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APPARATUS AND METHOD FOR OPERATI NG A HEARI NG Al D Thi s
invention relates to hearing aids and to net hods of
wWop@ariesyy hearing aids. More specifically, itPCEDER@S/000026
to hearing aid systens conprising hearing aids,
wirel ess transceivers and repote controls. Hearing
ai ds capabl e of being operated by renote controls are
known. Renote controls have been used primarily for
sel ecting anong different |istening ogranmmes stored
APR ARAETHS AN METHORARORf QPER AJIN Gy giEAa%l]N@tAdEnt of
the output levels of the hearing aids. The data
bandwi dt h of the communications channels available in
TR ifibdnfign rE16RE %o ﬁ@ﬁ!ﬂgoi1d§éiﬁ1tt6riﬁetﬁ6ds dﬁﬁmhﬂm@%ﬁhﬁ@ aids. More
aids is conparatively small and mainly used for sinple
spestfiralis 1t| reletes 4dj hearingLaig mystem%epomprl@ng heatiog "aidy, wireless
e t hese conmand types taking up
u@ﬁFg g@ ﬁF %% gh8¥ bits of information. Existing
Wi rel ess communi cations channels for the renote
control of hearing aids in use today are usually
Heprangnaidsceanahlel of %elr)@ operated hyoterpefss¢astiels erer Kagigpi Remote
[
ol SR 20 AR AR D LA b b dihent isoning progragumes
stoted @i B aieaﬁng)a&lssamﬂsfoe rimﬁvdﬁaSSacmsnmbﬁﬂ éfuthe a@iftput levels of the

dlfferent nmet er d settings stored in
hergtey Bidat iThe %é duide ot i sPTmETRRROn ghasngls @wdgble in

eﬁ?ﬁﬂ%%heg\ébﬂtgolas%%%' for Qust §h ALY 5i8s G ol gﬁlfaﬁ{féfg NGfall and

ring ai g. gai n and conpr essi
niamlyufddefoe simfle egqmeranyls bkndsljusThetputlevelsupbdng hasle’ or “change
nd settln s wll usually be de i ded, and

ar amet er.s
G PRI 1 RESh ST B RS tieg UR. B9t ¢ 1SR BBt bits of
1ﬂ%1trﬁ‘atfo'ﬂe EX&8hg ade]8ssk &Jrﬁlﬁﬁmcémﬁls ecfhﬁl%‘éls @b BRRARSINI cORFOl of

nor e pararreters in the earlng ai d rray, to sone
h@rmgmuds e umrtodayr ext bspalln e)nﬁ1wayechanh¢1@u gb. 8iiyulahtpossible to

A CAT G

real -tine, as descrl bed in the foI | owi ng. An industry
standard programm ng interface is the NOAH- Link(r)
Repané rdeelepmants uiabearingdaidysi el supcessass tangpinpass 2 multitude of

d;%ﬁe?ésntrt gl%ine%‘?anl? lsfettm s%or@é 2 ro%q\%lg e'n@etngér&acﬁr%ulgﬁ, 1&}};}% h%lanng

§€s a WOrn
aidg éa[dhl’@ttiiﬂgdlawﬁ@ a §pdd£ﬂﬂ<re&ﬁdn @@ﬂﬁqﬁrﬁﬁmaﬁcw dfitble UsAingt Ad, e.g.

ga?l?lear?dr cf)r\ggrelgggrrll lggelg | 1gsd1¥fle?en% aﬂt‘)elq?lgnc%fn %a.lg:c?sn n’lghciat 3{[11?165 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
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The transponder unit is capable of transmtting or
recei ving digital progranm ngsignals froma personal
W@ 0vplot4ss5 equi pped with a simlar transponder BEOTDK2005/000026
runni ng suitable software for the purpose of
progranmm ng the hearing aid..  The transponders in the
progranmm ng devi ce and the rsonal conputer
preferably utilize the industry standard Bl uetooth(r)
wirel ess networking interface for conmunication, and
sighas fiens anmiksonehperhputer eqspredveithiaosimilr tiaaspondersandyrunning
%{?grdard Co ss(r) hearing aid ft':htilin sof t war e.
S rgTtyeEs 1ox the RurpQse Of PFRELIRIPE g be Hde this
programm ng interface to program a prescription
frequency response into the hearing aids of the user
The tdespoddets ibdke gragraramivgnadéviee tiad the parsprat comgiliey prederably

the user's, preferences. t egardi ng the conditiop,
i By, S0 R aRen RS e ol e for
chaAnhisticH, ddtife PRrsBhA RS RY adVFsoR OBy B¥andard
the systemfor display in the conputer. Although the

Comprssiehegsing aid &itingsefprmeclPuhng ush e fitar b hehries Ada tegy use
.s wWreless,.the systemrequilfl lLvani c_conp [.Qn

i pleefin R ipedfacdoR de P A S A AR S BRE g the

héhghaay bhehehiger Gisrdeididetly bascld ViV € heartN B8 L0 He6kiSto the
in hearing aids are conplicated in design and )

uspssuPigErences. Rajsotegatding the rondition, Pregsamming tyge and serial

kel . . . T
L L Al 8 Rk DO AR LIE e e
forodippleg dh ithe coarputdne Aflihbtight thdJBnk etbed? thedesmspohder @nd the
magneti cal | y . coup| ed short-range co nj cati on, system
perspnal CORBHICT {5 WieieSuithe SYTR TS THES RIS GRRgREHqncbetween the
1.S,@ j LMl el enent
O e AP o P R o B Y, P Ced s
a time variant nodul ated, pul se coded data stream

This is a sinplex system and the magnetic receivin
nggﬁ%fmcqnﬁeqtg %leé?t%/ nt cErng, paé% SAIf gc%phcate in des?gn and

rr%ﬁﬁ‘ﬁ&tuké,‘ta_egﬁeﬂt@al ddaks BribibN%nd e RbnFHchly tPthd BBk of the
hearing aid battery. WD 98 48526 devises a
hemigpgetidsc -Thadivdng ohhedring-aidd withlceklesl it awsignicant complication for
ts&gt%- range conmmuni cations systemfor transm ssion and

}F: tion of signals between a tel ephone base unit and

a portable headset in close proximty to said base

unit. It has duplex capabilities and an adequate
USah éhp @2A, deperibes emegnesically coiepled gledrtreange ggmmunication system

f(;rr %‘Qf?&j;ﬂl{‘t}n%r abdlo signals between a magnetic transmission element and a

magnetic receiving element in a hearing aid. The audio signals are transmitted 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 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.
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this systemprohibits its use in hearing aid

systens. US 2004/ 0037442 descri bes a wirel ess binaural
wheasiongsai d systemutilizing direct sequence BEI/BEA005/000026

spectrum technol ogy to synchroni ze operati on between

i ndi vi dual hearing prosthesgaA This system enabl es two

hearing aids to communicate Wrelessly with each other

for the purpose of synchronizing the sanpling of the

sounds picked up by the hearing aid mcrophones. A

renote control is not involved in this system US 5

9 Il SC| h ' al d d_.f 0l by,.
RartPRe L 4RSS o e P tihar BRRRECH Yokt biding firect
sddlubhdeZipiéhdaspeRftu® letiloldsy BN aRIcBraMRASSR4iIneBetived® individual

si gnal "processing of the incomng sound via a renote
heprige exsesheses hehinpysédne sBabdesstvenbenring; aidsdto) gpmtpynycate wirelessly

I ST Pl RSP E bt ol BTG o BRI e B e SRR pftkea wp
by thefhieagiig &id rhicropbohe. Rerensity courdd &y sanBvdlvedus ehid Bestdrn.

the size and power consunption of the conponents
i nvol ved. However, no practical suggestions as to how

. o ac | : . _
USR8 SRS oL EUBAAS) Bl -
cdrroting veluppeomiditone ¢dntretsatdneilizingtaviadiorlagpe chalde enlvmded real-

LEP 1 445 982 Al g scri bes an apparatus and net hod, for,
tipgstenal REGOERLass 0 RFIELE] SHOD A e dRPBIRATBFesefo The Wireless

sYRRA! Rl z&H G tRS hedriAE AR & EQBAKADly bHILL dJnoanawge pRIBERARE and

of controlli1ng program sel ection”and adj usti ng out put
althwluglhrssuch e systemunoubhbé anadestoc Gumtctioh | i dprhgticasis ivgmild e very

different priorities to. the hearing aids .and the
R S LB Ui, T g7l B S FORRITPioD chfs{h cqmpponents
invbRre@WowkveR, 5 BracAEd figHddHoksOasitd oW ScHNERirBletOssteh might

Apparently, no neans to communi cate fromthe rendte

be tmplemienigdiin mgctivetree deraiaedsin BianS 13903 4p and indadfefence to any
mfonRuniﬁathﬁn.té%gheehggring aids, are provided. EP 1
243y, 5@@ APgr EELERL R 88T oni ¢ modul e and a robi | e
transcei ver conprising several receivers for receiving
electrical or electromagnetic signals carrying audio

