaﬁgﬁes%gﬁaﬁg ggﬁ?e syste?ngﬁégﬁginag slave
to cP&PHOD: wherein the first transceiver comprises a master section

comprising an output stage, a frequency reference crystal, and 24 an

oscillator sontrolled. by said ragueney referencg rysial. Sald maNEr pozyng aig
section %‘éslr?g eftE ?lcz"ﬂ@/ deta@iBble O The {ranscelver cwcwtry.e?. The © @
systampitses direced/erdion recaiietefaticonagsediveigosia prixédaiesi agsording to
secfopsBsThendysiern annerdingdadian devdrgindbedranaceivenaktheg for
hearing aid comprises a receiver for receiving electromagnetic signals

o SRURHNEAS HPERSCRS dEREIREC P ITIE decBIR TBRa GBI means
the frecadisat wiyradsvaiiddg dne peogieingr dokptardatétbastthe hebendegdded
signals, and mode selection means for selectively activating the receiver

or the transmitter of the hearing aid. 9. The system according to claim 1,

wherBfsiREERD RGBS i B péiescih i BT8R I8 AP aifuceiaprises an input
trangeaives, eirienpoitaidesned diethorpprissis arsanitienites a transmitter for

vanemiting sleciamagnete slangle hasedon thediput dataand g moduiated
modulated according to SSScheme, and mode selection means tor
sel@sprsfirgdpvaligPS scheme, and mode selection means for selectively activating

the receiver or the transmitter of the portable module.

The system according to claim 1, wherein the first transceiver comprises a first
phase-tocked loop common to the transmitter and the receiver of the first

fransceivar.

The system according to claim 1, wherein the second transceiver comprises a
second phase-locked loop commeon {o the transmitter and the receiver of the

second fransceiver.

The system according to claim 1, wherein the portable module comprises a

teiecoil.

The system according to claim 1, wherein the portable module comprises a

microphone.
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19.

the receiver or the transmitter of the portable module. 10. The system
according to claim 1, wherein the first transceiver comprises a first
phase-locked loop common to the tragismitter and the receiver of the first
transceiver. 11. The system according to claim 1, wherein the second
transceiver comprises a second phase-locked loop common to the
transmitter and the receiver of the second transceiver. 12. The system

accerding o Hlaim Ly S rRIndaf-Partafle drdite %%’F‘E%!éeﬁxéd&%%%pnses a

13. The system according to claim 1, wherein the portable module
confprRiesS4Mi&Shhone. 25 14. The system according to claim 1,
wherein the portable module comprises a wireless interface. 15. The

SYstln &%?ﬂ %gcté’n%ﬁé”ﬂ ci&WP”é&%ﬁ Qg%ﬁ#g&‘épﬂﬁk IS8 tace for

for com unlcatlon wi e portable mo system a cordln to
cImﬁ?'I’,Wﬁ‘é?%ﬁﬁﬁMé*%%?e?ﬁ‘@J‘?f?pF@@éﬂg first hearing aid and a second
hearing aid, characterised in that the transmitter of the first hearing aid

he transmitter of th ond hearing ajd are apted for coo dinatin .
e P A e e e s B e R D Bihng aic
A nsthgdsetope aiiine sidacingradtbggeceim Hodiahcteanseoittsr cbthpriigidrearing
the sieRsdof héeﬁ. 2 clRga heaking aidhav %m@“él@%@%@éﬂ%e%mgoordmatmg

input data; receiving input data in the hearing aid; decoding the input
dat%%hﬁﬁ%ﬂ‘éﬁ‘“@ﬁ&%‘?ﬁ%ﬁfﬁ%%[&e% ?P’é’h%ﬁfﬁ'éﬁ@ﬁsé‘ﬁb?g&%ﬂ@éd by

the steps of: transmitting from the hearing aid electromagnetic signals

basgd 00488 HiBHL AR aNHRRd Fed AGEAI AR ARRT BT s FRing the
steps of:
selecting a hearing aid having input means for receiving input data;
receiving input data in the hearing aid;
decoding the input data;
and Miller encoding output data: for transmission, characterised by the steps of:
transmitting from the hearing aid electromagnetic signals based on the ouiput data
and modulated according {o a DSSS scheme;
receiving the electromagnetic signais modulated according to a DSSS scheme in
a portable module;
demoduiating and Miller decoding the electromagnetic signals, and;

producing output data in the portable module based on the Miller decoded signals,

The method according to claim 17, characterised in that the output data

transmitied from the hearing aid is an acknowledge signal.

The method according to claim 18, characterised in that the acknowiedge signal is
transmitted within a predetermined period after decoding the received signals.



20.

21.

receiving the electromagnetic signals modulated according to a DSSS
scheme in a portable module; demodulating and Miller decoding the
electromagnetic signals, and; producig output data in the portable
module based on the Miller decoded signals, 18. The method according
to claim 17, characterised in that the output data transmitted from the
hearing aid is an acknowledge signal. 19. The method according to claim

18, ?ﬁé‘ﬁﬁ%‘éﬁﬁé%%é@rﬂ“ﬁ%‘i@%@%”ﬂ‘”lﬁ%&c?égé%@h'ﬁw ¥F%‘9%ﬁ'é"i¥ﬁﬂd"ﬂ§%ﬁ"r§cewed in

predetermined period after decoding the received signals. 26 20. T
meﬂ*i‘@d“3%66%%‘%‘%&@5(&?@‘“8%&%@889 ANRACHE SRt data

received in the hearing aid is programmlng data for fitting the hearing aid.

21 Jhe method dEESFS‘P %‘r‘ﬁ L W\Dﬁé?% L{hedaa rof'?&r‘%‘ez#ee%ré%%ng aid
aid represent audio signals picked up by the hearing ai
represent audio signals picked up by the hearing ald



