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SYSTEM AND METHOD FOR THE OBJECTIVE MEASUREMENT OF
HEARING ABILITY OF AN INDIVIDUAL The present invention generally
relates to the field of assessing hearing capacity in human beings. The

 wentenaare particularly relates to dystems and methods farr/pk2007/060145

5determining the hearing ability of an individual by providing an acoustic
stimulus in combination with electrophysiological threshold measurement

techniques. The invention, still more specifically, relates to systems and
RSN BE G BLHANG TR HEAFHGF B OF AAFASKREATD BN the
application ohanacaystio-stmiysaravided by a hearing aid. 10 Newborn
hearing screening programs typically recommend that newborn infants

wihe havenfaileshatnipitial isardngescoebnindgdtestbessentfaniagomplaten
earing, asse ent prior to their 3-maonth anniversary. However,.sinc
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provi by electrophysiological means and have shown excellent

dorrasisondheewibrbidihallorafardsiorrsrsoméars it fandiferopastivh
elegtrophysiolodisaliestisierradithe Ayditeny, RrainsiemsRespanse

(ABR). The ABR primarily consists of five waves, labeled Ito V, which
rEeSehb YR evdedSynchronous activity generated by the auditory

rve and the brainstem. The ABI% Is 20evoked %c% oEt-durbati_on uditor
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timulus, averaged over thou trials and filtered to eliminate
RNaBTEE: reripo At shei s irasaty erdrrtRrdenlispaTheNBRIRE

recorded framsgleciiedsg ZewhichaigstiategicallyPlaced QBakintiigation

vicinity of the forehead and mastoids, creatin%adifferentials in_potential (i.e.

GipoEdyoTiE bR RIS POT TNasiSH B ARE AU SRHOTBIRISYSBE the ABR
wavenhnidassishtbenaudialagist inldetenauring beny iy @pilityuok

ho]d of the individual. Th BR tf Id i iated wi
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earo patient at various intensitieS. The ASSR consists of a statistical

aveshigmpavisic g areimnirsshy ethedithe emecristitiabisingoansd he ABR is
eRIeIantethiR IS GoNtRNRYS SRERRNAAGRPNIGASHMN UINKS the H BRtks
the ASSR does not require a time-locked averaging to the onset of

or tone bursts. In order to obtain a waveform that can be ifiterpreted, the evoked
response is generally recorded for 15 to 25 ms following onset of the audi'tory
stimulus, averaged over thousands of trials and filtered to eliminate unwanted neuro-
muscutar 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 audiclogist in determining bearing

ability or threshold of the individual. The ABR threshold is associated with the Jowest

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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5the acoustic stimulus, as the modulation and hence the occurrence of the
modulation is steady-state. The statistical presence of the modulation at
various levels will assist the audiologist in determining hearing ability or
thrgshnld el the individual. The ASSRthreshold is associategaithth@ /000145
lowest level of auditory stimulation capable of evoking its attributed
modulation within the measured neural activity. 10EP-B1-1089659 shows
aaurP%fngag, a%fdﬁ%gggam%e@im@&a%@&xm@%@ealrsﬁ (ABR)49:28
acoustic stimulus in a‘human test subject. EP-B1-1 133898 teaches a
hietaningeaid foris SHacisisig OivhErE A b aMiE AR TR IfhelSereg Shitpeir the
hearing.Aidplaceddn &?%%E&M agtingas 8 axcishsignabsnuieeyiln-situ
audiometry has been documented tq reduce variability otherwise
Tt e d PR SHis G B A AREFTD LBEH1E SIAETHENE CelToEscto
the ghildisautenear-duringdng e\aluatiamphassandranethttiranstiloem

used to couple the hearing aid to the child's guter ear during the. ... ...
Srffoaoh oHiESE HISE BOIGTHE LOuBhig ANdIor LABIG andior vertig

propeftigsofteadbransedydenang aifficult thieshivhhed Garirgvidgal. The

C lation, of output characteristi r ild's heari id.i i
s L e S A
cf cisingithetsEmedooapiing wyeidhn drndenteaneEpsHiicéyboth for the
evaluation of hearing loss and the subsequent calculation of output
SHRAFHCIOSEREE 1BP e AR A ACSHRI S BRethiony By AiFTH-Sitaoms

teghRidanALheipresrbime Hhete awe spyeral ABR and ASSR
equipments on the market. 25These equipments both deliver the acoustic

sigrals it e dndividualis: edars aigifig heatphvng. orhisrsen saliplgoime is

transducers,and collect and-mani t | i ivi
R B et sy coperat

determining-the unaided hreshalds of childeanandiadulis-thay Bteciated in

somewhat limited in their applicability towards common intervention 30or
tREABISAL IRESHERS O BRRISrHSBAFRIF i SPEP IR At B S R S0

fdedaluation phase and another transducer used to couple the hearing aid to the
child’s outer ear during the amplification phase. In so doing the coupling and/or
tubing and/or venting properties of each transducer are difficult to estimate during the
calculation of output characteristics for the child’s hearing aid in relation to the
measured hearing loss. There is therefore a significant advantage of using the same
céupling system and identical transducer both for the evaluation of hearing loss and
the subsequent calculation of cutput characteristics for the hearing aid, such as

prescribed by an in-situ technique.

