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SYSTEM AND METHOD FOR THE OBJECTI VE MEASUREMENT OF

HEARI NG ABI LI TY OF AN | NDI VI DUAL The present invention
w@emsnadby relates to the fidld of assessi ng hPEr/DKQG007/000145

capacity in human beings. The invention, nore

particularly relates to systens and met hods f or

determ ning the hearing ability of an individual by
SW'DEMAN@ METHOID FORTHRE OBJEGSTIVE BMEAS TREMHENTMOFh

el ectro iolo | d nmeasurenent techniques.
HFrﬁBINﬁ\/g%ﬁ Ogﬁ@m\(ﬁ%%%m fically, relates to

systens and nethods for determ ning the hearing
Themrpsent/ingention geperally aelaties tocnthe dighd afifeseapips heatnigoepesitydn

h@‘fa%l'ti?éliﬂgg% 'ﬁ{e' 1Wéﬂ%np1[n%¥é gﬁHClﬁXr p)?reiﬂaﬁ%rto Qgst@ng an(!(\lﬁ'l[\éﬁ'l%tdg] for

screening progr conmrend

deteeitdaing therleafih s athy &awendlaiduelob}amovlﬂiﬁg & acb&ﬁfcl stignulus in
scr eeni ng test be sent for a caonplete hearin
ipadiongfith ‘?J?Cit@PhY%OIPE’éP]rthBeﬁ%lﬁthaéWﬁW@rfé‘é?unes The

mlTQ\Véfc% el HbRAG e&ﬁézllgg ¥ © é&ﬁ%&% &nd She{Rd eteymnmn g the

propriate onses, h are typic
hetaﬂqgl ahuhuy dfan mdhmdbehhmugh ahe fppdicating cfseescuntio tstimaius
est | t|on of hearing is inperative. This

P%%#%@%Y% eﬁgﬁi tion can be provided by

el ect rophysi ol ogi cal neans .and have shown excel | ent
Neghera SsHiERES NePROBaRA (YRt reeanuasns] tat neyyhose indepts who

halv@?:ﬁf g 12l uluhzlleh alqi'g sGEGHIn £1eSChd QRS hgbﬁ?leﬁ%@a&ﬁ%taséésment

terned the Auditory Bra| st em Response
prmr itortheirl Symomhsamstvsrsafy fHowewa\sese chidreh act Unable tW,produce
resent the evoked s ronous. a
R RO E PSR AT s Rt heaeiie” i e e hopriae
asfBEnbif, BY & vBXsBRAi dir @bﬂeahhgﬁ 1@@%&1% Yrisd bmv&tive\@sﬁﬁanon

short rise times such as audi clicks or tone
cap pr@t@ldqdbymlgrémphbﬂ@lbg@ahmganméﬂd@v‘fmhomexcdiﬁnbe

cop BB SO ey B L TR g BN Tl 8 o O

elaﬁﬂoguysﬂ@oglaaa&é@gﬂ@nﬁy@metﬁtmgmﬁmr@tenﬁ quioﬁs@u@lBR)
filtered to elimnate unwanted neuro nuscul ar or

TIRWBRYMBM ALoR s@scéfrﬁ\féas]va@Qtthél&i’I to W\ ew}ﬁa&ép%eseﬁ@tﬁé desked

from el ectrodes, which are strategically placed on or
Sypehropus\eceyity gfsnemrcedt biethe aréitersdervedndilyt rpidstens Tha tABRyis

orEl G R T d TR Sli Meh Suor B BB S gusron ks
orABR maue. i ovddr ko &Stalm&t whitgoranl thatd DHeShtelpieda] Be BV dHeag
reshpeo%gé 1rgggenerally recorded for 15 to 25 ms following onset of the auditory
stimulus, averaged over thousands of trials and filtered to eliminate unwanted neuro-
muscular or environmental electrical activity. The ABR is recorded from electrodes,
which are strategically placed on or in the vicinity of the forehead and mastoids,
creating differentials in potential (i.e. dipoles). The evaluation of latency, amplitude
and morphology of the ABR wave V will assist the audiologist in determining hearing
ability or threshold of the individual. The ABR threshold is associated with the lowest

level of auditory stimulation capable of evoking a visible or detectable wave V.

Another frequently used electrophysiological test is the Auditory Steady-State
Response (ASSR). The ASSR relies on modulating a pure-tone, either in frequency or
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ability or threshold of the individual. The ABR

threshold is associated with the | owest |evel of
wa@eastiony2 stinmul ati on capabl® of evoking a vi sPGI/BKK07/000145

det ect abl e wave V. Another frequently used

el ectrophysi ol ogical test is the Auditory Steady-State

spons ASS e ASSR.r el I
A R S e
intPEHANThNASERI cOnsTBEl Uf @%ﬁﬁstﬁdﬁﬂ@e&iglﬁg‘lﬁhﬁﬁ rdeetmiriee whether the

patient at various intensities. The ASSR consjists of a
torstraeduatianss also espagienigim fhersonBRuuseRePhalrataRhic acHULY.

I I t
e e e
theRB8stRst niude) s me anddulionenl denavibe agiumgntooftthe nmdskation

of the acoustic stinmulus, as th&u modul ati.on

h .
i ARy o TR ot RSCRS BR PORUIRGOTS P GBS s DA
th{&lﬂﬁ(}ﬁéﬂsﬁﬁ :deﬁﬁﬁx%&aﬁfr) g%ﬂﬁt%kéﬁbl@%f e NAVIRIP The

assi st” the dudi o I'n determ ning
ASSRathireshoklis hssbyiaed wltirtdas hoveatt ivelt dfetudn@hy\stldw&tlon?hpable of
SSR. t hreshol d i.s. assocjated with | evel of
GVQaag % F‘SI“‘%,‘II?‘IIHIOQI‘I&‘B?P LS mps R?“ﬁ@‘ EIngllt%it tribut ed
nodul ati on within the neasured neur activi t%’d’i EP- B

