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OF THE INVENTION The present invention relates to a tinni tﬁg sze%te%?be'? 2669
rehabilitation device and nmethod for providing relief and treatnent to
persons suffering fromthe disturbing effects of tinnitus and rel ates
parti cul ¥ 895612ough not excl usively, to such a net hod aRdT@A&00/020% hat
enploys intermttent masking of the tinnitus. BACKGROUND TO THE | NVENTI ON

Tinnitus is the perception of a soundli-n the absence of any cor, '
external sound. It is nost commonly perceived as a ringing, bui'ﬁlmmm ["mmm
whirring type sountTINNITUS REKABILIATION ®FMICE& METEHOD ng, or poun i6ng

sensation. Around one third of people who suffer fromtinnitus can '%’ﬂﬁui te
hi ghly disturbed by it. Continuous perception of tinnitus can lead to

insormia) an inability to relax, state and trait anxiety, depr eﬁmummmulmmwmlll
even suicide in extrene cases. Oten closely associated with ti
t he per cFPELDOBTHE INVENIHON which is a great intol erance to exteicomd:+

sounds, en the softer everyday sounds., This distressing condifjion can
even ®ccUih® REsEnt JReatien pratgsfory W{‘H’r‘%ﬁ'ﬁ?‘a@%‘upg devigs apdimethodsien pevidig sane

under | yi pg; rleffE [s U ' i nt

shoul d bgfg lgg%g§%g3&gg§ P%l?: Iﬁs | ngﬂé@g&g&%&@&ﬁgﬂ%ﬁdﬁ%gg%@%%@(f)k‘rfél!%fher
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options avail.able far tinnitus sufferers, with the vast mgjority only being
advi sed {HEHmitsppasking otthefignifys, - 1o |jve with it". Most patients find
that they can far nore readily ignore an external sound than their
tinnitus. One palliative nethod has been to use hearing aid-style devices

t hat 1pr o BAKEGROUNDOFO AFHE EINVENTIQN | y nask the perception of the
tinnitus.. Thi ssgbves a senge of r.elief and gontrol over the tinnijus in
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proportion of sufferers for 3 o whomthis Ts a viable neasure. The presence
of heari perctivet as arbeatitige on abursinghshnsationt hroundang thirdrof gicople sdhpesutfereans t hat
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in extreme cases. Often closely associated with tinnitus is the perception of hyperacusis,

which is a great intolerance to external sounds, even the softer everyday sounds. This
distressing condition can even occur as a precursor to tlnmtus, and is thought to share the
same underlying causes. Thus, every reference to tinnitus in this document should be

20 construed as including the phenomena of hyperacusis or other types of loudness
discomfort.

There are very few effective treatment options available for tinnitus sufferers, with the vast
majority only being advised that "you'll have to learn to live with it". Most patients find
25  that they can far more readily ignore an external sound than their tinnitus. One palliative
method has been to use hearing aid-style devices that produce a band of noise to totally
mask the perception of the tinnitus. This gives a sense of relief and control over the
tinnitus in around half of patients, but usually has no long-term effect. The prohibitive
cost (around A$1500) and aesthetic considerations limits the proportion of sufferers for
30 whom this is a viable measure. The presence of hearing loss for external sounds in the
tinnitus region often means that the masking noise needs to be unpleasantly loud before

the tinnitus can be masked, and the noise is often judged to be not much better than the



ALinnitus has been published, enphasising the role of the neural pathways in
““the energence 5 of distressing tinnitus and the possibility bf OeRtRgPeH?EO3
neural plasticity to retrain its perception. This has been dubbed "Tinnitus
Ret rai ni RgobBgE@py” or TRT. In this technique, patients ape dinen bntensive
counsel ling, and use noise generators at a volune that does not conpletely
mask the tinnitus. Long termreductiong in tinnitus disturbance have been
achieved in sone patients, but it is G$ual for this process to take at
| east 18 10 nonths of therapy before any substantial benefit occurs. TRT
al so of f etignifusritselfi tt1 e i nmedi ate sense of relief fromthe tinnitus, and no
relief fromthe associated sleep disturbance and inability to relax. The
cl osest known prior art to the invention is the "Silentia Set" devel oped by
St ar key 1%n fherpast.foudyeaR, a fievauiditrstandinglof dicinggroph m@zéa@Pﬁ)cmbﬁmdeﬂyiﬂgessl y
receive signals froma stereo systemvia an induction [oop under a pill ow
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t hat they&%gl yo&%&@l%h%ﬁ%ﬂ{e?@g%n@g? audi ct)lpgﬁ/g/g‘lgor ers. é:ETomatis
Met hod 2 hawnrbéenyhizved il some patieatsFhbut'it ensedldpethidyrodessito dakelatrtedst 48 (LIS
4,021,611 ). It s its qrigins from extrenely t dat ed_nodel of how t he
audi t¥y @enthspoftherapy before may wwa g@@t ae%%kﬁurbfsmﬁe@# Ny clitee

or gani sat kans . Audi LOr, fidreR6at hmONindid Rl I S : |

Met hod, blhft prgéeg%r%gt erlﬂ:rlmmé(;:tﬁat%lgext P%he%@q\ooﬁggﬁg\g/g\ SB{} %%g%lltrgmgr%iéregsult I n
heari ng ddisagbancaand inapibityt tatrelan of devi ces using this techni que have been 3
0 banned by the Anmerican Food and Drug Adm nistration. 171" Sept ember
2003 PCT/ AU0O0O/ 00207 Recei ved 08 Novenber 2000 -3 SUMVARY OF THE | NVENTI ON
The pr eseneicfieR kndim: piF afQY ThORSGESh S R WiIEal SetPUBYAIGHA%ASHRK

ef fective rgk?abi l'i taft?'lln n techni que anignde\t/l?ce ora tinn tugl‘5 sufyfaerercg t hat

i s cobsi sComp., which is a pair of hearing aid devices which wirelessly receive signals from a stereo

system via an induction loop under a pillow at bedtime. Recording of high frequency
noise bands (“"water sounds"), babble noise, traffic sounds and music have been used to
mask tinnitus using this system, however the high cost of the Silentia Set make it
prohibitive for many sufferers. .

20
Other prior art audiotherapeutic techniques using music are the Tomatis Method
developed by Alfred A. Tomatis, and Auditory Integration Training. While neither
method is designed for the treatment of tinnitus, the two techniques have some similarities
in that they modify music for the treatment of auditory disorders. The Tomatis Method

25 employs an "Electronic Ear" developed by Alfred Tomatis, (US 4,021,611). It has its
origins from an extremely outdated model of how the auditory system works, and has
been widely debunked by audiological organisations. Auditory Integration Training is
based on the Tomatis Method, but presents the music at extremely loud levels, that may
result in hearing damage, and importation of devices using this technique have been

30 banned by the American Food and Drug Administration.



. contterrpor ary under standi ngs of the underlying pathology in the auditory
‘systen) of 5 which tinnitus is a synptom Throughout this shecP$RieBP#otP03
the term"conprising” is used inclusively) in the sense E)Ei éqe may be
ot her features and/or steps included in the invention no 2@)‘5 £7defi ned
or conprehended in the features or steps subsequeRFWVfé&%iW& #r499cr i bed.
10 What such other features and/or steps may include wll be apparent from
the specification read as a whole. According to one aspect of the present
invention there is provided a tinnitus rehabilitation , nmethod for
providing relief to a person suffering-fromthe disturbing effects of
tinnitus, the 15 nethod conprising: providing an audi o signal spectrally
nmodi fi ed $uVAAARYES ' pedet ermi ned masking al gorithm designed to
nodi fy t ; ro signal at selected frequencies, and
wher ei n sBha ppsserteinventione velopgd alvigori viem tos psyveding iac alotey effeatideiced t o
account for the basic¢ audionetri,c confjguratign of the person whereby, in
use, 2 0 Wh@?ﬁ{‘]‘taﬁ%“ dechaique | and  devies ifery tigiils o sulfegim thats 1, £4RESteY WHB per son
it provid ﬂn'?élr;'i Elrsﬁaﬂcﬁﬁ [ f 11 NN - Praf y t hod
further c(go'rir‘f)er?!l5 ses ttﬁ‘g S epségo(?rg?lrgauﬁlgé}ngltuﬁ Eég}i,lél{)@i ln“g{hg %%i?r%latsr,ﬁ‘d;&?a N
r epr esent whigh éinnitusds ogmgtornf the 2 5 person suffering fromtinnitus;
processing said audiogramdata at a renote |ocation and producing required
equal i sati on response data based on said audi ogram data using said
predet er RS e Y| 6L Vi US| RelaQuavt&r id required
equal i sat i on%ﬂe@ggﬁggpﬁgﬁﬁbiwtc@‘?ogdéﬁéiﬁgglﬁi Eﬁzh%gilgc {risgqu#’r ecfh%éﬁiasgi sation
response that thevd triay decitieer dedtares emt/@seepsiinguddiid theidivenorgnat expeesgly oduce
said spectrally nodified audio signal. According (o a_second aspect of the
i nvent i ondéftiied @ricemprebgaded dn shenieafisa oprteps Fﬂﬁ%&wnﬁy ﬁ?@rﬁfﬁg e_é@@é - 2003
PCT/ AO! AR0 T BP SRk B NAYAIPE 2000 SbRETRIE B i REPUESIR dCess to a
predeterm ned nasking algorithmused in“tinnitus reha Itation, for
provi di ngspeeificafiorn readagewkail suffering fromthe disturbing effects of
tinnitus, the method conprising: receiving on-line, froma user, data
representing an audi ogramof the 5 person suffering fromtinnitus;
processin ke i i i r. i . i gorithm
o pr oducacifie M- IAAR: Botil AksBth el € RN RETh At TR BT
dat a; andmethod fanpsaviding retieftak gesanuuifetp foaom dicidsadrbiog effespafitmaitabatte t o t he
user.

15  method comprising:

providing an audio signal spectrally modified in accordance with a
predetermined masking algorithm designed to modify the intensity of the audio signal at
selected frequencies, and wherein said predetermined masking algorithm is specifically
produced to account for the basic audiometric configuration of the person whereby, in use,

20  when the spectrally modified audio signal is heard by the person it provides significant
masking of the tinnitus,

Preferably the method further comprises the steps of:
transmitting, using a computer, data representing an audiogram of the
25  person suffering from tinnitus;
processing said audiogram data at a remote location and producing
required equalisation response data based on said audiogram data using said
predetermined masking algorithm;
receiving, using a computer, said required equalisation response data; and,
30 combining said required equalisation response data with audio data

representing said audio signal to produce said spectrally modified audio signal.

