1 A hearing aid adapted for detecting brain waves and a nethod for adapting
such a hearing aid The present invention relates generally to hearing aids
capabl e Swof2ormmsedsni ng brai n waves and adj usting the si @goalEppei0osRss ng
according to the neasured signals, and nore specifically to such hearing
aids conprising an anplifier, an input transducer, an output transducer and
a signal processing device, and where said anplifier and said signal
processi ng devi ce are connect ed. The invéntion further relates to a 10

met hod for adaptation of a hearin ener al | knomn
particularly tr}ﬁaﬁ'”ﬁeaidcépaet&def@'edeFE‘Gt'HﬁaEEﬂ“é ‘%"?‘Vaersn aﬂgv%smﬁ & ng

el ectrodes on 4dagtingaueh @f hearfigohiact , whose brain waves it is deS| red to
nmeasure (for sinplicity denoted "subject” in the follow ng), and to view,
process and interpret the nmeasured 15 brain waves using suitable equi pnent .

Typically, such equi ph@RFedeht dMveItRA! FPRRBE Q2INaIAGT RPAeary biavhi ch a
so-cal |l ed el ectroencephal ogram (EEG may be achi eved. Suc an E G provides

a measur enent AfBEFLLEBIIPIAN Yraves @@F‘r?@ﬁ?t'%mecf"ﬂi?aﬁ Arogesing 8ceerding ain by

neasuring the t@'&f‘e”nhé‘asl&?écﬁ%‘i%rﬁ&ls geRETAberI sBBCiHiBAIYS W6 fARH ﬁéarﬁ ab4j ect’ s
scalp by 20 currents flow n et ween synapses in the subg_ect S ra| n

Wthin medi ca|cowrmaemﬂe"%ﬁreaus'@au HRANgaY ¢ u SN R HEHb ERined v sk
A system for spighynal Lb%@cés%.r@@é@.cér%u\/@héae %szﬁla%%&éﬂ anthissiy Q@%f' bes

neasurenent of brain waves by use of el ectrodes ? aced in connection with
at | east one JTOEERSINEAEVSE PFfe COOBFEEEH; Tiheeinventignafisthesnrelatesut@r ear

part or plagednkthod¥er eaap@@idalor alREariRASH: enent s are used particularly for
detecting the onset of an epileptic seizure. WO Al-2006/ 047874 al so

describes the use oflteiSe@ePg@by kMPvini Partigyladyt adtinAnadigal s¢ighehck

el ectrodes r eﬁﬁéﬁdré%ﬁém M@saoysﬁlééﬂ@éle@growéé |onkﬂ4é""§cél 3he sfu'bgé
el ectroencephal ography. 30 Furthernore it is known from Al 2008/ 116462

to neasure t heVisgrbray wBves tyis slestrad ta mpasgre Kler $MAtcy Aergtrdgsabd to

generate a teskstih eré%ll&ME??'ar?cﬂ% Vi) fFobedP il HigRAbe ke asdbiaet as an
acoustic stimul us, and ect| ng a brai n wave response to said acoustic

stimulus styndiraiywayes é*ﬁ'@e%lﬁaﬁkl% caLEvReHd dy el ¥ e BUGH CAHPMRIRj iIEc@N s 2

scalp and to tél@&?d@ﬁcebﬁﬁo?%ﬂhn Wiﬁ%arn@%?%ﬁ%hté) s8Rkl dIEQRIBRephagi cal
i nstrument such as an roencephal o% processi ng.
ug

However, at |dagtan KEES) gy bgrasbayvedn @%EEGOPFONW@S@H\PWSS'W@% are,
due to their SPPHEX o F LSSACA 2B VB SO by Aesalffh Al prent

confined to use and operation qgual I?I ed staff. Furthernore the placenent
of in by far rﬁﬁ%ﬁtr'éa@,@@’é@'eé?%@é%d &nd they %Aﬁ&acea@fet%%w@mtédsmlmbv@, on

various pajds c‘&frretntE@fléwmgesétmfee%l%?nﬂPé&d(notrhehs‘%%‘j'ecft%rlﬂ%l’rﬁ WREInkReWRaPY St s

rather unattractive use outs aboratory Surroundi ngs, thus rendering
expl oi tati on ckianse BErkfrantayersd iy vasions sipanestin®unresesf brain wave

measurements out si deatderdrRl9r 3LeK ¥ (188 ReknEWADEESORRY-A1-2006/047874,

which describes measurement of brain waves by use of electrodes
placed in connection with at least one of the ears of the subject, i.e.

25 placed on an outer ear part or placed in the ear canal. The
measurements are used particularly for detecting the onset of an
epileptic seizure. WO-A1-2006/047874 also describes the use of elec-
trodes in pairs as detection and reference electrodes respectively, such
a setup being well known in the field of electroencephalography.

30 Furthermore it is known from W0O-A1-2008/116462 to measure
the hearing ability of the subject by using a hearing aid to generate a
test stimulus signal and transmit said signal to a subject as an acoustic
stimulus, and by detecting a brain wave response to said acoustic
stimulus signal by use of separate electrodes placed on the subject’s



The present invention therefore ains at providing a hearing aid in which
brai n wave neasurenents such as EEGs becone possible without or with a

m ni nrum oVousH/wbesext ensi ve and conplicated equi prment, PET@EPR@l/ob®asi ng ai d
may be used in an unconplicated way in everyday life, and with which the
advantages rel ated to the use of brain wave neasurenments in hearing aids
may be readily utilized outside the | aboratory. According to a first aspect
of the invention this object is 20 achi eged by providing a hearing aid
conprising an anplifier, an input transducer, an OSHEUt transducer and a

si gnal processicAl e, Febransmmit efN WEVERESRINSeLO AThEIpBRRE9IRGICEbYi ce

bei ng connect afstrudehekiicH B@ah%@édtﬂgan@taﬁhél@@Eéﬂfhrfoﬁfpmdsgmg at least two
el ectrodes adapted for det ectllgg el ectrical signals such as brain waves,
5

the at |east two el dPWEYs BoleBeh Hif é@r‘i‘ﬁé@tr‘é%?s%‘gad%Y'F?%Péﬁf‘? HNONI i fi er,

whi ch in turn dyStpRaBeEt @ tO thbie BhtlekitPhAEasel tledtersive arrnebrApRNS f or
nodi fyi ng the o?eratl on of said heari ng aid in response to the_detected

si gnal s. atecrraH AN, reRlinGth g iadpPRRIPEHRD R avalisdcHFol- $Ubj ect ' s

brain waves mayeRforDtHd plREnRM JTEASHY Esh nRIE c&\séshel\é’@trﬁheé AadtiAusmyreas- 30
ured brain waves may be 4)r ocessed internal ItySul n the hearjng aid. Wth such

a hearing aid,ca5¢ §5§0ﬁ'8t b MEPg AL ¥3EAKS Raktsusk t@?(tsé‘lbﬂﬁﬁt SefRH &R OF or

nmeasuring braln”eawav&ﬁjeaycth@rwwgténh@ rEBRFUnESttRca0al Br WRdolitsides
i nconspi cuous when worn by the user and thus nore attractive to wear

outsi de the Ial%'é‘?ré‘f‘iﬁyysurgound'”gs thugT2pAFTRY (PRINEHO0r & nkdier ARG waves

during evefydagidied @ ReUsdensr Brdif alavitd nfdaduAGRentd didside ttl'iéelabB?&BN on has
a variety of uses and advantages. Mdst notably it has been shown by the

i nventors t hat@tRer QHPRErS@MEhat surprisingly, is possible to use brain wave

nmeasurenents to estIm)égrés@nw\féhu@artheﬁéfo@amaﬁBr&nd.ﬁa%hém@é@r pays
attention. The details of such an estimtion wl]l e described further

bel ow. in WiKgh brain vy B CRBSMIS SHCMFS BF GsabPecosne apsHRisu¥thc i mage

the user pays AitFWRD mikihfurh HrUsEBA SReiBiVe BAdUDPShIRBtaALG@BhRNteed- 10
back for the hearing aid algorithms in order to enable adaptation of the

heari ng al%ﬁtd’Vlai[é‘ﬂd’l%rkﬁ‘ﬁt@'ﬁu'ﬂﬂaynl?%lqs%l'ﬁl4“? tUncomPlicRiedaway dil erydat of an

acoustic i mageife! andhieh Vikien UBET ad@rtaddst RilkicaNio \Whé KRkt off BRsiNSeavareedi ng
to consciously act to adapt the hearing aid. Such control of a hearing aid

i s particul ar TPeRPEEWENE ISNERARY SIS Wisyrke seadlyrutlzed quiisidg the 1aBoxn

parti cul ar parrTatd}ﬁl. a conpl ex acoustic image. This may for instance be the
case when a hearing aid user is trying to discern a certain source of
sound, such as the SPEOEWNST ta Palitsk caIRACt pafr $bf, inyeriraKidis aMefindenent or

musi ¢ pl ayy@g.achievdl B pslibihg AR Bid! édrﬂ[arué“\%btérmaﬁqpi@‘éildaﬁQHbé‘rﬁs
20This fornms a contrast to the present nethods for enphasizing or

suppressi ng a YRIFAUGEN a#n LBRILY FENSHUERE. aTH & SI9NPY Profresaidigr degendifual | y

change the proghamia ﬁdhﬁ1eh§aﬁélqﬂ'o@é§§|ﬁd3de§|@¥ befh | fedBEP IR REReir ML t he
presence of noise may be detéected by the use of t m cr ophone of the

hearing ai d. Nsiasi@gry furber eRMBIips alsleast Byo ﬁi@ﬁmoﬁgs adapted for detect-
ing electrical signals such as brain waves, the at least two electrodes

25 being connected to a differential amplifier, which in turn is connected to
the signal processing device, and means for modifying the operation of
said hearing aid in response to the detected signals.

Thereby a hearing aid is provided with which a subject’s brain
waves may be monitored and measured, and with which the thus meas-

30 ured brain waves may be processed internally in the hearing aid. With
such a hearing aid, it is no longer necessary to use external equipment
for measuring brain waves and processing the measured signals, and it
is inconspicuous when worn by the user and thus more attractive to

wear outside the laboratory.