EP1B1d88%%% shpwna methed fos deternings &y # HPW PrARSEICERANS

ABR) stic stlrrulusma
(A%@an%% gégtuggigtﬁg@tﬁs{@ B £rgtegtg§§1§ gyt eaches a heari ng

r
B S S A D S P B O AR o
méelined §ithsth@ Redlngia0d plagthin thoeuraad attngsistan aad smgt&ﬂ sgurce.
has been docunented to reduce variability otherw se

InRfS @6didiRHy his béehdac@fienttd aN@dueeraribiliepoesvise associated in
audi onetri c equipnent to the child' s outer ear during

usirigeong mnﬂhrptrotﬁ cohple qudinEnetitoEIment ihidgebid s guisd cqrguring
th ouaﬁ’ua p ase %ﬁ'aﬂgth%l tgarIsg éerxl ‘H(}b.cgu o W 1ilorify gﬁl(fth g
T he Pi ase. I h oin I ng

fEatén the cou
chaad/ dﬁfertekhbcﬂlﬁﬁlgaﬁﬁ élﬁphﬁi@ﬂioh rpgam hpmddnegthefco&piﬁfg and/or
transducer are difficult toetlrrate urjng the :
tulig aud/ax YOS PreRsEiRs O @ﬁ“é’rté@tsg YGeE ﬁﬂieé% It t‘? RYRate fyping the
ca %f’artloﬂ Ot BhiPut &}@?a%kéi‘itsh@@fotr thel @l TBRSHAL S AR A doaRS -
reist ore a significant advantage of using
médBﬂereé ammng)lupﬂ Theresy tteezfo@recki grdﬁmm edvantaga s dsios theatie

for the eval uation of hear d t he subse
coppiRg PRI GsLhc RoTdPr BRI TP oA BANFh g
th@bithse AN ASIRIESH JuRRA cRYa@8hidtids Sdrltke h@GIBIaGL Guchs

the present time, there are several ABR and ASSR

presytibpien & inositu thehmiguck et .

At the present time, there are several ABR and ASSR equipments on the market.
These equipments both deliver the acoustic signals to the individual’s ears using
headphone or insert earphone transducers and collect and manipulate the electrical

activity generated by the auditory nerve and brainstem.

While these tools are useful in determining the unaided thresholds of children and
adults, they are somewhat limited in their applicability towards common intervention
or treatment practices in two important ways: a limitation to determine an aided

threshold and a limitation to consider the disparity between the influence of the
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These equi pnents both deliver the acoustic signals to

the individual's ears using, headphone or insert
we@amphone2 t ransducers and col | ect and mani pul aP€T/DK2007/000145

el ectrical activity generated by the auditory nerve

and brainstem While these tools are useful in
traﬁ’&fu@é@u&%ﬂﬁ the & atRioH 8Hd h@&ﬁéﬁpﬂ)r&%esoéf amhdepkreﬁﬁoﬁ%h a

adults, they are sonmewhat limted In
heapp&wmﬁbﬁduKWWﬂmﬁards conmon |ntervent|on or treatnent

practices in two inportant ways: a limtation to
Aldk&ithfershmiés avediidgdrthdtiefohabibnasodhaaldisibgist asahey fveal the

onsi der, the di sparity between the influence, of | )
solfit §‘Eﬂ5@éPgd bt 10k Mo Idsq Pl Hisiiea he i Fisrirom this
t  ;
mf?ﬁ%‘?"é’.%ﬁia%b%‘ed@%ﬁ%é RBteHh? yPhellR5 yDhg R 6 Slkcuately
fit mth@nrappiopriate hettieg demideoioo iegurpmed dicheariny gl softhe elements

ft dt ild able to tect en
of Sttty i Retmin B B d S el nrer s i cilmrimaee
W i846GH0RdiBIg itS bbtiafh BB hRlel Are@bRIsTHRE oMBEERRIrePudAERSditional

childis adequately fit with an appropriate hearing
behpaidrelemetheds; Hes pupqssibisstobtaiiednd infpridation Gomestry young

t.owill er hi.l d of
et SERThSe # W AREECRMAR o theduR P RaE Rungal o 1
elettgohgswidpical teohmigh@burhta ABR ghetl ASSReSRES @ouldrearniiledéring
children. using tradjtional behavioral methods, it is

acqUsHOEENB B the %i%tflﬁ 1da Fragifield ﬁlﬁ@%ﬁﬂ%ﬁmﬁsmlmwm}%m
wheﬂ 'tésﬁl{}l% F‘ngan\(g1 i Erolife O Yl R %Hﬂﬁ)ﬁl L9584 %S{ﬁ%ﬁ] ' ol 1864 and
thres usi ng an el ectrophysi 6l ogi ¢ i gue suc
torssdARRR the dnttkSBEcathh ef ﬁlevmedsdrema:haIaltaskejdmeiiﬁfmglt to achieve in:
acqustic s he free field. Free field
the aemfewﬂfaéloao"é 08l By S5l O girehcnRiERTeRI Biplgical
meti¥aeRls whdist QRS SstinSHieh oRSide gﬁ‘&éh@ﬁis@n Eﬂlé( @g)aclty, without
positioning of the head and torso during t tite
thedimiations imposct by feadisldmeaturenzentask quite du fficult to
achieve in the pediatric population. It would be very
Whesebplyifgrm dectophedoliogeal method fdrpimasﬂlmhg)@ie thahring threshold of

t hodol t f ded .
a bRy Gead Chio o By bepdisno g endamsse
dud THRRERMH- IQMscfuIa@%Ctﬁ%?}J gn@ﬁﬁé%r@%ﬂttﬁe al}@ﬁ‘t% SRREY Eﬂtgnﬁzns

el ectrophysi ol ogi cal nmethod for neasurlng t he heari ng
sought. é‘sﬁh?@lb]d thaef maasbmem may youmrfleatind shpppsedsivokddiauditory

be a e si.gpal s ari se due
resPSEE TN e TR B RO REp Y AR DS R e s
carfibdlt bﬁtﬁﬁ)& fRealetd] tRaE eNdd @HcBnSa g tariadén SUHdUL 1HEB 0 20 dB.
measurenents may not reflect the supposed evoked

It i@blbB; S the invention to provide a system that is less sensitive to the

movements of the individual to be tested when measuring the aided threshold as is

currently possible with free-field techniques.