According to a second aspect of the invention there is provided a method of using 2
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10 Accor di ng to a anot her aspect of the present invention thegle.i ovj ded
i PotstaRpAdf

a tinnitus rehabilitation sound recording for providing relief

suffering fromthe disturbing effects of tinnitus, the smz%ﬁecordi ng
conprising: an audio signal spectrally nodified in accor 09709207
predet erm ned 15 masking al gorithm desi gned to nodieesivedd8 Nojeabsr 29000f t he
audi o signal at selected frequencies, and wherein said predeterm ned
masking algorithmis specifically produced to account for the basic

audi onetric configuration of the person whereby, in use, when the -sound
recording is heard by the person it prqovides significant masking of the
tinnitus. ' 20 Preferably the predeterm ned nasking al gorithm provides
intermtt i tinpi i : : a d.stening
ovel) dufPnpBE) BRufle hetfee o ArMARRES ohiskifl ofboR QS Eniihy )

conpl et el Yelabiitdtior dfor Wabidiag rélidf k8 pefsoh Giffering efrdae tRedittinbihgadffetfseoft | NNi t us
occasionally energes. In practice it has been found that such intermttent
maski ng 2 tifni¢usnthp netliodeomprisingredi at e sense of relief, control and

rel axation for the person, whilst enabling sufficient perception of the
tinnitus for habit uRESIYAE Mdince Hgmy & yses dat fepresenting ar Audiogramyof-fie y sai d

pr edet rmpg&&lg@&gihgﬂoﬁltg‘g{%ﬁst hmis designed to nodify the intensity of the

3 0 audio“sign 0Ss substantially the full spectral range of the audio
signal. Preferably p@tasiagdsdd saudidgtami Sdagy hisig! 3aidd poeddietmiaed) nadsking whi ch
the spectral content and intensity . \~ 17t" Septenber 2003 PCTI AUOO/ 00207
Recei ved GHoNgw Horiedyagaequind egyalisation rgspouseida@ based ongspideaudipgem datess or abl
the audio,gjgnal is a music signal. However other types of signals

i hcl udi ng speech or noise nmight also be enployed. Typically said

predet erm ned maski tighsalitgng sdidwquitedrgudispticna¢sparsedati @ thhwsehieari ng | oss 5
characteristic of the person. Preferably the spectral qualities of the
audi 018i gnal are nodified by the masking al gorithmso as. to provide a

| ati vel I ti I I . t.i th di
spect rum AFHOIg Bap nobgnmsestt of B eepCineish: GG hatlwiteg BIBEIYS him ai so
| ncor por atr&mbaitatsh %Ién&%&o?diﬂéifeﬁ I-dx’iﬂiﬁgasrel?elﬁ%l?)%e:fs&{ sEFERr Froma ¢eB HL

(Hearing Level) to SPL (Sound Pressure Leve or to correct for the
presence disturbing affectscf tinoifgd, the gowylaecordinggeprisingcording to a still further

aspect of the present inventi.on there i ovided a tinnitus rehabjlitation
devi ce for provi di nfh Plie arnplpectplly st Perrrdps i hRredreapiivel ng
effects @haskinpMlfdHihm! SipHEY it tmodfyRhé Shtbrhity 1P thd @A signhlt & sdldrtemrans
adapted to spectrally nodify an audio signal " in accordance with a

pr gdet er mfwlaucttmki:ndg«;«'ladég? isid mmder_eamgubmgskmgmﬂw tS_IsgomﬁnaHg 9iqdyc@i‘ g he
audi o signal at s ct.e requenci es, a rein said-,pr.edetermne

maski ng gII%S?‘IOI’ﬂtrﬁI §’°s%é‘8iﬂf‘$§5‘r°‘ﬂ9 CBP%EBILI'@EIVX? CMIHPIIIICIC PR RESTC

audi onet r ithe S6UHd f6@ingOR Ward Iif tR€ 'peRbn \dhgf&bnéé sipfifiéat) midk@ip bhehe

spectrally nodified audio signal is heard by the O person it provides
signi fi cadmniski ng of the tinnitus. ’

20
Preferably the predetermined masking algorithm provides intermittent masking of the
tinnitus wherein, at a comfortable listening level, during peaks of the audio signal the
tinnitus is substantially completely obscured, whereas during troughs the perception of the
tinnitus occasionally emerges. In practice it has been found that such intermittent masking
25 can provide an immediate sense of relief, control and relaxation for the person, whilst
enabling sufficient perception of the tinnitus for habituation and long term treatment to

occur,

Typically said predetermined masking algorithm is designed to modify the intensity of the
30  audio signal across substantially the full spectral range of the audio signal. Preferably said

audio signal is a highly dynamic signal in which the spectral content and intensity

AMEr~adrne—— .



\,.Pre\ferabl y said signal filtering nmeans is a programmuble signal filterin
means whereby, in use, the device can be progranmed with a pt€desREMPHetO03
maski ng al gorithm adapted to the particul ar needs of the individual
suffering fromtinnitus. 25 In a preferred enbodi nent of PCRAWN0WRO7t he
predet erm ned masking algorithmis of the form RRgeivdd((BRlovembé000
(0.25,0.5,1,2,3,4,6,8,10,12 kHz) - Baseline) where REQ = Required

equal i sati on response of the Tinnitus Retraining 3 o Protocol Baseline= 0.5
(A-B) + B A- nean dB SPL at the two adjacent greatest hearing |oss
frequenci es ~w 17'" Septenber 2003 _.¥0O 00156120 PCT/ AUOO/ 00207 .-_ -6 in
the greatest hearing loss ear B - nean dB SPL at the two adj acent | east

hearing | i.es.1n the | eari.ng. : : ring

b eshol (R RV HAS rrBahly Qe p ilieiinal SRR
Phon EquabthbaygésastaiohlSineldime Mpeecllar MbistiliphtRlsh 8E emplByed. t 0 0. 95 Preferably M
= 0.4 10 However, in an alternative software enbodi nent of the i nvention,

t he mat hemati cal al gorithm by which the individual prescription of the
audio signal is calculated may differ fromthe above algorithm Such other

enmbodi ment¥piedlly: said ipredetamingd wasking plgodbmsisspagtit ilpred te Ree beagiagtloss)

clinical technique t 1s intend rovi.de a.nodifi ] f _the

i ntens tycwcgwggﬁgﬁgﬁ"spﬂﬁoﬁ %’{g?eﬁbggfﬁﬁq P%?ﬂh%ugﬁlfcﬁgoql “E%/éﬁ&slbs % fical 1 y for
the reliefodifidd By the rhdsRiaf HRiskithixd sb iaflfd previdandrelyiPay dquks issnsafinelfeediabl y t he
device is enployed in conéunctl on with a personal nusic_ player (PWP) and

has an i npaiessadapiveportion ebtia audio spectim in batheasutTyaicalle s rged on t he

tandar o PROIRATLAEYy ool S LR GHPRSPARPENR) £ LAERRT, o, 1y

be used t Pt FRASHE Levl)3b dBABPI Goand\PleSuftSBevelj & 18 torteR€ fir &Y predaade ¢ray be
pl aced in the ear canal, concha area, behind the ear, or sone other area

rel at3@el yarigus seupliog sysenelypes. BRI EF DESCRI PTI ON OF THE DRAWNGS 2 5 In order
to facilitate a nore detail ed understandi ng of the nature of the invention
preferred enbodi nents of the tinnitus rehabilitation device and nmethod wi |l

now be deggkdrdigg th Skt @ither dayechBy thef prééAnmkéntion ltbere W providef gtianes to the
acconpanying drawing in which: Figure 1 is a graphical representation of

t he | ong- tebebiliwpien tevicedbr providing miisfite a person sliffegng fromathel diatutbipg efédctspri or art
tinnitus masker; Figure 2 is_ a graphical representation of a typical
pati ent ' sOhaithdhedevics RINPRSINgd t hei r

15 signal filtering means adapted to spectrally modify an audio signal in
accordance with a predetermined masking algorithm designed to modify the intensity of
the audio signal at sclected frequencies, and wherein said™ predetermined masking
algorithm is specifically produced to account for the basic audiometric configuration of
the person whereby, in use, when the spectrally modified audio signal is heard by the

20  person it provides significant masking of the tinnitus.

Preferably said signal filtering means is a programmable signal filtering means whereby,
in use, the device can be programmed with a predetermined masking algorithm adapted to
the particular needs of the individual suffering from tinnitus.

25
In a preferred embodiment of the device the predetermined masking algorithm is of the
form:
REQ = M(SPL + ELC (0.25,0.5,1,2,3,4,6,8,10,12 kHz) - Baseline) -
where REQ = Required equalisation response of the Tinnitus Retraining
30 Protocol

Baseline= 0.5(A-B)+B

A = mean dB SPL at the two adjacent greatest hearing loss frequencies
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17" September 2003 WD 00156120 PCl'/ AUDO/ 00207 - _ required 56 al i sgﬁgi
curve calculated using a first enbodi ment of the masking al gbti PFHF™ 'g%ibé’)
3 is a schematic diagramgraphically illustrating intermttent tinnitus
masking with nusic; 5 Figure 4 is a graphical representation of the sanme
patient' sWRMPPHY t hreshol ds and their required equal i sat PER/AINPHEET

cal cul ated using a second enbodi nent of the masking algorithm |10 Figure 5
is a schematic block diagram of a possiébl e enbodi mrent of a tinnitus
rehabilitation device in accordance with the invention; and Figures b and 7
are flowcharts illustrati ponégRbebidkidf 108Rod of providing a tinnitus
rehabilitation sound recording in accordance with the present invention. 15
DETAI LED BESCRI PTI ON OF PRESCHRSDLE/BEDWYEISNT|east hearng less fieggencies itbe

broadly defined as the obgcuri of tinnitus perception with an external
sound. Hearing aids can pﬁ%y?aag%ﬁﬁ“%‘t"fsee@fi ve form of environnental noise

masking fgpponly areund | h@¥ngthreshdids Gin ABHL)dRveRRE to dBEPBDI € audi onetric
measure of the 20 effectiveness of tinnitus naskers is the anount of noise

requi ied EbG ust mask an transferivalues fos 49 Pion Equal Lopdness fentourse i s known as

t he M ni Maski ng_Level (." Y ). A the nost inportant criteria for
successfﬂwnnaski ng 1 s thaﬁé’{‘W%ﬁ?@B@%y of a masking stinulus is
inversely proportional to its MW,, and that the stinulus needs to be a
sufficiently pleasant substitute for the tinnitus. In the present

i nvent or ' Breferably 8| =pr actPde, 2 5 several sufferers have reported
attenpting to use nusic to find relief fromtheir tinnitus, but often found
that the volunme required to nmask their tinnitus was unacceptably high. Most
of these Heweods ik eindsitbriaivh asoftwares eabgdiniet! #Pthe GinVention,Ndhe | ifStHematical
characteristic, and a_ tinni tuqu@gi tch which closely corresponded with the

edge of t Algortun bwnwhichthe mgividnak prescaigtienef the audip sigral is qalculatedmas diflsy

previ ous i ' I . CES may be
Phe. ext r ooy R b dliaufl, SHEH St boftiond AE ueiboR S UEERERIN
tinnitus. withlfhe "esSenpialesclivécal 2EMBRiIGIO A 116 Grlteidied to provide a modification of the

intensity of an audio signal to account for hearing levels specifically for the relief and/or

7.4

15 treatment of tinnitus and hyperacusis.

Preferably the device is employed in conjunction with a personal music player (PMP) and
has an input adapted to connect to the audio output headphone jack on the PMP.
Preferably the device has astandard headphone jack to which a standard PMP headphone
20  can be connected. Alternately, a transmitter may be used to transmit a signal to a wireless
type of receiver that may be placed in the ear canal, concha area, behind the ear, or some

other area relatively close to the ear.