EBi §ndfs Ad Al réspubesr ansmnaratvs fasd mehngmbor imgtuplaayieeless
ot BNk S FPhEWe ofte t -(%Wg'f%ﬁﬁ? 'aid-gh%dn??ér{moete tc%ﬁ{ﬂél"%'%ﬁ’ %r the
conprises a prroritising nodute and a transmtter Tof
plirpades Ioft tomigplAnigli prop@aei sehdtiby ot afjusting cepei Wolwmé.0 The
a hearing aid copprising a . oo . .
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 1 460 769 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 a

receiver. The actual transmission scheme used by the mobile transceiver is not
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receiver. The actual transm ssion schene used by the
nobi |l e transceiver is notdisclosed, and no neans for
WO ea@a®meti i ng signals fromthe hearing aid to PEEDK2005/000026
nobil e transceiver is disclosed. It is an object of
the invention to provide a éaring aid systemw th
W rel ess communi cati on betweén one or two hearing aids
and a portabl e device that has sufficient bandw dth
for transmtting digital audio to the hearing aids. It
disslosed, and hlermeetrjseﬁor trafismhitting sigieads iftom the lpmdug del o the mobile
heari n d temthat has a capability for conveying
“PW?SPFEF%%WkF¥§n1the hearing aids to other externa
equi pnent. It is still a further object of the
invention to provide a hearing aid systemwth
Ttndsr eh edbgect orfinthsi owehidon betpredde & lh@mngwgldausystandwah wireless

xter na{“?%ﬁ’l Vﬁenat 0 er at SGS%MP% & (i ﬁ‘ep‘?m(ﬁ;ﬁ?gﬁe ttyat has

sM@Mhﬂl@arﬁMﬁ%ﬁ@a@hﬁ&tﬁg %ﬁg@m Mdid toMhe BeAH Sy aids.
comruni cati on between twoheari ng ai ds at high capacity

yet at | ow power consunption. i s anot her Obj ect of

1t ﬂe 'ﬁﬂ¥lent03$@ct ocf B q}/n'/ed Fioft t? (%8‘9 Egrédheapr %t%fl g‘lat has a

mnrel conmurni ca |ons channe

cipabﬂﬁyarmmcmbymg hfbmeeidnafioeMhe learihg ohidand @fh%r Odxternal
two hearing aids during progranmng. It is an

eqiBmeNonal obj ect of the invention to provide a

hearing aid with the capability of wreless

transm ssion at high capacity yet operating at very

It ipstilpefether ohjeonqtthe mvekitaoiodirongdé @ htdréng aid eyﬁtérﬂ Ryithi Wireless
a first aspect, s.object is fulfilled. b

CWE%WPW@“%H St&FER éﬁ?eé’&’&% Pl 30 aroeeprgpdmyt thﬁﬁ PEefﬁ@é Mifhga very

1(5’51;{, o@é{%ggsgdgﬁtggla digital wireless transmtter

circult transmtter circuit is preferably
phy5|cally smal |l in size, snall enough to fit into a

(B afs iBirebp Brc A PaioOTEEr Dol GideavieR Wit wircless
cmﬁﬁlhﬁ%@ﬂ thetWach ttﬁfoﬁ@arf'ﬁ?r Widks O hTQ? BXTUPeP O 0w power
consunption of a transmtter of this kind’is

cestpitianl e with that of a standard hearing aid output
transducer.

It is another object of the invention to 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.

It is an additional object of the invention to provide a hearing aid with the capability
of wireless transmission at high capacity yet operating at very low power

consumption.

According to the invention, in a first aspect, this object is fulfilled by the hearing aid

system according to claim 1.

This 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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A systemof this kind should have a spatial range of

at least 1 neter, a high reliability, preferably with
WE@re06/074563 r ect i on, bei ng adequat e for avoi di ngpERBR@S000026

situations or |loss of information due to sinultaneous

transm ssion or interference fromsimlar systens

near by, a bandw dth w de eno%gh for transmtting

(conpressed) audio signals and other real-tine signals

between a hearing aid and a portable device, and an
theemaplt (&Hcyhémaimgpadﬂvéﬁheqmm opisuoption ©P ewdhad 11rgznswiitt¢r when used

respect totlt%g nscelv? i[f,the hearing aid. r][
i ReheFmgsfl: 085 1R P IPEY, 1ol P BRYMUG} Gopsf COnS‘lmP

trﬁl?s'HﬁHQx‘ 6RkHh;Q ']én& heRBS gm‘aﬁle”ﬁfﬁﬁ bt @mtﬁqdfaf@ HE4He 8 output
nore hearing aids to portabl e nodule, all
tramddocqgror at i ng an enbodi nent of the transmitter circuit
for one or nore of the follow ng purposes:
transferring audio signals fromthe hearing aid to the
Aps%teﬁb&ﬁhmw §adul] hdvee sl QaLoef Ak 0MmicRRE, o Mgh reliability,
i'gnal processing in the hearing aid, transferrin
preé%rablwuwéh papan@r@ﬂgni baing erequateafor r@gomlmg depdidek situations or

B kSR FpRg By a8l RBuRiniaf % e from similar
s Rdafl s abaadwiddewhRambotgh fr drahSmitties TZ@frip&iéls@i) Aol seonals

for the purpose of nDn|tor|ng the sig processor in
anch othee gpalrignaisienalir bytgeers @, hepriag p%dta@sl & Prpalle edayige, and an
ctéﬁf&blrdﬁﬂow%&\p& Hnhch ?1!10115 : ﬁlxem%sggctng 4 ﬂgn?c'ef{/%ﬁ in the
onputer or srm p|c rng up t
helngysddl signals for analysis and further processing.
Such a transmtter may preferably be manufactured as
an enbeddabl e, nonolithic, electronic nodule for
U?Hflgl ﬂllﬁntgaﬂsﬂﬁt@eraclfb%ﬁr NGBtk afkitd LoffndhiBARhs TH is made
or the transmitter. Spread spectrumtransmitter
avdilablekfirord dvaver memehﬁlrmgemla‘ fot 3 portaahsle snodulea ralldm\zmq.)esatmg an

chatiment e RRbimonET P PRaet it e dlel prposes:

tralﬁaﬁhg dudiBQiSAls RémaRe h&rinB eI RS thBPBFhBY nfldlIRY e Burpose
they have a noise-like frequency spectrum footprint,

of hoenitraingi thy Isignal eronessiog i int &ref deanmge apd, otramfwlngnobal—tlme

varrankier BataRe Betrine: A be FelpMhie iy s e fupass of geeing, or

trla\ﬁsie@agldhg;@l kNS Rl gﬁb@%sni?gaﬁa&bhﬁ@ﬂefsoﬁ‘oxﬁﬁﬂe RedriRrald to the

fe are at a premum spread spectrumtransmtter
pogabd moduledepr ﬁl@doummt% o8 nfcmtprm& the signal prassssor &n the hearing aid

d&tjuggnﬁée The % rtable module may then relay the digital signals from the hearing

90n of a

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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on a single carrier frequency but instead a range of
frequencies. A frequency-hoppi ng spread-spectrum
WO e@n®mesi er transnmits on a set of discrete frRCUBREEI06600026
within this range, and a direct-sequence
Sspread-spectrumtransmtter éransnits on practically
every frequency wthin the range, having a noise-like
frequency spectrum footprint. This allows for
excellent immnity to noise, and thus nmakes the power
techuplogye neryt well enited flershaasidg taidh applicetiomnwhereg@wer consumption
mffiggg%fi ﬁfmt I é smal l.er. According to the invention, in
Shd' AP aL3 PreHUlPef er r ed enbodi nent of the hearing
aid system conprises the features of claim6. This

preferred enbodi ment enables signals of arbitrary
Aowpragidrspeciripe ttansmister istabdracteived e thednetahatat radulits signals, not

. . [ i.ds. This f A .
of RSt S TBientY B 1635 Bien §T RSO AdapePSy hopping
sprBRl-§ectaR Sanddttbe trandey oATE B& b eishRRS Fogudiciés Wahin this

the portable nodule, transferring digital audio

ragiggnand at diredieequeacs npread-dpeatiym trasipiter dtAnemite du practically

[ ferring.praogr i.n to t rin id fr .
R WP bt AT e Bh Ao G AEFRA st ftpioe
ThisailoaR fBXtedellaht IBMMITEE, to Sidide, asd thub eikes e oI HeQfirements

or sim|ar appliance, wirelessly to the hearing aid

fayjadepied anspasien RRgR i enilraElt 26k tt er / r ecei ver

conbi nation present in the hearing aid and the

portabl e nodul e renders the hearing aid system capabl e
Aotortdinigitalthe imvelhtionc iri Dsmbnd aspeun o padfewed dabodiaent dfthe hearing
iBearing aid,an@@?xterna equipment. This
aidsysteny optispLibg tcAtyres ShHR A0 on may preferably be
integrated into a single, nonolithic unit enbeddabl e

into a hearing aid or a portable nodule. In this
Thppirefeatd embotliment enatidésnagnabnof stbitearg ionigint terber tedrsmitetl from

to a transcei ver. The transcei ver. be put.into
ths orgp IS il & pest apors b ridgy s frie tach bk thstge: be
usedl RRPcon®Rfifhg {HACheakiBE CAid SwithRHE ’po?tﬁglet R8dult, pRPMEhming the
node, respectively. In the"sl eep” node, the
hearmgsaié ivieethei m)rﬁabféenocilule. trapefemgng dighiehgudie signalsttp rilge hearing

for a.signal,(fro he haost. system or.deri.ng i.t to. ]
aidpfiorf 4t P aye, Rty Eoniditiof FpostAnfing fain do e, ispring aid from
thel gogtdble Yol & \WS traBdnyittirgl datLwerdlek s frohd AttéBalRsitce, such as a
system In the "receive" node, the receiver of the

perpensd cempuier s sigdlar gppliagce.ovirdessheethe heinnajaigeid the portable
m%ﬁgle'.' listening" for

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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transm ssions from anot her transceiver. \Wenever a
transm ssion is detected, the receiver decodes the
wore®sAnssSRs it is received and presents the dePCHBE2005/000026
recei ved nessage to the host systemas a binary bit
stream In the "transmt" rm?e, the transmtter of the
transceiver is activated by the host system whenever a
nessage i s ready for transm ssion. The nmessage to be
transmtted, which will be presented by the host
“slyert’envdes the ansaeiyeistidlst i.ealving sothieg bub wakttngsfogaaignal from

i nput of the.,transceiyer and transpitted the . .
e L R o U g B o s Jegiver cirouity
IPRINE ) BRR! MBFENP Yok fi6 %E&t}’s?ﬁteﬁl(? Wgﬁd‘r%e‘i‘}@”r}nM@ the receiver of