25 suitable algorithns in the signal processing device of the hearing aid.
O her advant ageous uses and advantages related to neasurenent of brain
waves UsiwgQ 20Bez106¢8¢ ai ds i ncl ude, but are not limted t®CTHEHPeONOFI00M NQ:
a) Monitoring the devel opnent in a user's hearing | oss 30with the natural
sound environnent as stinmulus us- ing Auditory Brainstem Response
(ABR)-Ii ke or Auditory Steady State Respgnse (ASSR)-1i ke neasurenents,

t hereby enabling "on-the-fly" fitting, i3e. fitting when needed, of the
hearing aid. 4 b)Measurement of the user's hearing threshold, ﬂﬁab

use of Auditory Brai HRRNIRESHBRSEUERER: Afe2iSiN MRy Fsdutrﬁ‘go%‘feéb’ﬂa\é

obj ective imags Qim%@hé@ﬁlﬁg R becaaiey & Md ehtibearlisng vanyty of gs@ction 5
fromthe user, which is %artlcul arly desirable in connection with small

chil dren and strongly inpaired cognitive abilities. C)Use as a

type of brain- corrputlabsﬂ nétebfyakeasthdbn §dWwn by ahkiiRgedtdrs hearit ngbraéd by use
of EEG-recognition. 10 In a brain-conputer interface the user will be able

to control hé""’l’\%ta?qrﬁas'é"ﬁb’ 1§ POSHISIS Eﬁjé‘ﬁ? BrReuYP K MERAVGEEBI theSidesi r ed

action, e.g. GhaRgtdWHide pRFOSI amazfoubh@ iM@geithe u’r’sle@' pdyReatd@pidredrrct i on
bei ng linked to a detectable "thou as to 15 imagi ne noving

the right armdft ?'Fﬁ)%ﬁs%t%ﬁ;tym%?%d" %@e qe,zicrab%} B RRiWer interface the

EEG signal will be uggdntio @atBetmsateRedooVRich Ml oMdr athusgicoenaf e to

partly or fullx take the place of a renote control.
e user pays attention, this information may be used as valuable feed-

10 back for the hearing aid algorithms in order to enable adaptation of the
hearing aid to obtain optimum intelligibility of the particular part of an
acoustic image, to which the user pays attention, without the user
needing to consciously act to adapt the hearing aid. Such control of a
hearing aid is particularly useful in situations where a user is focused on

15 a particular part of a complex acoustic image. This may for instance be
the case when a hearing aid user is trying to discern a certain source of
sound, such as the speech of a particular person, a speaker announce-
ment or music playing, in an acoustic image comprising multiple sound
sources.

20 This forms a contrast to the present methods for emphasizing
or suppressing a part of an acoustic image. Presently the user may
manually change the program of the hearing aid to, say, a music pro-
gram, and the presence of noise may be detected by the use of the mi-
crophone of the hearing aid. Noise may then be suppressed by running

25 suitable algorithms in the signal processing device of the hearing aid.

Other advantageous uses and advantages related to measure-
ment of brain waves using hearing aids include, but are not limited to,
the following:

a) Monitoring the development in a user’s hearing loss

30 with the natural sound environment as stimulus us-

ing Auditory Brainstem Response (ABR)-like or
Auditory Steady State Response (ASSR)-like meas-
urements, thereby enabling “on-the-fly” fitting, i.e.
fitting when needed, of the hearing aid.



20 According to a preferred enbodi nent, said signal processing
devi ce conprises feature extraction neans for extracting at | east one
feature fworna/®segmal detected by neans of said at | easPCrhmr2@absstonddes and
classifying neans for classifying said at | east one feature extracted 25 by
said feature extraction nmeans. Thereby the possibility of focusing on one
particul ar feature carried by the neasured brai n wave signal and conprising
desired perceptive information regardlng the subject is provided. The
particular feature to be extracted by %ﬁgfeature extraction neans depends

on the particular fubktional N‘?’asfiﬁ%ﬂ‘ef‘% NBelSERSoRERIING £reshoidn & -Be

hearing aid. Thi's emyoehdRige dfsApditdriyCBtandtintReEpdnshesBrRY iS
desired to use the hearing ai erform brain wave signal neasurenents in

order to estimate to which pa{F‘?a%Fg'é‘ﬁ”’é%B%é’tbF?}”l%@Qﬁqtn'éedﬁ'@gep‘éfygq

attention, as described aboveearipg threshold \ﬁﬁﬁ@utdlnaéd'hﬁ anpriflepbétash
enbodi nent, _the hearing aid further conprises a m crophone connected to the

feature extaction neans, wheFEByhE HseaBLEDiS p?%\éar@égé%f%ewc?%e

m crophone nmay serve as addi te@tigh iwHPT Bkl Orthil@rdnheal 0Opesehed vath t he
signals detected by the 5 el ectrodes. According to a preferred

embodi ment, the hearing aid fSHON9St NpRAHRY QAN ARIFIBS- comparing a si gnal

detected by means of cysai d at (easd attyPe SF Bedin RS Wek mtérfeE@d@ | gesk set of
attention classes, thus providing for automatic detection of the part of an

acoustic imge focussed 10 upBling thedeasiog aid Pyaiskedlr FRE- réF@Ig”'t'O” By

the term"gjtention class(es)in ApranebrmBitt Mnictfacl theoWerhfiiinge labre t ed
thereto, nmeant one or nore of the main attention classes "signal type",

i.e. the type of signal in artOaeBUEY i 1he Aegdn9 ik Wsé?”%'o't§bétf@%ls'rfgocus"

and the user's "nmental focus'thoddtx BRI fhealdesintd Httiohassglenasy@patnd ype”
may conprise such sub-classes as speech, nusic, noise and the |like. The

main attention class "spati aIPrPWéﬁ%‘Of R hearpg ipid tQﬁcQ‘FSg@Q-a@F'%?@ﬁ"Qas

broad/ narrow, left/right andjReqlikg. ddfeRktdmé NtRdIGHIt | @Iy .CL@Fs asnent al
focus" may conprise such sub-classes as interest in surroundings,

concentrat®, relaxed and t hdMapie MaERGCHedighf aren withakt Petwaly (99INg ef er r ed

embodi nent, the means for Mo diofl Yh Bobrafie cOR@UEdH iRterffcelthe HERALIGNG | #ild
nodi fi es the operation of the hearing aid in response to said at |east one

feature extracted by said fedfubaed:ip rdrieropucheansevanriuanpmelitivadPs or
automatic adaptation of the hepd ithOpatg &Oflmnﬁt&é/%ﬁ]e &ﬁéée 8f AreARUStIC

i mge focussed upon by the 25 user of the hearing aid
control.
20

According to a preferred embodiment, said signal processing
device comprises feature extraction means for extracting at least one
feature from a signal detected by means of said at least two electrodes
and classifying means for classifying said at least one feature extracted

25 by said feature extraction means. Thereby the possibility of focusing on
one particular feature carried by the measured brain wave signal and
comprising desired perceptive information regarding the subject is pro-
vided. The particular feature to be extracted by the feature extraction
means depends on the particular functionality that is to be incorporated

30 in the hearing aid.

This embodiment is particularly useful when it is desired to use
the hearing aid to perform brain wave signal measurements in order to
estimate to which part of an acoustic image the user pays attention, as
described above.



According to a preferred enbodi nent, the neans for nodifying the operation
of the hearing aid is activated by the hearing aid upon recogni zi ng,

parti cul awbyotwoonesans of said signal processing devi ce, PATHPL@EONEMOSI gna
as conprising characteristics of at |east one of a hearing 30 threshold
measurenent, a hearing | oss neasurenent, an attention fo- cus neasurenent
and a Brain-Conputer Interface (BCl) action neas- urenent. Thereby

adj ustment of the hearing aid will be pe?forned relat- ing to hearing
threshol d, hearing | oss, attention focus and/or a BCl ac- tion,

sinplifying the adj ASGHENNI 0B NS R LURUIMEN hdiNEs PRI @'qu‘é"tf‘%r

unrel ated featdon@srigek &heidiepRsicedoph@ital.-to the featurd\CHQFattiog heads,
particularly preferred enbodinent, the at |east two el ectrodes are arranged

on and/or in REIEPULRE FCOUSTRIMage defRetrd AW iy BIAOPRPRE SALFSVE # ug of

sai d hearing ajdditiciithnfoP@ativhen el ﬂ'd&@@é“n? fithE digfhls Yet@ditad by enauser,
said at |least two el ectrodes are in physical contact with tissue of said

user, there'i)y eé‘?’%(ﬂd(ﬁsng for enhanced quality and signal strength in the

detection of the br aAéto\r\@Mg & 8NsHeferred embod.méﬁﬁomél R8arify aid wikher
enbodi nent, the hearing aid _further conprjses a fluj d, conductive

I n
connecti on wi tRMRAIFSANepRRER" meirsn%raeagrlabe@te%ﬂePéﬂper%%\?a@ g‘i gnal

det ection qualitdst twd aé@cvo@i@ﬁw.thi%re@refm@a Ref oﬂ@ﬂ@hﬁbﬂr )tralsﬁayvrthak @ebr ode
materials suitable for this purpose may al so

Accor di ng to &¢RgtTPEaHEMSH %P@?%F'P@d’fé%é’@ﬁ@fn?” a§99%¥'¢a'tm¢9§‘aﬁqcuﬁ%ﬁ9
el ect r odes; @r &,pnl MetheLl&Gtdratieheabinghhi@l ect rodes providing for a par-

By the term “attention class(es)” as used herein is, without be-
ing limited thereto, meant one or more of the main attention classes
“signal type”, i.e. the type of signal in an acoustic image, the user’s
“spatial focus” and the user’s "mental focus”. The main attention class

15 “T“signal type” may comprise such sub-classes as speech, music, noise
and the like. The main attention class “spatial focus” may comprise such
sub-classes as broad/narrow, left/right and the like. The main attention
class “mental focus” may comprise such sub-classes as interest in sur-
roundings, concentrated, relaxed and the like.

20 According to a particularly preferred embodiment, the means
for modifying the operation of the hearing aid modifies the operation of
the hearing aid in response to said at least one feature extracted by said
feature extraction means, thus providing for automatic adaptation of the
hearing aid to the given part of an acoustic image focussed upon by the

25 user of the hearing aid.