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 }imited in their applicability towards common Inervention
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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threshold and a limitation to consider the disparity between the influence
of the transducers used in the evaluation and treatment phases of an
intervention with a hearing-impaired individual. Aided thresholds reveal
important information to the audiologist as they reveal the softest sound
that a child is able to detect when aided by his/her hearing aid. From this
information, an audiologist is able to determine whether a young child is
tradefuatelysitiviitthar-appiopniaiel hearingndelice for theiparposesnofith a
hearing the. softe ents of speech that will permit the child of
DB % Ct% Ble level of language. While it is possible to obtain
th ed th shold from Id r children using trad t| nal |oral
A S A R B g vt e
sdi@)mn:d»m Mﬁmdxe:}mxsioslIabbaei@dsmbiewﬁmmdswmmmé@bthr@shqimndsm;n this

1;%8 1 tC tr(})pdfll%/ 110{109%? ttlesc qu Ci%rl e %%la?:rr]d é/? lleS 1S ac?e u ie
enfalfldehverlng acogstic stimulrin ree tie re measurem

fipeddess ipperpritlinhitation dedvere testihg m&i@nﬁ%%@ﬂt@dﬂig@e&uﬁhﬁ&lemems

, nsun aflx 05|t fth ancglr torso du t
o R g 0 0P (R ARG AT R R N S B povae.

Vigediatrie pepitation:Ytavotid Hheadety essefdl fopambbjectivéren using traditional
lectro logiical. method SSi Wlth the esti atlon of aided

o S b e RO S AR

chmiéasmréu’hémw Abhidrbapphsiidean electnophykidlidgisabiethog dor

em:%fe BF Fg%ch??ﬁgg:ﬁ]l%{hurg %nclldagf bI}IdOAMg% Ch”?ul cnpaul(cjiehvunw

sleep; otherwise signals may arise
wrwrcmstrmshufaﬁnacfuwjn,cah&mteﬁ@@m&hwtmmaudlw;be&mmdrgmémmon

W 1%% Déilﬁ\s f?]lflmgl; the 10%a§&2ersq]%gts§rgna§{m%%re{leq thgsﬁudo P 5 Oh 13%9 and
Iory sponses UI"[ erniore, when an ectrop Siologic resho
torseaburegidntdstcadiedtout of déreefisidntheratisidn gncotifidtied to achieve in

qvariatio .of ab U 10 dB. Itis a ect of hg—:- nven

the )ecf% Mctlllja IOH qp \5811%9 be verey éﬁé}lﬁqjor 411 O gf ! Ve eﬁ&@r%ﬁ yrglvk(cjm;cai

ystem less sensitive to th movements e individ
m@mwge momwSumg t}n@L&t@i@dﬂhﬂ@ﬁ)tﬁb@ﬁll@ﬁ%ﬂ%@ﬁs@m@wnIwuhou.t

5@11‘3 g Lechnis %ggﬁ B ?%ﬂﬁgpcﬂnggjﬁ%l%ﬁ?guce the variability in an

e ectrop ysiologica d measurement. These and other objects are

winli 'SB&%H@%H @éﬁ%}%ﬂygﬁﬁ'g@cﬂ method for measuring the hearing threshold of
a baby or a young child, it should preferably be asleep; otherwise signals may arise
due to neuron-muscular activity, and interfere with the auditory evoked potentials
sought. As such, the measurements may not reflect the supposed evoked auditory
responses. Furthermore, when an electrophysiological threshold measurement is

carried out in a {ree field, there is an uncontrolled variation of about 10 dB to 20 dB.

It is an object of 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 a first aspect of the invention, there 1s provided a system for determining
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30According to a first aspect of the invention, there is provided a system
for determining 3a the hearing ability of an individual, comprising, a
generator for generating a test stimulus signal, a hearing aid, said hearing
aid having a digital signal processor fés processing and converting said
test stimulus signal in order to output an acoustic stimulus signal, said
hearing aid comprising a first synchronizing means for emitting a
tbeymahirgnidationcsignaldarduan elestroghysiolegicatinstiugaastasaida test
gi{;ﬂ{lllrge%g vail 7_a_.secc()ﬁd s%/c[mrfhroniuzing dmearg)s. and.means for .
SRS TG fr S <A BE S A SR B RS R & A b oI RAPFES ARG
fosaidacensticstimilyssignal wihentin Said hearitgraiddstpaiapteddostic
fhetfieith an essentially conotant tme delay boween sald. e ior co
SyRehronization Sigival ard Said Aebistc sURUIESIGHAr Bhd wHerkih €ajging 2
firstiOnsynchronizingumeans ancsajdiseedad synabrenizingdheansaie

adapted to exchange the.synchronization signal in o ?e to synchronize . .
e L T R S Rt e g e
cavoked desiponselfyeml the i didipuald noresporsedicthénadoy stignatintlesin
signal emitted from the hearing aid; further wherein said hearin ii is.of a
e T o o SOk P A T, G0y g e
seohplstelyrindhescapat] Actonding toan examiplesembodimenitethis isid first
Ll by, a system for defermining, e hearing abilty of anincividual
gomprlsmg generator for genera |Hg GHHTIE THEAS are adapied 1o exchange
tRO6BIL 164624 RE FIDKROOTOO0 045 nahtest stiraidus sigidak phearingait,
a%%{gst?ce ?tﬁhqglg‘éd%{]é?%\éﬁnt%e% %‘ 5’%]5{%9 aduln%roo%es ioer f%ﬁ Qg ?&%ﬂﬂ% i% (.jvid al in
converting sali stimulus signalin order {5 SutpUtEn acoudnd stimutts
refgnatcdditst synatirontzingumeans] ametettiophyisidiogical indtrimeat,wherein