BRIEF DESCRIPTION OF THE DRAWINGS

25  Inorder to facilitate a more detailed understanding of the nature of the invention preferred

embodiments of the tinnitus rehabilitation device and method will now be described in

detail, by way of example only, with reference to the accompanying drawing in which:

Figure 1 is a graphical representation of the long-term spectra of both a music recording

30 and a typical prior art tinnitus masker;

Figure 2 is a graphical representation of a typical patient's hearing thresholds and their



«_g_+ PCT/ AUO0/ 00207 .-_ Typically, the presence of a sloping high frequen

" hearing | oss woul d mean that at a rel axi ng sound vol une Ieveﬂ?ggﬁPV"&ﬁézgé%
pitch conmponents of the music are heard, and therefore the perception of
any nusi cabdhysqag hi gh frequency avail able for masking i Spéﬁméa}obﬁq The

| ong term spectra of both a nmusic recording and a typical prior ar B
tinnitus 5 nasker (a Starkey TMb) are iJlustrated in Figure 1. A sound

| evel anal yser was used to average thé ‘rresponse of each of the two

recordi ngs over a 64 second period. The spectra were then matched at 1 kHz
t o enabl e requitedpquilisaionsrversalcalated weing y fiess embedimensrof dfe maskingatgosthent r a,
irrespective of overall sound pressure levels. As can be seen from Figure
1, if the masker is assuned to be the optinmal frequency response for
hearing i mgiré 84s h ssHeRRRE GiagrnPprhpifeallyHRustdfing ih@FRiktetfnfud AaskinpSwith | ci ent
hi gh frequency energy and excessive | ow frequency response. Therefore, the
present i M or has devel oped a tinnitus masking protocol which nodifies

t he frgquency response characteristics of an audio signal with a viewto
overcom ng sone of the shortcom ngs of traditional tinnitus nmaskers. 15

Al t hough tRiguré @l ik avgraghiei® seirésehtation f the same Pateat'p héamng ithiéshuldshendeathéeir ence to
nodi fying the frequency response characteristics of nusic, it is to be
under st oodequirsd egualisahipn (surves srlchlgted, wiing: @ seconda embedimante ofjithen mapkdng

i nvention H@hso be applied to other types of audio signal suitable for
maski ng o Innitus, or for providing auditory stinulation for tinnitus and
hypercusi s therapy-w thout nmasking. Furthernore, in view of the relatively
2 0 high cost of traditional hearing aid-style_naskers, the foll ow ng

descriPti dwewe 3 i§i yeschamaticchlogk dingiamspE a possitde gawbodimeah Rf ot HnwHs |

insert or . yo! QE#Q&. ' v ype headphones in

conj uncti 5%“3\?mﬁitﬁr1t§’§dsggi?ga e Séiéggﬁ{aﬂlﬁmg{%ﬁg&?é%?%ducti on system such as a
high fidelity personal nusic player (PWMP) for audio cassette, CD or MP3
recordings,. In Australia, the retail cost of hi gh fidelity PMP is around
oot ent b Hig S areoflowshice Al FsRutE BiprtFol MGk of §F°‘1‘éf(\)/¢é\?eﬁ“‘,m‘i“f is to
be under stgodiid L&t inb S adBrishdaGyi ﬁﬁggn G&fiodl Ng to the invention
may al so be a‘ppl ?igas%{]kgdr:e% gfgﬁ\lﬁ%“ ona(f&g)rllg{a‘?{; g alt@-sty e maskers. The
technlue can al so be applicable to the setting of additional user prograns
in hearin ids, .Qr odi fi i _ nsm.tted to the tinnitus
sufferer =+ Agé“p ’Qﬁ‘é]éa gi&j&M : J\,UEMI_S. MBS on coil facili ty.
30 In addittihfiths rRaskidg ca e bRRHIyGinBd 8B Abbcdfhg bf Hnrifus PMREptionNGih aener al |y

possess smal | headphones with [Fong-throw transducers that enable far
superi or fexigemal tspurd mileagog islsnesat providy an dtstienfoom ofp eavisanmelal 60120

PCTI AUOO/ 7 o =9 free fjeld Loudspeaker, systens. Furthernore
headpho neggég'@gggﬁ%‘}lyoiﬁoﬂnﬁﬁ{)é’ °£‘1s’f'€?§?’isv H}fﬁt ?%%’Eﬂ %%éo cg?% M5E é"laieu%t)eth‘t: hey

Ci I cupyenteflebtfvefddsCHIS til@nat maskea! isOtheOAmbird Noff HdtURIGiYed @108 thikkt aRCCUrs
through a free field, Changes in PMP earphone position on the pinna have

bee nds howdndividualisdiopitns, Thisrmeasyresis kaewn abﬂletmlléﬂ@p@ Masking deMgl d¥IMIoD of
i K K : OR jo
ncoust ;¢ Pttt oSt pbde SRR SRR s BEL ORRCHEBRABI OPE i o

ext ended uppRingfstis@UsiEnverkdyploporiiongle its MIME bl ke ge stimblushbals¢obygr si on
of audiogramresults to the required real ear response, given that there

are as yetsuHisianty plegsant sehstitue fog thedtinnifps nlnsthe presend invepfer'y plinical practice,
25  several sufferers have reported attempting to use music to find relief from their tinnitus,

but often found that the volume required to mask their tinnitus was unacceptably high.
Most of these persons tended to have a steeply sloping hearing loss characteristic, and a
tinnitus pitch which closely corresponded with the edge of the maximal hearing loss
frequencies. One of the reasons why previous attempts at using music have not always
30  been successful may be the extremely high co-morbidity of high frequency hearing loss

with tinnitus.



., 10 .conversion between dB HL to d8 SPL for 10 and 12 kHz pure1+rp$?epé§rpn€

narrow band noi se stinuli. The manufacturer's calibration speci %rn25003

for a Madsen OB 822 audi oneter were used to extrapolate the required val ues
for use with a tel ephonics TDH 39 headphones and MX 41 /AR cushions. The
audi onet aYOMRSSIMY of essi onal |y cal i brated accordingly. Theramhuesookor 10 kHz
were 50 dB HL = 59.S dB SPL and at 12 kHz, 50 dB 15 HL = 61 dB SPL. Al |SO
hearing | evel frequencies below 10 kHzgwere calibrated as per the rel evant
Australian standards (AS 1591.2 - 1987). Table 1 lists the

tr ansf er | #ali B Aleoedibe 5P plrd ik BaleRby Rlarit3 965’ ROuiS AR bbe'gt £B HL- tO

Fr equencyiﬂﬁ&xg%ﬁn@i&uﬁEWQbﬁ?hﬂé %2 pitéHl Sonfpbnbiis bOH khuskl e Tikbrdpdmd 09. 511 .
0 20 Afurther feature of the first tinnitus masking protocol (TMP 1)
devel opedthstefarg dhq pereaption of apyg musicalify and thighhfrequensyoavyatipble far masking is wher eby

anplificathan.ko ' ' EVe d for

oty ar oyl T BRE 1, sp8I5 debaliPEhult FebldnCarti ol OTRRIRAIGE,

currersd hmasken(h Statkep T rariliusteatt BcFigared. AReuniMeEvel aphlyssimiadistdte? 5

maxi m se the acoustic energ%/ centred argund the pitch_ of . the i ndividual's
C

ti nni t us, B¥RECHRP TepRANATeleea Hffethﬁé‘é{ﬁﬁw@ﬁk“ﬁ?lﬁvﬁm 64 second periqd. £ Hhe spsgtra
oy capt | ofets ififfnalilod Rt eI &l coBRizolT dHERBA cdiRaiRUIEE,

than at ttveo spactrd, Evspectivdef dvertlisburmiypressuredevelse |Aatoaa be seenifions FigaskBrif .

17'" Septenber 2Q03 WO 00/56120 PCI1AU00/ 00207 - - 10 All, PNPs have a
vol une coffiemaskerasgssurpedto be the optimab frequsng responst 19T hepsing impairrd Jistaagtsg; g,

and th ' b fy,na ' | . ver,
o050, 86 oePThu 2R LOMIBRAL PRl P UG
expect ed frequeeguospdrisei Thérefore,ethe phistatt inventor das elsvaldpedsy tmetus maskidgear i ng
|l oss and its as.c'atec%.loud ess recruitnent. As.thei.Tl\/P.lf.ornuI.eained
to ni ni i RORARWIh aaadifies hq BemieacycresRonss chapsteratics, o i audio, SghAl Mt 2 o mask

an | i Vi 14} o ok Yome b i BisicOlgs BEGRrb ARG Inhikehe | el ati ve

frequency response characteristics f each ear when presented in those
reproduction systens that do not provide individual control of each stereo

channleg ) }\?th;)rlpg% chra ?&%%gedgsgﬁpu%%p\!vmi lg]eg mtagcepr-lx-rlr\l/g)n y‘“\’% }c &gncacstof&l)éi?ymtﬁg:
the frequency response characteristics of music, it is to be understood that a tinnitus
masking protocol in accordance with the invention may also be applied to other types of
audio signal suitable for masking of tinnitus, or for provjding auditory stimulation for
tinnitus and hypercusis therapy -without- masking. - Furthermore, in view of the relatively
20  high cost of traditional hearing aid-style maskers, the following description will give
particular emphasis to the use of conventional, insert or wireless headphone systems or
insert type headphones in conjunction with a suitable personal sound reproduction system
such as a high fidelity personal music player (PMP) for audio cassette, CD or MP3
recordings. In Australia, the retail cost of a high fidelity PMP is around one-tenth the cost
25  of conventional binaural maskers. However, it is to be understood that the tinnitus
masking protocol according to the invention may also be applicable to conventional
hearing aid-style maskers. The technique can also be applicable to the setting of additional
user programs in hearing aids, or the modified signal may be transmitted to the tinnitus
sufferer through their hearing aids’ telecoil or induction coil facility.
30
In addition to the low cost and high portability of PMPs, they generally possess small

headphones with long-throw transducers that enable far superior fidelity compared to most



..(1) The individual's pure tone hearing |level thresholds at eagh.fr e
were 15 converted to dB SPL by the addition of the transfer %I %Ie stgrﬁﬁer‘?%%qse
1. (ii) The tinnitus pitch match frequency in the nost severely affected
ear was chosen for the nmaxi mal point of the base |ine calculation. The two
adj acent WOMSHE%ring threshol ds of the |esser hearing | o8STAEPVNRET al nays
chosen as the mninmnumpoint of the 2 0 calculation. Wen a reliable pitch
mat ch was not found using pure tones, -Bt was substituted with the nean of
the two adj acent best hearing frequencies. Thus, the base line constituted
a md | i ngre¥ il Iduaipard slfyBl@mts.\’VCF\ﬂh&ﬂIo?e? theAd{hoRE¥RArE | gen&illy &Brd effSotivei i 1)
The final equalisation values were then derived by subtracting the base

| i ne fr omtizansloudhspdakers ibacpusé they isstumyeak he exteasive atterBadmt pf high freguéncy

frequency _and h ear, Thus the.algarithm far. patients ose tinnitus
pitch cou|3§\"}98{?“65§8°‘%“§f gy ad%?eeﬁeﬁ#‘ngmm @gg‘gﬁphgnc:p \‘I@{“A’ ¢ pinga
Requi red hgudibde 3hovarto awveryQintitel 2Rbcts 6 the @péotral @ompoditdndf red swepsZ) -

Beeline } 30 The al gorithmfor non-tonal tinnitus was; Baseline = 0.5(C B)
+ B 37t meaped Mg (Ko vdey BletwoiciMamequis for Acoustic Research).
(SPLt 0~s0s. ~. ~.~.~,s.,0.iz~t'Baseline} Wierein, A= hearing threshold (dB

SPL) at frequency of tinnitus pitch match. 5 B = nean dB SPL at the 2

adj acent ligdsdeldpiiy d trhitud GRsIAE oI, B8 reduired BRaled BpSttlfregherch etidulrg] acent
greatest hearing | oss frequencies. PCf'/AUO0/00207 ."_ Exanple 1 Figure 2
i s a graphresented spallenses: for i the conversinn plpudiogram epnlisctovibe rregiired pealagar

I ndi vi dual i els, . tinpit ad el LT

equal i sat ir%sﬁOJ(‘:s(l%‘r glgﬁ i%grlgn%?\?ls é}ﬁQFJ) F‘m‘gémg‘[‘]%‘%a}e'g&g@"%%@% ﬁgaqﬂ%gﬁf rtgauency

bi | at gpal chbewidisigbdtwech dBVHLItb dBiSPISoR10 akd, 1000 A e toht Andfigaivebandmoisbe | ef t
si de. Consequently, the required equalisatjon curves reyvolve around the

equal i ser 'Simylis dihe feanufachirens; calibratiginsnesifications ferca MadsangPBrR22 qudigmetsss by
boostin ' N alsh di
e Conuaci ke HRHES BlrbbiBg f HGRAY Rk Il ieTWA £LEERARITDN ¥o .

wor se on theaiphedids, aridhBX dafAR eoshivss Tior aedipmae 0@k \profeetémlly aafibrated cat i on.
Because of the abnqQrmal gr f | oudness _percept. whj c a
acconpani égcoég‘ﬁgléfr i EH?’H?S ﬁggkﬁ@ vqe&@,cﬁi ?%c"? 912 ﬁ'éréy}- m‘g?ﬁﬁe%ﬂ%sence
of hyper agysL%) dpcepfp! f"%ggtb | | i.ded, as
this rrgy exceed t hgi‘lpnﬁlnslsggg ' 1I % n segaglélé%gﬁflgrt ‘Z‘%’E?’%‘M“’@W’

the relevant Australian standards (AS 1591.2 - 1987). Table 1 lists the transfer/calibration

values in inverted format used for converting dB HL to dB SPL.