According to a preferred embodiment, the means for modifying
the operation of the hearing aid is activated by the hearing aid upon
recognizing, particularly by means of said signal processing device, a
detected signal as comprising characteristics of at least one of a hearing

30 threshold measurement, a hearing loss measurement, an attention fo-
cus measurement and a Brain-Computer Interface (BCI) action meas-
urement. Thereby adjustment of the hearing aid will be performed relat-
ing to hearing threshold, hearing loss, attention focus and/or a BCI ac-
tion, thus simplifying the adjustment process and avoiding adjustment



15 ticularly good durability when exposed to the environnmental conditions
in the ear canal of a user. According to a second aspect of the

i nventi orwoaohemsismg ai d system conprising a first and &CIaEpond/obmasi ng
aid, at |least one of the first and the second hearing aid being a hearing
aid according to the 20 first aspect of the invention, the first and second
hearing aid each conprising an anplifier,  and at Ieast one of the first and
second hearing aid conprising a signal ?oce55|ng devi ce conprising a
feature extraction neans and a classifé 8$neans and wherein at | east one

of the first & QedYRFALEFIHE P dDe 893 ansmitting means for

transmtting i n- 25 Aétrofﬁ@lhgoﬁib éCbaTrﬂ@Jléﬂﬂ%idfé?Fecf effdodhnBant, NBeadtdieast
respectively, érow ded such a Sé stemit becones possible

to conpare si gt?’i’é’l erhEedsh ¥ HYARARhOBENIIRS ID\ROSYENS P BPEOT theMeahist ance

in each ear of.n@a@quefeTBsrye@bl@@f @u%aﬁﬂ@@@tsm @2l vier &y read- the
hearing ability of each ear be nmeasured, ared and nonitored. 30As

the left braaidNGe&if pHEr8 by akH%an spi BEH@?F rﬁ"“lO leeEPdehPRk N | pr‘i’gs"(ﬂabcesses

and the right dpheddt vtmerﬁrlt@@lh@roe sawr @se?fb$lﬁér@§§/ proviakd e risremeeg Juality | S
further feasible that the rig and | eft heari ng ai ds, respectlvely, may

detect differeid %ggﬂaﬁtger}%%m fhﬁﬁaetfeFHPrF‘ (ﬂ’ifftlf‘%lbé@if‘ V‘(Efﬁenﬂgrr‘@ processes t hat

may then be conparedacchrding to a fd&REF EnMsbdiMehtr themdardebidceduepodi nent s
of the hearing aid system t he signal processing neans further conprises a

cl ass conbi ni MRS, @ thd f eRRAUCEVR e dBt FBERBanViEh FRKY aEI1eassi ¥ at i on
nmeans and/ Q@ Gdi@&fodeRmiNni-asy rmﬁrrb%e@fSI@fHIQIefCéd’tﬁ)h @J’Hjlt§$§9ﬂﬂ/|(ﬂ'@ﬁrl"ld]@- aid,

re- 5 spectively, are interconnected by means of said transmitting neans,
and sai d transi¥eft g ﬂﬁaﬁ@l|V§<F\9|%¢|§§f§0dQ'H@t§B§«|StS|ﬁlgaB@s@rEMS.F{LSVP%?G
transmtting, dyywdoask 8mpMyeal ess connection, and thereby of nonitoring
and conparing, particular features and/or neasurenents between the hearing
ai ds of the hearing AF@rdipgttend iParirubeily Sacfensdrembedgants epidsat legst

transmtting rRRNSedrb@ay 4rROsiRef efdtEloRBs PaIdMde|B&irb &Ib@VidInG @EVEReNT T O
use i s provided. According to a third aspect of the invention, a

met hod f orladdpianYoraoed daraRility w@ea|@<p@ﬁe<ﬂ g Wseemyroamandal F%ncb‘i*@% ded
the nmethod conpikh&icBP chhf ottLdserof providing at |east one hearing aid
according to 15 the invention, neasuring a brain signal, preferably as an
el ect r oencephal ogr aph§eorting,) to r spA0SH aSReSEOf té‘ﬁd'”é(é[‘ﬁ@"t‘rl AgheHE DKt at i on

of said hearingsgid domprRPasE-st ank e s8&iRcheshy gﬁ!ia|at least one of the
According to a particularly preferred enbodi ment,” thé nethod conprises the

further step dirst@nfainengeconrdnersing, pisdbeingnalhearing aidoacqordiagrinthe set of

attention gl asf8Saspect of the n'ﬂﬁ—ﬁft‘iroﬂ' RSk FiPstBarRPEddopll RedrhgPsiaf &Iched m-
enbodi nent, said neasurin nparing and adj usting steps are repeated wth

a predet er ni ndfli'sl'rigsaﬂe‘:\ﬁ‘&@'%e é@‘i‘ gt hepst engrttherfirpapnd cgrend Peprirg eid ed
embodi nent,  saigfhprising a signal processing device comprising a feature extraction

means and a classifying means, and wherein at least one of the first and
second hearing aids comprises transmitting means for transmitting in-

25 formation to the second or first hearing aid, respectively, is provided.

With such a system it becomes possible to compare signals
measured by each of the two hearing aids, for instance in each ear of a
user. Thereby the sound perception and thereby e.g. the hearing ability
of each ear may be measured, compared and monitored.

30 As the left brain hemisphere is known to perform logical think-
ing processes, and the right brain hemisphere more abstract thinking
processes, it is further feasible that the right and left hearing aids, re-
spectively, may detect different signals resulting from different thinking
processes that may then be compared.



25 conparing step conprises extracting a feature fromthe neasured brain
signal by executing a first algorithmin said signal processing device, and
cl assi f yiwgQ 20a/edseat ure by executing a second al gori t hmCiIrEPs@0@sS®DHNal

processi ng devi ce. The invention will now be described in
further detail based on a 30 non-limting exenplary enbodinent, and with
reference to the drawi ngs. In the draw ngs, fig. 1 shows an

enbodi ment of a hearing aid according to’the invention, fig 2 shows a plug
for a hearing aid accordin ofig. 1, 8 _ fig. shows a fl ow

di agramillustrating® %ﬁ?r%'ﬁgot&i %H}erotfreaergf?%ﬁmboa'ém%@gi Fnthsaberring 8ltyh a
differential agygtdnh) 8le signgl plotesdifng th@nsPRIrthe?l confisristisaalaspicoffisl ng pat h
known as the "anal og front-end”, of a heari né)% ai d accordi n%lto t he

i nvention, 5fil§9 MeIRBWES EFtYGE FEGCHAD | TEASE B o Clase!lGrtion iBERND! ¢ he

fea- ture ext ra&‘@?b@@la@@%oﬁibﬁﬁlﬁgfmééﬁi @ﬂ sﬁfdoﬁt%ﬁ%nldns@ohéa’féaﬁ%gaéld agcording
to the invention d7showf|owd|aram;

illustratimy tsrﬁ’fe@év‘ﬂ}"f 123, éﬂ’fer%‘?mf%rﬂys msenehel sRidnEPRFRIeNdt MEaPeat ur e

extraction anchrel ased ftréiﬁfrrhlﬁtﬂngl(?n@érﬁﬁ%swiréle@s h¢ﬁé#é1b§} ahel FOSSIHRM, ageor di ng
to the invention, 8 shows a flow diagramillustrating an

enbodi ment of HAESRILHRA, é%vewgrﬁgr%vv'a@@%%s@wcaﬁaf P E'é%@Png)fﬁ‘é‘PrHtQﬂ”Qa

hearing aid achr ébmgakifg! ParticlvRHeaBlites and/or measuté@entsdBe@ibn9theshow in
conbination a flow diagramillustrating 15 an enbodi nent of the conplete

si gnal det ect iGRAAPIBY SEEISNRBPALH BYStEThisaRON ed ¢V RS/ HERY PEEJRH ng to

the inventi®n transmitting nhédhs 3 GRabingV@idtd\atdBBihg ParBe AREF coHRABA ysi s on
the results of a 24 trial neasurenent of brainwaves from a subject paying

attention to <PetEHS PAAYAY |ine) and music (solid line) respectively,

20fig. 10b shows thepsRadingabuetiRfasicxndptie ﬂﬁ/‘éhﬁbhoa nﬁétrhoaffsr hasgrval 20
to 35 Hz of the power spectra of fig. 10a 11 shows the

result of an dafie0 rdg é@@f'\rf‘é %iﬁa‘ﬁlg/%”% USARDYa RalSRS] ) PF(SW'C{E}"?'@ thestirthodf a 24

trial measur era%mpr%f. dd)rtﬁ‘é RYEHLEST HFRMiAg %ﬂhb@&tor@ﬁé@@n@bt@a&wa.ﬁg%speech
(mar ked W|th "+") music 25 (marked with "o") resBectl vel
the |nvent|on measurlng a brain signal, prefera

ly as an eIectroe—
ncephalography (EEG), from said user, and adjusting the operation of
said hearing aid in response to the detected signal.

According to a particularly preferred embodiment, the method
comprises the further step of comparing said measured signal with a

20 predefined set of attention classes.

According to a particularly preferred embodiment, said measur-
ing, comparing and adjusting steps are repeated with a predetermined
frequency.

According to another particularly preferred embodiment, said

25 comparing step comprises extracting a feature from the measured brain
signal by executing a first algorithm in said signal processing device,
and classifying said feature by executing a second algorithm in said sig-
nal processing device.

The invention will now be described in further detail based on a

30 non-limiting exemplary embodiment, and with reference to the draw-
ings. In the drawings,

fig. 1 shows an embodiment of a hearing aid according to the
invention,

fig. 2 shows a plug for a hearing aid according to fig. 1,



figs. 12a, 12b and 12c show the results of an asymetry analysis on a 20
trial nmeasurenent of brainwaves froma subject paying attention to speech
and rnusi cvonesipwaedsivel y, fig. 12a showi ng the average a®¢mRmEPRoy/os8bF on ( AR)
for all trials, fig. 12b the AR for each trial 30 and fig. 12c the mean and
vari ance of the values corresponding to each trial shown in fig. 12b, and
fig. 13 shows the results of neasurenents conducted with an in-the-ear
el ectrode corresponding to one of the el Bctrodes shown in fig 2 wth the
subj ect havi ng eyes P en and cl ose res ectivelﬁ%ﬁand W th no further

g.

stimli. Fi of19-13sHMNs & g?‘@!f%'ﬁg ettBefap ta”oF”K’OHé’H?"‘EQ ad

according to tdignhdl éeesdtioPNpSBINPIrb SgHI& cﬂfféﬁéﬁti&dahﬂmﬂ@arl éB;FE).nctmmn@nt 101,
a plug 103 for _insertion in the ear canal of a user . €. an in-the-ear

(1 TE) 5 conporfént® &i9A2k PERAFTEEE; BAITEARYN 182 ther a@@%é’i"i“ﬁ@”@ of a

BTEconponent Jk%r@@%&l%@c@dﬂﬂg ﬂd)ﬁ}e ihdentidig 103 corrprl ses a surface and a
connecti on opening connect i on opening. 104 is the opening

t hrough whiTh sound f'% 1 SHAYRd f"é‘d q"?Qfﬁl”? HE'SHAtING thRPTIGPI8 HhANC ARRr t her eby

the ear 10 dr uypro@fexthetits@ind ¢Bsdifieateoasprarbsain @r ﬁééﬁﬁ% aRlBchraiigng aid the
connecti on openi ng 104 is for direct connection with the connection neans