transni ssion range and bei hg capabl e of recogni zing
thehdranscomemi it edtiveted afie. al predeparminedr edriedrba] ndistening” for
the transmtter of the tran iver has an .effectiyv
URLRIGSIGHE BB GR9RER LRGSCENRa: BIeTORE & FALGRGUOD b dbipig the
rd@ivieibé e dhd YneBsde & Ha§ cERBQAtdndBHreMMBPIHRINRBIRY received
W th a predeterm ned |istening period and interval, or
nepsagg dp elbie byost sgstemned asbioaryobit gtreaman Shiths i“ansmit” mode, the
r rt .of ne e .. eji.ved durin .
ngR ol R PaePt e e R LR ot B MY dhipPeee is
réady aearmwnedy@. signal fromthe host is sent back to
the first transceiver, or until a predeterm ned tine
period has el apsed. During this period, a nessage
T e e e o T plen R B) ol g ¢ iy
biti sttt rianfed eovéhe sipohlt inpots bérthedransceivee dieatrimgnited by the
rocessor as a binary hit stream Jf, however, no.
R0k Ge depceitifhigtherampase M verRER B peqeivsy located
withé Eﬁ@%ﬁ&hl‘é%nfﬁﬁngé ehd b of aﬁﬁ@"ogr%g m"ilh% lthe transmitted
anot her "receive" de signal 1's produced by tThe
niessage. g agircfeped emdediment rtbnmsssitarnidlie masseyeshas morlfective
t he lgeari nlgpgi d ma\%/t be initiated by transmtting a
reiga ot WA PR 1 equest nessage from t he
transcei ver of the portable nodule during a
"reception” period. Wien the hearing aid receives the
The dieceive timode msyyi beshitiataddyyumg ta wetekddgetimemprepiogrammed with a

r,ocessar .prepares .a, nessage for transm ssign and. .
p eldgiﬁgtmnfeg l?s(tqjgt?g] é’eflﬂ% an?r ﬁgmlt tor &Bg%erga ﬁ}yhﬂw conclusion of a
trahsHRiSG6n. MEh nhddsddde- Heapird6f Ainfdsdad b adcelved Aufifg at“beption”
end of the "reception” iEerl od. The transmtted )
periash Shprscaiugr is infhenenantih an ackmeviesige signpt @omtthe host is sent back
toaﬁilé%wt @Q}%@ei S%flgﬁf?l’ a bf%%@%eh%fn%@%‘n?e”péi%ﬁ%g %fdpsed. During this
paramnet er readou
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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nmessages, signal processing status nessages, |ogging
nmessages, and audi o stream ng bl ock nessages. These
wore@sagsss may then be picked up and rel ayed byP€T®K2005/000026
portable nodule to e.g. a personal conmputer, a fitting
system or an associated renpfe control unit. In a
preferred enbodi nent, the sptead-spectrumtransmtter
of the invention is a MIler-coding transceiver. A
M|l er-codi ng spread-spectrumtranscei ver has an
usihgtist “transiti gaddaroffthe tramsceives peibe heaning sitlriimmediasely after the

f i nt | dspect
end g BeoesB Tt PR THecRmseyP C et REG Al CoPPHE b are not
li{nﬁtgﬂffd, NhckAdlelge ”Hl"eﬁh’sag&l;' ngRgti RN H&E@g@@sgﬁﬁaﬁl&é@ ateadout

requenci es at the ends of the utilized frequency
mesgages, signehprocesaing sédtuemebrages, oggivgemesseges, anthandipstreaming
arabl e 1,0 the freqguencjes, nea he centeer of the
bR PR Sepef M ae A LS ShEpY PRlked B8 aif oife e fgdhortable
mEle® RS pefsondPLANBIREC @ fithing Yy stetor il dsq¥tatéd kdinote control
technol ogy. Signals representing e.g. progranmm ng
ught a, renote control signals, real-tine audio signals,
condi tion readout requests or identity requests may be
transmtted fromthe portable nodule to the hearing
Ira b dprefon@d SrgtvaliBenite thice sgrehd-Bfecaruth trandaficied efgke invention is a
gnal s, condition readouts, real-tinme signal,

Nfih‘?fc‘é@é‘l&w‘@”ﬁ%%{%u%}eﬁceé%iSPW@T%?F&I“@ fragscpiyer has an almost
. P y ;

R AR BREoe] AR B0l R iR S 1PpBR € Bpuler spread-

speetninngaracdvea eymga fbgehcassainedistibofion Sespantriasingrmore

5t e TR oSSt B S S g venc

ra‘ﬁ?é df R\ ISR Rr BaYSh gbwels Rl MBSEK 8bmp&Gableqd thefrB&hencies near
el"ectrically detachable fromthe transmtter

theicentgr of the utiizedifreqeaniop damgent Milie-dodmgstranistaverisay be easily
. pr.ef er abl | aced in t.h ortabl e nodul e. The
lngplgwg?ﬁe?f%?lpr%ﬁng %ﬁﬁ%}?ﬁblp zﬁﬂafogifav e section conprising

a sel ectabl e output stage. The transceiver uses the

phase-locked |l oop for locking its reception frequency
Signals represantiag sr8. tprogramiing detac yemdte icpptrelsegnala treal-time audio

the transceive cting as. ter and fornonjtori.
sipfils SPAREE rhonf Fiopfls AR BT FelEfl BEH TR riBHiiflh from the
pdreiblé matield to SRildafite giat hﬁ&lsv\i%ﬁﬁﬂt@%wnth@ 416l derBswiREgSsignals,
transm ssion frequency at ich the transceiver acting
copslitiony eadewtpdsalaiime skenelupeasgesing gedputs ¢ |identity signals may be

erhAANFOY AShhe ALANe P10 thE PEAELIY Slodule.

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 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
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acting as master. In this way the transceiver acting
as sl ave does not need a reference crystal oscillator.
wE2wee7@sEr yst al reference takes up space and PONPE2®S/000026
power, dispensing with a crystal is a substantial
advantage if the transceiver_is to be built into, and
used in, even the small est hear i ng aids, such as a
conpletely i n-the-canal hearing aid. The i nvention, in
anot her aspect, provides a hearing aid system
neoitpring thig ﬁaqﬁéncstafﬂaearrhasgerattamsmiwsimdlasréanmﬁnﬁted said reception
roces ut data for ansm ss
SR e VP A CATGHY SLoPn G CBIFBE FoMBsHADs @ aayegiT ecting as
le@ec' %Qnd%naﬁ ekl ged @b Aal AfoH oAU b %ﬁﬁm@s‘éﬁﬁr #bRd tHeotrﬂlscelver
schene, a second hearing aid having neans for
acpimgmsmashg Imﬂmﬁt waathe tfanscdivarshis 83 glave dord nat need a reference

tra ter for transmtti e ctrorra netic, si
ol ABL e Sk ot CHRL et il O SHRE o FyREfie] power,
AI3FSRIRCREATE cryatd iedsdsfagfilaldvatihde if ehel thths @eﬁ&ciﬁoV&rbuﬂt into,
for receiving el ectromagnetic signals nodul ated

apd visddnreyendhasingBst besagridsasishas decoorpetelyon-the-camil hepring
the received signals and for producing output data

‘gased on the decoded signals, wherein the transmtter

of the first hearing aid and the transmtter of the

second hearing aid are adapted for, coordinating their
The dpeatip.eln; mﬂ@% 9§B¢C&n§rovweé redlgaripg g sygem comprising a first
h e[rﬁl:é% ﬁac\hgg nfé%é fo§ ?9&%53 rl‘;éﬁ‘i ﬁ{ iz ?o‘?"t%ﬁgmisglohh&d a transmitter
ing al conpril |ngt1 Pransmtters are i nit Tn}
forntrasna ey B]Bdtﬁomaagnéut h&gnaﬂsecbemil on"thetdputi éatacandvatoddlated
eqgul ar vals in t Wo hdearln ai ds
a‘?cé?giﬂ%% 9% Q Be"ﬁe B toE aFlln&@i' baping mews fﬁ@ P{?&Fstsnlﬁf input
d%%??"ﬁ%%&*“%@ Fa AEaRRler [ Mg N0 OCROB I SRR based
ofi ttheaimput tlitaandenodulaied peaididg by atID8SH echcmry aad dn external unit

r.ocessor. i diately fol |l ow a recept i
WG R fFoiahdoh IEEe HRPETERGHN I Brodgletceocoifl o a
DRYKt @bk ge MU glcdsRe TR AbcRingd 1R l%eat«@dﬂs@nﬂfs dnliSfor producing
recei ved and decoded message. The hearing aid
opiput dats basadsoncthp alotaled fsignaksn siltereln thy teasmithy of the first hearing

s R A L

rédpéctive Srah §idbioRTin Jrlé thadbil Rendhidsioh @6BSRMAE. transnits
a short acknow edge signal.The invention al so provides

a nethod of programming a hearing aid system
r ar.nar «
TR MRS AP R hAR SaTBARb AP GR RRLRIAYR hieh) in “sicep
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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| east one hearing aid incorporating a second

spread-spectrumtranscei ver, and a conputer having
wore@as74665 cormmuni cating with the portabl e nodedBDER@S/000026

runni ng software suitable for programm ng a hearing

aid, said nethod conprising the steps of determining a

hearl ng | oss to be conpensat 194 by the hearing aid,

usi ng the conputer software to generate a program for

the hearing aid suitable for conpensating said hearing

Tﬂaesmvemttmlnelsbt ptqugidsi aamygthodf off rpactg'rammim ree deating) gtid system

sai d ﬁrogr Er Ee conput er the rtabl e nodu

COMpIIfL ef AROLgt] nlgga rithspg s[gset(%ﬁgmscelver at

1eRdehe, heﬁﬁﬁ’g‘%ﬁﬁ tihd rtlhs‘g R QZ6AM sbféfaﬁfsﬁ?éthﬁ’ﬁ‘ ttarn@teltéaeand a

portable nodule to hearing aid using the first

cetppetanl hgyieg thﬂmsthamsmmmatmg e thenportdée procigleamd running

i nf or mat i in the heari aid,..t t

SO GP TR On TS e RO R 2T 0T PRITHGPtRpisne the steps of

dBREHng oS h&Rinis18ssSR AR CbnSRNEASH BP Bfet HediThE LRI B58E (8RS eomputer

receiving the information fromthe hearing aidin th

S%thrattpgemmﬁ a programs fiirt the rganinge aidnsutahiet oy rcommnsatme said
to, the ¢ u ecej v the
a”f“&r P"S? i on ?nrtﬁt ebltgo#purt%ét%ﬁ ’ieﬁregen\k%‘;g SEH %tamaffagl the
computee topthe Poaable nyduld @i thbendags il doatth@atdtihgCRiin et Rittable
to any external hardware, thus ellntnatln% t he need
fodplenrprssnitiing the Rrageams information framy themeataplegnodifie tagihe hearing

c ush e@ﬂllg Ofﬁrgtr #ﬁéddo%\egt?{?rﬁc&a%&gvew I%Qel(fﬁtg%hé épo ée%l{q in.‘qormation in

