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Title: METHOD OF ACQUI RI NG A PHYSI OLOG CAL RESPONSE i’CT/AU2007/000969
[err] Abstract: A nethod for acquiring a

w@esvadiegi cal response froma test subject, PCT/AU2007/000969
particularly an auditory braknstern response, by

presenting a plurality of stinuli, such as a Maxi num
Lengt h Sequence, detecting el ectrophysi ol ogi cal
signals in response to theTlHtEmuli, generating a

recover signal based on the stinmuli and determn ning

t he physi ol Mgthadi of Asquiniag o Physiblogical Response

el ectrophysi ol ogi cal signals and the recovery signal.
[err] PCT/ AU2007/ 000969 WD 2008/ 006164

PCT/ AU20071 000969 1 TITLE Method of Acquiring a

Physi ol ogi cal ResppiE® BFEFREQRVERFTIONENTI ON 5 The
invention relates To asSessing to stimuli in

hu i i j ; [ : [ not
oo ek ticH (ateR b BB Sesind [EHONSE b Fhimyfih A< o
otherquiimalsy lamartiedan sithaugh ot exclasieslyt theyseatiogislates to a

f an ,auditory _brai ngtemresponse (ABR). 10
m%ﬁ@ ('Dfﬁ'f@a%'il% PR w?ﬁ@ﬁ%@mﬁ@g@m‘m@gm ef an

audlitorybraisternSegpondE@BRYt aspect of nedi cal
screening. Stinmuli response assessnent is useful for

di agnosi ng problens with vision, feeling and hearing.
Early detection of hearing difficulties is considered

to be a parti WCGK(I;‘-N I o t he

devel oped worl , ch year are

bor i Lapni £i cant hearing jnpaitnment. FEarl )

det onPidsteRsTisF oL Loiohes P Ll Frahimhgreat aprdet of medical
scresaimigf iIStimdlb resptmsa dssaBinept i@h@efuﬁ?&e&igﬁﬂsﬁbg?éroblems with

. spe?ch | anguage and cognitive ability. There
visighs feelifiguang hearingnkanndetegtien ofi heatng difficelties isaitonsidered to

' eenl rogr weyer he cost
be S BANIBAY R ork BioBlerh’, " BT dovlIBHEN Shoud o) J0.000
infants 2achegiavraae bamd withna siyrificzas heafing IOPLSNRSEOELY B8tection
th running a UNHS program depend on a wide variety
a”‘ff"?% , OhuSUGL BRIt sare; jasseniidl fef dheargemppsopriate

doRImeNe SESHRE oS B’ S BBl hefg mos
coundries hgve dnitiateidnenivensabneonhtakhearing sc@bﬁmgoglﬂNHS?.qbrograms.
Ho&gﬁﬁéﬂg:]%ogﬁt%?ﬂ?%’uhﬁﬁgcﬁegg |c|>rgg?anrﬂg aalreCc?osnts?deorabIrel,Jrgeglpre]gially in
regional and remote areas. The costs associated with running a UNHS program
depend on a wide variety of issues, but screening test time and referral rates are
two factors that have a significant effect on program cost. Specifically, it can be
shown that both halving screening times and referral rates produces more than a

20% reduction in annual costs of running a UNHS program.

There are primarily two types of devices used for neonatal hearing
screening: automated auditory brainstem response (A-ABR); and transient
evoked otoacoustic emission (TEOAE). A-ABR devices use earphones and
surface electrodes to measure the brainstem’s response to an acoustic stimulus
near the hearing threshold, and then determine whether the response is an ABR

waveform or random background noise.
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25 There are primarily two types of devices used for

neonatal hearing screening: autonated auditory
whe@snetiem response (A-ABR); and transient evekBaU2007/000969

ot oacousti c em ssion (TEQAE). A-ABR devices use

ear phones and surface el ect2odes to neasure the

brainstem s response to an acoustic stimulus near the

heay typicahABF aladeforrtsidviug & eevémposities peaks iethe first 12-

response IS an ABR 30 waveform or random background

15 Rest stipUWed sThrsermaksdrva eroTs ooy g relateror sysichenous

w5 By SHE S AL RS F o G e, o
audl’nw‘oramsteihaﬂmlamusﬁndhhaﬂam{momwu radlatmrhs ¢ dryveitionglly,
e BB o b Fown
PetaRé}'tWTEélgf ?é&ﬁ* ak é%ﬁd § wufFPé‘lY§ zéééﬂl@rft Wav@ﬁ%winﬁ at

eaks ar tenc usi n
mtawm af around 1vn$ Theplaaanales 9bwamdas i 1 @taré aae campoordy the

R o e R RSB e el Bng PSSR A and
thed €ortpENRG theif REendi®S to hEinaRleYddTE deatcREd b 5hrﬂ9l%% type,
clinicians sinply identifying these peaks and then

inteRsiyandtheptelgde.r | atencies to normative data matched
for stinulus type, 10 intensity and rate etc. TEQAE
dev WE&AElsdewae@ hase searptonesri and phonerophomastor enedseire the

cofBEHseRisbohBERRLAR 4% e SBNILL S aRA. I BetgBS WPRiner the
resPBngei 9 rPbtdzRBASHE RATLEHR wdan@bﬁxeba@grbuh@ thofse. Bdth the A-
and the TEQAE devi ces produce a pass/reter decision

ABR gl éh\etTﬁOﬂE sleyisesc prasiucgba epass/isifern desigiomdwasedoan the

ol A0 488l P B Syt SRRV 2 pochien

(TEBOABH)e outer, m ddI e and inner ear (indirectly) and
the auditory nerve and brainstem (directly); whereas

t heAF%nl% of 9l A-ABR id fhtaﬂirtéété tRE ihteQriQUbFthedifler, middle

m ddl e ear indirectly) and the inner "ear
ang dinnee t 81 (mﬂlrreaﬂu@aﬁndg &aafaudfi@ryrgmzm and hlantamstemarﬁdlrectly)

oS0 TEAAZSl 08, SRELRLGED bP BELEFET ol e o

(md:hlr@d:“tM anadtthe dhnéraéare(dieatlyls Ancatligintgges b tHef TE@JAE 1s that it can
her referral rates (apprOX| matel twice th

betqe Rietsgrpster angcanty Irss tparasiaray. Astisadvesiage of the TEOAE is
that itH8s[itS L Nghdlagd Ffélééf’hlagws( o??ené%é@ﬂﬁica v hlgB\er referral

significan Iy hi gher | eve nee
ratps.(@pprakinaabelyetwice that of the A-ABR). These higher referral rates result
in significantly increased follow-up costs and significantly higher levels of (often

needless) parental anxiety.

There are two significant limitations that impede clinical use of the A-ABR

as a neonatal hearing screening device:

1. The acquisition of the ABR is subject to high levels of noise
interference from both external noise sources and the neonate being tested.
Therefore, data acquisition times for the near-threshold ABR waveforms required
for UNHS are typically around 5 minutes. Furthermore, in less favourable

acquisition conditions, say with an unsettied neonate, acquisition times regularly
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There are two significant limtations that inpede

clinical use of the A-ABR as a neonatal hearing
waeemeenilng device: 1. The acquisition of the ARR/AE2007/000969

subject to high levels of noise interference from

bot h external noise sources &nd the neonate being

tested. 30 Therefore, data acquisition tines for the

exteary td DO enimokes, ABrwehiel Qéﬁﬁng lebrcéﬂy fa%rt@hl%tﬂreﬁmther time.
cally around 5 ni nut es urthernore, in |less
Thﬁgg%l}%%m ddeg] Qyfcameiasnt agdsite |p@r%ntalsa§}><'ﬁm ancyean result in the

ey A3) SR TER e bR s UeledRy 5 e Eﬁ(”j' fo 0
T2 Condf le. Aol BraciRE MY the AR JoLdbsf B I presence or

abséncalds at respanestat! orfy oney y\earlchregmbldewhmlusnrﬁémty (typically

e subsequent|y goi ng hone untested
35ng§n%all'|Lbr(‘é(ththr%t'Fﬁ B diesbresyt f dhef l@ngthVeABR acquisition

inBAP SRR 251 RSEH A SSRPOREA01 Bk RS e promes
utihEth (mhhmﬂb stiacdus éntensitiedi r both rabovet antl tﬂwowem‘ﬁ hiyearing

thrkSholis denzeh( that iE Tt sBl,ANHd siRonast PGRion due to the

prdﬂlb‘h\:@l‘y%ﬁ@ kdBltihsed Ntensities, both above and bel ow
earl ng threshol d general ly that is done only

dur iThg forﬁi’ 'f?rg <9|h‘1%1a1| 0; &%%ret%ﬂ is the  average

pr ohi bi t [ veI y Waveror m used
re#pmnselwawefarmlaﬁteerﬂm pteﬂemtaﬂdrsoﬂbe&weearm ance4po0dsEmuli and
vef or presentalt| on of between 1000

ft t nd .
806N A9 Hif erisaimble SVERGlEn the (eRbon SUHGAT. SRoemie average is
re Thl%d RABEBadY oRAhE na@aﬂ@ﬁ%&% katio (SRR % ’\i%laln%d from the

ecause of the poor si to-noise ratio
presendatiardof abynomestrmmlps cEkeapaor GNRis arq,lrem eesult ofithesevoked

ook s ieRBufh 1 Pthrbecbt e "8 ano elctia

so@eeEswhithadle &lriiddred 3 beTRE fscludiRgch are consi dered
to be noise, i ncluding: Ongoing neural activity in
A an
ead

o thegy S y i @n l e encgeph
I nvoI tﬁbr yq%uds,rgﬁl grbﬁ\ggpl \ll'?t ythgsugfwa{lﬁ Ca% m‘%}’ﬁl
rmvefwhnsncéplealogmm,gnetl c int erference such as that
radiated by mains wiring and electrical equipnent in
o thelrwiohintatymuecdlar aBPME!, sELPBEies®. arld 884$ mdRehent;
switches; and Acoustic interferénce, such as anbi ent

o OF E?édfﬁn%%tl@?n?&ference, such as that radiated by mains wiring and
electrical equipment in the vicinity, e.g., power supplies, lights, and

switches; and
J Acoustic interference, such as ambient or background noise.

Ensemble averaging is effective at reducing noise from the above four
sources, with the possible exception of muscle artefacts, as the sources are all
zero mean and unsynchronised fo the auditory stimulus. Ensemble averaging
simply assumes that the signal is deterministic and synchronised to the stimulus,
whilst the noise is zero mean and not synchronised to the stimulus. Experience

shows that these assumptions are generally valid.
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25 Ensenbl e averaging is effective at reduci ng noi se
fromthe above four sources, with the possible

wezmepodien of muscle artefacts, as the sourcesper/auaioh/000969
zero nean and unsynchronised to the auditory stinmul us.
Ensenbl e averaging sinply aksunmes that the signal is
determ nistic and synchronised to the stinulus,

whi ITee rhbst mmermnlys uzed Gtimars BFNA-ABR doviedy A SI9d ik Dositive
ience 30 shows that these

th t I
or ;@gaﬁyé WAWU%MWW agaf imoagpand deiaub ifethe outer ear to

au%&%ﬁ%ﬁ :b%@%%léé aa%m@ r@&%{%rﬁs IYHléég%I@tdogg nat) then
suchplitisstimuivswioalsl carénﬂyadéaslﬂe théumlpuisel fespbas® W etis system.

b B Gph ot USRI ARRISS o 1 2 o

|m|§l!ils€1ﬂ|*alﬂ$ IWtQhé'rﬁéﬁtéﬁfc@ﬁﬁﬁfé’tﬁod fbeeéﬂﬁé{esfhé ﬁg@ﬂ@é ‘?'esgponse

ftlssystem 5 However, 1t is wel nown t
of an linepiuisystensr Qther hireadiand stipelii sdthc as m:hﬂl&saotsealstepped-

rebiefike bF Bl s B LB TBE08 sl BblEEI S et e
syﬁénﬂuhd henebd insraskict theNONREat ﬁfee@lﬁfc@dt THI@Q&@M&Str@n can be
I rp signals enable increased signal power

dlf@?tjye&'ef@q ta dhe Hequisedtigmusel respanse; vier erass- qqmelam and/or

ot 53947 e W, CHORASohRBING S AU SR impucs

tramr osfterc Gefe&red itonaand/ ataxirham II@’fgtﬁnééq@er&;e (Q\YFLS?UQ’(as been
consi st Llnrh%dOf a pseudo-random i np

PrAfasEH i 3he GHOF eFte MBI ABLaRARgaP NS M s ratdhatows for
clidk¥L® ’bé"'ggeé@rﬁéd Bé& é’ﬁtgngwt%pbh@ep{d ‘Pﬁ? IIBVIOLge]QIICk has fully

primary advantage o t hat I"1"ows
dissipiatacs This badlquvse fmnaie dffeetive éndrivase dn purise répellﬂitm frequency,

revious click s fu 1 S ated. This, al
alsB o e et ol inderal Syt o8 heien v in Teduced test
timegsequency, al so knomn as inter-stinulus interval

(I'Sl') and hence results in reduced test tines.