It is another object to reduce the variability in an electrophysiological threshold

measurement.
These and other objects are fulfilled by the present invention.

According to the invention, in a first aspect, this is fulfilled by a system for

determining the hearing ability of an individual, comprising a generator for generating
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responses. Furthernore, when an el ectrophysiol ogi cal
threshol d neasurenent is carried out in a free field,

W0 b@se1d4s2 an uncontrol | ed varfi ati on of about 1ECﬂBK2Q07/000145

20 dB. It is an object of the invention to provide a
systemthat is | ess sensitive to the nmovenents of the

o o e et atifg i py0 Bgiene i i @l ey grocessor
fok eSS dohvér‘ﬁng 50H RaE s1RRies El gh# ih %ﬁié‘f%‘o Blﬁ'tﬁut an acoustic

variability in an el ectrophysiol ogi cal threshol
stivplysisignam firsTisbroafmnmians, @tbple@tr@hasleldgmd mstreme]tuysald

sent invent] Accordin t he ti
O PLTRET eoPe i e TP R iR pE Ko Bte o
s indnAdw] Bg eﬁd]@dhﬁédttdibﬁ%/ﬁbﬂo@icbb/reﬁﬁonﬁé‘ td 96l Xdodstad stimulus
conprising a generator for generatinga test stinmulus

signaknaipereig sn@afrrﬁtrﬁgnairamzw rgeane andl prid S4canf ayiohgerazing means
arg Iag%[&?ﬂe Oséxg?g'lll%u &1%3’185 t Ol%rSl %{apﬁle()?i‘ él‘q:g cqu[r &l’llgev ?alé o%ed

regyEonss td mlcSﬁdoﬂktid,lﬁlrmll@Qﬁgnala first synchr oni zi ng nmeans,
an el ectrophysi ol ogical instrument, said instrunent

THi‘f%dédtﬂ)pﬂ ﬁ@l@)gi&dl ﬁytﬁﬁhérﬁ né, & ﬁ@trlﬁfﬁé’fﬁ&o@dsﬂerﬁﬁﬁhﬁg ah @Voked
establ i SK fromsaid i ndividual an evoked,

TEEPQREE pr@g&r@bwu?l@@ﬁo@h%&% a3 A PR ddwegreaps for generating
a Rk MLHI?S %191'1‘ %uld%ﬁa‘l Eepa ﬁﬁkqlﬁ) thll.;lg bf ?&P&E&é’!&hﬁ»l%%f valaous

means an secon sync i Zi ng means are
chacaceexistiengith gespaut ¢d indeniszatodul stiopn &bquemcp rcﬂleartlcmoand

chroni ze sai d evoked response to said acoustic
'%%F R chrradprtiss Sueeh?é spiEl HpghyIdiesn dgraciprsiips vpwddgchosen

frb® tRobRSS fa¥IFRD tcoﬁs@fucfjﬁfrﬁﬁlmﬂaf ae cﬁf}erﬁ%@%%@%ﬁ@éﬁ? virfous

an acoustic signal, such as an ABR or "an
elmmiayélolpgge]nacaweu@naptoemms suchnas isut sioghmlited toy kcHcks, tone

rise a - u ab of t Ve Ssa es of
o e &eriar 28t e hRAARR v b iend T SR fbge-
mBBebledtdrRB forfth€AYSRC s sHU @b 's%ﬁal géﬁgraﬁﬂ V&luBPBave the potential
characteristics such as rise/fall tines. These

of geaerating anysadosssioimhatinn reqeisasifor p epacifiecelegtsiphpsiolabicel

timuli that are currently reconmmended
m%a%}l?e\%k?& glg)g&ce ‘ect rophysi ol ogi cal neasur enent

RS A B PP i AT A0 e
thé—'é@l%lﬁﬁﬁ% afin g m%letaﬂﬁi&?ﬂ? Wi PérefcdniIesy AL tht REnARSRing aid,

such the signal generator would havé the potenti al
wigh medi{anensrycendingodusinventiomi mul ation required for a

speci fic el ectrophysi ol ogi cal
In an embodiment of the invention a system is provided wherein said hearing aid is

adapted to operate with an essentially constant time delay between said

synchronization signal and said acoustic stimulus signal.

In another embodiment a system is described, wherein the combination of said
generator, said digital signal processor and said converting means is calibrated to

achieve a well-defined acoustic stimulus signal.

In yet another embodiment a system is provided, further comprising a fitting system.
It is an advantage to provide a fitting system that may control the audiological test,

since the fitting system can be used in a later tuning of the hearing aid parameters.
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measur enent protocol. The hearing aid could be based
on any kind of standard heag ng aid, such as a
whesndi4be- ear hearing aid, “an in- t he- ear hearPCTIDK200d/000145
or a conpletely-in-the-canal hearing aid, with
nodi fi cations according to the invention. In an
t of the inv jon a stemis provjded. .
T e S T B L RS BoBeri B ditene syatom
R§ $&Her 3bmpri &N sd ot fbﬁgerg:%tﬁ\g D84 BERIAR Hhal.
synchroni zation signal and said acoustic stimulus
i .
o R PR fr DB Wi R S i
fudibgi ¢cahprsseg thel firptr syoelsenizirgnoeanaiand terpeeetton orgeaasting a test
calibrat%d to achieve a well-defined acoustic stinulus
mgpﬂﬂﬁlgn ¥n yet another embodi ment a systemis
provi ded, further conprising a fitting system IS
Ingnoifiey smpadigenbthg rSWiﬂaéS adaﬁ)geid tp gEhisY StEns delay Oiia§ﬁ than 50
m$@PtERhat he audiol ogical test, since the fitting
system can be used |n a later tuning of the hearing