id instrument having a second synchronizing means and means for .
T o e S O P o, i
thesponsd tosaidtabousticestanalus
According to an example embodiment, this is fulfilled by a system for determining the

hearing ability of an individual, comprising a generator for generating
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signal, wherein said first synchronizing means and said second
synchronizing means are adapted to exchange a synchronization signal in
order to synchronize said evoked response to said acoustic stimulus
signadoF heselectrophysiological instrurhent is an instrument fo-/pi2007/600145
determining an evoked 10response to an acoustic signal, such as an ABR

or an ASSR. The means for generating a test stimulus signal could

Comprise.Alackeun 1ARleafast waye SAMPIES of Yarous, charmale E%?&%%sor

with respect to intensity, modulation, frequency, duration, and envelope
cHArBEISHes st epras s Ml thtteS rrissd kb tarisioa iwoliRe Beoustic

chasanfrapihe ekup daRig 0 conatchSimtliThal Qe eurieityment, said

recommended for various 15electrophysiological measurement protocols,
SUBH HE BN B e o BRERS ot Bt 2iHa s e e e o
ABR iag welkpsfsecuenepandaympliyider moshnaiesstonasdorithaiASER.

As such the si nadﬁegerat r would have th%ﬂ EJoFtientiaI gfgeneratin an
St SmUIstOR TeqUISl For B BB Mooty BlotgiCar e meins

acoustc StmulAto
measingpienteprotogol 20iFheineatingsamchcoutddbetb agethonianyakind afed

s} %Eg tlaesgﬂpg&igj ﬁs&gjﬁu%%%ggﬁmd the-ear hearing aid, an in-the-ear

hearing aid or a completely-in-the-canal hearing aid, with modifications

apeOEURG G R IRYBALAR1Ha0 BMPadineRhofdhe-IBNRRION A Sysiem is
provided wherein said hearing aid is adeigted to operate with an

SESRMIRAINY BB AePAH it ety Tetime RIS AT R oSy Hent SRZERBh Slgitaratas
saigsneaustic stimilis: RigoalpiRanpibienenbiediMentha sy Stemlds of various
dce[\lscrit%ed,twhert in thecct:ct)mbgnat;:on of dsz?lgl r%egerator, S 'd_di%ital sg{gnal
PrECaSSOr ARd ATV AN G AR S M Y T Qe idve™> a1
veelletigfindcracoustics stinhlus sifiatimes. Fhyet dnothieriemboditiebt ehosen
HSIE RIS RIQVIAGT. 1Y @QESET%Q{‘E%%‘Q 2 fHing. SYst ?%c%%‘:%&é‘fi for vorious
advantage to Browde a fitting system that may. control the audiologica
telsgtrophysiclogical measurement protocols, such as, but not limited to, clicks, tone
buist, tone pips and chirps for the ABR, as well as frequency and amplitude-
modulated tones for the ASSR. As such the signal generator would have the potential
of generating any acoustic stimulation required for a specific electrophysiological

measurement protocol.

The hearing aid could be based on any kind of standard hearing aid, such as a behind-
the-ear hearing aid, an in-the-ear hearing aid or a completely-in-the-canal hearing aid,

with modifications according to the invention.

In an embodiment of the invention a syster 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 1s 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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since the fitting system can be used in a later tuning of the healing aid
parameters. The fitting system may comprise the first synchronizing

means, and the fitting system may further comprise a generator for
generating a test stimulus signal. In arfembodiment of the invention a

system is provided, wherein the hearing aid further comprises the first
synchronizing means and the generator for generating a test stimulus
‘Bigridlihg syrothermembodipnent efsystentis @adapte drtaexhibittadifneng system
ﬂq Ia%ugg{ less than 50 micro seconds. Ac%:ordi 0.8 Se ond aspect of the

1CT COMPILISEe a gCcheralor 10r gcnerayng a Us S19ngl.
invention, there is pro%/ldfe a hearmg aid comprising a generator for

HERIANG I LML Haes Sl anaiRloceeRan IReHaRicH 9]
processing and converting the test stimulus signal in order to output an
fagbestienstinmaudsigrrlssoitabiel forevekingirldhandividuat & generating a test
glectaphysiglogical response, and a first synchronizing means for

providing timing information about the outputting of the acoustic stimulus

1RIgRah WhaTE e digital Rignal PIaSESSaL is.adaRed IR BIOSeSE I@SE 163t s0

stimulus si%nal according to an audiologic fitting 15prescription for the
THERViBRf&E48- order to test the aided hearing threshold of the individual;
further wherein the hearing aid is of a type selected from the group
LATHRING Berfitaiensar ShitRdnearam Eapletdincha et aid
DRQINGRExaPRIe.ePRadimRRLIOVIARS aihRang @idi COMBIISINGAal processor
enerator for generating a test stimulus signal, a ﬁgital signal processor

a%aa%@wﬁﬁs%%%gi BTG THE Hest Stamitllis SidiidriA g A
AQQUIBYtLAMRGuSHH SimussignalianchaafirstSYNRMONZRg SRS IR wical
providing timing information about the outputting of the acoustic stimulus
TSigRRTCARKbIINY I HSSRFHI Y IPRASAHENS, R i Bravidisn gbout the
ovystem darrdrtanmining e headngabiiberfiamindividualosaid sYste: is
comprising, an 25electrophysiological instrument, said instrument having

aﬁ?@é%tﬂ)plﬁéﬁ:é}g%mﬁs& ghiggulus signal according to an audiologic fitting

prescription for the individual, in order to test the aided hearing threshold of the
individual; further wherein the hearing aid is of a type selected from the group

comprising behind-the-ear, in-the-ear and completely-in-the-canal.