102. In case SPedNY&E®ver-in-the-ear (R TE) hearing aid the connection

opening 104 is for cpgesté raﬁmdth%h@@nﬂ&ntd.Q@awn@s%angrtﬂrééﬁa.ffee@@ﬂ ver.
15A hearing aid plug such as the plug 103 is preferably custom noul ded to

fit the ear, piepetiawNs PF\Q"%BF'”%‘BF%W they fe&“ﬂf@e@"”%@ﬁ Ei'ri’%é'laﬁ%ﬁcqtfprt he ear,

preferablyid n grh€eah LREMng 8id dydeerHREoldN®y BtHARReRfiohhe plug 103 will
lie adjacent to and |n hysical contact with the tissue of the ear of the

user. It is noted th@d- oMEa? iRy Qla@r%cwﬁl‘irﬁ'@”ﬁ @t fEbogimeRfedht teh nay in

principle be alynj¥Resighan@aethien and. proeé&iind RatH of i Bearthg bidcadteadi ng aid
further conprises five elec- trodes 201, 202, 203, 204 and 205 adapted for

detecting el edbgiteane §1¥gNtiRAL s such as brain waves. The actual detection
that will be describgg idy 88 @bl sf fWcbmbRAr &by GiaGFHh TRGtWALHY respect

to a reference point.
15 an embodiment of the complete signal detection and processing path of
a hearing aid system according to the invention,
fig. 10a shows the result of a spectrum analysis on the results
of a 24 trial measurement of brainwaves from a subject paying attention
to speech (dashed line) and music (solid line) respectively,
20 fig. 10b shows the mean value and standard deviation for the
interval 20 to 35 Hz of the power spectra of fig. 10a,
fig. 11 shows the result of an auto-regressive analysis (AR-
analysis) on the results of a 24 trial measurement of brainwaves from a
subject paying attention to speech (marked with “+”) and music
25 (marked with “0") respectively,
figs. 12a, 12b and 12c show the results of an asymmetry
analysis on a 20 trial measurement of brainwaves from a subject paying
attention to speech and music, respectively, fig. 12a showing the aver-
age asymmetry ration (AR) for all trials, fig. 12b the AR for each trial
30 and fig. 12c the mean and variance of the values corresponding to each
trial shown in fig. 12b, and
fig. 13 shows the results of measurements conducted with an
in-the-ear electrode corresponding to one of the electrodes shown in fig.
2 with the subject having eyes open and closed, respectively, and with



25 The el ectrodes 201 - 205 are arranged on the surface of the plug 206
(103 in fig. 1) of the hearing aid. Alternatively the el ectrodes 201 - 205
may be emweddadosesit he surface of the plug 206, or be aPCcarEpedooOn100F

i tbedded in the surface of another part of the hearing aid. The exact
nunber of el ectrodes 201 - 205 provided may be nore or |ess than the 30
five electrodes 201 - 205 shown and remain uncritical. However, the

provi sion of at |east two electrodes is Breferred, as such a configuration
provi de for the Possibijit of allowing at |east one of the electrodes to
act as referert® StStiMHlis being a reference el ectrode, for the renain-

ing el ectrodes, thusrigeinpodetsptdfegeelepsiddadtient of Baieabingi s =e¥orathd he 10
quality of the nmeasured signals, Alternatively the_electrodes 201 - 205 may

be set up to JdPei&t BVERLRN GoMirsing agbehindghriear (KTEN ORPAESEtidde act i ng

as a ref erence) gy aoBrRHendePiio®Ne tifd cBPESNAITYS usdretlel adaR thbhaty (gn:E)' ng as
detecting el ectrode(s}(. Preferably the el ectrodes 201 - 205 are made of

silver, as 3i|SPEPIENkNANA Bo CRBRELIDN0 FataNSed Ogr &1 GPRBEFHIY §BBJBTESi st ance

to the harsh epvhggiemenolRimseRiplug 103e TREMM 888 Bfitlses HonavRle argny
material suitable for resisti n]? the environnent in the ear canal of a human

may in princi f €BECHEBPPENNIot}¥er to further inprove the quality of the

signal s detected 10 e RanRscdn tdpenphecidrdestndObpenid@Sthidignhedidng aid
may conprise a conductive gel (not shown) in connection with the el ectrodes
201 - 205. sound is fanamiEfedTemgthesHa ) g efragnainenr I thstety itgean

embodi ment1®f drif bPithé AseRait tHY cAdteoLbRUrEMAG BTE hédiendary ticahd
according to the invention is show. This initial part of the electronics
i s known as t Hteckpg-opening 104 is for direct connection with the connection means
102. In case of a receiver-in-the-ear (RITE) hearing aid the connection
opening 104 is for connecting the connection means 102 and the re-
ceiver.

15 A hearing aid plug such as the plug 103 is preferably custom
moulded to fit the ear, preferably the ear canal, of a user. When in-
serted in the ear, preferably in the ear canal, of the user the surface of
the plug 103 will lie adjacent to and in physical contact with the tissue
of the ear of the user. It is noted that the hearing aid according to the

20 invention may in principle be any type of hearing aid.

Referring to fig. 2, the hearing aid further comprises five elec-
trodes 201, 202, 203, 204 and 205 adapted for detecting electrical sig-
nals such as brain waves. The actual detection that will be described in
detail below is preferably performed with respect to a reference point.

25 The electrodes 201 - 205 are arranged on the surface of the plug 206
(103 in fig. 1) of the hearing aid. Alternatively the electrodes 201 - 205
may be embedded in the surface of the plug 206, or be arranged on or
imbedded in the surface of another part of the hearing aid. The exact
number of electrodes 201 - 205 provided may be more or less than the

30 five electrodes 201 - 205 shown and remain uncritical. However, the
provision of at least two electrodes is preferred, as such a configuration
provide for the possibility of allowing at least one of the electrodes to
act as reference point, thus being a reference electrode, for the remain-
ing electrodes, thus being detecting electrodes, thereby improving the



15 log front-end. The analog front-end as shown is connected to a plurality
of electrodes (electrodes 1 to N), of which fig. 3 for the sake of

si npl i ci twoshovmweesml y the first el ectrode 313 and the NrhTaPeewoomes 307
fromwhich input signals are received. The el ectrodes 307 and 313 are by
means of channels 308 and 314 each connected to a differential anpli- 20
fier 309 and 317, respectively, for receiving and anplifying the signal
detected by the el ectrodes 307 and 313. ¥hch of the differential anplifiers
309 and 317 al so recFlves i nput froma reference el ectrode 315 by neans of

a channel 316.9YHE @ F*F%r”é‘?ﬂ%uéifd S s it napeely fhe Rectrdescdhhet®y to a
respective anahag bd gitt @b 16 ypeeateein CIOBXers 34} . anhabk) .wilth ohrdibarsay e, the

initial part of the electronics conprises an i gt transducer that in fig.

3 is shown as ¥URPCIOPNEHECBEA Slemide O dlfoRk e PIOCE GrffEdss: th's he

anal og front- %&ﬁnb@%@c@n@b@cﬂ@ﬁ@% phaandlly 8R2erenvass ed1t-@nagmpl i fier
303, which is connected to an ADC 3 Thereby the acoustic inpage detected

by the ni cropHBReE 805, Raysilver vsek%%w%&aﬂaiVSri%YPP?ﬁfeérF?Fﬁt’Iddﬂﬂ ff 9opd
processing of rebetarican® shel®bpsH elvibynhBAL P&t af ethe3AUmand ldarabghatls.
The ADC s 305, 311, 319 sanple the respective anplified signals 304, 310,
318 received f"r‘%‘teﬁeaa}?ﬁ‘[‘?liei”@i suigablg far redisting £ sRYIrMaRbIn fhepar 309,

317, thereby cdz@al binNg nediinaylidrintiphdBe uddd, 320 be- 11 ing discrete in
time. It is noted that the sanpling frequencies for _ the m crophone signal

306 may differ from¥theserde M@ea'wr%%éheuoglﬁmvSO%me spg!s FRECHd put
signal s 30fy H2me3RQ JritARE@& RGO FEO5, 20%1¥he ?rﬂeSnﬁ?rbﬁa 'nﬁé‘} Romprigendi nat i on

a signal vector 321, that may be witten as s = denoting the
origin of si ngé’I”dH@i'Y?gg%'a(ﬁ‘ﬁF &gown) & C@T%F'Pﬁd@tmmﬁo%'rec'imd%aoh ¢t ing the

sanpling tine. TherefymiMetSiignal a iR Aiagidh MRXtrBAng BAEARBdRSeq &f gnal in
time and space, or as a tine dependent vector. The signal vector 321 serves

as input for tthe 1815 @guiedi the @'ﬁé‘lroﬁ'ﬁé(%s“é‘?rﬂfalr'rﬁ‘gtﬁé ar?é%’fq'rr‘@t%ltﬁe B will

be expl ai ned Bedhewn idAndWhNITAG ihRial part & thBI&tFHEPisErwr 8 tALahaYr €
extraction and feature classification process in a hearing aid according to

t he i nventlon 198 fiantesd: dhednatomfronknead asethayyn ogonnested 1o @ipdurally i s used

as input for %ffeﬁé’ét%cfese(éiéc@@d'egrl fBi‘Rﬁ‘Soiﬂf\%rchTﬁlf D §ark@r6ftsh@1ph§ﬁt ure
extractl on neans 402 is one or nore extracted features, herein terned as

"feature 15 vebtshowaenly (i Erstselecisods SilAANd tha Nih Glegradey30ig feBhs 404
classifying theniextingGt SnbRALK ®8cied. Mthd @idcfRIeY e8d0and031 3 Hie iyt put of

the classifying nmeans 404 is at |east one indicator of an attention class,
the term atterfffde ef akanngls 498 pnkkA bt wapkicvgnadrr e diffaraetizlampldl part

of the desgdi gid-ofbo Ehe 31l &3 @étn}’@W ﬁirtr‘e%élvkd@dbﬁ&taﬁnﬁ’lw r3f trie SigRBer of

at- 20 tention classes (hard classifier) be pr oba |I|te‘/| vector giving
a

probabi | i ties desecteddry @ﬂ@qr@q‘ﬁsﬁ%%é‘n@sﬂﬁt E@FB@&"F? differeptiak #8PHit | owi ng

the output of dbese) assishyi Higo rFE@éﬁeé‘%quHmb(?réf%FéFR‘é clet@RSge B8ty * 405.
The class vector 405 is transmtted as an outgut to be used 1 n further

signal processNARNTRAIRS Coanide3 HeaFhaglifigrgntiabmAlifieehePocang iXly affe
functionality ghnbheqfigad ng%e@tWé 3Hé|b8%ud\’?§l%né@r¥e@%éﬁ§lf'aﬁﬁsjl@" ng means

404, on may consider the feature extraction, T, classification, c,

as di mensi r educi nHrRIPIGTGs the inital _RPLEE tseﬂe%fcmh%ﬂ CyBBHERSAANN; t he
si gnal vector pﬂﬁjtrg%d"ugepfzheﬁ' Arigli RNShQn 23 mﬁcr%%h@ﬁé%ﬂ'i e micro-

where F is the space of feature vectors 403 of | ower dinension and Cis
t he set of at tFéWﬂ“ﬁo?phllsa%@%eCéfﬁd y@tthemﬂowfrﬁ@h@nérthcwm ptmiGraghante cl ass

vector 405. It h'aﬁn!el' bgbycothﬂea"edeﬁbogﬁt%pﬁﬁ@l 3@5’t Whﬁc}helsf @@ﬁrﬂic@ec?)&t) raction,

f, and the C|aSSI Ication, c, have to be t'rai ned
ADC 305. Thereby the acoustlc image detected by the mlcrophone 301

30 may serve as additional information in the processing of the signals de-
tected by the electrodes 307, 313 and 315.