n tem ma M
T S PRLGTE EleRodd roel i biod S K Bl T eBRRR Y02 B ebigy or
gdnardiinga tex0 BPNURS s%nale A ei@taDsighA HrRE: allApIE for bR%Essing and
stinmulus signal. In an enbodi nent of the invention a
ngitlél&itilf‘steﬁrsamtii@oﬁlglwm QeT OB AR ReRYISHF sHimulug pigpal, and a
r
fn%P Fglﬁg%l#ég?e%ﬂgnféfr It%?é fo t@rﬂeétlﬂ {%@ﬁ ai?cﬁllg therﬁ?ltpulttlng of the
a@nmdﬂélm@mmmalrent the systemis adapted t o exhibit a
- tinme delay of less than 50 micro seconds. The

Thenmedfﬁtio(nnm d third asgeqpioddaecdystepl QY delefmidildeBé hédingd Bility

ISIH? a generator for generating a test stinulus
Ofsaingﬁ%iiwdua dihgieimpaid Fyram CpmBEEs S8 clestaphisplpgeal instrument

[ S
O 0 R FERNEE b (£ ik SRS el A rdfonse
mf:zirrssfbr Wbdlh]nlng fromgpidrindindddad an pv@«eddesrpgnﬁd ahegring aid
i nf or mat i ut. the outputting of the acoustic
C%iﬁfﬁm&?scai‘%&i%if audi, SPp SRV OF redeiying A et Sgb @ digital
51@{2@ﬁfdé@éoﬁfo?g%c%ﬁﬁl%&l&i@s@sr@lam {118 a{pp&eg's%arsi JAd1, 3 el for
an indivi erein sald system conprises an
coaveting @ﬁjﬁmﬁ)@ﬂ&@gismm intrsam anopstic sctnmi:ius s gmal, wisaeis shidrevoked
Sti

re eorﬁg%r asgglsﬂ%%fa 8}1123?38%?36% §?-}§ ﬁ%cgggc stimulus signal and wherein said

hearing aid is capable of operating with a constant time delay between said audio

~

input signal and said acoustic stimulus signal. It is an advantage of the system that
already existing electrophysiological instruments may be used with only slight

modifications.

The invention, in a fourth aspect, provides a method for carrying out
electrophysiological measurement of the hearing ability of an individual, comprising
the steps of emitting an acoustic stimulus signal by a hearing aid, and measuring an
electrophysiological evoked response in the individual by the acoustic stimulus signal.
'The emitting step may further comprise a step of generating in the hearing aid, in

response to a trigger pulse, a test stimulus signal and converting the test stimulus
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means for establishing fromsaid individual an evoked
response, a hearing aid conprising a calibrated audio

WO ppatii@epabl e of receiving said test signal, BCUDERW0GI000145
signal processor for processing said test signal into
a processed signal, and neans for converting said

praocessed signal. into.an, acoustjc stimylus signal, .

SR FED R daPlsE el B AT s leteehe oG e

piilge @l te acRdEE bEmBluk BighblSs Sisgmalllydestafer ei n sai d
hearing aid is capable of operating with a constant

OttleBs R8s avd REY MR s SAINE pRAsEh QT diRidh Wall $RE&meed 151?(?1:9 the
acoustic stimulus signal. It Is an advantage of the
follputingrataited deberipiion tédsendt cogurdtiontwidpihy stainymingalg drawings,

instrument s may be used wth anl |.ight .
whBB BRI, B Y A B iRTE b BiAnCPRY o s Bt pect
Ir@_]E]ovides a method for carrying out
&AfOR%EYsi ol ogi cal nmeasurenent of the hearing
ability of an individual, conﬁrisin _the steps of
Fighte k shey sarsysienLior feteapiniag the hearimg#bilisy ohamindividuplai d,
and neasuring an el ectrophysiol ogi cal evoked response
Fighres hahowisdi headng hidggteraeting wath s ieteceropmysialsgisil gnstumefibie
emtting step may further conprise a step of
Figareet shoiwsg learingeidistardctigg avitt anietectroplpwitsdegital imstrument and a
fEri%?Er pul se, a test stinulus signal and converting
THRESYIP st i nul ussi gnal into an acoustic stimul us
signal, wherein the tine delay between the trigger
Flﬁﬂﬂ%s‘gsh&m ahearing gidcrrdngitoan gabedigieat of he dnveahien; apfy
constant. O her aspects and advantages of the present
Fightgenthionss apielqctgplaysiplogir® apstiumsnt faréhef syisteowiaegrding to the
ind&hal, ed description taken in conjunction with the
acconpanyi ng drawi ngs, which illustrate, by way of

exanple, the principles of the invention, In th
PTG RSB 0L i g et B TBE e Wity e
syS®at dongprites hi EciedphdbioldpdtiaV indid@hentl Q1A s 2n BRAWS A adapted

hearing aid interacting with an el ectrophysi ol ogi ca

toinsgform A ABR o1 guASSE, 8 heaningaidha shat iscoanertédhtoshact i ng

i ] {. 1,9l,Qai ¢ i nstrunment a a fitti
oo BLEt A0ANEH 191 88l LR TRRLe St B Lt e
plecedaslithehéadaff thdvadividiei Bit® Ravediiglohed e &rify SIS ietimined.

siological instrunent for the system

Tl’%@%ﬂ:ﬁ)ﬁggy 215 qopBegted toihe ABR instrument and serve to sample

fluctuations of electric potentials evoked by an auditory response to a stimulus signal
so the electrophysiological reaction can be determined by use of the ABR or ASSR
instrument 1. The hearing aid 2 emits acoustic stimulus signals 8 that the individual 3
may register. In setups according to the prior art, the ABR or ASSR instrument 1 is
usually connected to a set of headphones that generates auditory signals to the person
to be tested. However, according to the invention the auditory stimulus signals are

emitted by the hearing aid 2.