Another example embodiment provides a hearing aid comprising a generator for
generating a test stimulus signal, a digital signal processor adapted for processing and
converting the test stimulius signal in order to output an acoustic stimulus signal, and a
first synchronizing means for providing timing information about the outputting of the

acoustic stimulus signal.

According to a third aspect of the invention, there is provided a system for
determining the hearing ability of an individual, said system comprising, an
clectrophysiological 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
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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 procéasing and converting said test
stimulus signal into an acoustic stimulus signal 30suitable for evoking in

the individual an electrophysiological response, wherein said 5a hearing

laigh isgddpted dptedpferatprganith widonstant sime:deldy bebaeariecedringe the
ttéh% est ltlifgrréuluglsag 9al§£1 Lout utting the akOUﬁtiC Sl'(i)_mLi[LP %!%r]al' further i
wherem said nearlng TN %/epae‘csléfeicczt%(%iniar%rl‘ﬁS ﬁlr’énélrbdﬁ c lmvﬁ?‘%ﬁ{a sal
leehindsiliasedia insthec«darnanteanipl etelysindhe:canalbSYed-another in-the-car

a%%%)gllelgetgibgqiment pr vides a system for determining the hearing

dan md

i shi . . .
ability ividuarl, Wherein said system comprises an

ye!:?%Hﬁ%@}’.%%‘%!P%Fa&%%r Jment %8W8éissia“§f£¥‘ee;%'?§rf8&§8% grating atest,
stimulus S|gna}, eFectrop yS|o]I ical response means for establishing from
adalindividudhadweNokbdreaspodsy sanaanngy sid eorlprising:ascaligrated

iRy saRshle alsseehing sad st gl dgig siona
processor for proceéssing said test signal info a processed signal, and
aielinsHion convertingsaisk proees Sed:sigriallintg Ginraceistie! stirhulus: evoked
Sl 1oV, -'1 | S respan r.ceffelt N res QQSO‘%%‘SE:?idEI al
e I SRR e s
T@ﬁ_@iaﬁﬂg althiscogsem tmesdefay ietwséresaid audivgnputsignatanesed
sa%l.egi, 9¥ﬁ¥b%z§§'?8¥'&ﬁ§p%ﬂﬁh %Ef& dagdyaniage okt ﬁa%%%t&{?/ i% 18

ady existing electrophysfological instruments may be used onli}s
ssfigfht wiodificatichsy #ecbrdipento & fourthraspectesptnedhy eniiorrotiie is

ided: L GAITYi lectr ialogical measurement of .
B e
thso dstivy Simalers sighady b peErigephiddratdsaodugicestypalselegted ftormn

3%195[‘51%%9)59{9893'% ﬁ%@'ﬂ%ﬁﬂ?'&%ti@é@%’%’o{?ﬁ %.ologlical infiruments may be
completelyin-the-canal, and measuring an electrophysiological response
uspdkethianhesdivinadifisativeacoustic stimulus signal, wherein said

emitting step further comprises a step of generating in the hearing aid, in
Aespoiss ttord e pesel deosvettuludeignaranddeshiverihgdteteatrying
Rl SIGRRIKIR AN AcRKRNIC MU IRIgRAL Wherebythetime argelay

between the trigger pulse and the acoustic stimulus signal is essentially
comprising the steps of emitting an acoustic stimulus signal by a hearing aid that is of
a type selected from the group comprising behind-the-ear, in-the-ear and compietely-
mn-the-canal, and measuring an electrophysiological response evoked in the individual
by the acoustic stimulus signal, wherein said emitting step further comprises a step of
generating in the hearing aid. in response to a trigger pulse, a test stimulus signal and
converting the test stimulus signal into an acoustic stimulus signal, wherein the time
delay between the trigger pulse and the acoustic stimulus signal is essentially

constant.



constant. 5b Yet another example embodiment 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 electtpphysiological evoked response in
the individual by the acoustic stimulus signal. 5The emitting step may
further comprise a step of generating in the hearing aid, in response to a
gt silssraneseahelins igra aptrdsatside R tasEstihulus signal
cinterapnasaustic stinulussignal whereinithetme datay Q%W%ﬂlmgmprising
trigger pulse and the acoustic stimulus signal is essentially constant.
S tHepaRhaRIE RSP AdeartHE SE B NE radht mberivn w?ﬁ PECHTRS Blegran
efeom the dpllowing defpiled-desrintiondakeninaepiumetionith theulus signal.