In aturt
ther iatidg aida tmﬂﬂMg)fnf@mmtlah iffogn ¢heleating gldauodhs it module
sai d mt‘?ﬂ{’g ISI ng sel ecting a heari }T aj d havin
USRS ?RS? %@étrumngamﬁeﬁtr defering thy infeEnpton éhm the

hgel[rg%gffgt B tho éjoﬁgﬂletrﬁg?ﬂgﬁ*{rétggttugihg r;dgé %nggﬁﬂgt?gf;ﬁ&ncthe portable

ased on the

neciortd ithegcanuer DB8B eseifimigahe indareiavion én the campatetr.er nal

unit el ectromagnetic signals nodul ated according to a

DSSS schene, and a decoder for decodi ng the received
Iﬁttﬂs”@!ayg heamg RASHHAG R ProsthBiHed %t}ﬁuptelﬁgl gal%tl@enﬁﬁéonneaed to

unit based on the decoded signals. This enables

aheextemgl hardwears, s shierinating the omdefog wites raadmt)mlacmts Hahd thus
assogciated with the ort abl e and hav [reans
aRGFSRRRART iy D sPaRp ogPaRed it i Rbe P st

adjusting the volune in the hearing aid, or

transm tting audio signals to the hearing aid. The
The inventory i Surthey asrest, alsapraides 2 methed ahererdting kearing aid

USSR m RSP TS TR R Bl

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,
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hearing aid. Gven that the transceiver circuitry
takes up | ess space than the average telecoil, a
W 200600i655 f unctionality nay be built into evenPCT/DK2005/000026
conpl etel y-in-the-canal hearing aids where space
consi derations until now hav? been a prohibitive
factor. Further features andladvant ages of the hearing
aid system according to the invention will becone
evi dent fromthe dependent clains. The invention wll
ambthe el echéiser dikppded in thapotigle (teidalel insteachofibeirey @acd ib ¢he

t he ac an dr awi ngs, . wher fi 1 sho a

e RN, UV B SRSV BT Fsehlig I sshaare o i pierae
telRAH] Sreldcb fur?ctl'oﬁalﬁ v Re HERERBEVG e%wﬁeteg, -t Rl
sequence spread spectrumtranscel ver fo in a
hé¢remngiandy whate spest emsadaatiatisngtit wow heve bege atgrolmbitive Jact@.
is ais a graph showi ng the frequency spectrum of a
phase nodul ated spread spectrum (PM transceiver, fig.

Forthet featlfedRAd %H@éﬁ‘lté&s toifehd Faeine ey S}%Eé@i? h&dmlﬁg té the invention
spread spectrum ( transceiver, fig. 5 is a graph

wilh bedoms evident frempiba dyp@‘qdé@ttql@msof a squared
M|l er-coded direct sequence spread spectrum
transcei ver (FSK-DSSS) according to the invention,
Theé dinvéntios &illi AdWgbéli RGEHBAS oWurtBert [detalloMhNirefRicned to the
between a master and a sl ave transceiver, fig. 7 is a
acﬁﬁonmanﬁns dr?éﬁng%gvh&red systemw th a wi reI ess
progranm ng device used in conjunction with two
hearing aids and a conputer, andfig 8 is a preferred
figmbstchiwrengrefbiiell embpdintici b€a heatitgaridiseba pertabld moKule,
devi ce between two hearing aids and a conmputer. Fig. 1
shows a hearing aid 1 placed in proxirrity of a
R Sht PSSR RE SAFRAlECt B8t S n R e Rl selgiver for
ugrinadeaong 2idegstamciceatding ta thd mwemiﬂmne 4 and a first
transceiver 6. The hearing aid processor 2 is further
connected to an output transducer 3. The first
ikl 9n$ 9% ‘éeg'r dﬁl bl?ovﬁﬁ@@ﬁ&h‘é&hén@y Rp Editudt 0P C&Qﬁ@nﬁdufﬁ&% spread
por t abl ule 7 conprises a second processor
slnmtmmc(ﬂ’é@ttamsww,cond transceiver 9, an auxiliary
interface 10, a second m crophone 11, an

fig. 4 1is a graph showing the frequency spectrum of a spread spectrum (FSK)

transceiver,

fig. 5 is a graph showing the frequency spectrum of a squared Miller-coded direct

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

fig. 6 is a timing diagram showing 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 and a computer, and
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I nput/output interface 12, a telecoil 13 and a second

antenna 14. The second processor 8 in the portable
wo@aloeie¥s i s capabl e of conmuni cati ng w r el essPET/DKRID5/000026

the hearing aid 1 via the second transceiver 9, and

capabl e of conmmuni cati ng mﬁrslessly with a conmputer or

the like (not shown) via t hd auxiliary interface 10,

whi ch nay al so be wireless. The first antenna 5 and

the first transceiver 6 of the hearing aid 1 enables
figecis pit prefierrofl enhbgdineint dathen sirgibkel modde nsesleastd Igk device between

nessages.concerning e.g. programor volune contro
“@%Bﬁﬁ&gqgqué%Q%? ring aid 1 is in use. The

avai | abl e bandwi dth of the receiver of the first

transceiver 6 is sufficiently wide to convey digitally
Fige rebowntadaringlnin kplgnad & proxinhity dlempintaplainddpledcasewhing to

2 of the hearing ai.d for the pose .of acoustic

o5 PSR Oty T BT U Ra AT L EOT TS riFAUge gligproeessor
2RbAERERIAD a8nRophbie ALY alhr& tHRSLiRr 6. The BRI 48d Plocessor 2 is
generating digital data signals for transmssion to

further iserirected taiag outpudgransdusgr 8. Bhe frsdgeasectienhnge somected to a

Vol C rol informatiaon, The second.transceiver 9
i R SOl SR 2 o SRR bEREGEP Y tBhncteed 0o
s&dogflatrnst@iveén ®, h@anukiiagi dntbrfaddd 0audiseciddnat®pAsde 11, an
.originate fromthe auxiliary interface 10, the
inpug/ puipHomterfage 13ra telggoil &3 é@%ﬁ pecpsd aptenes Hhl  audi o

signals may be input to the portable nodule 7 via the
auxiliary interface 10, either wireless or by an

Taxtsecoml peicdisor ot ake (pocthbls hawdile cCOnneapside tof ¢d@municating
auxiliary interface 10.Fig. shows a spr.ead-spectrum
veedistly| with e disvies 4 ]aé’gfbrtéq Ageand BRI PmeRd Gpadle of

oL RUERL LAY WREa Srkler P! D e ORI s
irgentaded0, whwhaeawi aler bewirelgss s 39 nay be used in both

the portable nodule 7 and the hearing aid 1. The
transcei ver 39 conprises two nmain branches for

ThE E8ét\th REnA B And FRSET {ddsBAve! OBBhS hekBTPAG I hBbI¥s re-EQﬁion of
transceiver 39 is capable of entering €either a

digitebath signals depresenting messages sdngarnmgieg. progianpat volume control

oRiRsRaPEId e SR St d o6 v+ Lhis o taih B segeiver of
tHel faSHArEedi 08 O sWlcRinB§Svide BNednSey dl¥Stail Ripresdnied Aldio §8nals

is connected to the input of a |ow noise input )
it hegring aidiprgpessehd ofuthsubeaiimgeridal 7or ithe purpese toé dicoustic

retp?o&lﬂ?loﬁ) ng I ou%ut FaRONRE, Put put

The second processor 8 of the portable module 7 is capable of generating digital data
signals for transmission to the hearing aid 1 regarding e.g. program changes or
volume control 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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anplifier pair 68, 69. The receiving branch of the
transcei ver 39 conprises an anplifier and shaper
wWG@ewbioowsstl, 42, 43, 44, 45, 46, a denodul at i OPCEHDE2005/000026
limting section 47, 48, 49, 50, 51, 52, 53, and a
digital input section 54, 5% 56. The anplifier and
shaper section conprises a | 5W noi se i nput anplifier
41, a first preanplifier 42, a first band pass filter
43, a second preanplifier 44, a second band pass
ngj Rtshow# 5 spreddapédtren digited trarsceiger thaccdedingltd at émbodiment of

i.mtin ecti.o C [ise denodul atoy . 47,.a .
ﬂﬁ O, Pp S Bt PR eatid . acndor e pasduy T s in B 1
?fléﬁ}p rsm%@ar t?an§@e‘i’&éi‘ dirb@w E@aﬁéy bé h&e%rm%th Be thft!iBie module
52 and first nultiplexer . digital
7 |an®the heegng aid Ic d"ﬂtrp rtnass@nar 39 oarkpsets awp mn brapcmscfokrecelvmg
coder i rst rrelator 56
arbcﬁ‘ir%tﬁfnl\%lpgtsi%la - &spgﬁtlvehfp E”g 3@1 ASCRTygT g is gapa ]gé)f egfermg Rither
GesspEieh @dodd of he tranfiissiBh BodeP A RARS f AfehrAl72 T @rovided for
transm tting branch conprises a digdi taI ouégut séection
regeptict vazelesssignals dnd aneutpm entpies &) is pekvidescior gie tepsmission
r ntr
of lrpieS gt d1e iRy Saker i kBl S5l B npue
a@BlfiE@HU1 A thEhritslit Gintedha JO1iP YbnrReRt ite Rhe 6PLI 68 péwer output
correlator 62, a MIler encoder 63 and a voltage
agphfistdedsd: 62¢i | | at or (VCO) waveform interface bl ock
64. The output of the CPU interface 6 1 is connected
to the input of the correlator 62. The oscillator and
Thé asetvingchrasecof the tonrives 89 campois¢sageamplifisraind etlaper section

85 42 Wity b aersuadatbi el s G848 5051 2 53
Mé%%{a[ P REtiofledL B5056 SFhe HfIRIYRHARGA bR Effnprises a

mast ef osCil [ator séction conprlses

lays @bise allpl[t a@xﬁplef'rad 4, far Bt preynplifiat H#3) hlﬁrglcbgmit pass filter 43, a
reference The ovver a I|f| put. se