In one embodiment of the invention, shown in Figure 2, a hearing aid 202 interacts
with an electrophysiological instrument 201 such as an ABR or an ASSR equipment

201. The hearing aid 202 receives a trigger pulse 209 from the ABR equipment 201
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Figure 1 shows a systemfor determ ning the hearing
ability of an individual 3. _The system conprises an

webk@stita@physi ol ogi cal instrurent 1 such as an PCT/DK2007/000145

instrument adapted to performan ABR or an ASSR, a
heari ng aid 2 that is connected to the ;
r SIO|O i.cal strument. 1. b cable 14, an
o B P AEE S Blrubeyms T onizata degng gt diehaspogt ©
etsiife thActhy ERBRbphI stofogiAy Reablieh @h tRaheR8RMIRNE calidd: tivhe delay

deternmi ned. The el ectrodes 7 are connected to the ABR

elf%ﬁfe%ﬁthe@ BEbS YRt 5&0 oeché rWéhﬁ'@H sQASwR I the fi gure a

ctric potentials evok e an auditory response
fitingtsystenpd 138 gmakectsdtd the hedtm:gt aid f0Y.dn ohie getampl the ﬁamtgl system
use.of the ABR

A T e SR B AT e RN AR
sylstedt 31 highitiahehi tMé EldBproSediiBy, el 9%'1 §érﬁ:ﬁ1}§ % Ehg}@?sél%e 309 to the

according to the prior art, e AB i nstrument
hepring auis,m pyd &xemwcmgeaidﬁ& ae@eate@an heasiphssinegus sighal 308 and

to b t ed.
A EbRI R BAbh el TR U ABR R Tab ASRE ettt éﬁf °
I d b th In
s LSBT T F TS B E RBubE TSRO Blerettas | o
iIReRaAm B Qre&%dlmg &6 BCTHe Wedrid oA EB5LO R D SitA %ia?al
|nstrurren 201 such as an ABR or an ASSR equrl p

ProgassorrA8P HeAthahi aslapted 0Rreceive i vigges prikse é@%,relqbgﬂ fsem2BHABR

t 201and t
el PR ORI EROR SRerba EREe o B3 e aflino pyepse 412
erfftea fige dyrtcﬁr(ﬁlﬁ]&ltibﬁ sighall4 10RGa 8k RrhF&ihyish @bt 488 to the ABR
reacti on can be neasured at a constant tine del ay.

cquiRyaes- 13 anpBenepbedimsnl %ﬁfstaﬁm@w@wmmé 4iwemegmtﬁd
intthE Wéi 2 'Th% ?;Sﬁéll@%:&e@esf 4 tte%t(g@'x fof% ﬁ %E‘tnetsator 413, e.g.

connecte hearing ald
by tebdinpg \&wstsenmpledimm allsolt petablea13nTh apatiSar am)ddmaénu the

sk 0L VA [T ALt L] OUF (¥ SEHN LS T8 Rocged by the

Dgpmﬂa R8d Bmittdd9ges ]j?}éllcéﬁvé@?éﬁ@thtr&?ghhﬁad' o[ﬂﬂtﬁhéjdu%% 7, such

and the hearing aird 302 generates an ac tic stlmJ
assA lgnddped@8, asrud asewntis stmsuscigneldft i on signal 310 to
the ABR or the ASSR equi pnment 301. Figure 4 shows an
Figntedtdshoemtan df BR SD& atrait oompui ks bh(ﬁited(lﬁfpob& ms&d 310 fohe

S|Ilutrated|nF| ure ndFl gure 3. The
esFRR4H TR PHO YR AP oM S L Briag (i B rohest
refpedsé BRhnd 510349 @@ﬁrﬁ:@teﬁ% h 85 Syt ?&h%ﬁh n%é.ln§ §1§' GRh that

either fromthe ABR equi pnent or fromt ting
whersthe second symsdparigaionandane 518 feggioes p aj/rﬂahrodcﬁ)ﬂttlbin eigh8P 10,
théIr %\%oked response means 519 knows when to start measuring the evoked response.
The first synchronizing means 418 in the hearing aid in Figure 4 and the second
synchronizing means 518 in the ABR in Figure 5 are arranged to exchange a

synchronization signal in order to relate an evoked response from the individual being

tested in response to the acoustic stimulus signal 408 emitted from the hearing aid.

It is crucial that the time delay from the instant a synchronization signal is received by
the ABR until the acoustic stimulus signal is emitted from the hearing aid is

approximately constant, or at least known, in order to obtain a reliable estimation of
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emts a first synchronization signal 410 via a

synchroni zati on neans 418 t%;the ABR equi pnent. In
wa@ewsheneenbodi ment the first® synchroni zati on PEERDK2001800145

is integrated ' into the DSP 412. The DSP 412

retrieves a test signal 415 from a generator 413, e.g.

[ le froma | ook, u able 413. |
BB e AT ST DABER I LRl it
andfiliertd e B4t Anwhhed heslo-Bigaal or ddGraan®nhi eresed

by .t he P 412 and emtted via a D)A converter 416
Gt R URPS 1 it iRROT iR haicRlles cvpked respenses aresampled with the

' ' i qnal .408.
Pt eRaghShe SRR SRl b0
. 19 for,.establjshing. an.evoked,response