Table 1

Frequency

kHz {025 |05 |1 1.5 |2 3 3 6 8 10| 12°

dB 255 |115 |70 |65 |90 {105 {105 | 165 | 120 {95 | 11.0

20
A further feature of the first tinnitus masking protocol (TMP1) developed by the inventor,
was an adaptation of the half gain rule, whereby amplification for hearing loss is most
effective when it compensates for only around one half of the hearing deficit. This rule
underlies most current hearing aid prescriptive practices. The TMP1 attempted to

25 maximise the acoustic energy centred around the pitch of the individual's tinnitus, and to
"balance" the headphone output to correct for any asymmetrical hearing loss. A further
goal was to enable the balanced perception of the masking stimulus throughout the

person's head, rather than at the ear level like traditional uncorrelated tinnitus maskers.



., 20 A tinnitus rehabilitation sound recordi ng was then producpﬂhgntggbgqgkﬁ
cassette tape for use in the individual's PMP. A stereo frequency equaliser
(Genexxa 31-9082) was used in this procedure, which includes ten adjustable
frequency bands per channel, with centre frequencies at 0.031, 0.062,
0.12S, 0.¥9005689 1 2 4, 8, 16 kHz Each control had a r BREAUBGH287 + -or -
12 dB SPL. The equaliser featured an "EQ record"” facility, so that the
audi o signal could be passed through thé-equaliser circuit before being
recorded. The equaliser's controls for each of the ten frequency bands was
set to the calculated values for the left ear in the left channel of the
equaliser, and the right ear values set in the right channel, in accordance

with the pdl PMPglhave & valumiechoatrolsranga thht nexcoedswaialsavaitabledh hestingsddsy t he
TMP1 3 0 al gorjt T stereq output . froma oadcast qual,i casgette
recorder A S%gﬁm{)égﬁt'@ttp?é tglsg@@grd@l]b&odwpgmg s ?‘fve‘(%ﬁ?&wg%ﬁ’é‘ﬁmﬁ&d its
out put r olgoefiott fosaesat H SeftigHN bhlaf@ céitrdl 2BSEtHiIS WSCépEaEd & GedteNGeRNt O

high fidelity audio cassette tape. Dual |eads and stereo  17'" Septenber
2003 V® oecspERiity imeaseaof aspmmetsicalhsanipg loss and dts ssogiated oudress recritaieatinel
separation 07 .~ kL [T ! i.c and
whi te noi s%s \E\lle%gé%arc%%’gd :t\égg@l ?ﬁ%c@?%%ﬁg%&vag ?ﬁﬂ%n%%rc '[}’lrc% Esgnt S.
Each part irequi@d tto wasske an iedivided's afhnits, t 0 ehuisabilp idkded e hipeelfyb e skdtive

t herapy and the possible benefits of using the tinnitys rehabilitation
sound r ecdredrengy respomse sharacterjsting faraeach seap avheni preseated digy tmgp roproductioBndar d
i nsert he S . et ncha and thus do not
require a%ﬂgglﬁgg%&ﬁo %&ﬁ%@ve -pea‘gﬁgﬂf;‘}@eg%g&%%&a%%g wer e then perforned.
Wth gbeir custom nmade tape playing in the PMP, they were asked to slowy
turn up the volume until they could just no longer |10 perceive their own
tinnitus. This |evel was marked on the vol unme control wheel. Each

partici pa ' nﬁq ' ' if they subsequently needed
to turn ug%fﬁe v%%g%#a%g?#et&g an ‘tg%gh%aarg%g Sbsi tion. They were

encour aged to experinent downwards with the volune control over the course
of each ki ng,session, as they mght find tha hey require progressively
| ess vol UR@ to 08¢ dpiyidyalscpye {ous itdesine Joik] Greshalds 7% et drenerscy O egr oup
of Pagkl CloBAAied V4B BPLYY (Re ARk d MArHRE G Sat Nl group was given a

music tape. While both treatnment groups has simlar |evels of pre-therapy
di stress associated with-their-tinnitus; the nusic group displayed a nuch

Phe-two-y @RI *podbe tiaaiussyioh SPATTERCh THomod raus A o S AJtcomp.
| nprovenemhy HAUnaliedl poii SoftihiMBHst QireNElleuldtion TUSHE 18 Qfdecn® BatOhedring

participants found their nusic or noise tapes to be an effective nasker)
whi ch i s dhresholdsi afltbe lessar bparingdess ear avas always ohoscw Ay bamininum peint pEthel

L:,]BQ: z e%ﬁﬁé@bt |2 eé?a ?eggglﬁggiicas mgicglewzsl\/?\o} fglRBeuasEnegd ptgrg t%rrlees? elp twaa}';n

substituted with the mean of the two adjacent best hearing frequencies. Thus, the base line

constituted a mid line value between the two greatest audiometric extremities.

(iii) The final equalisation values were then derived by subtracting the base line from
25  the hearing threshold (expressed in dB SPL) for each frequency and each ear. Thus the

algorithm for patients whose tinnitus pitch could not be reliably determined was:

Baseline = 0.5(A-B) + B
30
The algorithm for non-tonal tinnitus was:

Baseline = 0.5(C-B) + B



.. the individual possessed a substantial inter-aural asymetry, . he real-
perception of |oudness may have deviated fromthe prescri bed17reged)&‘r:’]seera%‘(ie&3
to perception of |oudness differences at various points across the
frequency range. it was al so thought that the half gain rule for hearing

ai ds mi ghW¥/368%t suited for the noderate hearing | oss p&SHEIALHGOP2073 .5 and
that a mld hearing | oss mght only require one-third gain. Furthernore, it
is possible that the recruitnent of |owtlness phenonena m ght be greater in
tinnitus patients than non tinnitus patients, particularly given its high
co- nor bi digyowd & (Spperacusi s and. Badefine} Sept enber 2003 WO 00/ 56120

PC f/ AU0O0100207 .- _ -4 pﬁ’oﬁoph"é‘ﬂi a (the fear of external sounds). These
factors suggested that the TMP 1 mi ght be over-conpensating for hearing

| oss, and at. further nodifications were required to optimse the
procedure. e nain pur pose of the TMP 1 algorithmwas to produce an
accept abl e sufstnd tkShdIa(dms BPLY dt'Fghdiy of tirdntGs piRRsdchpOSSi bl e ML and to
accomodate for any Interaural” symmetries. However, it was subsequently
real i séd tHhatmean dB§Rloatdbe adjkéentjleadt fearing hoss fiequenci¢ése nore robust if the

prescriptiQn of t equi red..equal i sation. resppnse was perforned solely on
the basis (8'?' 'W’é'f&“?f?ﬁlaﬁgj‘%fﬂﬁb Wéﬁ?ﬁthﬁqﬂg\%ggﬂ“&ﬂﬂeﬁ hereby attenpt to
provide 10 relatively equal sensation |levels at all frequencies. Data from

the TMP 1 study indicated that 44.4% of the nusic group, and 28.6% of the
noi se grougxapmle L ci pants preferred to set the volune of their audio tapes

at a | evel..whi ch. onl artiall sk thelsr &k nni . [

despi to by it et selteschidlBR silhe Fopih Bl ¢ DG BFEUIAAS, 1
di f f es@nceafeatif IEREl tiaitheard thélf RGP bQiallgadon tiives! Thid ingietduval hata mul i
al so suggests 15 that nusic was nore acceptable than noi se when used at

vol une | ewtgeplynplopiagthigh dieaugncy dilatsral cheanng lospand, Hpnitug 381600, Ha, bothi | st

t he historj ch, h . 41 Rl urrent

ol i cal _1yreny ERE BRI o GRad ethlined R fubh Bl o Rtk U 0

i mproved tdqoaliset's bigetilid, achipviag @Pmltialbmedioatfod Hetrgrightosstterioostrigkthe gmotintnc e

music is \z/aﬂfliéa]hly dynam c signal, pl)ears possi bl e that the intensity
[

it a
of music frequepgy gain@nd ahagwsesmr&irfg watienudting theolowt frequencies. 1 4 theor

intergittent. I tBnfe i e | i gs%% . torhdedNi t US
masKki ?718 usi nggg%%s%?g Sl gnaﬁr?éﬂsgloﬁﬁg({lr%gt g%@ﬁqﬁ?"g{ﬁe . (glh%gtgr\%\nété}ﬂi ng to
be bound hamplifization. Because loflthe vatbrmblagrowtheof loudmess péreeptionaghich gisudlly? 5

tinnitus with a relaxing stjinmulus (sych as nusi may be effective,on a
psychol ogi &pmpapies sepsorifeurglhearing loss, @ft@?ﬂ%ﬂﬁ%_ fhejrsgsence qfhyPRagYSsh it i s
feasibl e tlato1dPor&ibh %Ehmt_cm isTHoP F;oom_ea,vlag bhiday Exdibd e i6@RRIhEUt € a
formof systematic desensitisation. Wiilst in a rel axed state, the |istener
m ght be adoudnesndiscomifprtpevetsei vi ng, t hen not perceiving the tinnitus,

according to the fluctuations in the peak | evels of the nusic. The
pr edi @é?bility of 3 0 the nmusic may nean that the tinnitus m ght not even be

consci ousl x (R@fGSihAlGHoN SsinHecordihPWadihen Ploded2@ oluf lafidioAdhettt eipRlfby . t he
tinnitus mght "reappear” fromthe nusic often enough for habituation to

occur. Butuselie theripdivdgaltsyAMPi A stexeaifrequeticytelqualiserd(Genexikgy A ki9082) was'used it enber
2003 WO 00}, 56120 PCT/ 0L 00207, .- ..- prevents this [imted posure from
bei ng. di st (FDPREeAEe Qi wlhde” foncapiisbieh RNy bebdl o el R BB 16

t he proposgeqienéied A 0.4AND.0BRIKI 239025115, M6k K 3L | OKHALUBAH doREHINadULrafif/
pronote a ;énergetl c effect t hrough its additional nechanisns of |,

faci | i25at i pig+@r sdAsdB SPLc ohher estuplisgr featnied arotEQ Feogin dacality asncthat the i s, and
a form of tQ 5 LSl i . . } t .l nni tus
Ceser TSl s BN SR AOed i GRANSOR bl e Ml eqlfifsehd
retrai ni ngcqit@lsfoptach BRMe wdfieqlens/ inpédwisat totirescaltaltednathes forphiofear

intermtt einnt thge}gt’lt( icﬂz?nnglf o} trlllg ctqiuz?lir;icrt, lzjx;sld the right ear values set in the right channel, in
accordance with the particular individual's equalisation values as calculated by the TMP1

30 algorithm. The stereo output from a broadcast quality cassette recorder was connected to

the stereographic equaliser, which then had its output routed to another high fidelity

cassette deck for recording onto high fidelity audio cassette tape. Dual leads and stereo