_accompanying drawings, 5which illustrate, by way of example, the

I BRREIHIARSOT REAVERTIBR TRTHEIEF AWiIRD ST g UreHBE Aeydamifoin

radgtarviningtbedhealing ARty oh andnsividuals Kigwe Z.ghaws @ heating
aid interacting with an electrophysiological instrument; Figure 3 shows
a hearing aid interacting with an electrophysiological instrument and a
10fitting system;
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Figure 4 shows a hearing aid according to an embodiment of the

invention; and Figure 5 shows an electrophysiological instrument for the
system according to the invention. Figure 1 shows a system for
determiningghe hearing ability of an inélividual 3. The 15systearaamarisns: s
an electrophysiological instrument 1 such as an instrument adapted to
perform an ABR or an ASSR, a hearing aid 2 that is connected to the
elecirpphysiological Iastument 1% AcaRie. L dnR0ia NUmRes ofe uigger
eleCtrodes 7 that are placed on the head of the individual 3 to have his or
her ke atth ity HetemiiHedeTHds ssettbde<comsi@tonnected to the ABR
in\étrur_nent and serve to sample 20 fluctuations of electric potentials

VRS By Ah RO &R @&%@3&@{%{%@%3@@8% clear from the
eledraphysiclogichbraadtanstan ibe dgisrminedibyhaseohihen ABRIOMWings,
ASRR inelument &, The hearipo aid 2 emits acqustc stimulus signals 8
that the mdlwa’ueﬁ k] r%ay reglé{er’. i 8etlips accor ing to the prior art, the
ﬁﬁlﬁlgﬁé@i%ggjnstrument 1 is usually connected to a set of headphones

.that generates auditory signals to the person 25to be tested. However,

apeRidinguiasthe ysntion dherauditony stimuliis.sianals atenamitied; by the
hearing aid 2. In one embodiment of the invention, shown in Figure 2, a
hEaringraich202 interagtsdviilanielectophydolagicadivisumeaent:20ksuch
as an ABR or an ASSR equipment 201. The heating aid 202 receives a
thtgyee pulsev20Sdromethid ABR@mgiprtemt 2BetryiQysiological instrument and a
20081 L6AG27PCT/DIC2007/000115 and the hearing aid generates
synchronization signals 210 in return that are used to ensure that the

efeeirophyisiplagical rRaction-eal Padneasiedata eonstanking dalay. In

Figure 3 another embodiment according.to.the invention is shown. In the
figigreess fittirvgs sy stienr3iilyisctaring ctethtadinefhehtingseid 3Q3rdm histbet

L&g\%}%&tting system 5controls the hearing aid 302 so that it is set in a
linear enhancement mode. The fitting system 311 initiates the test

PACRIYIE L §-J. DU SEDAINGRFHEBRE RIWSE.202 18:h¢ hearing:@id,302gnd
the hearing aid 302 generates an acoustic stimulus'signal 308 and sends
S SRSt TTAICB b Bl o A BRI ABSRASAUBeRE0dapied
to perform an ABR or an ASSR, a hearing aid 2 that is connected to the
electrophysiological instrument 1 by a cable 14, and a number of electrodes 7 that are.
placed on the head of the individual 3 to have his or her hearing ability determined.
The eleétrodes 7 are connected to the ABR instrurnent and serve to sample
fluctuations of electric potentials evoked by an auditory response to 2 stirnulus signal
so the electrophysiological reaction can be determined by use of the ABR or ASSR
mstrument 1. The hearing aid 2 emits acoustic stimulus signals 8 that the individual 3
may register. In setups éccozding 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 2id 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 4 shows an embodiment of a hearing aid that can be used in the
setups 10illustrated in Figure 2 and Figure 3. The hearing aid comprises a
Digital Signal Processor DSP 412 that is adapted to receive a trigger ,
RulsendBs@ither from the ABR equipment or from the fitting systerzoebn/oeei4s
response to the trigger pulse 409 the .DSP 412 emits a first

synchronization signal 410 via a synchronization means 418 to the ABR

?QHAQ%%BAHM@%%&EB?%EHEHHQ&Hrﬁ%ﬁd@%ﬁ!&ﬁ%ﬁﬂﬁﬂﬁﬁ%@%ﬁ%s
integrated 15into the DSP 412. The DSP 412 retrieves a test signal 415

freRfuEs (RN SrardrarBl B B PR AERRIECR TR BXATBIEHRS MCANDER! tiFeatnky-
413.1n a ?%artic_ular embodiment, the generator is jnte,gr%toed into the, DSP
410 e UIGh TR A TEERS IHOEEESHA By IRE ISP A 12 5 Bt 8 gt
afihcconneiter 141 odimettghtame utputilratiSeiticén 41y ssuehtasfating system
loudspealcer, as an. stic,stimulus signal 408. 20Figure 5 shows an. .
N R R e P B S RS e
evolad déspotisesioaidHeindididaal pdingetebted Thecevokediespdnse