1] GRRARRAERTS: b ink 5 3o iled B Rub AR 1 ISE Beesn
thesgunsr&rilifation seANSet 106 addustc SAAONE sEUAGHEQS Z@hhRB0 micro

means 518 such that when the second synchronization

S§rERiSs ADY yarialiqus \beko vathat livait nanyi becackenialie. dhaweve1,dn an hdvanced
C 0 start . . .
DT AR R R RIR pealitm S ARGy S hpupsreriyime

fombearsgAleBiciency bempanationg estinating th gioueticdfeammshck peth,
ecand .synchr.oni zi n ns 518 in the ABRin Figure 5
esilfr@ 148 Fﬁfﬁ@&“i’l&‘/ B%Lq%a@ge SUSTH AP hPAoRBIsn AN Pantpliing the
cafitedsidOmé@laatsh, ¥hi@ANE A8 Sotl BT Hb%eés hdual
being tested in response to the acoustic”sti nul-us
Depegiduig ongBe pregramatinferachitehird) dase rgksietcepk forithe basitcom, are

. the ti delay fro e jnstant a. synchroni zation
lﬂé"*.rl‘%{r?alf“ﬁ?lge ?@%& 'V 8&%8?#{8&@ g i HEPHYORROFTEIng may
gist tisaougryihg picedsdr &dThyst THerbfRENih BE a@%&éd"&’daﬁﬁ% héaring aid,

approxi mately constant, or at |east known, in order ?o
Sygpitrapigatiory is modpyial mettsrmat i on of the auditory response.

The evoked response is averaged over thousands of
Accoifing & amembodimentenf thaingbitivinthe pracessanisedapted for creating a

rormuscular .or. environnental elegtrjcal activity,

oIy g %“1ﬁaﬁ18391t Giftne WaTeHl e PG PRSI Sotidied
whiilessi SraiPbredn M ighfrdh eheSABR ifintenPilPBE PlocSQed with a constant . -

uncertainty related to the starting point iIs

tige delay- Adiprnatiyebn i somsofiitheeartive heocheses iedknaivd to sause varying
: r ith a.tine del et ween the

R B PBE T AL il Rl S B B e P gp i in the

syselgomikatidnat.gi By HeSSBR bauiphnt)irc6:@eS@EOME Svoldfesponses are

variations below that limt may be acceptable.
SalBIaAL e APRTORMAIE U SUMOIE b3 Anatbairi g oaictbe toflet thsPSP

coR@6I Rkt TRe AP Qim Ml LigsiTs efite |<FarPli bl 9espi
for hear?ng def?g?en%fggon%%nsagﬁg%fggékﬁwgpﬁﬁg%ﬁﬂggmmne

thaidolakasi différeatiidac ko patdss the stimulus signal. In yet another embodiment

the hearing aid sends a synchronization signal to the ABR equipment such that it can

start sampling the evoked response at the same starting point.

As with any type of instrument used to present acoustic stimuli to the ear, a
calibration is required to ensure that a predetermined level of sound pressure level can
be measured in a standard coupler when the equipment is placed at the audiometric
zero. The amount of sound pressure level corresponds to that documented as required

to elicit perception of the specific stimulus in a group of young, normal-hearing
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estimating the directivity pattern of the current

sound environnment and contraqlling the conpression
worewhanissm whi ch tasks all onsune noti ceabl ePCT/DK2007/000145

processing tinme. Depending on the progranm ng

archi tecture, these tasks, except for the basic one,

(ﬁhgé%lkegé to i nvolve adapt |ve Eroc Ssin s, t hat
TR I CHPHRIOB I 2SR FRITG Bhef g n’t‘eé‘t % ng
iR RE&R SAhtedShA% Al shORRITBION SdentiBaldRcrBM¥AR ¢Eebuad %)?éssnyr‘é level
hearing aid, "'synchronization is no trivial mat
asApersnmgidng thecﬁpampamnﬁﬂamﬂem cogplet.hie calibratnan, emd h¢ne:e a relation
ocessor is ad eatln a,.const ant del

ol S Riseulty BRe i iReh 87 A RER G, 2B G BY made for
e&f@@%@ &L 5B, ScAlsh Bdqiticles. Iir@RAhSreOdIHiAidhi gkt bs om

BR eqU|pnent W | ' be processed with a constant
parformedEorpyeryAly pephizanisgedey whidch the pguipmentiermiis fogouple to the
Bl RARESES, ALRLSNRNIE 0 6aHRS, varyi ng Lime delays in

Known arla I'ons could be taken into

T&GG8 Silaret o g HEFeiieE bk O calibitioB i SHER{S Tayea! pertinent

aitdidtBE (Bleshdl8) RERHGONBLIRS ¥mbEnSAREIUd t08he Mk thht the outer
anot her way could be to et the DSP control that the

cagebihschild st immatuee diirigaahe fisst 2ivpars efilite; ard hence grsitarmes
so%b%g%rgtgl%{rﬁxgay;{??l% e%a?dﬁlﬁll tn r%la&n?l'(ﬁ] g c{éﬁg{e tg?o%lnlgal:t érge%sur{ad in

adufte. Aedichngiffatefit S@OGk TS af ﬁmﬁd Ipfe@mrz aﬁvebﬁrememadry t@ elidie
ABR equi pnent such that it can start sanpling t
PEGRPKER 1 ¥apTiddeen apd derceripe Batianshig bebygen sod ere level

arﬁirb)ﬁ 1B?fﬂﬁné?lft slaD ol s Yerd ﬁ%séd%u?fn%%ﬁﬁﬂraﬁ&? %3l h& functlonahty

st nmu to the ear, a calibration”is required
wherstastongt hiydung chilé. dénlessrthm ea:hblrz&meﬂ 1s afmesdadn dqumhelsisxwhms

| evel ~can be nmeasured in a st coup en the
R irE R (SIS AR "o B0t O s YrmeRnie s ThFene diftus a

s8N M n ATl SR RE LS SUThis @Pﬁhc&@ﬂ& SRPALS fdr%ﬁﬂa %hd ASSR
docunented as required to eficit perception of

assheseitlireshadd measwiement techyiquepare fmastlyegiried out with chlldren under
nor hea ingadults. Fromthis point, a calibration
éfgg éﬁsure that increnments of the instrunent's