SCEBHE AT SEPUIRE Hinck SEOBOVERE ST THIFLAS ) Soast {fter 46. The

d&th8NBatRWaId mmi gfgeeﬁoﬂ 3%1@5% aﬁﬁnﬁw &b@n&ﬁw&dm% ﬁﬁf‘ﬁ)w pass

70. When the transceiver is in reception node,
filterr 49, essccepd Handtes gce phasesiogmaratera§0, resqspak dawv uvaSberlter 51, a

{ 72 t t of th
iRt i Rl BRI Eh g8 PR eaon, Sotema g hock
dairseverylodd 1, aMillepBebodbes 2andl d filseebredlfoRk 6.1 Thetdugiut of the
presented to the | (;b)ut of the first preanplifier 4

dregfel inpytisaetionatfs PP f Y& rcoaRectaddo itheplamuirmia Gl dnfeifece Gihe

signal fromthe first preanplifier 42 is band-limted
by the first band-pass filter 43, further anplified by
Théerasanitck praaetinobmbiisss #digitahcuthutr §daeion 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 controlled 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
voltage 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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band-limted by the second band-pass filter 45. The
anplified, band imted signal is then limted by the
wo 2aos746531i t er 46 before being presented to theCT/DK2005/000026
denodul ating and limting section 47, 48, 49, 50, 51,
52, 53. The signal fromthe |imter 46 acts as the
i nput signal to the FM denodfl at or 47, the phase
conparator 50 and the second nultipl exer 65,
respectively. In the enbodi nent shown, the transceiver
cr&@tal seferapahd e Tk poman amiplifiengytputeseeiion ogmpuisks the master power

o e QLA i ol B AL LA GaaRe o oL e,

prOV|ded for. Received, MI|ler-coded FMsignals are
denodul ated by the FM denodulator 47, filtered by the
Whensthe kranscpiasis39 isl ingecep@on amndle] 4 mitclds yreadrepesgomndgnal may

| i mt 9 f b d.to the fi
b ik fn b S stk & ot BiBaiat st of i, Bvopoies amlifier
4Darieh sighd 1?&?2@&@5?%@%& R&isPhd Eﬁ&Qﬂ]Pﬁ{@ih@ranﬁﬂbﬁed signal is

filtered e second | ow pass [ter 51, and limted
thop nrmntelduto dh¢ input f t@zﬁtséﬁ:’mampbéiph 62 rfmeﬁ@ﬁtee dmpbiiesion and

e Cnplee £67 gt B e BRghfioERY SO Rubldoy e

fif8d lbah P e elted 33, fulrthied a Eﬁﬁbcﬂ By @itk ie@oﬁlﬁpﬁtaﬂipﬁﬁblah4 and further
m"gnal or bit stream This di %I tal bit streamenters

ligited oy diag secpad bord-pass|fBiek 454 Thsamplifier, dand limited gignal is

ORRGHPEL B sk RS B yRASRN Uy 98 s
lifeandecti&b4T, a8, decodbng2, The M Il er - decoded bit stream

is then despread in the first correlator 56, and the
decoded, despread bit streamis fed to the CPU

Té\@ts&;iig aﬁ&n@hélhltn%ra g ctB 4k %%%ﬁ{)\?tfs@%’fl] RO tHe AT RERE tcﬁ@W the

i nf'ormati on connect e
ph:ise doRigatanireiOf axleth® isedﬂhd nnﬂlhplekeraﬁﬁs capmﬁrveae I ghe e‘mbodlment

transm ssi on. node,. di qgi nformatlon epared by the
SRS (b FARRGTAS 35 1S SRORS 06 GOLTRTHE: COIPE ang REeHeesing both
MalEr- @Jafesrmt ﬂgnaagcaaadBP@Kr ﬁ%ﬁl@rmﬁzﬂﬁ§ ol Rntodulator

stream second correfator 62, the bit streamis
nspnea, prawded te. Becawetl, DildlestodedniVeagreds tiealegwaiglated by the

I t M1 6 In.th
Pl prEpdiufton AL s B et Beteasiiie BouiPa raid By fegocond
1ifRfef 30 DRRRS béi@ pMs&ﬁtea 16 HeaReOmbitplexef SAMRoMRIved BISK Signals,
to the input o CO waveforminterface bl ock 64

oﬁ cﬂne qih@\hadd,rﬁge demgdulaf@d by dlhe plifee temparaton Po filinged b theserond
low—pass 1 eroﬂ ; hg li 1{ed3by[ W}er il 1tte|}e52l\%elflo1eerbe%9g f%lde"ggn’ugd3 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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The VCO 60 fornms, together with the third | ow pass

filter 59, the charge punp 58 and the phase/frequency
walewenrswss 57, a phase-| ocked | oop whi ch servesPCTDK2005/000026

purposes. It | ocks the frequency of the receiving

branch of the transceiver 33 to the carrier frequency

of the transmtter for prop P reception of wreless

signals, and it determ nes the transm ssion frequency

of the transmtting branch of the transceiver 39. The
Wehenphé¢ trafisceiver 306 BArdnsmissidnt odd) digitab indornpaiioarprepared by the

Lifi 68 .and th . [ifj 9int
CHP LA Sy 8 0 e £L 2N Per BB e B0 L e
cRESIABE 6B edgnzg %ﬁgiﬁ[l i difethh. M HEd 8shY &Yrefahlftﬁ GLGROBit stream is

antenna 70. The transmtting branch in the transceiver
sBead, end dpaipreaddfit vhmgeanee thf second ehirfdlaipeh? ambeniers theohliller

sche for tr m Ssi on, ared M1l er-coded, .
AR By P AT PG Jh bt nstigia, e EVERPd nto a spread-
spe@id MiBESKdcoddd Bit tswBarh ¥iB&h Rffeddsl tletihp@ofahe V@ vaveform

according to the bandw dth demand by the type of

interfase thbeakottt foy tsevidimgia cantig] splkagsdior srodylative dhadVhE) §0 based

by t.h U £not, s )N portabl e nodule or the
h erbllﬁsér%glln ,Orpté}éepec fff\?’@F?ﬂe}EESK nodul ation is used for

information with a nodest bandw dth demand such as
ram change inforpation, volume change i nformtion

ro
Thn ¥ GQie formse ioeptbar il dheybird lawppesstili off, thgicharge pump 58 and
a .

e HBTEARACT Al 39, 2 plet SEpPionit lich SHEE: 820 ppspoes. It

lgeks ahe tfexueregdofithe reprividpe bremah | ofgthei tlansteivar 82rtotthe carrier
keep do costs, of manufacture and majntain ) )

frequepey of e, TA0R@itiRe 47y BIGPEITECPYaR BhVACLEST HERYS138d diflptermines

tHeMY SN Qo el dieS. St el ﬁ‘érrshﬁﬁ%‘%?@ﬂaﬁ&{ of 3R tQhsdRAP 39. The
the master transcéiver 9 placed’in the portable nodul e

ottpanadf theeVE€Dabk it fedrte dbé weisted ppivac emplifiert 6% hed thengaai power

1 shown.in fig. 1, .but not all .blocks in.the }
afplfiasel bt BewerimilLisd Chipup crRon 40t e SaLEaia befare heing
tr&'i‘s‘%ni&@d bﬁ*éie%sl%?%@selond‘ﬁ{t@lhﬁaﬁot. er denoted the naster,
transmts a nesSage, the nessage i s coded and

nodul ated into a wireless signal using . one of the

aval l abl e dul ation sch s _as, descri bed .
Thy Boierds band B bafte SRE PR BRI H R Fhi of pap different
nfddGlatibRtsCherRés BE1 PehshEREbnA Sqfarkd AdIRAGYddIEFEHIRNEE modulation
together with the second nultiplexer 65 to control the

(¥REDeon bioae dhnssoghis deying(BBFK) 5Bhe 59 tywes of madglation are used
add BAIRE SLYRL bR, AL AP B Hr ko PR B S8R ar
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
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second antenna 70. In order to conserve power, the
transceiver 39 in the hearing aid, hereinafter denoted
wo b@esrms®, does not rely on a | ocal referencePCr/PER@ES/000026
67 or |local master oscillator 66 for frequency
control, but instead uses thg VCO 60 as a | oca
OSC|IIator to generate the tPansmitter carrier
frequency and | ock onto a received carrier frequency
while switching off the respective |ocal oscillator
h&BingGid 1Hsishown iddig. dedutnottdileblockseinghe mansdeaet 3P ere used in

ere the ster..oscil | ator 66 d. the .master out
b%%ﬁre%nd Vg WVhpncihs mAEable dnodiltc £+ e Balte ﬁ@P@ﬁﬁﬁ% graster,
Eu%?rﬁtsoic mEﬁﬁ%é &H@ﬁﬁ%aﬁ@ 'is &ded 'éhd boduRRd iBR &W&Ie@é signal using .

erence 67 is provided to the unit. The slave
oner afiseeiwe rav&%‘té@emihﬂattha seheoed ay d@$cr1bf:é pmp\eomly,vtee crystal

f d

refirhes RS B cerifar S8 foine Boed Bl Ehen GG eft® ggeether

Wit hd @ésn@hﬁﬁgﬂeﬁr 6588 ¥bitfol i SHa¥@ldtked l&pséeay&l 57, 58, 59, 60
transcei ver 3 | S put in"r ecept i on" node for a

obﬂedtmemwrei? purtragntission wing Heogager pewer anplifjer 68 and the
s m%?ie s in order to listen for transm ssions

%?B W%%ﬁ%r transceiver 39. Wien a nessage is

received and decoded by the slave transceiver while it

is in "receive" node, the received signal jtself is
Inyendgniiel caneerve REWED dbeiEanscRivenzd iahe heaiing pidghereinafter denoted

t}f%rs?eWe o&% Yot Bn iaqgcagge{?lgﬂéﬁaﬁzga aijmdlS&ﬁ qﬁﬂtqu)ﬁaﬁgtgr 66 for

'S recognl Ze ave system
frequpntcy eontasl] b@lﬂﬁls’eadh uadsntael V@O td0easnze kwah esciliatorctar gdneﬂxte the

out .and an, acknomﬂed e ssage i s prepared by e CPU. _.
UPRANIHE GrIEISEETIUSRCY e ng’ﬁ]és‘ént‘i’ e RELF1 Yo SatBisT ftseﬂ uengy while

séﬁchn@%) oﬂsth%tfeé;#]ec{&g k&1 Qi Bathh ?6,f Bﬁq’ﬁﬁg Gy d@éﬁgd at the time of

reception of transm ssion fromt mast er . en
ntahefattues) svhiess tlenmiastet emiﬂilahmt @@ and tie mlastseehtpukarﬁﬁhﬁ&%ii are