MEANSA1P 5.LINNGRIED 19,3 SACRRISYNGRAIONIZANAR MEANT R L SHMS and

that wihen the Second synchronization means 518 receives a
syrchropizationisitaassI0! He BVbretPR spdiise B EAE BT -ASWs when
to start measuring the evoked response. 25The first synchronizing means
ATEHP thePRY ARG BRI TPE T 4 ARt 87 B oG By HEHT M2 Mi%ans -
SilBdnabe iABidr Bigul e aes alanged 4o Sichange:a syngubDRization
signal in o relate an evaked response from the indivigual.bei
T B R R A o L 0T e APR
heplipgeaidor fidistbedoichghasithe finTesdelay tfreim theptmgtalat 409 the DSP 412

syp&l %Oﬂri@%@h%%ltﬁé rﬁgﬁé‘ﬁq d%‘i§9@ﬁd%d%§i%%tﬁl%e§&%‘i%t{8 the ABR
stimulus signial is emitted rom the hearing aid is approximately constant,
oraineast-Knonaihen ordedieobthiissreipbleovsanmatiopipf 418 is ntegrated -
inte the DSP 412, The DST 412 retrieves a test signal 415 from a generator 413, e.g.
by 1'eading a wave sample from a look up table 413. In a particular embodiment, the
generator is integrated into the DSP 412, The test signals 415 are processed by the
DSP 412 and emitted via a D/A converter 416 through an oﬁtput transducer 417, such

as a loudspeaker, as an acoustic stimulus signal 408.

Figure 5 shows an ABR 501 that comprises evoked response means 519 for
establishing an evoked response from the individual being tested. The evoked
response means 519 is connected to a second synchronization means 518 such that
when the second synchronization means 518 receives a synchronization signal 510,
the evoked 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 artanged 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 stirmulus 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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WO 2008/1164628PCT/DK2007/000145 the auditory response. The

evoked response is averaged over thousands of samples and filtered to
eliminate unwanted neuro-muscular or environmental electrical activity,

angd thusiilsigimportant that all the evoked responses are sampledayiitytherss
same starting point so uncertainty related to the starting point is

minimized. 5In one embodiment the hearing aid is adapted to operate with

a fisudeday beiweenine.synchranization sigaal e the.acaustis slimplus

signal that Is less than 50 micro seconds. Any variations below that limit
iy BB D EABIE ORI MV AR DS AEEA R FHE Ald, the

D& periarmsa Rumbenaliagks 8ush s hasepecessnatyhieatinche
deficiency.compensation, estimaifriqrt\%?the acoustic feedhack path,

16HEERENG B8 iRt PR R of IR e GHERES M irBH#HEnt and

conirolling e compEassion.m %Qaagér?% %hﬁ‘CQxé%S\‘éf?a?Q SRR between
noticeable processing time. Depending on'the programming architecture:

tHesevrbke aséeptiontine basiecons|ereikelsion Vol e ddaptives0 micro
PERGSRRING T @ﬁ%ﬁi%%@MWYﬁa@ﬁﬂ@%@y@@ GERAGNBY- IR I8 Padvanced

va%n processor delf%/s. Therefore, in‘an advanced adaptive hearing aid,
n |

1B, 1280 A B AURAR) HeiARSs ABBBYANGf toskh arbadrdnpEPaeng

ifdentiamihe prRsessehis-adapted fomereating Asrnsantelay.mode
suitable for testing,, wherein the adaptive processes are stalled while

SIS SRR AT AP RS B HEEAD oM B 0B BoB R ing the
comstaststimendelayisAltetiaitively; ifisomerot iheicolivepproasssesmase

k 0 gause var ing 20time delays in the [ PS g}ycceh__ own variations
B B, S A o e
edrprireiny ohve rdeptivapthecevokethsisiohsesaredaniplegactbieg may
apREOXIMBtElyie samesime:Sulkanainer waycould be 5%4&&%%%% aid,

control that the acoustic stimults signal is emitted after a constant tim

. pefickreusie tsaciteaie s@iérent time to process the stimulus signal. In
yégt an%ther embodiment 95the hearing aid sends a synchronization signal
t

Y RER S RSRANIERR iR R A W APe SXoRpiRag i ek &Y FepBse

. atrtineasodab gtacdoguanisit: for testing, wherein the adaptive processes are stalled
while signals originating from the ABR equipment will be processed with a constant . -
time delay. Alternatively, if some of the active processes are known to cause varying
time delays in the DSP, such known variations could be taken into account in the
synchronization, e.g. by the ABR equipment, in order that the evok@d Jresponsés are
sampled at the approximately the same time. Still another way could be to let the DSP
control that the acoustic stimulus signal is emitted after a constant time period despite
that it takes different time to process 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 Ievel 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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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
equinmentisplaced at the audiometri€ 30zero. The amount et-s@stho /600145
pressure level corresponds to that documented as required to elicit
perception of the specific stimulus in a group of young, normal-hearing

ViR RO0R T BIOEARCT LRIRRRE/RAN D adle. AIOMBIRARIGH R

ration must also ensure that mcremejnts .Of the mstrument's mtensity
diatishoentl follswsidetiateditcrémertsiniselingprestare Jeved agssue level
%@%M&Mﬂ;mge%g&%deﬁa@samﬁi@%@%p@rcaﬁ&gdiari@&ma{ég bense,g

relation between sound pressure level and the instrument's audiometric
ZBRBVATISCHBTREGR 61 VAN B it i Aersddsrsgy Bigtds made for
Ferdhermee. ealib@tiandnust heperdformned oLy et offtansducer
which the ‘quiement permits t COL§)|G to,the individual's ear _duri%%a "
R S LS A ot GAHE EHh S PR S ARV S R URNRHE SPEHIS ' e
califvation dr ordeite 4 eveal peytinent:audiometric (threshold) information.
This amendment is due to the fact that the outer 10ear of the child is
inheriatgreh ddmingenerfisstiSupendgoftlifethanerHbntentrarmsforits s owhder trent
thei ey 10 (AR SARYMJIR ADRAE! 1hehis.AiferenkTom-that MeasuIGHe