The ADC’s 305, 311, 319 sample the respective amplified sig-

nals 304, 310, 318 received from the amplifier 303 and the differential

amplifiers 309, 317, thereby creating output signals 306, 312, 320 be-



12 adapt to the individual user. In fig. 5 a first enbodi nent of
the principle of the feature extraction and feature classification process
in a hearwogoriméesyst em according to the invention is iPCugPe@basiooThe
hearing aid systemconprises 5 a first, e.g. left, hearing aid illustrated
above the dashed line in fig. 5 and a second, e.g. right, hearing aid
illustrated bel ow the dashed line in figli 5. The first and second hearing
aids are both hearing aids according to ke invention and substantially as
descri bed above wjth reference to fi apd 2. In the enbodlnent shown,

in each of thdN9&itcrated!m Highk- Ifo'sh%%tg?ﬁ@aéltag sagpIs9alreguenceR fAnthe

substanti al | y mgrélease bigﬁlalabgﬁangwtﬁfféﬁ &ond th@ié o$ltﬁ€3éle<\zt€§dé3rs|g5@15 and a
right signal vector 506, respectiv In e the left and ri

hearing aids tHe riadheldis Q%tpéﬁtg%ﬁ%ﬂa'%§9§or31@@1329nfdf°§b83?"§AQ&aoésﬁHput f or

a feature extrad t&fst@mé @l ésbina€iahi PBigREPCE&Sr BR 11 katl iR§ wleseitded in
connection with fig . Thus, the 15 resgectl ve Si gnal vectors 501 and 506

are used as’ i fsut f%hn?y irdenating thetqrigin rbsignahReingFamMed sz, € ‘?@5?%‘0“ vely,

creating feat Hignv&ct ang SQ2nanAg A8, sahﬂﬁﬁgcﬁlm\éeWeréW G ﬁ?ﬁal' vedigf N used
as input for a classification neans 504 and 509, respectively, creating a

cl ass vector 509 HRY Badeoziieders pvapya! IDORNEL e FBREE, Phes fae%l'fn@r e-

extraction meghdep? v@@@r5&ﬂea§|§n£l>’vé@§f‘%2@fséirvéé %@smpm ifBE theapséshown as
arrows on fig. 5) interconnected for exchange of sig vect ors 501 and

506. The transtent |S}9Q,j‘ah€¢a%§5$'§9 dn e BrPegRg tafdar?ssrf'i‘"ﬂ'tti%%xﬁjr@'é!ﬁg belvef er abl y

adapt ed fofgtwo- way t&ﬁ 'Q&h@%ﬁ’kﬁ:ﬂﬂefoh@h@%mﬁé)eﬁtré&lo@%drf@é( in
principle be any 25 suita ransmitting means. Such a hearing aid system

Pl st o F nableaesr e aen PERGESHAN & NeATERT S RAGITEadP Wegh¥eRtion Hus

providing a | anggfatadamhé taigridfl Vet e I(gmt.ﬁ fig1e3)SisOiiedd Qéw&srlo% deVI ce
performng the final signal proces he The transm tting neans nay
Otzwg‘ 12

principle for rf?%{f%érﬁ%‘é@q'@ﬂ heanzd Wé’uﬁécéqmn@eaf%@r@o%%@ti% ot her

conponents t hafled ML40P Y Bn &R GHaesktrdc@Ed FebthARC BerdRdemfied bk ddtated 1 n
fig. 6 featuring a second enbodi ment of the process shown of fig. 5, the

i nt er connek i HECERIY 498, phésh eRINe st ilBehfar feClesalydng m%@sr‘?@dr@a%?@cl'%d 609,
respectively, tﬂ& i ch@Pfdat@redi dfhetfBaig r€NABIDr N e XRRaNABLObF fHRAtIHEE

vectors 603 and
sifying means 404 is at least one indicator of an attention class, the
term attention class as used herein being defined in the initial part of
the description. The indicator may either indicate one of a number of at-

20 tention classes (hard classifier) or be a probability vector giving prob-
abilities for each attention class (soft classifier). In the following the
output of the classifying means 404 will be termed “class vector” 405.
The class vector 405 is transmitted as an output to be used in further
signal processing means of the hearing aid.

25 To further clarify the functionality of the feature extraction
means 402 and the classifying means 404, on may consider the feature
extraction, f, and the classification, ¢, as dimension reducing mappings
of the space S of signal vectors 401, the signal vector 401 being of high
dimension:

30 f:So>Fandc:F >C

where F is the space of feature vectors 403 of a lower dimen-
sion and C is the set of attention classes of yet lower dimension consti-
tuting the class vector 405. It is likely to be expected that both the fea-
ture extraction, f, and the classification, ¢, will have to be trained to



13 608, respectively, between the hearing aids. As illustrated in
fig. 7 featuring a third enbodi nent of the process shown of fig. 5 another
possi bi | iwQ 2081/a0668pr ovi de an i nt erconnecti on for exchangCm@Erede/oowoput of

t he respective classification nmeans 704 and 5 710, in fig. 7 called

subcl ass vectors 705 and 711. In this case, each hearing aid of the hearing
aid system further conprises class conbining neans 706 and 712,
respectively, for conbining the subcl asstdectors 705 and 711, respectively,
to formthe final class vector 707 and 713, respectively. 10Turning to fig.
8 a fIOM/d|agﬁ%ﬁPFF@G@?FE¥WHBaUﬁ@rconplete si gnal obtaining and processing

path in a hearing aith agcarslifing &@bbhRnémveMtHeOprihGprReMhe fuieaxi ng aid
conprises electrodes 801, 803, a reference el ectrode 805 and Inﬁbﬁ@'

transducers i AT3%HONt BAThBRIUTE GIRSHEAESN SPCestdBRONB ise BidedY 18

transmtting sdogdiahSo8B8.inGHtion3R6IIuRPReddTREheBiAg d’&%@ﬁ@h’i é’(ﬁh]ﬂnsésp t he
anal og front-end 812. The out put of the anal o bg front-end 812, e. the

signal vectdr BISL §49: 1€t "feé‘ﬂ'nﬂoa'F'Heu%ﬁr@qu'a? %@cweeﬂasfgazﬂs“nerw& f'@ﬁt5put of

the digital baghgrdcsib d.8. ﬁgﬁﬂ m&ehn@%mlds%té@bérbv@mepuésﬁercam@uper of
the hearing aid, in the case shown as a speaker signal 823 being fed to a

speaker 824. itk X pldeKidist §f‘6r§§F°"8d2§eQ@”$ é‘djst e prh 08 aigs Ak & diher al | y

an anal og si gnalthachievesh Biid @t@@ﬁan@fa”?‘ bl @ésrcﬂbeawooa VGO vk & cel R0t
shown) e.g. placed in or on ital back-end 824. The digital back-end

825 conpri ses Wil 80 t2- fI(S‘rtrfeeﬁmPro iragRt 8lQWR Bheaty Of:lt'&%é‘?fﬁaé‘gt Fight

according {® thQrivetdas Q?%ﬁé!ogeﬁ?‘orhtneﬁd)@OS&EhQQII@ésWe%@rltﬁécgabélve bbuis
conprising feature extraction f or med he signal vector 813 and

cl assificati orf'8%S pefftoriand Wt@'héofle%ﬂﬂ%rae”OBEtStﬂ“aéI@thrn5%1ere§|P6F‘t al

back-end 825, tJesy, Cirﬁ%ﬁch’%‘?ttﬂé 1Bfk 7a b tr-jnatkdiingChias-thel fdspaétivensighll i s used
as input for a neans_ - . 8 denoted optimza- tion 819 - for conparing

the attention \ECHYsel B'f'dt5IQé '§IU§§§ ax?eﬁl?‘é)trfOSP?fe@UJr\%i Piractioneel faedliset of
attention classesn prBeePéf tHez@beUesBAfed $ thnnection with fig. 4. Thus, the

15 respective signal vectors 501 and 506 are used as input for a feature
extraction means 502 and 507, respectively, creating feature vectors
503 and 508, respectively, which are in turn used as input for a classifi-
cation means 504 and 509, respectively, creating a class vector 505 and
510, respectively.

20 Furthermore, the feature extraction means 502 and 507 are by
means of a transmitting means (shown as arrows on fig. 5) intercon-
nected for exchange of signal vectors 501 and 506. The transmitting
means is a wireless transmitting means, preferably adapted for two-way
communication between the hearing aids, but may in principle be any

25 suitable transmitting means. Such a hearing aid system allows for in-
stance for collecting a larger quantity of signals, thus providing a larger
quantity of information to the signal processing device performing the
final signal processing.

The transmitting means may in principle form a connection be-

30 tween the hearing aids connecting other components than the above
mentioned. For instance, and as illustrated in fig. 6 featuring a second
embodiment of the process shown of fig. 5, the interconnection may be
provided between the classifying means 604 and 609, respectively, of
the hearing aids, thus enabling exchange of feature vectors 603 and



tended to optim ze the hearing aid algorithns based on the part of a sound
i mage the user is concentrating focus on. For instance the noise reduction
of the hespizog/@mbe1shoul d work differently dependi ng onPamgprhen/ospech or
music is listened to. One way of visualizing this is to 14 picture a cost
function in which the weighting of the individual terns of the cost
function depend on the attention class. The cost function is furthernore a
function of the hearing aid paraneters that are to be optim zed. The
optim zation 819 would thus c\%ﬂlse the cost function and 5 a nuneric

al gori t hm adagt®d EPIFNEVo BT 5 NeHILBEE: function. Input for the

optim zation 819 is Adeiutraest irofig CF aesufig OtHiRUEMbedPaemarteraéf ecti ng
the processing of sound in the heari aiditself. The outgut 820 fromthe

optinization & SOWeE’ {ig- 2 ﬁ%ﬁ?ﬁ@ogﬁ'a'“& GhiP PEPYERSH MiCIERNDegiy

conpri si ng megps ek&iangiel fnd Glﬁkphhwﬂ@@Fé’ép'e@ﬁv@f:la%Eiﬂc&tﬁﬂf mebBsi7ng s in
response to_ the output 820, and thus essent] al he features initially

extracted by tHé f'BaﬁEQJrE @led SUPFISRS st g0k and 711 In s CREF NS t he

si gnal procesHd@ingndiél o3 2Re MRYriAg EM 's§§tem3ﬁﬂ§hérn@im|§H‘\§é§fﬁla§soéom8|n919
acoustically, letti ngét he user know e. t he hearing aid has been

i ncorrectly pd8fMorla 2 tHe éﬁ?p%cé'rYﬁR’r chrl@”'ltB”'r'?ﬁl fgneyhopisnyectors

Furthernore thesuphd 842 rBBYetRERY, its ForMathe fimAtcisdsowsotof 907RIRCe$S] Ng the
signal 821 obtai ned bﬁ' the m cr ophones and fed directly from anal og
n

front-end 812 "€8PeHWelMit 822. Such a means nay e.g. conprise a directional

system a L@NPressorTumtd e Flgdgoé FIBW dTBgFam 2I%s@f§ﬂ|nfge@1‘éb@ﬁﬁp@?@§©hb! ng
means. Figs. 9a and show i n conbi nation a di agr am

i | lustrating tAioB1HPBE PreresHId B%E%I%Pdtﬁaé'ﬁ‘@ ?JF'O%@@EQ"H@ tPthé 'R¥@P1 ng ai d

system accor ditfih IsOshd¥en.| THERbbARg GHMRbPIriREs 21d@fdded1gbi( faas, Dagreand a
right 928 (fig. 9b) heari nﬁéal d. The left 914 and right 928 hear i ng aids

are 25 both s%@a@i??t&l’q’% SRea? NthdNRItITaBFAYIRES R 6€ecf@§r8r‘i’fbé'ﬂlcrioﬁh‘é'b$ﬁ1ectl on

with fig. 8. Ty BeQIg100cHéceStEahd RRMRWALtIng g.@hb@fs@prm4 S5, B09
transmtti n neans 915, preferably a wireless transmitting neans, for

exchangi ngt3 nfa¥inii 1 oFesmectiedly, £hahe analag frantrend 181 anfhe 2gtputhef the

functionality é??aldd‘ﬁ‘roh?—@hh@lza'l(é E‘tlvié'fsﬁ‘g{ﬁa(ﬂ'v'fef:@rrse1“3r @it hatedto thedhgari ng
aid according 30 to in in that feature extracti on 907 and