Ho f: u t i

oot 0 4 2 ABET o 48 Bl s fBoed the vice

spread Bdleption of ML stiguliof the M.S | eads to increased
response variability, and so the ABRis not optimally

1. rec'ﬁlnsurregnlad ISingdf thav RILS leadeftbdncreaged ré@p@%ﬁfﬁéhé{blhty, and
non standard nor phol o Decreasin

f ﬁgéqa Aﬁéﬁ i§ ot jqptimally; F?@onﬁtéuwsgeaw\y@v&mrmg 0 en have
e@?é’éuﬁﬁéelg)con&&ﬁiHa&éd Abrl- g@%ggﬂ ﬁ%ﬁ%ens tudes

the i ncreas rate does n e for the

2. 4eCHEARGSIHY MRRISMRNAL R9Fcrbf8Rg thE 3R Mskinulus presentation)

results in reduced ABR amplitudes. If the increase in rate does not
compensate for the decrease in ABR amplitude, then the SNR will

actually worsen.

The conventional MLS reconstruction algorithm is based on cross-
correlating the response evoked by the MLS with the MLS itself. MLSs are
defined so that their auto-correlation is a unit impulse and so this process
effectively estimates the impulse response of the system, which ideally results in
the acquired ABR. However, this reconstruction process is only optimal for

responses generated by systems that are approximately linear and time-
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actual ly worsen. The conventional M.S reconstruction

algorithmis based on cross- correlating the response
we@ymkediby the MLS with the M.S itself. M.Ss aP@r/AU2007/000969

defined so that their auto-correlation is a unit

i mpul se and so this process 30 effectively estimates

the i npul se response of the system which ideally

invagiant.t SBiitbothh ABR @ lRgdABIRd rd@émyetIaryt Sighificantly with ISI, so
reconstruction process is only optimal "for responses

cop¥ertionad inesr @ygﬂéfﬁ%cttqma@lgaﬂ@rr@@rmuhmp@ml | i near and
time WO 2008/ 006164 PCTI AU2111171 000969 5 invariant.
But Thetapplisetiompf MLstie thedadopisitimy of tineyABRgwas ficshnieksgribed in

T

Maxivauat (Bngth tseoientes bea ABR Mshdd Fait m@agenh@ ffainlstem-evoked
%ﬁm shoI dt and Schrei ne . and
'@tﬁ iolc2il, 242-298B Ahe memel ﬂﬁ\;ﬁBRerﬁgpnstswmmnbed by

LR e

teohmmmt Howeer dhiscrmeéthddbyis oylhodstimaindyiseir @ppiéd | o the
eff| cient matrix inversion

reqRRefite of SR, STl SaUReTE Ghiineeh FiRdnaaRt System.
Re?é’r@hb@drﬁa‘{?/ bR® HeehHRRStE UGhita S%BtégLéfgérgn@hﬁ\b%‘fqg’rﬁé’z? by

froma |inear tinme-invariant system erence na
Tharrgen bet. hald wblcmndemﬂwlsaaemqmmr@meffmmﬁermﬁléﬁ@ﬂéhdﬂy of the

co B 58522 e LSR5 TR o s RBbnstuctor

is p@mﬁfgdy@th@aa@l,ggcghhgumhere response reconstruction
is perforned as the data is acquired. Although the

CONKRAbLGR e ébh\ﬂé?ﬁfoham-lﬁeéﬁ% DQtrEHGﬁétﬂfbtibﬁctEElll ﬁfﬁ Ge P38 been

been 15 used extensively si'nce
used extensivaly sirasotherny; @cnumbert of ltemative fegoastreetion techmques

nafi BB mRSE Blsk SBpineiie BVRIRYE e Shlt BaigoY obitis Mthod.

FoVes@antpl®: VdraskaerRahd (4984 van Yeanepas k Lfééky R.E. (1994) A
Assessing the Relative Efficiency of Stinu

Fravagueric dar iAssessionetherRalalivae E%@gumerﬁnﬁbmmusaﬁﬂquences in
6 AN RIFTEE), PR oA TTARE 2 s

a fmmewm«efsr asbessingl mefflb%n@%mfm(@ reédustructien seglences. They

se| ect ove sequences that maxi m se the
desgrihep ﬁﬁé vﬂ{ere dhey canerlect regavery seguansascthed mesimise the

f t e
SHSIEIASES AN o e LSO MR B e,
thearcwbddtimydlmm mdaMyssdnsMhS tespodsss iteat édsistrplibssum of
scalsd "and ¢ hliéiede vergllons of the desired ABR impulse response, thereby
ignoring the implicit variations in ABR latency.

In a more recent attempt to improve upon the conventional MLS
acquisition and reconstruction techniques Jewett et al [Jewett D.L., Caplovitz G.,
Baird W., Trumpis M., Olson M.P. and Larson-Prior L.J. (2004) The use of QSD
(Q-Sequence Deconvolution) to Recover Superposed, Transient Evoked-
Responses, Clin. Neuro. 115(12), 2754-2775.] describe a g-sequence
deconvolution (QSD) method that utilises stimulus sequences with minimal 1SI
variation (so called ‘quasi-periodic’ sequences) so as to minimise ABR latency
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25 ignoring the inplicit variations in ABR |latency. In

a nore recent attenpt to inprove upon the conventi onal
wordBs/oeaewi siti on and reconstruction techni queBCTYRUBIT/000969

et al [Jewett D.L., Caplovitz G, Baird W, Trunpis

M, dson MP. and Larson-PriPor L.J. (2004) The use of

a%g (Q Sequence Deconvol ution) to Recover Superposed,
VafiaLQR; siWes Rk &d MAIORAEgHeR o this rappxeachy is 1hst i2)elies on a

e cri he:a qs Lut, D). . .
SRR, oSO S0 T SO i
opegatiory am ithei Baulisio doatdirdit Buasil- Reswedhet ddsBANFESequency
da9ai8s, to mnimse ABR.Jatency WO 2008/ 006164 _ )

P& Pﬁﬂf@@l%@g%@"p YVisRin dhe sighalvas a reswllj @rany Fourier
coeffibidrts | 8mafEr tihah RS Om@re‘fé’ret higley! ?rc?y?%éﬁagls? OBorfputationally

deconvol uti on operation ich i§ conven y
expRpsivae Hemlives proagivrs itbal atterapte imdindnatdsefoandcethat meets
f |1 _knmown that division.in frequency )
ceﬁ%@#%—%%c@%%ﬂﬁﬁ %gq]?rlegug%\( APy, pg@strq{n{sh&gp@ﬁmexclusnon
of &usier amyritudbsasys i 1Nt Shang il ﬁét@a.ttﬁaﬁﬁﬁyéﬁéteméfbf aq-

one. Therefore, they propose a conputationa
segusReR that meets &t given meicfennstreinis iatnot msssred andnierce the

Q msa%&””ﬁi&eﬁéé@abﬁﬁw ain pre-specified tine ag?

requency domal n C raifits (including exclusion
Foukd.er itu ess 1 t should be poted . i
PO R Lo B b oS0 el 5 Goaibed i
Bedladt aifBehSLr, Alilihs R andlutmah Lm@_(eodziﬁr@'bﬁﬁwiiih t{]lé%r?quisition

'rrgD method has limted applicability. The apliCa
timsy of1thet MiqalR lpirngy eespensacysing speniseymi lengtls segiedces and

59 BeblsIskE ik, PR A TR LA Spring

mihiadenciB| restpesn 285G andeX By ahg NaLAs a5 RS GssBBRAt
irps. J Acoust 58%}%: Am 112(5), 2065- 20@%1. Bel IS ed wave

h
(pé:?ééégi pedghhramplijfudes amd nlaianeigs. | BhilsttBelbrepbéts anly small

; ad.: ' i.ate eak fo .
RSN e 15 BRI WS b 0 lor
ISlearhplitadel ion-(iséarity s tascdémpnitrstedninkbe@in b) sigh@RAAS deBrease in

observed wave | atencies, there is a clear
wayeamplitude a8 StRUHUS rHedneregses denonstrated through a

significant decrease in _wave anplitude as stinulus
r at &Ne ARRliggtian to MirfeinapbOAEais dascribad # iUniteECAEtes patent

I ' ni at t , nunber 5546956 b .
nufpBEE T asbee oY rBEhohy R SR Ele BHRRimBR( R T invention
destwibesi dreacanstie stistuls tdteimsadurall Bys anBafHl BFOBY indRrted in

aur.al probe insEHe_d in the subject's ear canal. This

the pgcico rar sPRab This mrebe sansbts Wi teh miskphioasevith associated

signal amplification, that detects the sound returned from the subject's cochlear
in response to the auditory stimulus. In this work the minimum IS! is varied
between 200us and 25msec and the associated OAE responses show a clear
decrease in amplitude as 1S| is decreased. However, as the OAE is a response
primarily from the mechanical, rather than neurological, portions of the middle

and inner ear, there is only minimal change in latency as S| is varied.

There is therefore a need for an improved method for acquiring a
physiological response, which method overcomes many of the above described
disadvantages of the prior art.
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fromthe subject's cochlear 25 in response to the
wa@psoady4 stinmulus. In this work the m ni num | BT/AE2007/000969

varied between 200s and 25nsec and the associ ated QAE

responses show a clear decréase in anplitude as | Sl

i s decreased. However, as the OAE is a response

primarily fromthe mechanical, rather than

neur ol ogi cal, portions of the mddle and inner ear,

there is only m GBIECTOMYTHEINVERTIINAS |S! is
varied. 30 There Is therefore a need tor an inproved

et RdrdiBfe 8 @8It Bt pRRKA MVBRGRIS 0%RRRESRe ot féhst
nmet h overcones many o e above descri bed
alleNigtedorenoamese of thehabowa mitatians MELABRYEVELBG 2 method for
PCTI AU2111171 111111969 7 OBJECTS OF THE | NVENTI ON
acqyiHpd At aHdjiory, pjaupetegy "45P@NEFesent invention is to
overconme or at least alleviate one or nore of the
above limtations including providing a nethod for 5
acquiring an auditory brainstemresponse. SUVVMARY OF
THE | NVENTI ON AcRHMNIARMOF THREANVENTHON he present
invention is a method for acquiring a physiological
r es peaersiingyniprans fogmi the Qlteepat ioventiore ised mathod forsacquiring a
of s

ph}’?{? 9?0535) J( eCtol?ge' ﬁ%lggog{n? estt%%ﬁ (im‘I dorgﬁentmgt po 3 Z’Elest sui)ject a

plurhlg of epfmydivatrogarizdle stenatimlieidialt egétettihg At 1 n
response to the stimuli; generating a recovery si gnal

ele@érgéhy@ﬁlogr@l stanalifrem thedest wbjaﬁbpmrewsaqf@ theatistdiy
aeflbretifE o RERVElYsiahelctlh RS GF el el na
latﬁrﬂwoﬁﬁel relgowerprsygnailao]glnmcailfleictacmﬂlmgsﬂoghelrl]ntesisﬂmum
. ot t electro 1 0l Q] Ca I gnal ,and the recover
'"t%fVﬁﬂa‘P‘htﬁSLﬁ“f'&B'lv 9%%@%&”“ hGia g ﬁga@efqaéf%ﬁwsm@nad ing
brai nst em
O SR B 00, T
t . .
oot Sulab P e BHRRAE ol Sirh i ang WP Rgtigfofll redionse is
an Guditssy, br%xirrstelinuespense OaBRE bursts, chirp sti nul | , or
other types of stinuli. Optionally, generating a
r eco)peleaﬁy anéle tharedoon atbiRogudink @l AreSpre8bhied to the test

ITPFI ses appl ication of a conb filter. Optionally,
SUl?Jﬁé $88hod i s performed using an automated auditory

Optionally, the auditory stimuli can be broad band clicks, tone bursts,

noise bursts, chirp stimuli, or other types of stimuli.