in adults. As such, different amounts of sound pressure level are

rfdeeE 8yt blicipeieeptisir o lirg SCVﬁF%FFe?F Liffd HeicathEaRiEdBiiship
beiweeserndRiassyEe jeuehant amkMstNa RS RUMNOMSIHEZ @asured in
devised during calibration, has no functionality. 15when testing a young
c’(fﬁ\’d‘ﬁsthﬁéé‘%%‘%%ﬁ*ﬁ?éﬁb%’i’ésé’&*@ﬁ&gaf‘*ﬁ?ﬂ'ggﬁ%‘f FHIRESEHIAIARE fm a
testiBgiequippoent willdieh refidetthahyaung childishhearingstadys@ture level
several, if not all, test frequencies., This is particularly. important for ABR .
e R S e R N S e
oukanitbsthiidremuopdeildhBdge k@ dhontim is amended, threshold values

obtained from a testing equipment will not reflect the young child’s hearing status at
several, if not all, test frequencies. This is particularly important for ABR. and ASSR
as these threshold measurement techniques are mostly carried out with children under

the age of 6 months.

While it could be possible to calibrate hearing testing equipment for children, the
maturation process which occurs at the level of the young child’s outer ear during the
first 5 years is much {oo rapid and hence impossible to capture using a single
calibration measurement. However, there are two ways of rcweétabiishing a
comrespondence between sound pressure level and a testing 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, suc:h 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
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20While it could be possible to calibrate hearing testing equipment for
children, the maturation process which occurs at the level of the young
child's outer ear during the first 5 years is much too rapid and hence
impassthlestezcapture using a single cHfibration measuremenecimreweroo145
there are two ways of re-establishing a correspondence between sound
pressure level and a testing equipment's audiometric 25zero. First, a
CarEscligR6anhe apried teeonsideidhey inflHanea:althe childsouter 8ak
properties in order to provide meaning to threshold values collected durin
AT NG SRR Bt RIS © B@&l%ﬁé@éﬁ%ﬁ%,ﬂ%@ﬁ%ﬁé ReBB4dPe
ingefhphenesprd earng-aids;thavetbeen witelydeserihed dadhend
literature and are commonly obtained, either by ns of an individual
ST Ba OH ECCRTEY B BAP LaING 8 pronl ST per dic
systene, sontymeans bl dmageragprapeiatéd Estimdtion i@peredfianithe
sl £9s5sond vy otresestaplishing. sortespondenge between. ..
sound pressure ]IeveFaridt aldiometric Zero 1s to permit real-ear calibration
prv? tos stimepntssingtae WOHR008) £li64 62 TOPOT B KR0GHO06145: group of
Q{&%ﬂgﬁgg%igmgr directly integrated within a hearing aid, or from a

separate equipment with probe-microphone capabilities, placed at the

gaiunhohihe ehilehithe beasng pidhisahle.te genssatedhastinaulidehsn or
use durin%the evaluation é’,i‘?d determi es,thg1 co}ggzlponden_ce between
tH AR Gr A SER SRS ATEREL TRYEHEIR) GdHEh B tHe SERRRE Brdsiirdrivan
nmieasuredaidhber ehididteardtimm oTheleouyipineht sfaudior étimizeresis the
reset odu exact amount of eardrum,sound pr re lev

aetiainee it a sl T it et Y g
of rsken &-hisasing Inelividual $hButold e kbofahgperrentean becdsedptine

heating aie is calibrated, either on location or 10in advance, by measuring

the auditory signal emitted by the hearing aid. The test can then be carried
atHeRinMtbA sare ohasditonk signaleot varsing freaHeNaies R aid

interval SO,OFf—Iz to 4000 Hz al?d of varéln loudness inthe interval 0 dB u
{5, 56 HES

BHHTY 878 THEGHEAIhG trreSHB BT O thasarias toe
berdestschas inpeohormabpiRean ABGRiesid 1Gdkacealibyationdithis ABR

equipment in combination with the hearing aid can be carried out
according to the standard 711 IEC. For further details regarding the
integration of a probe microphone in a hearing aid reference may be had
to US 6,658,122.
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11 CLAIMS 1. A system for determining the hearing ability of an individual,
comprising - a generator for generating a test stimulus signal, a hearing
aid, said hearing aid having a digital signal processor for processing and
5converting said test stimulus signdllin order to output an acoustic
stimulus signal, said hearing aid comprising a first synchronizing means
c1.Aqkamitting a synchronization signal, and an electrophysiological
instrument, said instrument having a second synchronizing means and

1. AvissiRenfbi SSIaBISRIRG he M 3ERRIARINT GAParTsiyid@]. comprising

o Q&!%;%%g%pégig%ﬁ Iar@eg@gﬂ%%%@ﬂ@coustic stim_ulus signal, Wherein
Said hearing aid is adapted to operate with an essentially constant time

-  lepsiagttveA BeRayAEhRSMEPAO Sighalsant s BeoUstiestifriing and

consignal and wherain,paidifirst sYRePRIZING Means ARG SiteeOREnal, said
synchronizing means are adapted to exchange the synchronization signal

heafing i sy HuRRChI78! SAFBUIRE U $ LISt TS AY AUGUSHE SIS

sigieignglithereby relating an evoked response from the individual in response
to the acoustic stimulus signal emitted from the hearing aid: further