922 as wel | stabpa%ﬁnq?@a?ﬁ Jﬁegm;pa'haf bsdigital paek-enfet? aiécbF@nabbeo one of

the met hods deggrédes ahrbLQBUf‘%hb&rterfhhé'Iﬁ%rmé ai®, ANecase shown as Thus
the transmtting neans 915 genera forms a connection between two

opti onal conpdheRfakeppiangk e 3 Heing fedetore AP 2ds Theppeaker signal 823
20 fed to the speaker 824 is generally an analog signal achieved by means

of a digital-analog converter (not shown) e.g. placed in or on the digital
back-end 824.

The digital back-end 825 comprises a circuit for feature extrac-

tion and classification according to the method described in connection

25 with fig. 4, thus comprising feature extraction 814 performed on the

signal vector 813 and classification 816 performed on the feature vector

815. In the digital back-end 825, the class vector 817 obtained by clas-

sification 816 is used as input for a means - in fig. 8 denoted optimiza-

tion 819 - for comparing the attention classes of the class vector 817

30 with a predefined set of attention classes. The optimization 819 is in-

tended to optimize the hearing aid algorithms based on the part of a

sound image the user is concentrating focus on. For instance the noise

reduction of the hearing aid should work differently depending on

whether speech or music is listened to. One way of visualizing this is to



15 and 928 of the hearing aid system but preferably a connection according
to either of figs. 5, 6 and 7. Furthernore the transmtting neans 915 may
be adapt eslot2o11émedsiie t he connection fornmed between the rearEragoaswss 914 and
928 to be altered according to desire and/or need. 5 In the follow ng,
exanpl es of the signal processing to be performed in a signal processing
device of a hearing aid according to the invention based on recorded

EEG data will be described in further det%ils. The exanples w || concern

t he somewhat surprisin ossibility of using the heaqug aid to det

brai n waves i PigHERP ¢ E%@@Wﬁk@ Wémmﬁh®HW@%hB895ﬁ6Peéﬂ ERESSTE ge t he
user pays atteaRkiceBt functionaldpeRtiighntHeogsntidrkpIass. MY @dst Fehetibr¥3 faxper i ment
was set up us a stereo signal with two sound 15 sources. The sound

sources are c&ﬁgfmﬁ%é fEB%téQ,‘h o e saripg 3id asamebarsytharee 1t 0% PRI of t he

sound sources rhpgal Mae fdptiatz&waT sablwduil @hss b r@@&ﬂé&o@pmr@.oﬁra}mthe
ri ght channel and nusic fromthe |eft channel o he stereo si gnal For

each trial 1n & REMELISER'P RN PHaPteskto 8gjaptimyrg fPédiU? o8t tIP8L &R t o t he

stereo signal dRrfoppiy eptimpiation SO BAhsegetlpnadssd SndbM§utidphrdteéi ons to
concentrate focus gn either speech or nusic for the entire Ienﬁth of

a
trial and to dFfefHeEd H&Br%éﬁ%%r?ftsppaﬂé” the hearing aig itsely TR OUke sane

stereo signal dut &ld frbm @Jesoﬂttmizétlélﬁ‘%llgqgfédﬂ% afRGFAGSaid WYrah pArdRseot
directly or |nd|rectlé/)%1 inked to attention, are elim- 25 nated. This is

based on the 489 $oh COMRISINGeERNS dple MAGiMyGEnORESELHISN O tBp&EaR and

nusi c, resﬂﬁchhy%d’,mtré%o%@YtobﬁﬁenB@t%dﬂt%ioordrﬁl' frlsesssehaany esdRagkaf rom
cognitive layers in the brain to "|lower" perceptual or sensory |ayers.

The experi menttures Beiallyrfadracedly dhe éeure pXEpEicEalsensd&d4t hat 30 are not
directly or indirectfyth&hadred th® §|aﬁalaEx@€étsb@l@ st 290 hey balmpgse out

external factors and sources. erinents were conducted in a
sound boot h. DAEANS ANethehaw hiass eEE@%{Sé'C%YIemF%F'&I%&'S?? §RPMo®E- dUbj ect s

using a gMoBI |tﬂé+héé?rn%;;aﬁlcﬁh9£ YegNlcoAEBHY PokitRneayint @18 &8 @hR&IL bogesS,
uni pol ar recordi ng) 16 subjects were asked to listen to the sane

audi o track® windlfeMaionilg-y separated nusic/ speech recording and to shift
their attention frongpuséendre thRaR{NES rﬁé@%&u%@é%é%s@%‘t%h@ﬁh%@rﬂ

trials. Each EEG recordi ng contains 8 channels, and the san"pl ing fre-
processing the signal 821 obtained by the mlcrophones and fed dlrectly
from analog front-end 812 to the unit 822. Such a means may e.g.
comprise a directional system, a compressor, noise reduction means
20 and feedback cancelling means.

Figs. 9a and 9b show in combination a flow diagram illustrating
the complete signal obtaining and processing in a hearing aid system
according to the invention comprising a left 914 (fig. 9a) and a right
928 (fig. 9b) hearing aid. The left 914 and right 928 hearing aids are

25 both substantially hearing aids of the type described in connection with
fig. 8. The hearing aid system, however, further comprises a transmit-
ting means 915, preferably a wireless transmitting means, for exchang-
ing information between the hearing aids 914 and 928. The functionality
of the hearing aid system differs from that of the hearing aid according

30 to fig. 8 only in that in that feature extraction 907 and 922 as well as
classification 908 and 923 are performed according to one of the meth-
ods described in connection with figs. 5, 6 and 7.

Thus the transmitting means 915 generally forms a connection
between two optional components of the respective hearing aids 914



5 quency was 256Hz, which in the experinents conducted is sufficient for
capturing the brain electricity activity. The experinment was perfornmed over
24 tri al swoi20e/008681Wi t h attention focus on speech, 12 wprCh/ERRaensiooh focus
on nusic. 10Experinmental results a) Spectrum anal ysis Figs. 10a
and 10b show the result of a spectrum analysis perfornmed on a 29 second
time segnent for each trial. A periodogramwas applied to perform Power
Spect rum Densi ty (PSD) analysis using a-skt- 15 ries of overl appi ng wi ndows

of length N, N bein g Eet to 100. The %Bgctrum Ia}eg_al sis describes the total
amount of enerd{ 3¢5 PhENeiNGAENT A SYSedrrP Yt G P&RAnection accord- The

nmean power spegpg rtgneisiever figs.f 696 €87, frRrtHErhtge IPECEENShithngangsss | i ne
and nusic with solid line, was determ ned fromthe 20 wi ndowed dat a.

Fig. 10b shows th@andn?dRated tasaableehsiconasriiiarmead Retwesh thadiepst al

energy in the jhgeHeOcy ahdtoesual beZQItér‘éd%'tchdlﬁkj td H@suﬁ@@ﬁ&l}dﬂﬁe%hom infig.
10a. Trials with attention to speech are denoted "+" trials with

attention td nusic wn He &ellovi §1‘ifﬁP¥e§c%fn’ihed§'9f‘%lr BFRF@S$'H9 3 P2BeR1 i t ude

il'Tustrated i mofrhed |ﬂ(33sfgﬂ\é¢@|*§cets§|ﬁﬁ déw¢eSOpQSﬁéatHr@ bR aé&oau.rmgato the
classification neans, which wt ate of success nmay_di scern between

the two attentN¥ENtiAMEased QQarrﬁCﬂ@t?dh@g@ dqtaé"””s?ﬁa@@ﬁcrﬁ??@ [ugyrehenyge-

Aut o- Regr essi vcsn@rremé/%kgrr(oﬁ% a«nakaﬁd@h tHt SorMAPRAS iiryRis AR bYSHiSility of
(AR-anal ysis) may bhe applied to ob- 30 tamn tinme-domain features fromthe

si gnal s measurds by EeHEINGs atchéo &148¢Y BERIR. WAVES AT (ATEeiolbR HShiBptEyto

AR- anal ysi 50 Wiyhich 3ar@BPanescdiltie PRy el theMitpHE Sitemforfll NBNRkAHSSS. This
provides a big advantage in that changes in signal level, e.g. due to

al tered cont acPYet ween el ectrodes and skin, will not affect t he cal cul at ed
feature. The AR-coefficients ob-

Experimental setup
An experiment was set up using a stereo signal with two sound
15 sources. The sound sources are continuous speech and music, respec-
tively. The location of the sound sources remains fixed over all trials
with speech coming from the right channel and music from the left
channel of the stereo signal. For each trial in the experiment the test
subject is required to listen to the stereo signal for approximately 30
20 seconds and is given instructions to concentrate focus on either speech
or music for the entire length of a trial and to alternate focus between
trials.
By playing the same stereo signal in all trials it is ensured that
factors, which are not directly or indirectly linked to attention, are elimi-
25 nated. This is based on the assumption that the difference between fo-
Cus on speech and music, respectively, that may be measured origi-
nates from feedback from cognitive layers in the brain to “lower” per-
ceptual or sensory layers.
The experiment is designed to balance out brain responses that
30 are not directly or indirectly related to the attention and also to balance
out external factors and sources.
Experiments were conducted in a sound booth. Data in the form
of EEG-data were recorded from four subjects using a gMOBIlab+ port-
able biosignal acquisition system (8 electrodes, unipolar recording). The



17 tamed by AR-anal ysis describe the tenporal correlation structure in the
si gnal . The nodel for the AR-anal ysis assunes that the current
sanpl e, SWQ?2n/me@at a sequence, si, 52,...5N, can be pr edir@redons10as
linearly 5 weighted sumof the p nost recent sanple values, 5n-1,

Sn-2,5n-p. The nodel order is p and should be smaller than the data |ength,
N. The predi cted value of sn, 7, may be witten: -Va s n-i i=1 where ap, is
t he wei ght of the AR nodel, t he wei ght r%%resent- 10 ing the coefficients
of the nodel. In order to calculate these coefficients, the error between

the actual valS4jeth WeRdathd B digiet 4o tha srmeTeudig etk oW SBREFBer ed.