Optionally, generating a recovery signal based on the auditory stimuli

comprises application of a comb filter.

Optionally, the method is performed using an automated auditory

brainstem response (A-ABR) device.

Optionally, the method can be applied to both ears of a single test subject

simultaneously.
Optionally, the test subject is a human neonate.

The present invention therefore enables acquisition of an improved ABR.
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nmet hod can be applied to both ears of a single test
weubpeatics4 si mul t aneously. Optionally, the testPGUAUEOI/000969

is a human neonate. The present invention therefore

enabl es acquisition of an i n‘groved ABR. WD 2008/ 006164

PCTI AU2111171 111111969 8 Enbodi nents of the present . .
Embodimenss of fpesaBRiNvenion enebledABR wavaiprasite ke agquired in

a SBicphfi? B e ofite SUpialts SRR ARt irbPhadhe |
effettivoniss al/A-ABR devicash eariags aags N or @exampistduedrdifg to a
t he present invention, a single stinulus,intensi {g can
mg@oda‘ttae Hr$§®t$m‘§ﬁﬂtﬂneaﬂﬂ%}e sHawlysy W_Ee"t%rpq € .ste n
si#rﬁﬁé‘éﬂtﬁﬁe@g‘fiﬂ{éjﬂh & i& Pe ity aé’d&rgﬁwg% ridr &%t teBhhiQUES Sallowing
or nore successtul testing in difficult environnents,
fos moine ascodesfel tebting asdifficsitlgnyroniments, fsudhetsywhererthedest

subiartis RaoeRLfeotar® st st Wereon STt bREkSBPATdlse. Also,
erﬁbbdﬁHéﬁftz?{‘f?ﬁ;"ﬁﬂésbﬁ?in‘v@n@&a eh&sleaAumilld simalukastensities to be

period I's conparable in length to prior art test
teptedi duting a tesiperioddhat issomparable indergtbdd prigs art test periods,

o5 R e LI R .2
AU R IR R A —

a;&fi‘eﬁléﬁtsﬁ&ﬂqw@oﬂdﬂlﬁn?'b‘é@éﬂédodbﬁ:'ﬁiﬁtibﬁ. enabl e a person
skilled in the art to put the invention into

practical effect, preferred enbodi ments of the
invention will be described by way of exanple only

w th refer engpyER HESCHIFTRIRY THE HRIMES | "
illustrat. M.S, di t 20 dj .
e 5 BRI b RERETh S A PR PR sRhea in
theldrif p@tthBInidifionsiatodpradticaldfiees! préfarrad evpbobinfidres of the
and a response buffer that stores sequential rows of a

inventiomwill bexdessribediy wiayiol gxampde calybuidh referenge tortke
i iQni FlLG. 3 | h illustrati
o BB R e e P cn v 20 °
or oo {vsiary o aneftuge v R SR LML ddBiing to an

erhibBHFntIof S bR&sEnt irfledtibANShi p bet ween wave
anplitude and I SI, according to an enbodi nent of the

Prese, 2 Rue8thGRatic diagram illustrating the use of a cyclical stimulus
buffer and a response buffer that stores sequential rows of a response matrix,

according to an embodiment of the present invention;

FIG. 3 is a graph illustrating a typical functional relationship between wave

latency and ISI, according to an embodiment of the present invention;

FIG. 4 is a graph illustrating a typical functional relationship between wave

amplitude and ISI, according to an embodiment of the present invention;

FIG. 5 is a general flow diagram illustrating a method of generating a

recovery sequence, according to an embodiment of the present invention;
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FIG 5 is a general flow diagramillustrating a nethod

of generating a recovery sequence, according to an
wensdodarent of the present invention; WO 2008/ POBGAB4007/000969

PCTI AU2111171 111111969 9 FIG 6 is a graph of

anplitude v. tine illustrati®%g a unipolar recovery

sequence (FIG 6a) that results from an enbodi nent of

t he FpGeS dént grapteof aowplitund v.ainké fRistrating aaudpylas esitrBae

FI G 6&) té}%t rﬁsul Bs from anot her enbodi nent of the
seqpercsFIERRIHhALIESULS fiom an qnabedigent phthe PreRent iryeatien and

P . » bl . .
B B B I BT e Bl Bment of
the prasest inventjoll , according to an enbodi ment of the

present invention;, FIG 8 is a graph of magnitude v.

fr eGl@NTys algenstaldlomndiab reem niagtiating e wiethddef déteapingy an

sponse of a. . bandwidth limting filter fromO to 5
A%@“éiuﬁpam& am@%%r%hve%w&mvg}é@n%m% refaveaneignal,
acbEEfY fo0ah eHb@dirﬁehﬁoﬁhE&ﬁ@%&finYQ@rﬂ@n‘i ude v. frequency

il e o t he

ustrating the magnitu réquency response

of 0 i I ' .

b IS e ot b v, rEkBendF iRkttt i Algnitude o
theg‘;ra@lhemﬁy |tdeispensed oﬁa‘ﬂddnﬂuﬂtﬂhilidhﬂiﬁﬁg fiked fngma0 OBk, a68ording

of a, 15 desi response and a response
to ?%@qu?r@@f‘fehﬁﬁé?rﬁég%t IRYERYARY i onal t echni que

according to the prior art (labelled |inear _

r ecbHat Pue @ giaph ehaagsitude ¥. freaHeacy Hustiating ghe snagnitude of

' t res I gvent ( I .

thef BRRALREY reShohald ot Sodithn LR o' T S agoorgng to an
embedirhéd ofitheipsesergriapdntionni | ar to that shown in FIG

10 of time v. anplitude 20 illustrating a conparison

of RI@ed0rgdargaphnsfetimedyaahffiRedts dlusGadngta Wonhgdtison of a

usi ng a conventional technique according to the prior
degirqd [§spOEsEEN 7 fRSRONSEiesABSIURaNoWSINg #hepraniignal technique

rdh r .

aclTE UL 26 PRl Rl ReBB AREa RelorBlrubliEE S Uoipg, @ method

accﬁTd'mgdao MVall einboslhento oIZtH@;prEskédﬁtf ikention ¢abelled nozn—linear
0 l.agram sumarj zi ng a et ho or acquiring an 5
Tng{}a%Bﬂl@fng P8 3'&&%5@&@ M$ecording to an

enbodi nent of the present invention;, FIG 13 )
denbHzt T hisea gfand sintile¢ i thajshawndndd@i ABmf tiste vhamplitude

o . oo . fo .
b 2R AEAIE o B PR thbonstructor
usingizochmusmtionél teblnigoeexticording fo the prior art (labelled linear
reconstruction), and using a method according to an embodiment of the present

invention (labelled non-linear reconstruction), but where a MISI is set to 12 ms;

FIG. 12 is a general flow diagram summarizing a method for acquiring an
auditory brainstem response, according to an embodiment of the present

invention;

FIG 13 demonstrates the efficacy of an embodiment of the invention in

reconstructing an ABR for an adult subject;

FIG 14 demonstrates the efficacy of an embodiment of the invention in

reconstructing an ABR for a neonate subject; and
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30 reconstructing an ABR for a neonate subject; and WO
2008/ 006164 PCT/ AU2007/ 000969 10 FIG 15 denonstrates

wo bmsebédisLcacy of an enbodi ment of the inventi oPCT/AU2007/000969
reconstructing an ABR for a neonate subject under
different conditions to FIG1014. 5 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Enbodi nents of the
prefd6t15 demunistrateselﬂ;ﬂecééﬂcmdymfrairi gmbodinedritast teé apention in

acguiri n nst emre Accor di ngly
re?%%t'flﬂr@i'ﬂ @Esfo Of'ﬁ i AUbipP dericiierent eenditiges 1 FIG
14schemati c form in the drawi ngs, showi ng only those

specific details that are necessary for understandi ng

the enbodi nents of the 10 present invention, but so as
not to obscure the disclosure with excessive det ai

St DETARE BERRAToN O 19 SRR 2L

ski int i sent

£ e amBndiRiing Aet SreRBSnvertin Pudibtaal Fnstiop Saps for
acqamﬁsaﬂ alditdrg P bk vesibrizae /&lc%?@iﬁlefh@Hétt%H EePPhave

anot 15 el enent or action w thout nécessari |l

beea qliustra’ﬁ@d 1 congis saleraatic fymruial thewrawings), ahowmgwrpiy those

soBE A e B e e e g B8 i or o

préshm‘c |ra/emtlonebat sores motito absdure ghe dfsclo%l@@@ﬁ\ﬁﬂhl@(cbhéﬁ/e detail
rises a list of elenments does not include on

thqtm& bedearivnapparint tedipse rf|ardivapt sl lrétr@@mhgvmthe benefit
ofﬁi@ﬁ,%%@hydgéaﬁﬁﬁm i ncl udi ng el enents thfat are 20

I nherent to s a process, nethod, article, or

00 1t Spef Hedif sRitvES SHEh a5 ITCAN, 888nd ekt and right, and
thelilsmaydse abed Bo@lyatd@smqmﬁﬁq ere letsmbiit enadtlon frbrnharidiger
M.S itself. Ss are defined so that their

eleien). AARGtionitRattinecssaTily reqHiung er inplying ansactyabsieals
relﬁfléﬁéﬁ BrloYd It\{yggtﬁeéu% k ;{)r?é:esr oF PARR RISt awﬁ}@}ged to

syste whi ¢ results 1n the acqui red
defiloavaven-exclusiva imcduinaxsuuttﬁhahamroom method) grticle, or

f.or respons erated that are

2P BB . 1At o THeReh 1ot @ETToS aRpidtaeiud PPRelsS elements
bu¥\Rri Qn@lﬂaérd?méﬁ)en@h& lisfedh t

vary significantly with é%?egggelr ef orﬁjrmn%\%lérwlé%ﬁgpat are
inherertdp susbanpracgss, wethidyarticléner appasatusb- opti mal . 30

According to an enbodi nent of the present invention, a

recAEed'yscs'sgerhlabm/e gmmeeatienalt NS creuomtaattm Blyorithras are
baséd 'on cross-correla’untge2\C%s;%‘é‘tglseageokeéj %y an I\?LS with the MLS itself.
MLSs are defined so that their auto-correlation is a unit impulse, thus this
process effectively estimates the impulse response of the system, which ideally
results in the acquired ABR. However, such a reconstruction process is only
optimal for responses generated by systems that are approximately linear and
time-invariant. In real world environments, both ABR amplitude and latency vary
significantly with 1SI. Therefore, conventional linear reconstruction algorithms

are sub-optimal.