.In practice, the TMP 1 algorithms use of the half gain rul q7apeadmck 903

over-conpensate 10 for hearing | oss as noted above, sonetines making the
recordi ng seem unbal anced or "tinny". Conversely, there were several
factors that suggested that the one-third rule m ght not provide sufficient
equal i sat wen0o/se1€ | ong term nusi ¢ spectrum has consi der ablpgTiAd09/00R0gh —_
frequency energy than what is typically avail able from conventi onal i
tinnitus maskers, and yet the greatestipearing loss is typically
concentrated in this region (see Figure 1 ). 1.5 Therefore, any substanti al
reducti on REAGRREcRRktle BRI Bresttl LAY biblind deiiaof N oN fr equency
equalisation to overcone the fimtations 1n the nusic spectra and the
effects of hearing | oss. Therefore, because the half gain rule was

sonetinmes g i ve), but .one ird gain - be.insufficjent far the

pur poses 1 i SRR um was:
JMofied fwﬁq‘tﬁu@wgs obboth gnf @dm‘fcnm et S5 456 1n glrveel

sel ect ed gt}‘itaﬁr@iﬂi 16 YaRRipahis O'ERh FArtbighng ¥ald cpwsa &l ds€or thé Mtiondld beRlirdqu" t her

facilitat e provision of equal” sensation [evels of nusic across the full
spectr & rmaskingothetdpy amdsthe isgiblel benefits ofnpsing ¢lee Timitus| whatiilitatioradopided t he -

| SO Equal Loudnes ntours (ELC). The ELC t ster valyes correct for any
di f f er enceS4" mﬂo%ﬁ%@%ﬁ&ﬁfi‘%ﬁ%ﬂﬁéﬁ%\ﬁ; h@ﬁ“’ﬂ‘ﬁé“’&ﬁ%‘ﬂr‘%’f‘%i"ﬁ%ﬂ%ﬁci es

(I'nternat '(@Bﬂ% MRS G6 D Bel @chaZamd 1864 do ndteqiil »RedibaRNT SstindCur Ve
was sel ect ed because the earlier study found that the nean participant's

cust om sedevelpeak analysisdnaaguares wargdhen parformad s Withgheineustani-made tage pplymged a
RVS of 45..7 L., Thus i B.representJ ng ar r oxi mat e doubl i ng of
per cei ved lpdﬂ"dBﬁ st,lwé’l‘{e'f_)ﬁg%\g’ﬁ%@ﬁ%&pa %a°1P{5‘gt5‘_88k‘ﬁ§>PFf? _ o gg_g%een t he
thresh d piekiveothait oWRUfhitas. PHIS IdvBLivas RRARE BRURE (I8mETcohth® ViRbENBAdLY
around which intermttent 3 0 masking would occur with those with a mld to
nmoder at e shastidipant iaaitolddo notéfy . therpedialogishif theyoswbsaquenthysneaeiedstoutuim s the
because it s t closest to this m.d poi.pt. and choice of the Lower val ue
curve al SOV(W%P?)E %w%’@“s@fe B(Pdl%‘)&a‘r?é‘ss ﬂ%XrUF‘Frr%'}WP‘age‘ff?"e"@s‘a?‘s%er
2003 WO OO0ddvimbiads with A G410 Tontrol_over e colise &t cuoll aidking ety fak Chey
procedure is to obtain hearing thresholds using TDH 39 headEho_ne.st_and t he

resul ts ar@ighkfndtgediey Kaup prgwrsiivaly less Yalyme jo totabyvmask if resiquabighibiian on f or
speci fyi ngoh (ing aid characteristics is to utilise dB SPL (Sound Pressure
5 Level) vAFURE: Consequently the hearing thresholds (dB HL) obtained in
the 6¢cnB headphones need to be converted into dB SPL by the addition of the
transfer values in Table 1. These transfer values were then sunmated with
the 40 Phofng &roup@f pagicipants wasegiyeasa neise ape whereas Hier (thorcgipymh Was BHSM Al ues

are displ in.ra ‘s g :

R equency s dhte’ Wbt B efingy eroups has sipilarlevels of predheragy  distress

~2.de16. S2| és@odﬁ]ictad %r&hmwttmn?stthlsmﬁac gaiupidig»lqyed)hmmhgr«(;ﬁ?l&hphggnbmm is: a
ificati t TP 1 it i 10 i

o) 0" 8 e S T 2RSS % R, T o

Basel | ne “ndilcSuof Blso tisflafed shn? iEAReEn Bl e 16 dihaRCIRGRE skt €St
heari ng Iogs f eﬁ%?ﬁ'g;ﬂé@aﬁn 1 eeé‘?‘gat gst thearl?lncgl‘lt ?oss%g‘ggem s
group. 96% of the participants found their music or noise tapes to be an effective masker,

which is a far higher acceptance rate than for conventional ear level tinnitus maskers.

25  In some cases, the TMP1 appeared to present an unbalanced perception of loudness where
the individual possessed a substantial inter-aural asymmetry. The real-ear perception of
loudness may have deviated from the prescribed response due to perception of loudness
differences at various points across the frequency range. It was also thought that the half
gain rule for hearing aids might be best suited for the moderate hearing loss population,

30 and that a mild hearing loss might only require one-third gain. Furthermore, it is possible
that the recruitment of loudness phenomena might be greater in tinnitus patients than non-

tinnitus patients, particularly given its high co-morbidity with hyperacusis and



..B = Mean dB SPL at the two adjacent |east hearing |oss frequemcdgserhibh 2093
| east hearing |l oss ear. SPL = hearing thesholds (in dB HL), converted to dB
SPL. 2 5 ELC = transfer values for 40 Phon Equal Loudness Contours.
Al ternativel the patient's hearing thresholds may be obtained using I/3
oct ave nawpd\\ﬁlsf)'a’rﬂd noi ses) and the gain nultiplier (M be@ERE0§00207 o -
between the range of 0.5 to 17'" Septenber 2003 WO 00156120 - 16 0.95).
The procedure for applying the TRP waslds foll ows: PCTI AUD0100207 .-_ 5 (i)
The person's audi ogram was perused to ascertain the two adjacent greatest
heari ng | gdwnéplebizfties fear ofiextdneal gounds)e Jhedecfacton guggestad deat tHeAYMP hrdgletl so t he
two adj acent |east hearing |loss frequencies in the.legst hearing |0ss ear
(B). (ii )%Fh‘é‘écé‘cPB‘QF“S&B“Eﬁ or Jgeiags o ead st s s tioes WeredeUigl ohe
addi tion qfthe dQpidcafgber values in Table 1 (on page 9). (iii) The dB SPL
nmean of th«g t wo adFacent greatest hearing |loss frequencies in the greatest
hearing | oss ear (A) was then calculated in dB SPL, and the procedure

repeated fQr the two adpacent ] east hearing |loss frequencies.in the |east
hearing | o rzip RUgjose fiﬁleieﬁ)ﬂ’i«alw&hmﬁ@%g{?@lum AeReabls PSS B ¢ he
subtracti LS IMYA bSicddisiio ﬁﬂga,grgps]mﬁli added
Lot halh Myt Bt b d6de pUliEMIAL ) foac! (v)‘ﬂ% 6 Sy RfGtabiiFofititids SOHES

fromthe dieesgraithwasr sibsdgeentlydctalised shat lae imprayved maskingoalgerithm woulddee whi ch
is th ti f.1the 1S0.40 EL ti | dth B HL t
0 SPL i1 ARCEEPPYLHabY Brecrininn of B Babrek o R PR e HESPrTR el s of
the rel atigpethe Vasi8 of eRaxdiAUA A iR imuih hedHn l@&clsﬁ%ﬁ@ tiRdreyNatteftpt & plovide

frequencies. The val ues were expressed in dB SPL so that the desired
equal L8at irclatively gqual synsatisp lenele acallifrejuorcicse tRatarmomdthei TP h stude irdicatéd SPL

ft hi | i : i ) Jhe .basel i val t
bt act edn AR 2 e e EBFRuS P S HpiRois Gope BSEBant oSN Re i 1 e
by the 0. 4hggblinde'dftheid Ridfo RpQHR 2 JevePwhislP 6AY Partially nfdkdd théieAnansy Tais each
ear. 3 0 (vii) These values were then used to manually set the graphic

equal i ser aseuked despitef beinga instructedy that éit epfimal issling oway s fialle nesEQThesed in
the 1eft HAARLY iRMhskg 160 BherdiBloesulReidn 8 Db el B il H0A0REkesOT 1N
15 that music was more acceptable than noise when used at volume levels where the tinnitus

could still be partly perceived. Whilst the historical approach has been to totally mask
tinnitus, and the current clinical trend is to partially mask, the present inventor has
developed an improved tinnitus masking protocol based on intermittent masking. Since
music is a highly dynamic signal, it-appears possible that the intensity of music which

20  partially masks might actually constitute a form of intermittent masking. A schematic
representation of intermittent tinnitus masking using a music signal is illustrated in Figure
3.

Without wishing to be bound by theory, it is believed that the intermittent masking of
25 tinnitus with a relaxing stimulus (such as music) may be effective on a psychological, as
well as on an acoustic or neural level. In theory, it is feasible that intermittent tinnitus
masking with music might constitute a form of systematic desensitisation. Whilst in a
relaxed state, the listener might be altemnatively perceiving, then not perceiving the
tinnitus, according to the fluctuations in the peak levels of the music. The predicability of
30 the music may mean that the tinnitus might not even be consciously percetved during the
“troughs" of the music. Additionally, the tinnitus might "reappear" from the music often

enough for habituation to occur. But the ongoing dynamic nature of the music signal
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high frequency energy than what is typically available from conventional tinnitus maskers,
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and yet the greatest hearing loss is typically concentrated in this region (see Figure 1).
15  Therefore, any substantial reduction of gain could prevent achieving adequate high
frequency equalisation to overcome the limitations in the music spectra and the effects of
hearing loss. Therefore, because the half gain rule was sometimes excessive, but one third
gain may be insufficient for the purposes of modifying music for long term tinnitus

retraining, a medium .was selected.by the incorporation of a 04 gain multiplier, (M).

To further facilitate the provision of equal sensation levels of music across the full spectral
range of the music signal, the improved TRP algorithm adopted the ISO Equal Loudness
Contours (ELC). The ELC transfer values correct for any differences in loudness
perception depending on the discreet frequencies (International Standards Association,
25 1961). The 40 phon contour curve was selected because the earlier study found that the
mean participant's customised music recordings, under total masking conditions, displayed
a RMS of 45.7 dB SPL. Thus, with 8 dB representing an approximate doubling of
perceived loudness, 37.7 dB was extrapolated to be the midpoint between the threshold
and total masking, and thus representative of the intensity around which intermittent
30 masking would occur with those with a mild to moderate sloping hearing loss. The 40
phon contour was thus utilised because it was the closest to this mid point, and choice of

the lower value curve also helped compensate for loudness recruitment.
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equal i sation curves for both ears are illustrated graphically in Fi gure
A conparison of Figure 4 with Figure 2 will confirmthat the patient's

right and left hearing thresholds [HTL (SPL)] curves are identical. 5 A
second cl WRi09&b128t udy was conducted in which 90 peopl e wh®CIAU0emH02DT oM
tinnitus participated. The participants were allocated with bl ock

random sation into one of four treatnelft- groups: one group to test a second
generation total masking algorithm (TMP2), one to test the tinnitus
retraining algorithm (TRP), .one to enpirically neasure the current TRT
approach of using | ow | evel broadband noise stinmulants, and a quasi-control

group to Thersandandeaghiometst | proceduteoiseto Pbiains beaving &mwd%w’mngEH 39

expectations, ,with d mati | evel s of . habj ti,Qn ex d re than

t hr ee- qua?‘?ﬂpg T“H%ﬁ’ﬁ t@l‘ﬁ%\ frareged iy gﬁ‘tpg ﬁlf 6’1 glg ‘Hﬂéf’ ® The

adopt i on @bnvehtibd f& Qﬁcﬂ?mgm%nﬁd ShardclerizAEH TS 6 hum;g dRESPY, {Shnd Prb@di fi cant
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|nprovenents inclinic out cones all treatnent gr oups. Fbmever

counse’ | i hgvel) dﬁb‘ehp@uﬁweﬂtb’ e hmagfthtesleqids (dliaa{ﬂpbenbtamd lmih@ 6em’®