tenS| di al. should followidentical incre ts
& H&OB%%ESRHSQID edg&pl d%féterl”é’a’%%ﬁ fegtingequiRmer § ?rg%a Hle
matu oA o eSURhRE ochirs 8 thB &kl OMhe ?Bﬁ’n aREE éhtéreelaﬁﬁhl‘?ﬁg the

bet weenn sound pressure level and the instrunment's
figudl yeare tsrechziop gapidignd b@cmmosrsmie tvapiure ypeg @‘p‘mgle
across cies.  Further l.i bration

e Tosa P ERAE Hb BT DR ey b DT B GlabBRNn T c
cdrk€p@dbh@ BRI eolthd §rds§11@ Bl Bdt Dreéthfs equipment’s audiometric
zero. First, a correction can be applied to consider the influence of the child’s outer
ear properties in order to provide meaning to threshold values collected during ABR
and ASSR measurements. These corrections, such as the RECD for insert phones and
hearing aids, have been widely described in the literature and are commonly obtained,
either by means of an individual measurement from a child’s outer ear using a probe-
microphone system, or by means of an age-appropriate estimation reported from the

literature. As second way of re-establishing correspondence between sound pressure

level and audiometric zero is to permit real-ear calibration prior to testing. Using a



i ndividual's ear during a hearing assessnent. Testing
chil dren requires an anend t of this calibration in
wo@e@enid4e2 reveal pertinent atidi onetric (threshpCTPK2007/000145
information. This amendnent is due to the fact that
the outer ear of the child is inmature during the
fjrst 5 years of |ife,. and hence transforgp spunds on
proh ;

ePECTRBYPeo e s dBE b IV HERAdIC At Y & P PrceRte
edui ARt Rt FTBBS HA @Ephdhe RAPbIStiesASlaSddCA thetat dr@hfditthe child, the
anounts of sound pressure |evel are necessary to
heating iatd ip eble dp gemmate theyssigmy totheludeddurangothy evadeatidneand

rel ati gnshi p bet ween sound, pr ur vel . and ..an o
b aBe PorBes BB IR B PR U B RS he8hensity dia
arﬁl&hé: E?dlﬁlﬁi[f%bquEQ§vem ﬁleﬁwiéd ﬁt_QH@l:Hxild/ s ¥yt el?n‘éieQGipﬂleMQ 5ing

child. Unless the calibration is anended, threshold

aughigrpigc aeroas rrsef a e moduceibie ienert eqerphefreardgium soped pressure
fl child.s ' . o al
L i L s L
norfabhéaing ihdividBBR and ASSR as these threshol d
nmeasur enent techniques are nostly carried out with

Bé&Bd tfe afanRd@nt EdebeAsed ahe RediRBtaSis WiblaRdl éitife bh todaBon or

_possible to calibrate hearing testing equi pment for

incady ange by, mepraring the anditery emétagiiycthe bearnesridtTherest can
e i ld . ' . LS

ohHEL Bl LU U SO R GaBE LIRS B fiSh e

ineapdl 0@ Hizxo A90@ Heiand bé vagingldoadiesinneafigrealeddB up to 120 dB,

_ However, there are two ma%ﬁ_of re-establishing a .

inQgdGrde msaten & hsatpe Beshgiddavel o dsessondo b teskd agina

ndrEst AB® SONE {'s audionetric zero. First, a
correction can be applied to consider the influence of

ehil d' 4 ; . , . .
RSB o RUAER PO BREPRAR T LIaAdE0n RN i
caA PSR arrisisue attendisg tolihe sendatr7e ¢ TECNBor fatthdr deils hegdrE@Pthe
. for insert phones and hearing aids, have been w de
infrgEation ok @ ProPe; IRSTIRhERT 1 3 Reariag didyeterensa i B asktailied,
68%;? ~ by means of an individual neasurenent from a
chi'ld”s outer ear using a probeni crophone system or

by nmeans of an age-appropriate estinmation reported
fromthe literature. As second way of re-establishing
correspondence between sound pressure |evel and
audionetric zero is to permt real-ear calibration

prior to testing. Using aprobe-m crophone, either
directly integrated within a hearing aid, or froma
separate equi pnent with probe-m crophone capabilities,

pl aced at the eardrum of the child, the
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hearing aid is able to generate the stinuli to be used
during the eval uation and digernines t he
weorses@aendence bet ween the R or ASSR equi pneeit/DK2007/000145
intensity dial and the sound pressure | evel neasured
at the child' s eardrum The equipnent's audionetric
Cégi@ﬁis reset as to produce the exact anount of
um sound pressure | evel as docunented in the
literature to elicit perception of that stinmulus in a

Lgh sYRPTBOnfisiarmining diciegrinm e vRiandndi¥idyale comrising
Qg{rﬁgﬂat ¢ d%elge?ztﬁhrgrecl t‘é§%ﬂmuﬁt¥§es1;%l%?“ ng aid is

on locatio i n advance, by
mhmmlglang shidéheantingd 410 hyviag grdigitad sighblgutodegsdrifer pree¢ssing and
The, t est cap t hen be 8arr|ed out e. mdtq a .
C%Fﬂ’é‘g sgid 5t gy Séﬁnﬁh‘al% Frlo uippt %aCPPgtéﬂéﬁ%‘? Bgsigpal,
- 4 PRt EcBE @ in@B8ak af® 4000 Hz and of varying |oudness
inthe interval 0 dB up to 120 dB, in order to measure

- uhgdedenphiysiglogieabiphinlment esagd insfrumbre haemg@rsec@ctﬁemtlagnemg

SSR_t est | ti f
mE e BRI R BTN i BUVSARET SIS e
elb@iphRgoRieftal@Bpdife ERdaid Kbusht stamaes fimg, to the

standard 711 IEC. For further details regardlng t he
whereigai ﬁl@h%ﬁhr@nm%@eaﬁswéﬁﬁéwqmﬁ sEn¢iBenizing mgags are

o PR P g RS PR P i ogf ovored

1quﬁmwnﬂy@dwxmﬂmpﬁnmﬂngmgnaqgenerator for generatlng a
test stimulus signal, - a hearing aid, said hearing
aid having a digital signal processor for processing