59, 60 i s, opene t.her en t he VCO 6 un
aBpanmesied SSREREALY GO T eSitethe A gaebntsy OTphity, and 10 crystal

rdfEBRNEETCY r%hﬁllmstﬁéjuﬁi’ "Ithla Qla¥k BUBslRP 36 §hHas t}%gmijeflty of its
the transm ssion of the acknow edge nessage. This

opérativenlife éis “tlémp”meedt dsaliscasdod Ieklyhea nhepone trawms:um prgreception

O A8 TV SEF T oty £90 AR AL RUIch SO e Hegi 2gepmsceiver
39 i@pithe “&@Sﬁﬂﬂl”aﬂ&@%@ a@ede‘e%ﬁ[heﬁ']ﬁn@@ ‘b‘S}QWv@t@E&)% circuit or by

message has been successfully transmtted, the ave
sinyikan swens/igrordy tp distgnier transmirsions fieapa maslgetranseeizetaide d
previously, the power consunption in the "sleep" node

is very nodest, in

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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"reception" node power consunption is typically about
ten tines that consuned in "sleep" nobde, and in
WO reoasnsssssi on” node t he pover consunption i s BODDK2005/000026
twice that in "reception” node. The transm ssions from
the slave are usually of relatively short duration and
t hus do not put any exceSS|J§ strain on the hearing
aid battery supplying the slave transceiver 39. Wen
the master receives the signal fromthe slave, the
us@lc by theoslafeoirhusasiveh 89 fanthepransgiipiasofathedeknowledge message

re Jousl The,t.ra vers 39 in both the
Thic Ry the oga B BBy Uil Do <miin St e tsrisg 07n the
sﬁ@@ Tﬁe dine podRer @hfpfli%i‘é? BY RO RERALS 9&1@18%@@ 'n%&@éé' WHa the
the CPUIin either unit based on the ty
semndru pitcana of. d@@lmedhfan@bknhwlddgﬂ dme@ﬂage rgawuheem sukieessfully

B R BRI 0 B FARTADAE gheoen o

limted to, identity handshakes, short i nstructions,
acknow edge si %@al S, programm ng infor rmtl on,
Aéeﬂff?ttﬁchgl@"l%lﬁ]gbt | nopver eppEwRTFitoadnrtha f‘sleqnyem @dmiSd/ery modest, in
“ | s t Holy

LA p St Tout G S0 RE0 B58% M s o

“db@”tlﬁbde@ldﬁﬂ i “ttidedissions anRlekhd fowér dﬂ)lnglhrhp‘dlon is about twice that
nmpressjon of the signal is used. The digital
lrr erﬁ%m;@ﬁt #MqdsnThy trepissiensolren fhaslave a@ouspélbt afrelafivgly short

oo D IR By HECHE bR sy crlin

theegbavegntdengr BAe audi o signal in data packets of a

size suitable for transm ssion using the interface 61.

The slave transceiver 39 has a simlar buffer (not
WIRAWRE hffer GOLRE IthOQighheRbRACEHE \éﬁgfe dak are&?ﬁ%ﬁ tf@llé\% ﬁhe same
decodi ng and deconpression of the data packets. a
phuéibles as alebérhed airednudns lihe sragsceiviers é?nm ﬂnaﬂdvheohlnhster and the

verhead for.th 0se. 0 transmtt Wi t ho .
Ve B Rcets ob el BRBENGicGhon baF She ol BF gt Sufesthianigitation
sc\!HeHé‘s ReleBBR 1 tHRNEPBNAL fter ulYRaASed 6A tﬂi@ﬁ%l dt%ommunication
retransm ssion ofinconpletely received or "Otherw se
deﬂimdr@dutélb wandwmﬁwmuelﬁdd&ha tyres kadt @nnnb}mtﬁéloprtovbed@gbhanged
he master an ave
ek o sl 0 B ALY oMo P rRHBL p e P S HPY (o ffentity
holdsBaleR) @Bkt SREEHAtHNL,S agdtwleddRe siHabR, Qﬂé%rhﬁﬁmng information,
frequency Is showmn in fig. 3 as a vertic i ne
setfings dligigpl ibtspeesenfed real-tEpntaadia pignelherqahiislevegdout of signal
pIorcgfs%%q&reﬁﬁete@&dstB@?ké.“m shown in fig. 3 has a

cer

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 a 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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power near the main carrier frequency and tapers out

at the ends of the frequency spectrum of the
WO c@a®miess er . Spread spectrum transni ssion pr eBENDK2005/000026

several advantages over transnission technol ogies

utilizing fixed frequencies. It is relatively inmune

to interference from ot her éiggnals it has a

noi se-1i ke frequency spectrum footprint reducing the

risk of the transm ssion disturbing other forns of
umompimlyartebeined anthérevisencironeguslly framsgueetidam paddismemy be

ansm u g.a | ot S r than

proY R &R ﬁ@% lgja@ﬂbﬁbe H@é@ﬁﬂ%cgmttﬁ‘émgx%ect ed

frequencies are known in advance. A nore preferred

spread spectrumtechnique is to use frequency shift
Fi@%s@fr@ﬁ@@}’ gllaph shovl/mg g poner distribwion of @rspread spectrum signal.

ransm ssi o f uenc

Thi, SR PR Tisa PR Ay S e o SRR e Pgendine by an
afeatcoROWBAg BREBYHINEY RRGuchcl¥B! Bhd ﬁﬁ%@ﬂﬂ@h@ﬁmﬁﬁﬁe 3t}ﬁl§@t certain

the spread spectrumtechni que shown in fig. 3.” The two
pewer hear the eepie weiriss frequencyeanditaperd vk ither elzis qfaﬂae eequency

sespubn ot batn AR R Al ERbSor ety MR Kl
o%f&ﬁadsﬂ@ssldht @thrivdsdyy @ity fikderéqicnsaids. sl eCtdlatiely immune to
transmtter may be utilized nore effi CI ently and the

ingerfpraey oy Ao Salsn it daye p@nse%t:t IeFPNee spestay footprint
|
réac@lc%lglptrﬁ% 3RR1drGAL homiMiod BlcnfiBO ”&hérsfohﬁ s fag CHE%%%%{?H and

seri a

tigtiatividuatl ﬁ’eqlla‘mres tubel may po $1ensrfntwi neingsslot mm pnwssuham fixed-
The bit period, % t he duratlon of ge bit, " or

freguency é‘éﬁi@éﬁ P‘?Fé‘l”§ﬁt f §EPCEP A ELIEREFSATR KROWR Inyely: &H?Fe

The information is encoded into the digital bit stream
as the spaci ngs between signal transitions wthout
Armgﬁ:rpieferreﬂ cp@nd spectriinl teovlmihlspiam' Mrénpﬁ:n@eihift keying (FSK). It
g;msulonsi M1 er codln & and 2 bit
ufliges Jare carsprs fy franspissipn, gt Fasa fegéncy; pRctam Fisemblipe the

fRfuachishe @it Qhwd inSig. ANELOF SKW&@ eciin] RRUL mefe re@tangular
grves"a transition in the mddl'e of a bit period, i.e

shaps Hiah frer ispa] spebtess techmigneishosm iooke. pBadieatwe hearrier

Slaftio s D AT e Deohs e o Biles Rl o Wi of
tHREPRI shead H?%&uﬂi hodtRtibh escheitfue Nghodmbint fipes,i 8l thbs the total

hi story of e last bit received i s used in the
bardyodihnef, the sereadhspecirine traasmitisr maydeaitiiged moresefdiciegtly and the

ef {8 R Do e MG e BB g o the bic

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 “07, 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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conbi nation "01". A one bit period spacing corresponds
to the bit "0" if the last bit was "0", and the bit
WO 2006i0f466He | ast bit was "1". A 1.5 bit peri odPCT/DK2005/000026
corresponds to "1" if the last bit was "0", and the
bit conmbination "00" if the last bit was "1". An even
nore preferred transm ssi on Pechni que is to use
M1l er-coding together with FSK direct sequence spread
spectrum (FSK-DSSS), and its frequency spectrumis
peimwlanAi‘9” ffoldowing aSti¢hhe mevdupratiiaes agcivsitiendineing adtit period. A

ey B AT e P oA B b
st@gg\ﬁqmaq;gﬁ‘serﬁém%g@ | I er-coded FSK-DSSS techni que are

the same as those nentioned for FSKDSSS, but
MIler- coded FSK— DSSS transm ssion i S even nore

fi.cient us it.constitute | nost i deal oi ce
B §Rp P s S o0 Ly Cr et S age O the bit
cEABInLIGH @I, A BR8Pt ¥rib® sprRingecorrtdpd i @6 fled B CO? iftihd last bit

l ong range per Watt are essential requirenents. Figure

wes |'&”, and ithe big “ b Hgbalassbibwian Gl He Lidebiaperiad edrrespeysis to “17 if
thteqysle}ﬁgasd‘W" gtﬁe BQ% 1n8@8 | %”Qf{h"\ﬁ%n bt Wrtaas‘tl’(‘:"r
ranscel ver ‘an WO Sfave transceivers. Three
timelines show the rrast er transm ssion timng denoted

Master Tx, slave |isteni n% ti.m ng denoted Sl ave )
ApjeyeR ﬁloraﬁaefgqr%w%m% shigaug iSiip ige ddifleteasiing tpgsther with