Phe. or ear SeriehBls e REGLHERbutd 184 7R SHELYY BCden Eig iy AR U™
group i ni thaglelly d| spl ayed a nore rapid i nprovenent, but the nore gradual

gains of the TRP group were sustained for longer, and ultimately were
superior. There was little difference between the noi se and counsel i ng

al one gro h venents
xpori ancafes R SsREeF Hipfied B W abilol Ryt AT 3R B

statisti cahhsfemagbuaﬁmcwmesabwlg;ﬁaﬁﬂinrm ment groups recor ded mean
reductions in tinnitus distress over therapy, the two nusic groups
ultimately appeared to be the npst effective. Approximately three-quarters

of the two nusic group participants hi enced significant habituation to
their tinnitus (TMP2 = 78.6% TRP = % 25 There were substanti al

reductionf I N Nyper gcusi s scor es ST c_groups, an ST1 0
reductionffor the ndise group The group 88t Yacousti ¢ sti mul ati on
(Cbunsell*ng uuly) ™S Ic e gase T pcfauuaib over—the—sane

period, sfrondtt# indi-@ati né tn&? t he| proViZi p tic §t| muilat | ¥h pas

H ~
a key i ng j_’dl Cnf | al f hn 3—O lnar o¥-YTI |J: I nrpr D\ . rn—n Lo

rJ
partici pa 1C9rr®hon5n re‘bcﬁrte‘t;lSt hé.ﬁ the |65hy per péasil 2.5 . d6t50 Ihpfove
faster thantheir tilnnitis pelrceptioh 17t 1 00/ 56129
PCTI AU00O/ 00207 _-_ -20 The clinical studies ther ef ore suggest that total

masking with nusic is nore effective to facilitate a rapid inprovenent in
distress and rel axation levels, despite the fact. that intermttent masking
W t h p8si Thevianitusattcaining protstol (TRE) algotithne isf embdifieativn of e TP 1 ralsitimes. Thi s
i ndi cates that a two-stage appr %ch m ght be nost efficient, whereby 5
patients BheRPRPRSE Wabaye ap &’Q“tsot al masking al gorithm to give a
stronger sense of relief

REQ = 0.4 {ELC + SPL3 5051234581012 1z - Baseline}
Where: Baseline=0.5 (A-B) +B
20 A= mean dB SPL at the two adjacent greatest hearing loss frequencies in the
greatest hearing loss ear.
B= Mean dB SPL at the two adjacent least hearing loss frequencies in the
least hearing loss ear.
SPL = hearing thesholds (in dB HL), converted to dB SPL.
25 ELC = transfer values for 40 Phon Equal Loudness Contours.

Alternatively, the patient's hearing thresholds may be obtained using 1/3 octave narrow

band noises, and the gain muitiplier (M) becomes 0.7 (or between the range of 0.5 to



. and control, then later switch to intermittent masking to reﬂpwgvgggberzoo3
tinnitus detection. In the clinical studies, pre-recorded nusic S
spectrally nodified using the predeternm ned maski ng al gorithns, and
re-recorded on audi o cassette tapes for 10 participants' use. This approach
is unlikeWoows6h2d acceptabl e for wi despread clinical use, paor/xvUewooed? t.he
potential copyright infringement problens in some states or countries.”
Purchase of the rights to re-record nusjg-from sel ected recordi ng conpani es
is one neans of circunmventing this, or the comm ssioning of recordings
speci fical hy ior this purpose. In one enbodinent it is proposed to provide
a progrannabfe "bl ack box" device for use by 15 private practitioners. The
devi ce thus envi saged can be programmed by a qualified audiol ogist to
account for,each jndipvidual's, tinpitus d hearing | oss characteristics,

usi ng the %Wpfﬁgnﬁhgﬁp é“ﬁﬁﬁ%tﬁ?ﬁﬁﬁwgﬁﬂ°ﬁTﬁnical protocol s devel oped by
the inventor. In one enbodi nent, the device nay take the formof a

musi cian's hearing aid-type device designed to spectrally nodify the audio
signal @s (i) entThe petson'semdivgram ervassperuseduio eas@er@im thef brvo adjacerib ogteatestt | s

t i de, th [ in.the f ." bl ack ) i I d i
con) unct | oNFSHRENOS ERperdies e B sdrne oS e Y and A Be FoR el B o
out put  heagfgiiap foss Feljudidics ML the st HafngRY &e@ywul d have a standard

headphone jack to which a conventional™ PMP headphone can be connected. In
an alternative enbodi ment) a nodified sound recording is automatically

d . h di-ol ogj st | i ni il :
auat omet i Boont TAE AR Al fanes it s BonyRuiEiocdh SPE; bl BRBOGT Y Be oo
Figured i trans$er values inl Tabile h @oiBidge 9Rl ock di agram form a possi bl e enbodi nent

of atinnitus rehabilitation "bllack box" device. The device 10 has an input
12 adapted to receive a tw channel stereo signal fromthe headphone out put

jack of a R\NP. T Vdisie as Q an qut put. 1 i .QVi a

t wo- channe m{gt er g@e glﬁgﬁnlf’ﬂif m]egubgt tﬁ:’)caﬁoymﬁr%cﬁ?(f %{e%ﬁeae{"ﬂgﬁg%petr%{hﬁﬁégsd{“dng‘g Ki ng

al gori t hm prea@staivarflg ild?.k‘émt{f@ WaVihee caléulatvd inCAB SBL Satid! b IpfockAlre répehedi Ng to
t hrough a conventional PMP headphone. Preferably, the device 10 enpl oys
17t" Sept effsdhe tyoomliapentderstieenriog sy fraqupogicoindire least heaping loss gart(B). si gnal
processing, and therefore the left and right input audio analog signal is
converted to digital format in an analog to digital converter (ADC) 16. The
di gi tal ou(iput sAgnillinevaldd@ad theh saltiietad by the sibitraaticti ¢ff B filonf A| which 18luehi ch

mmski ng. sl SoPREHCEr e BF G pO o e Bt SUE TP BsFlifensi 1y of the
audi o signal at selected frequencies in accordance with the masking
al gorithm V) All of.the dB HL thresholds from the audiogram were then added to the values in
20 Table 2 above which is the summation of the ISO 40 Phon ELC correction values, and the
dB HL to dB SPL transfer functions. This produces a measure of hearing in terms of the

relative perceived loudness of stimuli at each of the discrete frequencies. The values were

expressed in dB SPL so that the desired equalisation frequency response could be
determined within the 24 dB SPL range of the graphic equaliser.

25
(vi) The baseline value was then subtracted from each transformed threshold, and its
result then multiplied by the 0.4 gain rule. This process is repeated for each frequency of

each ear.

30 (vii)  These values were then used to manually set the graphic equaliser with the left
ear's required equalisation response (REQ) used in the left channel, and the right ear's
REQ used in the right channel of the equaliser.



« The filter characteristic of the digital. filter 18 may be prag
manual | y usi ng t hunbwheel s. However, nore preferably the dig??aﬁaggﬁﬁg?zqg?
is progranmed el ectronically |0 by means of a m croprocessor-based
control | gyo48/sk@¥i Ng a conmuni cations port 22 that may bePE?aﬁﬁ&@Eﬁ7to—a
desk top conmputer. Using a custom designed software program whic =7
acconpani es the device 10, an audiologﬁ§[ or other hearing aid dispenser
can programthe device 10 by nmeans of a’ graphic user interface (GUJ ) which
facilitatEs the input of the required clinical data into the non-volatile
menory of troller 20. Thus, 15 for exanple, the clinical audiol ogist

woul d si My 288 iR thapaBBibart dhbseh thARMoRKAT K tHRVRYUP] BE@uhal dsaat each
of the 10 discrete frequencies fromO0.25 to | 2kHz The audi ol ogj st may al so

be requi r gerly-stoping agymmetrieal dhepring fass (ks skxample | Abpveh swast dlegygberende” ( B)
the heari BambRta 1! 4Rl Tt BlbA@AH fiANICD nelih @i P iz SBLER dofbbieand/ of
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cal cul at e%%a‘{@é%{%ﬁ ggg%:cﬁ]t%qigg%&ik%ﬁ G{'/:g%tgga Ekese v%@%"g@%l}rﬁp oyed by

t he cont r elgodathn® @bave. Tt badeling ¢alqudationovas eede as fatlowsach frequency in the
digital filter 18. 2 5 The device 10 may al so include an additional signal
processi ng neans 24, which is also under control of the controller 20, for
provi di ngBasglineer0.Sped)+aB nodi fication of the digital audio signal after

filtering by the digi i r S ral i dd.ed josignal is
then t¥nverted b‘a[glé&t gﬁang[ll‘ BBEPB&% g*;ff’fﬁﬁg?g?-ﬁé¢'¥f(gg(g\éﬁ%g+§gﬂbﬁr)t er (DAC
26. An anplifi ek [8.8(895+0€) £0.8(1i50L8.5)lx GO S ties)anpl i tude of the anal og
out put signal 3_g @égv%de& at_the output 14 of the device. It wll be
under st ood t hat ~&& )X é*ﬂ?gital conponents of the device 10 nay be
integrated i nto=a7¢289l e integrated circuit, so that the dinensions of the
device 10 can be made quite small and the device therefore remains 17"
Sept enber 2003 WD 00/ 56120 -22 inconspi cuous. PGT/ AU0O0/ 00207 .- _ Further

i nvestigation has revealed that the proprietary algorithnms or digital
processing of the audio signal nay be entirely software-based, facilitating
the production of a stored 5 nusic nedium (conpact disc or alternative
format) for playback by the tinnitus sufferer on a standard personal sound
reproduction system such as a personal nusic player (PMP), with
headphones. I n this enbodi nent, the nmethod of providing a tinnitus
rehabilitation sound recording takes full advantage of the speed and
econom es provided by the Internet for fast digital comrunications and
renote processing power. Wth no nore than a 10 desktop personal conputer
(PC) with CD-witing capability, the ability to provide a
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custoni sed tinnitus rehabilitation sound recording can be plpagees, pgémﬁé}ezoos
fingertips of the audiologist. By utilising the reach of the Wrld Wde

and devel oping an application service provider (ASP), (also descri bed as
"on-1line ‘gg 5@#{2&9 software"), the nmethod can be extended _to provi

tinnitus I nd treatnment to a gl obal market. Figures g"ér'r’ﬂ‘"?""%
illustrate in flowhart forma preferr nmet hod of providing a tinnitus
rehabilitation sound recording utilisiftg" the Wrld Wde Wb and t he
services of an ASP. The process conmences in the audiologist's clinic where
the patient consults 100 with the audi ol ogi st. The audi ol ogi st enters 102

the patient's personal details into trglea,'ppropriate 2 0fields in an
application formlocated on a proprleEa-r-y- website. The audi ol ogi st then

conduct s
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digital a gg(ﬁgra 250 determ rge 202L POZR ft fe. purle g xloevél H%%res ol ds at
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subtracted from each of the transformed threshold values for the left and
right Bars at 210L, 210R The left and 1 o right ear Required Equalisation
Response (REQ values are then transmtted 224 to the audiologist's PCvia
the ASP website. The website, which igpiigsi bl € on the audiol ogist's PC,
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- each of the songs on the original nusic CD, are then utilise 3%%0[?%39%%68%
Witer Software stored in the audiologist's PC) and are witten to a bl ank
CD 332. T, tage of using an ASP and the audiologist’'s PC s that_the

anount of%a@%ggatransmtted and the processi ng power reqﬁ?ﬁé@oﬂ@mtoﬂe:‘
server is inrelative terns, very |ow dt is the processing of the audio
signal that requires the bul k of the processing power. Via this nodel that
power is housed in the PC of the audiol ogist instead of the server.