According to an embodiment of the present invention, a recovery signal is
generated that compensates for the variability in latency and amplitude of a
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WO 2008/ 006164 PCT/ AU2007/ 000969 11 response due to
the variable |1Sls. Aspects of the present invention
wo es/opiievi de  an i nproved net hod of acquiri ngp@BRU2007/000969
wavef ornms, which enables an A- ABR device to be
operated as qui ckly and easi as a TEOAE devi ce, but

refpssiie it 16 ABRIGABHS dABPEets oTEhearess i Vg iartibus provide
anihffienid ARied Eﬂaégﬁ g R BHHES Wi h?cl?eég@lgéHngA-ABR

di rent of the |nven 1 on ere

deymed@sbeamerg;t&;tas lqeldzkf)mnd easityeasalTEEARadai®s, 478 withsan
ot her

nder st b thoseS|IIed|nthe art
acllideydfat BERLNAGE €0 HETior darcaimvarbions AARR daveRn
t he copgaéﬁf tEe pr esent |nvent| on. However, the
pr e$ Ot ClERY; the BEeseNtpdetaileds dessantion relatasoltoow nepecific

f, f n n
en%tfbcgiﬂ%%ﬁt %ﬁﬂ@;&%&ﬁ én\tﬁeg{tlgh \glﬁe ?gg%ﬁnb %Légygaggq%ﬂed for
ceHaul fyge@a@’m)e}ersoﬂsemlldra uadersimtd by thOsdidkilledhihshe art, other

oS AR B 45 vl oo et o marsen

imventieat Howiev@ﬂ e E%e‘n[“é%’fﬁnle@lndé%g% b@%‘aéébe]pﬁétﬁe%ﬂowing

A2D at the sane 15 frequency, IS 0O
sppeifie ppgNeterisettingsis of ease of i rrpl enentation, to
run themat integer nultiples of each other. O der

* (0) Sampling ﬂk&@emys(sﬁ:s)tof bbth einaldguerty ARl QAZD? and digital to
descrl on r} actice an MS of order 6 is likely

beRaiRIpeR) &rierteis pritetis 4 i fobls o  samping

Se%éﬂé@ (% 4 ‘?@ horlos nﬁé@se?&nd“s th?wﬁ ﬁ%% Spéfﬁ)g aft, it is

uni pol ar onsisting o cks
sev éﬁt 3 rgst(lsﬁmrenn élsg inventioh it rut botmmerIDZAdeMZIDm ¢he same

o TERNERGE, aRRBUGRCE, & "artell IbraflSbR. Sin risrins oot sasse of
Wi dinhpleMEntatiors; &b r@@tlﬂé?ﬁ_aﬂrﬁé?’ir?ﬁ%%ﬁas( Sheadl otth@?

chosen D2A frequency this re four sanple

* Dot O CRonhBIILS (s bty & rorerunbBog of Bestiadn. i Bractice
d| falerl\éh&oflorded@ isi Itkuydto:b_b em‘pldyédeOrdér 4t plodeeds a bipolar
X T o s e
f r egoiisn oﬁei@H@ 1 Sqféllék’égloérﬁﬂ Sﬁ\ll\@q 2% nﬁleh’@%@h In ftl’ngta‘%closure

30 Referrl ng t grap
il IW@N’EH@%ST%@GM@e” sequanoesihat areagemeratet front anﬁnltldﬂsatlon

pressee(mencg q:rét" ks I\/HXI mum | engt h

o Stimulus pulse width (Pw) is set to 100 microseconds (pus). At the chosen

D2A frequency this relates to four sample periods.

o Minimum inter-stimulus interval (MISI) is set to 6 milliseconds (ms).

. During data acquisition a differential mode biomedical amplifier is utilised
with the following settings: gain =100,000; high-pass cut-off frequency =
100 Hz; low-pass cut-off frequency = 5 kHz; AC coupled; No 50 Hz Notch
filter.

Referring to FIG. 1, a graph of amplitude v. time illustrates an MLS,

according to an embodiment of the present invention. Maximum length
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have been used extensively in the prior art for
wao e@ssbas4 f unction and/or inpul se response NMEBSIABBN00969

of linear systenms. The esse of such techniques is

to apply an anal ogue version an MLS to a system

der test npl e the resultln response and then

selili5Btes, e hEENt wrasl AXISIENAY Vi e RBOT @rofargimaserfnction
andforainfRASE RESp SR MedshirepiBitiof Ii?\‘éaMsﬁown | gﬂzéﬁ@%éﬁfce of such

ener at ed usi nP shift registers as kK
te¢iiniquesis tappply an winaidgue wersidnsofjandvibSelo alsylstems unkler test,

sapfbie 3t Woykind resbonss: apgripehiahse sorelite fhisatesponse Vith the
origagl MIC® onasBqlicnge lderivde@ filpd AUl a: 10 y = - 0. 5(x-1),
Eq 1 resulting in the follow ng sequence: V;, 1 ; 1 ;

; Ah MLS Ganlbe ébSIIQ geheragbd u&n éhlﬂ%gm% a§%|8wn in the

stlnulus (1) and siléence (0) in e sequénce nust
priphedr fulizltye e hlr@olaf NB.S @ogﬂneéaltesltsuwl assthmfoﬂewmgdt h

The nunber of sanples required for the 15 stimulus

pul se wi dt B-;Np1;i-$; daliculatled;usi rMg-1;Now-t 1}

round(Pw Ts) = 4. Eq. 2 Round() indicates rounding to

thathie thdrosestertett 02 Unipbliirsdgtiehbé ActsRithg B il forhale
the nunber of additional zero sanples (Nz) that nust

be inserted i §i®-¢Be-1pequence to achieve the requiredgy 1
m ni numlnterqétlnule(usﬁl nt er val (MSI) of 6 ns 20 g

resifiingin tNe BlIGWRRY éﬂtu@ncgy Npw) = 60. Eq. 3 Floor()

i ndicat es roundi'ng e next srml I est integer. The

sequence i scf.hen 4. npdjf ped).b n 9, ( -1
zero sanpl egt bg‘t wégﬁ dg:att:)h(bcbr‘l}/glbha ﬁpOS ’ BLFt he

h [ e | .
NeRf it S ?%nf)es‘?%%%'??ﬁgEwaﬁ%gé‘q%peﬁqﬁ;&usEbsdﬁ%Vr”@ceI@ted to
thestrequ ﬁmwa@qmgé voMﬂf aThe | REbEr lof sampled ééeﬁnrea for the
in this case 90 ns, IS created

St"T'HiLES @éﬁﬁé\ﬂ@@ Wﬁ")l's §a|CiJfat¢¢|1éISfﬂ§1| | owi ng sequence
i ndi ces, all other sanples being zero: {237-240;
477-480; 717- Nrov =98und@y/TepE#A. 1920; 2637- 2640; Eq.2
2877-2880; 3357- 3360} WO 2008/ 006164
RoBCtﬂf()Ahld'[cmﬂs?rcﬂﬂm@to il closest integer. This is then used to calculate

the number of additional zero samples (Nz) that must be inserted into the
sequence to achieve the required minimum inter-stimulus interval (MISI) of 6 ms
using:

Nz = floor(MISI*Fs/Npw) = 60. Eq. 3

Floor() indicates rounding to the next smallest integer. The sequence is then
modified by inserting 59 (Nz — 1) zero samples between each original sample in
the sequence and then repeating each sample in this new sequence 3 (Npw — 1)
times. In this way, a complete stimulus sequence of overall length Ls = 3600 (Ls
= L*Npw*Nz) samples, or in this case 90 ms, is created. This sequence has 1's

in the following sequence indices, all other samples being zero:

{237-240; 477-480; 717-720; 957-960; 1917-1920; 2637-2640; 2877-2880; 3357-
3360}
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Next, it is necessary to check that the length of the
sequence in mlliseconds is |onger than the expected

wo engbbsied the response to be neasured (for anP@BRU2M07/800969
is typically Tresp = 15ns). 1 this is not the case it
is necessary to either: increase the order of the
M.S; increase MSI; increase Pw or_ a conbination 5

Nexie ftde Megassaryitai cheskiibet Hienlenpth athe seruencssisnmilliseconds is

op B he 535026 IR GO AR PR i

is atgpicatly aTredpb‘-y 15rask Bkhig isjnot rthé heasw i, isshaodegaly to either:
har dware setti g u to inplenent a nethad of the
ingfeaserine oHelgE R 1158, ML Hinargage ISl dicrene dg¥sor @i ganapination

théFé&f'uﬂEFﬁhlsS&éﬁ%é}éfﬁt |§I o ampl i fier 10 gain,

resol ution imuli, can be found in
oL B Y BOCHTIHREIH L SoFENRIER anor

hatddrat@ appatatml lagkriowvraint et ars.ulg @it be aEpreciBéed by those skilled
ence is first rel ed to

in S0 By Sanaaizh RGN CSsnes e IeHagmenba radhgRiatdhe present
ln\r/éﬁtfon Js@cri'e?sf ’elécfﬁogjeg gﬁiﬁg@#@éﬁéﬁg?)se%ﬁ@%alstlhﬁlﬁg | rgpRd amplifier

to an anplifier an ucer ‘coénnected to th
gaimbjesoiutione cand Tireskingu istimuliacad uee rfognd ibestandard prior art text
b e%rrpl e, a conventional headphone, insert-phone or
QA posabl e ear coupler. The anplifier and transducer

conmhjnation are conveni entI cal i brafed t present
the 51§ fimyWisgseqiesiseganesy egcﬁﬁq@eiﬁr@@@@weewresented as an

n r | 3 e
SRR Wi or B 68t BT AR e, secuence s
rehiyqdi ®i ai BRAt tm\&tﬂeMamplenb;ersammelai thet remuired sampllng rate.

NPl T T erpIaaiie) sisal T, iRiecd fa oF ARITSr A asund @énsducer
coPPleBteP Ry ﬂ‘x@%@b}é@t §V>éart Hihe &Rl tﬁaﬂs@ﬁ@é}* ch® H@rfér example, a
accurately and reliably nmeasure the subject's hearing

canyestonalieadpbongi ingettgohone qirdisposabisrbadcowpler. t he
stimulus is presented 25 nmultiple tinmes to the
subj'EhH ampdifier apdt tvassducer mombanation-aBd @dnvamiently calibrated to

res .i a cyclic. hi on, t hat on, as
prireR e atnuus ot 2" e b b isshes EyelFriBffe t9'8 nofmalised
héa?i‘h@ate@@l %éh%ﬁtfdimllyh‘?orsbaélhﬂlel fhrémgnéétebﬁoﬁ rl=ﬁ:qu131t|on the
stinulus being presented to the subject's ear,

stigngus nrdph§l§y i 8¢l ath Wedgrecified lﬁléele@ft apundodh tdEmHles!tlowever

th% u[gjéf %la ‘? Oéerpee)ég%% lﬂ% vg&%% s%h‘ﬂﬁg Entgﬁgﬁ' 55 t%ﬁol{/rgf 85§ below

thigl leUBidihcrtle At Mdre &iccupdtelysans esliabt hEa%aF@H@stebf@ hearing
A2D converter_ at the specified sanpling rate.

thrashelti cAscaiding fo dhe cpigseet gmhodirapaht gl starmylusr iSepresented
mmp?eoq)ﬁ{e%oﬁ}qpiepgﬁjéb{?s”elajr &qggggmammum of N = 3000, and is

presented in a cyclic fashion, that is, as soon as the presentation of a sequence

comes to an end, it is repeated again from the start.