F3K e S ALe SR Sl qTEAR! IR B 5

shumt ar fipr AnSwilss |mxrth1,1atm>hl wohemeg dobe nomstiléte 4 oarries fieguency as
for signals fr t ve ave wakeup an

bt H’QH‘BEI iy shanay i aﬁ%&od@ss&f‘élae sﬂmégﬁntages

of 4@ MiIRE b Fsmsﬁ teEHYﬂg GORBEABHLAME oS 'ﬂfbg@ Iﬁéﬁgb%a 9 FSK-

periods, T5: the slave transm ssion perio
DERSE, fOil’t‘erélleap@éd bEEvRESH thhesmsission isfevan ntasieeefﬁcient Thus it

e RN R SEETE E a4t S WPl pover
c&ﬂﬁltnﬁuoﬂl enRmafitR 18Nbide afESREAtiHE Yandeﬁﬁ% AlnbOVWAIWALt are

transm ssion froma respective slave unit. Thisis a
esaentiabfequitemghisg t he slave units inboth a ri ght hearing
aid and a left hearing aid sufficient tine to respond

to the nmessages fromthe nmaster. In practice, this is
Figare 6bys addinfifle aislehy stiRevih®dhé Oreldlive ' 8RRPISRIVHIVEE &inng a
one of the slave units - in this case the left - and
corpReppigatieiebetweetha magisr Bignspeiveromddmsen dwa slaye trapsseivers. Three

tlﬁlgﬁl%snﬁlog\t i gl%gtlelc %ﬁgnlgélgm tﬁlmhg %eﬁ&%ﬁ'l\r/lgst&' ’?X,EE Rgwllstemng

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 start 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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menory that codes the hearing aid as a right or a left
hearing aid. Note that Tl may be of variable |ength
w@ewondichyy to the type of nessage sent. T2 i s BCTRKS005/000026
greater than T5 in order to allow for the master to
recei ve and decode an acknow edge from both of the
slaves. T4 minus T3 is equalzoto the "hi bernate" period
when the transceiver in the slave is deactivated, and
is always smaller than T6 in order to ensure that a
bbihs s erghhdepeng @t iand tah éefs hearimgowidr $udfisient finlel to respond to the

transm.ssi gn period fromthe master n a .
S SHETTIOR D1 R theriThGe dris 'S SORF by Agie ¢ deleg pgod t the

ré%géns% tﬁﬁé bESnOSf thE @Ia(re I ‘ﬂ?ﬁﬁs @hse HRALRAY aﬂd%ﬁfﬁié biSe of that
r the duration of the period TI. The master then

delap $@EOCﬂ depdandentderr tiei rcadmg oﬁ 2 d|educa1led| dit inghebeairigeait EPROM
recel nse. sl aves |isten at
Ft Pod S TR in ot ReR i s ek HS L

|nterval s T4. \Wenever a slave recogni zes part of a

start sequence froma master when |istening, the slave

Netethat €8 may blfé@ﬁmnqbﬂmle@g@mccg@mﬁ@c@e |typeo¢ﬁmpssa@e sent. T2 is
uni t

aféga&fs];% tt%a an t]# b} Ok o alllPDve S | S Lgt% ggcelvet %%d decode an

a&h@%@ec%&&ﬁﬂﬁ @Sthacﬁ’f tae Islaow d4gRinie I A5 sGuah A6l thadtihilSerhkdé’ period
the e of Tl before it transmts the acknow edge

Bsrismseriverdg thesslaveHe deastiveled.ad s gy nspalips 6%26 in order
AR R oSBT g o

tHermamseri t s data to the slave. The start sequence is
usually only used initially to establish comunication
bet ween a mast er an_d a slave for the first time or in
VEIREHE 2 GRS R ﬁ‘?ﬁl 'tlfe hﬁ%tter qu&niti9ted i 8RIT R PReries of start
error. In case of a fir time conmuni cation between a
sermshees addgaas Iira;me’als uffoir qhﬂe diuchéiot i dfi thatpedind t BlgsThedeastee then
st at us, d the Ll ar.e exch d in order for .the
PRAEE &1 BRAUAHG) Tt OB © Rerte i EoFYS Ackutpnat fiom a slave.
THE' §aR3SHidt¥n ad@dregﬁﬁy rifleYyvalUri3Nghigsbs SoPRlcally at intervals T4.
transm ssions. In cases where two hearing aids are
Viélmnbm}eadslam tricogniresl pat bewistarti ssquaice drdve armarger whe listening,

{ t { { h
U T oS foctRe ot P! orReerBap g ety fiaf g i Tt the
phRicLEA Ghit! Rldr&8&d bl aBE indhted] IF thes &OHiePORE, Wet lave Bidpares an
indicating if it is intended for use in a right ear or

agknogfledgearespausaeand riwpitsi antilothe readr phhkl dgforpai iransmits the
aglln%erdge 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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transmtter set up as described earlier, but a hearing
aid for the left ear, on the other hand, has its
WO e@esmiess er set up to await the expiry of a bRCT/DKRIVS/000026
del ay equivalent to the duration of a transm ssion
froma slave, befor transmtting, in order to avoid
transni ssion col lisions witRlthe acknow edge
transm ssion fromthe hearing aid for the right ear. A
prior art hearing aid systemis shown in fig. 7, where
bimaywab gteviationy oflevheneing dosss tho mmstst dnsmits \wosthie sseifjmgpce to be
ajds | n L, wi a cabl.es 15R and 15L. The progranmm ng
pl&k@ﬁfﬁ%g{%gotﬁi‘gh%@ iSSP PEMEssI y with a conput er
3 1 through a wirel ess conmmunications channel 100 for
t he purpose of programm ng the hearing aids with
Dprieg oxanpadtuie, eqeleheyingespsregeipped vithadtii indlogting if ibisdetended
to allevia a user: s hear, l 0ss.. ring. use, the.
o clePi Hg® AIRHE SRROB ATy S5y & BB Py e Hight Sar haS its slave
trDUENIB AP o8 WiERedQaMier Bl e Kealhe sidlRR RN Rfl&k; ol R other
progranmm ng devi ce 30 conmuni cates with the conputer

haw, basits wanssviensst uata await digparnisy of @ builininodedasr equivalent to the

SFARE PRI, LTSS 0 DRSPS 4, v

tri@@eiEddm gollibieony A &Hﬁcﬁﬂo&l@@%ﬁ trigsnkieash M@natiéshdaling ldid for
vi a_the communi cati ons channel 100, for instance the
thegteht P¥ns of the various hearing programes avail abl e

to the user, initial sound levels for the individual
prograns, use of telecoil etc. Fig 8 shows an

Aeprirdirnisaiingfaid Syestene & shogvnaindfig V7S twéereod ptdgearhmiendévice 30 is
conpri si ng ortabl e nodyle 7 having a transceiver i
oqrSEted oy ,ﬁe%m&f%@ngﬂ YR gakicy ig%@n%_ﬁgLa heprogramming
1309;s8k S : n e (o) QU
B P P RS HER Y el virelss
canmpuicetiorBlchannel Ni0Afoh dar purgosei af priogtainmging dhe heareng aits with
a first.comuni cations |ink 100, a{ngig V\AH] hear i ng ai Es .
Piegerihied freaugney EeSRRRSRdreSRRIUECY n i QiR A lEYRiCoh IS¢ T, Rearing
10893 and 104, respectively. AU three conmunications

I'i nks 100, 103, 104, are bidirectional, wreless
conmuni cations links. During fitting of one hearing

ai.d or i r. of .heatin ids, the fitter prepares .
ofite Ao et Brvinraidt Th g Fre®s hetkfisd s VY SRERARRG Bvige 30
vial tht daBles OfSRAV@HE 15UNThE Gréftatblifing 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, 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 1R and 1L also having transceivers (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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conmputer 31. The prescriptional fitting data are

transmtted to the portable nodule 7 via the first
w@ormanesat i ons | i nk 100. The portabl e nodul e FCT/DK2005/000026

transmts the received prescriptional fitting data to

the hearing aids IR and IL via the second and third

comuni cations |inks 103 and?104, respectively. This

preferred enbodi nent of the hearing aid system of the

i nvention | eaves out the wirel ess progranm ng device
c@mohichtiensplinkot03aartd Eak, respotivelya\Alhthrécheonimonicatoova!linky 100,

equi.red for programmng the hearing aids IR IL built
lé}vtcib‘ltﬁé bﬁﬁ{,epﬁ%qag% gis&ommupcaliogs E’F‘Jﬁﬁ'red enbodi ment

of the invention enables programm ng a prescriptional

fitting into one or a pair of hearing aids w thout the
Dueieg fitting anfyonsl bearingcail wni a gmiroof bearmegc tids.stheofittegrcpredares a

bet . h i i.d th y ' device. A
pegriimal Pngert St Aar B8 ey BB Ra B tiaffie o the
cEMBEAS RCEIRY Sheft@iptiOndl TRtih§ WSRO BrahsmiB® ed thbZpdvidble thb&ule 7

bandwi dt h of t he si gnal makes it possible to execute

viarthp Stseimoneniedtions dnkd08. The porablemadglea? tanunitothe received

kbit/s u rea nd 10, khit/s. d { . t.hus .
piedgeeih M R e it BF WERM IR e P Sesandsqry, hird
c@hmaRERGRSEEE) 1 BULHA01 B4, FBspettivHdp t T8 Freférr&D Binbodiaient ¥f the

vari abl e paraneters upstream or downstream Direct

heasig aid sxstere of Berineakionfeavee gyt the varedpss progsmging device 30 of
0SS e e . . it .