Pr ocessi ndhei REQvegualisatien gegyes derobath paes arpdHugtted graghieallyi ineFigtecdesd coul d

ot o orisol of FEuRnE wRRRERE 2 il chariPinht GF RASEL B8 sPaTit Bfioked e
page; onl thdshaldsTHEL (SPIO)] elueed &t fdehfodlng access. Additional security

nmeasures such as "one-time-only-downl oads' or limting the tine the data is
avail able on the website are al so possible. 15 The consultation can easily

be held i ' i ON_ . S i ' ' .sf.. Or as
part of oSSRl A"y Nl BBIARYISCGRE 3B, Wbl WS SBHEH RoBOliles
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25

There were substantial reductions in hyperacusis scores for both music groups, and a
slight reduction for the noise group. The group without acoustic stimulation
(Counselling-only) displayed an increase in hyperacusis over the same period, strongly
indicating that the provision of acoustic stimulation was a key ingredient in the
30 hyperacusis improvements. The music group participants often reported that their

hyperacusis levels tended to improve faster than their tinnitus perception.
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the tinnitus masking algorithms and clinical protocols developed by the inventor. In one

embodiment, the device may take the form of a musician's hearing aid-type device

designed to spectrally modify the audio signal as it enters the wearer's ears. A more
20  preferred embodiment is to provide the device in the form of a "black box" which can be
employed in conjunction with a PMP and has an input adapted to connect to the audio
output headphone jack on the PMP. The device would have a standard headphone jack to
which a conventional PMP headphone can be connected. In an alternative embodiment, a
modified sound recording is automatically generated in the audiologist’s clinic, tailored to

25 the patient’s audiometric configuration, using software accessed via the World Wide Web.

Figure 5 illustrates in schematic block diagram form a possible embodiment of a tinnitus
rehabilitation “black box" device. The device 10 has an input 12 adapted to receive a two-
channel stereo signal from the headphone output jack of a PMP. The device 10 also has
30 an output 14 which provides a two-channel stereo signal, spectrally modified by a
predetermined masking algorithm programmed into the device 10, which is suitable for

listening to through a conventional PMP headphone. Preferably, the device 10 employs
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20 then use these figures to calculate the baseline value, and employ the predetermmed

.l

1

masking aigorithm to calculate the required equalisation values. These values are
employed by the controller 20 to set the filter constants at each frequency in the digital
filter 18.

25  The device 10 may also include an additional signal processing means 24, which is also
under control of the controller 20, for providing further spectral modification of the digital
audio signal after filtering by the digital filter 18. The spectrally modified audio signal is
then converted back to analog format in a digital to analog converter (DAC) 26. An
amplifier 28 may be provided to control the amplitude of the analog output signal

30 provided at the output 14 of the device. It will be understood that each of the digital
components of the device 10 may be integrated into a single integrated circuit, so that the

dimensions of the device 10 can be made quite small and the device therefore remains



+.said audio signal to produce said spectrally nodified audi o £j983hembd 2003
tinnitus rehabilitation nmethod as defined in claim9, further conprising
produci ng a sound recording of said spectrally nodified audi o signal.
17t" Septenber 2003 -29 11. A tinnitus rehabilitation sound recording for
provi di ng™MOA%56¥20t o a person suffering fromthe disturbi nBCEAUEHIR0D] .~
tinnitus, the sound recordi ng conprising: an audio signal which is
reproduci bl e on a playback device to p?dvide the signal to the person, said
audi o signal including peaks and troughs, spectrally nodified in accordance
with a prddesmspicuosd nasking al gorithm for internmttent masking of
tinnitus, designed to nodify at | east one of the peaks and the troughs of
at least a portion of the audio signal at selected frequencies, and wherein
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14. Atinnitus rehabilitation device for providing relief to a person
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The process commences in the audiologist’s clinic where the patient consults 100 with the

audiologist. The audiologist.enters 102 the patient’s pcrsohal details into the appropriate
20 fields in an application form located on a proprietary website. The audiologist then

conducts 104 an audiogram on the patient’s left and right ears. The audiogram is

converted into an appropriate digital format and stored 106 on the audiologist’s PC. The

audiologist may then activate 108 the application service provider (ASP) via the website,

which automatically accesses the patient data, including the digital audiogram, and
25  transmits it via the website to the ASP.

Data is received 200 by the ASP and split into left and right ear processing channels. A
central processing server (accessed via the ASP) houses the software containing the
proprietary algorithms for converting the patient data to a digital filtering format herein
30 referred to as a Maskiﬁg Profile. This Masking Profile is then transmitted back to the
audiologist’s PC. The central processing server uses the digital audiogram to determine

202, 202 the pure tone level thresholds at each of the predetermined frequencies for the
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use at a confortable listening | evel, when the spectrally nodified audio
signal i's heard by the person during the peaks, the tinnitus is
substanti?k%%mﬁgﬁpletely obscured and the person perceives significant_
maski ng o e tinnitus, and during troughs, the person n&§¢TEMHOYEP29Aa) -y
perceive the tinnitus. 15. A tinnitus rehabilitation device as defined in
claim 14, wherein said signal filter i“®a programmabl e signal filter
whereby, in use, the device can be progranmmed with a predeterm ned maski ng
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rehabilitation device as defined in claim14, wherein said predéterm ned
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si gnal is4abbveghly dynam c signal whose spectral content and intensity

constantly varies over tine. 19. Atinnitus rehabilitation device as
defined in claim18, wherein the audio signal is a nusic signal. 20. A
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offered a choice of music CD’s, for which the appropriate copyright licence fees have

been paid, to be used as .the base recording. An audio software application on the
20 audiologist’s PC accesses 306 the CD recording 308 and stores 310 the audio data to a file
in the memory of the PC.

Proprietary software accessed by the ASP online reads the audio files stored in the PC,
splits the signal into left and right stereo signals and converts them to Fast Fourier
25  Transform 312 (FFT) format 314. Meanwhile, the REQ data received by the audiologist’s
PC is allocated 316 a channel reference (ie left channel data and right channel data 318).
The software then converts 320 this left and right channel data into left and right Masking
Profiles 322 respectively. Software provided on the audiologist’s PC accesses 324 and
applies the Masking Profiles to the right and left FFT signals for each of the stored songs
30 in order to produce the left and right channels of the spectrally modified music signal.
Proprietary software 326 converts 326 the modified left and right signals back to the

frequency domain for playback as a conventional audio file. The modified audio files 328,
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val ues for 40 Phon Equal Loudness Contours M- gain nmultiplier = 0.3 to
0.95 F - a plurality of frequencies within the accepted range of normal
human heaﬁjon)? . Atinnitus rehabilitation nethod for providing relief to
a person suf lerllgng fromthe disturbing effects of tinnitu %Tf’ﬁd{}é’o hod -
conprising: providing a treatnent si gagl); nodi fying the treatnent signal to
i ncl ude troughs and peaks wherein thé“modified treatnment signal
intermttently nmasks the tinnitus during at |east one of the peaks and does
not ful | yoneeeorresnoading kheach of thersongs o the erginakmusic 6D, angdhenrwliliseds330dy. A
tinnitus ) ' | nedl 4 l,al e

treat mnt&g?’gﬁg{dt%r§oau | :)E?%%%a"ﬁ a%(m’é&tsl %@*@S? re aqt&?%&%@#% h
defined in claim25, wherein the audio signal is a nusic signal. 1
Septenber_2003 -32 27. Atinnitus rehabilitation method as defined in claim
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cl ai m 30, enchmpassad irhthe ond patieat visievi ce conprises a hearing insert. 32. A
tinnitus rehabilitation nethod as defined in claim24, wherein the

nodi i ng i s based upon a predetermi ned masking algorithm 33. A tinnitus
rehabi | i taf.i.qn: 3 def i . rigé withhsk &/ Pagalo NI YA
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33, wherein the condition, includes gracusis. 35.. A conputer r.eadabl e
recor di ng™FERYFaE A i o or AR Y rgitng e fimeothe gatags i
tinnitus geihaRidbkitedrk Ao peésitad as defined in claim24. 36. A carrier signal
encoded to transmt, via a global conputer network, a conputer executable
progrlém for carrying out the tinnitus rehabilitation nethod as defined in

laim24..37. A multi-st ti nnj habi. | i t api t hod for_orqvi di
el i ot oTee paulliian L Ry e BN R oRBee MRl BHpaRRCSBrof il B, {he

et hod Cogi¥iél64i8Q or as part of a coordinated therapy regime of on-going treatment. Possible

od as
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revenue streams include the download of the proprietary software from the website and
a royalty on each data download, ie. for each CD.made (ﬂot per patient, as each patient

20 may wish to modify more than one CD). The Internet website could also provide a
number of other services to assist in the relief of and treatment of tinnitus and hyperacusis.
Thus, while music is the preferred embodiment, CDs can also be produced using noise,
environmental sounds, pure tones, or even speech signals if this is strongly preferred by
the sufferer. The more computer-literate sufferers could enter their audiogram details

25  without the help of an audiologist. When the audiologist or hearing aid dispenser does not
have a CD burmner, facility will be available for the CD to be produced at the ASP or other
site, then posted to the clinic. As the data transmission speed of the Intemet significantly
increases, facility will be available for the processing of the audio signal to be performed
within the ASP server if required.

30
Now that several embodiments of the tinnitus rehabilitation method and device have been

described in detail, it will be apparent that the described method and device for providing
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treatnent stage, fully nmasking the tinnitus whereby the person does not
perceive the tinnitus; and during a second treatnment stage follow ng the
first tr tage, nodifying the treatment signal to jn¢lude troughs
and peakg\%\%\)hr@rggeﬁz?\ the nodified treatnment signal interm ttéﬁf’r‘yg‘?{%"éﬁ t he
tinnitus during at | east one of the peaks and does not fully mask the
tinnitus during at |east sone of the tfbughs. 38. Atinnitus rehabilitation
met hod as defined in claim37, wherein the treatnent utilizes an audio

si gnal . 3geliehfar pagsprs sufiedpgFomtingitpsbaspenumber efsignificanadvanages avenpsior

wherein t i ! i i signal. 40. Atinnitus rehabilitation
nmet hod as é%ﬂ%gﬁcs?hx%@@gqg@%@’ll%gei n the music signal provides a rel axing
stimulus on at |east one of a psychol ogical, acoustic, and neural |evel.
41. A tinnjtus rehabilitation nethod as defined i,n cJaim 37, further

conpri si n§) pr ovb¥ifasyitating the userofarpersonglyapsic playgs avithJelaxing wusica i ismugh nal

devi ceg 42 dohitiM [kl ' g%&% &!'?gg‘e .in claim41l,

wher eisn tﬁneo ext né%@%%@@g%n%ﬁdggg eadp (ﬁaﬁgsstgg . %’ti nni t us
rehabilitation nmethod as defined in claim37, further conprising providing

the treatnent sjgnal to the person via an internal device. 44.. A tinnitus
rehabi | i t 4 on_ EpHBensatss fRrhBIdEeaReny) hearinglgss Whieh ascAmpics the BRAES ovi ceo
conpri ses ari . AN Il btk .defined
inclaim gg?lja&w%%‘y&gﬁﬁ%%ﬁ)g%ﬁ%iﬁ%&?lggH{ae;bz(éédgﬁagécmgg% éeyram ne rr%tg’%i’ ng

al gorithm 17t" Septenber 2003 -34 46. A tinnitus rehabilitation nethod

as defined..n claim37, erein fhe nodj fying accoynts for a persan
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condi tion includes hyperacusis. 48. A conputer readabl e recordi ng nmedi um on
whi ch is rewonteifoa thereffpctawf laudnesa reopnitigens,thust dmeblingreffiective stisuddiohiat at i on
met hod as %ef.i ned in Fl im37. 49. A carrier signal encoded to transmt,
via a gl of P“%Wgﬁﬂf‘@f ¥t work, a conputer executable program for carrying
out the tinnitus rehabilitation nethod as defined in claim37. 50. A
tinnitus rehabilitation method for providing relief to a person suffering
fromihe divit ur ntermpitéent dionigusomasking| witls musie: care prayifiecd rfprm gif ngystematic

desensitisation to the disturbing effects of tinnitus; and,

) spectrally modified sound recordings produced using the masking algorithms
reduce tinnitus distress to.the point where it was no longe'r significantly interfering with
20  quality of life in more than 75% of trial participants. Significant reductions in MMLs were

measured, and hyperacusis levels had significantly improved.