2.8 SQBNELEbAthSBiIcthithes nvhéltéunwlaa ﬁea?in%'i'tﬂi is aaa@ed% opefate

out put an acoustic stinulus signal, -
with ag kssoniizlyngnsteatisne deldy betarerkad Eymhmmzemﬂoo gignal and said
sai.d i nstrument having a second

m§Vﬂ¥H¥%W$9$ﬂ dteans and means for establishing from

sai d individual an evoked, el ectrophysiol ogica
response to said acoustic stinulus signal, wherein
3. s"léhedsyﬂranmccgt;ﬂmgﬁmlﬂnzu lng/hn@anfsheammbmrfldn ob e denerator, said

d1§ n%{” rzolc ns%%rnangll élnd’:l ofv ggage%n% gs gﬁ%&eﬁ : Oﬁ)l aZc]éle%/gla avell—
&ﬁﬁﬁaadmmﬁsggmﬁﬁm@@ngald acoustlc stlnulus si gnal

4. The system according to any of the preceding claims, further comprising a fitting

system connected to the hearing aid.

5. The system according to claim 4, wherein the first synchronizing means is

integrated into the fitting system.

6. The system according to claim 4, wherein the generator is integrated into the fitting

system.

7. The system according to any of the claims 1 — 4, wherein the first synchronizing

means and the generator are integrated into the hearing aid.
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2. The system according to claim1, wherein said
hearing aid is adapted to operate with an essentially

w@eostiams2 ti me del ay bet weentsai d synchr oni zat POFDK2007/000145
signal and said acoustic stimulus signal. 3. The
system according to claim1, wherein the conbination
of said generator, said digital signal processor and
said converting neans, is calibrated to achieve a

8. Wik L ledrh nethr@a ¥s tiafin 31 WAtk #ShS tifRalelay4s 1688 thafl ¥8lkito
according to any of the preceding clains, further

secompr i sing a fitting systemconnected to the hearing
aid. 5. The systemaccording to claim4, wherein the
first synchronizing nmeans is integrated into the

9.fA hdakiRg afYSIn®Rsif:  The system according to claim 4,
wherein the generator is integrated into the fitting

a geperagenforgerprpting pdesw silmubissiginalg t o any of the clains 1

» wherein the fj S oni_z]
» el ] AP Dbl ro PGB e R BRARHER, Wity
sigas iredRdaco @uehun gn hepwstiastimalus waesleaml t he tinme delay is
ess than 50 micro seconds. .9. A hearing aid .
a IS hPRCRIOREFIRE HeMsiar BovIdge ame atormgion hovt thequimttipg of
the h&iRic stfnfilugii:Ak. Si gnal processor adapted for

processing and-converting the test stinmulus signal in
order to output an acoustic stimulus signal, and a

first synchronizi.n ans . for providing timn .
10, ThE hrrRiEche Sotting KBt Suterhg Tt R sl Bftegssor i
ad%f)ﬂe_mtkl) gr%c:@dsgﬁéiﬂest sHPu I8l 8¢ dobdin 2t HarPA RS 80 Fit ez

claim9, wherein the digital signal processor is
presgaiptienl faranpndividysl, irherderdiottess therpidagshegiipg diresholdefdhag
. togfn audiologic fitting prescription for an
1n¢ﬁ t\?]rdual, in order to test the aided hearing

threshold of the individual. 11. A systemfor

determ ning the hearing ability of an_ individual, said
11 fsqyémrt fespingng the hearing ability of an individual, said system

comprising,

- an electrophysiological instrument, said instrument having means for generating a
test stimulus signal and electrophysiological response means for establishing from
said individual an evoked response,

- a hearing aid, said hearing aid having a calibrated input adapted for receiving said
test stimulus signal, and a digital signal processor for processing and converting said
test stimulus signal into an acoustic stimulus signal suitable for evoking in the
individual an electrophysiological response,

wherein said hearing aid is adapted for operating with a constant time delay between

receiving the test stimulus signal and outputting the acoustic stimulus signal.

12. A method for carrying out electrophysiological measurement of the hearing ability
of an individual, comprising the steps of emitting an acoustic stimulus signal by a
hearing aid, and measuring an electrophysiological response evoked in the individual

by the acoustic stimulus signal.



- an el ectrophysiol ogi cal instrunent, said instrunent
havi ng neans for generatinﬂéa test stinmulus signal and
web®@stitaphysi ol ogi cal response nmeans for estabPCHEDK2@7/000145
fromsaid individual an evoked response, - a hearing
aid, said hearing aid having a calibrated input
adapted for receiving said test stinulus signal, and a
di gital signal processor for processing and converting
1352h k@Rl a8t dritoYS cRiANa] whéthia saf gl & BithBRddisprises a
signal suitable for evoking in the individual an_
stepl of @enaphiysincheo hearialg b spespense Whe fregger palsel aHeststinglus

.aid is adapted for erating, with a constant, ti. .
sigtef o st bR Bl HRRHR ™ B0 Mol Ryt Ly yperein
th©inR b Laly M tvi 2R tRCOIEEE ful selandihdlgcosb@NaimuldLsighnl iBéSatially
for carrying out electrophysiol ogi cal nmeasurenent of

copstanthearing ability of an individual, conprising the
steps of emtting an acoustic stimulus signal by a
heari ng aid, and neasuring an el ectrophysi ol ogi ca
response evoked in the individual by the acoustic
stimulus signal.13. The nethod according to claim12,
wherein said emtting step further conprises a step of
generating in the hearing aid, in response to a
trigger pulse, a test stinulus signal and converting
the test stimulus signal into an acoustic stinulus
signal, wherein the tine delay between the trigger
pul se and the acoustic stinmulus signal is essentially
const ant .