R e Balnd SR R Pl S earing

aidsi g, B duiilntieof e gre@bleamddule 2. Thiseprgfeiredi dufiteodément of the

.Spreadi ng codes are used for the SS, up to eight )
InyeRt9, PRt RIRSIARRYING @ RISTHIPEPRAl HIHRR GRS I AT thPHT Phearing

afd§ [ WiBRIuE (IARAR B ahPClURLE Wik o?%pﬁe&d’fk céhﬁ{?'iéaaﬁét en the
enbo

Iments may also utilize other trequency bands for

h¢armgsidssaiddhe pegedniming dearcger bandwi dt hs and t hus

hi gher data throughput rates to be used. CLAIMS 1. A

hearing aid systemconprising a hearing aid having
ATRRRDIE HanSBRSTAL il chOPLLA %Hé‘fhegﬁlj? 4i® lsybteAN 8880t ding Mo the

and a first transmf{ter” for transmiting” '
inyleriger srabgnetl M. Jihalbendmisiddobinetskgnat makésit passilat@execute
trg%%]@fand nﬁqgﬁlﬁl %@g@%@g{ﬁ 'ngfg uIt) % aarglllr{cle ‘N)O ?{%ﬂysel?ﬁ:s%‘eglgr a?nadle kbit/s
downstream, thus rendering the system capable of real-time transmission 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.
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and an external unit having a first receiver for
recei ving el ectromagneti c signals nodul ated accordi ng
W@ 2008/0B%SS schenme, a denodul ator for denodul at PEYDKR@®5/000026
DSSSnodul at ed signals, and a decoder for decoding the
denodul ated signals and nmeans for produci ng out put
data based on the decoded s?énals. 2. The system
according to claim1, wherein the first transmtter
conprises a first nodul ator having neans for producing
ChiAdMSar phase-shift keyi ng (BPSK) - nodul at ed signal s.
3. The system according to claim1, wherein the first
transmtter conprises a second nodul ator havi ng neans
1for Ar}gggﬂﬁ'ggmsfygt@ﬂl isgg ft keying (FSK)- nodul at ed
signals. 4. Thé systemaccording to claim1l, wherein
t he #ihesting eidehavirg meapy fos esnerafing sonttwoos dhtatfor transmission,

o R 0] SRR a R G b R P Bons
ddteand Yﬁdumé’ﬂ)iidcﬁﬁﬁlﬁtosﬁ ageét s@gﬁeﬁda lspileBd shRWLAD(IIESH)Sscheme;
S

for denodul ati ng FSK-nodul at e ignals. 6. The system
cording to claim1, wherein the hearing aid

ch oot SRRBRLERE S aRcY /e B P EE Rl romaprgiggionat

medtlansd, aceord#poid W BESS stigme] @ndeghddatatdidot Beémodulating the DSSS-
SS- nodul gt ed signals, and a decoder for decoding the

mgdlgted) sagnels. andmdscodamior decading e dpmadiaied gicsatssad means for
;m%ﬁ??nggﬁ qi&ﬂabﬁéd%ﬁ@%ﬂﬁgog&gggéﬁi andt he externa

rises means for generdating continuous data
for transm ssion, and a second transmtter for
trangmitting el ectromagnetic signals based on the .
2-cont i‘ﬁ%w&e agegr ﬂ%tﬁ%ﬂm at%erﬁgég? ﬁr%&m@%ﬂl&%@wm% a first
mPENERR having &S I RRIRHOEHLRL phite Shitt gmﬁs -
the traﬁgﬁgtter co%grises agnasPeresectg%ﬁm% np#?é?ﬁgubwd
sigmalout put stage, a frequency reference crystal, and an
oscillator controlled by said frequency reference
crystal, said master section being electrically

3.det athaRlferh RBd MR fof AR 1L tilerdih thd itk dt YranSmitld¥ Somprises a
system according to claim6, wherein the transmtte
secompringdulatar Hagung means for producing frequency shift keying (FSK)-

modulated signals.

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

demodulator having means for demodulating BPSK-modulated signals.

5. The system according to claim 1, wherein the first receiver comprises a second

demodulator having means for demodulating FSK-modulated signals.

6. The system according to claim 1, wherein the hearing aid comprises

a second receiver for receiving electromagnetic signals modulated according
to a DSSS scheme, a demodulator for demodulating the DSSS-modulated signals, and
a decoder for decoding the demodulated signals and means for producing output data

based on the decoded signals; and
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section. 9. The system according to claim1, wherein

the decoder is a MIler decoder. 10. The system
w@ewondiohyy to claiml, wherein the encoder is BCIVDKR@S/000026

encoder. 11. The system according to claim1, wherein

the hearing aid conprises a_receiver for receiving

el ectronmagnetic signals nmoddftat ed according to a DSSS

schenme, a decoder for decoding the received signals

and for produci ng output data based on the decoded

si gndiles extenthl mode @elests onearsafier fegenersgag otontivtiqus data for

acti.vating,the receiver, or_ . the transmtter of the
trﬁ%%}?lﬁﬁ%mé’gé.a speondrifansuyitterslor FRpIRICledrampagngiiq signals based
oMBR Rhfnh iR d8al LR duibd a&BFRAE RESDBBS sdiile, fOr dat a,

atransmtter for transmtting el ectromagnetic signals

based on the input data and nodul ated according to a

DSSS.,sche and .node sel ection .reans for. sel ectively
oot 1 408 PROREAGOPRTR 0 6Totay O HETE NG LR POTANES @ master
sNbRBApridietan dtputTHfseS ¥St&MeASE it £:9stal, 3nt £y oscillator

wherein'the first transmtter and the second receiver
covrppiel b @ik Gagtsncy irefstenph stystal.ceiemasteiogection beingeelectrically

t ccor di .0 claim 6, wherein the second
d%%%r?gﬁ??ré?hegeﬁ%%{rﬁtgerfcinrcg]tuyrecei ver conprise a conmon
second phase-| ocked | oop. 15. The system according to

claim12, wherein the external unit conprises a
81 el edBe ISystam, aceprding,tor dainy O¢ Stharely theotrasgiitierigomprises a slave
S*@@ﬁein the external unit conprises a mcrophone. 17.

e systemaccording to claim1, wherein the external
unit conprises a wireless interface. 18. The system

according to claim1l, conprisin omput.er wi th an

9% nt effgsé (B ACOHARH ST v AFTER (i decaneias AAIIighAgeoder
19. A hearing aid systemconprising a first hearing

ai d having neans for processing input data for

19.r an$he switon accanding ta clams ibj wheeinftbe encodersiniatMillegencoder.

el ectromagneti c signals based on the input data and
nodul at ed according to a DSSS scheng;

11.  The system according to claim 1, wherein the hearing aid comprises a receiver
for receiving electromagnetic signals modulated according to a DSSS scheme, a
decoder for decoding the received signals and for producing output data based on the
decoded signals, and mode selection means for selectively activating the receiver or

the transmitter of the hearing aid.

12.  The system according to claim 1, wherein the external unit comprises an input
for data, a transmitter for transmitting electromagnetic signals based on the input data
and modulated according to a DSSS scheme, and mode selection means for

selectively activating the receiver or the transmitter of the external unit.

13.  The system according to claim 6, wherein the first transmitter and the second

receiver comprise a common first phase-locked loop.

14. The system according to claim 6, wherein the second transmitter and the first

receiver comprise a common second phase-locked loop.
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a second hearing aid having neans for processing input

data for transm ssion, and a transmtter for
W0 e@n®mesi i ng el ect romagneti c signal s based onP¢TBK2005/000026

i nput data and nodul ated according to a DSSS scheng;

and an external unit having _a receiver for receiving

el ectronmagnetic signals noddPat ed according to a DSSS

schene, and a decoder for decoding the received

signals and for produci ng output data based on the

decoded signal s; mherein t he transnitter of the first

ear aid and the tra er . of t seco heari n

13 IPY sy ecrortine Bt dihdcs w&erems Fé@ﬁ@ftwecom ises a
ug&gnsnrssions,in or der to avoi d transm ssion

collisions. 20. A nethod of operating a hearing aid

system conprising selecting a hearing aid having

| nput., means for ce|V|n ut .data for transm ssi

16y AndhF COMRG FISSHITRAS (AR RO SPGEE & PolFigh et eontises a
nié@pRde. based on the |nput data and nodul at ed

according to a DSSS schene;receiving in an externa

unit el ectromagnetic signals nodul at ed according to a

SS-sch coder for_decodj
1 oA P B B r 36 R o B Sl el R s o
whakssinmificee decoded S|gnals 2 1. A nethod of
programm ng a hearing aid, conprising determning a
hearing | oss to be conpensated by a hearing aid;

lﬁ.el eGhk Q?st&n Q@@Jr&hﬂ ﬁiurﬁqa ?é n?rlgl a%gﬂ:ff) %\51%1”& ﬁ%eﬁface for

earing 10ss accor ng prog |ngs S ore
chramunivgtion drithniek dxpernalaméi. vi ng and transmtting

el ectromagneti ¢ signals nodul ated according to a DSSS
schene; using a conputer to generate program settings

1%or %%#1ﬁ§5idr§’8@m%oﬁwrfs e for conpensating the

earing ransm tting the program settings from
t he edmyueanng @d hmvmghmansaforlpmdessmg mpstdaid forgrahbeission, and

pro ms tt|n fro t he externa nd to t he
ARG 400 15Y st imeniete Sepibiel g Heqtpdt defa and

nﬁ@ﬁﬁfé&'é&%xﬂ&g&om§§dﬁéﬁ& storing the program
settings in the hearing aid;

a second hearing aid having means for processing input data for transmission,
and a transmitter for transmitting electromagnetic signals based on the input data and
modulated according to a DSSS scheme; and

an external unit having a receiver for receiving electromagnetic signals
modulated according to a DSSS scheme, and a decoder for decoding the received
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.

20. A method of operating a hearing aid system, 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;
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transmtting fromthe hearing aid el ectromagnetic

signal s based on data fromthe hearing and nodul at ed
WwW@ewenTdichy t 0 a DSSS schene; receiving and dechPdi/DE2006/000026

the external unit el ectromagnetic signals nodul at ed

according to a DSSS schene in order to produce a

decoded out put; and transm £20i ng fromthe external

unit and to the conputer data based on the decoded

out put. 22. The nethod according to claim 21, wherein

t he dakdvidg mman dxterhglamingeaiothagneti@sipnasidiodukitegnasrding to a

¢k by t ' id, . .
D%IS% s% ergcg, and a Jggoc{é? ?orrI drégodalilg the received signals;

producing output data of the external unit based on the decoded signals.

21. - A method of programming a hearing aid, comprising

determining a hearing loss to be compensated by a hearing aid;

selecting a hearing aid adapted for compensating a hearing loss according
program settings stored in the hearing aid and for receiving and transmitting
electromagnetic signals modulated according to a DSSS scheme;

using a computer to generate program settings for the hearing aid suitable for
compensating the hearing loss;

transmitting the program settings from the computer to an external unit;

transmitting the program settings from the external unit and to the hearing aid
by electromagnetic transmission modulated according to a DSSS scheme;

storing the program settings in the hearing aid,

transmitting from the hearing aid electromagnetic signals based on data from
the hearing and modulated according to a DSSS scheme;

receiving and decoding in the external unit electromagnetic signals modulated
according to a DSSS scheme in order to produce a decoded output; and

transmitting from the external unit and to the computer data based on the

decoded output.

22.  The method according to claim 21, wherein the data from the hearing aid

contain audio signals picked up by the hearing aid.