It will also be apparent to persons skilled in the audiological and electronics arts that
numerous variations and modifications may be made to the described method and device,
25 in addition to those already described, without departing from the basic inventive
concepts. For example, a masking algorithm in accordance with the invention may be
employed to set the frequency response of existing tinnitus maskers which use bands of
noise, rather than music, to achieve similar results. Various types of noise, pure tones and
speech could also be used in addition to music. The same masking algorithms may also be
30 employed in existing wireless receiver devices, (such as the Starkey Silentia Set), or
through hearing aid induction coil systems. Furthermore, the mathematical algorithms

used for calculating the individual prescription of the audio signal may differ from the
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of the nmusic signal in selected frequency ranges tailored to the person to
at least partially mask the tinnitus. 51. Atinnitus rehabilitation nethod
as defin i lLai m 50, wherein at | east a second portion &&,Qh Sic
si gnal |§98r?prlggal|2 i ed, wherein the person remains conf ort abt ¥A 3@002& axed
when transitioning fromthe second po&%ion to the first portion of the

nmusi ¢ signal, thereby creating an envifPonnment in which disconfort to the
person is dimnished upon application of the first portion to the person.

52. A ti ratiove slesaribadialgorithniso andhextriospuads mayialsadnded te (baiinseged. Hpwevsrn t he

first and ,secon ortio of. t he. nusi| i gnal . ar t gr nat el vy, and.

r epeat edl ?)rr &% ¢ ‘fr}ﬁg’ep‘@?(%“gﬁnf%{”ﬁ? rsbe?a??‘fgﬁ%." ?ﬁl_h i‘et ?Sﬁ?lnlt%bs&mcal
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portions forma_ continuous signal. 17t" Septenber 2003 -35 54. A tinnitus
rehabi | i taecpwi foeheawingalsvale fspadfically for shenteliol angder weatment cof fismitig iapd( at
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wher ei n tthe prestnf iigéntiols i the Slagmalof puldoh deso der ddtenmined Fdmnibe Uforepoingt | east
one of a psychol ogical, acoustjc, and neural level. 56. A tinnitus

rehabi | i tegsreptionand the appended £1aW%- i n cl ai m 50, wherein the person perceives
intermttent masking of the tinnitus. 57. Atinnitus rehabilitation nmethod
as defined in claim S0, further conprising: during a first treatnent stage,
delivering full masking of the tinnitus to the person; and during a second
treatment stage following the first treatnent stage, delivering
intermttent masking of the tinnitus to the person. 58. A tinnitus
rehabilitation nmethod as defined in claim50, further conprising providing
the nmusic signal to the person via an external device. 59. A tinnitus
rehabilitation method as defined in claim58, wherein the external device
conpri ses headphones. 60. A tinnitus rehabilitation nmethod as defined in
claim50, further conprising providing the nusic signal to the person via
an internal device. 61. Atinnitus rehabilitation nmethod as defined in

cl aim 60, wherein the internal device conprises a hearing insert. 62. A
tinnitus rehabilitation nethod as defined in claimb50, wherein the nodified
musi ¢ signal accounts for a person suffering froma condition characterized
by reduced tol erance to sound.
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readabl e recordi ng medi um on which is2fecorded a program for carrying out
the tinnitus rehabilitation nethod as defined in claimb50. 65. A carrier

i s ded. 1 O Z 1 via a_ gl Qbal conputer network, a conputer
QJ~8€i=M~7L §h¥E= EINYVENTIQN. tinnitus rehabilitation method as
defined in claim50. 66. Atinnitus rehabilitation nmethod as defined in

cl aim 50, wherein the selected frequency ranges are high frequency ranges
whi ch dre boost ed\ tibritusAehdbilithticismebhba dor proeidingreliEt th adpeasond@tferiggl from cl ai m
66, wherein the high frequency ranges are . in the frequency range of about
3-16 kibe digigroing effastsiaf tianitus, Hisimsthosk Gogiprisidehod as defined in clai m 67,
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where REQ = Required equalisation response of the Tinnitus Retraining Protocol
Baseline = 0.5(A-B)+B
A = mean dB SPL at the two adjacent greatest hearing loss frequencies in the

greatest hearing loss ear
B = mean dB SPL at the two adjacent least hearing loss frequencies in the

least hearing loss ear

SPL = hearing thresholds (in dB HL) converted to dB SPL

ELC = transfer values for 40 Phon Equal Loudness Contours

M = gatn multiplier = 0.3 to 0.95

F = a plurality of frequencies within the accepted range of normal human
hearing,.

9. A tinnitus rehabilitation method as defined in claim 1, wherein said spectrally

modified audio signal is derived by:

transmitting, using a computer, data representing an audiogram of the person
suffering from tinnitus;

processing said audiogram data at a remote location and producing required
equalisation response data based on said audiogram data using said predetermined masking
algorithm;

receiving, using a computer, said required equalisation response data; and,

combining said required equalisation response data with audio data representing

said audio signal to produce said spectrally modified audio signal.

10. A tinnitus rehabilitation method as defined in claim 9, further comprising

producing a sound recording of said spectrally modified audio signal.



. 10! L10% ()-! 10%& ()-#10%&' ()-310% ()- 10 10 10 @ 10%&' () :Z%,;{Em@r 2003
10! 109/ () - @10%: ()- 109 ()- 10% ()3 109 ()-y10%: ()- % or dE_@ 10!

109 ()- | 109%& ()-109%& ()-Z109%& (929 Ss10% & ()- 10%& ()- Y'!k"dE @ 10! , @

109& ()- Y+ 109& ()- $ 109& ()-#m 109& ()- ! 109& ()-109& ()-K""!#(###9S$: $;

$dE:/ 10 10F>- 109%& ()-<"109%&' ()-F:- 109%& ()- 37@00/&' () - 35-

109&' (114" 10%& ()A ;thiftdS bk mvzesunlaoaec@ﬂ%g (f()r i%(r):he\ftikp?{%ér%od I
10%& ()-#10%& ()-310%& ()-s 10"98& (7()*{Y87/ 10 |v$1o b si &
|1 Mb10%@Terjng fronviieabigterbing effecqag tipitust e somd(rpeording comprsing:- * mt ++] +c++dE7/

10 18: $10% () - 721%'1%?{ 10(szgn§Fv@ncg(;/s&rlegl)odumbl]éoc%qgg rgl)clybac dev1g/e&to(1)rov1g &)%%%g‘glm l)
to the person, said audio signal including peaks and troughs, spectrally modified in accordance
with a predetermined masking algorithm, for intermittent masking of tinnitus, designed to
modify at least one of the peaks and the troughs of at least a portion of the audio signal at
selected frequencies, and wherein said predetermined masking algorithm is specifically
produced to account for the basic audiometric configuration of the person whereby, in use at a
comfortable listening level, when the sound recording is heard by the person during the peaks,
the tinnitus is substantially completely obscured and the person perceives significant masking of

the tinnitus, and during the troughs, the person may occasionally perceive the tinnitus.

12. A tinnitus rehabilitation sound recording as defined in claim 11, wherein the

audio signal is a music signal.

13. A method of using a computer to provide access to a predetermined masking
algorithm used in tinnitus rehabilitation for providing relief to a person suffering from the
disturbing effects of tinnitus, the method comprising:

receiving on-line, from a user, data representing an audiogram of the person

suffering from tinnitus;

processing said audiogram data using said predetermined masking algorithm to
produce required equalisation response data based on said audiogram data; and,

transmitting said required equalisation response data to the user for use in the

predetermined masking algorithm to provide relief from the tinnitus.

14. A tinnitus rehabilitation device for providing relief to a person suffering from the
disturbing effects of tinnitus, the device comprising;

a signal filter configured to spectrally modify at least a portion of an audio signal
including peaks and troughs in accordance with a predetermined masking algorithm designed to
modify at least one of the peaks and the troughs of at least a portion of the audio signal at

selected frequencies, and wherein said predetermined masking algorithm accounts for the basic
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10% ( )1-5!:92#10%& zlnmmB?Qla%}{\Eatlon cﬂzwce as defined in claim 14, wherein said signal filter
is a programmable signal filter whereby, in use, the device can be programmed with a

predetermined masking algorithm adapted to particular needs of the person suffering from

tinnitus.

16. A tinnitus rehabilitation device as defined in claim 15, wherein the device is
adapted to be used in conjunction with a conventional personal sound reproducing device with

headphones.

17. A tinnitus rehabilitation device as defined in claim 14, wherein said
predetermined masking algorithm is designed to modify the intensity of the audio signal across

substantially a full spectral range of the audio signal.

18. A tinnitus rehabilitation device as defined in claim 17, wherein said audio signal

is a highly dynamic signal whose spectral content and intensity constantly varies over time.

19. A tinnitus rehabilitation device as defined in claim 18, wherein the audio signal

is a music signal.

20. A tinnitus rehabilitation device as defined in claim 14, wherein said

predetermined masking algorithm is partly tailored to a hearing loss characteristic of the person.

21. A tinnitus rehabilitation device as defined in claim 20, wherein the
predetermined masking algorithm is configured to modify spectral qualities of the audio signal
so as to provide a relatively equal sensation level across a major portion of an audio spectrum in

both ears.
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the disturbing effects of tinnitus, the method comprising;

providing a treatment signal;

modifying the treatment signal to include troughs and peaks wherein the
modified treatment signal intermittently masks the tinnitus during at least one of the peaks and

does not fully mask the tinnitus during at least some of the troughs.

25. A tinnitus rehabilitation method as defined in claim 24, wherein the treatment

signal is audio signal.

26. A tinnitus rehabilitation method as defined in claim 25, wherein the audio signal

is a music signal.
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device comprises a hearing insert.

32. A tinnitus rehabilitation method as defined in claim 24, wherein the modifying is

based upon a predetermined masking algorithm.

33. A tinnitus rehabilitation method as defined in claim 24, wherein the modifying

accounts for a person suffering from a condition characterized by reduced sound tolerance.

34, A tinnitus rehabilitation method as defined in claim 33, wherein the condition

includes hyperacusis.

35. A computer readable recording medium on which is recorded a program for

carrying out the tinnitus rehabilitation method as defined in claim 24.

36. A carrier signal encoded to transmit, via a global computer network, a computer

executable program for carrying out the tinnitus rehabilitation method as defined in claim 24.

37. A multi-stage tinnitus rehabilitation method for providing relief to a person

suffering from the disturbing effects of tinnitus, the method comprising:
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A tinnitus rehabilitation method as defined in claim 37, further comprising

providing the treatment signal to the person via an internal device.

44. A tinnitus rehabilitation method as defined in claim 43, wherein the internal

device comprises a hearing insert.

45. A tinnitus rehabilitation method as defined in claim 37, wherein the modifying is

based on a predetermined masking algorithm.
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A tinnitus rehabilitation method as defined in claim 51, wherein the first and
second portions of the music signal are alternately and repeatedly provided to the person for

treatment.

53. A tinnitus rehabilitation method as defined in claim 51, wherein the first and

second portions form a continuous signal.
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64. A computer readable recording medium on which is recorded a program for

carrying out the tinnitus rehabilitation method as defined in claim 50.

65. A carrier signal encoded to transmit, via a global computer network, a computer

cxecutable program for carrying out the tinnitus rehabilitation method as defined in claim 50.

66. A tinnitus rehabilitation method as defined in claim 50, wherein the selected

frequency ranges are high frequency ranges which are boosted.

67. A tinnitus rehabilitation method as defined in claim 66, wherein the high

frequency ranges are in the frequency range of about 3-16 kHz.

68. A tinnitus rehabilitation method as defined in claim 67, wherein the high

frequency ranges are in the frequency range of about 6-12 kHz.

69. A tinnitus rehabilitation method as defined in claim 66, wherein the selected

frequency ranges are low frequency ranges which are attenuated.

70. A method as defined in claim 13, further comprising:
creating a customized audio signal; and

transmitting the customized audio signal to the user or the person.