In response to the stimulus being presented to the subject's ear, an
electrophysiological signal is detected from the test subject. For example,
voltages measured at surface electrodes are acquired via a high gain, low-noise,
biomedical amplifier, and subsequently sampled by the A2D converter at the
specified sampling rate. The biomedical amplifier can be a differential amplifier
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14 with active, reference and comon (ground) inputs
connected to the subject's vertex of scalp (close to
waEzgsooape of neck and shoul der, respectivel y. PEDAENBI/N00969
ot her nontages such as ipsil ateral on mastoid, or on
front or back earlobe are al%o suitable. 5 Referri ng
to FIG 2, a schematic diagramillustrates the use of
with aglive, cigferegee rﬁﬂdﬁommeﬁ rebiodp inpedp @oneebieds tr thenaubject’s

r 0 spons trix .
el SR 0% B b anino Mg S REY SFewlRl ehbesiivetn However,
otider omtageEponsie asdpsitasial RhesrBiod | @noﬁffrddi%rsﬁédﬁiéé’ﬁobe are
i S lflred it is relayedfromthe A21D converter
a’%‘%%‘r"gi’?n sequential rows of a response matrix W|th N

rows_and Ls columms. 10 A recovery sequence is
genﬁ%fﬁ@rmq ioR®h8, atsorematicsdiggesme dllusirates el usemfva cyclical

I t
SHFUCL LIRS andld L BSEE Lurief PrarcfoRy Sifishesf i of airgaponse
maiﬁx; aecordmtgft@I ars ehibgldirmeniofthe drBsenti lﬁv@micwm@% response to
omt he Puls@g wi dth using Pc = ceil( %‘l’
eaﬁhcnr%%%tg 100 Oh thergtimplusrie agavired jtas g@gyed pagt{ne Amosmverter

an}@%??rt)e&ﬁ%ééq@gﬁ ﬁri‘?)g{;seofté{"%g%ﬂg\?’ Sﬁeﬁ% &ﬁlﬁhglg éew%%?@_ Ls columns.

(i & yoRieny pediinele SHEIART tol ety SeptieRcs Bescribed
absee Eniodowss Al r&ﬁﬂ@éroaminple@ écﬁﬁ@éntf’tg tﬁéﬁfémm)éﬂ(rﬁﬁds sample
I Vin j]_ £/Fs = 11.247ms. Eq. 4 20 AIS
af%ﬁ% gaﬁ‘Frﬁe Qsp?%&ﬁl%f) thagepiiat stimylisnsamplan(Po) is calculated
frohmf?é gfs'aemld{'ﬁ L{Sﬂ‘fg‘jﬂfa" ?eiE(EMRSBeiII(WﬁtéQ?omcﬂﬁ&% the next

I at en de o
largest idéger. PR résults in i sequerndd dratties efght 1's in the following
. qi“ scernabl e peak near-threshold) is <calculated from
n functional rel ationshi ps estimati ng expected

wave Iatency and a v) directly from

1SS tha zsé ?ﬁ, % 8089190705 ka7, 3359)

V\aveLate(ISI) . 5 Referring to FIG 3, a graph
ThmaV@gag%tnégr-atlmyNSdatervaJ {AISI) iscalewatad bassd on thetangtn of the

seffftes £150 86087 8nd Hre sARER Gl B8R S GRiRGT" ©f

PCTI AU211117I 1 11969 FIG 4,

graph | | | ustr @ arsypf'%g? Lﬁéﬁ?'@%&t oreI at i onsﬁi p FEa.4
AI§I Ve@gﬁ'@)‘(ﬁﬂ}%&é@ﬂgy‘j tvlw%le th%c%mrlu?r% fn?er?é]tlmulus interval

(2*MISI). Next the average latency and amplitude of the primary ABR wave

(normally peak V, as this is often the only discernable peak near-threshold) is
calculated from known functional relationships estimating expected wave latency
(Tv) and amplitude (Av) directly from ISI, that is:

Tv = WaveAmp(ISI) and Av = WavelLate(ISl). Eq. 5

Referring to FIG. 3, a graph illustrates a typical functional relationship
between wave latency and ISl, according to an embodiment of the present

invention.
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i nvention. The functional relationships illustrated in

FIGs. 3 and 4 can be estimated 5 from experinental
waladoa/nosibat s, the |atency and anplitude of VEWVBAV20a000969

be nmeasured for a set of sublsects (rmore than 10),

wi th known good hearing, wholSare of similar age to

the subjects to be tested (e.g., neonates). These

measBetareng doaF K5t 4k @ngrapdy |Il1.|lshfat¢bessartgplaaarfgﬂctm‘nal relationship

o5hlsBHL 2, RS Y4P o 15000 B RusteE i e prnt

inleptiorar ound 50ns to at | east 10ns). Mat henati cal
functions are then fitted to the neasured anplitudes

and Tpé %ﬁ%t%ﬁaﬂelﬁﬁ@ﬁsm[ﬁ% ﬂFusﬁ'é’té&i'-'lhulslGéqts‘eéHg'4 c%rtﬂ Be estimated

mat hematical formof this relationship can
fraxapmeasimentak data. pTl@@telsvmtls;@ latEnnyaemd pmlpjmma ef wave V can be

| or a ns_t hereo
argl&géglgfo matsﬁtggggb %rWIﬁ], I?gpwnfg)qod hearing, who
arei tofi almllwcbgéuftﬁttﬂ’r@n%ub}écw&b bép@eé?éd d?é Q 1ﬁeona‘res) These
é pically in a | east squares sense)

‘érreﬁ‘i'@ﬂtﬁgaf%etabéﬁt oyef the desised | fﬂ"@ﬂ sOft Isamulus amplitudes
(tygﬁéé]f Borh th ft B?';nHeL T%rg(f é)g‘i'lmg inlttéo{tg 189ervals P typically,

éd to |mate

fr@mraroumnﬂ 50ats tomtdeastHOmis)uMathémaﬂéélﬁuhbt@dnsaél% then fitted to the
ei t her r ed viqtues bet ween neasur ed val ues;

Mg AMpItHaES | and” SEneiss! & cgarh offohEaBuis irval. The
mEMeneRica® ferm NMfShis! PaBLIGTsHRS dandi 8 ﬁirhé‘i'(%rhpf?ﬁrfi'ﬂ%tar Gidce-wise

be presented at a rate greater t an t
lineanc pplynamialg| @tpmhabslogaﬂtmm noms:emldmammisc Lﬂh@’fe@f Various

i T T
(typ’lieﬂlgeﬁi aMdass ddiey aéer(sé %r)d h%nc%@eﬂeﬂ%ﬁ{lﬁ Ith@' BE%t set of

O@Q‘) tween subsequent sti rru I in the sequenc
dentadeat deseribe the functien.aThdsrthe fistedi fusctions EEhllE used to

o< SRR STL RERLY 800 MR H1Fed mBte Tkt Bt are
either:s aheasasgedt baluesmbedivess l’hbésm’éGVk/QM%sStdr”Héyk%d Nthat is,
qéjgtge) was presented (note, these are al
oxiAPBBRAY O PEasuIRa valuesA®E) MIBksAOnes a6, p@iodia stiTefi cannot
be%re&@ﬂ\ted%(aéﬁfér{@??&éPﬂﬁrﬁfﬂsg”p"tUdeS (ExAnp) and

| 'at encli es are cal cul ated for each individual

por Mo i SsBEEH AR artl re%%o"%?ala%‘wame laging
AR A T atsgy (ALate) for

the average inter-stimulus interval (AISI);

2. The interval (in ms) between subsequent stimuli in the sequence is
calculated, with the interval for the first stimulus being calculated circularly
from the last stimulus in the sequence. For each of the stimuli in the
sequence this measures the time since the previous stimulus in the sequence
was presented (note, these are all integer multiples of the MISI):

{12; 6, 6, 6; 24; 18; 6; 12};
3. The expected amplitudes (ExAmp) and latencies (ExLate) are

calculated for each individual stimulus in the sequence:
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4. The index of each stinmulus in the recovery sequence
is nodified according to: 5 DeltaOfset =

wo ocoosdfdiExLat e - AvlLate)l Ts); Egq. 6 5. The anpdi/Auzi®7/000969
of each stimulus in the recovery sequence is nodified
to become: Anp = (1 + (ExAngBAvAnp))/2; Eq. 7
Referring to FIG 5, a general flow diagram
i1l ust r&@espa{ﬂe&md’ &0 70894;10894 %647 NJ63; 7 B89dy #1841},
sequence as descri bed above, according to an
enbodi BxiiateE {OIBHP 0BE0.690: 069D 0.992; G.07B; 6898920, 909}
M.S is generated with Pw = 1. At step 510 an Al Si

cal cul ot qthe M¥deXtSFPedckP stiMBIAY R fRErBREH §? Sueiih rshmodrfred
| atency are cal cul ated. At step 520 a stinulus in

MGSardingdpect ed and at step 525 the ISl is calcul ated
fromthe previous corresponding stinmulus. At step 530
15 t he expect &eltaQifset edeund({Exbatene Avhate)Aa)cul at ed. Eq. 6
At step 535 the stinulus offset in the M.S is changed

based & Téguainpitude adfoeach AstiuR I Gheheecdichynidifuence is
rrBI age is nodified based on equation 7 above. At
dn grfrg

OibecP@& hen det erni ned whet her the | ast
stimulus has been processed. If not, at step 550 the
next stimul usAmp sdlet (dAmptAvAnapi hod 500 t hen Eq. 7
returns to step 525. When 20 the last stinmulus is
pr oB@ieréiagtweFFQt ﬁoa gﬁmarehﬂew cﬂiagmmiim@trabeﬂaeneahom 500 of
time jill str

aeflbllary BB Safeile s SFRbRPEn eBoE, Bedticing to an

errmrdwém obthe frekénbiaventidie Ondsitd 50% anMESHS Geferdte@iwith Pw
t he present i nvention. The sequence has the follow ng

= hot step §10raN Akal is mlquiaied. 4@t13tepzﬁ15 the1avarage: amplitede and

08 S5 A PYAER IR A, S BB t

525 thO 83! ist calsuIatabfroms&e@revmsgmnws@bﬁdh‘ngbsttmhl@e At step 530
recover se ence which has the follo

the, g¥Pesisti-4 weﬁe%rgi Jﬁteﬂe g Aaicuiaisle (I Sfep W5 e stimulus
offSSORY %@WS PQTé %5&@%68%3170& %1%.ove143ﬂt s Zggo the

2159; 2399; 3119 Accor di rror art
strmﬂlLI‘Slﬁanudess muaxtifiech based bnaqmgtrnat?rabrovmvm stepr545 it is then
{he u uenc

it BRe oS 1AsT sHR i £ Bas BRs bitfinstes” 6L GEsEp 550 the

next stimulus is selected and the method 500 then returns to step 525. When
the last stimulus is processed the method 500 ends.

Referring to FIG. 6, a graph of amplitude v. time illustrates a unipolar
recovery sequence that results from the above calculations (FIG 6a), according
to an embodiment of the present invention. The sequence has the following non-
zero indices:

{239; 481, 721; 961; 1911; 2636; 2881; 3359}
These indices have the following values:
{1.008; 0.891; 0.891; 0.891; 1.054; 1.044; 0.891; 1.008}

It is also possible to generate a bipolar recovery sequence (FIG 6b),
which has the following additional samples set to negative one (-1):
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5 Referring to FIG 7, a general flow diagram

illustrates a nmethod 700 of determ ning an ABR si gnal
waigiosgodaet h an el ect rophysi ol ogi cal signal andp@r/AU2007/000969

recovery signal (generated as described above),

according to an enbodi nent ofl7 the present invention.