- anGHRSTENRISAT Igkiin G Al EGR SR SERILERY o HRe G lh BapRBIRGS

meRENIRG theeatinsthsreafand eempiatehrndhencanake302. The system
according to claim 1, wherein the combination of said generator, said

eleqigItAY Sifal HICERBIHAT 4L ACHRVR Ay e 4HEs calibrated to

whaehexgiaweldefinedasaustic sHRMIS BIgRRkssen@ITheosystetime delay
according to any of the preceding claims, further.comprising a fi'gi

bef‘ﬁg%@ﬁéﬁﬂ%ﬁﬁ@@{é@iﬁltﬁg%gﬂ éaéciioqcoustm stimulus signal, an r\]N erein

said first synchronizing means and said second synchronizing means are adapted to
exchange the synchronization signal in order to synchronize said evoked response to
said acoustic stimulus signal thereby relating an evoked response from the individual
in response to the acoustic stimulus signal emitted from the hearing aid;

further wherein said hearing aid is of a type selected from the group comprising

behind-the-ear. in-the-car and completely-in-the-canal.

2. The system according to claim 1, wherein the combination of said generator, said
digital signal processor and said converting means, is calibrated 1o achieve a well-

defined acoustic stimulus signal.

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

system connected to the hearing aid.

4, The system according to claim 3, wherein the first synchronizing means is

integrated into the fitting system.

5. The system according to claim 3, wherein the generator is integrated into the fitting

system.
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4. The system according to claim | wherein the first synchronizing means
is integrated into the fitting system. 12 6. The system according to any of
the claims 1 -3, wherein the first synchronizing means and the generator
are integrated into the hearing aid. 13 The system according to claim 1,
wherein the time delay is less than 50 micro seconds. 8. A hearing aid

6. Themprisingce@djepecadoy fof thenbrating -a teststionulbs Sighainchapigital
signal processor adapted for processing and conyerting the test stimulus

m@afgs&fé n%lﬁlr%eélr(agFot}bag%%Blffg%t%é;c)g%%?clzegﬁsrﬁ%ﬁs%lggnaI suitable for evoking
in an individual an electrophysiological response, and a first

7. 13§ onizing means forproviding.iming information Abowt ineayieytting
ot the Bcoustic Stimulus signal, wherein the glgltaPS|gnanrocessor IS
sec@ad@pted to process the test stimulus signal 15according to an audiologic
fitting prescription for the individual, in order to test the aided hearing
threshold of the individual; further wherein the hearing aid is of a type

8. Asblectedafrbentiyeigrgup comprising behind-the-ear, in-the-ear and

g %?%f%ﬁgﬁﬁﬂ%%theegéafaa@'tgggs’f@nﬁmt%@“fﬁf determining the hearing ability
, ystem

- a digital signal processor adapted for processing and converting the test stimulus

signal in order to output an acoustic stimulus signal suitable for evoking in an

individual an electrophysiological response, and

- a first synchronizing means for providing timing information about the outputting of

the acoustic stimulus signal,

wherein the digital signal processor is adapted te process the test stimulus signal

according to an audiologic fitting prescription for the individual, in order to test the

aided hearing threshold of the individual;

further wherein the hearing aid is of a type selected from the group comprising

behind-the-ear, in-the-ear and completely-in-the-canal.

9. A system for determining 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
fest 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 1s adapted for operating with a constant tume delay between

recelving the test stimulus signal and outputting the acoustic stimulus signal;
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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,
25- a hearing aid, said hearing aid having a calibrated input adapted for
receiving said test stimulus signal, and a digital signal processor for
furREPGRRSNG &?@Ke%ﬁ%%’ﬁ@iéé%?@%@%%%& $9nahinto AR asoustitne
stimulus signal suitable for evoking in the individual an
behislddhrophysiolbgical padpsmaeletelvwRdhsnsaat hearing aid is adapted for
operating with a constant time delay between 30receiving the test stimulus
signal and outputting the acoustic stimulus signal; 13 further wherein said
10. heampditpis o dngrarselecrentrsm! avecay Sup eBRpRIgiAY the hearing ability
of 8 PIRgANer e inithesaRL aRd.coreplpiely-inrtheranali ki method for

carrying oui electrophysiological measurement of the hearin a%ility of an
heafitvitiLiBEICo PIDHETRE TR eSS BP dRsiting aprausikte éﬁh&ﬁﬂd@%@ﬁa}%@@*
ear het%r &W—QQLLH%QE@%W RESLIEHETfrom dhe GrpHPCABMREISIRG ponse

behind-the-ear, in-the- ear and completely-in-the-canal, and measuring an
evokpscmdphyRbIogIehbredsorss BifoRBa YH oSVt Far By St ARibtig step
‘furtﬁg%l}ﬂfméggﬁl 5 %@Qﬂ%@éﬁﬁﬁﬂt{ﬂg RieRfUHher. compisesasteResf pulse,
generating in the hearing aid, in response to a trigger pulse, 10a test.
a lestiFOL S i AR Y CORVETHRY ProlesSPeRPIL S &ghHI hid arPatbustipuius
sierslimidids.signakivbarein thetime delaybetwarn the tggesnulsemnsibe
acoustic stimulus signal is essentially constant.
signal is essentially constant. '