This error is s!é@lafa&ddtrh@si/%ﬁoé@érd rédordingt 4N tEERBY thePPBtteAfich MRYN euwWr i tten:
epn=Sn -,Vn=sn +Va s n-z i=1 15The power of the prediction error, E,

denot es the mSHhtHFPGEE %rcfﬂ%ﬁ"eﬁﬂ’eﬁ%a? AYIPEMESSt@ST al | of the data

sequence: Each EEG recording contains 8 channels, and the sampling fre-
5 quency was 256Hz, which in the experiments conducted is sufficient for

capturing the brain electricity activity. The experiment was performed

over 24 trials, i.e. 12 with attention focus on speech, 12 with attention

focus on music.

10 Experimental results

a) Spectrum analysis

Figs. 10a and 10b show the result of a spectrum analysis per-
formed on a 29 second time segment for each trial. A periodogram was
applied to perform Power Spectrum Density (PSD) analysis using a se-

15 ries of overlapping windows of length N, N being set to 100. The spec-
trum analysis describes the total amount of energy of the signal in a
given frequency band.

The mean power spectrum shown in fig. 10a, featuring speech
with dashed line and music with solid line, was determined from the

20 windowed data.

Fig. 10b shows the mean value and the standard deviation for
the total energy in the frequency interval 20 to 35 Hz of the spectrum
shown in fig. 10a. Trials with attention to speech are denoted with “+”,
trials with attention to music with “0”. The significant difference in am-

25 plitude illustrated in fig. 10b reveals that it is possible to obtain a classi-
fication means, which with a high rate of success may discern between
the two attention classes examined here, i.e. speech and music.

b) Auto-Regressive analysis (AR-analysis)

Auto-Regressive analysis (AR-analysis) may be applied to ob-

30 tain time-domain features from the signals measured by means of the
electrodes. A feature obtained by AR-analysis will, as opposed to spec-
trum analysis, be dimensionless. This provides a big advantage in that
changes in signal level, e.g. due to altered contact between electrodes
and skin, will not affect the calculated feature. The AR-coefficients ob-



==-1 (n - =-11N S nan-1 1IN 21N Finally, the coefficients of
the AR-nodel can be estimted by solving the follow ng equation: 20 Qap
A fourth woaderi/odssmodel was applied to obtain tine donmaiPOTEP2100880F5 r om t he
el ectrodes for the tine period 4 - 24 seconds. Each signal was first
segnented using sliding w ndows of |ength 100, and the data in each w ndow
was filtered from0.01 Hz to 45 Hz usi R%Jan EMD- 25 based filtering
t echni que. The coeffl CI ents of the AR- in each wi ndow were determ ned
and averaged qver % Fig. 11 illustrates the result, i.e.
the coeffici elf@d1ediby ﬁ‘g %(F@'K%%Ié'lescr(btfe m@ %P‘E/@' §°H§}%F@Pn%HJ%Hr%§1ﬁ ement s
obtai ned in ansigngperi nent of the type descrl bed above. Trials with
attention to speech _18 are denoted with "+" trials with attention to

nusic with "o". The Nt aMde! feaths &Rsapaly é‘?lﬁuﬁ@tsv\%@ﬁ tBRSAEF AR Musi ¢

trials illustrased, iin 5|cﬁata ]slaqhéfﬂ(@lﬂ_a'ﬁ thats,l lcahSbd@&dibled &9 Ohh@iry a
classification rreans whi ¢ a high rate of success may di scern between

the two attent¥gah @da%'BSOfS“’@pBe’EHStaFﬁﬂ:eH{u@E‘p &)V aNEF et r Sn-2andi-y si e

By asymretry angdaiséler lifg any BrRuIY b'éaémﬁllé]rndwaﬁ‘ﬁﬂﬁb deen ey, vel e can be
conbined to produce a 2D plot, _which for_a pair of channels i ndi cates the

| evel of asym%??'&t%ﬁvﬁ%r?ftsnrnﬁ Y B8 8GRy, 10 The nean asymmetry val ue
for a specific frequency range is then detesm ned and nay be used for
feature discrimnation. The asyamey mysanal ysis is founded on an
extension of the Enpirical Mde Deconpositi®@n (EVMD) known as Bivariate EMD

(BEMD) . Generally EMLS 3 datf Welditord AR modE! R Wel dHtSepPbeRt-

deconposi ng
10 ing the coefficients of the model. In order to calculate these coefficients,

the error between the actual value, s,, and the predicted value, ¥,

should be considered. This error is called the forward prediction error,

epn, and may be written:

€, =S +Zapl "

15 The power of the prediction error, E, denotes the mean of the
squared prediction errors for all of the data sequence:

| X , 1 X s 1 N 7 b \.2
E:N;epn :N;Qn _Sn/:N;LSn +;aplsn—lJ

Finally, the coefficients of the AR-model can be estimated by
solving the following equation:

oF .
20 —=0, forl<i<
Y Je p

pi

A fourth order AR-model was applied to obtain time domain

features from the electrodes for the time period 4 - 24 seconds. Each

signal was first segmented using sliding windows of length 100, and the

data in each window was filtered from 0.01 Hz to 45 Hz using an EMD-

25 based filtering technique. The coefficients of the AR-model in each win-
dow were determined and averaged over all trials.

Fig. 11 illustrates the result, i.e. the coefficients of the AR-

model, of AR-analysis performed on measurements obtained in an ex-

periment of the type described above. Trials with attention to speech



15 the signal in a nunber of conponents that may individually be ascribed
an i nstantaneous frequency. By use of the extension to BEMD the two signals
are decompo=ed/ionesa nunber of conponents wi th conjugat e PCa@rRél0ma51005 nearly
i dentical frequency. One may fromthe anplitudes of such a pair of
conponents cal cul ate an asymmetry between the two 20 signals at their

aver age, instantaneous frequency. To neasure the asymmetry ratio in each
frequency band for two EEG channel s, Cl ¥hd 2, the conplex signal z = C1 +

jCz is first de- conposed w th BEMD. The conplex intrinsic, node functions
provide a set ¥ d@é‘%ﬁ%ﬁi“ﬂ%qﬁerﬁ'@'%\%ﬁcﬁ%@ﬂtéonf@”}%& M0 ‘hanheineteEl and

C2. 25 The Hi Iheréattkabepdraans fRtneers s%@éﬁh &R Ik @k trdals NRistiedéd anflg.
i magi nary conponents i ndivi dual | ky? to obtain the correspondi ng instantaneous

am plitudes (H1TEVEZIS WRG It BRATEING B3 OP¥a(N arR3ssifisaUioRinaeenRiENich WY be
shown, that thenhasyraRtsysi@esd ifAdiRBEh baeve@nthé tRauateidd crBaey can be
nmea n, _obtained as: 30 la -a21l RA12 'A -
5 speech and music.
c) Asymmetry analysis
By asymmetry analysis, the asymmetry ratio and mean fre-
quency value can be combined to produce a 2D plot, which for a pair of
channels indicates the level of asymmetry at each time and frequency.
10 The mean asymmetry value for a specific frequency range is then de-
termined and may be used for feature discrimination.
The asymmetry analysis is founded on an extension of the Em-
pirical Mode Decomposition (EMD) known as Bivariate EMD (BEMD).
Generally EMD is a data driven analysis method filtering or decomposing
15 the signal in a number of components that may individually be ascribed
an instantaneous frequency. By use of the extension to BEMD the two
signals are decomposed in a number of components with conjugate
identical or nearly identical frequency. One may from the amplitudes of
such a pair of components calculate an asymmetry between the two
20 signals at their average, instantaneous frequency.
To measure the asymmetry ratio in each frequency band for
two EEG channels, C; and C;, the complex signal z = C; + jC; is first de-
composed with BEMD. The complex intrinsic mode functions provide a
set of common frequency components for the two channels C; and C..
25 The Hilbert Huang transform is then applied to the real and imaginary
components individually to obtain the corresponding instantaneous am-
plitudes (a1, a2) and frequencies (fi, f2). On this basis it may be shown,
that the asymmetry ratio (Rx) and the mean frequency (fnean) Can be

obtained as:
R _|a-4q
4 ’
30 a, +a,
_ At
fmean_ 2

The results of such an asymmetry analysis is shown in figs.



al+a2 ff2 finean- 2 19 12a, 12b and 12c for an experinment with 20 trials

and ot herwi se as descri bed above.
asynmet r ywoaviiowoesser t he frequency band 3 -

Fig. 12a shows the average
14 Hz. Tri alPSTH@PROLOASL0RNt I ON t O

speech are denoted with the 5 dashed line, trials with attention to mnusic

with the solid |ine. Fig. 12b shows the average asymetry ratio
for each individual trial |nthefrequenc9y band 3 - 14 Hz. Trials with
attention to speech are denoted with

trials with attention to nusic

with "o". Finally, %’(‘ﬂ 12c shows nean and variance for the val ues shown 10

infig. 12b fcﬁrzaﬂ?@b

attention to sg@gg@@albgvélenot ed with "+",
attention to nmusic with

VREGRT ap E}ardmephavitly, &P dalsid PHIErVISEAS G t h
the average for the trials with
The asymmetry analysis, particularly

as illustrated in fiige: 1325Nana the @vemasray ’HﬁFytr@F'aloé’ewt'?%Fr&ﬂ?@r‘ﬁ% on to

speech gener aldandps oduaeHzs TREBhRIth 3SYERERIA Yo lspbe@$ atd@rknbidd@ st
attention to nusic, thus contributing to the evidence in favour of the

possi bi ity ofdaéfi?%ﬂ'ﬁﬁnﬁ' s l'f"l'té‘s%tlt?”t&%t fomusicansh thgseld ifeh a high rate of

success nay di scern fgt Wweprhbhe th%v@?é%"ééﬁﬁrr@t@sr%% RPRAER i diduHpi C.
asymmetry analysis furthernore showed tha

feature separ dliabiy fieofiequan¥danst hieetft Sgpj aelsvi

'Ei)a‘ttﬁPBH% t%éﬁﬁe

i n-the-ear el efdnbB&E®ith “+”, trials with attention to music with “o0”

10

15

20

25

30

Finally, fig. 12¢c shows mean and variance for the values shown
in fig. 12b for the individual trials. The average for the trials with atten-
tion to speech is denoted with “+”, the average for the trials with atten-
tion to music with “o”.

The asymmetry analysis, particularly as illustrated in figs. 12b
and 12c, showed that trials with attention to speech generally produce
higher asymmetry ratios than trials with attention to music, thus con-
tributing to the evidence in favour of the possibility of obtaining a classi-
fication means, which with a high rate of success may discern between
the two attention classes speech and music. The asymmetry analysis
furthermore showed that the optimal frequency band for feature separa-
tion varied between subjects.

d) Alpha band test with in-the-ear electrodes

A well documented characteristic of EEGs is that subjects ex-
hibit a strong alpha band component (appearing at approximately 10Hz)
under eyes-closed conditions as opposed to under eyes-open conditions.
This phenomenon can be used to evaluate the quality of an EEG re-
cording.