The nmet hod 700 proceeds as follows: At step 705, the

first response (t189; 1489 ¢679:259; 23obhe118s380GIe

matrix. (The first response is 10 contam nated as the

Asystdaty teprigr astshethdds GoMLBelecbHsiryctioh, tUtiiﬂélhﬁefﬁaﬁrux“ﬁversion
he method 700 noves to the next row in the

ste 0,

tf\eeg'geﬂéé i$ Kisedassthepstimalus seauenee andethedeipolar MLS as the
B,ré@g] el he next row. At step 720 it is

dete m ned V\het her an artefact has been detected. |f

SO, d, After the

or oo ReIeHRg 0ING TP RIGEHEDAL S lidgrat TGPty Betiagt 700 of

defeemining Jaﬁn ABR dighal usiry detreran @%btl\ﬂibﬁwi%lodlé’él %@ﬁél and a

row in.the response matrix has been processed
reGgyery; $ign ﬁaeraﬁeé asydescsibgd @bove), acsprding to M\c@nbod@ent of

t
PR SBIOREN Bl HGS AL oY Sl 0, e
flrsheeap@gper(m)dat r@emove ﬁoﬂﬂwneHesbogée nteg. (THe ﬁﬂtrst ?é%bonse is
reate

oqrfiERiEte 2sdheshoHn bing fFetam Briiatied felhr bdindeaad St step 710,
th@xmeﬂdﬁmob%beéma%ﬁe' fext §BRY RdtHd ﬁé&lpto*h%e EFBCA step 715,

matri x. A nunbe alternative tec ques
ar@%‘ﬁ@l‘cdet@gilpnumerfqrmacgnn theenesdniow. s step ZR0eit ds tdetermined

Rk BBk B PELSH, o 83 B A 500500 o i

reh’r(albdar/@ftezothteém‘eééhﬁiwﬂisererﬁ&/e@‘f"élr%o afRpt '|§dé éH then at
rona netic noise. 25 When the last row in

St?% %Qn'&ts farmingd; whetherdhedastoiow ingtheoraspepse matrlxthas been
prBEERA. P Aof AL IiAGd Foo KRl Zbga%kgifﬁgst&g? 2qoensen‘ol e

average response IS ca each sanmpl e

is av o t he nse matrix
to gﬁr‘(gcrg?%ﬁa S%&}wﬂ;o&@@ g‘é? }&Bfﬁﬂ‘?@t p@ﬁ%{%pnofn)t@emc artefact
de%ééﬂbn tsaﬁ@#f@ﬁ?né@fwﬁﬁrst f?’t’!teﬁﬁ@l@he? "r@spér‘isé 8aﬁae Hz high-
whet her the bandw dth anpliftier use
Pa&éd‘bﬁef @n@h@eﬂe‘é‘?iéﬁ@%g udnea ﬁh§ r@ﬁ@ﬁalﬁrSlghadnsthea’@mbam @dpreset

finich d (t
o0 Y e TRl IS U S 1L vom e
regpnse nbtro A aunitder of ZiersativeepBsigues fbﬁﬂétd@ﬂﬁ? prlmarlly high
ital WO 2008/ 006164 PCTI.AU2111171000969 18 fil

frel%g'%ﬂ%l'm&?"? griefacts AL KBPWNAY dhe paior et Aiew. mﬁﬂ‘@@hsoarﬁdmown
in ‘tl‘ié Eﬂoﬁaﬁqgf ABfctingfa rﬁfr’én@&ﬁﬁﬁ '?é%r}dﬁ\éﬁgtth?{]arén,ggntggﬁmated due

s-McC el lan op
to ﬁé’mﬂwwstlﬁpnﬂidrt@ectMameﬁmﬁe que is used to

design a lowpass filter with Fpa
When the [ast row in the response matrix is reached according to step

730, the method 700 continues at step 735 where an ensemble average
response is calculated. That is, each sample is averaged down the columns of
the response matrix to produce a single average response length of Ls = 3600
samples (90ms). At step 740, it is determined whether the bandwidth of the bio-
amplifier used to acquire the response data is greater than the expected
bandwidth of the response to be recovered (typically, for an ABR, this bandwidth
is 30-100 Hz to 1-1.5 kHz). If so, at step 745 a low-pass or band-pass digital
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= 1.4 and Fst = 1.68 kHz pass-band and st op-band
edges, respectively. A 5 reflection boundary extension
w@alosoysican be used when appl yi ng such a filtePCT/AEZINT/000969
ot her policies are also kno in the prior art. After
the filter |s applied at step 745, or if the bandw dth
nplifier is not greater than the expected

f"‘l%ﬂéagewo i th%%"%eéa blsrRverage B%Spqr@@o@@%@ms FeAnambodiment
ofslgéppréggnf"lrﬂ/%hgéf P‘%é ﬁ‘lc@?é’l nCB ﬁ‘gﬁl—mhhﬁlté ffpulse

a co e nu es t
reaporase éEle) fier desipe tecm“eqmui: userct tm démgm edowepqss filter with Fpa

?uendcq:sltq ﬁ@ée@? ff%%ﬁ&?q}deaﬁgn% L5 € cu artespec(i‘lvely A

reﬁé@ﬁﬂrﬁbobﬁ&é\@eéxt@ﬁ!s@ﬁeﬁého%ﬁ taide USed WWien Bbblyﬁ'ig such a filter,
recovery sequence describéd above. According to on

ansholber pelicies are alsekriawn by thepriggsirgned that has an
attenuation notch every Fpk = Fs/(Npw*Nz) = 15 166. 67
Hz, Afiter the ifilter i tapplieduat stepeJgbnse if Ithe) baidwidéh of the bio-

arffffiag nPE et theh hP-expdatel banemign o 385, wBPhase to be

reEbJ/ér%H 'tﬁe@l@t' été? 50 té"%le@é?ﬁﬁﬁ@tllcﬁl X Phadee doReBfiRg whether to
data. Accord |ngT o one enbodinent, a reflection
S

anpdy;adeeybeitesnsThm npoitiesyofi samgled thnbwesp pegiirer thde inserted

oG08 by o LA R BN Ll irr

NpWNDyorcusing -th@rmmirﬂtmﬂgumbbﬁ ot BaRpPe<batrsdtgadjacent stimuli in
resgonse (AvResp) with the recovery sequence (Rec

thadaibial IesavaBRdUeRCE slascBed GbaNs e Assardiag o onegrabodinent, a
TG 1 AT S PSR L 0B B -
168087 Hzs an215am iﬁfmatéfln"(pulsqarefs(olaaeé/l(EBR) withf & @AﬂﬁWSfa):hr (Q) of 20.

y t tion, f
1 PRES s R R G EMIST B 1655 18 ke dhefias Shae 55 the comb
fllfé?ckoépgliécf k6 ) theNBns&YBIS Gvefide r@%élﬁe ida8as heeadifd'do one

['iplr( Indicates a left-right flip of the data
embediorentFa rrafleworabosn@wwe%ensme rohoyiis wsedofvhen tapplying the

o et Bt e T ate KaoRarndbe Rief ottt e <(1 mul us
maiche BSERd ML Fesidhas ie) BSSUsE SaBGY) b GTass-coelating
1 6 f ,
E SCREIS G 0P 2e0Bthe®] PUREP), ] e roBopig equence

(RecML®) fdesqgriked yabawpoAseonting toarmawiasmbodimenti of) the present
romo t

in{leiﬂlét}og{, é&grﬁro%\ggﬁﬂagﬁn is dohe u?‘hsnﬁg muﬁ‘phca ondiinn?rrl]é froefquency

domain. That is:
ifft(fft(fliplr(RecMLS)).*fft(AvResp)),

where .* indicates element wise multiplication, fft() indicates the fast Fourier
transform of the data vector, ifft() the inverse fast Fourier transform, and fliplr()
indicates a left-right flip of the data vector. Finally, at step 765, the amplitude of
this recovered response can be scaled by dividing the amplitude by the number
of stimuli in the stimulus sequence (according to the present example, the
number of clicks is (L + 1)/2 = 8).
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Referring to FIG 9, a graph of magnitude v. frequency

illustrates the 5 magnitude of the frequency response
wotoosoeasd filter fromO to 1 kHz, according POI/a02007/000969

enbodi nent of the present invention. The conb filter

is designed for Fs = 40 kHz!9M SI = 6, and Q = 20.

Those skilled in the art will appreciate that filter

desi BaferEnadaoFai 8s aagmmn@f\nnagmtum ar tfrddu@cynﬂustrates the

oBHRRAE o o TP PR B0 bodlh S om0 t0 5

kldz;rmmordmg t6 aensmBOdifnt anthe ﬁﬁes@ht i@nfigh hod 700.
Al t hough according to the nethod 700 the filters are

appl Reférfifg tBEFRBISeMal grapre ARRNSE
appar ent "?% those ski ?{ ed Pﬁgﬁ%%ﬁart ?hgrtéqﬁ"ﬁ%{{ ||It?s§rra§es the
m@emﬂm%aﬁthmfr@ﬁwqcyo@sappse @ﬁatcpmhéllteefromemto 1 kHz, according

ﬁﬂ)%‘alrpgﬁg of ti]teggreéggtglhggwl@o‘bn?h% 05?% ﬁt%reg c&eesdgned for Fs =

40 kblsz!Sl &nd| and €5 P QAT e TheSE BRIIEH Gh itRE aarpﬂﬁlhabﬁeﬁ%t@that filter
conventjonal  technique according to the prior

desigi, Bat WQ'PE@&@@&’@M@T indbeiashthat areicapabig of des@ningja single
f|l%‘? thqhgg:c;rﬁblﬂﬁd GaROSh Bt 1h&i IJtteE%e d%%(? ﬁ?eégbcﬁ*’eg&t) é)egamg steps

non-1 1 near reconst
74&a@@ #656aff ¢he mestyod TO00AItRbEEH aacmmgswthb%étho@womﬂ@ filters

[ oot rrega? ﬁﬁuare I\/IS di fference between the desired
arpARiede toy Pe%\’ﬁ@%u@%’@“?%sﬂoW&leéea@l@paIeE’ﬂ@ those

skilRd inhehd iafefat "tREPARTS F&J&% %@%R/%\Iérﬂfa/phgeapﬁll‘%ﬁ {d g%arrecovery

response. Referring to ar -t
segapgticehown in FIG 10 of anplitude v. tine
illustrates a conparison of a desired response and a

r es ﬁnfeerlng EchlGit 1)t graph dfadmplitatiey. ﬂn@iﬂM@ﬂﬂéﬂe@@bompanson
e according to the prior art 25 (labelled

Ofﬁ @%%{?e%?éé’ﬁg'ﬁ? | DRTSPOAISE TGSPRYIUction: heth Helbgraicagventional
teémn@uﬂe eEberinE thé’i)nbh%rt)maeo@% Ilrfé\é?'?%é%tl(é{cﬁgﬁg agw‘a ysing a

non-1inear reconstruction
mefbad egcerding t aa;ﬂmbﬁdlme@.’t of thenpreseat irvenfi@n abelléenon-linear

o8RO, SSH 1oL 8L 1§ o G At A St
mg.0Thé reof MeBArsJLURPE QR%)%@n@é E\bef't\fi)éeﬁ 'ﬂﬁ‘e g%lréd 'ﬂé‘sgi;onse and

30 response., According to stil her enbodi nent
thg rRegRsEYsiRd Yaspensesare |0t2483f0(§db% |I|beer responsarane 0.267 for the

i mul us sequence in order to produce
"°@§€§ﬁ§ée§sb% BE W0 20061 006164 PCT ALRL11171 000669 20

¢ horeret Botfiict 3 o a5k BroldiacaStan v kb e 10 aBampliude
v. rimeniiustiatdson Adiapaidtn oW WRGired Nfesponse and a response
reconstruction, both using a conventional technique according to the prior art
(labelled linear reconstruction), and using a method according to an embodiment
of the present invention (labelled non-linear reconstruction). However, the MISI
used to generate the graph of FIG. 11 was set to 12 ms. The root mean square
(RMS) difference between the desired response and the reconstructed
responses are 0.554 for the linear response and 0.256 for the non-linear

response.

According to still other embodiments of the present invention, it is possible
to change the 1SI of the stimulus sequence in order to produce responses that
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reconstruction performance can be further inproved by

using a recovery sequence that reverts to being a
weomsentisonal M.S recovery sequence, but w th BCT/AU2007/000969

anplitudes nodified as descri bed above concer ni ng

recovery sequence generati o Accordingly, the

stinmul us generation can be nodified by adjusting the
apipedi ctss hgvet loome i fiomi & rinelae systemti uandeﬂmeioeeb;rnmve the

?; set cal ulated as .. foll ows

P& W&‘P?ﬁvL & _ Cenyertionat sfeccﬁlf%ﬁ i) 5@@#@% \Hewevey, the
reBONStEREOR b@rfbﬁ*néﬁ@ed@éiri rgsl fﬁﬁﬁ@r | JﬁB({‘é!d Ofhy t l@ﬁn%na recovery

response wave, that is, the |atenc res
Seﬁﬂeﬂﬁ%ﬂ%%tsﬂeéﬁﬁt@ﬁ@@elftgeétcome@t@naiééks remumy seqhence but with

arf8E8EL il % Oled et LA i BRoE Tty  Soauence
gea\eeatage A(aiowlngly, dhd stintldus Yepieratiort B&n VP BE3dRed by adjusting
| ess (earl ier) than the average |atenc

tha S§iHSS af deralimuhibdnensyinules Sreliones bt S et caliulated as

foldrer auditory stimuli can be used as an al ternative
to the conventional broadband click. For exanple t he

bt ai nst em 1 es R o EER AV B s R B Tana noi seEe- 8
1k Byt W st i cesiiackifges -atBnGentin iorpotise wave,
thé’chsf theskaténdyl of the r‘”e@?éﬁs@q tﬁé%%t%térﬁ il Qe\!@tr\)ée%eﬁ}#@d?c Blence,

and process remai ns ol ar or uni po ar
the) pseseniatioméims af the samsudus is madenearlientfdtienexmectéd tatency is

I f h
orgiEF Beter) Bk stge RuBR, Alyade B r e RpeSeg atgnoy is
lessofeantisrpthanf theravebagd lag@icy. of a test subj ect

simul taneously. A sinple technique for this is 25

des g ioagHidr éMBo@imétt 6F the PRAGAL GrhveTiibAl |0Yhéfhéuctllm stimuli

versions of the same MLS are used in either ea
caginecysed as pnfaltaigaiive to therarwentionalfwoatbard click. For example

[ [ @ 1 r ec uct ed veforrrB
th@ﬁﬁBPér{Tﬁégér}é)Selgoﬁseeg&ﬁ %lﬂ]gn oﬁ aq]ldgﬁo ﬁ%m? IR (regRoNSes, gvoked
using torpabatsedndHooiee urst sEmuENghd thé éd@]@léﬁﬂﬂ%ﬂmddle latency

nmust th be at | east tw ce t he | ength of the expected

resnoisER<&1ldR) Hﬂagsméxwmdebgtmgeq@c‘@@ efreisp)stiandi. stn these
calbe ld Rolorhekogind end Matlo b UIR0RE LP yjapir s

destrigtbloéreiral so be not ed that to acquire responses
fromboth ears at the sane tine it is convenient to

use @ stNGartAe6&ArhobFEhEALBrLthe 1nTe88RCIB R on & i§ PHERIE to gain
ectrode nontage such as the vertical nontage

furg‘@gcrpplgg tong, i acquisition time by acquiring ABR evoked potentials from
both ears of a test subject simultaneously. A simple technique for this is
described in the prior art, where circularly shifted versions of the same MLS are
used in either ear. The circular shift used introduces a time offset of
approximately L/2 into the reconstructed waveforms, and so the responses from
the left and right ears can be separated. However, the length of the sequence
must then be at least twice the length of the expected response of the system
being tested (Tresp) and so the final check at the end of stimulus generation
process described above must be modified accordingly. It should also be noted

that to acquire responses from both ears at the same time it is convenient to use



10

15

20

25

30

concerning response acquisition. Referring to FIG 12,
a general flow diagram sunmarizes a nmethod 1200 for
w@ensioeding an auditory brai nstem response, accPCTIATZION/000969
an enbodi ment of the 5 present invention. At step
1205, a plurality of audltor%ﬂ stimuli with variable
inter stimulus intervals are presented to a test
a senired telecteede Wnt@gepSllzmas the vettical myiigge odesgribatl above
mthe test subject in response
cofipétifla }eﬁﬁ’g’ﬁ%‘% lisie " step 1215, a recovery
sig en based th audi tory stimul
ehorreiingd FI (A aenerelley Gromve siBubedsar §irmgptapd 1200
foraécﬂulrﬁhq%ﬁ 'afu'dtﬂgrey lﬁkaﬁ}{é%’tﬁrrbéﬁéhéé) atcESrdlﬁ%?cf aﬁtén%&r%ent of the

interv of audi tory stimuli.
prasent invaintigndi Alostep 512850 Qtl@lﬂﬁallbspfomury\lmmén \glthawanable inter-

S, TR U B 6, 580 OBEPL 0 SB) BiEho, o

eledrophgsuomgecmus:egm i Ldﬁ:@éteaffrmnmérﬂesp @ab OB ré@&ﬁhse to the
bet ween an ABR reconstructed using the i nventl on and

augderygstimylic ofi 8RR JrRAP. Petanovglesignal ¢s uenshaing basesBrn the
f
auﬂﬁ%&g@ﬁlﬁﬁt %ﬁmécrlé?%ﬂu Eésrﬂﬁlﬂ{,lg% % 'lé ?ﬂﬁ%rcggﬁ%l_ 3%{) é%) Signal are

mmlhfueﬂ maspm«pmlcrredoameamtewsﬁragl%Jsl mtervaty iofuthes audltory stimuli.
tery 7.52ms th a 100s click stinmulus.

Finellonbstenci22bh SR Riony heustomeaspesEn LABIR) iiiabis determined
usingasth ligs e|é&r%?ﬁ§§'éro \é’gn%l shafﬂﬁ & n\%ﬁg. g t he

neasur ed peak trough de ‘of wave

v CW%&%n%ﬁafehﬂieC%ﬁ}{:%B Ak | ﬂrﬁéﬂﬁ&gw bgﬁl tcff“%&r%‘nsons

al gori arl sons of he ti
weﬁej ohnab!eg betwdeen rag |lmmyreﬂ>ehetmctbhe usinge sen davertior \eddV using

o 6% ne r)[ate wer e ﬁé FI G 14 denonstrates the
ayartions) gennifes, POn AR 1TePRBYIFteq droTgsignals
ac@iiréPRoAT G é@ﬂt %hﬁﬁcﬁ a?% Ql‘ﬁﬁ[]ﬁfse‘mf’éns\?\t’gséf' E'S“di%Hc], Response

Intensity of Response data was acquire
da’smwaa\m]qalgedl attan asenagel |nter+s’nﬂ'ralluahntefva$ o?GhﬁZrWStvhtraa 100us

sti mul us. ,Joosed reconstruction
cl KE|eeff?C%ran 0% AIBORPED @i thacereesgb Miene (abelled

prdddi@d? rSHONS %dcfé%\rr MRredisd! M a8 %eﬁ@utre%ll ?@Qkifo q&fo%f\g-trough

he presence of wave V conpared t onvent i ona
ampditudediaf whavekVsicomparegries ding ecmbm/enao(lall XkiBarB reBasstruction
Iin er- 30 stinmulus interval (5 seconds conpared to 40
algog ds). Simlarly, FIG 15 denonstrates the effi cacy

of the current _ipvention whe reconstructi ng an ABR
acqtomRpnsonm of t H@JW&Q éecwlregpgqr,%f\uélq logiginte) ieliably defect the

pre‘é@nggc@‘/\%@é@' in Gl hebRattI eI QWY Phade? FIG 14 demonstrates the

efficacy of the current invention when reconstructing an ABR acquired from a
neonate at a stimulus intensity of 60 dBnHL. Response data was acquired at an
average inter-stimulus interval of 3.76ms with a 100us click stimulus. The
proposed reconstruction algorithm (left side) shows a clear decrease in the time
required for an Audiologist to reliably detect the presence of wave V compared to
the conventional periodic click stimuli presented at a (fixed) 30.3ms inter-

stimulus interval (5 seconds compared to 40 seconds).

Similarly, FIG 15 demonstrates the efficacy of the current invention when

reconstructing an ABR acquired from a neonate at a stimulus intensity of 35
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dBnHL. Response data was acquired at an average

inter-stinmulus interval of both 1.035 and 3.76ns wth
w@20806as164 | ck stinmulus. The proposed reconstr uptT/an2007/000969

al gorithm shows a cl ear decggase inthe tine required

for an Audiologist to reliably detect the presence of

1Bl et RETtag Pab SooRER) SoRarkB I Sendfil Hterval of

both @35 $ 76ARONAR a FOUIRAEIRA stithiAls SHES pﬂﬁaosegrre@onstrucﬁon

further enbodi ment of the current invention th o
algogittuni ghews a eleari derrabge isHbentimg EqQuiredafar &n G\udiolegist to

rolB B, FeRE e b S, B VYR Wit e B 1D Benrolef pgriocic
clickO stifutishelsentid @0gs (fieal)S86.3a1 intehetimanisTiterval gBeseconds
t he earI%%ABR waves (I, Il and Ill) are significantly

compard ta pRAseFNdflnans. In addition, the rel ationship
between | SI and wave anplitude/| at enc%/) shown in FIG 3
andl'Fl & 4uiisgr s¢rebodinendstaf milted cufregbnisivantign t e functional

el TR T040 IR S PRE e bbisRi e B AR Rayes other

thaio veavey \exThies 3¢ nGarlibulally coRmN@s Whed afhidtinge thearttbaring
| at enci es as a percentage of their value at sone

thresheld of| d9gss iises and elbenm@inalsnvears the pagy ARavaves (1, 1l

; . I . ! _
s S
betvedaat ISl aaridawvave pnudlitedatatéily steoved or FiGE Bnahe F#Gt4 netyealso be
R e
waVBY &fop ré%%n?g% 'vﬁééfe%dl, M a%f\f/.erhiggs 'c'éh%eﬁi@:ﬁtlggiowe' kaexpressing

anpl 1 tude estimated Tromthe roo an square
the( ReBsuted wavefamplifudes efnolr lstencidse as v patdattiages of their value at

sol B80T i, 89 v S PR g A et  ave
latéigdyatd %rﬁﬁlﬁtﬁ@@hﬁéi’rp@ghéightem% Sllt eddedd waves.
the current invention can be successtully applied. In