A subject was thus recorded under both eyes-closed and eyes-
open conditions and with no further stimuli. The spectra for recordings
obtained using an in-the-ear electrode corresponding to the electrode
204 in fig. 2 are shown in fig. 13. It can be seen that, as expected, the
alpha band is larger under eyes-closed conditions. It can therefore be
concluded, that the recordings obtained through the inner ear are con-
sistent with documented EEG behaviour. These results render probable
that the EEG-data measured by means of the in-the-ear electrode are

The

t _the o?tlmal frequency band for
%/%@'Eevmth



A wel | docunented characteristic of EEGs is that subjects exhibit a strong
al pha band conponent (appearing at approxi mately 10Hz) under eyes-cl osed
condi ti orsOoastgppssed t o under eyes-open conditions. 25PTHEP2@ph®s®OENON can
be used to evaluate the quality of an EEG recordi ng. A subject was thus
recorded under both eyes-closed and eyes- open conditions and with no
further stinmuli. The spectra for recordings obtained using an in-the-ear

el ectrode corresponding to the el ect rode#B0 204 in fig. 2 are shown in fig.
13. It can be seen that, as expected, the al pha band is |arger under
eyes-cl osed cdﬁ@pﬁﬁﬁ%ga&1t can therefore be concluded, that the recordings
obt ai ned through the inner ear are con- sistent wth docunented EEG

behavi our. These results render probable that the EEG data neasured by

means of the in-the-daphel Ect bgr BOteglntRAL) thg Ry description of pres na |y,

it should be mekred driBbdikitntahoweerdrsah idkahile OAndRRAEtHE dkiRED QRSN S 1S
nerely an exanple, and that the skilled person 5 woul d know t hat nunerous

variations 2r é"’%gslf’lﬂ"é thet Hb’u”i‘er(%'éa‘feiriaﬁ@nﬁr%rrﬁ pResiRleopEhert drRAENG 5.

from the scope of the claims.



21 PATENT CLAI M5 1. A hearing aid conprising an anplifier, an

i nput transducer, an output transducer and a signal processing device, said
anpl i fi erwandiigmse1si gnal processi ng devi ce bei ng conneeCedP2echasrwos eri zed
5in that the hearing aid further conprises at |east tw el ectrodes adapted
for detecting electrical signals such as brain waves, the at |east two

el ectrodes being connected to a differential anplifier, which in turnis
connected to the signal processing devi &, and neans for nodi fyi ng t he
operation of said hearing aid in response to the detected signals. 10 2. A
hearing aid according to cl &m T ECH\EI‘BCth’I L2éd Li i that said si gnal

processing devi ce CONPAI&fFidgealduEemBNEihgtdn empIki@Rsah afp @xtrbasdudeg, at
| east one feature froma signal detected by neans of said at | east two

el ectrodes and®NcPUSHt {{ANTYURRRART RotiopalaRroresaing dsyices a3id ARG RS eat ur e

extracted by said sffr’éafl WrecexinPelevRe PBAPRScchnebtdteat h alPaidide aii¢ @QCOV di ng
to any one of the ove clains, characterjzed in further conpri si ng

m cr ophone TorfdBe Rear) diRid SR HeE CePrses Pbieask Ae electrodes adaplgpd A

hearing aid ageprddit&dirlg0 RN &idials RRIcALSY BraihawBBes, Clhrr atItI@a“sitZtQ\Qj n
further corrpr|5| ng nmeans for conpari ng a 20 si naI det ect ed % means of
e

said at |east q%r@eéclgglage@rwegt}gdatop different mplafferawm iHAYE] &sses.

5. A hearing aodnageartditha dignamproeeRiny déliee a&ﬂi’ﬂwéé'n@'fﬁﬁmd‘ch?@?ﬂ%' zedin
that said neans for nodifying the operation of the hearing aid nodifies the

operation of <LRHRYRILPT PRITAEANNE FREHERRPENSS 19 he detpcird T"@H@lﬁ one feature

extracted fry sai d feat Ur Reid afd iRBoMBA%To claim 1, ¢ h Hr ak heariznggai d
according to any one of the above claims, characterizedin that said neans

for rmodifying'? fBalopRid £19Gh PEPCESEINg \EYe FRYNBIiES [SalHEi AfEdopysaAN

hearing aid upgp ek&&LERY At NBastPGid FEatLAr FvnP¥ SBASISd&ecER By ThedR of
processi ng device, a detected s(;jjgnal 30 as _conprising characteristics of at

| east one of &aKbakiaR§t twe &lemsrafeseanshclapufving @Q?é‘érfpﬁ&alsﬁ'ééin%ébcb?%nent

an attention fl@&éﬁor@?é%@ur@@&?ac%@@' by SidifBattPaRERLLIbM S RCE RGN
measur enent . . A hearing aid according to any one of the above

clains, chh? adﬂ@raﬂCkévarﬁ'ngﬁ&ta%@n%pf fRagboyselaiNect Pated G @ raZrafiged 22
in further comprising a microphone connected to said feature extraction

means.

4. A hearing aid according to any one of the above claims,

characterized in further comprising means for comparing a
20 signal detected by means of said at least two electrodes with a prede-
fined set of attention classes.

5. A hearing aid according to any one of the above claims,
characterized in that said means for modifying the operation
of the hearing aid modifies the operation of said hearing aid in response

25 to said at least one feature extracted by said feature extraction means.

6. A hearing aid according to any one of the above claims,
characterized in that said means for modifying the operation
of said hearing aid is activated by said hearing aid upon recognizing,
particularly by means of said signal processing device, a detected signal

30 as comprising characteristics of at least one of a hearing threshold
measurement, a hearing loss measurement, an attention focus meas-
urement and a Brain-Computer Interface action measurement.

7. A hearing aid according to any one of the above claims,
characterized in that the at least two electrodes are arranged



on and/or in a surface of a part of the hearing aid, preferably a plug of
said hearing aid, such that when said hearing aid is worn by a user, said
at | east waaoalmwedsnodes are in physical contact with ti PEUEPI1098i0d5 user .

8. A hearing aid according to any one of the above clains, 5
characterizedin further conprising a fluid, conductive gel in connection
wth said at |east two el ectrodes. 9. A hearing aid according to
any one of the above clains, characteri Z&din that said at |east two

el ectrodes are silver electrodes, 1010._ A hearing aid sgstenl charagterized

in conprising % PN IBRISYTREBNA AFERPT Y BFATNGRIY, fysterahly JPIUher first

and the secondaittRearigy aidl sbeh ReattwReRishidoth&irthgegiaas ore Hyoa abyr, @arl of the
above clains, the first and second hearlng ai d each cog€r|5|ng

| I chn ( ng an
anplifier, andtaeaftddrelerEodss FmenRvSicabretaelc il teur ohga!4i ¢etonpri si ng
a signal 15 processi@gada¥a6eg CRATEdCEIdIBg &of gAY Wi extthacihase @Rans, and a
classifyin and wherein at |east one of the _first and second hearing

means, t] f |
ai ds conpr ?%esc B PdnR fitt& T hg Srtan’® FEEer CORRmiisied iy fids SOREETEYE 08! the
second or firsdonReaidM@ithl dhid bERREELWY @lettrodes. 11. A hearing aid
system according to claim10, c¢c ha ra ¢20 terizedin that the signal

processi ng means f ur¥hér NERIPT |Ae240rqiad Lo BRKI Mg FBgndbove claims, 12 A

hearing aid syshem aeca di p@ d 0 & ahdb dAdodt fehst &har et@bidsLdia siibat sai d
feature extracti on neans and/or said clas- sification nmeans and/or said

cl ass conbi ni MICHEAISS: of said first and 25 second hearing aid,

respectively, are ini@r&eBRARE M BystBRARSh afr $akE f [ ARSI LR B PFRME .
13. A hearing aid systemaccording to claim10, 11 or_ 12, characterized in

that said trarfshftEnde seeans Peaniig aide§ least one of the first and the sgetsl f or
adapt at i on of @a'ﬂi‘?@_r hig béir@] _@Uhéé‘rﬁhgrsa@d baecardifg Uc%?ényt(_fh% @?tﬁﬁﬁdaﬁ&f@ri sing
the followi ng steps: providing at |1east one hearing aid according to any
one of cl ai ms ¢la@ims, ghe first and second hearing aid each comprising an amplifier,

and at least one of the first and second hearing aid comprising a signal

15 processing device comprising a feature extraction means and a classify-

ing means, and wherein at least one of the first and second hearing aids

comprises transmitting means for transmitting information to the sec-

ond or first hearing aid, respectively.

11. A hearing aid system according to claim 10, charac-

20 terized in that the signal processing means further comprises a
class combining means.

12. A hearing aid system according to claim 10 or 11, char -
acterized in that said feature extraction means and/or said clas-
sification means and/or said class combining means of said first and

25 second hearing aid, respectively, are interconnected by means of said
transmitting means.

13. A hearing aid system according to claim 10, 11 or 12,
characterized inthat said transmitting means is wireless.

14. A method for adaptation of a hearing aid during use by a

30 user, the method comprising the following steps:

- providing at least one hearing aid according to any one of

claims 1 to §,

- measuring a brain signal from said user, and

- adjusting the operation of said hearing aid in response to



measuring a brain signal fromsaid user, and adjusting the operation of
said hearing aid in response to 23 the detected signal. 15. A
nmet hod acworadimmgedso cl ai m 14, characterized in further ecrERzéngs®asd
measured signal with a predefined set of attention classes. 516. A nethod
according to claim 14 or 15, character- izedin repeating said neasuring,
conparing and adjusting steps with a predeterm ned frequency. 17.
A nmet hod according to claim15 or 16, chatacterized in that said conpari ng
step conprises: 10- extracting a feature fromthe neasured brain signal by
exe- cuting a first APYOFFaReH S19N8hi d signal processing device, and -

classifying said feaisir & ytheyesddbidifg do TRAPN4 a¢ Bod bt e isad d sirgnal
processi ng devi ce. 18. A method according to claim15, 16 or 17,

c ha ra ct e rf¥5hercamPAripAasaidmeasssed 19nar WVIdY a PiFdeftsthert plgaderp s
performed usi rgyrstiges. processi ng based on Enpirical Mdde Deconposition
(EMD). 5 16. A method according to claim 14 or 15, character-
ized in repeating said measuring, comparing and adjusting steps
with a predetermined frequency.
17. A method according to claim 15 or 16, character-
ized inthat said comparing step comprises:
10 - extracting a feature from the measured brain signal by exe-
cuting a first algorithm in said signal processing device, and
- classifying said feature by executing a second algorithm in
said signal processing device.
18. A method according to claim 15, 16 or 17, character-
15 ized inthatatleast a part of said comparing step is performed using

signal processing based on Empirical Mode Decomposition (EMD).