Altemainely; &g selativen latencient paeh WBR waveiorp eandwe estimated from

a a red . e : .
ne A8 B TRR hanP P i BeffE¥each pa
of IABRNavefalae colleetad 2 adiffétiad 1Ske anadv eslativn amylitbée can be

applied to other stimuli-eyoked respogw es sych as
esﬁ“@ﬂﬁ%fé@@ thg ropkmgan SAUAIR (RM%al vepts o thewavgipims.For

exanpl e, inproved _acquisition of response will be

achil eedaveniion is particulanyoeiéigiepb wden; aprdied de the searyery of ABR

0 . .
e BAERSR AR B O Yy B PPNy igagio

measlirenenteatserhieh ¢t congeidneettion avidbe sasdessfully applied. In
auditory evoked potentials such as audi

particy|asnttie inyention will aﬂ@@@f@@@qéd\/@@wg@mwﬁrﬁ P'@%tP%iqu@Be" et

al and TEOAE compared to Thornton (both described above). The inventor also
speculates that the invention may be applied to other stimuli-evoked responses
such as responses to visual stimuli and tactile stimuli. For example, improved
acquisition of response will be achieved in visually evoked potentials such as
electroretinogram (ERG), sensory and motor nerve evoked potentials such as
electroneurogram (ENG) and reflex evoked electromyography (EMG), and other
auditory evoked potentials such as auditory late response (ALR).
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23 The present invention therefore enables acquisition
of an inproved ABR or other physiol ogical response.
waendsdodarent s of the present invention enable HBRAU2007/000969
wavefornms to be acquired in a significantly reduced
time conpared to the prior2drt. That can inprove the
ef fecti veness of A-ABR devices in various ways. 5 For
ex a'rl?héeprewudnvbntg)rttbeaefﬁm dmabled atyeisitioassfrn improved ABR
vention Ie Stl% mteiit can be tested
or oiheg Physiplagica |r9 oflimgnts Of fhg,resent iivepgon enable
ABIP(\'NQ{/eWr&s th ¥l ae U, m%{élgmﬁegnﬁ FedlRES tﬁ'ﬁ@ mﬁﬁﬁa%%to the
testing in difficult environnent such ere the
prioreart. Jbbf eam lmprcn/efmdmfle;ztwmm‘ AmABEh dewceheml eansus ways.
ni f cant d| ment s

Fof kel albordiiE KPR SEBad B B afdstt wVEghan % 5t Stimutus

mterml@rtfant & fedted Resighficaftiy itsstEnd tHbis r2qLired uts,h@t prid‘?r art
conparable in length to prior art test periods,

techRigiuese glipwingi far mare siiseesafddesting i difficu rﬁmvwonments such
oo WA et supFRg R G RGBS PP BBl RS F Simiteapt

baghkgrpose sioie. deisor epibodimérits @fi theprezictit irientiok ienablemuitiple
the related art. It is. not intended to be exhaustive
St"BP'L@d”iqwtleSttﬁé’q iostast dying 3 t%ﬁ@ﬂﬁ'@ﬂéhat IsgosRRaraple in length

to m test erl’éﬁs ”l?urltt r"e‘%uﬁ@Wﬁ\créﬁé@art%gﬁa@&fr?&%QEHY&ﬁablhty

fons to t e Ipresent |nvent|]9n W
i RERE T MRS

pro¥ideetforputsodeavel duseription s use of ordiraiyfsktibin the retdted art. It is
enbodj nents wi || be apparent or. relatively

notjBiEIdisskia sy SXRISEVE T 69 AMictns TavaNtion (e 4 Yiogf gisdiosed
emﬁ%ﬁﬁﬁ?htﬂ 9AY mdritiohel %&%PE %b?o&oaltg}hﬁf‘\?e%daﬁd’ v@ﬂ?tr cﬂ'&eto the

all ternati ves, | ons and varl ati ons
pragseet mventlonwihbe(appalmtt tb divesebslditedlinsthesaré df ther athave

d ot di t th fall W t th t d
teegBige Atarimad avaeares Bhetatie SR Smens h3baPese ] oy
dlsegéeﬂgﬂééﬂgdl@léﬂf@%%od%ﬁen%ll'\@ appdremebh Rslafi \Re"ly easily

acquiring a physiol ogical response, conprisin

devaleped by thoge ek erdinary skil in the art. Atgosdingly, ﬂnlanwerttlpn0$

intéiidefh ol eriblabal Al afrnanbay. dhadhitdient and Poftiiisorsfe prosent

inveHtib e eatiHaveasaemgisclissedterel, iafdl dthegémdobaiméedtsahat fall
recovery signal based on the stlnull, where an

withinghesipiét astiscang effbg aboveriescebed éngndicgnal are

nodi fied according to the inter-stinulus
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intervals of the stinmuli; and 10 determ ning a
physi ol ogi cal response signal using both the

webmsnoaphysi ol ogi cal signal and the recover ypai/guaioz/000969

2. The nmethod of claiml| wherein the stinuli are
presented cyclically. 3. The #thod of claim| wherein
the plurality of stimuli is in excess of 1,000
QuAingry stimuli presented to the test subject's ear.
TI5 47 The nethod of claim1l wherein the stinuli are

udi t Qr j ' hysi.ol.ogi cal response i§ a
Bt v Y o esiifind By 8Giics P85 ee, BTG e’ Steps of.
mreaéntiy tohe test sublest auslintatity ofsstinil witAvarisBlespteSthhA0s
. broad band clicks; tone bursts; noise bursts;

. f:
'8&$ﬁlg{rp stimuli. 6. The nmethod of claim1 wherein the

i . . . e
AL, R ctrbheolodiCal SRS T teSERH R TRHHERS e to the
stiwpdict ed | ength of the el ectrophysiol ogi cal signal.
nghlind aceeosny shasiel Baded Bryhe Sl Whsiean despiiuds and
18Py RO Bery SBREI bid kel actBRIAF IS Alercdithifi.d
wherein the step of generating a recovery signal

ipiesale o the %h‘mpﬁland recovery sequence. 9. The method
e pifeBoba) ek dend TReCboidng SSdirhslogioa

sigridiemddhe ¢bedvery sigiriei n the step of generating a
recovery signal further includes the step of

t gy it
Z006/ 06 Tag e ABh 11T p AT Y WSS LR T

el atyf ' ' un, W th
Fenour earo ) SELERTRRe Mo GRS oA Biekiess f 1.000
auditbeyr gimuli hresenégd tf thetetest sabjects @amphysi ol ogi cal

response signal includes performng artefact detection

40 r dhevecttiahel dain ¢ amiergimeadiniyi avel ARG stifrtdi aHdethe
nmet hod .of claim1 wherein the step of determining a
P51 cayiresROnSesis At Bty REains ey (RARONSSI GBI i ng an
ensenbl e average of signals. 13. The nmethod of claim

912 f dihensethascofielaing 1twhereindheafuditons stiroali meé atlected fiem one
| iLth th . ' | t bt ai
of 1165 s 8n ERE b B HEROBE BYR, Snctlfb el or

62' al KFhle r\ﬁgﬁ\ro%l S élgi(ren V\t/hhe(}ginI t?\e%rflﬁ)rlalliﬁ/dofts%nk\)&% ig a? I?/Iraiir%m
Length Sequence and the length of the sequence is longer than the expected

length of the electrophysiological signal.

7. The method of claim 1 wherein generating a recovery signal based on the

auditory stimuli comprises application of a comb filter.

8. The method of claim 1 wherein the step of generating a recovery signal

produces a unipolar recovery sequence.

9. The method of claim 1 wherein the step of generating a recovery signal

produces a bipolar recovery sequence.

10.  The method of claim 1 wherein the step of generating a recovery signal

further includes the step of determining the amplitude and latency by reference



single test subject sinultaneously. 15. The nethod of
claim 14 wherein the plurality of stinuli is a Maxi num
waoengbisiBequence and the | ength of the sequenceCT/aU2007/000969
| onger than twice the expected |length of the
el ect rophysi ol ogi cal signal. 295 16. The net hod of
claiml wherein the test subject is a human neonate.
ta functinealreldtionsbipsdeiemminediiione arconie! geaurwith known

er.f or e ' an t ted dit br ai nst
PRI RRME SEIRRE, cutomated audi tory prainstem
1?’2?elr %l?g rhgmlogfrd:?elub]t ii\/\&{e{%ﬂn\&ﬁg :sléem]a{)f ﬂ%‘c‘eﬂ%ﬁ’!iné Y Wsko‘logical
rédRINSE RN A119EI08ES BerfSHaEng| artetadQcledtRi Rirento@isignals
el'ectroretinogram 20. The nethod of claiml1 wherein

cohtanphatesl by artefacts.i nuli are tactile stimuli. 21. The

met hod of claim 20 wherein the el ectrophysiol ogical _
18i gndlhei raettbet efctlaich bwheréindhe slerk etidelesminiognadeysiniggical

. The, h f claim,. i i
r%fp%é{efﬁgﬁ?%fﬁr@e? ﬁ?@bfgtéﬁfaﬁ SR et of SBlsp
it ti ' he, d d ,
181 ccaiephgdios ser 13y iSpHAING: b8 SR PEFIASSIGFRIaing the
e'n%@ﬁi%rle gVértaﬁg‘ wi?l?’theﬂé%o?@ﬂ@&nélfto raitie prysiofidicdl t@sponse.
anplitude a I

atency of the recovery signal are

1%2mi'h%r§%gha) ofzcggﬁ nge%ingt%llﬁé‘l%%ﬁ]iégbéﬂé&%&%% edR of a

or acquiring a physi ol ogi response,
sy téstisubjadieimtilegreoukly. presenting to a test subject
a plurality of stimuli with variable inter-stinulus
1i5nt el et oSdlbing 14 Wehdrainethe limalityust stimvell lsed Maodmum

the plurality of stimuli so that a detected 5 .
Length PepHeree B the lengtly phthesservenceds fongeyhan fwisthe

. . S hvsi ol o cal
PRER B R e b e L 0o e
R A R e L
End e eirb By cia i aiiersat hripSHHEE S desiormied Fiiag an
agﬁ&het egiéa émf)&pmmg% ?@épdr%_éRAUABR? 'Hgmb. i s

rmned by cross-correlation of

13 ECHRRPILTASY BREIGRN 159N et Aufdity of SFAYREYe FisB8Ptimuli,

19. The method of claim 18 wherein the electrophysiological signal is

detected as an electroretinogram.
20. The method of claim 1 wherein the plurality of stimuli are tactile stimuli.

21.  The method of claim 20 wherein the electrophysiological signal is

detected by reflex evoked electromyography.

22.  The method of claim 1 further including the step of adjusting the inter-
stimulus intervals of the plurality of stimuli so that the detected

electrophysiological signal simulates a signal from a linear system.

23.  The method of claim 22 wherein the amplitude and latency of the recovery

signal are unmodified.
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26. A nethod for acquiring a physiol ogi cal response,
conprising the steps of 15 presenting to a test

weubpeatica plurality of stinmuli with variabl e PCT/AU2007/000969

inter-stinmulus intervals; de{zgcti ng an _ _
el ectrophysi ol ogi cal signal ff8mthe test subject in
stinmuli; generating a recovery signal

t . : ; .

%éiﬁﬁﬂ?aﬁeéﬁg Tg? PRUYINING Ahysilagical igSAPAgE scomprising the steps of;

. . . . ¢ . ‘
D S er SRR AT or Sh I AR ookl nterstimutus
iplervaise met hod of claim 26 further incl ugh n% the step

. pdi fvi , l.itude and | atency of the recovery
QR0 U Bk Shin B8 iniehiak oF haruialoLor stimes saeatas ditected
[ iahkl ' aim

e oKl ioRel Silletes 2 Gpal M Nt sy stemiy o
detegiingthe elestrophysiologicabsighalfabint the déststtibjedtiin sesgdrae to the
dirfigf-ect ed el ectrophysiol ogi cal signal sinulates a
signal froma |linear system
generating a recovery signal based on the stimuli; and

determining a physiological response signal by using the electrophysiological
signal and the recovery signal.

25.  The method of claim 24 wherein the physiological response signal is
determined by cross-correlation of the electrophysiological signal with the

recovery signal.

26. A method for acquiring a physiological response, comprising the steps of:
presenting to a test subject a plurality of stimuli with variable inter-stimulus
intervals;

detecting an electrophysiological signal from the test subject in response to the
stimuli;

generating a recovery signal based on the stimuli; and

determining a physiological response signal using both the electrophysiological

signal and the recovery signal.

27.  The method of claim 26 further including the step of modifying an
amplitude and latency of the recovery signal according to the inter-stimulus

intervals of the plurality of stimuli.

28.  The method of claim 26 further including the step of adjusting the inter-
stimulus intervals of the plurality of stimuli so that a detected electrophysiological

signal simulates a signal from a linear system.
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